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Synopsis

This publication contains the proceedings of the 4th Japan-U.S. Governmental Conference on
Drinking Water Quality Management and Wastewater Control, which was held at Bankoku
Shinryokan, Okinawa, Japan during January 22-25, 2007. In this Conference, current status and
subjects of drinking water quality management and wastewater control were presented and

discussed by government and municipal officials and researchers of Japan and U.S.
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52 1. KEKEEERUVTKEEEDHE

(1) BRIZEITEHKEKEEEDER
Overview on Drinking Water Quality Management in Japan

(EETBE IR HRAT)

BAEDAKEKROKEFEAEIT, 2004 4 4 AGHTSN TR Y | KEHEAE 50 HEHOMIZ, KEEHEH
TERETHH 27 THE, ERETHEE 40 HANED LN TS, Z0H b, KEEHBEEHREEH L LTE
HHNTWHIEHRRIZONT, TOMRUEIRI AR E 2, KEEEIBENT 52 LICOWTRHNZEER
DM LIz ZATH D,

RERK DK E IOV TE, KEEFEAROE N LY BRI TH D0, mE, KEERR D72
DHTRAELTEY, 2006 L, fAEILEZRD D Z & LR FHOFEEN 10 Ul ELH -7, EA
FEE TlE, HAFEOMEEIZ OV TREOKERBREFICHEREME T2 2 21280, BEOBIEEZK
S TWND, HARTOEEIAGE R ORRGYEFR G % 5 & figk oA U E B-CH 3 A IS ER LT
ZHOBIEEALET, INEBKE CTOKEEHROMENMLETH D,

JEA GBS TIERBHE OISOV T HREZIT> TR Y . FEE, FRII) HIEEFE R M~ T
FIRE TR SN Z RO LY | REOHEEC, IR EDRIGETT> T\ 5,

AARTIE, KEAKIZH L THROZEMEO R THBERDH D L) A A= 5B FFO A% BN D 72 20D,
ERERITIE, SEFKLEKE IR TN T 4 —F— LD BT, BV LIIZOWTOEWTED L
Ty, EAEBE CIE, EEOAKEFEREEEL T, KEKOA A—VEREL, BRKE
KELTEHROEEAZSGD L D10, KEEHITMRD#R 2 HEE L T &z,

(2) F/KEE> 3> 2100
Strategy on Wastewater Control in Japan for 21st Century
(E 22wy IR A5

HERIE AL S° Z AU HE 5 AR RIRAK, NHA PRl 2 miinfl /e &0 215520 B AR Z v & <K
(T BB 2 R WRA 2B Z B A TV D, BERP L HRHTENC R > T AARD FKEREHEIC
BOWTH, TNOORBEEZEE 2 TS 2D D 0ERH Y |, REIARREICEES < TAEF LD
ELT, FKEEY 2221000 20 F LT,



HARO FAKENEZ HHE & U TIE, FTAERS &g~ E-OUr MR 7 5 IR AKCHE~ DO RIG
R EPEIROZRRIED LOMREZIZUD & LT, mELHEOHEESA TR T AGE DU E e & OKERERO
A, AT RNF—Rf = L X —7p PHIERR B R B~ O XIG 72 EIRFFRIZ D20 . Wi s 57
DHANEAL TWRWORBIRTH D,

A%, TAKREZEHTHERED MEROALL] L LTEDL X, KETBROMERAHEZHET DL L L
2, FKEMBOEYREBRAITO 2 E, SHOTKEOBETAREEEZLVELD TFKEEY
22100) ZEEE X, BARO TAENEZR D O BB E £ T4 W2 72 3HERY 22 B 0 AL A 2 HE 6 2 BN
Hb,

(Gl
B 58 K ZE A~ D F KRB K OFZIFIFIZ OV T, KEFFE L OFEE L BEEQRRS T 2 ZEoHEMN
ol

(3) KEKEEEDERR
Overview of Drinking Water Quality Management

CKEBIBHRBIT Yx—AZ -7y KU v F)

OEK DfitAG & BT, R bR 2 BIR LI Ok 2 2 &, IGRE 2D RS 729D D
?%7k@f§ﬁf%ﬁﬁb‘é’ L BKVAT ATOKEEEZSZ L, 0D =BG > TS, Z
DO, AERERIZ T 2 FH O, HEOBE, b Wo Bl H 5, 20 895 REGHHIZ LY
3V7%%%7x&&®%774/a%w&mﬁmﬁﬁﬁﬁﬁﬁﬁ<&otﬁ\EE®@%@T@%b
IS h T,

7k%7k@7ﬁ@ﬁ’i@%$ kL L TR Y | BB+ THLGER, BRI AT L TORER & >

. RIEAIZ . AGEKROBEMENRIZITENSN TS, £, BARER (0F) LALE
. (lj\] R/YIEES EL%T) @%’f LDV EICBE L CTHiT- 2B LR EmE-STETWD, £, {HED
EBFE H RN L < OEBRIERY OFBEIZ D72 N > TnD, SR, ik i, E T AT LD5-> T
HARIZESTHRELFELEZRS>TND,

KL (SDWA: Safe Drinking Water Act) [3EREEfR7#/T (EPA: Environmental Protection Agency)
(2 LT, AKROZEMZHEEICT 5720 DKEKEIEIEDRE 2RO TV D, SDWA [FARKHI DKIEK
EIROIRIF ARG E R U A b (CCL: Contaminant Candidate List) b OLFHE DA T/, 1M
ROV T O ZLE L LT D, £/, BKY AT AMZBIT 2 KEKEDHEFFOH T <,
AKEKFEOURE S BHELL TN D

BT, OFBORKFFREE (MCL: Maximum Contaminant Level) % 50ug/L 2>5 10ug/L I[Z2858 L
oo MR T /N7 TV TEOHIEHHED TV 5, BEPA #FZEE A (Office of Research &
Development) X, EPA /K/& (Office of Water) D RLillIIEED & BRIEITHE OO W =i A B 72 WP S8 511 % 3%
SLTe, T ﬁﬁi\mmﬁﬁ%(m@m)@ﬁﬂ&%&@_ﬁﬁbfﬁmfwéo%ﬁfﬁ\mﬁm
Eaﬂﬁ%‘ IZBWTC, A% OEFER A28 L CHFERHRI 283 2 LI RE LA T o 7o, EEAREE X

HOEFULEKIEDOREIZXH LT, IVEAZBW I ETHD, T, BRI AT AICE “TE)
m%%%k)7”54A%%?J/7WEEMTW60iﬁ\ﬁﬁ (ZIKTEIR T DGR E D& BT
L THEREEZFOZ LI DHKT =2 X— 2D H & A TE D 2007 FIITBEH T2 FETH
5o



(4) REIZE T 5 TKOMEBOER & RB—F /A FNRERVANAFINNEREHTT—
Progress and Challenges in Wastewater Treatment in the United States with Focus on the Ohio Valley
and the Ohio River
(AA AN EREEZERS 772 - U442 —)
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Establishment of Guidelines for the Reuse of Treated Wastewater

(H LHATBOR A ITERT &R 1ER)

HHPNZ 1T D B 2R A EIRRELRC BAF 22D 22 ORI FASLEK PRI O B ML T4 4% %
mES T ETHREND, T, BBKRLERZNLIEZ VT FARY VUL DA NVAFTE D
FERENITFERE BB L 220 | KOLEE~OBLAGEE->TETND, ZO& 952, FALH
KOG 22 R OB LT D,

o), EELZEE TIImREAESTRE L Ggma B, [FKABEUK OB HKELES~ =
27 V] ERE L, FRLBEKEN MR T 28R VMR, 28 - PoBEMEmels, fsxisaemEs
P DBR G FIAARICIE CoREREES 2R L & bis, FRLBEKEMMOERIZ Y720 EE
TS HEHER L,

K= 2T APREETDRMMAEIT. FARRHEKZ RRFEZ B O NDFIM 2 s E IS 5
JPREL L. HAROHFMMOFEREZEE 2 T, KEHAK, BUKHAK, EFHK, BAHKD 4 ke LT,

BATEEMED 5 B AP ZEIEOBLEN D TERTORGERICARA T, L #EMG G OFRIEMED
VKRG 2 B EHR & Lic, 72720, BaMKIIARMN S Z &2 e L, BERICKE
EAE 2 JEMEHE & L, fEAlo R EAZ R LT,

Ao 55 0 PAZERS IE DBLR D B, MRk fEYE & U CRb Al ik SR R S sk DR 8 4 268501 . Mgk @
U RE 2 R D IRIE & L CIREZBOE L7e, 7272 L. BUKHIKIZKIB S O a5y i 252l & AHE L
TWD 72D, FIHE ORTAEFRV L SRR OBLE D B EHRILER TR 2B U, £7o. FAKMEEE
(ZR U D AE AR L OBLRN S | RREDROBONERHEEZIT O Z L2 AL L, ARERZE

-13 -



HEEES UCRE Lz, EEEEMEIL, SEREZEE 2. AAROKENKG YL ([ U R HERRE
Z TR AR A L7z,

TR BRI OFERIZ BT > THEETREFEE LT, AR RS 1 OHE S IOV T
RoEk L7,

V= o TVICHER LT BT E O —ERIE, FAGEIEZ IE L, FAGERMER O R L L THE L7z,
TARBEEROARY =2 T /WL D FRLEKEFHOGEIE/R2E B & TR KOFEMAY 7216 . 4B
TN O BAF e KBREOAIES RSN D,

(13) HBIZH T HBEKFATKESEE
Promotion of Treated Wastewater Reuse in Okinawa - In search of local community without water

shortage -

(IR P AEE R FHT R &)

BEE IR Cd 2 B IIE, KRR E Shukei) T& 72, FKHIBRITFEHRITEO L 2T RS, F
(2 1981 F-OEAKRHZITN 1 FRIC DT D KBKFIRA M T, RERAEFICS KB 527, 07
DOARBAEIITZ K OF LR I TE 2, mEO/NS BRARIZIB W TS 2@EHF DO TE 2571
REOHATEY . EDTDHT-72KIRZWEKIZRD T, 1997 FREIITMEARR AR 28 A L, KRRIZ
MOARBEOERRAKRE L TEE &S ZH-> TET,

KEEOMONT, BOELEOHM, BOANOBEML TSI ER2ENS, 5% b Z ENTHEN
%o Wbt ¥ —ix T2 h) THY, ThZEFHALR2NZ LT Tholnklny) ZETho,

FHAEKFIH FAGESEREIL, Bz 2o < 0 2MThiv T 5 RAFER DI, IFT b v ¥ —O/LEK
ZEELB LT, M LOWEHEKPAROBAKHKE LTEAKLTEY, 2002 45 L0 AL L T
%o FAKM BT, N ATEEEA 140 F/m® GEEBIKE B, LUFRL) . KAREZE 200 H/m’
ICRRESNTREY, FAERA330 H/m (KROFER) L0 bE2THD,

HEARBIIATE . 2002~2005 4EFE 1M T THERE TN 20 20812 B 36 2087, H &7 0 (K& % 200m’
P26 462m° ~ & FERITHIIN L TV D, BT IR AN B LIRS T A IR 207 HE T 200 2 1
L CHESNOFFEEZR L TND, R CHLEICEFENESCELRWVIRFIL D EZATHD,

WBNIZIW T, KRilH &AETIL, RAEKZ mEAE L, ERHKE LTHEHLTWS, HIZ,
TRFL > & —DOBEK Z S U, PR ORERKE LT m* Z26H 2 5t 235 e
SN TW5D,

(14) REIZH T LHKOBFADERR
An Overview of Water Recycling in the United States
(A=A I L FREME T2 T 4—%—)

FAKFIAZ, R D0Z < ol T, BRICEERBKIRICR S TWD, LLLRBL, ZORERE
FERRT v MiE, FAICER STV, KETIEF 4@ e 2/ (1,300 5 mY/H) OKRNE
FIHENTWA R, FARBEERED 9.7%I210 X 72\,

KENCB W CHAKMARHEE SN DIZE, TEDICEASNRVWEE LTEKRTHDLZ L, A0
HIZEVVKRTRERE R L T D Z & RO KR EZ R ET DM ENSHZ LR EOERNH 5,
BAKORMMEIL, 4T, TEAKS, B - ERHREMOEMNK, 7 4 2AELD M LA
Ky S HITIE, M KEHECHEEN R AR b H 5, BAEKRHIZIE, KEPEBENUIEDOBE
N B KA~ DALEK Hi B DM, o Hsg)s 5 D EK BT DO FH ORFIREE D% < DERNH
D

- 14 -



FAEKRYET, INEICR R ->TRY, BEof— LRI, ) 74 0r=7MiF, KE TR
LWERENED LN TR Y . ZOMAEFIKEEEIL, TFAKE OBEMORREIZE SO THE S LT
%o Fio. BAKOEFEZ, ZTOMARRIS U TREDS, FIZE RS EICER I HE
FKTHIE, 2 RIHEIK -+ A8 T+ Th 208, FEMNZREEHAKFIH THIE, MF JEAE,
RO A KL OERA SR TED X 5 2@ BN VLB CTH 5, A BITRAARICE > TEsF L L ME
L O TIEZWVS, S OIK FIZ XV SEIROIERIAD > TEX TWAHMELFIETH D, B, FAKME
BRIX, =——F TOERE, S SUIMNOBIREOFMEIZ LY | FEFITLFHMEICDZo TS,

FAEKFIHOEKIZEE L TO B E LT, BHEOMNE, Fe R, BAKFIHORREEED R I,
LRMICET oM — LI REOREENH D, 2. (Ka X MEO =D OEFH 25N OB%, 5k
Hik, B=2 1 70k, S6ITE, WOWH < EULFESCE IS BORMLA W% O 7 22 IS RIS
T 57O DHEIRHHEMNTRNBLETH D,

FAKFIIL, B2 2 PEARER K OFFIH &5 2 TUHIWIT 2R, BAKFIRIIE 21 ikeizsid 28 L
VWKIEDRE D 1 > TH Y | KEHOEERY —LThD,

[l

TARREKD 77—V 7B U —TOFEMHICOWTERZBmN SN, BAREMNS 7=V 74
U—TOHMAZ=T v Y VORENSH O HARTIEFF AT SN0, KETIZED L S 2B Z1T> T
LD Fiz, fERMIEIZRVOD, | EOBERMB ST, KEML Y TR PR O%, REER
EDTDDAEMNIEE | 1) AL S T2 K 2 AR TS0 72—V o 72 T —KE LTHEH L T
L. 15 FEDL B L T s e lER W, BT TH 5, ) EoRENH -7, Hiid T, [
EHMXA T 4 AETO 7 — ) 72 T =R b ARRRON | E BRI bZRE Z A, KEMR X
0. IATRETH D, EDOFRE DI Z T X E DOV TIHEBN R EI AR & Wit 2 LER D 5,
EDOEETH-T,

Zof e LT, WEKDOKE L L TONMMESIT, AR OMHEEIC O N TOREMIE N7 U7 k&
WVT 4 T LRKRIEE LT E ZEORIRITONTOFEm R STz, Eo, MPHRCHHE S D FAKOAE
FBER ORI LN D T2 DG EIZ OV TEEED e STz,

57 HEEE6 EMEMIRITERAAV M- YRYIRDAD b

(15) 2V T bRRY Y LOKREFARBRENSHFONDIME—FRBRREA - X FEH—
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Program for the 4th Japan-U.S. Governmental Conference on Drinking Water Quality
Management and Wastewater Control
January 22-25, 2007, Bankoku Shinryokan, Okinawa

Monday, January 22
Opening
9:00 - 9:05 Welcome
SHURI, Yuji, Okinawa Pref.
9:05 - 9:15 Opening Remarks, A few Hot Issues of Water Supply, Japan
TACHIKAWA, Hirotaka, MHLW
9:15 - 9:25 Opening Remarks, Sewerage, Japan
SHIMIZU, Toru, MLIT
9:25 - 945 Opening Remarks, US
HANLON, James A., USEPA

Overview
Moderator: MAGARA, Yasumoto, Hokkaido Univ.

9:45 - 10:00 Overview on Drinking Water Quality Management in Japan
HATTORI, Mayuko, MHLW

10:00 - 10:15  Strategy on Wastewater Control in Japan for 21st Century
NASU, Motoi, MLIT

10:15- 10:30 Break

10:30 - 10:45  Overview of Drinking Water Quality Management
GOODRICH, James, USEPA

10:45 - 11:00  Progress and Challenges in Wastewater Treatment in the United States - With Focus on the
Ohio Valley and the Ohio River
VICORY, Alan H., ORSANCO

Risk Assessment and Management of Water Supply System
Moderator: MAGARA, Yasumoto, Hokkaido Univ.

11:00 - 11:20  Application of "Water Safety Plan" to drinking water quality management in Japan
KUNIKANE, Shoichi, NIPH

11:20 - 11:40  Risk Assessment and Management of Water Supply System - Infrastructure Initiative for the
21st Century -
GOODRICH, James, USEPA

11:40 - 12:00  Overview of Current In-Building Water Supply System Management in Japan - Introduction
of a Manual for Safety Management of these Systems -
HAYAKAWA, Tetsuo, Azabu Univ.

12:00 - 12:20  Discussion

12:20-  13:20  Lunch

Management of Wastewater Facilities
Moderator: KUNIKANE, Shoichi, NIPH

13:20- 13:40 How to Deal with Aging Sewers? - Statistical Life Data Analysis of Sewer -
MATSUMIYA, Yosuke, NILIM

13:40 - 14:00 Management of Aging Wastewater Infrastructure - Challenges and Strategies -
JOHNSON, Jerry N., DCWSA

14:00 - 14:20  Discussion

Watershed Management



14:20 - 14:40
14:40 -  15:00
15:00 - 15:20
15:20 - 15:35

Water Reuse

15:35-  15:55
15:55 -  16:15
16:15 - 16:35
16:35 -  16:55
16:55 - 18:00
18:00 -  20:00

Moderator: KUNIKANE, Shoichi, NIPH

Watershed Management in Drinking Water for Emergency: A Case of Lake Biwa-Yodo River
System

SASAKI, Takashi, Yodo River Water Quality Committee

Climate Change and Water Resources: A Primer for Municipal Water Providers

YATES, David, NCAR

Discussion

Break

Moderator: KUNIKANE, Shoichi, NIPH

Establishment of Guidelines for the Reuse of Treated Wastewater
YOSHIZAWA, Masahiro, NILIM

Promotion of Treated Wastewater Reuse in Okinawa - In search of local community without
water shortage -

KUROSHIMA, Takashi, Okinawa Pref.

An Overview of Water Recycling in the United States

DIEMER, Dennis M., EBMUD

Discussion

Setup

Welcome Reception (Okinawa Pref.)

Tuesday, January 23

Biological Risk Assessment and Management

9:10 - 9:30

Moderator: SCHENCK, Kathleen, USEPA

What Is Learned from Water-related Outbreak of Cryptosporidiosis - Sign Phenomenon and
Oocyst Monitoring -

ENDO, Takuro, NIID

Risk Assessment and Management of Chemical Contaminants

9:30 - 9:50
9:50 - 10:10
10:10 - 10:30
10:30 -  11:00
11:00 - 11:15
11:15-  11:35
11:35 - 11:55
11:55 - 12:15
12:15-  13:15
13:15- 13:30
13:30 -

- 14:30

Moderator: SCHENCK, Kathleen, USEPA

Pharmaceuticals in the Environment - A Review of PhARMA Initiatives

BUZBY, Mary E., Merck & Co., Inc.

Management of Chemical Substances in Biosolids

YAMASHITA, Hiromasa, PWRI

Occurrence of Pharmaceuticals and Personal Care Products in Wastewater Systems
SUZUKI, Yutaka, PWRI

Discussion

Break

Occurrence, Treatment and Toxicological Relevance of Endocrine Disruptors and
Pharmaceuticals in Drinking Water

SNYDER, Shane, SNWA

Occurrence and Control of Disinfection By-products in Drinking Water

ASAMI, Mari, NIPH

Discussion

Lunch

Setup

Leave Shinryokan

Arrive at Okinawa Commemorative National Government Park
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14:30 - 16:30
16:30 -

- 17:30
17:30 - 18:30
18:30 - 20:30

Tour in Okinawa Commemorative National Government Park
Leave Okinawa Commemorative National Government Park
Arrive at Shinryokan

Setup

Return Reception (US)

Wednesday, January 24

Measures against Emergencies

9:00 - 9:20
9:20 - 9:40
9:40 - 10:00

Moderator: OZAKI, Masaaki, PWRI

Measures for Recovery against Seismic Damages to Wastewater Systems

TANAKA, Shuji, NILIM

Measures against Emergencies: Lessons from Hurricane Katrina Regarding Sewage Works
CLARK, James H., Black & Veatch Corporation

Discussion

Risk Assessment and Management of Water Supply Business

10:00 -  10:20
10:20 - 10:40
10:40 -  11:00
11:00 - 11:15

Moderator: OZAKI, Masaaki, PWRI

Guidelines for Management of Water Supply
MAGARA, Yasumoto, Hokkaido Univ.

A Strategic Assessment of the Future of Water Utilities
RENNER, Robert C., AwwaRF

Discussion

Break

Integrated Watershed Management

11:15 - 11:35
11:35 - 11:55
11:55 - 12:15
12:15-  13:15
New Technology
13:15-  13:35
13:35 - 13:55
13:55 -  14:15
14:15 - 14:35
14:35 - 14:50
14:50 - 15:10
15:10 - 15:30
15:30 - 15:50

Moderator: OZAKI, Masaaki, PWRI

Modified Watershed-Based Approach to Clean Water - Amendment to Sewerage Law-
FUIJIKI, Osamu, JIWET

Application of Clean Water Act Tools to Restore and Protect Watersheds

HANLON, James A., USEPA

Discussion

Lunch

Moderator: SUZUKI, Yutaka, PWRI

Seawater Desalination Facility on Okinawa

YAMAZATO, Toru, Okinawa Pref.

Reuse and Desalination Technologies to Improve the Sustainability of Drinking Water
Supplies

ALLEN, Martin J., AwwaRF

New Research Project on Drinking Water Quality Management

FUJIWARA, Masahiro, JWRC

Discussion

Break

New Technology for Wastewater Control -Cutting-edge of Wastewater Treatment Technology-

MURAKAMI, Takao, JISWA

New Technology for Wastewater Control -Cutting-edge Treatment Technology to Reduce
Odors in Biosolids-

WOLTERING, Daniel M., WERF

Discussion
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Summary and Closing
Moderator: MATSUMIYA, Yosuke, NILIM
15:50 - 16:50  Summary, Closing
16:50 -  18:00  Setup
18:00 - 20:00 Closing Reception (MHLW, MLIT)

Thursday, January 25
9:00 - Leave Hotel
10:00 - Arrive at Chatan Water Treatment Plant
10:00 - 12:00  Tour in Chatan Water Treatment Plant (Memorial Plantation, Photo)
12:00 - 13:00 Lunch
13:00 - Leave Chatan Water Treatment Plant
- 14:00  Arrive at Naha Wastewater Treatment Plant
14:00 - 16:00  Tour in Naha Wastewater Treatment Plant

16:00 - Leave Naha Wastewater Treatment Plant
- 16:20  Arrive at Naha Airport
16:30 - Leave Naha Airport

- 17:30  Arrive at Hotel
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List of Delegates from the United States

Martin J. Allen, Ph.D.

Director, Technology Transfer

American Water Works Association Research
Foundation

6666 W. Quincy Avenue, Denver, Colorado 80235,
USA

Mary E. Buzby, Dr.

Director, Environmental Technology

Merck & Co., Inc.

Two Merck Drive, PO Box 200, Whitehouse Station,
New Jersey 08889, USA

James H. Clark

Vice President

Black & Veatch Corporation

800 Wilshire Boulevard, Suite 600, Los Angeles,
California 90017, USA

Dennis M. Diemer

General Manager

East Bay Municipal Utility District

375 - 11th Street, MS #804, Oakland, California
94607, USA

James A. Goodrich

Acting Director, Water Supply and Water Resources
Division, Office of Research and Development
United States Environmental Protection Agency

26 West Martin Luther King Drive, Cincinnati, Ohio
45268, USA

Jim Hanlon

Director, Office of Wastewater Management,
Office of Water

United States Environmental Protection Agency
1200 Pennsylvania Avenue, N.W., Washington, DC
20460, USA

Jerry N. Johnson
General Manager
D.C. Water and Sewer Authority

5000 Overlook Avenue, S.W., Washington, DC 20032,

USA

Robert C. Renner, P.E.

Executive Director

American Water Works Association Research
Foundation

6666 W. Quincy Avenue, Denver, Colorado 80235,
USA

Kathleen Schenck

Environmental Scientist

United States Environmental Protection Agency

26 West Martin Luther King Drive, Cincinnati, Ohio
45268, USA

Shane Snyder, Ph.D.

R&D Project Manager

Southern Nevada Water Authority

1299 Burkholder Boulevard, Henderson, Nevada
89015, USA

Alan H. Vicory, P.E., DEE

Executive Director and Chief Engineer

Ohio River Valley Water Sanitation Commission
(ORSANCO)

5735 Kellogg Avenue, Cincinnati, Ohio 45228, USA

Daniel M. Woltering, Ph.D.

Director of Research

Water Environment Research Foundation

635 Slaters Lane, Suite 300, Alexandria, Virginia
22314, USA

David Yates
National Center for Atmospheric Research
3450 Mitchell Ln., Boulder, Colorado 80301, USA
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List of Delegates from Japan

Mari Asami, Dr.

Chief of Water Quality Management, Department of
Water Supply Engineering

National Institute of Public Health, MHLW

2-3-6 Minami, Wako, Saitama 351-0197, Japan

Takuro Endo, Dr.

Director, Department of Parasitology

National Institute of Infectious Diseases, MHLW
1-23-1 Toyama, Shinjuku, Tokyo 162-8640, Japan

Osamu Fujiki, Mr.

Director, Research Department

Japan Institute of Wastewater Engineering
Technology

1-22-8 Nishiikebukuro, Toshima, Tokyo 171-0021,
Japan

Masahiro Fujiwara, Dr.

President

Japan Water Research Center

Toranomon Denki Bldg., 2-8-1, Toranomon, Minato,
Tokyo 105-0001, Japan

Mayuko Hattori, Ms.

Chief Official, Water Supply Division, Health Service
Bureau

Ministry of Health, Labour and Wealth

1-2-2 Kasumigaseki, Chiyoda, Tokyo 100-8916, Japan

Tetsuo Hayakawa, Prof.

Director, Course of Environmental Health Policy,
Graduate School of Environmental Health

Azabu University

1-17-71 Fuchinobe, Sagamihara, Kanagawa 229-8501,
Japan

Shoichi Kunikane, Dr.

Director, Department of Water Supply Engineering
National Institute of Public Health, MHLW

2-3-6 Minami, Wako, Saitama 351-0197, Japan

Takashi Kuroshima, Mr.

Senior Engineer, Sewerage System Construction
Office, Okinawa Prefectural Government

Okinawa Prefecture Southern Area Joint Government
Building (The First Floor) Asahimachi 1, Naha,
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SUMMATION

The 4™ Japan-U.S. Governmental Conference on
Drinking Water Quality Management and Wastewater Control

January 22-25, 2007

The 4™ Japan-U.S. Governmental Conference on Drinking Water Quality Management and
Wastewater Control was held on January 22-25, 2007 in Bankoku Shinryokan, Okinawa, Japan.
Over the four days, the delegates exchanged information on scientific and policy challenges related
to advances in drinking water quality management and wastewater control. As a part of the
conference, the delegates were also able to tour drinking water supply and wastewater treatment
facilities of the Okinawa Prefectural Government (Chatan Water Treatment Plant and Naha
Wastewater Treatment Plant) and Okinawa Commemorative National Government Park.

The meeting opened with a welcome by Mr. Yuji Shuri, Director General of Department of Civil
Engineering & Construction, Okinawa Prefectural Government. Opening Remarks were made by
Mr. Hirotaka Tachikawa, Director, Office of Drinking Water Quality Management, Water Supply
Division, Health Service Bureau, MHLW, Japan, Mr. Toru Shimizu, Director for Watershed
Management, Sewerage and Wastewater Management Department, City and Regional Development
Bureau, MLIT, Japan, and Mr. James Hanlon, Director, Office of Wastewater Management, U.S.
Environmental Protection Agency.

Technical presentations started with an overview of drinking water quality management in Japan
and the strategy for wastewater control in Japan for the 21st century. Overviews were presented on
U.S. drinking water quality and wastewater management. An application of a "Water Safety Plan" to
drinking water quality management in Japan was presented as was a discussion on risk assessment
and management of water supply systems in the U.S. An overview of current in-building water
supply systems management in Japan was also presented.

The management of aging drinking water and wastewater infrastructure in the U.S. and Japan were
discussed. There was an acknowledgement by the U.S. and Japan delegates that water/wastewater
funding levels must be increased to adequately address the need to replace the aging water and
wastewater infrastructures. The status of watershed management in Lake Biwa-Yodo River System,
Japan was discussed as was the issue of climate change and the implications for water resources and
potential impacts on municipal water providers in the U.S. Establishment of guidelines for the reuse
of treated wastewater in Japan and a case of promotion of treated wastewater reuse in Okinawa
were discussed as well as an overview of water recycling in the U.S.

Sign phenomenon learned from water-related outbreak of cryptosporidiosis and necessity of oocyst
monitoring in source water was presented. The occurrence, treatment and toxicological relevance of
chemical contaminants, including pharmaceuticals, endocrine disruptors, personal care products and
disinfection by-products, in drinking water, wastewater, biosolids and the environment were
discussed.

Measures against emergencies such as seismic damages to wastewater systems in Japan and lessons
from Hurricane Katrina regarding sewage works in the U.S. were discussed. Guidelines for
management of water supply were discussed and a strategic assessment of the future of water
utilities was presented. Concerning integrated watershed management, modified watershed-based
approach to clean water through amendment to Sewerage Law in Japan was presented as was
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application of Clean Water Act tools to restore and protect watersheds in the U.S.

On the subject of new technology, the seawater desalination facility on Okinawa and reuse and
desalination technologies to improve the sustainability of drinking water supplies in the U.S. were
presented as was a new research project on drinking water quality management in Japan.
Cutting-edge wastewater treatment technology and treatment technology to reduce odors in
biosolids were presented by delegates of both countries.

Conclusions and actions:

This Conference continues to provide a unique opportunity for information sharing on research and
policy developments in the area of drinking water and wastewater management. A holistic approach
on watershed management, including water and wastewater treatment, is essential for the proper
management of drinking water and wastewater, and is a continuing priority for both the U.S. and
Japan. The delegates agreed that this important interaction should continue and a subsequent
Conference on such topics as listed below will be held in two years in the U.S.

Topics:

-Holistic approach on watershed management

-Financial and environmental sustainability, and management of water and wastewater services and
infrastructure

-Advances in the regulations for drinking water quality and wastewater management

-Risk assessment leading to appropriate risk management of microbial and chemical contaminants

-New technologies for water and wastewater treatment, distribution, collection, etc.

-Measures to prepare for and respond to emergencies

-Water reuse

In addition, it is desired that technical work groups, information exchanges and/or technical projects
be convened between the two countries on these topics as well as to encourage the exchange of
personnel prior to the next conference.

Ms. Kathieen Schenck, U.S.EPA, and Dr. Mari Asami, NIPH, MHLW, Japan will make necessary
contact with each other.

January 25, 2007
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Overview on Drinking Water Quality Management in
Japan

Mayuko HATTORI'
Division of Water Supply, Health Service Bureau,
Ministry of Health, Labour and Welfare

1. Introduction

In Japan, the Drinking Water Quality Standards (DWQSs) have been set as
Ministry’s order so that water supply systems are always able to supply potable water
from taps. In 2003, responding to situational changes surrounding water quality
management, as well as taking the third edition of the WHO’s Guidelines for Drinking
Water Quality into account, the Ministry of Health, Labour, and Welfare (MHLW) laid
down a new set of the DWQSs, which went into effect on April 2004.

Considering some cases that took place in 2006, the government is now preparing
for new revision of the DWQSs: there were several water quality incidents at small
facilities, which involved some people infected by drinking water, a high level of
unregulated substance was detected in Kanto Area (near Tokyo), Japan.

2. Revision of the DWQSs

2.1 Fundamental principles

In addition to the Drinking Water Quality Standards (50 items), which are based on
the Water Works Law, the Complementary Items for Water Quality Management (27
items) have been set by the Director General of Health Bureau of the MHLW since 2003,
whereas the ltems for Further Study (40 items) have been suggested by the Minister’s
Health Science Council to put under observation in order to cope with various emerging
and future issues on water quality management.

Drinking Water Quality Standards
Tap water quality must meet the DWQSs based on the Water Works Law. Thirty

" 1-2-2 Kasumigaseki, Chiyoda, Tokyo 100-8916 Japan,
e-mail:hattori-mayuko@mbhlw.go.jp
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items are set from the viewpoint of human health, and twenty items are set from other
reasons including user needs on water quality and control level at purification plants.
The Water Works Law requires the water suppliers to monitor the tap water quality
regularly to make sure that the water meets the standards. The DWQSs basically
include items that are detected or can possibly be detected in purified water at levels of
10% of the health-based value or higher.
Complementary Items
The Complementary Items for Water Quality Management are items that the
MHLW requests water suppliers to monitor. Fifteen items (including the total of 101
agricultural chemicals) are set from the viewpoint of human health and twelve items are
set from other reasons including user needs on water quality and control level at
purification plants
Items for Further Study
The Items for Further Study are items of which health-based value are provisional,
or items of which detect level and frequency in purified water are not clear. Further
studies are needed to collect more information and knowledge on these items.

2.2 The state of the water quality in Japan
The present DWQSs and Complementary items went into effect on April 2004.
Since then, water suppliers have monitored these items and the results show that water
suppliers have to pay attention to the items which follow.
DWQSs

Lead is sometimes detected in purified water at higher level than the standard
value. This is caused by lead water pipes which still have been used in private
buildings or houses.

Nitrate and Nitrite are detected in purified water at level of higher than the
standard value in a few points. Many private drinking water wells are at risk and
would need precaution against contamination.

Bromate is sometimes detected in purified water at higher level than the
standard value. The major causes for the formation are impurities included in
Sodium hypochlorite. In addition, formation in the ozone treatment system is also to
be noted.

Complementary Items

Chlorate is detected in purified water at 10% level of the health-based value in
many points. And it is detected at higher level than the health-based value in a few
places. It has been reported that chlorate may be formed in oxidation of Sodium
hypochlorite, being used as disinfectants, more rapidly at warmer temperatures.



2.3 Addition of chlorate to the DWQSs

Considering frequent detections of high level of chlorate, the MHLW took an action
to the Health Science Council, held on Aug 4, 2006, to add chlorate to the DWQSs. |t
was agreed by the Council to forward to the Food Safety Commission, which was
established in July 2003 to undertake risk assessment under the Food Safety Basic Law
to respond to the growth of national concern about food. The Commission is
independent from management organizations such as the MHLW. The Commission
conducts risk assessment on food in a scientific, independent, and fair manner. Hence,
the MHLW have been requested to inquire the Commission to conduct risk assessment
when the MHLW wishes to make any changes on the DWQSs. According to this rule,
the MHLW submitted the draft for deliberation to the Commission on Aug 31, 2006 in
order to conduct risk assessment to add chlorate to the DWQSs. After receiving the
Commission’s report, the draft will be disclosed by the MHLW for public comments for
one month. After checking public comments, the MHLW will finalize the standard. The
proposed standard value is 0.6mg/L, which is decided from the viewpoint of human
health, as it causes damage to the oxidation of blood cells.

3. Recent water quality incidents

3.1 The state of the occurrence of water quality incidents

Water suppliers in Japan always make efforts to supply potable water under the
proper water quality management. However, a few water quality incidents take place
every year. In 2006, more than ten incidents which lead to cutting off the water supply
happened. When the MHLW receives the report of the incidents, it takes measures to
prevent recurrence of the accident. For example, when an incident happened as a result
of inappropriate coagulation management, The MHLW would issue a letter to all water
suppliers in Japan in order to remind of the importance of appropriate use of coagulation
chemicals. When it happened because of contamination of water source, the letter

would focus on observation of water source.

3.2 Infectious diseases caused by drinking water

A few infectious diseases caused by drinking water happened in 2006. In
Fukushima Pref., a small-scale water supply service supplied water without chlorination
and 71 persons who drunk the water showed the symptoms of diarrhea, stomachache,
or fever. The facility was not inspected appropriately. As a result, the deposition of
sodium hypochlorite clogged the chlorine injecting nozzle. To make matters worse,
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measures taken against the accidents was delayed because they disregarded the
accident when they recognized that chlorine was not detected in the water. The
inspection of untreated water of the facility and feces of the patients proved that the
bacteria which caused the symptoms were Campylobacter.

The table shows the infectious diseases caused by drinking water in Japan. Many
of them occurred because of the inappropriate management or defects of disinfection,
therefore, taking proper management is essential in small-scale water services. Now the
information of virus is so limited that further studies are necessary to gain more

information and knowledge.

Table: Infectious diseases caused by drinking water in Japan

WHEN WHERE ORIGIN PATHOGEN FACILITIES EATER | PATIENT
1999 | July |Nagano spring enterohaemorrhagic E. coli 0157 home unknown 30
2000 | Feb. |Kyoto well enteropathogenic E. coli 0126 restaurant unknown 50
2001 | June |Nagano spring enterotoxigenic E.coli 0169 accomodations 310 181
2002 | Oct. |Akita spring, swamp Campylobacter jejuni home unknown 13

Noroviruses, Clostridium perfringens,
Mar. |Niigata well Staphylococcus aureus, Campylobacter, |restaurant 227 151
E. coli
June |Ishikawa well Norovirus restaurant 522 76
2003 | July |Chiba (svr;'naatlle:v:zzvl’;l;pply SYSteM| potavirus group A school 86 47
July |oita well enteroha.emorrbagw E. coli home 4 3
(verotoxin-producing )
Sep. |Ehime private water supply Ca{npy]obacter Jejuni, Campylobacter school 595 69
system(water cooler) coli
Mar. |Hiroshima well Genus Escherichia home 17 15)
2004 Campylobacter jejuni, Campylobacter
Aug. |Ishikawa small water supply system coli Y. Jejunt, Py accomodations 78 52
Mar. |Akita small water supply system| Norovirus home unknown 29
June |Yamanashi small water supply system Cia];npy]obacter]ejunl, Campylobacter home unknown 76
2005 Jyly |Oita small water supply system| Plesiomonas shigelloides accomodations 280 190
Jyly |Oita well enterotoxigenic E.coli 0168 campsite 348 273
Aug. |Nagano spring enteroaggregative E.coli 055 accomodations 81 43
Aug. |Kochi well unknown home 28 16
Aug. |Fukushima spring Campylobacter jejuni home unknown 1l
2006
Sep. |[Miyagi well? Clostridium botulinum type A home 9 1
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4. Measures to unregulated substances

Although the Water Works Law does not require regular monitoring on
unregulated substances, unless listed in the DWQSs, observation of water source
should be done wider perspective. With this in mind, the MHLW has been investigating
unregulated substances in collaboration with research institutes and water laboratories
of large water suppliers. It is also necessary to take measures immediately when
unregulated substances are detected in tap water, as they might be caused by disorder
of treatment facilities or some other important reasons. In other case, agricultural
chemicals should also be monitored even if they were prohibited from marketing: it
was the case in groundwater in 2006, and the water supplier had to stop taking water
from the groundwater and strengthened the watching for water source.

In 2006, perchlorate, one of the unregulated substances, was detected by
researchers’ investigation in Tone River, which flew down through Kanto Plains.
Although no body paid any attention to perchlorate by that time, the MHLW took
measures and requested researchers to keep investigation on perchlorate and
advocated investigating its level in wide- ranging area.

5. Conclusion

Water suppliers in Japan always supply potable water, which we can drink directly
from taps without any cares or any special treatment. But recent researches reported
that the number of people who drink tap water directly is decreasing. This may have
been caused by a discontent on the tastes of tap water or popularity of bottled mineral
water due to its convenience. Under this situation, in order to improve the popularity of
tap water and improve the reliability of consumers on safety and reliability of drinking
water, the MHLW will continue further efforts in cooperation with all water suppliers to
take measures for appropriate water quality management, such as preventive measure
against water quality incidents, encouragement to introduce advanced water-treatment
facilities, and valuable information exchange on water quality management.
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Overview on Drinking Water
Quality Management in Japan

Overview on Drinking Water .
Quality Management in Japan 1. Introduction

2. Revision of the DWQSs

(Drinking Water Quality Standards)
Mayuko HATTORI

Water Supply Division

Health Service Bureau 4 M ¢ lated subst
Ministry of Health, Labour and Welfare - Vleasures fo unregulated substances

3. Recent water quality incidents

State of Water Quality in Japan

» Source water quality has been improved
» The overall situation is good

1. Introduction 1

@ Current state depends on continuous efforts

@ Further safety expected
@ Rising Concern about tasty water

2. Revision of the DWQSs

Drinking Water Quality Standards

July 2002 | MHLW inquired the Health Science Council about
revision of the DWQSs

2. Revision of the DWQSS April 2003 | The Council submitted a report

May 2003 | MHLW laid down a new set of the DWQSs

April 2004 | New DWQSs went into effect

2. Revision of the DWQSs 2. Revision of the DWQSs

2.1 Fundamental principles 2.1 Fundamental principles

Drinking Water Quality Standards =
DWQss =) (Based on The Water Works Law) DWQss ;:.,na Izrl:z::a L
b b g
CUCTE) = The Water Works Law requires the water CUCTE) 8
suppliers to monitor (Set by the Director General of Health Bureau of

Complementary Items | - Detected in purified water at 10% of the Complementary Items MI\:IHAVIY\)N S S GTD

(27items) health based value or higher (27items) = 4 o

-Risk assessments are provisional or
detected at few points

Items for Further Study Items for Further Study

(40items) (40items)
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2. Revision of the DWQSs
2.1 Fundamental principles

DWQSs
(50items)

Complementary Items

(27items)
Items for Further Study
Items for Further Study/| (Suggested by the Minister’s Health Science
(40items) Council to put under observation)

Risk assessments are provisional

-Detected level and frequency in purified
water is unclear

-Further study to collect more information
and knowledge is needed

2. Revision of the DWQSs
2.2 The state of the water quality in Japan

Causes of excess Chlorate

-Oxidation of Sodium hypochlorite, being
used as disinfectants

-More rapidly at warmer temperatures

4

*Temperatures and purchase frequency
are to be noted

Jomplementa[y Items

- Higher than health-based value ---- 6 / 248(points)

- Causes: oxidation of Sodium hypochlorite

Chlorate

2. Revision of the DWQSs
2.3 Addition of chlorate to the DWQSs

[Background])
Result of water quality monitoring in FY2004 shows

— Chlorate is detected in purified water at 10% level
of the health-based value in many points

— Chlorate is detected at higher level than the
health- based value in a few places

2. Revision of the DWQSs
2.3 Addition of chlorate to the DWQSs

Information

)

Assessment and Management
Cabinet Office Food Safety Commission
(Risk assessment org.)
(== 1)

MHLW
(Management org.)
Risk management about sanitary
«Setting DWQSs
-Playing a leading part for water safety
-Implementation of Risk Communication

Other Countries,
International Org.

Risk Communication

Consumer
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2. Revision of the DWQSs
2.2 The state of the water quality in Japan

Results of water-quality monitoring

Drinking Water Quality Standards

-Higher than standard ---- 6 / 2,886 (points)

Lead .
- Causes: lead water pipes

- Higher than standard ---—- 1 / 4,158 (points)

Nitrate and Nitrite X L .
- Private drinking water wells need precaution

- Higher than standard ---- 18 / 5,695 (points)
- Causes: impurities in Sodium hypochlorite
also formed in Ozone treatment system

Bromate

Complementary Items

+ Higher than health-based value ---- 6 / 248(points)

Chlorate
-Causes: oxidation of Sodium hypochlorite

2. Revision of the DWQSs
2.2 The state of the water quality in Japan

Causes of excess Chlorate
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2. Revision of the DWQSs
2.3 Addition of chlorate to the DWQSs

[Action])
Aug 4, 2006 MHLW took action to the Health Science
Council to add chlorate to DWQSs

It was agreed by the Council to forward to the
Food Safety Commission

Aug 31, 2006 MHLW submitted the draft for deliberation to
the Commission

2. Revision of the DWQSs
2.3 Addition of chlorate to the DWQSs

e After receiving the Commission’s reports,
the draft will be disclosed by the MHLW for
public comments

oMHLW will finalize the standard

#Chlorate causes damage to the oxidation of
blood cells

oProposed standard value is 0.6mg/L



3. Recent water quality incidents
3.1 The state of the occurrence
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In 2006, more than ten incidents leading to cutting off the
| water supply

3. Recent water quality incidents 3. Recent water quality incidents
3.2 Infectious diseases caused by drinking water 3.2 Infectious diseases caused by drinking water
A few infectious diseases happened in 2006 Infectious diseases in Japan (2004-2006)
One Case at small-scale water supply service w"E : ERE - i — "°°E" mms Em PA"E

- Aug 17-25, 2006 2004
Supplied water without chlorination

— 71 persons showed the symptoms of diarrhea,
stomachache, or fever

laccomodations 78| 52|

Aug. [Ishikawa small water supply systen| :{;’l’"‘""’ obacter joariCanprichacen

li

Mar. |Akita small water supply system| Norovirus home unknown 29|

Campylobacter jejuni, Campylobacter
col

June |Yamanashi  |small water supply system| home unknown 76|

— This facility was not inspected appropriately 2005 | W [0 ol vater upply evstom Ples : AL
. . Jyly |Oita well enterotoxigenic E.coli 0168 campsite 348| 273

— The bacteria is Campylobacter = z :
Aug. |Nagano spring enteroaggregative E.coliO55 laccomodations 81 3]
Aug. |Kochi well unknown home. 28| 16|
' I MHLW issued a letter to all water suppliers to oo Aug. |Fukushima  |spring Campylobacter jejuni lhome unknown| 7
femlnd Of the ImpOrtanCe Of approprlate Sep. [Miyagi well? Clostridium botulinum type A Ihome 9 1

management on chlorination

3. Recent water quality incidents
3.2 Infectious diseases caused by drinking water

Measures to incidents

eMany of incidents happened by
inappropriate or poor management

+Appropriate management in small 4. Measures to unregulated substances

-scale water service

<Information of Virus in drinking
water is limited

\ 4

oFurther study and knowledge

Detection of Perchlorate

# Investigate into unregulated substances 0 1 w.
8 ‘ O Upper Tone River ‘
W Middle and Lower Tone River
¢ Research unknown substances { g § Otrerregion
¢ Gather information on toxicity and ' N~ He
knowledge ~ ™ 2
] 0
<0.05~1 1~5 5~10 10~20 20~30 30~40

Range of perchiorate concentration (ug/L)
Relationship between the water intake for drinking water supply
and perch\crate_ in the tap waters.
(Department of Water Supply Engineering,
National Institute of Public Health )
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Conclusion

Conclusion

Real Taste of Tap Water in City

Water supplied by \

advanced water
' treatment

Bottled water A

Tasting test about drinking water
(1998, Tokyo, 392 persons)

4
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Conclusion

Image of Tap Water in City

@son for discontent

@ Bad tasety(61.8%)

@ Concern about safety
®
@

<

Discontent Content

(42.7%)

Smell of chlorine
(28.7%)

Tepid (26.1%)

Rather
Discontent

Questionnaire Survey

(2006, Tokyo, 453 perst?

b

Conclusion

In order to improve the popularity of tap water
and improve the reliability of consumers on
safety and reliability of drinking water,

the MHLW will continue further efforts in
cooperation with all water suppliers to take
measures for appropriate water quality
management.

Thank you
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Abstract: When we stepped into the 21st century, we noticed so many changes in
various fields, such as meteorological change in global scale, soaring price of
crude oil, frequent draughts and floods, overt heat-island phenomena in big city
areas, falling birthrate and rapidly aging population. These changes are not
temporary mutations, but are transformations based on a long-term trend that we
cannot ignore for planning and re-visioning of the future state of the wastewater
systems. Starting from these understanding of present state of circumstances, new
concept for the role of wastewater system is formed as a national strategy to be
key infrastructure for recycling society, namely “The Road toward Recycling
Society.” This paper describes the new concept of The Road toward Recycling

Society along with its implementing policy.

Keywords: Recycle, the 2l1st century, policy for wastewater system,

improvement of systems

Introduction

When we have perspectives of the 21st century, we can predict great changes in
Japan that will emerge in many fields. We must change our living systems
preparing for the coming future. Our systems consist of many sub-systems.
Wastewater system is one of them, but important one to keep our society in healthy
and comfortable one. This means that we need to have a new concept adapting our
society to future situations. For setting the new concept and policy both of the

wastewater systems and the wastewater works, a special committee was convened

' adress: Asahi 1, Tsukuba, Ibaraki, 305-0804 Japan

e-mail: tanaka-s92ta@nilim.go.jp

adress: 2-1-3 Kasumigaseki, Chiyoda-ku, Tokyo, 100-8918 Japan
e-mail: nasu-m2ij@mlit.go.jp
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and carried out intense discussions for about one year, and announced their
conclusion in a report titled as Wastewater System Vision 2100. The subtitle of this
report is “From Wastewater System to The Road toward Recycling Society as
100-years strategy”. This paper describes about this new strategy and new concept

of The Road toward Recycling Society.

A new concept for wastewater system adapting to the 21st century

Among the various future changes, some of the serious ones that we will face in
the latter part of the 21st century may be the climate changes that will be caused
by greenhouse-gas effect and the shortage of natural resources such as fossil oil
and natural gas. These changes will be caused as the consequence of our lifestyle
in the late 20th century of mass production and thus mass waste-production. In
these several years we already suffered from abnormal climate that caused terrific
flooding, unusual hot summers and abnormally heavy snowfalls. Another
precursor of the future problem is the historically high oil price of these days.
When these difficulties become extreme situations, our lives itself will be
threatened by the problems. In view of this, we must adapt our society to

sustainable one for future prosperity.

Other problems that we will also face in relatively near future in Japan are social
problems that will be caused by decrease of population. Although the diminution
of the population was predicted and well recognized in relatively long ago, it was
a great shock for Japan in last year that periodic census showed actual reduction of
the population. This reduction is due to the small number of birth rate of these
days that is less than the death rate. On the other hand the life expectancy in Japan
is high number. Consequence of these conditions introduces aging society and
structural changes in industrial fields and economic aspects. In the aging society
government will have limited resources for affording new infrastructure than our

generations, and thereby we need to prepare for the future in early stages.

Along with the changes in the future of the natural environment and society, we
are also questioned about the direction of future society. In these respects,
wastewater system also must change for the establishment of bright future. We
need to have a clear image of wastewater systems as new functions and new roles
in the 21Ist Century as a key infrastructure for better world, thinking out of
conventional images of the systems. For these view points, the vision for 21st

century of the systems should work to bring out three goals: beautiful environment,
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safe community and vigorous society. To realize these three goals, how our
wastewater systems contribute to new era becomes crucial point. Contemplating
these conditions, the new concept as the 21st century of wastewater systems has
been emerged as “The Road toward Recycling Society” for the new strategy of the

central government.

/ Environment

( Circulation

Circulation

pastewater syste

 Wastewater

Circulation

Resources

Purification

Reborn

=

Figure 1. Schematic image of wastewater system’s role in the 21st century society

Wastewater system is a key infrastructure to sustain limited resource society.

Besides above-mentioned future problems, we have already some problems
straggling to solve in our working fields. Some of them are categorized in water
problems and others are facility management. One of the examples of water
problem is the quick run-off of storm water and dried up in the dry seasons in
waterways. These cause frequent flooding and less amenity environments. These
phenomena are caused partly because of the reduction of impermeable area in our
communities. Another water problem is instability of water resources, such as big
cities cannot secure their water resources within their water basins. These are not
sustainable situations in terms of water resources. A typical example of facility
managing problem is increasing aging facilities. These cause not only high
demand of rehabilitation works and thereby high requirement of budget, but also

increment of road corruptions caused by corroded sewers. The new policy is also
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accounting these present problems into them.

What is The Road toward Recycling Society?

The term of The Road toward Recycling Society implies not only the venous
system but also the arterial system including heart, which works as key organs for
circulation of necessary materials and waste transportations of humans; in another
word The Road toward Recycling Society suggest that the wastewater systems
become key facilities for hydrologic circulations and resource cycles. This concept
aims to change the 20th-century-type wastewater systems for new ones, and also
seeks for new functions and images of the systems for 21st century. More
specifically from the viewpoint of the healthy circulation of resources, discussion
in the committee about the systems extended to basic question about what is
wastewater system and what kind of substances we should collect with the systems
and should not collect or how to recover and reuse from the collected substances,
and how to create healthy recycling systems in our society. Based on these
rethinking works, following three key sub-concepts were presented to achieve the
main image or metaphor of The Road toward Recycling Society:

- Creation of New Water Passage,

- Creation of New Resource Passage and

- Revitalization of the Systems.

The first sub-concept, Creation of new water Passage, intends to create new
water-networks and passages for exploiting manifold function of water from
wastewater work filed. The second sub-concept, Creation of new resource Passage,
plans on active working to recover resources, such as bio-solid or nutrients, and
followed to supply recovered resources. This sub-concept also includes exploiting
land site of wastewater work to create new energy, ---solar power, wind turbine,
and micro-hydro-power generation--- to depart from dependence on oil. The third
sub-concept, Revitalization of the Systems, is different from previous two concepts
in supporting them, but has more active meaning to refresh existing facility and to

meet the social requirements for the wastewater works.

-60 -



\ /

_____’

Figure 2. Relation between main concept and three sub-concepts

The Creation of new water Passage and its policy development
The Creation of new water passage implies to recover health water cycle in basin
area by improving wastewater systems. This will be attained with evolving
following three core-ideas:

-Recycle and reuse stored rainwater, purified wastewater and incoming ground
water into the systems thoroughly,

-Optimize facility location based on aiming on water reuse and

-Redesign facility structure fitting for water reusing.

Healthy water cycle will be realized through encouraging infiltration of storm
water to the ground along with reusing of stored storm-water and
treated-wastewater. Storm-water infiltration can be realized with storm -water
system designing based on infiltration first not draining first. Along with
infiltration first policy, introduction of storm-water storage facilities to systems
stimulate increment of reusing of water. Direct reuse of treated wastewater also
should be inspired with advanced treatment.
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Storm-water utilization and treated-wastewater recycle may require deferent
configuration and location of the facilities from existing ones. Although
conventional decision way for the location and capacity of treatment plant is based
on how effectively we can collect wastewater to a plant, the location and capacity
should be decided according to the demand of water. In this new way, the location
and capacity may be greatly different from existing plants. Same idea also should
be applied to storm water systems. The viewpoint of how effectively we can make
recycling systems facilitates reorganization and rehabilitation of water networks.

The structure of the storm water systems also may be changed greatly when we
introduce the new concept into designing of detail structures. For example, storm
water drains becomes open channels instead of pipe systems along with applying
percolating structure and ecologically friendly configurations, in another terms

near natural systems and nature friendly systems.

The Passage for Resources and its policy development
The Passage for Resources aims resource recovery through wastewater works and
thus supply recovered resources to communities. Introducing this scheme aims less
release of global worming gas from the wastewater systems by promoting energy
saving in the systems and boosting for using greenhouse-gas-free energy to local
communities such as biomass energy.
This will be realized following three ideas:
-Realize self-supporting in energy use for treatment systems,
-Become a top runner of new-energy application by wastewater works and
-Supply energy & resources actively to local communities from wastewater

works.

These three ideas need to be accounted in more specifically. The first idea,
realization of self-supporting in energy usage for treatment systems, aims in
promotion of energy saving, producing new energy in the systems, and trying
independence from outer energy supply for facility operations. The second idea,
becoming top runner for new energy, proposes wastewater works to be a top
runner of new-energy user and producer. The third idea, supplying energy &
resources that are recovered from wastewater woks to local community, intend to

become energy and resource center through wastewater works.
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The Revitalization of the Systems and its policy development
The Revitalization of the Systems proposes effective maintenance of existing
facilities and improvement of the systems to support the two other sub-concepts,
Creation of new water Passage and Creation of new resource Passage. Basic
policies for realizing this concept are extended into following three ideas:
-Transform maintenance policy from reactive to preventive type,
-Improve facilities to meet social demands including multi purpose usages and
-Integrate new facility constructions and maintenance works into asset

management.

For these purposes following three working category is considered in actual fields:
works for safety, works for exploiting of facilities and works for improvement of
functions. The works for safety suggest proactive measures for accident due to
poor maintenance works such as road corruptions caused by corroded pipes,
anti-earthquake measures, and contribution to local community for providing port
of distress. The works for exploiting of facilities means promotion of multipurpose
usage of existing facilities. The works for improvement of functions implies not
only simply improving of facilities but also active management in accordance with
overall review of system plans including to meet new concept for Road toward

Recycling Society.

Conclusion

The 21st century is an era that we will face many difficulties in terms of shortage
of resources and climate changes. To cope with theses situations we need new
concept and policy for our wastewater systems to abate these impacts. As the new
concept for 21st century wastewater systems, 7he Road toward Recycling Society
is proposed through one-year committee discussions. The new concept is dividend
into three sub-concepts that are Passage of Water, Passage for Resources and
Revitalization of the Systems. Each sub-concept contains specific polices to
promote actual works. We have just started evolving wastewater works based on
this new concept, thereby the actual promotion is small at this moment but have a

great expectation in a future to be a key infrastructure of recycling society.
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* Overview of Sewage Works in Japan
|

Overview of Jap

- Japan is an archipelago stretching over a great distance from north to south with a vast range
of climatic zones
+ About 80% of the territory is either mountain or forested land

Comparison between

USA and Japan
USA Japan
Population | 5 127
(million)
Area
(billion m2) | %628 | 378

Kagawa

Dissemination of sewerage

-Sewage work in Japan was developed rapidly since 1960’s
-Regional divide is one of the distinguishing characteristics of sewage works in Japan
-Narrowing the gap of regional divide remains a major challenge

Percentage of sewered Percentage of sewered

population N population by city size
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Increasing 24 million Sewered ratio is only 39%
constantly since people are among the cities with population
1960's not sewered less than 50 thousand

- Recently, heavy rain that exceeds over the presumption of sewerage plan occurs frequently
in urban area of Japan, causing the inundation and death accidents in underground facilities
- In order to protect lives and urban system, various measures are taken in sewerage facilities
such as publication of hazardous maps, management of retention facilities, remote control of

sewerage facilities, etc

Increase in occurrence
of heavy rain

Damages by inundation
in urban area

Timelyear oo
ittt
1 Stormwater flowing to ! s00 470 (worst)
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' '
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ecovery against Seismic Damages

- Since there is a lot of active fault located in Japan, the potential for large-scale earthquake
may occur at any time

- For the sewerage facilities built before 1998, more than 80% is not earthquake resistant

- Measures to secure the minimum function of sewerage at the incident of large-scale
earthquake is promoted urgently and intensively

Damages to sewage facilities

Examples of measures
at Niigata-Chuetsu earthquake in 2004

Improvement of resistance to earthquake
in sewer pipes especially under the main
roads

-Improvement of resistance to earthquake
in pumping station and STP

- Preparation of toilet directly connected to
manhole

-Development of pipe network to connect
each STP

motion of advanced treatment

- As a consequence of eutrophication, red tide and blue tide still occurs frequently in lakes
which are sources of water supply and three big bays

- For example, advanced treatment ratio remains very low level, although the majority of influx
of nitrogen and phosphorus comes from sewerage

- Therefore, intensive promotion of advanced treatment is mandatory especially in three big
bays, enclosed water bodies including lakes, and sources of water supply

Achievement ratio of
water quality standard

Implementation of
advanced treatment

90 =14% of total population implemented
80 advanced treatment

;g -Advanced treatment ration in three big
50 B bays are as follows:

40 Tokyo Bay  3.6%

30 —e—Lakes (BOD) Ise Bay 17.3%
20 1| Three big bays and Three big bays (COD) Osaka Bay  14.1%
10 || lakes are not improving —a—Lakes (COD) |

0

49 51 53 5557 50 61 63 2 4 6 8 10 12 14 16
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Control of CSO

* In CSO, untreated wastewater is discharged during rain, resulting in contamination of
public water bodies

- Enforcement ordinance in Sewerage Law was revised to promote the measures to
control CSO by 2014 in principle

Examples of measures

Retention facility

Store the stormwater
during rain, and treat it in
sunny days

Implementation of measures
to control CSO

=191 cities implemented CSO
measures out of total sewered
cities(1,899 cities)

-20% of total population
implemented CSO measures

Remove garbage
in stormwater

Infiltration
facility Y

- . ——
O B,

Reduce stormwater
collected in sewerage




ization of resources

-Amount of water treated in sewerage is about 14 billion m3, and it can be used as important
source of water for landscape use, flush toilets, etc (reclaimed water: 0.19 billion m3 (1.4%))
-Increasing amount of sewage sludge is utilized as fertilizer and construction materials
conventionally (recycled sewage sludge: 2.17 million DS-t (67%)).

- Recently, focusing on the characteristics of carbon neutrality, conversion to bio-gas and
sludge fuel is promoted as countermeasure to global warming

Utilization of advanced
treated wastewater for for CNG vehicles in
landscape use in Kobe |
Tadotsu, Kagawa i
Prefecture |

Energy use as bio-gas

Bio-gas used as fuel
in Yokohama

* The Road toward Recycling Society
|

New concept for wastewater system

The Road toward Recycling Society

-Climate change and the shortage of natural resources will be the serious challenge in 21st
century

+Japan is also facing the decrease of population and related social problems
-Under these conditions, new concept for the role of wastewater system “The Road toward
Recycling Society” was formed in “Wastewater System Vision 2100” established in Sept. 2005

-The concept aims to change the 20t century type wastewater system to 21st century type
-1t consist of three sub-concepts:

Creation of new water passage --- water-networks to exploit manifold function of water
Creation of new resource passage *** recover and supply resources such as bio-solid
Revitalization of the systems - refresh existing facilities to meet social requirements

Schematic image of wastewater system’s role in the 21st century society
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Relation between main concept and three sub-concepts

ew water passage

Creation of new resource passage

-New water passage implies to recover health water cycle in basin area
Three goals to be achieved:

-Recycle and reuse stored rainwater, purified wastewater and incoming ground water into the
systems thoroughly

-Optimize facility location based on aiming on water reuse

-Redesign facility structure fitting for water reusing

Supply of water for fire-fighting
using storm water retention facility

" Multipurpose
water retention

Creation of favorable water
environment in Osaka

Storage of water for

rergy e TP @ [Fomier |
ezl space in case of !
in heavy rain fire-fighting emergency
. ! I [Prospnons
12 13

-New resource passage aims recovery through wastewater works and supply to communities
Three goals to be achieved:

-Realize self-supporting in energy use for treatment systems
-Become a top runner of new-energy application by wastewater works
-Supply energy & resources actively to local communities from wastewater works

Self-supporting in energy in STP Resource collection, regeneration

and supply system

5

é
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[Sludge fuel
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vitalization of the systems

-Revitalization proposes effective maintenance of facilities and improvement of the systems to
support the two other sub-concepts
- Three goals to be achieved:

-Transform maintenance policy from reactive to preventive type

-Improve facilities to meet social demands including multi purpose usages

-Integrate new facility constructions and maintenance works into asset management

Utilization of optical fibers in sewer pipes
for development of information exchange

Asset management of sewerage
facility through IT
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Overview of Drinking Water Quality Management

Dr. Audrey LEVINE'

National Program Director for Drinking Water, USEPA
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1. Introduction

The provision and management of drinking water is based upon the
multi-barrier concept; that is, (1) selecting the best available source and
protecting it from contamination, (2) using water treatment to control
contaminants, and (3) preventing water quality deterioration in the distribution
systems. An added component is now the prevention, detection, and
decontamination of deliberate attacks on drinking water infrastructure.
Although such practices have resulted in the virtual elimination of traditional
waterborne threats such as cholera and typhoid, public health concerns
remain.

2. Problem Overview

The continued occurrence of waterborne disease outbreaks
demonstrate that the safety of drinking water can still be threatened by
pathogenic microorganisms if treatment is inadequate or the distribution
system is compromised. New concerns have also been raised about
emerging pollutants of concern with natural (arsenic) and man-made
(endocrine disrupting chemicals) substances. The disinfection process itself
leads to the formation of a number of potentially toxic organic and inorganic
chemical by-products. Human subpopulations such as infants, children,
pregnant women, and those with weakened immune systems are also of
concern.

3. Program Description

The Safe Drinking Water Act (SDWA) requires EPA to set national
drinking water standards to ensure the safety of water consumed by the
millions of people who consume water from public water systems. The SDWA
regulatory requirements require research on disinfection by-products, the
Arsenic Rule, the Groundwater Rule, the Long Term 2 Enhanced Surface
Water Treatment Rule, as well as future unregulated waterborne pathogens
and chemicals on the Contaminant Candidate List (CCL). Source water
protection, as well as maintaining the quality of drinking water in distribution
systems is also priorities of the SDWA. Research is also associated with a
subset of the contaminants subject to the Six-Year Review where regulations
can be modified based upon new information. The most recent change was

11200 Pennsylvania Avenue, Washington, D.C. 20004 e-mail:Levine.Audrey@epa.gov

226 W. Martin Luther King Drive, Cincinnati, Ohio 45268 e-mail:Goodrich.james@epa.gov
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the reduction of the Arsenic MCL from 50 ug/L to 10/ug/L which involves
nearly 4,000 small systems. The EPA Office of Research & Development
(ORD) has established an integrated, multidisciplinary research program that
is closely linked to Office of Water’s regulatory activities. The ORD program
also works closely with the EPA Regions helping to implement the regulations.
Recently, the Drinking Water Multi-Year plan has undergone revisions that will
carry the research program through the next several years. A major change
in the plan is the increased emphasis on aging infrastructure and source
water protection. This also includes research on maintaining water quality in
the distribution system and real-time monitoring. Another aspect of the new
plan is the web-based Treatability Data Base that will be a repository on
control of contaminants in drinking water. It will be interactive and portions of
it will be available in 2007. There will ultimately be hundreds of contaminants.

The Drinking Water Research Program also includes efforts from other
national laboratories and centers: The National Exposure Research
Laboratory (NERL), the National Health and Environmental Effects Research
Laboratory, the National Center for Environmental Assessment, the National
Center for Environmental Research, the National Center for Computational
Toxicology, and the National Homeland Security Research Center.
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Sustainable Water Drinking Water Challenges
Resources

Challenges * More s?ringent >
. regulations
» Population growth + Emerging

contaminants
« Water security
» Aging infrastructure

Coordinating
regulations

+ Urbanization
» Water scarcity
+ Climate change

ualL o diugi)

Arsenic Removal Demonstration
Program

$20 million targeted to a two year program ($20M EPA; $12M Congress)
Small systems, full-scale, long-term (1 year) evaluation studies

Focused on commer ly dy or i ing app
Three phases with the third beginning in 2006
Round 1: 12 Sites / 9 States Round 2: 28 Sites / 18 States
Iron media Oxidation / filtration
Iron-based media Tron Coagulation / filtration
Anion exchange Reverse osmosis
Modified activated alumina Anion exchange
Iron-removal system Process modification

Dissolved air flotation / filtration
Distillation

Tron-addition process

= Microbial disinfection
Simulated drinking water distribution system

Lead control research

Perchlorate Research

1) EPA Funded a series of projects through
AwwaRF
— lon Exchange
— Biological treatment
— Membranes
— Tailored GAC
— Electrochemical
2) New research
— Small-system cost modeling for perchlorate
— lon exchange brine treatment with biological
systems
— Adsorbents for multiple contaminants: arsenic &
perchlorate

Emerging Research Areas

» Perchlorate
« EDCs

» Cyanobacteria
toxins

. Nanotechnok)gy Nanoflowers synthesized using vitamin B, - "sz(t)rl]o“g’g::tlee*v%egpgﬂg%fea%%gr?ncen(rate streams

— Biotreatment of perchlorate — post treatment needs
Effect of nitrate competition on ion exchange
treatment of perchlorate

EDC Treatment Research =~ Cyanobacteria Research

* Bench-scale
conventional, PAC,
GAC, and oxidation

research for B - Microcystis
estrogens, 5 £ .
androgens, and g & aeruginosa
progesterone e bloom

centration (ug/g)

Solid-Phase Con

Liquid-Phase Concentration (/L)
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Cyanobacteria Research

EPA Mini-pilot Plant

Filter Gallery

Toxicity Monitor Research

» “Canary in the coal
mine”

+ Only an organism in
its own environment
can integrate all
factors that contribute
to stress

- "1“
J

L .

Coordinating Regulations

» Simultaneous compliance for drinking
water regulation

» Complementing CWA with the SDWA

Holistic View of Drinking Water Treatment

er
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e—> Microbial Problem A
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0.060 Elevated free chlorine / 4
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Water Security: Early Warning & Monitoring

Conventional, Photo-
spec, Micro-Chip, etc.

Public Notification & Access
10

Clam Monitor - Biosentinel

Lead Corrosion in
Distribution Systems

Intentionally Blank




Watershed Management

Drinking Water Intake on Lake Harsha

Performance of
Stormwater Retention

Ponds and Constructed
Wetlands in Reducing

EPA’s Source Tracking Research

» Development of animal-
specific molecular assays

* TMDL preparation

+ Evaluation of Best
Management Practices

21

Outreach

Presentations, publications,
multimedia

EPA workshops
* Brochures, posters, etc.
Collaborations

* Website:
http://www.epa.gov/ORD/NRMRL/wswrd/

23
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Stormwater BMPs

e

Porous pavement

Swale used for
roadway drainage

Retention pond

Constructed
wetland

Bioinfiltration in
traffic island
18

Detention pond

Rain garden

EPA’s Source Tracking
Research

Match microbe
from a polluted
site and an
animal source
to suggest the
origin of fecal
pollution

20

Activity of Microbes in Water
Distribution Systems

Problem: Traditional
culture-based methods
significantly
underestimate
density/diversity

Goal: DNA-based and
RNA-based clone
libraries to characterize
non-culturable microbial
communities and active
populations in water
distribution systems.

22

Key Products for Water
Utilities
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Treatability Database

Project
— Repository of referenced information on control of
contaminants in drinking water
— Interactive database on EPA website in 2007
Contaminants
— Regulated
— Unregulated m
Long-Term Commitment 5
— Expanding to hundreds of contaminants
— Updated over time
Impact

— Potentially the largest single compilation of referenced
drinking water treatment data in one place

25
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Progress and Challenges in Wastewater Treatment in the United States
With Focus on the Ohio Valley and the Ohio River

Alan H. Vicory Jr. P.E., DEE
Executive Director and Chief Engineer
Ohio River Valley Water Sanitation Commission (ORSANCO)

1. Introduction

As a highly developed and industrialized nation, the United States has accomplished
great strides in the abatement of water pollution resulting from the installation of
facilities to capture and process municipal and industrial wastewater flows. However, the
U.S.’s efforts did not substantively begin until after major industrial development, which
occurred in the late 19" century/early 20" century. Thus, driving initial national efforts
was the poor state of water quality in many areas and its associated impacts on public
health, as well as the recognition that restoration of water quality was necessary for the
public’s well being and for continuing economic development.

2. The beginnings — 1948 to 1972

As a national commitment to the development of sewage treatment works, the origin
United States’ effort can be considered the passage of the Federal Water Pollution
Control Act of 1948. In that legislation, the United States Congress did not call for a
regulatory approach, but encouraged the states to improve water quality, largely through
grants or loans for the construction of facilities. Through a series of amendments to the
1948 legislation, the last being enacted in 1970, provisions were added that expanded the
federal government’s statutory authority, including adding federal enforcement authority
in certain situations (e.g. navigable waters) and conditioning receipt of federal monies on
the states setting water quality standards.

In the 1950’s and 1960’s, while progress in establishing water quality objectives and
installation of municipal and industrial wastewater treatment was less than was desired by
Congress, there occurred however some notable programs. In the Ohio Valley Region,
and under the leadership of the Ohio River Valley Water Sanitation Commission
(ORSANCO), intensive studies were undertaken to determine appropriate criteria for key
water quality pollutants (e.g. fecal Coliform), best available treatment technologies were
determined for categories of waste discharging industries, and municipalities were
provided technical assistance to facilitate construction of facilities. This “Clean Streams
Campaign” resulted in ORSANCO being awarded the American Society of Civil
Engineer’s Outstanding Civil Engineering Achievement Award in 1963 for “the most
effective large-scale water pollution abatement program ever undertaken in the Western
Hemisphere.”(1) By that time, over $1 Billion had been dedicated towards wastewater
treatment, with the population along the Ohio River with at least primary treatment either
in place or under construction rising from less than one percent to 98.5 percent.
Correspondingly, 86% of industries had installed facilities. (2)

-73-



3. The 1972 Clean Water Act and Amendments — Providing the Requirements and
Funding for Secondary Treatment for Municipalities and Requiring Best Available
Technology Treatment for Industry

Responding to growing public concern with the condition of the nations waters,
combined with a general dissatisfaction with the pace of construction of facilities, the U.S
Congress enacted the 1972 Clean Water Act and set new baselines for treatment of point
sources of wastewater. Aided by federal grants totaling over $61 Billion which provided
for up to 75 % of the cost for installation of municipal publicly owned treatment works
(POTWs), at a minimum level of secondary treatment, the population served and number
of installed facilities providing that level of treatment or greater grew rapidly as
illustrated by the following statistics for 1968 and 1998:

1968 — U. S. population served by less than secondary treatment — 39%
U. S. population receiving greater than secondary treatment — 0.3 million
14,051 POTWs; serving 140 million people; 73% providing at least secondary
treatment

1996 — U. S. population served by less than secondary treatment — 9%
U. S. population receiving greater than secondary treatment — 164 million
16, 024 POTWs; serving 190 million people; 86% providing at least secondary
treatment (3)

USEPA’s pending latest survey shows the number of POTWs as 15,583 (4)

Over the 1968-1996 period, effluent BOD(5) releases were reduced by 45% while
influent levels almost doubled. Correspondingly, water quality across the U.S. improved
dramatically, particularly in the Eastern region, which, in turn has spurred growth in
recreation and revitalization of urban waterfronts.

Along the Ohio River, comparative levels of dissolved oxygen under drought conditions
have increased and biological surveys such as has been conducted by ORSANCO have
documented the return of some pollution intolerant species, such as Sauger, and shown a
steady increase in numerical indices, such as the Modified Index of Well Being.

However, as of 2000, 39%, 45% and 51% respectively of the rivers, lakes and estuaries
in the U.S are considered still polluted. Among the leading causes of impairment are
bacteria, nutrients, metals (primarily mercury) and siltation, with sewage treatment plants
as one primary source. (5)

4. Reduction in Federal Funding Support and the Current Infrastructure Gap
Beginning in the mid 1980’s the federal government began implementation of a policy
shift to reduce its direct financial commitment to development of wastewater
infrastructure. Most notably, the program of grants was phased out and, in its place,
capitalization grants have been provided to State loan agencies which are supplemented
with state derived funds to provide reduced interest loans to public agencies. Over $20
Billion has thus far been made available to States but the amounts appropriate annually
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by Congress has going down, with the most recent allocation being $0.9 Billion (Fiscal
year 2006). Comparatively, if the amount of Federal funding in the several years
following enactment of the 1072 Clean Water were expressed in today’s dollars, the
amount would be upwards of $25 Billion!

While estimates differ, a mid-point of the estimates prepared by the U.S. Congressional
Budget Office sets wastewater capital needs at $340 Billion over the next 20 years.
Among the needs for funding is the correction of combined sewer overflows, replacement
refurbishment or expansion of facilities constructed in the 1970’s and installation of
technologies to address such issues as excess nutrients in receiving waters. Thus, a
monumental challenge is presented for new sources of funding and employment of
strategies to prolong the life of existing assets.

5. Today’s Wastewater Utility Agenda; Some Key Challenges

With the exception of some rural areas, installation of wastewater treatment in the U.S.
has been accomplished to achieve pollutant removal levels of at least 85%. Severe
pollution conditions in waterways no longer occur, but problems remain that pose
significant challenges, particularly to municipal utilities. Most notably, it is estimated that
over $50 Billion will be needed for the correction of discharges from combined sewer
overflows (CSOs). Many facilities, constructed in the 1970s and 1980s are reaching their
design life and capacities and must be expanded or modernized. However, without
federal assistance funding, revenue from users must be significantly increased. This is a
particular problem in older cities which have lost population, industry, and the tax base
which comes with it. In the metropolitan area of Cincinnati, Ohio, a metroplex of just
over 1 million population, the cost to correct CSO will approach $3Billion and result of
increases in user fees estimated to be 300% over the coming two decades..

Wastewater utilities are now and in the future will likely be receiving requirements for
reducing the presence of nutrients in their discharges. In some areas, such as in the
Chesapeake Bay Watershed, very stringent limits are being applied, but other regions of
the country can expect to be eventually subject to similar requirements (e.g. Mississippi
River Basin). In other areas, wastewater utilities will be required to address such
pollutants as mercury and dioxin. These pollutants have resulted in fish consumption
advisories and sources will be assigned limits on loadings designed to achieve water
quality requirements.

These and other challenges are causing employment of new planning, management and
operational techniques to extend the life of physical facilities and achieve more efficient
operation. These initiatives include “asset management”, “environmental systems
approaches” and “capacity, management, operations and maintenance” (CMOM)

programs.
Also emerging in the U.S. is the use of trading programs to achieve, on a watershed basis,

prescribed overall loadings of a given pollutant. Among the trading programs that have
been/are being established are those to meet reductions in nutrient loadings to the Long
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Island Sound and the Chesapeake Bay. Participation in these programs will impact the
construction of wastewater facilities.

Wastewater utilities in the U.S. are also being impacted by implementation of watershed-
based approaches for achieving water quality objectives. Among specific developments
are use of “watershed discharge permits” where facilities are bundled and authorized to
discharge under a single issued permit. Also, wastewater utilities are actively cooperating
with other interests in the watershed to forge partnerships or address common interests.
Examples are working with sources of non-point pollution to develop cooperative
initiatives and water supply utilities to assure protection of their source waters.

Finally, resulting from the events of September 11, 2001, security issues have come to
the forefront. As many POTWs employ the use of chlorine as a disinfectant, some have
abandoned use of Chlorine in favor of less dangerous chemicals, such as sodium
hypochlorite, and facility perimeter barriers have been strengthened. This will be a
continued trend.

Summary

Wastewater treatment in the U.S., substantially developed in the final three decades of the
last century, has resulted in major water quality improvements. However widespread and
significant water quality problems remain for which wastewater utilities will bear a heavy
cost burden to address.

New management techniques are being deployed to improve planning and efficiency of
operation, but many facilities have reached their design life and/or capacity.

Among the most significant current/emerging issues are reduction of impacts of sewer
overflows and control of nutrients. Creative approached are being developed, including
use of trading programs.

However, wastewater utilities are one component in the context of watershed-based water
quality management. As such, the future of wastewater treatment in the U.S. will involve
cooperation and partnerships with other interests to achieve water quality goals.

Reference

(1) Statement of William Wisely, Executive Secretary, American Society of Civil
Engineers, May, 1963

(2) Annual Report for 1963, Ohio River Valley Water Sanitation Commission

(3) “Progress in Water Quality” An Evaluation of the National Investment in
Municipal Wastewater Treatment, USEPA, June 2000

(4) Mr. Bob Bastian, USEPA, Email Communication, November 6, 2006

(5) National Water Quality Inventory, 2000, USEPA
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population: had at'least primany: treatment and
8620 of industries had installed facilities
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treatment
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POTWs
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Population served 140 million 190 million

Providing minimum secondary 73% 86%
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1972 Clean Water Act

Changge: of philesephy; reguires a minimum of;
secondary treatment acroess the landi (i-e.
technology basedireguirement)

Erom waiter: guality’ perspective; reguires
restoration ofi chemical, physical and bielegical
INtegnity;

Reguires penmits to dischange

Placesifederal government infultimate: control
Federallfiunding assistance up: te: 75% fer
planning/design/censtruction

B of the difference between before- and after-CWA worst-casa DO mean values for the 18 major
conliguous states, Sowce: USEPA STORET

L ,
[ Missour Arves ] SR 0 7 |

: { Upper Mississipei | S8
N | m oy
[ Great Basin ]

15—
e Gl [

[ PooGrance Y Texas-Gull

fero is a statisticaly
batween the basin's
la f-cnse TWY mean




1~

RF1 Reach 070710206001
Before (1961-65) & After (1986-90)

LY

Waler Qualky Benchenark

And, The U.S. Government ,
Peginning in the 1980s, began a
trend of disinvestment in
sewerage infirastructure

75%0) sUppErt fiunding Was terminated

Fundsiare new: einglprovidedito
States to capitalize revelving| Funds te
provide low! interest loans

Today’'s Wastewater: Utility,
Challenges

Correction ofi combined: seWer oVerflows
(CSOs) - $501 Billien

Refiunbishment/expansion/replacement of
plants;builtin the 19705

Afiferdability in cities that hiave' lost
population;and industiy

-78-

Water guality’ has/improved,
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Tleday’s Challenges (continued)
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Application of “Water Safety Plan” to drinking water quality
management in Japan

Shoichi KUNIKANE*
Department of Water Supply Engineering, National Institute of Public Health (NIPH)

Introduction

“Water Safety Plan (WSP)”, a highlight in the third edition of WHO Guidelines
for Drinking-water Quality [WHO, 2004], is a very important tool to achieve
health-based targets. WSP requires the systematic management of drinking water
quality from a source to consumer taps. In this paper, Japan’s approaches to WSP

incorporation in drinking water quality management are described.

Japan approaches to WSP incorporation in drinking water quality management
Activities for the introduction and application of WSP to the drinking water

quality management in Japan include a research study on WSP application in municipal

water supplies and the development of guidelines on WSP application. Key steps in

developing a WSP are shown in Figure 1 for reference.

Research study on WSP application in municipal water supplies

A research study, with its objective of exemplifying the way of WSP
introduction to municipal water supplies in Japan and funded by a grant of MHLW,
started in FY2004. Five water supplies, such as Tokyo, Yokohama, Osaka, Osaka (bulk
water supply) and Kobe, are going to reformulate their drinking water quality
management programs applying the concept of WSP. The study originally started on a
trial basis, but it actually contributes to streamlining and upgrading their current
programs of drinking water quality management. Tokyo Metropolitan Water Supply and
Osaka Municipal Water Supply are going to obtain or have obtained ISO 9001
certifications regarding to their water treatment and/or distribution systems along with

WSP application.

*2-3-6 Minami, Wako, Saitama 351-0197 Japan  E-mail: kunikena@niph.go.jp
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Assemble the team to prepare the > Define monitoring of control
water safety plan measures

v 4

» Document and describe the system Establish procedures to verify that

the WSP is working effectively and
will meet the health-based targets

v
Undertake a hazard assessment
and risk characterization

A 4
Develop supporting programmes

v
Assess the existing proposed system

v
Prepare management procedures
for normal and incident conditions

A 4
Identify control measures

v
Establish documentation and
communication procedures

Figure 1 Overview of the key steps in developing a Water Safety Plan (WSP)

Development of guidelines on WSP application

A committee for the development of guidelines on WSP introduction was
organized in Japan Water Works Association (JWWA) under the financial support of
MHLW in FY2005. A few trials of WSP application to small drinking water supplies are
being implemented. There exist more than eight thousand small water supplies, with a
population served of 101-5,000 persons, in Japan at present. Their water quality
management is rather poor compared with municipal water supplies, and its
improvement is of vital importance for preventing waterborne disease outbreaks caused
by drinking water contamination. Most of them lack manpower, technology and
financial resources. Therefore, small water suppliers will become the main audience of
the guidelines on WSP application. Their WSP should be simple, user-friendly and easy
to improve. Draft guidelines will be prepared until March 2007.

WSP dissemination to developing countries through international cooperation
NIPH has been serving as the coordinator of Operation and Maintenance
Network (OMN) Group since several years ago. OMN is a NGO established in 1990
under WHO for the purpose of improving the operation and maintenance of water
supply and sanitation facilities especially in developing countries through the exchange
of experiences, knowledge and information. The main activities of OMN include
training tool development, convening workshops/seminars and information exchange
through the web. Recently, OMN is contributing to the improvement of drinking water

quality management through WSP dissemination to developing countries in Asia
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collaborating with WHO, JICWELS (Japan International Corporation of Welfare
Services) and other institutions as written below.
- JICWELS workshop on WSP and other topics, Hue, Vietnam, June 2005;
Collaboration with OMN and WHO/WPRO
- JICWELS seminar on water supply management (WSP and other topics), Tokyo,
January 2006; Collaboration with ONM, WHO/WPRO and NZ
- WHO-OMN workshop for PPWSA (Phnom Penh Water Supply Authority) on
water supply management (WSP and other topics), Phnom Penh, Cambodia,
October 2006

Conclusions

There is no doubt that WSP is essential for ensuring drinking water safety.
Hazard identification seems a key component of WSP. Catchment management should
be paid more attention to by drinking water suppliers in order to achieve drinking water
safety. The way of WSP application may vary according to the situations of individual

water supply.
Reference

World Health Organization: Guidelines for Drinking-water Quality, 3 Edition, Vol.1:

Recommendations, 2004
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Application of “Water Safety
Plan” to drinking water quality
management in Japan
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%

‘ Define monitoring of control ‘

Assemble the team to prepare
the water safety plan

measures
v
Establish procedures to verify that
the WSP is working effectively and
will meet the health-based targets

v
Document and describe the
system

Undertake a hazard

assessment and risk
characterization v

‘ Develop supporting programmes ‘

system Prepare management procedures

‘ Assess the existing proposed ‘
for normal and incident conditions

‘ Identify control measures

‘ Establish documentation and
| communication procedures

Key steps in developing
a Water Safety Plan (WSP)

WSP: Japan’s approaches

® Introduction into drinking water supplies in
Japan
» A research study on WSP application in
municipal water supplies
»Development of guidelines on WSP
application
® Dissemination to developing countries
through international cooperation

WSP application
in Osaka City Water Supply

Source Treatment
Documentation

Distribution

Water Safety Plan
(WHO Guidelines for Drinking-water Quality, 3rd Ed.)

® A management tool

® Uses a comprehensive risk assessment and risk
management approach encompassing all steps
in water supply

® From water source (catchment) to consumer

Objectives

B Minimize contamination of source water
B Remove contamination through treatment

B Prevent re-contamination during storage,
distribution and handling of drinking-water

WSP application in the world

® “Bonn Charter” (IWA, 2004)

® [ncorporation in the regulatory framework
in New Zealand and United Kingdom

® Trials in Germany
® Use in international cooperation by the US
® Application in many developing countries

A research study
on WSP application

» Research period of FY2004-2006 (for
three years)

»Funded by a grant of MHLW

» Case studies on WSP application to
drinking water quality management in
municipal water supplies; Tokyo,
Yokohama, Osaka and Kobe

» Contribution to streamlining and upgrading
their current drinking water quality
management programs

Development of quidelines on
WSP application

» Guideline development in FY2005-2007

Hazards Y[ o Hazard identification J (fOI' three years)
=} =) . .
contrl 5i< B ke > Provision of a fund by MHLW
< (%) 5 [Z3=3 . . . - .
measures 8l Ok o5 > Organization of a committee for guideline
Management g Sk Sl development in JWWA
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plan 5 g g > Small water suppliers as main audience
gruozprg:]igg [ Emergency response manua, otc >Guidelines being simple, user-friendly and
customers easy to improve
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Small water supplies in Japan

Population Proportion
Systems
served 4 (%) Population
>4,000 465 5.5 served of less
3,000-4,000 | 344 4.1 than 1,000
persons:
2,000-3,000 528 6.3 Approx. 6,000
1,000-2,000 1,116 13.2 systems
500-1,000 1,435 17.0
<500 4,540 53.9
Total 8,428 100.0

Note: 1) Data as of FY2003.
2) The population served by a “small water supply” is
nominally 101 to 5,000 according to its definition.

Treatment
_Flow-Diagram |

Raw Water
Hazard
Sheet

Water
Treatment
Sheet

Critical
Control Point
Sheet

- Hazard analysis

(Draft) WSP worksheets for small water supplies

improvement

Need of\‘

Identification of
critical control point

Improvement
Need
Sheet

A
Need of

improvement

- Identification of
control measures

- Development of an improvement plan
- Determination of a tentative management plan

(Draft) Example of a Critical Control Point Sheet

‘ 198US JUsWieal] JSjep) B Woly ‘

Hazard
Item -
E. coli Crypto ~
Process Post- PAC dosing | Rapid sand % 4
chlorination filtration 5 o8
Control parameter Residual Pump Turbidity E 3
chlorine operation O @
=2
Control limit 0.5-0.8mg/l | No disorder | <0.1unit >3
Calibration Weekly Monthly Weekly El
V Monitoring/ | Monitoring [e] [e) [e) g &
i 3
Recording Alarming [e] [¢] x 3 =X
Recording O — x g £
Factors of deviation and | Insufficient Pump failure | Fluctuation of 2%
its preventive measures | dose — Dose | — Inspection/ | raw water pH — % %
<Examples> increase Maintenance | pH adjustment o) 2
Remedial | Treated Additional Water transmission interruption g (=2
actions water chlorination and reservoir cleaning o) g
when the | reservoir o
limit is eq | Distribution | Additional (Not applicable) L
exceede: reservoir chlorination
Consumer | Boiling Boiling

WSP dissemination

to developing countries

® JICWELS Workshop on WSP and other topics,
Hue, Vietnam, June 2005; Collaboration with
OMN and WHO/WPRO
® JICWELS Seminar on Water Supply Management
(WSP and other topics), Tokyo, January 2006;
Collaboration with ONM, WHO/WPRO and NZ

® \WHO-OMN Workshop for PPWSA on Water
Supply Management (WSP and other topics),
Phnom Penh, Cambodia, October 2006
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Importance of WSP
to small water supplies

m Inadequate facility maintenance

m Necessity of limited source prioritization

m Insufficient operation manuals

m Inadequate record keeping

m Necessity of existing system improvement
m Need of operator’s awareness raising

(Draft) Example of a Water Treatment Sheet
<Rapid sand filtration system>

‘ From a Raw Water Hazard Sheet ‘
—]
Hazard

E. coli | Crypto

Process or facility

Note:

1) The number of
critical control points
may not exceed two
for one hazard.

2) Priorities should be

Intake

Receiving well
(Prechlorination system)

Polyaluminum chloride

dosing given to:
Rapid mixing - chemical dosing,
Flocculation - filtration, and

- those with frequent

Sedimentation failures.

Rapid sand filtration

‘ weibe|g-mo|4 Juswyesl] e wold4 ‘

©|0|0|0|0| O | O
©|0|0|0| ©

Post-chlorination

©: Critical control point

Information dissemination and
exchange as Coordinator of
O&M Network Group

Revision of the Guidelines for
Drinking-water Quality

WHO Collaborating
Center for Community
Water Supply and
Sanitation

Water Supply Div.

Financial \(y o1 Affairs Div.

Japan’s contribution to international
cooperation in water supply sector

Conclusions

BWSP is essential for ensuring drinking
water safety.

M Hazard identification is a key of WSP.

B Catchment management should be paid
more attention to by drinking water
suppliers.

B The way of WSP application may vary
according to the situations.
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Risk Assessment and Management of Water Supply System -
Infrastructure Initiative for the 21st Century

Dr. James A. GOODRICH'

Water Supply and Water Resources Division, USEPA
Daniel J. MURRAY?

Water Supply and Water Resources Division, USEPA

1. Introduction

Both drinking water and wastewater infrastructure are critical to
providing essential services to not only protect public health and the
environment, but is essential to a strong economy. There has been a
significant investment in water infrastructure in the United States. There are
over 16,000 wastewater plants serving 190 million people utilizing over
600,000 miles (965,000 km) of sewers. Drinking water is provided by nearly
160,000 large and small drinking water systems serving 264 million people via
1,000,000 miles (1,609,000 km) distribution pipes.

2. Problem Overview

The current problem in the United States is that the water infrastructure
is aging and spending has not been adequate to repair, replace, or
rehabilitate drinking water distribution systems and wastewater collection
systems. The American Society of Civil Engineers Report Card in 2005 rated
both the drinking water and wastewater infrastructure as “D-.“ It was stated
that there is a risk in reversing the public health, environmental and economic
gains of the past three decade if the infrastructure is allowed to continue
deteriorating. Sanitary sewer overflows caused by broken pipes are thought
to be responsible for releasing as much as 10 billion gallons of raw sewage
yearly. The difference between projected needs and required spending to
improve the water infrastructure ranges from $ 0 to over $13 billion per year
for drinking water and $ 3 billion to over $ 26 billion for wastewater collection
systems. The U.S. EPA has responded to this problem as part of its
Sustainable Infrastructure Strategy. This strategy is based upon Four Pillars:

e better management,
o water efficiency
e full cost pricing, and
e watershed approach
[
There are also cross-cutting themes to be found under each Pillar:

innovation
partnerships
technology

[ J
[ J
[ J
e research

26 W. Martin Luther King Drive, Cincinnati, Ohio 45268 e-mail:Goodrich.james@epa.gov
226 W. Martin Luther King Drive, Cincinnati, Ohio 45268 e-mail:Murray.Dan@epa.gov
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3. Program Description

The purpose of the “Innovation and Research for Water Infrastructure for the 21
Century” research program is to generate innovative technologies for the most cost effective:

e Operation, maintenance, and replacement of aging and failing drinking water and
wastewater systems and
e Design of new drinking water and wastewater systems.

This research initiative will focus on both the drinking water distribution system and
wastewater collection system integrity. The research focus areas are:

+  Condition Assessment

= Gravity Sewers

= Pressure Pipes (Distribution Systems and Force Mains)
+  System Rehabilitation

= Gravity Sewers

= Pressure Pipes
» Advanced Concepts (Design & Management)

= Distribution, Collection and Water Reuse Systems

» Treatment Systems

The Wastewater Collection Systems research program goal is to develop and demonstrate
innovative technologies for:

* Improved inspection and condition assessment

» Cost-effective rehabilitation and replacement

+ Sewerage system designs, e.g., real-time control, watershed approach
* Improved performance and service life extension

The Drinking Water Distribution System research program goal is to develop and demonstrate
innovative technologies for:

» Improved inspection and condition assessment

+ Cost-effective rehabilitation and replacement

+ Sewerage system designs, e.g., real-time control, watershed approach
* Improved performance and service life extension

The program will consist of a wide variety of projects and institutional approaches. The
research projects will include: (1) full scale, long term demonstration assessments, (2) state
of the technology evaluations, (3) applied research (pilot scale), and (4) basic research that
includes proof of concept and bench scale projects. Another aspect of this research program
is the development of “Centers of Excellence.” These Centers will be competitively selected
among academic institutions or consortiums among several universities that will establish
nationally and internationally recognized expertise to work collaboratively with the U.S. EPA
and key stakeholders.

It is the goal of the “Innovation and Research for Water Infrastructure for the 21%
Century” research program to reduce the amount of treated drinking water lost, extend the
service life of installed infrastructure, reduce sewer overflows, reduce high risk water main
breaks, reduce the amount of untreated wastewater entering surface waters, and optimize the
operation, design, and cost efficiency of the infrastructure, thus improving public health,
protecting the environment, and improving the economy.
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Risk Assessment and
Management of Water Supply
Systems - Infrastructure
Initiative for the 21st Century

Innovation and Research for Water Infrastructure
for the 21st Century

Background

U.S. water infrastructure is critical for providing
essential services

* Protect public health and the environment

» Support our economy

Significant investment in water infrastructure

» Over 16,000 POTWs, serving 190 million people

» About 54,000 community water systems, serving 264
million people

« 600,000 miles wastewater sewers

« 1,000,000 miles water distribution lines

Innovation and Research for Water Infrastructure
for the 215t Century

The “Gap”

The difference between projected needs and spending trends
($ billion per year)

Drinking Wastewater Total
Water
Congressional
Budget 0_8 . 3
Office
Water
Infrastructure 9 4 9 2 1 8 . 6
Network

o 2.3-13.2 | 1.6-13.5 | 3.9-26.7

Gap Analysis
Report

3.2-11.1 | 3.2-19.4

Innovation and Research for Water
Infrastructure for the 21st Century

Research Initiative

+ Wastewater Collection Systems
Research

 Drinking Water Distribution Systems
Research
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Purpose
Generate innovative technologies for
more cost effective:
+ Operation, maintenance, and
replacement of aging and failing drinking
water and wastewater systems

+ Design of new drinking water and
wastewater systems.

Innovation and Research for Water Infrastructure
for the 21t Century

Current Problem

American Society of Civil Engineers 2005 Infrastructure
Report Card

« “D-”for drinking water “...New solutions are needed...(we) risk
reversing the public health, environmental and economic gains of
the past three decades.”

« “D-” for wastewater “...Sanitary sewer overflows, caused by blocked
or broken pipes, result in the release of as much as 10 billion gallons
of raw sewage yearly”

U.S. Conference of Mayors 2005 National City Water
Survey
« “aging water resources infrastructure” rated top priority

Innovation and Research for Water Infrastructure
for the 21t Century

Sustainable Infrastructure Initiative

» Responding to the 2002 “Gap” Report
» Water Infrastructure Gap Forum in 2003
+ Sustainable Infrastructure Strategy

= Four Pillars: better management, water
efficiency, full cost pricing, watershed
approach

= Cross Cutting Themes: innovation,
partnerships, technology, research

Innovation and Research for Water Infrastructure
for the 215t Century

Wastewater Collection Systems




Innovation and Research for Water Infrastructure
for the 215t Century

Wastewater Collection
Systems

Develop and demonstrate innovative technologies
for:

» Improved inspection and condition assessment
» Cost-effective rehabilitation and replacement

+ Sewerage system designs, e.g., real-time control,
watershed approach

» Improved performance and service life extension

Innovation and Research for Water Infrastructure for
the 21st Century

Drinking Water Distribution
Systems

Develop and demonstrate innovative technologies
for:

* Leak detection/location
» Assessment of high risk mains
» Cost-effective rehabilitation and replacement

+ Distribution system designs, e.g., dual systems
with wastewater/stormwater reuse

Innovation and Research for Water Infrastructure
for the 215t Century

Program & Project Types

» Technology Demonstration Programs

» “State of the Technology” Assessments
» Applied Research — Decision Support

» Basic Research — Advanced Designs

» “Center of Excellence”

Innovation and Research for Water Infrastructure
for the 21st Century

Program & Project Types (cont'd)

* Technology Demonstration Programs
= Emerging and innovative inspection
technologies and rehabilitation technologies
= Innovative sanitary sewer and collection
system designs
= Wastewater separation/reuse/dual system
designs
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Drinking Water Distribution Systems

Innovation and Research for Water Infrastructure
for the 21st Century

Research Focus Areas
» Condition Assessment
= Gravity Sewers

= Pressure Pipes (Distribution Systems and Force
Mains)

+ System Rehabilitation
= Gravity Sewers
= Pressure Pipes

» Advanced Concepts (Design & Management)
= Distribution, Collection and Water Reuse Systems
= Treatment Systems

Innovation and Research for Water Infrastructure
for the 21st Century

Program & Project Types (cont'd)

» “State of the Technology” Assessments

= Optimization of internal camera inspections

= Emerging inspection and rehabilitation
technologies

= Innovative sewer and collection/distribution
system designs

= Understanding forensics of sewer/water main
degradation and failure




Innovation and Research for Water Infrastructure
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Program & Project Types (cont'd)

* Applied Research
= Cross-sector application of advanced and
remote sensing techniques
= Evaluation and improvement of decision
support systems

= Improvement of repair and rehabilitation
materials

Innovation and Research for Water Infrastructure
for the 21st Century

Program & Project Types (cont'd)

» “Center of Excellence”

= Competitively awarded, academic research
center

= Collaboration among several universities
= Establish nationally recognized expertise

= Cooperative research program with EPA and
key stakeholders

Innovation and Research for Water Infrastructure
for the 215t Century

Possible Goals/Outcomes

Closing the “gap”...reducing life-cycle costs
Extending service life of installed infrastructure
Reducing sewer overflows, back-ups, failures
Reducing 1&I and plant WWF bypasses

Reducing high risk water main breaks

Improving condition assessment and decision-making
capabilities

Reducing potable water leakage & intrusion potential
Use of performance/cost data for decision support
Incentives for adoption of innovative technologies
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Program & Project Types (cont'd)

« Basic Research

» Exploration of advanced techniques
(molecular and isotope tracers) for condition
assessment

= Development of new and innovative pipe and
system design approaches

= Center-based, academic research

Innovation and Research for Water Infrastructure
for the 21st Century

Program & Project Types (cont'd)
 Cross-Cutting Areas

= Cost, cost-effectiveness, cost-benefit, and life-
cycle costing;

» Performance and outcome measurement;
= Technology baseline development;

= Decision-support systems;

= Systems modeling; and

= Integrated management systems.







Overview of Current In-Building Water Supply System Management
in Japan - Introduction of a Manual for Safety Management of these Systems -
Tetsuo Hayakawa*

Professor, Department of Environmental Health, Azabu University, Japan

1. Introduction

In 2005, WHO published Water Safety Plans (WSP) with the subtitle — Managing
drinking water quality, from catchment to consumer.” According to the WSP and other
documents, to assure drinking water safety, several issues should be considered.
These include:

1) Source water pollution prevention;

2) Treatment prior to distribution;

3) Protection during distribution;

4) Safe storage and distribution within buildings.

Of these, 1), 2), 3) can be regarded to function as barriers, where activities are
designed to minimize the likelihood of contaminants entering the water supply or reduce
or eliminate contaminants already present in the supply.

With the multiple barriers approach, each barrier provides an incremental reduction in
the risk of water becoming unsafe.

If there is a failure at one point, the other barriers continue to provide protection.

In Japan 1) to 3) are controlled by the water supplier (public sectors ) in common with
other countries , and therefore the regulator can specify compliance requirements to the
water supplier. As a result, it is not so difficult to keep safe management in these
respects. However 4) may be outside the responsibility of the water supplier, and may
thus be implemented by building managers. In addition as this is the final step, failure is
not permitted.

So in-building water supply should be considered as a critical step to supply safe
drinking water to the consumer.

In-building water supply systems with water tanks have been controlled by the Water
Works Law in Japan since 1977. Since then owners of systems and/or building

*1-17-71, Fuchinobe, Sagamihara-City, Kanagawa-Pref., Japan

e-mail; hayak@azabu-u.ac.jp

1 Water Safety Plans, WHO/SDE/WSH/05.06 ,2005
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managers have tried to manage them more safely. To keep these systems - over one

million — safe, it is required that the owner should manage them safely. However, as

owners normally do not have enough knowledge on the maintenance of such systems,

a maintenance manual on in-building water supply systems for owners with a little

knowledge on this issue is desirable.

2. Overview

2-1 Current status of In-Building Water Supply Systems with Water Storage Tanks

in Japan
2-1-1

Tank volume Over 10 m®

Regulated by Water Works Law article 34-2;
The owner of the system is responsible for safety management of the system;

Technical maintenance protocol required including;

Regular Inspection (at least once a year);

Regular Tank cleaning (at least once a year);

Pollution control procedure should be introduced if necessary.

Table -1 Status of Inspection of Water storage tanks (Data; MLHW)

(Water Storage Tanks over 10m?)

1999 2000 2001 2002 2003 2004
Number of 184,401 190,150 194,278 196,381 201,809 206,451
tanks
Number of 157,781 162,186 165,034 165,408 167,497 166,839
inspected
tanks
Ratio (%) 85.6 85.3 84.9 84.2 83.0 80.8
Table-2 Status of non-compliance
1999 2000 2001 2002 2003 2004
Number of 65,318 68,386 70,816 68,598 62,431 47,625
non-complying
tanks
Ratio (%) 41.9 42.2 42.9 41.5 37.3 36.2
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2-1-2 Tank volume less than 10m?
Not regulated by Water Works Law;
Some Local Governments control them by local regulations.

Table-3 Current Situation of small scale In-Building Water Supply System Management
(Tank Volume; Less than 10m°)

2000 2001 2002 2003 2004
Number of 745,414 754,319 768,426 890,470 907,055
tanks
Number of 24,381 24,657 25,156 31,159 26,411
inspected
tanks
Number of 12,918 12,060 11,047 14,041 9,498
non-complying
tanks
Ratio (%) 53.0 48.9 43.9 45.0 36.0

As shown in these tables , the ratio of non-compliance remains at a high level despite
the existing regulations. In my study, some 10,000 systems that were found to have
non-complying tanks as a result of the previous year’s inspection are surveyed. Of
these systems, some 50% have not been improved in regard to the previous year’s
non-compliance.

2-2 Examples of non-compliance

Examples of non-complying tanks are as followings:
1 Sewage flow into water tank from sewage tank;
2 Animal Carcasses are found in water tanks;
3 Because of decay of water tanks’ manholes, rainwater or sewage may flow into water
tanks

This is caused by poor design of plumbing system, incorrect installation, alterations
and inadequate maintenance.

Fortunately the ratio of such severe violations is very low at 0.2%; however we should
try to improve this situation. There are two main measures for improvement. One is to
change a tank system to direct connection. Whilst this may be effective, in some cases it
may require a whole system alteration for high pressure supply. Another is to improve
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the maintenance level of tank supply systems. In this case it is important to improve the
building owners and/or managers’ knowledge.

This study focused on preparing an in-building water supply system maintenance
manual for building managers.

3. Introduction of the Maintenance Manual
The manual consists of the following articles;
1 Maintenance protocol
A building owner/manager is advised to prepare the maintenance protocol including:
1) Maintenance target;
2) Regular inspection of a whole system and each component;
3) Regular cleaning;
4) Emergency stop water supply;
5) Keeping documents on maintenance;
6) Cost for maintenance.

2 Selection of Water Tank Cleaning and Inspection Firm

1) Free available information of water tank cleaning and inspection firms;
2) Cleaning and inspection in the presence of building manager;

3) Hearing of the results of cleaning/inspection;

4) Receiving an improvement plan;

5) Combination of building manager, relevant firms, water supplier and government.

Other issues which should be considered together with the implementation of the
maintenance manual are;
1) To introduce a recognition system of buildings with good maintenance; this may raise
the value of the building.
2) To strengthen the relationship between building managers, cleaning/inspection firms,
plumbers, water suppliers and government.

It is hoped that many owners/managers of in-buildings water supply systems and
relevant specialists can become familiar with this manual in the near future. As a result
maintenance levels of in-building water supply systems would be improved and then a
step towards the goal of Safe Drinking Water Supply to All will be achieved.
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Overview of Current In-Building
Water Supply System
Management
in Japan

-Introduction of a Manual for Safety
Management of these Systems —

Tetsuo Hayakawa

Professor, Environmental Health College,
Azabu University , Japan

Water Safety Plan

Risk Management and Assessment
From Catchment to Consumer

Three Components
1) System assessment

2) Risk Management
3) Maintenance Protocol

WHO Guidelines for
Drinking —water Quality
3rd.Ed.

(Sept. 2000)

The Multiple Barriers Approach

Issues 1), 2), 3) can be regarded to
function as barriers, where activities are
designed to minimize the likelihood of
contaminants entering the water supply or
reduce or eliminate contaminants already
present in the supply.

Each barrier provides an incremental

reduction in the risk of water becoming
unsafe.

Current status of In-Building
Water Supply Systems with
Water Storage Tanks in Japan

Tank volume Over 10 m3
1) Regulated by Water Works Law article 34-2

*An owner of the system is responsible for safety
management of the system .

2) Technical maintenance protocol required including;
*Regular Inspection (at least once a year);
*Regular Tank cleaning (at least once a year);

+Pollution control procedure should be introduced if
necessary
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1. Introduction

* In 2005

WHO published Water Safety Plans (WSP) with
subtitle — Managing drinking water quality from
catchment to consumer.[1] According to the
WSP and other documents, to assure drinking-
water safety, several issues should be
considered , for example,

[1 Water Safety Plans,
WHO/SDE/WSH/05.06 ,2005

Issues should be considered

According to the WSP and other documents,
Issues to assure drinking water safety :

1) Source water pollution prevention;
2) Treatment prior to distribution;
3) Protection during distribution;

4) Safe storage and distribution within
buildings.

A critical step to supply safe
drinking water
In Japan 1) to 3) are controlled by the water
supplier (public sectors )
It is not so difficult to keep safe management.

4) may be outside the responsibility of the water
supplier, and may thus be implemented by
building managers

This is final step, failure is not permitted.
so In-building Water Supply should

be considered as a critical step to supply safe
drinking water to the consumer.

Table -1 Status of Inspection of Water storage tanks ( Data;
MLHW)
( Water Storage Tanks over 10m3 )

1999 2000 2001 2002 2003 2004
Number of tanks
184,401 190,150 194,278 196,381 201,809 206,451
Number of inspected tanks
157,781 162,186 165,034 165,408 167,497 166,839
Ratio (%)
85.6 85.3 84.9 84.2 83.0 80.8




Table-2 Status of non-compliance

1999 2000 2001 2002 2003 2004

Number of non-complying tanks
65,318 68,386 70,816 68,598 62,431 47,625

Ratio (%)

41.9 42.2 42.9 41.5 37.3 36.2

Table-3 Current Situation of small scale In-Building Water Supply
System Management
( Tank Volume; Less than 10m?3)

2000 2001 2002 2003 2004
Number of tanks
745,414 754,319 768,426 890,470 907,055
Number of inspected tanks
24,381 24,657 25,156 31,159 26,411
Number of non-complying tanks
12,918 12,060 11,047 14,041 9,498
Ratio(%)
53.0 48.9 43.9 45.0 36.0

EX. 1 Cross connection

EX.3 Decay of a ROOF
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Tank volume less than 10m3

* Not regulated by Water Works Law ;
Some Local Governments control them by
local regulations.

Examples of non-compliance

+ Examples of non-compliance are as
followings :

1 Sewage flow into water tank from sewage
tank

2 Animal Carcasses are found in water
tanks;

3 Because of decay of water tanks’
manholes, rainwater or sewage may flow
into water tanks

EX. 2 Algae ina Tank

=

Two main measures for
improvement

1) To change a tank system to direct connection,
this may be effective in some cases it may require
whole system alteration for high pressure supply

2) To improve maintenance level of tank supply
systems

it is important to improve building owners and/or
managers’ knowledge.




Water Tanks on Roofs in Okinawa

Introduction of the
Maintenance Manual

1 Maintenance protocol

A building owner/manager is advised to prepare
the maintenance protocol including

1) Maintenance target

2) Regular inspection of a whole system and each
components

3) Regular cleaning

4) Emergency stop water supply

5) Keeping documents on maintenance
6) Cost for maintenance

Other issues together with implementation of
maintenance manual

1) To introduce recognition system of
buildings with good maintenance, this may
raise the value of the building

2) To strengthen relationship between
building managers, cleaning/inspection
firms, plumbers, water suppliers and
government
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Water Tanks in Shingapore

2 Selection of Water Tank
Cleaning and Inspection Firm
1) Free available information of water tank
cleaning and inspection firms;
2) Cleaning and inspection in the presence of
building manager;
3) Hearing of the results of cleaning/inspection;
4) Receiving an improvement plan;

5) Combination of building manager , relevant
firms ,water supplier and government.
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How to deal with aging sewers?
- Statistical Life Data Analysis of Sewer-

Yosuke MATSUMIYA*, Chizato MIYAUCHI, Kazuya FUJIU
National Institute for Land and Infrastructure Management, MLIT

1. Introduction

Japan has invested over 80 trillion yen in wastewater infrastructure. Sewer
length has reached above 380,000 km. Some 2000 wastewater treatment plants are
under operation. In recent years, sewer cave-ins have been reported in increasing
numbers. It brings safety concerns among stakeholders. Preventive maintenance
and asset management are being cried out. In this paper, statistical life data analysis
of sewer is presented. It enables local governments, which are wastewater operators,
to project future investment needs for sewer rehabilitation and replacement.

2. Method
Statistical life data analysis was conducted with 2-parameter Weibull
distribution. Weibull functions are shown in Table 1 for sewers at the age of t.

Table 1 Weibull Distribution

definition Weibull Function
o b t P01

death rate A = — = —(— )

(t) R ® a a

b-1 t.b
probalility density on . _9Fw OR hy i_ i _ ()
death ® = 5t = - —at = : (a ) e
(t) (t)

cumulative _(i ) b
distribution on R =1 - F = ¢ @
survival (t) (t)
cumulative . . R ; '(; ) b
distribution on death ® = ) ® = Toe

In the case of sewers, death is defined by having them rehabilitated or replaced.
Rehabilitated or replaced sewers get 50 year of useful life newly in the account book.
To know the death rate, a questionnaire survey was conducted to all the local
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governments with sewer systems on August 2006. The questions were how many
kilometers of sewers survived and died during FY 2005 by age and material. The
surveyed materials were concrete, clay, and PVC, which are the majority.

3. Result & Discussion

As of FY 2005 end, entire sewer length was 383,031 km. Out of this, 342,290
km, 89% of the total was analyzed, whose ages were identified and which agreed with
any of the three materials. Coefficient a and b resulted in 99.30 and 3.048

100% g
90%
80%
70%
60%
50%

40% \
30% \
20% \ Tokyo (121, 15)

Kobe (135, 4.8)

—— Weibull Distribution

o Surveyed Data

10%

0% ‘ ‘ ‘|

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Sewer Age

Cumulative Distribution on Survival

Figure 1 Survival Curve

To know the applicability of the curve to the more aged sewers, the oldest brick
sewer data from two municipalities, Tokyo and Kobe were plotted. They are close to
the approximation line. This analysis ignores specific factors influencing lives of
sewers such as quality of the works, sewer standard of the times and how well or badly
each sewer has been maintained. However, the curve is considered effective to
project overall future investment needs if future investment decision is made similarly to
the one in FY 2005.

Reference
Weibull distribution, http://en.wikipedia.org/wiki/Weibull distribution

*1 Asahi, Tsukuba City, 305-0804, JAPAN Email: matsumiya-y92ta@nilim.go.jp
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How to deal with aging
sewers?

Yosuke MATSUMIYA
/ Wastewater System Division
\ National Institute for

Land &

1.
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3.
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WiLim Infrastructure Management (NILIM)
MLIT, Japan
Contents

Current Issues
Proposed Sewer Management
Survival Curve

NILIM Research Projects
Underway

v Vv

Y Vv

Cave-Ins Looming

Number is increasing (5,000 cases/yr)
Big cities account for majority

Some of their sewers are over 50 yrs

50 is expected life time for depreciation.

Pictures from TMG Web Site

PO PN P

Contents

Current Issues

. Proposed Sewer Management

Survival Curve
NILIM Research Projects Underway
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Mission

»Sustainable Sewer Service
»Effective & Efficient Management
»Help LGs to do Asset Management

H>ON A

Contents

. Current Issues

Proposed Sewer Management
Survival Curve
NILIM Research Projects Underway

Installed Year:

Age Distribution

16,000

14,000

12,000

12%, 30 yr< o
.
100 3 3%, 13000km, 40 yr<
80 1.1%, 4000km, 50 yr< +— -_.-'
6,000 o~

km

4,000

<
2,000 . .'f

01505 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005
Age: 100 90 80 70 60 50 40 30 20 10 O

» More cave-ins expected as sewers age

» Feared traffic problems

» AM necessary!

10-Step AM Plan Process

From USEPA Advanced Asset Management Training Workshops

Decay Curve

Assess Determine Determine Set
Inventory py! Condition, (! Residual = -CC & B Target
Assets Failure Life Replacement Los
Modes $
Assign N N
Determine Determine Fund "
EaR:n =P Appropriate M| Appropriate = Your = 2;‘::‘ the
tng maintenance CIP Strategy
(Criticality)

Application to sewers is difficult.




Cost
(Problem-1 of Conventional AMP)
Span 30m

sewer pipe

\ manhole

» Entire sewer length 380,000km (= 13million spans)
» 1500 local governments provide sewer service
» Each has 8700 spans on average.

» Costly to assess numerous spans periodically

Technical difficulty

(Problem-3 of Conventional AMP)

» Most sewers are small & needs CCTV.

» Picture qualities of now, past, future different.

» Comparing between different times is misleading.
» Interpretation tend to differ from person to person.
>

Time series analysis is questionable

» Frequency (CCTV + eye) is once/over 30 years.

: Tools NILIM Provide :

T P PP PP T TP PP T TP PP PP P PP PPPPPPPPPPPPPPPPRRS

= Survival

: Curve

:. > Predict Sewer

Length to be Determine
o bil {crer —I

Inventory & Build the
Assets AMP
Predict
Decayed Determine
.p] Sewer L-T MP
= | Length :

Determine

E A§sign Sewers to be

: Assess L Risk | Rehabilitated,
: Condition Rating Replaced, or

. A Repaired

Decayed Sewer Location Model

} i Cave-in Risk Reference :

Survival Curve -Method

»  Similar to Human Life Expectancy Calculation
» Unique approach as far as we know
» Data
» Questionnaire Survey to All
» Death & Survival Lengths during FY 2005
» Concrete, Clay & PVC chosen
» Death means getting rehabilitated/replaced
» RIR sewers get 50 year of new life
» Analysis

» 2-parameter Weibull Distribution
» 342,290 km, 89% of all, 383,031km, analyzed
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Effectiveness
(Problem-2 of Conventional AMP)

» Sewers get damaged by unexpected external force.
» Construction works of other utility pipes are typical.
» Service not interrupted instantly by severe damage.
» Later, damaged sewers cause cave-ins.
» Assessments before damage cannot predict life.
Proposal on Process
Predict Sewer —
Lengthtobe [ _, | Determine
Rehabilitated L-TCiP
& '
Build the
Inventory
Assets AMP
Predict
Decayed Determine
Sewer L-T MP
Length
Determine
Assign Sewers to be
Assess [ Risk [ Rehabilitated,
Condition Rating Replaced, or
Repaired

1. Current Issues
2. Proposed Sewer Management

3. Survival Curve
4. NILIM Research Projects Underway

Sewer Material by Age

12,000

Breakdown of 89%
10000 — — Concrete (39%) f\
y - - - - Clay (7%)
——PVC (43%)

8,000
E 6,000 [
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~
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Cumulative Distribution on Survival

Survival Curve -Result

100%
90% -
80%
70%
60% |-
50% -
40%
30%
20%
10% -
0%

— Weibull Distribution

o Surveyed Data

Tokyo (121, 15)
!

Kobe (135, 4.8)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Sewer Age

Length Ratio

Investment ( ¥ 100 billion)

Benefits of the Curve

N
New

RID

a5
4
35
30
25
20

R/R

® / \ N
10 B

°

0

5/ /'
e LDRRRRRE  olhmem
» o a @ w PELSF S PP S

»Sewer Lifetime distributes, not fixed.
»RIR cycle on statistical life data analysis.
»CIP Reasonable & Justifiable.

Y V V

Y

Y

Decay Curve

DC useful for LTMP. Now collecting data from LGs.
Assessment protocols differ among LGs.

Data integration for application to most situations.
Analyzing integration possibility.

Applying different protocols to same CCTV pictures.

Tentative

100%

80%

good

o

Fair

20 2 30 35

40 50 55
year

Y V V VY

Y Vv

Cave-In Risk

Floods, back-ups, odors are risks too.

Focus on cave-ins as it is life threatening.
Damaged sewers neglected by budget lack
Need to prioritize which sewers addressed first
Prioritization based on criticality/risk

Our research helpful for LGs.
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Length Ratio

®

Benefits of the Curve
Ne

8

8

S

Investment ( ¥ 100 billion)

w R/IR
“® New
« N
3B
=2
25
) »

FESEFEF P

o

0 2 2 50 o
»>Current L-T CIP: Every 50 years, sewers get R/R.
»No data. Expected lifetime in accounting used.
»CIP not Justified.

Contents

Current Issues
Proposed Sewer Management

Survival Curve

NILIM Research Projects Underway

I

Decayed Sewer Location Model

Sewer spans numerous. Assessment needs efficiency.
Where to assess important.

Model to predict where decayed sewer exists
Statistical model with regression analysis employed.
Dependent variable: results of condition assessment.
Independent variables: age, diameter, material, etc
Problem: inventory and condition stored separately.
AM is not pervasive.

Problem-2: integration of different protocol data.

YV VYVYYVYVYYVY

v Vv

(Condition) = f (Inventory Data; Age, Diameter, Material...)

Loading Test for Aged Sewers

Cave-in Risk Reference -1

An aged sewer being removed for replacement

» Currently, collecting aged sewers
» Appearance & remaining strength will be studied




Experiment on Soil Infiltration For better sewer management

Cave-in Risk Reference -2

» Long term planning
» Downsizing policy restricts LTP.
» LTP needed to spend wisely.
» 10 to 20 planning norm US, Australia, New Zealand.

» Risk Based Management

Risk not considered schematically, but with intuition.
Sewer mains and laterals might be handled equally.
Avoid catastrophes while allowing inconveniences.
Thanks to USEPA trainings course & Mr. Albee.

>
>
Soil Infiltration & Cave-in Loosened soil on both sides of crack >
» Low chances for ruptured sewers to cause cave-ins >
> High chances for dislocation/openings to cave-ins
» Soil infiltration leads to cave-ins
» Intended to know the possibility of cave-ins
> Parameters: Backfill soil, openings, groundwater level

Thank you!

- 106 -



Management of Aging Wastewater Infrastructure
-- Challenges and Strategies --

Jerry N. Johnson, General Manager
District of Columbia Water and Sewer Authority
Washington, D.C.

Overview of the Aging Situation

For many years, water and sewer systems in core cities in the U.S. have suffered from
deferred and under-funded programs for upkeep and improvements. Many systems,
especially in the eastern U.S., date from the middle 1800s, and an acute backlog of
needs to maintain basic services and meet new regulatory mandates has developed.

The U.S. Environmental Protection Agency (EPA) has estimated that water and sewer
systems in the U.S. will require funding upwards of $500 billion above current spending
levels over the next 20 years to improve the aging infrastructure. Core cities in the U.S.
cannot, on their own, finance these needs from existing revenues based on rates and
taxes.

Lawmakers, on the other hand, seem to have not recognized the urgent situation facing
the core cities and instead have focused on programs that provide federal financial
assistance to the more visible public projects in the areas of roads, bridges and airports.
Moreover, lawmakers and regulators continue to mandate more stringent environmental
controls which require massive water and sewer projects to achieve compliance. When
these mandates are added to the already severely strained financial structures of core
cities, the burden becomes critical and in some cases results in population and industry
moving out of the cities to avoid high utility costs among other factors. This leaves these
municipalities with a smaller revenue base to fund a fast-growing investment need.

U.S. cities need to marshal their resources to educate elected officials and the general
public to the situation and the need for a comprehensive national program that reinvests
in critical infrastructure. Washington, D.C. is typical of a core city having to deal with an
aged water and sewer infrastructure, and the problems of deferred upkeep and new
environmental mandates. The following discussion shows how the D.C. Water and
Sewer Authority is addressing the funding needs and existing infrastructure conditions,
and highlights our efforts to shift from past practices and meet new demands.

A population shift and shrinking rate base

Infrastructure systems in this country have followed population growth in cities across
the nation. Over the years, populations continue to increase in numbers and shift in
location. For example, the U.S. Census Bureau projects its 2000 population count of
231 million to increase to 325 million by 2020. Moreover, this growth continues to move
outward from the core cities, leaving many older cities with a declining population, a
shrinking rate base and the costly maintenance of an aging and failing infrastructure.
The problems are not just financial; they are also managerial and technical.
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Federal funding support continues to decline

Since 1987, the Clean Water State Revolving Fund (CWSRF) has been the primary
source of federal funding for wastewater infrastructure — including the repair and
replacement of pipes, pumps and treatment plants. However, federal support for clean
water projects such as these has continued a steady decline.

Total federal funds Funding Levels in Clean Water

for the CWSRF have State Revolving Fund Appropriations
declined from $1.35 o _

billion in fiscal year e District of Columbia

2004 to $687.6 million
in fiscal year 2007
or 50%.

$6.610

$6.0 —

»
1
I
|

Over the same period,
the CWSRF funding
allocation for the
District of Columbia
has declined 50%
from $6.6 million to
$3.4 million. a5 1 1
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Long-term, dedicated funding needed

Studies by U.S. Environmental Protection Agency (EPA), Congress and the General
Accounting Office (GAO) have estimated a water and wastewater funding gap of $300 —
$500 billion over the next 20 years between the nation’s needs and what is actually
spent on aging infrastructure. The District of Columbia Water and Sewer Authority has
joined elected officials, wastewater service providers, state environmental and health
administrators, engineers and environmentalists in advocating the establishment of a
trust fund to guarantee basic services and compliance with environmental standards
over the long-term. (Similar trust funds have been formed to dedicate revenue sources
for other critical infrastructure such as highways and airports.)

Wastewater infrastructure in the nation’s capital

An examination of the financing and management of America’s wastewater utilities
shows major trends toward (1) addressing wet weather issues, driven by regulations,
and (2) undertaking major replacements, driven by aging infrastructure. Facing these
challenges in the nation’s capital is the District of Columbia Water and Sewer Authority
(WASA), one of the largest such utilities on the East Coast — with a 725 square mile
service area. Incorporated in 1996 as a regional utility, WASA distributes drinking water
to a population of 500,000 in the District of Columbia and provides wastewater treatment
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for more than two one half million persons in the District and for suburban counties in
Maryland and Virginia.

WASA operates and maintains 1300 miles of sanitary and combined sewers, 500 miles
of storm sewers, nine sanitary pumping stations, 15 stormwater pumping stations, and
53 outfalls. The collection system includes more than 900 flow control structures such
as diversion and overflow facilities, weirs, siphons, inflatable dams, and tide gates.
Sewage flows mainly by gravity, however, there are some pressurized forced mains and
pumping stations. The pumping stations were constructed from 1905 through around
1960. Parts of the sewer system date back to the 1800’s and are comprised of various
materials including vitrified clay pipe, reinforced concrete, ductile iron, brick arch, and
some PVC pipe.

The District’s wastewater treatment facility, originally constructed in 1938, sits on a 150-
acre site on the Potomac River. Blue Plains is the largest advanced wastewater
treatment facility of its type with a rated annual average capacity of 370 million gallons
per day and a peak wet weather capacity of 1.076 billion gallons per day. While other
metropolitan areas have facilities with larger capacities, none of these provide the high
level of treatment that Blue Plains does with its nitrification, de-nitrification and filtration
processes. Consistent with the high level of treatment provided, the plant's operating
permit contains the most stringent effluent discharge requirements of any plant of its size.
However, all of this comes at a cost and since 1997, WASA has invested more than
$300 million in a critical overhaul of the plant — targeting the repair and replacement of
every process unit, from grit chambers and screening to nitrogen removal and final
filtration. As a result, Blue Plains has evolved from a facility with significant reliability
and odor issues ten years ago, to one that is nationally recognized for its high quality
effluent and biosolids management program.

Financing the District’s aging wastewater infrastructure

WASA has implemented a 10-year, $2.1 billion Capital Improvement Program (CIP) to
address the needs of its aging water and sewer infrastructure that had been deferred for
decades. In the last 10 years, WASA has invested more than $1.2 billion in capital
improvements for sanitary and stormwater projects, combined sewer overflow control,
and wastewater treatment plant upgrades. These investments, along with prudent
financial policies implemented by its Board of Directors, have earned WASA a double-A
category bond rating, resulting in reducing debt service costs associated with financing
the CIP. Rate revenue, with steady, predictable annual increases, continues to be the
major source of funding for maintaining and improving the water and sewer infrastructure.

Requlatory challenges

Wet weather discharges A third of the District is served by a combined sewer
system. Built in the 1870s, this system carries both sanitary sewage and stormwater in
a single pipe. During wet weather, or rainstorms, the capacity of these sewers is
overwhelmed and a mixture of untreated wastewater and stormwater will overflow into
local rivers and streams. Combined sewer overflows (CSOs) impact nearly 1100 cities
in this country. Federal “wet weather” policies require combined-sewer communities to
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reduce these overflows to meet water quality standards through a combination of short-
term control measures and the implementation of long-term control plans. This mandate
represents a $2.1 billion cost burden for WASA customers, who must fund a federal
court-ordered short-term plan to reduce CSOs by 40 percent and a Long-Term Control
Plan to obtain an overall 96 percent reduction over the next 20 years. Compliance with
“‘wet weather” mandates has created a severe financial plight for urban areas and the
federal government must come forward with increased financial assistance to construct
these massive CSO control projects. Without greater federal participation, the burden
of these mandates falls unfairly on ratepayers in older core cities, like the District, where
costs sometime far exceed the affordability index of the community. Moreover, a recent
federal court ruling redefining discharges from CSOs may substantially impact WASA’s
ability and the cost to move forward on its mandated long-term plan to control CSOs.

Nitrogen reduction Blue Plains is the single, largest point source of discharge
entering the Chesapeake Bay. As a condition of its federal discharge permit, WASA
operates under the limitations of the Chesapeake Bay Agreement goal of a 40 percent
reduction in nitrogen discharges. The District was the only one of five Agreement
signatories (EPA and Bay states) to reach the 2000 goal. In 2004, the nitrogen load was
reduced by 56 percent, far exceeding the goal. However, EPA is modifying WASA'’s
discharge permit with new limits for “enhanced” nitrogen removal, requiring WASA to
spend upwards of $800 million to $1 billion to meet these limits.

Strategies for manaqging aging wastewater infrastructure

Sewer Assessment Program Management challenges for the District’s sewers
relate largely to the age of the system. It is extensive and will take many years to

assess its condition. To begin the process, WASA has commissioned a five-year Sewer
System Assessment Program with multiple contracts and plans for internal inspections
over the next decade. The assessment begins with high priority sewers, such as outfalls,
siphons, stream crossings, major interceptors and sewers under buildings.

Products of the assessment program include hydraulic modeling, capacity analyses,
location mapping integrating GIS, condition assessment and a facilities plan and
schedule for improvements and ongoing inspections. Meanwhile, WASA is addressing
immediate sewer problems and failures with TV/video inspections, cleaning and lining
and other technologies that includes trenchless repair.

Asset management In America, the wastewater industry has embraced the concept
of asset management as a major tool in managing the operations and costs associated
with aging infrastructure. At WASA, the implementation of its Asset Management
Program represents a significant leap in automation and business process
improvements for infrastructure management and maintenance lifecycles. From
receiving a customer complaint to its ultimate resolution, the system supports work
orders, job planning, operating condition monitoring, proactive and scheduled
maintenance activities, and is integrated with WASA'’s inventory system. Among the
benefits of an Asset Management System, is its impact on changing the operating
culture from “break down” maintenance to predictive and planned maintenance.
Eventually the system will tie into WASA'’s purchasing and financial systems for capital
replacement and associated cost management.
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Human resource management WASA, like most utilities, is faced with a critical
shortage of personnel in positions that require a unique skill set, and there are at least
three other utilities within 30 miles with which WASA has to compete for employees. The
average age of workers in the U.S. wastewater utility industry is 45; the average age at
WASA is 47 years old, with an average of 14 years service. More than half of the middle
management staff has been with WASA since its inception in 1996, and in some cases
for more than 20 years. Many of WASA'’s employees are eligible to retire and that will
cause a significant loss of operational and managerial knowledge. WASA is preparing
for this type of turnover in two ways. WASA is using a Knowledge Capture concept for
key processes to gather and document the tacit institutional knowledge that exists with
individual employees rather than in the standard operating manuals. Succession
Planning focuses on the senior and executive levels in the organization and ensures that
the right people with the right competencies, experience and training are positioned for
operations and business continuity. Additional strategies employed by WASA include
“double-filling” certain key positions, rotating engineering and internship programs, and
entry level training opportunities.

Summary

The District of Columbia is one of many core cities in America burdened with the need,
cost and requirements to maintain, replace and upgrade aging plant and underground
wastewater infrastructure. Aging systems, costly upgrades, regulatory demands and
shifting populations are a challenge for communities across the country. Thirty years
ago, the federal share for wastewater infrastructure construction was 75 percent. Today
it has fallen below five percent. EPA estimates that, if the nation’s infrastructure needs
are not addressed in the next 10 years, 35 years of water quality gains will be lost. The
experience in the nation’s capital reflects conditions and challenges in like communities
across America. As the District and other core city stakeholders advocate the
establishment of a federal clean water trust fund, annual rate increases continue. In the
meantime, long term facility planning, the use of strategies and tools such as legislative
advocacy, asset management systems, succession planning and public education are
keys to meeting the service, regulatory, and financial challenges facing America’s aging
water and sewer infrastructure.
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America’s Systems Are Aging

= Our pipes and plants
are aging
Many have passed
their life expectancy—
costly repairs,
replacement
Wastewater plants—

useful/life of 20 years
before required
expansion or
rehabilitation

\ 4 Sewer pipe life-

| cycle—50to >100
L h years (some East
g’ '“ Coast cities
~200 yrs. Old)

Jerry N. Johnson, General'/Manager

RUIR A EH (i e e

District of Columbia
Water and Sewer Authority

- - - District of Columbia
| R AT TR DR o

Serving the Public * Protecting the Environment Authority

Aging Infrastructure is a
National Challenge

Populations Are Increasing
and Shifting

= U.S. population
(2000)—231 million
to 325 million (2020)
U.S. populations are
shifting away from
older, core cities
leaving the
responsibility of
costly maintenance
of aging systems
to a declining @
population o
and rate base )

“Sewer System Wasting Away”

Modesto Bee fL A hme 2006

“Sewer Plant Calls m Plumber”

Diaily Press (CAY, T 2006

“Sewer Line Costs are Exploding”

e Honolulo Advertiser (T11), July 2006

S awwnre b
Sewers Use Outdated Technology” ¢
Gotham Crazette (NY), Ocsober 2003 ; Vm

I R P AT g e o o LA SO ATy 7t ot

Authority Authority

R R EH [ A i e E

@ LT R R TR T

America’s Wastewater

Infrastructure Needs Funding for Aging Infrastructure

= America’s largest
water quality funding
source since 1987—
Federal Clean Water
State Revolving Fund
(CWSRF)
Eligible projects
include wastewater
collection and
treatment, non-point

source pollution controi,

Collection and
pumping
infrastructure
Plants and advanced
treatment
Reclamation and
reuse facilities
Biosolids
management

R R e [ e e i
R R EH [ A i e E

E ‘
watershed oeiy

management i .
L R R B TR g e 1 T P T A MR s

Authority Authority

%

Cities are Funding a Growing
Share of the Cost

Federal Funds for Wastewater
Projects Continues to Decline

" Total funds have
declined 50%—
from $1.35
billion in 2004
to $687 million
in 2007

ﬁ‘ Washington,
|

Pt e w"“f"'w!. k Leal ve. Faderal Wastewatar Expanditres Infrastructure
- needs have
grown—funding
has declined
This challenges
core cities with
a declining

rate base

to meet needs/
regulations

Lnew! Capitat FrpeminiTes

et frvestest

DC's share
declined 50%

| from $6.6

| million in
| ' 2004 to
$3.4 million
in 2007 3

R R EH [ A i e E
R R e [ e e i

FEEREE

e st

District of Columbia District of Columbia

I P PR T R AR o 1 A T R R TSR o oo
Authority Authority




Proposed Clean Water Trust Act Major Challenges
for Wastewater Industry
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Regulatory Challenges—Combined
Sewer Overflow (CSO) Control
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Regulatory Challenges—Combined
Sewer Overflow Control

®* Ruling on TMDL definition
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Strategies—Identify and Assess
Condition of Assets

= Five-year Sewer Assessment
Program, using multiple inspection
contracts

= Sewers selected based on priority
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Managerial Strategies
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Human Resources—Strategies 4
Human Infrastructure—Strategies
Knowledge Management
= Knowledge capture workshops for. key
processes—to capture information
not in manuals

Double-fill certain key positions
“Rotating Engineering” program
Internship program

Succession|Rlanning Entry-level Operator program
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= Position those with the right
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in operations for business continuity
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Watershed Management in Drinking Water for Emergency:

A Case of Lake Biwa - Yodo River System

Takashi SASAKI* & Daiji NAGASHIO**
Yodo River Water Quality Committee

1. Background

Lake Biwa - Yodo River water system is located in the middle west part of Japan
and supports urban life and activities as one of the main water source for 14 million
consumers in the Kansai area (Fig. 1). The water system is characterized by urbanization
and developed industry in upstream area, at the same time, much use of domestic water in
downstream area. This means the water is being reused so highly from upstream to
downstream that there exist many kinds of risk factors to water safety.

Drinking water supply utilities taking water from the river organize “Yodo River
Water Quality Committee” for integrated source water quality management to cope quickly
and systematically with source accidents. This paper describes outline of the Committee
and its source monitoring for emergency.

2. Outline of Yodo River Water Quality Committee

Fig. 2 shows yearly changes in raw water quality at Kunijima water treatment plant
(WTP) of Osaka City, one of the largest utilities. Since the quality rapidly deteriorated due to
increased domestic and industrial wastewaters in 1960s, downstream utilities were forced
to take countermeasures for these problems. The utilities concluded that cooperative
approach for integrated source quality management was the best way and established
Yodo River Water Quality Committee in 1965, which is currently composed of ten utilities
(Osaka Prefectural -, Osaka Municipal -, Moriguchi City -, Neyagawa City -, Hirakata City -,
Suita City -, Amagasaki City -, Itami City -, Nishinomiya City - waterworks and Hanshin
Water Supply Authority) (Pic. 1). Since then, the Committee has engaged in various
activities for resource conservation including;

* Technical administrator, Hanshin Water Supply Authority, 20-1 Nishi-okamoto 3-chome,
Higashinada-ku, Kobe 658-0073, Japan (e-mail: sasaki-t@hansui.or.jp)

** Director of water quality, Hanshin Water Supply Authority, 20-1 Nishi-okamoto 3-chome,
Higashinada-ku, Kobe 658-0073, Japan (e-mail: nagashio-d@hansui.or.jp)
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Fig. 2 Yearly changes in water quality of Yodo River
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Pic. 1 Board Meeting of Yodo River Water Quality Committee
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-Regular monitoring of source quality

-Research and investigation for source quality management

- Advocating activities for pollution control

- Awareness raising for resource conservation

- Establishment of information networks for emergency control

3. Water Source Monitoring for Emergency
(1) Information Networks for Emergency Control

In case of source accident, river administrator provides the Committee with
information reported from the finder. Then the Committee informs all the members of the
accident according to emergency information networks rules (Fig. 3).

Fig. 4 shows changes in the number of source accidents. The number has been
increasing since 1990 after brief decline at around 1980. Severe accidents which directly
affect waterworks has been decreasing, on the other hand, the ratio of oil spill accidents
has been increasing in recent years. The Committee has periodically appealed to
administrative bodies to supervise the causative facilities, and achieved successful results.

An oil spill accident in October 2003 provides a good example. The accident
occurred at one of tributaries of Yodo River and affected downstream utilities. One of WTPs
was forced to stop water intake for four hours and six of WTPs had to reduce water intake,
absorb oil, or use powdered activated carbon to cope with the spilled oil. Quick circulation
of information followed by proper response to the accident prevented finished water from
being contaminated. After that, four affected utilities claimed compensation from the
causative facility that the Committee identified.

(2) Organizing Watershed Data

Differences in the arrival time of contaminants from accident spot to intake points
are useful when accidents happen. The Committee developed “Arrival time display system
in Yodo River’ based on observed time considering the effect of river shape and estuary
barrage. The Committee also created factories’ database in the basin named
“Environmental map” (Fig. 5) containing their locations and harmful chemicals used to
quickly respond to source accidents. The map can numerically display contamination risk
by harmful chemicals in the whole area utilizing the stored data.
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Fig. 3 Information networks for emergency control
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Fig. 4 The number of water source accidents in Lake Biwa — Yodo River water system
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Fig. 5 Part of environmental map in Yodo River basin

4. Summary

Delay in the response to accidents in the source may cause serious damages in
the social life, since the systems of waterworks being consisted of series of facilities from
source to consumers’ tap and the systems are not free from vulnerability. In order to ensure
water safety, it is important to detect source accidents as quickly as possible and then
respond to them properly. The Yodo River Water Quality Committee, a group of
downstream water utilities of Yodo River being exposed to the high risk of accidents, jointly
monitors water source and engages in resource conservation activities. These efforts have
been successfully assuring safety of drinking water so far.

There are other efforts in regard to watershed management. Review Panel on
Water Cycle Dysfunction Risk in Emergency, a panel established by government ministries,
is discussing cross-sectoral measures to avoid or reduce water quality risk in case of
earthquake, whose target area includes Yodo River basin. In addition, Kansai Waterworks
Association consisted of eight major utilities in the Kansai area has jointly been studying on
“Kansai version of Water Safety Plan”. The developing process will include scientific
evaluation on risk factors about their characteristics and risk levels. The goal is to
contribute to planning of source quality management and drinking water treatment.
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Lake Biwa — Yodo :
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» Why organized ?
— Urbanization and industrial development in « Osaka Prefectural -
upstream area « Osaka Municipal -
— Deterioration of water quality in Yodo River + Moriguchi City -
« Neyagawa City - .
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Board Meeting Activities

Regular monitoring
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for emergency control
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Regular Monitoring of Source Quality

« Monthly monitoring conducted
with cooperative system

« 20 Monitoring points
« Over 160 of monitoring ltems

« Results summarized as
annual reports

Advocating Activities for Pollution Control

National government
e

inistry of

Health, Labour and Welfare
Yodo River Water - Agriculture, Forestry and Fisheries
Committee

e
Local government

Osaka prefecture

- Economy, Trade and Industry

- Land, Infrastructure and Transport

- the Environment

Kyoto prefecture and city
Other 6 administrative bodies

Water Source Monitoring for Emergency

* Information-sharing
— Monitoring of source quality
— Source accident
— Research and investigation
— Risk factors

+ Control of pollutant source
— Advocating activities
— Awareness raising

The Number of Water Source Accidents in
Lake Biwa -Yodo River Water System
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Research and Investigation

+ Several working groups for special task
urgently needed

» Musty odor at Lake Biwa

» Precursors of trihalomethanes and agricultural
chemicals in the water source

> Development of useful tools for quick response
to water source accidents

Awareness Raising for
Water Resource Conservation

» Posters and
brochures

* Annual lecture
meeting

Information Networks for Emergency Control

Accident
Finder

River
Administrator

Neyagawa
City

Accident
Finder

Hanshin
Water

Hirakata
City.

Moriguchi

City
Amagasaki Nishinomiya
City City

Case with Qil Spill Accident

+ Diesel oil spill from a gas station to a
tributary stream

+ 6 WTPs suffered damage

— Oil removal, PAC, increase of ozone dose,
reduction of water intake

— One WTP stopped taking water for 4 hours.
* No contamination of finished water
 Identification of causative facility
+ Claim for compensation




“Arrival Time Display System”
and
“Environmental Map” in Yodo River

» To respond to source accidents
quickly and properly

“Arrival Time Display System”
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28—t BN /5)
wamS WEan 30147 | 30->180 | 215147 | 215180
Ok Wl | s | wm:s | s
0.00 15HE 0:00 0:00
9.90 1 4:21 4:44
34.60 | RN AN 54:09 | 357 54:32 | 39:20

K1l

AN

The least time required between the
points and average flow rate is displayed.

“Environmental Map”
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Summary

+ It is important to detect resource accidents
as quickly as possible and respond to
them properly.

* Yodo River Water Quality Committee
jointly monitors water source and engages
in resource conservation activities.

* To assure safety of drinking water

“Arrival Time Display System”
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“Environmental Map”

Information system combining factory database and GIS

Number of factory data 6,500

25 cities, wards and counties in the

Areacn thesystem Yodo River water system

Type of industry 31 types
15 items (address, chemicals used,

volume of discharge etc.)

Data item

Software Exclusive Mapping Soft (ProAtlas)

Reference to the factories’
information, output of the file
Address, chemicals used and point
of discharge

Additional function

Search function

Effects of Cooperative Activities

» Reduction in cost concerning water
conservation

Prompt countermeasure for unexpected
pollution

Powerful advocating activities to national
and local government
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Other Efforts of Watershed
Management in Drinking Water

* Review Panel on Water Cycle Dysfunction Risk
in Emergency
— Established by government ministries
— To avoid or reduce water quality risk in case of
earthquake

« Kansai version of Water Safety Plan
— Kansai Waterworks Association (8 major utilities)

— To contribute to planning of source quality
management and drinking water treatment




Climate Change and Water Resources:
A Primer for Municipal Water Providers

David Yates & Kathleen Miller
National Center for Atmospheric Research

1. Introduction

A recent collaboration between the AWWA Research Foundation (AwwaRF) and the
National Center for Atmospheric Research (NCAR) has led to a new publication “Climate
Change and Water Resources: A Primer for Municipal Water Providers” (Miller and Yates
2006). This document tries to dispel some of the misunderstandings about climate change —
showing that it is neither an impending catastrophe nor a myth that can be safely ignored.
Generally, the Primer 1) summarizes the scientific evidence regarding both natural climate
changes and those caused by human activity; 2) describes the hydrologic impacts of climate
change and potential consequences for water utilities 3) discusses the nature and sources of
uncertainties in these projections and 4) provides guidance on planning and adaptation
strategies. In particular, the Primer explains how a warmer climate will intensify the global
hydrologic cycle, leading to increases in global average annual precipitation, heavier rainfall
events, and possibly longer dry spells. Warmer temperatures will cause snowpacks to melt
earlier — shifting seasonal streamflow timing, while changes in storm tracks may leave some
regions much drier than now, and others wetter. In addition, water quality will be affected by
changes in runoff processes and watershed characteristics, including wildfire impacts.

2. Overview

There is a great deal of misunderstanding surrounding the subject of climate change, often
leading to profound confusion regarding its potential impacts on natural resource systems and
human wellbeing. Well-intentioned, but misguided attempts by the popular press and movie
industry to call attention to the prospect of climate change have left much of the public with
the impression that the Earth’s climate system is either poised at the brink of cataclysmic
change or that global climate change is a myth that they can safely ignore. Neither of those
extreme views provides useful guidance to anyone attempting to make informed decisions
about the management of climate-sensitive resources.

Here, we will attempt to dispel some of the confusion by summarizing the best available
scientific evidence on climate change — including both natural changes and changes that may
be caused by human activities. In particular, this primer will focus on what is known about
the implications of climate change for the water cycle and the availability and quality of
water resources. The goals of this primer are to 1) introduce water utility managers to the
science of climate change; 2) suggest the types of impacts it can have on water resources, and
3) provide guidance on planning and adaptation strategies. This guidance primarily reflects
the activities of forward-looking utilities that have begun to plan and prepare for these
changes, with some additional insights gained from the research community.

Water industry professionals are keenly aware of the fact that climate variability affects the
availability and quality of water resources and that runoff or temperature extremes can affect
their operations. Unanticipated extremes, such as an unprecedented drought, are likely to
pose particularly severe problems. Prudent management focuses on anticipating and
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mitigating the potential adverse impacts of such natural variability. To plan efficiently, it is
important to understand how and why climate may change in the future and how that may
affect the resources upon which the water utility industry depends.

Will climate change have significant impacts in the near future on water availability, water
quality and the ability of water utilities to meet the needs of their customers at desired levels
of reliability and affordability? If so, what types of impacts could occur? What should
utilities be doing to assess and prepare for the resulting risks and opportunities? Is this an
issue that requires attention now, or will climate change occur so far in the future that water
utilities can safely ignore it and concentrate on more pressing concerns? These are the types
of questions addressed in the Primer and will be discussed during the presentation.
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T . .
impacts and response options

N Q Q? SF ] itvititnise ..,@,} Collaborative Project — Urban Water Ultilities:

NCAR =

——

GOALS:
= Dispel confusion about climate change

= Assess vulnerabilities to climatic trends;
future projections

- Glacier & snowpack reductions;
- Sea-level rise; runoff changes

Climate Change and
Water Resources

A partnership of the
AWWA Research Foundation
National Center for Atmospheric Research
US EPA Office of Research and Development
Stockholm Environment Institute-US

- Temperatures are highly likely to
increases in most places

- Precipitation changes are uncertain
= Learn from extreme events:

- Wildfires; droughts; floods
= Advance adaptation strategies
= http://www.isse.ucar.edu/h2o_primer.jsp

U.S. Joint Conference on Drinking Water Quality Management and Wastewater Control

National Center for A heric Research David Yates, yates@ucar.edu
22 Jan 2007

Water Resource Impacts

Most likely:
= Global precipitation T ~ 1- 2% per 1°C

= Snow season shorter— earlier peak flow

= Glacial recession — summer flow T near-term,
but | long-term

= Sea level rise — saltwater intrusion, coastal
flooding

“Gentlemen, it’s time we gave some serious thought

1o the efficts of global warming.” = More intense precipitation — water quality

impacts
Humans and greenhouse gases High Confidence in Surface Temperatures
e o8 Global Temperature and Carbon Dioxide: 1860-2005 o
Carbon Dioxide (CO,) oa-| ==== Nonlinear fit et
Overall warming 0.75°C 374
and Methane (CH,) 02 Up 0.55°C since 1970 Lasa_
t g ‘33‘»%
. Strong evidence - 3148
Now: Atmospheric CO, 204
concentra concentrations are higher —) A Temperature |27
. — CO,
higher than' vkl iy oo 25 (o )i o e e T I
400 thousand years!! e 1860 1880 1900 1920 1940 1960 1980 2000
range over past = ki T
years

| Annual mean departures from the 1961-90 average for global temperatures,
) - mean 14.0° C, and carbon dioxide concentrations from ice cores and Mauna
e o Loa (1958 on), mean 333.7 ppmv. Updated from Karl and Trenberth 2003

Precipitation is complex and is not captured in
Global Circulation Models

Warming intensifies the hydrologic cycle

Surface temperature increase

Increased Water holding capacity

Increased Atmospheric moisture

Changing Frequency Increased intensity

Character of Precipitation?

Kvarsiy

“Of course, I could be wrong.”

Droughts & Floods
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Coupled Models of the Ocean,
Atmosphere, Cryosphere, and Land

* Global Climate Models

* Good at estimating just
that, the Global Climate

* Not as good at estimating
regional climate change

* We need orders of
magnitude greater
computing power!!!

AwwaRF’s Climate Change
Research Program

= Partnership with the National
Center for Atmospheric Research

= Recognition in the CC community
for the need to develop adaptation
strategies

= Long residence time of CO, commits us to
some change

= Water Resource Sector needs innovate to
deal with climate change (and variability)

Scenario vs. Decision Analysis

« Scenario analysis answers questions like:

— What is the best adaptation plan for a
given climate change scenario?

« Decision analysis answers this type of
question:

— What is the best adaptation plan given a
range of possible future climate change
scenarios?

Uncertainty s
ecision

-Based

Analysis

Streamflow
Timing

Hydrological
Conditions

Earlier

Probability = 0.4

More Storage

/ é Maximize expected

net benefit (revenues -
costs - change in
ecosystem services)

Probability = 0.6

Wetter

No Change

Drier
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Natural forcings do not account for
observed 20™ century warming after 1970

Anomalies from 1890-1919 (°C)

1
0.9 Observations Fi
(Natural) volc+solar
- ( + )

0.6

0.3

0.0
0.3

C?‘Bobal Averjage Tsmp?rature

2004

Meehl et al, 2004: J. Climate.

Methods of Assessment

Top down:

Traditional Scenario Approach

|Assessment of impacts & adaptation options

Decision Analytic Approach

Bottom up:

Scenario-Based Analysis

Climate Change Study of the
American River Watershed

Earlier
Streamflows

Probability = 1.0

More Storage

Hydropower generation
revenues increase

Drier
Hydrologic
Conditions

No Change  Hydropower generation

revenues decrease

This only tells us what to do if we are certain about the
future. The reality is that we are uncertain.

Hydrology Issues

.

Critical question: How does rainfall on a catchment translate
into flow in a river?

Critical question: What pathways does water follow as it moves
through a catchment?

Critical question: How does movement along these pathways
impact the magnitude, timing, duration and frequency of river
flows?




Planning Issues

_Pl’a:piﬂinn

Critical question: How should water be allocated to various uses
in time of shortage, and still be constrained to meet other uses?

Critical question: How should infrastructure in the system (e.g.
dams, diversion works, etc) be operated to achieve maximum
benefit and/or meet regulatory requirements?

Critical question: How will allocation, operations and operating
constraints change if new management strategies are introduced
into the system?

WEAP
Example

* American River Basin,
Northern California

» Simplified Climate
Change Scenarios
impose awarmingand T a0y
precipitation trend over
20-year period

+AT 2°C

+ 10% change in
precipitation over 20
year period
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WEAP

Integrated Water Resource Management

Coupled watershed hydrology and water planning model

GIS-based, graphical drag & drop interface.

Physical simulation of water demands and supplies.

Additional simulation modeling: user—created variables and
modeling equations.

* Scenario management capabilities.

* Seamless watershed hydrology, water quality and financial
modules

* Licensed by the Stockholm Environment Institute, Boston’s
USA’s office

http://weap21.org

(BSEI

(o

T

e

Enzgee

B BAR

Beaman mmr Rl el Al ean ad At s Rah Ean SaE ees

EIINHV NN NN NS BN RN

-
"
&
.
»
-

L




Reservoir Storage WEAP Requirements/Features

Windows 95 or later (Borland Delphi, not
ported to Linux)

Imports from/exports to Excel and Word (not
required).

» Uses standard ArcView GIS “shape” files.
ArcView is not required.

« Available for download at http://www.weap21.org

» User Interface can accommodate other
languages (currently)

— Korean, Chinese, Portuguese, Spanish, English
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ESTABLISHMENT OF GUIDELINES FOR THE REUSE OF
TREATED WASTEWATER

A. Tajima

Sewerage and Wastewater Management Department, Ministry of Land, Infrastructure
and Transport (MLIT)

M. Yoshizawa*, K. Sakurai, and M. Minamiyama

Wastewater and Sludge Management Division, Water Quality Control Department,
National Institute for Land and Infrastructure Management (NILIM), Ministry of Land,
Infrastructure and Transport (MLIT)

Abstract: The Committee on Reclaimed Wastewater Quality Criteria (Chairman: Dr. Mitsumi
Kaneko, Visiting Professor of Ritsumeikan University) established new criteria and
considerations for the reuse of treated wastewater such as for toilet flushing, sprinkling,
landscape use and recreational use. Hygienic safety, appearance, user acceptance, and risk of
facility malfunction were discussed. The new criteria and considerations were published as the
Guidelines for the Reuse of Treated Wastewater from the Ministry of Land, Infrastructure and
Transport of Japan. In the guidelines, new criteria were established for Escherichia coli (ND/100
mL) instead of for coliform groups as in the former guidelines with the exception of reuse as
water for landscape use. Facility standards were also established, including required treatment
methods and turbidity as the index used for ensuring effective treatment. Measures against loss
of residual chlorine, cross connection, and accidental intake were also established as
considerations for treated wastewater reuse.

Keywords: reclaimed wastewater quality standard, treated wastewater reuse.

Introduction

Japan’s average annual rainfall is approximately 1,700 mm, which is twice the world
average, but because of its small land area and large population, the annual per capita
water resource is about 3,300 m’, less than half the world average of 7,800 m’. Only
905 m’ (almost the same as in Egypt) is available in the Kanto district where Tokyo is
located. Furthermore, the amount of precipitation has fluctuated greatly in recent years.
For these reasons, more importance is now placed on managing water resources in
Japan (MLIT, 2005a).

In response to the severe water shortage of 1978, Japan began reusing treated
wastewater as an important water resource in urban areas, starting with reuse for toilet
flushing in Fukuoka City in 1980. Since then, treated wastewater has also been used for
snow melting, environmental and industrial use, sprinkling and so on. However, only
200 million m® per year of treated wastewater from 246 wastewater treatment plants
(WTPs) is reused outside the plants, which is less than 2% of the 1.4 billion m’ of
effluent from 1,924 plants in FY 2003 (JSWA, 2005). It is expected that such

applications will increase in the future from the viewpoint of saving water resources in

*Asahi 1, Tsukuba, Ibaraki 305-0804, Japan e-mail:yoshizawa-m2yd@nilim.go.jp
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urban areas, which will in turn increase the importance of appropriately reusing treated
wastewater.

On the other hand, since several incidents of human health damage by pathogenic
microbes have recently occurred in Japan, people have become more interested in the
hygienic safety of water. Therefore, measures against these new problems must be taken
if we are to promote the reuse of treated wastewater. In addition, it is necessary to
maintain an appropriate color, clearness, and less odor to ensure that the public feels
comfortable using the reclaimed wastewater, as well as protecting against facility
malfunctions such as corrosion and blocking of pipes.

For the above reasons, the Sewerage and Wastewater Management Department,
Ministry of Land, Infrastructure and Transport and the Water Quality Control
Department, National Institute for Land and Infrastructure Management formed the
Committee on Reclaimed Wastewater Quality Criteria (Chairman: Dr. Mitsumi Kaneko,
Visiting Professor of Ritsumeikan University) with the objective of establishing new
guidelines for the reuse of treated wastewater. The Ministry of Land, Infrastructure and
Transport instituted the new criteria and considerations proposed by the committee as
the Guidelines for the Reuse of Treated Wastewater (MLIT, 2005b) and announced it in
April 2005. This report presents an outline of the guidelines.

Scope of application

Due to the numerous types of use applications for treated wastewater, we limited our
study to those based on the actual conditions of treated wastewater reuse in Japan.
Therefore, the guidelines take into consideration the reuse of wastewater for toilet
flushing, sprinkling, landscape use (untouchable) and recreational use (touchable).
These use applications pertain to a large number of unspecified persons and the
reclaimed wastewater was distributed directly from WTPs. Sprinkling refers to watering
for trees, plants and lawns or for road flushing. Landscape and recreational use refers to
environmental water.

For the time being, we decided that reuse as large-scale waterfalls or fountains would

be considered recreational use, because of the potential generation of mist.

Status of complaints and problems concerning treated
wastewater reuse in Japan

The new guidelines were established from three points of view: hygienic safety,
appearance and acceptance, and risk of facility malfunction. Details concerning

appearance and acceptance, and facility malfunction are based on a study concerning
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complaints and problems on actual treated wastewater reuse in Japan. The study is

outlined below.

Methods

Questionnaires were sent out to WTPs that distributed reclaimed wastewater outside
their plants in FY 2002 as water for toilet flushing, sprinkling, landscape use, and
recreational use. The results of this research provided us with the details about

complaints and problems regarding treated wastewater reuse in the past.

Results

We obtained the following information as a result of the study.

Appearance and acceptance

e Appearance of reclaimed wastewater
Reclaimed wastewater is generally inferior to drinking water in color, clearness
and odor, so these problems must be considered. There were complaints about
the appearance of toilet flushing water but few complaints about other uses, most
likely because people had more opportunity to observe the toilet flushing water.

e Growth of periphytic algae where treated wastewater is applied to landscape use
and recreational use
Reclaimed wastewater generally contains more nutrients, such as nitrogen and
phosphorus, than drinking water. Nutrients accelerate the propagation of
periphytic algae, which leads to complaints from facility users.

e Chironomid in toilet flushing water
There were a number of complaints concerning the growth and propagation of
Chironomid in the reservoir tank for toilet flushing water after being distributed
from the WTP. On the other hand, there were few complaints about this problem
in water for landscape use and recreational use because Chironomid scatters

easily and is not as prominent in these applications.

Facility malfunction

Problems concerning corrosion and leaking of pipes and other equipment were reported.
The corrosion may be caused by direct contact between the reclaimed wastewater and
exposed iron or between different kinds of metals. Attention must be paid to corrosion
in the case of highly corrosive reclaimed wastewater with significant amounts of
chlorine ion, sulfate ion, or residual chlorine.

Problems with water supply due to the blockage of drains or pipe bends were also

reported. Blockage of pipes may occur when the dissolved iron from corrosion is
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oxidized by residual chlorine or dissolved oxygen and accumulates at the bend or at
narrow areas of the pipes. Measures have already been taken against these problems and
they have now been solved (Fukuoka City, 1999; 2000).

Guidelines for the reuse of treated wastewater

The guidelines are divided into criteria for wastewater reuse and considerations for
wastewater reuse. They were established from three points of view: hygienic safety,
appearance and acceptance, and risk of facility malfunction. The outline of the

guidelines is as follows.

Three points of view in establishing the guidelines
Hygienic safety

In establishing the guidelines, consideration was given to measures against bacteria for
which chlorine was comparatively effective, and measures against protozoa that had
comparative chlorine tolerance. Measures against viruses could not be considered due to

numerous problems concerning the virus detection methods.

Appearance and acceptance

The three points listed below were taken into consideration for establishing the
guidelines. The second and third points were included only in the considerations for
wastewater reuse, not in the criteria part, because different types of facilities cause
different conditions for the second point, and the effects of measures have not yet been
clarified for the third point.

e Appearance of reclaimed wastewater (color, clearness, odor)

e Growth of periphytic algae in facility water for landscape and recreational use

e Chironomid (imago/larva) in toilet flushing water

Facility malfunction

Measures against corrosion and blockage of pipes and other equipment were taken into

consideration for establishing the guidelines.

New criteria for treated wastewater reuse

The new criteria established for the reuse of treated wastewater are shown in Table 1.

The grounds for the new criteria are indicated as follows.

E. coli and coliform groups

The following criteria were selected from the viewpoint of measures against bacteria.
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E. coli N.D./100 mL was set as a new criterion instead of the number of coliform
groups. The number of coliform groups, which includes bacteria that propagates in soil,
is not necessarily suitable as the index for indicating contamination by excrement.
Furthermore, E. coli N.D./100 mL was set as the quality criteria for drinking water in
Japan in 2003 based on establishing a quick and easy culture method.

The number of coliform groups set as effluent quality criteria was established as a
provisional criterion for landscape use, where handling is not permitted, and the former
criteria for treated wastewater reuse (coliform groups 1,000 CFU / 100 mL) was
adopted on a provisional basis.

Facility standards (Required treatment methods and turbidity as control
parameter)

The facility standards were established from the viewpoint of measures against facility
malfunction and measures against protozoa for hygienic safety.

Designated treatment methods and turbidity conditions were set from the viewpoint
of protecting against blockage for toilet flushing, sprinkling and landscape use, for
which there is little possibility of accidental intake. Sand filtration or an equivalent
treatment method was set as a required facility standard. Turbidity was also set as the
control parameter to ensure effective treatment of the sand filtration. Turbidity of less
than 2 mg-kaolin equivalent/L was set as the target value based on research results
demonstrating that the turbidity of treated wastewater from a properly operated filtration
system barely exceeded 2 mg-kaolin equivalent/L.

Chemical precipitation followed by sand filtration or an equivalent treatment method
was set as a required facility standard to efficiently remove protozoa from
recreational-use water for which there is a risk of accidental intake. Turbidity of less
than 2 mg-kaolin equivalent/L was set as the value to be observed at all times.

Additional treatment, restricted use or halting the distribution of treated wastewater
may be required in certain cases if hygienic safety is at risk due to a group infection

outbreak caused by protozoa within the basin of the WTP.

pH

The pH level of 5.8-8.6 was set as an effluent quality criterion. It was established from
the viewpoint of preventing corrosion in pipes and other equipment. In addition, it was
recommended that corrosion-resistant structure and materials for pipes and other

equipment be adopted.
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Appearance, Color, and Odor

Appearance, color and odor were established from the viewpoint of appeal and
acceptance. These criteria are the same as the former criteria. The target value of the
color in the former criteria was set based on the results of user questionnaires in which
almost all users accepted a color of 40 units under the premise of not handling the
water, and a color of 10 units under the premise of handling (JSWA, 1981; MOC et al.,
1990). However, it is preferable that the values be set based on the wishes of regional

users.

Residual chlorine

In terms of controlling bacterial growth in the distribution process, chlorine disinfection with
long-term effects was regarded as the basic disinfection method and the concentration of
residual chlorine was set as the target value. The concentration of residual chlorine set as the
drinking water quality criteria in Japan (free: more than 0.1 mg/L or combined: more than 0.4
mg/L) was applied to the criteria for treated wastewater reuse. This was also based on research
results indicating that bacteria hardly developed in the distribution process under conditions of

values greater than 0.1 mg/L for free residual chlorine or 0.4 mg/L for combined residual

chlorine.
Table 1 New criteria for the reuse of treated wastewater in Japan
Location ) ) o
relevant to Toilet flushing Sprinkling Water for Water for
standards water water landscape use | recreational use
E. coli Outlet of N.D./100 mL N.D./100 mL <1000 CFU N.D./100 mL
reclaimed /100 mL as
treatment coliform
facilities groups’
Appearance Not unpleasant
Turbidity <2 <2¥
Color <40 units < 10 units
Odor Not unpleasant
pH 58-8.6
Residual Admin. >free: 0.1 mg/L | > free: 0.1 mg/L > free: 0.1 mg/L
chlorine boundary or or or
combined: combined: combined:
0.4 mg/L ? 0.4 mg/L*" 0.4 mg/L*"
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Chemical

Treatment Sand filtration or equivalent precipitation +

sand filtration

or equivalent

1) Provisional value

2) Control target value

3) Unit: mg-kaolin equivalent/L

4) Not applicable for cases in which long-term effects of disinfection is unnecessary

For sprinkling and recreational use of treated wastewater, a value was not applied for

cases in which long-term effects of disinfection are not required, for example, when the

retention time from the WTP to the place of use is short.

A value was not set for landscape use because handling is not permitted in its use and

treatment other than chlorine disinfection may be adopted from the viewpoint of

ecosystem preservation.

Considerations for treated wastewater reuse

The main considerations for treated wastewater reuse are given below.

Measures against loss of residual chlorine

Decrease, as much as possible, in ammonia nitrogen that easily consumes
residual chlorine using secondary treatment and reclamation treatment.
Construction of distribution networks so as to shorten the retention time. For
example, the selection of pipes with suitable diameter and the avoidance of a
dead end by looping of pipes. Also, pipes should be of a material not easily
oxidized by residual chlorine.

Consideration given to additional chlorine disinfection in places where residual
chlorine is significantly decreased.

Confirmation of suitable volume for the reservoir tank in facilities where
reclaimed wastewater is used, and cleaning of the tank to control the

consumption of residual chlorine.

Measures against cross connection

Indication of treated wastewater by placing signs on pipes and other equipment
or color-coding them in order to clearly distinguish the ones using reclaimed
wastewater. An example of color-coding is given as Photo 1.

Inspection for cross connections before starting the distribution of reclaimed
wastewater. The sewerage administration departments must confirm that there is

no cross connection. One example of inspection is opening and shutting the main
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valves for the reclaimed wastewater and the drinking water after coloring the

reclaimed wastewater.

Measures against accidental intake

e Posting of notices to users that reclaimed wastewater is used. Especially in the
case of landscape use, accidental intake must be prevented by displaying explicit
warnings against drinking.

e Regarding sprinkling, accidental intake of the mist can be prevented, for
example, by sprinkling at a time when there are few people in the area.

Photo 1 Example of distinction by color-coding the pipes (Yellow is reclaimed wastewater, blue

is drinking water)

Conclusion — Amendment of the Sewerage Law

The new criteria and considerations were published as the Guidelines for the Reuse of
Treated Wastewater from the Ministry of Land, Infrastructure and Transport of Japan.
The guidelines were used as a reference for the amendment of the Sewerage Law.

The objective of the Sewerage Law (enacted in 1958) is to develop sewerage systems,
and thereby contribute to sound urban development and enhancement of public
sanitation, and contribute to water quality control of public water bodies.

The last amendment of the Sewerage Law in October 2005 (enforced in April 2006)

newly added the criteria for hygienic safety of recreational water in order to preserve the
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living environment and protect human health. Specifically, under the structural
standards for sewerage system facilities stipulated by the Sewerage Law, in principle,
shielding and fences are installed and other measures taken to prevent entry to the
facilities, but it is also stipulated that their installation is unnecessary under specified
conditions. One such condition is that the recreational water that is used satisfies quality
standards for final effluent, contains E. coli N.D./100 mL, and has turbidity of less than
2 mg-kaolin equivalent/L.

New structural standards not only encourage the suitable reuse of treated wastewater,

but will also encourage the recovery of good quality waterside spaces in urban areas.
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9-2. Prevention of cross connection (1)

1) Place signs on or color-code pipes and other equipment

- T kil _ ¥

Example of distinction by color-coding the pipes
(Yellow is reclaimed wastewater, blue is drinking water)

9-3. Prevention of accidental intake (1)

1) Posting of notices to users that reclaimed wastewater is used

Example of posting of notices that reclaimed wastewater is used
and not for drink

10. Amendment of sewerage law (1)

Objective
- Sound urban development - - -
prevention of inundation
spread of flush toilet

- Enhancement of public
sanitation

- Water quality control of
public water bodies

creation of preferable water circulation
and water environment

Growing interest in favorable
water environment

Changes in roles of sewerage

. Study on the criteria for viruses
. Study on the ingestion scenario
. Improvement of analysis methods of pathogens

. Development of cheap and advanced wastewater
treatment

. Study on the possibility of application to new purpose:
of use

water quality control in public water body
utilization of sewerage resources
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2) Inspection for cross connection
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—_— T
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—
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©
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Example of method for confirming cross connection
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2) Prevention of accidental intake of aerosol (watering use)
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flow in tube

Example of watering use that is hard to produce aerosol

g, fences etc. must
prevent entry to the fa

- Culvert

- Recreational use facilities
Quality standards for final effluent
E.coliN.D./100mL
Turbidity of less than 2mg-kaolin equivalent/L

The new criteria and considerations were proposed by
the Committee on Reclaimed Wastewater Quality Criteria.
We express our deep appreciation to the members of the
committee who extensive effort into developing and
proposing the guidelines.
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Promotion of Treated Wastewater Reuse in Okinawa
—In search of local community without water shortage—

Takashi KUROSHIMA'*
Okinawa Prefecture Sewerage System Construction Office, Department of Civil
Engineering and Construction

1. Introduction

Okinawa Prefecture (OP), isolated island, has been historically suffering
from water shortage by severe condition due to geographical feature and
topography. Water rationing was repeated like an annual event, and especially, at
the time of water shortage in 1987, it was performed over about one year, and it
had a great influence on Okinawan’s life. For this reason, many dams have been
built on the mountains in the northern part of Okinawa main island, but the
construction site of dam is restricted due to small OP’s area. Therefore, they
regarded seawater as new water resources, and constructed Desalination Plant in
1997. The Plant has played an important role as precious water sources for OP
that has been suffering from water shortage.

People pay attention to Okinawa sightseeing. Because, TV programs
dealing with Okinawa have been frequently broadcast recently. "Kyushu and
Okinawa Summit" held in 2000 was successful. Therefore, tourist business has
been in good condition for the reason that the number of tourist breaks through 5
millions. Moreover, while population decrease 1is indicated nationally, the
population of OP is increasing in number. Therefore, it is expected that water
demand will continue.

Although one hundred percent of sludge (145t/day) generated within
prefecture plants was recycled for green farmland-return, treated water
(270,000m3/day) was almost discharged to the sea. They have been expecting that
the water is used effectively in OP that has been suffering from water shortage.
Therefore, OP reuses treated wastewater which occurs constantly in urban
environment as precious water resources. I introduce Sewerage Business of
Recycled Water Use (SBRWU) implemented by OP to you.

T900—0029 Okinawa Prefecture Southern Area Joint Government Building
(The first floor) #1 Asahi-machi, Naha-city, Okinawa, Japan
E-mail: kuroshta@pref.okinawa.lg.jp
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2. Sewerage Business of Recycled Water Use

SBRWU treats secondary disposal water discharged from Naha Sewage
Treatment Plant (STP) highly, and supplies the water to Naha New Urban District
(NNUD) mainly for flushing toilets and sprinkling in the parks.

Redevelopment enterprise was planned to utilize vast area of 4.4% of
Naha-City and good location of NNUD which used to be U.S. Forces housing area.
At present, a large-sized commercial store, a public facility, and a large-sized

apartment are under construction at NNUD.

2.1 Advanced Wastewater Treatment Plant
Advanced Wastewater Treatment Plant (AWTP) was built in Naha STP in

2002. The flow of advanced processing is as follows:

\

Secondary Bio—filtration Media

Recycled

Ozone Treatment Water

Sterilization

Material Water Tank Treated Water Tank Distritution Tank

Advanced Wastewater Treatment Plant

\. J

2.2 Technical problems

A few technical problems have been caused over 4 years after supply. One of
them is to secure residual chlorine 0.4 mg/litter or more. At the beginning of the
supply, it was difficult to keep the density, because the water remained for a long
time in the pipe for small-volume use. However, it was solved by releasing the
water at the end of the pipe and by changing the current of water and by
adjustment of the infusion quantity of sodium hypochlolite at AWTP.

2.3 Supply achievement

The Number of Supply Places and Water Use per Day is the following

figure:
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Fig. The Number of Supply Places and Water Use per Day

According to the figure, after supply, between 2002 and 2005 fiscal year,
supply places increased from 20 to 36. Amount of water consumption per day also
increased steadily from 200 to 462 cubic meters. Naha Water Resources Effective
Use Promotion Outline created by Naha City, which encourages citizens to use
recycled water. OP is also going to examine whether the demand can be increased

further.

3. Conclusion

If water shortage happens in OP, a local newspaper begins to indicate the
number of water rate of dams. Moreover, the number is also indicated on Okinawa
Prefectural Enterprise Bureau Homepage, to which Okinawans pay attention.
Fortunately, water rationing has never happened by hard work of the persons in
charge of water works and sewage works since March, 1994. But, reservation of
water resources 1s an important subject for our island prefecture. As stated in the
introduction, it is expected that the water demand of OP will has been increasing.

STP plays a part of constantly-available dam in urban environment. It is
the best to treat secondary effluent and to utilize it. We think that SBRWU is very
important when water condition is considered in OP that has been suffering from
water shortage, and that it is indispensable to promote and spread "Recycled

Water Use without water shortage" from now on.
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An Overview of Water Recycling in the United States

Dennis M. Diemer’
Water Environment Research Foundation
Board of Directors (Vice Chair)

1. Introduction

Water recycling is a growing practice in many regions of the world. Countries and
regions in which water reuse is on the rise include the United States (U.S.), Western
Europe, Australia, and Israel. In the U.S., the practice of recycling water is a large and
growing industry. An estimated 3.4 billion gallons per day (bgd) (13 million m®d) is
reused in the U.S. However, this is but a small fraction of the total volume of
wastewater generated. According to the U.S. Environmental Protection Agency’s
(EPA) 2000 Watershed Needs Survey, a total of 34.9 bgd (132 million m®d) of
municipal wastewater effluent is produced. Thus, the proportion currently reused
amounts to only 9.7%, suggesting that future potential for recycling treated wastewater
is enormous.

2. Discussion

There are a number of factors that drive water reuse in the U.S., including that
recycled water is a drought-resistant and reliable local supply, the increasing demand
for water as the population grows, preservation of limited potable water supplies for
drinking, that recycled water is a method for wastewater disposal, the economic
feasibility of recycled water projects with well-established technology, and that
recycled water is an integrated part of public policy particularly in states with limited
water supplies.

Recycled water use on a volume basis is growing at an estimated 15% per year in the
U.S. All evidence suggests that water recycling will play an expanded role in water
management in the 21% century, not only in the semi-arid western states and “sunbelt”
states, but perhaps in all 50 states. At a compound annual growth rate of 15%, the
volume of recycled water would amount to 12 bgd (45 million m*/d) by the year 2015.

The early applications of water reuse were for irrigation of landscaping; this is no
longer the case, however. Other applications include industrial reuse, irrigation of
edible and non-edible agricultural crops, commercial uses such as toilet flushing in
high-rise office buildings, groundwater recharge, and indirect potable reuse. Industrial
reuse applications include use in cooling towers and for boiler feedwater. In Sonoma
and Monterey Counties in California, lettuce, artichokes, strawberries, and grapes are
irrigated with recycled water. There are several well known examples of indirect
potable reuse around the world, including a facility in Orange County, California.

Water recycling represents a viable, long-term solution to the challenges presented by
growing demands for water. Recycled water has numerous benefits, including a local,
dependable water supply that is drought-resistant and under local control, reduction of
treated wastewater discharge to sensitive or impaired surface waters, reduction of
imported water and avoided costs associated with importing water, environmental
benefits, and that it represents a sustainable water resource.

Recycled water regulations vary across the U.S. from state to state. There are no
national standards. In general, the highest treatment is required for the highest use to
ensure adequate level of protection of public heath. California has the most stringent

1375 Eleventh Street, Oakland, California 94607-4240 U.S.A. e-mail: dennisd@ebmud.com
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regulations (Title 22 as set by the Department of Health Services) in the U.S. In Title
22, Chapter 4, of the California Code of Regulations, bacteriological water quality
standards are established based on the expected degree of public contact with
recycled water.

The technologies used most frequently in California for treatment prior to groundwater
recharge are microfiltration (MF), reverse osmosis (RO), and ultraviolet disinfection
(UV). Many California experts believe that in the future, virtually all wastewater
treatment plants, especially those that discharge into the Bay-Delta surface waters, will
feature filtration of some type. Groundwater recharge requires that a municipal utility
purify water to a higher quality than most natural water resources. Clear, treated
wastewater is subjected to three purification processes in order to produce clean water
that is allowed to filter through the ground by natural filtration processes (e.g., the path
that rainwater takes) into deep aquifers in an underground basin, where it will be
extracted by wells for drinking water after mixing with exiting groundwater supplies for
at least a year. The first of these three purification processes is MF, which uses a low-
pressure membrane that takes small suspended particles and other materials out of
the water. MF efficiently prepares water for the RO process.

Technologies employed to treat recycled water in the U.S. depend almost entirely on
the application, which is called “highest treatment for highest use.” For example, if
the primary application is irrigation or cooling tower water, sand or dual media filtration
after secondary treatment is sufficient to achieve a state’s water quality criteria. If, on
the other hand, the intended application is indirect potable reuse, sophisticated
technologies such as MF, RO, and UV disinfection must be employed to ensure
chemical and microbiological safety of the recycled water. Although membranes are
not required for all applications of water reuse, it is becoming the technology of choice
as the pricing becomes more competitive.

The cost for a water agency to implement recycled water projects vary across the U.S.
from minimal to over $2,000 per acre-ft ($1,5/m®). Variable factors include proximity to
users, federal and state funding availability, subsidies offered, and retrofit users or new
development. Projects are more cost effective where there is a large user located in
close proximity to the source of recycled water, as compared to projects where an
extensive distribution system is needed to reach a number of smaller users. Federal
and state funding can help offset project costs. For example, some types of federal
funding can offset up to 75% of project costs. Some water wholesalers offer subsidies
to water retailers to encourage implementation of recycled water projects in order to
offset demand for imported potable water supplies. The Metropolitan Water District of
southern California offers the West Basin Municipal Water District $250 per acre-ft
($0.2/m®) for recycled water produced. Another variable involves whether a new
development is mandated to use recycled water. In this case, the water agency can
often negotiate with the developer to pay for a substantial portion of the recycled water
project costs. With retrofit customers, a large industrial user may have more incentive
and capital available to help jointly fund a recycled water project than smaller, irrigation
users.

Some of the principal issues, barriers, and impediments to widespread water reuse
include the need for further public education, lack of available funding, better
documentation of the economics of water reuse, consistent regulations that enable
protection of public health, and the need for additional research.

As for public perception and acceptance, while non-potable reuse applications (e.g.,
landscape irrigation) are generally acceptable, as reuse moves toward indirect potable
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reuse, the reaction from the public — usually in the form of negative publicity in the
media — becomes more negative. More focus and consideration should be given to
the psychological factors that lead to the public’s resistance to indirect potable reuse.

A survey of municipalities in California several years ago revealed that the major
constraint to water recycling is lack of funds. Although many larger municipalities have
constructed recycled water projects, smaller utilities have not, often due to lack of
funding support from Federal and/or state governments.

There is the need for additional research on water recycling issues, including
development of innovative and emerging technologies that could lower projects costs,
testing and monitoring methods, and emerging issues relating to public and
environmental heath such as the emergence of endocrine disrupting compounds and
pharmaceutically active compounds.

3. Conclusion

Water recycling already represents an important water supply in many areas of the
world. Reuse is growing in importance in the U.S., Australia, Europe and other regions.
Its potential is largely untapped, however, due to a number of barriers. Water reuse
should not be viewed as simply the reuse of wastewater effluents. Rather, water reuse
should be viewed as one of several alternative sources of new water, all of which will
be important tools in the toolkit of the water manager of the 21% century.

Both water professionals and the consuming public will need to view water differently
in the 21% century. It is incumbent upon the consuming public that they develop more
trust in the ability of water utilities to treat any poor quality (impaired) water to drinking
water or higher standard. Similarly, water professionals must earn that trust. Water
will finally be recognized for its inherent great value in the 21 century as demand
grows and readily available and inexpensive supplies remain at virtually the same level.
The water community should strive to convey the value of water through a variety of
means, including education of the public and elected officials.
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What is learned from water-related outbreak of cryptosporidiosis
- Sign phenomenon and Oocyst monitoring -

Takuro ENDO and Shinji IZUMIYAMA

Department of Parasitology, National Institute of Infectious Diseases

The WHO's definition of a water- or a foodborne outbreak is when two
or more persons experience a similar illness after ingestion of the same
type of food or water from the same source and when the epidemiological
evidence implicates the food or the water as the source of the illness
(Schmidt, 1995). A useful definition of a waterborne outbreak, for the
purposes of active surveillance, is when more cases than would be
expected are clustered, geographically and in time.

Table 1. Reported outbreak cases and their causal events.

Area Causal Events Date
Bradford (GB) Amount of tapwater consumed 1992.10 - 12
Milwaukee (US) Treatment failure (high turbidity) 1993.03 - 04
Ogose ey Armtntof tapvate consumed1y9a05 — s
London  (GB) gl"r“’lﬁil‘if‘t::;ed (Active 1999.04 - 05
Battlefords (Can) Treatment failure (high turbidity) 2001.03 - 04

From this view point, we have re-examined the outbreak reports
published elsewhere (Table 1), and tentatively summarized as follows:

1) A small increase in the diarrhea (cryptosporidiosis) cases preceded
almost exclusively the large-scale outbreak of the disease in the
community (Fig. 1a-c), suggesting that, prior to the disease in outbreak,
leakage of a small number of oocysts in tapwater has lasted on the
order longer than a month.

2) It is most plausible that leakage is attributable to the increase in the
number of oocysts in the source water to a level that can not be
removed thoroughly by the treatment process. (This supports the idea
that waterborne outbreak of infectious diseases occurs when failure in,

Toyama 1-23-1, Shinjuku-ku, Tokyo 162-8640, Japan
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or accidental defect(s) of, the treatment system happen to occurs under
the conditions where there has been relatively heavy contamination of
source water with the oocysts. )

3) Sudden temperature shift, and thus elevated intake of unboiled
tapwater, can also be another type of variable to cause the outbreak.

4) It was demonstrated that this sign phenomenon (a small number of
diarrhea cases associated with a water supply) was not detectable
against the general background of infection by the health-based
monitoring, and could only be detected by the post-outbreak

investigation.

However, there is still hope to detect the sign phenomenon by
monitoring oocysts in source water. By doing so, pre-warning system can
be established for large-scale outbreak of cryptosporidiosis.

outhreak —

Mo. of Cases
g
Incident cases

14 70121619 2225283 3 6 0 121518 21 24 27
March Agpril

Fig.1. Sign phenomena of the waterborne outbreak of cryptosporidiosis.
Small increase in the diarrhea (cryptosporidiosis) cases in the community
preceded the large-scale waterborne outbreaks. Number of onset of illness

within a: Milwaukee, b: Ogose and c: Battlefords health service areas.

The calculated number of oocysts in tapwater during pre-outbreak
period was something around ~ 0.02 oocysts/L which is far from the
detection limit of the routine test for Cryptosporidium. In the source water,
however, 10 to 1,000 times of the concentration of the oocysts will be
expected depending on the particle removal efficacy of the treatment
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process (Table 2). Given that a 2.7 log removal (+1/500) is assured by the
overall treatment process, the number of oocyst in source water is ~ 10
oocysts/L. Considering that the new sign phenomenon (or high load of
oocysts in source water) is not a transient event but lasts for several weeks
as reported in many post-outbreak survey reports, and that isolation of
oocyst from 200 ~ 1,000 mL of source water is not time consuming, it is,
therefore, feasible to incorporate the Cryptosporidium monitoring in source
water into the routine monitoring work at intervals of every one or two
weeks.

In this presentation, we are going to discuss a new monitoring system,
such as using DNA amplification method, for detecting oocyst to prevent
large-scale waterborne outbreak of cryptosporidiosis.

Table 2. Number of oocysts estimated in source and tap water during
pre-outbreak period.

Amount of Number of oocyst estimated (/L)

Outbreak Cases tapwaterd in source water with varying removal
COI:“_llme in tapwater rate of the treatment plant
ai
y 1-log 2-log 3-log
200 ml 0.1 1.0 10 100
Milwaukee, US m
1,000ml 0.02 0.2 2 20
North Battlefords, 200 ml 0.05 0.5 5 50
Canada 1,000ml 0.01 0.1 1 10
20ml 0.5 5.0 50 500
Ogose, Japan
1,000 ml 0.01 0.1 1 10
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What is learned from water-related
outbreak of cryptosporidiosis

- Sign phenomenon and Oocyst monitoring -
Takuro ENDO and Shinji IZUMIYAMA

Department of Parasitology,
National Institute of Infectious Diseases

It is generally said that a useful definition of a waterborne
outbreak, for the purposes of active surveillance, is when more
cases than would be expected are clustered, geographically and

in time.

A small number of diarrhea cases associated with a water
supply is hardly detectable against the general background of
infection by the health-based monitoring, and could only be
detected by the post-outbreak investigation.

a

Need a new sign phenomenon of the disease in outbreak

Table. Reported outbreak cases and their causal events.

Area Causal Event(s) Date
Bradford (GB)  Amount of tapwater consumed 1992.10 - 12
Mi (Us) T failure (high turbidity) 1993.03 - 04

Amount of tapwater consumed
Ogose UrPN) (elevation of temperature) 1996.05 - 06
ds (Can) T failure (high turbidity) 2001.03 - 04

In general, waterborne outbreak of infectious disease occurs
when failure in, or inadequate design of, the treatment system
happen to occur under the conditions where there is relatively
heavy contamination of source water with a pathogen.

Sudden temperature shift, and thus elevated intake of
unboiled tapwater, can also be another type of variable to
cause the outbreak.

Waterborne Outbreak of cryptosporidiosis in Milwaukee in 1994

Bradford outbreak in 1992
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Summary of Ogose Outbreak Case

Among 11,619 responders, 215 reported having had

diarrhea during pre-outbreak period from May 1 to

May 28, 1996 with average daily infection rate of 0.066%.
215:11,619+28=6.6x10 (=0.066%)

P=l-e™ = x=—2H)

-
where P, is a daily infection rate, x, is number of infectious oocyst
ingested, and r (=0.09) is the probability of infection from ingesting
a single infectious oocyst.

(Haas et al. 1996)

The number of oocysts in tapwater was estimated to
be 0.012, 0.04 or 0.4 oocysts /L, given the amount of
unboiled tapwater consumed daily was 600ml (3 cups
of water), 200ml or 20ml, respectively.

Summary of Milwaukee Outbreak Case

Of 1,663 responders, 81 reported having had diarrhea
during pre-outbreak period between March 1 and March
26,1994.

The average daily infection rate was 0.0019.

Number of oocyst consumed was estimated to be 0.02 per
person per day.

The number of oocysts in the tapwater was estimated to

be 0.02 or 0.1 oocysts/L, given the amount of unboiled
tapwater consumed daily was 1,000 or 200ml, respectively.




Summary of Battlefords Outbreak Case

A total 155 residents reported having had diarrhea during
pre-outbreak period between January 23 and March 25, 2001.

The average daily infection rate was 0.0011.

Number of oocyst consumed was estimated to be 0.012 per

In general, it is said that waterborne outbreak of infectious disease
occurs when failure in, or inadequate design of, the treatment system
happen to occurs under the conditions where there is relatively
heavy contamination of source water with a pathogen.

1. According to the case reports, small increase in the diarrhea
(cryptosporidiosis) cases in the community preceded the

outbreak of the disease. (= sign phenomenon)

2. The estimated number of oocysts in tapwater during pre-
outbreak period was ~ 0.0200cyst/L.

Amplification 1.Prepare master mix.

2 Add DNA/RNA samples

3 LAMP amplification

4.Detection

visual detection
(by fluorescence)

real-time turbidity
detection
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Number of oocysts estimated in source and treated
water during pre-outbreak period

Outbreak Cases

Number of oocyst estimated (/L)

Amount of
tapwater
consumed daily

Source water with varying removal
rate of the treatment plant
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Pharmaceuticals in the Environment —
A Review of PhRMA Initiatives

Mary E. Buzby

Director, Environmental Technology

Merck & Co., Inc.

Pharmaceutical Research and Manufacturers of America?

1. Introduction
When patients consume pharmaceuticals, there may be some active
pharmaceutical ingredient (API) that is not completely metabolised and is
excreted by the patient. These small quantities of material are then transported
to wastewater treatment systems where most of them are removed but some are
discharged to receiving streams.

Recently, as a result of advances in analytical techniques, it has become
possible to show that pharmaceuticals can be measured in wastewater, surface
water (rivers and streams) and drinking water at low concentrations. There is
substantial public concern about the possibility of health or environmental effects,
compounded by debate about the effects of endocrine modulating chemicals and
worries about resistance to antibiotics.

There is ongoing scientific work to establish the extent of the issues. PhRMA
has been actively involved in industry efforts to develop models that can then be
used to identify potential environmental exposures from pharmaceutical products
entering the environment through patient use.  When used with appropriate
effects information, these exposure assessments may be used to assess
potential risk to human health and the environment from trace levels of
pharmaceuticals in drinking and surface waters. In addition, PARMA has been
proactively involved in efforts to develop: the science needed to understand and
manage the technical aspects; the methodologies to better define the
environmental fate characteristics of pharmaceuticals and the appropriate
end-points for impacts on aquatic life and ecosystems; and the strategies
needed to appropriately manage the issue. However, the state-of-the-art for
this issue is developing rapidly, and considerable additional work needs to be
done to ensure that this issue is understood, managed, and properly

1 WS2W14, Two Merck Drive, Whitehouse Station, NJ 08807
2 From work by Virginia Cunningham, Glaxo Smith Kline
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communicated to internal and external stakeholders, including employees,
contractors, suppliers, customers, investors, governmental agencies, NGOs,
and the public.

Background

The widespread detection of pharmaceuticals in environmental samples as a result of
improved analytical capabilities and focused field surveys has led to concern over the
potential risks associated with releases of pharmaceuticals into the environment. This
concern has been driven by surface water sampling programs in the US, Europe and
elsewhere that have all shown the presence of many different classes of
pharmaceuticals. The high polarity and low volatility of most pharmaceuticals means
that they are likely to be transported to and by the water compartment. The research
published to date describes the sampling and analysis of surface water, groundwater,
drinking water, and sewage treatment plant (STP) effluent, and the detection of
pharmaceutical active ingredients and their degradation products, usually at
concentrations much less than 1 pg/L. The pharmaceuticals reported in surface water
include hormones (e.g., synthetic and natural estrogens), antibiotics, blood lipid
regulators, non-steroid analgesics and anti-inflammatory agents, beta-blockers,
antiepileptics, antineoplastics, tranquilizers, and diagnostic contrast media. Although
some pharmaceuticals are unlikely to be a risk to the aquatic environment because of
low concentrations combined with low toxicity, other pharmaceuticals such as natural
and synthetic sex hormones may pose potentially significant risks.

Attention has focused on pharmaceuticals used in both veterinary and human medicine;
however the environmental exposure scenarios are quite different for these modes of
entry. A comprehensive discussion of the issue of veterinary medicines in the
environment, which may be introduced to the environment through a variety of direct and
indirect, point and diffuse sources, is provided in Boxall et al.. In contrast, exposure of
aquatic wildlife to human pharmaceuticals is most likely to occur from sewage treatment
plant (STP) point source discharges and this exposure may therefore be at continuous,
low concentrations. Despite this, most published aquatic toxicity data and risk
assessments for pharmaceuticals are based on short-term acute studies. Concerns over
the possible environmental effects of low level continuous aquatic exposure to human
pharmaceuticals have led to significant revisions in European new drug regulatory
submission requirements, where chronic aquatic toxicity tests have been adopted in the
most recent environmental risk assessment guidance document for human
pharmaceuticals produced by the European Medicines Agency in support of Directive
2001/83/EC.
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3.

Occurrence in the Environment
In the late 1980s, new, highly sensitive analytical methods for organic chemicals with

polar and nonpolar properties were developed. These new analytical methods could
detect and quantitate organic chemicals, including pharmaceuticals, at concentrations
ranging from 1-100 nanograms/litre (ng/L). Some pharmaceutical chemicals can now
be identified and quantified at sub-ng/L concentrations, i.e., down to 100 parts per
quadrillion (to 0.1 ng/L).

Efforts to improve the sensitivity of analytical methods for trace analytes in water will
continue. As an example of the sensitivity of analytical methods for trace organics in
water, the currently approved analytical method for 2,3,7,8-tetrachloro-p-dioxin can
detect this chemical at less than 1 picogram/litre (pg/L) - 1000 times lower than 1 ng/L,
nearly approaching the molecular level. As the sensitivity of analytical methods
increases, it is likely that additional chemicals will be identified in ambient waters and
that chemicals already found may prove to be more widespread.

Behavior in the Environment

Aquatic transport and transformation processes in the environment include sorption,
ionization, volatilization, hydrolysis, oxidation-reduction, photolysis, biological
transformation-degradation and precipitation-dissolution.  These processes occur
continuously in the environment and influence the presence and bioavailability of
pharmaceuticals in aquatic ecosystems. Response of drugs to any of these pathways
for partitioning, degradation or change in the environment could reduce their
concentrations in the environment or remove them entirely and thereby reduce their
potential to impact human health and aquatic life. Pharmaceutical compounds that are
marketed in large quantities and are soluble or slightly soluble yet resistant to
degradation through biological or chemical processes have the greatest potential to
reach steady-state levels in the environment and be detected in surface and ground
waters and potable water supplies.

Understanding the Risk to Human Health - Modeling as One Approach

The potential risk to human health associated with low levels of pharmaceuticals in the
environment is a function of exposure and hazard. One way to assess this risk is to
create a model to predict human exposure and evaluate the hazard present. However,
models are merely predictive and are only as good as the input data and assumptions
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used. Models can be constructed, using the principles discussed above, to estimate
the human health risk associated with pharmaceuticals in the environment.

Screening models can be used to evaluate large numbers of compounds, employing
conservative assumptions and readily available data, in order to identify those
compounds with the greatest potential risk. A PhRMA-sponsored risk assessment for
26 APIs has been published. Other assessments have been published as well.

Detailed deterministic or probabilistic models can then be used to provide more
definitive risk estimates for those compounds, and/or classes of compounds, identified
in the screening analysis. Deterministic models are used to simulate site-specific
conditions in a particular area, while probabilistic models are used to estimate the
percentage of the population exposed to various levels of risk.

A. Hazard

There is no universally accepted methodology to measure the human health hazard
associated with low levels of pharmaceuticals in the environment. One approach
could be to use the therapeutic dose with a safety factor of 1000. Another approach is to
use EPA's Reference Dose (RfD) methodology. The RfD is the amount of a chemical
that a person, including sensitive subgroups, can be exposed to on a daily basis without
causing adverse health effects over a lifetime. The RfD is derived from the no observed
adverse effect level (NOAEL) by consistent application of generally order-of-magnitude
uncertainty factors.

One methodology developed and reported by pharmaceutical industry scientists is a
model to establish human health predicted no effects levels (PNECs). Typically during
the research and development of pharmaceuticals, a risk/benefit analysis is used by
regulatory authorities to evaluate the safety of pharmaceuticals for the patient population.
A certain amount of risk, e.g., side effects, is recognized as acceptable to receive the
therapeutic benefits. This contrasts with the case where no benefit is presumed to be
received by the exposed individual, such as the incidental exposure to pharmaceuticals
through drinking water or fish consumption. The potentially exposed population is
presumed to include healthy adults as well as susceptible sub-populations (e.g., children,
the elderly, and infirm) in which the pharmacologic effect is considered undesirable.
The database for a compound normally contains several toxic endpoints from which a
point of departure should be determined to calculate the most restrictive reference value
(or allowable daily intake - ADI). The point of departure for determining an ADI for
chemicals is often either the highest dose resulting in no observed effects (no observed
effect level or NOEL) or in no observed adverse effects (no observed adverse effect
level or NOAEL) for a given toxic endpoint. For many APIs, however, a point of departure

-168 -



is the lowest dose resulting in an observable effect (lowest observed effect level or
LOEL) or in an observable adverse effect (lowest observed adverse effect level or
LOAEL). For an API, the therapeutic effect usually occurs at a dose considerably below
those expected to result in toxicity.

B. Exposure

Human exposure to environmental concentrations of pharmaceuticals is believed to be
primarily through ingestion of drinking water and, for compounds that bioaccumulate,
through ingestion of meat or fish.

The concentration of drug substances in drinking water depends on the following
factors:

« the quantity of drug substance consumed by a given population;

« the extent to which the drug is metabolised in the body;

« available dilution in public sewer systems and in receiving waters;
« removal and partitioning in STPs and receiving waters; and,

« degree of removal by drinking water treatment technologies.

Drug sales data available from IMS Health can provide the total mass of individual drug
substances across all product lines. Since IMS data are not readily available except
through commercial license agreements, many published studies use prescription sales
data to characterize drug sales. However, it is difficult to estimate the mass of drugs
sold from prescription data, because of the many different drug products and since the
number of scripts typically does not include drugs dispensed in hospitals or nursing
homes. Furthermore, there are several reasons why drug sales data may not translate
into accurate drug use data: (1) drugs may be discarded in toilets or household trash (a
small amount); (2) average sales data may not reflect geographic or seasonal variability
in consumption; and, (3) only a portion of the drug substance may be delivered to the
body, e.g., transdermal dosage forms.

After ingestion, human drugs undergo Phase | metabolism, which includes oxidation,
reduction or hydrolysis; followed by Phase Il metabolism, which involves conjugation
(e.g., addition of glucuronic acid, sulphate, acetic acid or amino acid). Depending
upon the drug, these processes can yield various proportions of unchanged drug
substance, active or inactive metabolites, or conjugates. There is evidence that
conjugates can be converted back to the parent drug or metabolite through bacterial
hydrolysis in a STP. The reduction in pharmacological activity following metabolism
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can range from zero to essentially 100 percent depending on the drug.

Drug substances excreted into the public sewer are diluted by the available wastewater
flow. The average total STP influent flow in the US is 121.4 billion liters per day, which
is used to estimate the expected introductory concentration for FDA. Regional and
seasonal variability in STP flow is expected as a result of differences in water
consumption per capita, industrial water use, weather conditions, etc. STP effluent is
further diluted by the receiving water — a factor of 1:10 is often used to account for
dilution in the environment. As described in Section 2, a number of degradation and
partitioning mechanisms can act on drug substances in both an STP and the

environment.

Conservative estimates of environmental concentrations of a drug substance can be
calculated from the total mass of drug substance sold and the available dilution from
STP and receiving water flow as described above. These estimates can be refined by
considering metabolism and the various STP and environmental degradation and

partitioning mechanisms.

C. Characterizing Risk

The estimation of potential impact of human pharmaceuticals to human health from
environmental exposures typically uses two concepts: the predicted environmental
concentration (PEC) and the predicted no effect concentration (PNEC). The PEC
element is based on the physical, chemical and biological fate properties of the
molecule, as well as hydrological information on STP effluent flows and surface water
flows. The PNEC element estimates concentrations at which potential effects on
human health might occur. In general, if the PEC is less than the PNEC (PEC/PNEC <
1) the risk is deemed acceptable. This approach to environmental risk assessment is
called the risk characterization ratio method.

Modeling as One Approach Understanding the Risk to the Environment

As with the risk to human health, the potential risk to the environment presented by the
presence of pharmaceuticals is a function of hazard and exposure.

A. Potential for and Evaluation of Acute Hazards

Pharmaceutical companies sometimes conduct acute toxicity studies to support
environmental assessments that are filed with NDA and MAA applications or to support
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internal programs. Acute toxicity to aquatic receptors is usually assessed by
evaluation of several common species including typically a fish (usually fathead
minnows, bluegills or rainbow trout), an invertebrate (usually a daphnid such as
Daphnia magna) and an algal species. These acute toxicity studies last up to 96 hours.
The endpoints measured may include growth and/or growth rate (algae), immobilisation
(Daphnia), and morbidity and/or mortality (fish) and are often expressed as a
concentration that elicits an effect in a specified percentage of the test group. For
substances that may be expected to partition into soils or sediments, studies in
terrestrial species, such as earthworms, may be conducted.

Generally speaking, there is little potential for an acute environmental hazard to exist
from the presence of pharmaceuticals that find their way into the environment through
use by humans because the levels are so low. As for the potential for an acute
environmental hazard to be presented from pharmaceutical manufacturing, there are
regulatory and industry practices in place that minimise the risk. Environmental
agencies have in place permitting programs that control acutely toxic manufacturing
discharges.

B. Potential for and Evaluation of Chronic Hazards

There are several methods that are currently approved by regulatory agencies for the
conduct of chronic aquatic toxicity studies. The most commonly used are the Daphnia
21-day toxicity study and the prolonged toxicity study in fish.  Currently, such studies
are conducted relatively infrequently due to the relatively low introduction
concentrations of drug substances into the environment, the tendency for many drugs
to be metabolized to relatively more water-soluble and less active metabolites, and
because they are primarily produced by batch vs. continuous manufacturing operations.
There is however, considerable interest in the development of improved methods for
aquatic toxicity assessments of chronic effects. In addition, the EMEA Guidelines for
environmental risk assessments for new pharmaceuticals now requires a base set of

chronic ecotoxicity studies in lieu of the previously required acute studies.

C. Characterizing Risk

The estimation of potential impact of human pharmaceuticals to aquatic life mirrors the
procedure used for human health risk characterization: the predicted environmental

concentration (PEC) and the predicted no effect concentration (PNEC). Here, the
PNEC element estimates concentrations at which potential effects on aquatic life might
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occur. In general, if the PEC is less than the PNEC (PEC/PNEC < 1) the risk is
deemed acceptable. This approach to environmental risk assessment is called the
risk characterization ratio method.

C. Links

EMEA Guideline on the environmental risk assessment of medicinal products for
human use; The European Agency for the Evaluation of Medicinal Products, London,
England, June 2006 Doc. Ref. EMEA/CHMP/SWP/4447/00
http://www.emea.eu.int/pdfs/human/swp/444700en.pdf

FDA-CDER. Guidance for industry - environmental assessment of human drugs and
biologics applications, FDA Center for Drug Evaluation and Research, Rockville, MD,
USA (CMC6 Revision 1), 1998, http://www.fda.gov/cder/qguidance/index.html)

The Swedish Association of the Pharmaceutical Industry (LIF) (http://www.fass.se)

Pharmaceuticals and Personal Care Products (PPCPs) as Environmental Pollutants
http://www.epa.gov/esd/chemistry/pharma/

Monograph, Toward a Green Pharmacy (US EPA)
http://www.epa.gov/esd/chemistry/pharmal/images/green.pdf

Antibiotic Resistance (US FDA)
http://www.fda.gov/oc/opacom/hottopics/anti resist.html

Endocrine Disruption (WHO)
http://www.who.int/pcs/emerg_site/edc/global edc TOC.htm

US PhRMA Position on Pharmaceuticals in the Environment
http://www.phrma.org/mediaroom/press/releases///13.03.2002.366.cfm

PhRMA PhATE Model:Screening Analysis of Human Pharmaceuticals in US Surface
Waters
http://pubs.acs.org/cgi-bin/article.cqgi/esthag/2004/38/i03/pdf/es034430b.pdf

Human pharmaceuticals in US surface waters: A human health risk assessment
http://dx.doi.org/ doi:10.1016/j.yrtph.2005.05.005

-172 -



Effects of Human Pharmaceuticals on Aquatic Life: Next Steps
http://pubs.acs.org/subscribe/journals/esthag/40/i11/pdf/060106viewpoint _cunningham.pdf
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Pharmaceuticals in the Environment
— A Review of PARMA Initiatives

Mary E. Buzby, Ph.D.
Merck & Co., Inc.
Pharmaceutical Research and Manufacturers of America

Prepared for
4™ Japan — U.S. Governmental Conference on Drinking Water Quality

Management and Wastewater Control

PARMA Perspective

« A science-based approach:

—is required to understand and address concerns
resulting from presence of pharmaceutical compounds
in the environment

— will identify gaps in existing knowledge that require
further investigation regarding the potential for impacts

PIMA:

Characteristics of Pharmaceuticals

« Pharmaceuticals are often ionic, which influences their
environmental fate.

« lonic, hydrophilic behavior is not typical of chemicals
usually evaluated for environmental fate and effects.

— Many environmental models developed for non-ionic
chemicals are not applicable to ionic, multifunctional
compounds; their use

* may lead to incorrect interpretations of test results

* may lead to improper classifications

HERMA

Pharmaceuticals in the Environment
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Patient Use is the Primary Pathway Human
Pharmaceutical Compounds Enter the Environment
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Issue

* Pharmaceutical products are being detected in
the environment

* Concern has been expressed that human health
and aquatic life impacts might result from
environmental exposure to pharmaceutical
compounds

PRMA—

Benefits of a Science Based Approach to PIE

* Provide confidence to the industry, communities and
governments that safety of pharmaceuticals in the
environment is well understood

« Identify any issues requiring further investigation
regarding existence and significance of potential impacts

PRMA—

Characteristics of Pharmaceuticals

* Pharmaceuticals enter the environment continuously.

* Sources are geographically diffuse and may be
influenced by regional use patterns.

* Compounds in the environment may be parent,
metabolites or conjugates.

* Compounds may be present in mixtures with other
pharmaceuticals, organic and inorganic pollutants, etc.

« Science challenges exist, e.g., testing methods,
mixtures, chronic eco-toxicity endpoints

HERMA

A Science-based Approach: A step-wise progression

< Understand the potential for exposure
» Assess potential impacts to man

» Assess potential impacts to environmental

species




The PAATE Model™

Needs:

* Evaluate potential distribution of pharmaceutical
compounds in the environment

« Assess the significance of reported concentrations to
humans and aquatic life

Action:

« Develop tool to estimate concentrations of
pharmaceutical compounds in the environment

PRMA—

PAATE™ Model Development (2001)

= Model predicts concentrations of pharmaceuticals in
the environment due to patient use

* Model was developed by PARMA PIE Task Force and
AMEC Earth and Environmental

« Third party reviewers:
« Dr. Josh Cohen, Harvard School of Public Health
« Dr. Steve Chapra, Tufts University

Determination of Concentration Profiles

POTW = publicly owned wastewater
treatment plant

h/ DWS = Drinking water system intake
c1

B

Cs
™

Concentration

POTW POTW

Distance Along River
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PAATE™ Model Development (2001)

« Watershed (drainage basin of receiving waterbody)

— a geographic area in which water, sediments and
dissolved materials drain to a common outlet

Approach allows better understanding of the
cumulative impact of human activities

* Many regions moving toward watershed based
water quality management

PRMA—

Watershed Evaluation

Example PAATE™ Output: carbamazepine
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Model-related publications

* USGS Paper:
—Kolpin, et a/., Pharmaceuticals, Hormones, & Other Wastewater Contaminants in
U.S. Streams, 1999-2000: A National Reconnaissance, £nviron. Sci. Technol.. 2002,
36, 1202-1211.

* PHATE™ Papers:
—Cunningham, V.L. The PhATE™ Model: Estimating the Distribution of
Phar i in the Envir logy, November/December 2003,
20-21
—Anderson, P.D.; D'Aco, V.J.; Shanahan, P.; Chapra, S.C.; Buzby, M.E.; Cunningham, V.L.;
DuPlessie, B.M.; Hayes, E.P.; Mastrocco, F.J.; Parke, N.J.; Rader, J.C.; Samuelian, J.H.;
Schwab, B.W. ing is of human phar i inU.S.
surface waters. £nviron. Sci. Techrol. 2004, 38, 838-849.
—Cunningham, V. L.; Constable, D. J.; Hannah, R. E. i Risk of
Paroxetine, £nviron. Sci. Technol. 2004, 38, 3351-3359.
— Cunningham, V.L.; Buzby, M.; Hutchinson, T.; Mastrocco, F.; Parke, N.; Roden, N. Effects

of Human Pharmaceuticals on Aquatic Life: Next Steps,

Environ. Sci. Technol. 2006, 40, 3456 - 3462

Human Health Screening Analysis

= Analysis included 26 USGS human health pharmaceuticals
— Non-steroidal analgesics, non-steroidal anti-inflammatory
— Opiate analgesic
— Bronchodilator
— H2 receptor antagonists
— Antimicrobial, antibiotics, antibacterial
— Calcium blocker, ACE inhibitor, anti-hypertensives
— Serotonin uptake inhibitors, anti-depressive
— Hypoglycemic
- Anti-coagulant
— Cardiac glycoside
— Anti-hyperlipidemic
« Compounds studied excluded hormones which are being evaluated
separately due to the complexity of that evaluation

Human Risk Assessment

Conclusion:

“Results of this human health assessment indicate
that no appreciable human health risk exists from
the presence of these trace residues in surface
water and drinking water.”

Schwab, B. W., et a. Human pharmaceuticals in US surface waters: A human
health risk Reg. Tox. . 2005, 42,296-312

HRMA

A Science-based Approach: A step-wise progression

e Understand the potential for exposure
» Assess potential impacts to man

< Assess potential impacts to environmental
species
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A Science-based Approach: A step-wise progression

e Understand the potential for exposure
- Assess potential impacts to man

« Assess potential impacts to environmental

species

Human Health Screening Analysis

= Identified measured environmental concentrations
for compounds reported in published articles (MEC)

e Used PAATE™ in screening mode to predict
concentrations in environment

« Developed predicted no effect concentrations
(PNEC)
— Considered drinking water and fish consumption exposure

pathways —

* Evaluated MEC/PNEC and PEC/PNEC ratios

PEMA

Other Human Health Publications

« Christensen, F.M. (1998) Pharmaceuticals in the environment —
A Human Risk?, Reg. Toxicol. & Pharmacol., 28, 212-221.

« Schulman, et al., (2002) A human health risk assessment of
pharmaceuticals in the aquatic environment, Human &
Ecological Risk Assessment, 8 (4), pp. 657-680.

« Mons, M.N., (2003) Pharmaceuticals and drinking water supply
in the Netherlands, Kiwa N.V. Water Research.

* Webb, et al., (2003) Indirect human exposure to
pharmaceuticals via drinking water, Toxicology Letters, 142,
157-167.

All concluded that environmental exposure to human pharmaceuticals

poses little human health risk. W

Aquatic Life Data Base - PAACT™

« Includes English language, peer-reviewed literature
— chronic and acute effects to aquatic organisms
— fate and transport and treatment removal

* Bibliographic information entered for 1028 articles
— 610 chronic and acute effects
— 618 fate and transport / treatment

e Status
— data from 583 articles have been entered
— data from remaining 445 articles will be entered by 2007
— data from 30-40 new articles entered each quarter

PRMA
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Summary

.

The industry is committed to assessing the significance of
pharmaceuticals in the environment using science- based
approaches.

The human risk assessment concluded that, for the compounds
investigated to date, no appreciable risk to human health exists.

The industry is evaluating published data on aquatic life impacts
and formulating an approach to assess the potential for impacts
to ecosystems.

The industry is committed to collaborating with other stakeholders
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Other PARMA PIE Publications

Till (2005) The detection of pharmaceutical compounds in surface water is a
matter of significant interest to the pharmaceutical industry. Sci. Tot. Environ. In
press.

Till (2005) Pharmaceutical data do not elude researchers. Environ. Sci. Technol.
(Oct 1 2005, p 292a)

Carbamazepine risk

1t (SETAC p Nov. 2005, May 2006)

Cunningham et a/. Human Health and Environmental Risk Assessment of
Carbamazepine in Surface Waters of North America and Europe, submitted for
review

Analgesics case study (SETAC poster, Nov, 2005); manuscript in preparation

Do pharmaceuticals in surface waters pose a risk to human health? In
submission process

Environmental risk assessment of EE2 in EU and US - manuscripts in preparation
Landfill Disposal of Medicines as a Potential Surface Water Pathway — WEF

presentation, August 2007, manuscript in preparation

Contributors
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« Aquatic Life Working Group
* Human Health Working Group
« Environmental Assessment Working Group
« Unused Medicines Working Group
* Vince D'Aco, Quantum Management Group, Inc.
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Management of Chemical Substances in Biosolids

Hiromasa Yamashita', Masaaki Ozaki
Recycling Team, Material and Geotechnical Engineering Research Group, Public
Works Research Institute

1. Introduction
Thousands of chemical substances are wused in industrial factories,
agriculture/aquaculture farms, hospitals and households. Some or most of them are
discharged into sewage and flow into wastewater treatment plants.
Chemical substances recognized as environmental pollution recently and not legally
regulated for environmental protection, such as endocrine disruptors (EDs),
pharmaceuticals and personal care products (PPCPs), are of great concerns for
their occurrence and fate in wastewater treatment process because it often happens
that sewage is the primary pathway of those substances entering into the
environment.
Hydrophobic chemical substances tend to be partitioned in biosolids. When they
remained unchanged or retained chemical activity, utilization (especially land
application) of those biosolids may cause adverse effect on human health and
environment by exposure.
(In FY2002 the total amount of sewage sludge generated was 2,105 kt of dry solids
(DS) and around 14% of this amount (293 kt-DS) was recycled for agricultural use.)

2. Objectives
Our research aims to understand the occurrence of chemical substances in
biosolids and their fate in biosolids treatment/utilization process. We will develop
management method of chemical substances in biosolids, if necessary.

3. Research methods and results
We studied the occurrence and the fate of three categories of chemical substances
in biosolids. The categories and research results are as follows;

" 1-6, Minamihara, Tsukuba, Ibaraki, 305-8516 Japan e-mail: yamasita@pwri.go.jp
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(1) Endocrine disrupting chemicals (EDs)

Nonylphenols (NPs), nonylphenol ethoxylates (NPnEOs) and nonylphenol
polyethoxycarboxylates (NPnECs) were analyzed by LC/MS/MS.

Biosolids composts from 17 cities in Japan contained detectable level of NPs,
NPnEOs and NPnECs.

Anaerobically digested sludge composts contained high concentration of NPs.
NP1-2EO and NP1-2EC were the major contributor to the NPnEOs and NPnECs in
composts, respectively.

Ethoxylates chains of NPnEOs and NPnECs were shortened in biosolids composts
NPs biodegradation decreased under high temperature condition(70 ° C)

High temperature operation may suppress the NP degrading microbial activities in
the composting plant.

Degradation  pathways of NP2EO-NP2EC- (NP1EC)-degradation or
NP1EO-NP1EC-degradation played major roles in the aerobic degradation of
NPnEOs and NPnECs that remained in biosolids.

(2) Estrogens

Estrone (E1), 17- B estradiol(E2), estriol (E3), ethynylestradiol (EE2) and their
conjugates (both glucronated and sulfated) were analyzed by LC/MS/MS.

Biosolids composts from 17 cities in Japan contained almost no detectable level of
Estrogens.

(3) Pharmaceuticals and Personal Care Products (PPCPs)

We conducted a screening research based on several statistics of PPCPs
production, use and discharge in Japan to develop a priority PPCPs list in biosolids.
We have also developed measurement methods of important PPCPs in biosolids
and have been conducting field survey to understand the occurrence and the fate of
them.

4. Conclusions
Most of endocrine disrupting chemicals in biosolids were degraded when composted
for land application. But they were found in some biosolids composts and need to be
studied for effective degradation methods in biosolids utilization/treatment process.
PPCPs research is currently in progress and the necessity of development of
management methods in biosolids will be discussed in the future.
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Background

ands of chemical substances flow into wastewater
treatment plants.
Management of Chemical Substances Sewage is often the primary pathway of new
in Biosolids environmental pollutions, such as endocrine disruptors
(EDs), pharmaceuticals and personal care products
(PPCPs), to the environment.
Hydrophobic species of these chemicals may move to
biosolids. Some hydrophilic species also have
tendencies to be absotrbed in acti
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Chemical substances in biosolids

Chemical substances (1) Endocrine disrupting chemicals (EDs)

Endocrine disrupting chemicals An example of nonylphenols (NPs)

H C9H19
Estrogens c—@\

4-Nonylphenol

Pharmaceuticals and P al Care Products (PPCPs)
An example of nonylphenol polyethoxylates (NPEOs)

HOCH2CH20CH2CH20 @ C9H19

4-nonylphenol diethoxylate
Nonylphenol polyethoxycarboxylates (NPECs)

Chemical substances in biosolids

(2) Estrogens (EDs)

Chemical substances in biosolids
(3) Pharmaceuticals and Personal Care Products (PPCPs)
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Mefenamic acid 61-68-7 Theophylline 58-55-9 Ursodeoxycholic acid 128-13-2

17 B estradiol (E2)

Estriol (E3) Ethynlestradiol (EE2)

Chlortetracycline 57-62-5 Oxytetracycline 79-57-2
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(1) Endocrine disrupting chemicals (EDs)
Nonylphenolic compounds
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NPCs degradation pathway
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Conclusion (1) Conclusion (2)

m Ethoxylate chains of NPnEOs and NPnECs
wete shortened in biosolids composts

m Biosolids composts from 17 cities in Japan
contained detectable level of NPs, NPnEOs
and NPnECs

m NPs biodegradation dectreased under high

m Anaerobically digested sludge composts temperature condition(70 ° C)

contained high concentration of NPs
NP1-2EO and NP1-2EC wete the major
contributor to the NPnEOs and NPnECs in
composts, respectively

= High temperature operation may suppress the
NP degrading microbial activities in the
composting plant
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Conclusion (3)

m Degradation pathways of NP2EO-NP2EC-
(NP1EC)-degradation or NP1TEO-NP1EC-
degradation played major roles in the aerobic
degradation of NPnEOs and NPnECs that
remained in biosolids.

(3) Pharmaceuticals and Personal Care
Products (PPCPs)

m Research

- 190 -

(2) Estrogens (EDs)

17-B estradiols(E2)
Estrone (E1)

Estriol (E3)
Ethynlestradiol (EE2)
Conjugates (G.S)

Sewage sludge composts from 17 cities in Japan
¢ vel of Hstrogens.
ate) was found slightly




Occurrence of Pharmaceuticals and Personal Care
Products in Wastewater Systems

Yutaka SUZUKI’, Koya KOMORI, Arata HARADA, Norihide NAKADA, Makoto
YASOJIMA

Water Quality Research Team, Water Environment Research Group, Public Works
Research Institute

1. Introduction

Recently, there has been a growing public concern about the emergence of
environmental pollution of water sources from pharmaceuticals and personal care
products (PPCPs). Considering the route PPCPs take to reach water environment,
wastewater treatment plants (WWTPs) may facilitate their initial entry. If PPCPs are not
properly treated during the wastewater treatment process, they can contaminate water
environment, including drinking water sources.

Considering the current level of knowledge regarding this problem, it is
necessary to clarify the fates of PPCPs in WWTPs to identify appropriate treatment
methods. In our research, we analyzed the presence of PPCPs in several WWTPs to
clarify the concentrations and fates of PPCPs along the units of wastewater treatment.

In addition, toxic effects of antibiotics on aquatic organisms were evaluated
with ecotoxicity tests, and ecological risk of the antibiotics was evaluated by comparison

between concentrations in water environment and ecotoxicity results.

2. Survey Sites and Methods

Surveys were conducted in four or six WWTPs employing conventional
activated sludge process, depending on the type of the PPCPs. Twenty four-hour water
flow proportional composite samples were collected from several sampling locations in
each WWTP.

The target PPCPs were four anti-inflammatories (aspirin, ketoprofen, ibuprofen,
naproxen), a phenolic antiseptic (triclosan), three amide pharmaceuticals (crotamiton,
diethyltoluamide, carbamazepine) and two antibiotics (levofloxacin, clarithromycin).
They were analyzed with GC/MS or LS/MS/MS after sample extraction and purification
according to the methods by Nakada,N. et al.(2006) and Yasojima, M. et al.(2006).
Ecotoxicity was evaluated with the tests using bacterium, alga and crustacean.

" 1-6 Minamihara, Tsukuba, Ibaraki, 305-8516 Japan  e-mail: ysuzuki@pwri.go.jp

-191-



3. Occurrence and Fate of PPCPs

The PPCP concentrations in the influent were of the order of hundreds ng/L,
except for carbamazepine of the order of tens ng/L. Almost all of the PPCPs existed in
the dissolved form except for triclosan and antibiotics, which might be the reason for no
remarkable decrease after the primary sedimentation tank.

During the biological treatment, two anti-inflammatories (aspirin and ibuprofen)
and ftriclosan were effectively removed, while the remaining anti-inflammatories
(ketoprofen and naproxen), diethyltoluamide and antibiotics showed around 50%
reduction, and crotamiton and carbamazepine was hardly removed.

The fates of PPCPs were evaluated by calculating the mass balance of PPCPs
in the WWTPs. Ibuprofen was significantly removed and degraded by the activated
sludge in the aeration tank (Figure 1), while triclosan was removed by the adsorption to
the activated sludge and the accumulation in the sludge was observed (Figure 2).
Antibiotics was removed mainly by the adsorption to the activated sludge, and
accumulation in the sludge was observed.

Return flow Return flow

N.D. 16 55 42 3.5
I 21 -
[l 54, 15 ND. D 36 g/day [l =t E'__ 2.6 glday
0.9 g/day R B =i @E' =< 0.2 g/day - B -
1

i T E Drained
Drained sludge

sludge Return sludge 53 Return sludge
ND. N.D. 3
Figure 1 Mass balance of ibuprofen in WWTP Figure 2 Mass balance of triclosan in WWTP

4. Ecotoxicity of Antibiotics

Microtox test using marine fluorescent bacterium and Daphnia immobilization
test showed that levofloxacin (LVFX) and clarithromycin (CAM) have no acute toxicity
on bacterium. Meanwhile, algal growth inhibition test revealed that LVFX and CAM have
a toxicity to microalga, but the phytotoxicity of CAM was about 100 fold higher than that
of LVFX.

Comparison of the concentration in aquatic environment and PNEC indicates
that CAM discharged into aquatic environment may affect algae if dilution rate is low.

Reference

Nakada,N. et al.(2006) Pharmaceutical chemicals and endocrine disrupters in municipal
wastewater in Tokyo and their removal during activated sludge treatment, Water
Research 40, 3297-3303

Yasojima, M. et al.(2006) Occurrence of levofloxacin, clarithromysin and azithromycin in
wastewater treatment plant in Japan, Wat. Sci. & Tech., 53(11), 227-233

-192 -



Occurrence of Pharmaceuticals and
Personal Care Products in
Wastewater Systems

Yutaka SUZUKI*, Koya KOMORI*, Arata HARADA*,
Norihide NAKADA* and Makoto YASOJIMA**

*Water Quality Research Team
Water Environment Research Group
Public Works Research Institute
**Towa Kagaku Corporation

Public Works Research Institute

-In our research, we conducted surveys in
several WWTPs to clarify the
concentrations and fates of PPCPs along
the units of wastewater treatment.

-In addition, toxic effects of PPCPs on
aquatic organisms were evaluated with
ecotoxicity tests.

PPCPs grouping by
structural characteristics
 Anti-inflammatory drugs: Aspirin, Ibuprofen,

Fenoprofen, Naproxen, Mefenamic Acid,
Ketoprofen
Having carboxI group (-COOH)

* Phenolic antiseptic: Triclosan

Having Phenol

* Amide pharmaceuticals:
Crotamiton (relieve itching)
Carbamazepine (Antiepileptic)

Dissolved phase concentration change
along treatment units (1)
Ibuprofen Triclosan

(ng/L)

]

Inf : Influent

PE : Primary Effluent
SE : Secondary Effluent
FE : Final Effluent
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1. Introduction

- Growing public concern about the environment
pollution of pharmaceuticals and personal care
products (PPCPs)

-From existing research, wastewater treatment
plants (WWTPs) may facilitate the initial entry
of PPCPs to water environment

-1t is important to clarify the occurrence and
fates of PPCPs in WWTPs to evaluate both the
effect of treated wastewater on water
environment and the performance of WWTPs
to remove PPCPs

2. Occurrence and Fate of PPCPs
(Anti-inflammatory Drugs, etc.) in WWTPs
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Effluent Effluent
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} v Disinfection
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Treatment method : Conventional activated sludge process
Treatment capacity : 22,500~700,000 m3/d

Number of plants surveyed : 4

Sampling : Composite sample taken every 2 hours
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Dissolved phase concentration change
along treatment units (3)

Carbamazepine
80
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From the survey of 4 WWTPs,

-PPCPs (anti-inflammatory drugs, etc) concentraion
in dissolved phase in influent ranged from
hundreds to one thousand ng/L
except for Carbamazepine

-PPCPs could be classified into three groups by
the removal ratio in WWTPs
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3. Occurrence and Fate of Antibiotics
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Average PPCP removal ratio in WWTPs

PPCPs Removal ratio (%)
Aspirin Anti-inflammatory 96
Ibuprofen Anti-inflammatory 95
Triclosan Antiseptic 90
Naproxen Anti-inflammatory 55
Ketoprofen IAnti-inflammatory 50
Crotamiton relieve itching 20
Carbamazepine| Antiepileptic -25
Mefenamic acid JAnti-inflammatory -240

Mass balance of PPCPs including
solid phase concentration

Return flow
1 5 N.D.
QE =<(.2 g/day

a) Ibuprofen N.D
= Dissolved

054
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0.9 g/day

Drained sludge
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N.D.
Return flow

b) Triclosan
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|
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1

Drained

sludge
53 Return sludge

33

From the mass balance survey in a WWTP,

-Almost of all of the PPCPs existed in the
dissolved phase, except for Triclosan which
mostly existed in solid phase.

-lbuprofen was decomposed in the biological
treatment process effectively

-Triclosan was removed by the adsorption to
the activetaed sludge, and was accumulated in
the activated sludge in a high concentration.

- Crotamiton and Carbamazepine was hardly
changed in the process

Concentration change of antibiotics
along treatment units
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or other factors?




Mass balance of antibiotics
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4. Effect of PPCPs on Agquatic
Organisms

Ecotoxicity tests (acute toxicity) applied

- Bacterium: Microtox test
- Alga: Algal growth inhibition test

: Daphnia acute immobilization
test

Comparison between EC50 and
the concentration of wastewater

EC50 |Influent Final
(a) (b) effluent (c)
Triclosan (u g/L) 400 1 0.1
(b orc)a 1/400 1/4000
Clarithromycin (£ g/L) 1" 0.6 0.4
(borc)a 118 1/28
Conclusion

- The concentration of most PPCPs in influent
ranged from hundreds to one thousand ng/L

- Several patterns of PPCP removal in the
treatment process were observed;
a) effectively decomposed by activated sludge
b) adsorbed to activated sludge
c) hardly changed

- Some PPCPs showed ecotoxicity, but the
concentration of the order of mg/L

- Antibiotic in treated wastewater might be
evaluated to have toxic effect on Alga
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From the survey of antibiotics,

-Antibiotics concentration in the influent
ranged from hundreds to one thousand ng/L,
and the removal ratio in WWTPs was
around 50%

-LVFX was removed by the adsorption to the
activated sludge, and was accumulated in
the activated sludge in a high concentration

-CAM accumulation in the sludge was small,
which might indicate biodegradation by the
activated sludge

Results of Ecotoxicity tests

(mglL)
Algal
Microtox test growth
inhibition
PPCPs test
EC50 EC50 EC50
5min | 15min | 96hour | 24hour | 48hour
Aspirin N.E. N.E. / N.E. N.E.
Triclosan 0.6 0.6 / 0.4 0.4
Crotamiton 57.6 N.E. J N.E. N.E.
Levofloxacin N.E. N.E. 1.435 N.E. N.E.
Clarithromycin N.E. N.E. 0.011 N.E. N.E.

N.E. : No Effect

From the ecotoxicity tests,

- Antiseptic agent (Triclosan) showed toxicity
on Bacterium and Crustacean

- Antibiotics showed inhibition to Algal growth

- The toxic effect concentration was in the order
of mg/L except for Clarithromycin

- Clarithromycin in treated wastewater might be
evaluated to have toxic effect on Alga if
NOEC is obtained
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1. Introduction

Over the past decade a great amount of interest has arisen regarding the
occurrence and fate of trace organic contaminants in the aquatic environment. Of
particular concern are human hormones and pharmaceuticals, many of which are
ubiquitous contaminants in conventional municipal wastewater treatment plant effluents
when measured with ng/L detection limits. As analytical procedures and bioassay
techniques become more readily available and increasingly sensitive, additional new
contaminants will be discovered. The presence or absence of any chemical in
commerce in a wastewater effluent is essentially a function of the analytical detection
capability. This poses a unique challenge for water treatment processes intent on the
removal of organic contaminants, as complete removal is merely a reflection of an
analytical reporting limit. The projects described here sought to was designed to
investigate the attenuation of a group of structurally diverse emerging contaminants in a
variety of commonly utilized conventional and advanced water treatment processes and
to determine the concentration of these compounds in drinking water that would be
expected to invoke toxicological responses in humans.

This study shows that the majority of emerging contaminants can be readily
removed using ozone or UV-advanced oxidation. However, some compounds are
recalcitrant and difficult to oxidize using commonly employed oxidant doses. Magnetic
ion-exchange (MIEX ®) provided minimal contaminant removal; however, contaminants
that were negatively charged at ambient pH were well removed. Activated carbon,
both in powdered and granular forms, was effective for contaminant absorption.
Carbon type, contact time, and dose or regeneration are influential parameters in
removal efficacy by activated carbon. No single treatment process was capable of
removing all contaminants consistently to less than the analytical method reporting
limits employed. Moreover, each treatment process provided advantages and
disadvantages that will be discussed in this chapter. A multi-barrier approach would
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provide the most comprehensive removal strategy for organic contaminant treatment.

The human health relevance of pharmaceuticals detected in full scale drinking
water facilities in the US was investigated. A series of toxicological endpoints were
evaluated, and the most sensitive endpoint chosen as a point of departure. In some
cases, the most sensitive endpoint was not the therapeutic effect of the pharmaceutical.
For all pharmaceuticals investigated, the drinking water equivalent level (DWEL) of
concern was in ug/L, or larger, concentrations. Therefore, there appears to be no
human health relevance at the levels detected in drinking water. A further component
of this study sought to investigate endocrine disrupting impacts of select EDCs. The
EDC component also included an investigation into the estrogenicity of common food
items as compared to drinking and reuse water. The concentrations of selected
chemicals to induce EDC effects occurred at concentrations far above those found in
US drinking waters. Moreover, the concentrations of these chemicals in food/beverage
items were often orders of magnitude greater than those find in water. Using an in vitro
bioassay, it was determined that the estrogenicity of soy sauce, green tea, and milk
were orders of magnitude greater than estrogenicity of water (even wastewater). It is
unlikely the endocrine disruptive effects from trace organic chemicals are relevance in
US drinking waters.

2. Overview
2.1 History
In 1965 Stumm-Zollinger and Fair of Harvard University published the first

known report indicating that steroid hormones are not completely eliminated by
wastewater treatment (Stumm-Zollinger and Fair 1965). In an article published in 1970,
Tabak and Bunch investigated the fate of human hormones during wastewater
treatment and stated “since they (hormones) are physiologically active in very small
amounts, it is important to determine to what extent the steroids are biodegraded”
(Tabak and Bunch 1970). As early as the 1940s, scientists were aware that certain
chemicals had the ability to mimic endogenous estrogens and androgens (Schueler
1946; Sluczewski and Roth 1948). In 1977, researchers from the University of Kansas
published the first known report specifically addressing the discharge of
pharmaceuticals from a wastewater treatment plant (Hignite and Azarnoff 1977).
Despite these early findings, the issue of steroids and pharmaceuticals in wastewater
outfalls did not gain significant attention until the 1990s, when the occurrence of natural
and synthetic steroid hormones in wastewater was linked to reproductive impacts in fish
living downstream of outfalls (Purdom, Hardiman et al. 1994; Desbrow, Routledge et al.
1998; Routledge, Sheahan et al. 1998).

Since the initial link between trace contaminants (sub-ug/L) in wastewater
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effluents and ecological impacts in receiving waters, many studies have focused on the
occurrence of these contaminants (Halling-Sorensen, Nielsen et al. 1998; Ternes,
Hirsch et al. 1998; Daughton and Ternes 1999; Snyder, Keith et al. 1999; Metcalfe,
Koenig et al. 2000; Ternes and Hirsch 2000; Snyder, Kelly et al. 2001; Kolpin, Furlong et
al. 2002; Vanderford, Pearson et al. 2003). As a result, pharmaceuticals and steroid
hormones have been detected in many water bodies around the world (Kolpin, Furlong
et al. 2002; Cargouet, Perdiz et al. 2004; Petrovic, Eljarrat et al. 2004). One major
contributor of such widespread contamination is municipal wastewater discharge, which
impacts surface water quality by contaminating receiving water bodies with chemicals
not completely removed by current treatment processes. Indirect potable water reuse,
either planned or unplanned, can occur when wastewater treatment plant discharge
comprises a significant portion of the receiving stream’s total flow. In some cases,
effluent dominated surface waters are used as source waters for drinking water
treatment facilities. Global water sustainability depends in part upon effective reuse of
water. In particular, the reuse of municipal wastewater for irrigation and augmentation
of potable water supplies is critical. Public perception and concern regarding trace
hormones and pharmaceuticals is creating resistance to reuse projects. It is
necessary to obtain accurate information on the attenuation or elimination of these
contaminants from wastewater, the impact of wastewater discharge on surface water or
groundwater supplies, and the removal efficiency of the remaining contaminants by
drinking water treatment processes.

A significant number of articles have investigated the fate of trace hormones and
pharmaceuticals in water treatment processes (Ternes, Kreckel et al. 1999; Ternes,
Stumpf et al. 1999; Snyder, Westerhoff et al. 2003; Huber, Korhonen et al. 2005;
Westerhoff, Yoon et al. 2005; Snyder, Adham et al. 2006; Snyder, Wert et al. 2006; Yoon,
Westerhoff et al. 2006). The ability of a particular treatment process to remove organic
contaminants depends mostly on the structure and concentration of the contaminant.
In addition, the operational parameters of the process (e.g., oxidant dose and contact
time) will also determine the degree of attenuation of a particular contaminant.

3. Results

The results from US drinking water testing for select EDCs and
pharmaceuticals are shown in Table 1. The insect repellant N,N diethyl-m-toluamide
(DEET), the suspected endocrine disrupting herbicide atrazine, and the anti-anxiety
pharmaceutical meprobamate were the top three occurring contaminants, respectively,
in this study. In raw waters, the profile was quite different. The greatest impact in
most water treatment systems occurs during disinfection. Disinfection with ozone

provided, by far, the greatest removal of contaminants, followed by free chlorine,
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chloramine, and UV, respectively (Tables 2-5). In full scale plants, removal by
disinfection was quite comparable to that predicted in bench and pilot scale testing.
Removal by activated carbon and membranes can be highly efficient depending upon
the operation parameters (Snyder, Adham et al. 2006); however, these processes are
far less common in US drinking water treatment facilities. While ozone was found to
be highly-efficient oxidizing selected contaminants in both drinking and reuse waters
(Snyder, Wert et al. 2006), the formation of oxidation products must be considered.

The human health consideration of selected trace contaminants was evaluated.
Table 6 provides the DWEL values for some of the contaminants considered. Using
the MCF-7 in vitro bioassay, it was demonstrated that estrogenicity of recommended
serving sizes of soy sauce, green tea, and cows milk provided far greater estrogenicity
than did any wastewater or drinking water. These data show that using an in vitro
measure of estrogenicity may not be suitable for extrapolation to health risk. Oxidation
by ozone and chlorine readily degraded any observed estrogenicity, and subsequent
byproducts were no longer estrogenic.

4. Conclusions

Trace levels of hormones and pharmaceuticals are ubiquitous contaminants of
municipal wastewater effluents. The detection of these chemicals is a direct function of
analytical detection limits. Therefore, more and more trace contaminants will continue
to be discovered. Water treatment processes have various levels of efficacy in the
attenuation of these contaminants. In drinking water, oxidation provides a
cost-effective means for disinfection and simultaneous contaminant removal. Those
compounds which are resilient to oxidation are often detected in finished US drinking
waters. However, the concentration at which these occur is extremely small, and far
below the concentrations that would be expected to be of human health concern. In an
evaluation of estrogenicity as a class of toxicity, the estrogenicity of common food items
is far beyond that of any wastewater or drinking water evaluated. The relative risk
factors of common exposure to EDCs through foods and beverages appears to be far
greater than the exposure through drinking water. More research is needed to
adequately address human health relevance of EDCs and pharmaceuticals, but it is
likely that most drinking waters do not provide a substantial exposure and the
concentrations expected to have human health detriment.
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Table 1. Occurrence of EDCs and Pharmaceuticals in 20 US Drinking Waters

Compound Hits % Freq Min (ng/L) Max (ng/L) Median (ng/L) Ave (ng/L)
DEET 18 920 2.1 30 5.1 8.2
Atrazine 15 75 14 430 29 74
Meprobamate 15 75 1.6 13 3.8 6.1
Dilantin 14 70 1.1 6.7 2.3 2.7
Ibuprofen 13 65 1 32 3.8 7.9
Iopromide 13 65 1.1 31 6.5 8.5
Caffeine 12 60 2.6 83 23 25
Carbamazepine 11 55 1.1 5.7 2.8 2.8
TCEP 7 35 3 19 5.5 10.1
Gemfibrozil 5 25 1.3 6.5 4.2 39
Metalochlor 4 20 14 160 86 86
Estrone 2 10 1.1 2.3 1.7 1.7
Progesterone 2 10 1.1 1.1 1.1 11
Erythromycin 1 5 1.3 1.3 1.3 1.3
Musk Ketone 1 5 17 17 17 17
Naproxen 1 5 8 8 8 8.0
Sulfamethoxazole 1 5 20 20 20 20
Triclosan 1 5 43 43 43 43
Trimethoprim 1 5 1.3 1.3 1.3 1.3

Table 2. Summary of Removal by Ozone Disinfection

24 Minutes Contact Time

> 80% Removal 50-80% Removal 20-50% Removal < 20% Removal

Acetaminophen DEET Atrazine TCEP
Androstenedione Diazepam Iopromide
Caffeine Dilantin Meprobamate
Carbamazepine Ibuprofen
Diclofenac
Erythromycin
Estradiol
Estriol
Estrone
Ethynylestradiol
Fluoxetine
Gemfibrozil
Hydrocodone
Naproxen
Oxybenzone
Pentoxifylline
Progesterone
Sulfamethoxazole
Triclosan
Trimethoprim
Testosterone
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Table 3. Summary of Removal by Free Chlorine

Chlorine Dose = 3 mg/L, Contact Time = 24 hours, pH=7.9-8.5

> 80% Removal

50-80% Removal

20-50% Removal <20% Removal

Acetaminophen Gemfibrozil Diazepam Androstenedione
Benzo(a)pyrene Galaxolide Atrazine
Diclofenac Pentoxifylline Caffeine
Erythromycin Carbamazepine
Estradiol DDT
Estriol DEET
Estrone Dilantin
Ethynylestradiol Fluorene
Hydrocodone Fluoxetine
Musk Ketone g-BHC
Naproxen Ibuprofen
Oxybenzone Iopromide
Sulfamethoxazole Meprobamate
Triclosan Metolachlor
Trimethoprim Progesterone
TCEP
Testosterone

Table 4. Summary of Removal by Chloramine

Chloramine Dose = 3 mg/L, Contact Time = 24 hours

> 80% Removal

50-80% Removal

20-50% Removal <20% Removal

Acetaminophen
Estradiol
Estriol
Estrone
Ethynylestradiol
Triclosan

Benzo(a)pyrene
Diclofenac
Oxybenzone

Androstenedione
Atrazine
Caffeine

Carbamazepine
DDT
DEET
Diazepam
Dilantin
Erythromycin
Fluorene
Fluoxetine
g-BHC
Gemfibrozil
Ibuprofen
Iopromide
Meprobamate
Metolachlor
Musk Ketone
Naproxen
Pentoxifylline
Progesterone
Sulfamethoxazole
TCEP
Testosterone
Trimethoprim

Hydrocodone
Galaxolide
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Table 5. Summary of Removal by UV disinfection (40 mJ/cm?)

> 80% Removal 50-80% Removal 20-50% Removal <20% Removal
Diclofenac Acetaminophen Androstenedione
Sulfamethoxazole Atrazine
Triclosan Caffeine
Carbamazepine
DEET
Diazepam
Dilantin

Erythromycin-H,O

Estradiol
Estriol
Estrone
Ethynylestradiol
Fluoxetine
Gemfibrozil
Hydrocodone
Ibuprofen
Iopromide
Meprobamate
Naproxen
Oxybenzone
Pentoxifylline
Progesterone
TCEP
Testosterone
Trimethoprim
Table 6. Human Health Evaluation of Select Contaminants
Composite DWEL Max Finished Margin of
Drug Safety (ng/L) Water Conc. safety
Factor (ng/L)
Atenolol 300 81,000 20 4,100
Atorvastatin <0.25 380,000
o-hydroxy atorvastatin 1,000 96,000 <0.50 190,000
o-hydroxy atorvastatin <0.50 190,000
Carbamazepine 3,000 330,000 18 18,000
Diazepam 1,000 4,800 <0.25 19,000
Diclofenac 300 66,000 <0.25 260,000
Enalapril 300 33,000 <0.25 130,000
Fluoxetine 1,000 36,000 <0.50 66,000
Gemfibrozil 1,000 450,000 2.1 210,000
Meprobamate 1,000 480,000 43 11,000
Naproxen 300 330,000 <0.50 960,000
Phenytoin 1,000 2,400,000 15 160,000
Risperidone 1,000 780 0.34 2,300
Simvastatin 3,000 57,000 <0.25 230,000
Simvastatin hydroxy acid <0.25 230,000
Sulfamethoxazole 300 3,900,000 3 1,300,000
Triclosan 1,000 29,000 1.2 24,000
Trimethoprim 300 1,100,000 <0.25 4,400,000
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Occurrence, Treatment, and EDCs: A Tale of Sin City
Toxicological Relevance of or

EDCs and Pharmaceuticals in
EDC-CSI Las Vegas
Drinking Water . 9

Shane Snyder, Ph.D.
Southern Nevada Water Authority
University of Nevada, Las Vegas

VYT

- Las Vegas, Nevada — pop. =2,000,000
-35,000,000 visitors per year

- VERY DRY - <7 cm rain & >2 M evap.
- Water reuse critical for sustainability
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November 19, 1996

Chemicals polluting
Lake Mead
Biological studies find deformities in carp
By Mary Manning
Federn] mud state agencies mmonnced mcreased pollution monitoring in Lake Mead, the pramary
drinking water supply for Las Vegas, after two smdies relensed today showed deforned earp i the
ake's witers.

o peated and witrented wastewater, pesticides aug ches e discovered in
the water, botrom sediment sl e 11500 = i a6d Las Vegns Bay where 123 million
gallons a day of reated sewage flow from dee Las Viegas Valley.

U5, Geologeal Survey officinls, who condiscted the stidies, canticied that while the fuchigs are
important, they can't begin 10 answer questions about lnanas health
*These findings suggest the potential for  significant problem.” USGS chief biologist Dennis Fem said

But Alngi ONeill, superintendent of the Lake Mead Natioual Recreation Avea, said, “We wait 10 stress
that Lake Mend has cutstanding water quality.”

“What these results show is that we will need to do additional studies with the participation of other
ralloy 1o b

‘when and where d occurred or is presently
tweedded 1o improve water qualiny in Las Vegas Wash before it etiters Lake
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Park Service to step up water monitoring at Lake Mead
Keith Rogers
Park service to monitor Lake Mead water more

Despite a study's findings about Lake Mead pollution, the drinking water is safe, the water
authority says.

By Keith Rogers Review-Journal

The National Park Service said Tuesday it will increase monitoring of Lake Mead's water quality in
the wake of a new federal study that claims a potential link between pollution and problems with
carp reproductive systems.

'We're concerned. We all feel we need to find out more,’ said Bill Dickinson, assistant
superintendent at Lake Mead National Recreation Area.




February 01, 1997

Scientists fear mystery plume could affect LV
water quality

By Mary Manning <manning@lasvegassun.com>

LAS VEGAS SUN

Like a mythical monster, a river of salty and polluted water drains from the Las Vegas Valley into Lake
Mead, passing the pipe from which Southern Nevada draws its drinking water.

For more than five years, federal scientist James LaBounty has tracked this polluted plume.

Month after month, LaBounty worries as the contaminated plume streams past Saddle Island, site of the
pipeline that delivers drinking water to a million Las Vegas residents and more than 31 million visitors a
year.

Part of the problem is Southern Nevada's rapid growth, creating 10 times the sewage flow into Lake
Mead of 20 years ago. Once, diluting the polluted waters took care of the problem. Today, dilution isn't

enough.

"The major source of drinking water for the Las Vegas Valley is at risk." LaBounty stated in a
preliminary report on the plume.
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Human estrogens linked to endocrine disruption

the highest leved of esomgenke ac-
tivity n effhuent downstream fom
sl pilamst (52,000 gal k) wiffy
relatively frw emssment proceeses.
Hesubts fom a companion

Nhichigary St stusky. in which
cagred fish were evposed o Mch.
Igan wastewater effiient. suggest

g B Expoaeed 1 sewige o
et i 1K waters.

MONDAY,

QOCTOBER

Traces of drugs found in LV Wash
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Anal. Chem. 2003, 75, 6265-6274

Analysis of Endocrine Disruptors,
Pharmaceuticals, and Personal Care Products in
Water Using Liquid Chromatography/Tandem Mass
Spectrometry

Brett J. Vanderford,* Rebecca A. Pearson, David J. Rexing, and Shane A. Snyder
Southern Nevada Water Authority, 243 Lakeshore Road, Boulder City, Nevada 89005

Environ. Sci. Technol. 2006, 40, 73127320

pensate for matrix effects by using different calibration
techniques, i daddition (13,17, 22),
5,20), &nd veriousforms of intemnal calibration
nore have been developed to minimize
ng cifferent extraction, cleanupard elution
techniques, including size-exclusion. chrematcgraphy (18,
24), solid-phase extraction (22i, LC chromatographic pro-
cedures (4, 22), ultza performance liquid chromatography
25), hollow fiber liquid-phese microextraction (26), flow-
splitting and reduced eluen: flow rates (24, 27). However,
most icwhen appli
analyss of a broad range of compounds that encompass
many different classes and structures in matrices having
varying degiees of suppression and enhaacement.

Analysis of Pharmaceuticals in
Water by Isotope Dilution Liguid
Chromatography/Tandem Mass
Spectrometry’

BRETT J. VANDERFORD* AND
SHANE A. SNYDER
Southern Nevada Water Amhmm 1350 Richard Bunker
Avenue, Henderson, Nevaca &
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On Tap Winter 2003 Phoenix New Times, August 9, 2001

“Nevada's wastewater is
causing sex problems in fish.
But will Arizona get screwed by
the solution?”

“They're in the Water... They Make Fish
Change Sex...

Endocrine Disruptors-What are they
doing to you?”

EDCs and Pharmaceuticals
Pose Major Threats to
Water Sustainability!

Treatment Processes

Coagulation and Softening

Activated Carbon (GAC and PAC)
Membranes (UF, NF, RO, MBR, e-dialysis)
Magnetic lon-Exchange (MIEX)

Biological Processes

— Biologically active filtration (carbon and anthracite)
— River Bank Filtration

— MBR

— ASRI/SAT
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Fate of Endocrine-Disruptor,
Phammaceutical, and Personal Care
Product Chemicals during Simulated
Drinking Water Treatment
Processes

PAUL WESTERHOFF,*! YEOMIN YOON,*
SHANE SNYDER,® AND ERIC WERTS

Ozone: Science and Engineering, 28: 445-460
Copyright © 2006 Interuationsl Ozone Assodiation
ISSN: 0191-9512 print / 15476

DOL: 10.1080/01919510601039726.

three general groups: (1) compounds easily oxidized
(~80% reacted) by chiorine are always oxidized at least
as efficiently by ozone; (2) 6 of the ~60 compounds (TCEP,
BHC, chlordane, dieldrin, heptachlor epoxide, musk
ketone) were poorly oxidized (<20% reacted) by chlorine
or ozane; (3) compounds (24 of 60) reacting preferentially
{higher removals) with ozone rather than chlorine.
Conventional treatment {coagulation plus chlorination)
would have low removal of many EDC/PPCPs, while addition
of PAC and/or ozone could substantially improve their
removals. Existing strategies that predict relative removals

@ Taylor & Francis

Ozone Oxidation of Endocrine Disruptors and
Pharmaceuticals in Surface Water and Wastewater

Shane A. Snyder," Eric C. Wert,! David J. Rexing,! Ronald E. Zegers,' and Douglas D. Drury?

'Southern Nevada Water Authority, Henderson, Nevada, USA

2Clark County Water Reclamation District, Las Vegas, Nevada, USA
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Musk Ketone 133 NM NM
Naproxen 1K) 25 71
Oxybenzone 6 <1
Sulfamethoxazole (137

TCEP

Testosterone 1.8
Triclosan

Trimethoprim 191

EEq* ] 1.00

After Ozonation

Environ. Sci. Technol. 2005, 39, 4586-4593
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arethe perchlorate and bromate anions, which have become
focal issues for regulatory agencies. The 115, EPA originally
published a reference dose for perchlorate, which would
suggest a drinking water equivalent level of approximately
1 ug/L (1). More recently, the National Academy of Sciences
and the U.S. EPA have suggested reference doses with a
drinking water equivalent level of 24.5 ug/L (2, 3). However,
the state of Massachusetts requires public notification of
drinking water containing perchlorate at 1 ug/L or greater
(4), while California has established a public health goal of
6.0ug/L (5). Bromate, a disinfection byproduct, is currently
regulated in U.S. drinking waters with a maximum con-
taminant limit (MCL) of 10,1g/Lin drinkingwater (6). Chlorate
and iodate are not currently regulated in drinking water;
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Perchlorate in Commercial Bleach — Sodium Hypochlorite
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nerging Contaminants in US ing Waters (n=20)

Toxicological Relevance
AwwaRF #3085 & WRF 04-003

Compound % Freq M /L) Ma n (ng/L) Ave (ng/L)
~ DEET 18 % 21 30 51 82
Atrazine 75
Meprobamate
Dilantin
Tbuprofen
Topromide

o2
@in o L

=
S

Gemfibrozil
Metalochlor
Estrone
Progesterone

ot

Sulfamethoxazole
Triclosan
Trimethoprim o 3 .

Sulfamethoxazole — Chlorine/Chloramine

LEH
Post-coagulation:
d 59

ng/L

0
| Plant #2

Post-iltratios
0.78 ng/L

Finished:
0.38 ng/L

Concentration (ng/L)

o e B e =
o | Plant #3

Two distribution sites:
<0.25, 0.38 ng/L
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Relevance to Human Health

Human
Effect Equiv. Dose
{mg/kg-d)

R DWEL
(mg/kg-d) {ppb)

Effect Dose

Drug (mgrkg-d)

Atenolol 0.8 (LOAEL) Developmental, human 08 0.0027 81

Atorvastatin 20{L0AEL) Developmental, rat 32 0.0032

Carbamazepine 200 (LOAEL) Developmental, rat 0011

Diazepam 1 (LOAEL) Developmental, rat 0.00016

Diclofenac 4 (NOREL) Reproductive, rat 0.0022

Enalapril 0.3 (LOAEL) Developmental, baboon 0001

Flunretine 7.5 (LOAEL) Developmental, rat 0.0012

Gerfibrozil 92 (NOAEL) Reproductive, rat 0015

Meprobamate No data o data

Naproxen 20 (NOAEL) Developmental, rat 0011

Phefitoin 17.5 (NOAEL) Developmental, mouse 008

Risperidone 0,16 (LOAEL) Reproductive, rat 0000026

Simiastatin 10 (NOAEL) Developmental, rabbit 0011

Sulfamethoxazole 250 (NOAEL) Reproductive, rat 013

Triclosan 3 (NOEL) Systemic, rabbit 0.00097

Trimethoprim 70 (NOAEL) Reproductive, rat 0037

Soy Sauce vs. Wastewater
Estrogenicity (EEq)

SOY SAUCE WASTEWATER EFFLUENT

WWTP-1 4.6
WWTP-2 0.05
WWTP-3 0.61

RAW WASTEWATER DRINKING WATER
WWTP-1 ili <0.03
WWTP-2
WWTP-3

The public has difficulty with the concept of
relative concentrations

- Instead, they apply the “present/absent” litmus test

- Adverse health effects are presumed if present

Sodium and lodine Atoms on Copper

-213-

Intentional vs. Unintentional

Drinking Water (ng/L) Reuse Water (ng/L)

Sulfamethoxazole <0.25 <0.25  0.38 <0.25 <0.25 <0.25

Atenolol 20 0.42 0.35 1.7 2.6 2.1

Trimethoprim <0.25 <0.25 041 060 0.50

Meprobamati 12 24 0.58 <0.25 0.34

Dilantin 13 7.4 <1.0 <1.0 <1.0

Cartk 8.2 10 b <0.50 <0.50 <0.50

Atrazine 76 138 <025 <025 <0.25

Linuron 8.1 <0.50 . <0.50 <0.50 <0.50

Gemfibrozil 0.48 0.51 b f <0.25

What will we find at pg/L, fg/L, ag/L?

Why do we view
EDC/PPCPs differently?

Why is perchlorate
. different?

We must determine
toxicological relevance!

/ KL
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Conclusions

® EDCs and Pharmaceuticals are ubiquitous

® Removal related to structure (and dose)

— Chlorine good for phenolics, less effective for
ketones

— Ozone more effective than chlorine
— UV ineffective at disinfection doses
¢ Effective with high-energy UV & AOP using peroxide
® Ozone eliminates in vitro estrogenicity
® Surface water under influence of
conventional WWTPs will have more trace
contaminants than IPR system




Take Home Thoughts...

- Non-detect # Safe
. Safe # Non-detect
- Non-detect # Zero
- Consider public perception

- Consider public dollars
- The public will pay for monitoring programs
- The public will pay for additional treatment
- There is NO silver bullet
- Oxidation = Byproducts
- Membranes = Brines
- Activated Carbon = Disposal/Regeneration
- ALL processes use energy = air quality issues

Las Vegas will...

» Leaders in sustainability
> Model City for conservation
> Model City for research

> Explore cutting-edge
conservation practices

> International destination
“water tourism/science”

> Establish collaborations
globally
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and waste waters
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Occurrence and Control of Disinfection By-products
in Drinking Water

Mari ASAMI!

Department of Water Supply Engineering

National Institute of Public Health, Japan

Sadahiko ITOH?

Department of Urban Management,

Graduate School of Engineering, Kyoto University

2 Research Group on DBPs in Drinking Water MHLW Research Grants

1. Introduction
Disinfection by-products, DBPs are one of major group of chemicals in the
water quality standard items. The results of DBP survey for the Standard
Items of approximately 6000 sites in the fiscal year 2004 showed some
incompliance of DBPs, especially on these three items;

-Bromate (exceeded 0.010 mg/l) 20 cases

-Total THM (0.10 mg/l) 1 case

-Bromodichloromethane 4 cases
In addition, the results of DBP survey for the Monitoring Iltems of 2031 water
supply bodies in the fiscal year 2004, some DBPs exceeded their target
values as described below. Among them, chlorate exhibits higher
concentration close to and above its target value.

-Dichloroacetonitrile 2 cases
-Chloral hydrate 3 cases
-Chlorate (0.6 mg/l) 6 cases
-Residual Chlorine 101 cases

(exceeded 1.0 mg/l for aesthetic reasons)

2. Bromate, Chlorate, and Perchlorate control in Hypochlorite Solution”
Bromate exhibits highest portion of

calculated risk of DBPs as a #5000

carcinogen. Bromate concentration . © ‘
has been decreased according to = b
the control of ozonation condition. S Commerea”
However, bromate has been £ om0 | Chlorine
detected at certain concentrations S a0 O~ X
in hypochlorite solutions used in G ,

water treatment systems. Chlorate & 10| | Om-site ®

has found increased especially o0 | tion

after duration of storage at higher P o e .
temperature. Perchlorate is S e available ehiorine (%‘)“ v
recently found to show the same Fig.1 Perchlorate concentration in

trend. Fig.1 shows the existence of
perchlorate in sodium hypochlorite
solutions and on-site generation process.

stored hypochlorite solution

" Department of Water Supply Engineering, National Institute of Public Health, 2-3-6 Minami,
Wako, 351-0197 Japan Tel:+81-48-458-6304, Fax:+81-48-458-6305, asami@niph.go.jp

2 Department of Urban Management, Graduate School of Engineering, Kyoto University C-1,
Nishikyo, Kyoto 615-8540 Japan Tel/Fax: +81-75-383-3255
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Since chlorate and chlorite exhibit oxidative damage to red blood cells and
perchlorate is known to interfere with iodine uptake by the thyroid gland,
control of these chemicals should be taken into consideration in managing
hypochlorite solution.

3. Perchlorate Pollution in Water Source of the Tokyo Metropolitan Area
Perchlorate is used in rocket
propellants and also in various

oxidative materials. In 2005, the 0 ( 0.06~29 ke 5
United States Environmental n=13 Sl A=,
Protection Agency (USEPA) has |
established 0.7 ug/kg/day of the
reference dose (RfD) for
perchlorate and announced 24.5 o ©
ug/L of its drinking water I o QBN
equivalent level (DWEL). The I (éo
river and tap waters in the Tone o G0 @ o
River Basin located in the east Upstream of  stream of
. . Tone River

area in Japan were contaminated Fia.2 Perchlorate in drinki ter?
by perchlorate, mainlzy due to ig. erchlorate in drinking water
industrial discharges ). Estimation of perchlorate load to upstream of the
Tone River was calculated from the perchlorate concentration and the river
flow assuming constant discharge and river flow as follows;

-From the upstream of the Tone River: 95 to 100 kg/day

-From a river flow into the Tone River: 40 to 78 kg/day

-Estimated total load to the Tone River: 110 to 170 kg/day
Water of the Tone River is introduced to many water treatment plants and
distributed to Tokyo metropolitan area. Estimated population affected by this
water is over 20 million. In addition, this water is used for irrigation and food
production. Although iodine uptake of normal Japanese diet is higher than in
other countries, it is necessary to estimate total exposure of perchlorate.

Perchlorate (ug/l)
N w
@) (@)
(@)
O

@]

Il

Other regions

4. Exposure Assessment of Volatile DBPs®
Since exposure to DBPs is not
limited to drinking water,
respiratory exposure to DBPs is
examined in several houses in
Kyoto area. Personal air
sampler with absorbent was
employed to accumulate DBPs
in bath room, kitchen, living
room, and others, for the time
spending in each room, in
typical Japanese houses. The
total exposure through
respiratory route and dermal
route was calculated. In some cases, respiratory route exhibits maximum 8
times higher. Fig.3 shows the concentration calculated from equivalent to
almost 2 times in average and maximum 9 times higher than in estimated
exposure through drinking water.

10.01
o®

7.5+ Y o
e® o
oO

° °
. o
® @
® o
251 § & 800
o0o®°
0.0 ° ° o

CHCl, CHBCl, CHBr,Cl CHBr,

Fig.3 Exposure to THMs from respiratory
and dermal route (adult)

Drinking Water Equivalent
(L/day)
o
Q
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5. Occurrence of NDMA
Nitrosodimethylamine, NDMA, one of nitro-DBPs was also found in water
purification process. Other halogenated acetonitriles should be examined.

6. Bromide in water source

Bromide is one of precursors of brominated DBPs, such as bromate,
brominated trihalomethanes and brominated haloacetic acids. Discharge of
bromide into the Lake Biwa and the Yodo River was examined and
contribution of artificial discharge is estimated. Source of bromide was
calculated; 28% from sewerage (daily use and service industry), 34% from
natural sources and rest 38% from direct discharge such as industrial and
agricultural water. Since discharge from daily use is mainly from foods,
bromide control in source water seems difficult.

7. Future direction

Human exposure to DBPs is not restricted through drinking water, but also via
inhalation of indoor air, dermal exposure and cooked foods. Thus the total
exposure should be considered when allocating theoretical exposure of DBPs
from water. In addition, ionic and hydrophilic compounds are being found in
water, such as carcinogenic bromate, toxic nitro compounds and hormone
inhibiting perchlorate.

1) Asami M., Kosaka K., Kunikane S., Bromate, Chlorate, Chlorite and Perchlorate in Sodium
Hypochlorite Solution Used for Water Supply, 2" IWA-ASPIRE Conference and Exhibition
2007 (Submitted)

2) Kosaka K., Asami M., Matsuoka, Y., Kamoshita K., Kunikane S., Determination of
perchlorate in the Tone River Basin using IC/MS/MS, Journal of Environmental
Instrumentation Control and Automation, 2006.10, 11(2/3), 215~218.

3) Ken T., Muto T., Yanagibashi Y., Itoh S.. Echigo S., Ohkouchi Y. and Jinno H.: Exposure
assessment of trihalomethanes in households for estimating allocation to drinking water,
Proceedings of The 15th Joint KKNN Symposium on Environmental Engineering, 21-24 June,
Kyoto, Japan, 2006.6.
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Occurrence and Control of
Disinfection By-products
in Drinking Water

The U.S.-Japan Governmental Conference on Drinking Water Quality
Management and Wastewater Control
Bankoku Shinryokan, Okinawa, January 25-28, 2007

Mari ASAMI
National Institute of Public Health
Sadahiko ITOH
Kyoto University
(Research Group on DBPs in Drinking Water
MHLW Research Grants)
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Standard Items (App. 6000 sites, 2004 FY)

Monitoring Items
(2031 water supply bodies, 2004 FY)

Occurrence of DBPs

Bromate (exceeded 0.010 mg/l) 20cases
Total THM (0.10 mg/I) 1 case
Bromodichloromethane 4 cases

Dichloro acetonitrile
Chloral hydrate
Chlorate (0.6 mg/l)

Residual Chlorine
(exceeded 1.0 mg/I for aesthetic reasons)

2 cases
3 cases
6 cases
101 cases

Bromate Concentration
in Sodium Hypochlorite Solution

B Bromate is a group B2 carcinogen in IARC

B Currently listed in the drinking water quality
standard in Japan.

B In April 2004, bromate was detected at a
concentration of 0.168 mg/l in chlorinated
drinking water in Hokkaido.

B 16.8 times higher than its standard value.

B Bromate in a sodium hypochlorite solution was
detected at a concentration of 668 mg/l.

—————— e

Bromate Concentration in Stored
Hypochlorite Solution

70
°
Seo f
> °
ESO? ° (] ® e
~ L . )
%40 N
£330 71 o ‘oo 0o
H 2
°
0 Py
0 50 100 150

Ratio of available chlorine concentration /
labeled chlorine concentration (%)

o
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Bromate (ug/l)

Control of Bromate in Chatan Water
Treatment Plant, Okinawa (1998-2005)

Control of ozone residual (mg/l)

—-05 —-03 ——02

Or below 0.1 mg/I

—0.1 L

2003/10/
2004/10/
2005/10/

33 3 S
NNNNN S8R g

Bromate concentration has been decreased according
to the control of ozonation condition.

Average Bromate (mg/l)

Bromate Concentration
Sodium Hypochlorite Solution

Calculated Average of
Bromate Concentration
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Duration of Storage
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8 \\ \ bé
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Concentration of Perchlorate in the Tone River
(Water Source of Tokyo Metropolitan Area)
March-June 2006

! Perchlorate
’ (ug/L)

Perchlorate in a Tributary of the Tone River

Region Y

2,500 A13
~ I A12 (2,300)
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3 1500 |
% I
% 1000 | A4
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& 500 A2 A4 AB 1,100)

I A1 A3 A5 7
0

Sampling Point (From upstream to downstream)
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Effect of Fireworks Exhibition to
Perchlorate Concentration

Just after the 79
firework exhibition
5 days after the

firework exhibition

0.39

Sample water was taken from
2km downstream of the site of
firework
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Perchlorate Concentration in Stored
Hypochlorite Solution
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Perchlorate in Upstream of the Tone River
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Load of Perchlorate and Population affected

e Estimation of perchlorate load to upstream of the
Tone River

e Estimated population

Calculated from the perchlorate concentration and the river flow
assuming constant discharge and river flow

From the Upstream of the Tone River : 95 to 100 kg/day

From a river flow into the Tone River : 40 to 78 kg/day
Estimated total load to the Tone River : 110~170 kg/day

Water of the Tone river is introduced to many water treatment
plants and distributed to Tokyo metropolitan area

Estimated population affected by this water is over 20 million.
In addition, this water is used for irrigation and food production.

—— —— e

TTHM(ug/ms3)

Exposure Assessment of Volatile DBPs

Exposure of DBPs in each house is analyzed using
personal air sampler.
140 |

120 Water from advanced E E;éf;‘en

100 water treatment & 5oareom
systems B Living

80 O Outside

60
40
20

27777727 I I I

2
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V777777 777 77 7]

Exposure in bath room is much higher than
other exposures.

Current Contribution of Drinking Water to

Volatile DBPs Exposure

70
ﬂ—,\a 60 )
SRV °

- .
c
sg ¥ :
5
il ol SN=m
T o
52w sszas
5% L1 1 .
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CHCI, CHBICI, CHBr,Cl CHBr, TTHM

Other route of exposure such as
food consumption should also
be considered.

———— e

Industry
Agriculture

Estimated Source of
Bromide
38% Direct 28% Sewerage

discharge

Home
Service
Industry

34% Natural
source

-Discharge from daily use is mainly from foods

——— e
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Occurrence of NDMA
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Exposure Assessment of Volatile DBPs

Exposure to THMs from respiratory
and dermal route (adult)
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Discharge of Bromide into the Lake Biwa and
the Yodo River

Map of bromide concentration

Upstream

Bromide (ug/L) 10-16 pg/L

o -15

0 16-20 @ x40
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Middle/down stream
40-50 pg/L

Contribution of
artificial discharge

-
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CONCLUSION

Occurrence of Disinfection By-products
Control of DBPs in hypochlorite solution is important.
Control of Bromate, Chlorate and Perchlorate
Control of bromate is large concern in introduction of ozonation.
Concentration of chlorate, bromate and perchlorate in hypochlorite
solution which must be controlled in water source and water supply
system.
Perchlorate in Water Source
Perchlorate polluti
NDMA
NDMA is detected in water treatment process.
Exposure Assessment of Volatile DBPs

of the metropoli area is an emerging issue.

DBPs through air occupy large portion of personal exposure.

Exposure assessment and research on ionic and
hydrophilic compounds are needed !!




Measures for recovery against seismic damage to wastewater systems

TANAKA Shuji

Director, Water Quality Control Department, National Institute for Land and Infrastructure
Management, Ministry of Land, Infrastructure and Transport, Asahi 1, Tsukuba, Ibaraki 305-0804,
Japan. tanaka-s92ta@nilim.go.jp

1. Introduction

Beginning with the Kushiro Offshore Earthquake in 1993, earthquakes have frequently damaged
sewage treatment systems. The Hyogo-ken Nanbu Earthquake of January 1995 and the Niigata-ken
Chuetsu Earthquake of October 2004 inflicted particularly severe damage on wastewater systems,
either shutting down their treatment systems or severely damaging their pipelines. As the
Hyogo-ken Nanbu Earthquake and the Niigata-ken Chuetsu Earthquake caused such serious damage
to people’s homes and to the social infrastructure, residents were forced to spend long periods of
time evacuated from their homes. Damage to sewage treatment systems by these two earthquakes
halted their operations, causing polluted water to flow directly into public bodies of water. This
report describes (1) the characteristics of the damage caused by these two earthquakes, (2) measures
taken until their wastewater systems were restored, (3) methods of providing support until the

restoration of their functions halted by earthquake damage, and (4) the toilet problem.

2. Scale of the Hyogo-ken Nanbu Earthquake and the Niigata-ken Chuetsu Earthquake and
the characteristics of the damages

The Hyogo-ken Nanbu Earthquake, a magnitude 7.2 earthquake with maximum seismic intensity of
7, occurred early in the early morning on January 17, 1995. It inflicted extremely severe damage,
killing 6,308 people, injuring 43,177, and totally destroying 100,302 homes. Damage to sewage
systems by this earthquake effected the treatment operation at 8 plants and damaged an additional 43

treatment plants. It also damaged 56 pumping stations and a total of 162 km of pipelines.

The Niigata-ken Chuetsu Earthquake, a magnitude 7.8 earthquake with maximum seismic intensity
of 7, occurred in the evening on October 23, 2004, killing 59 people, injuring 4,805, and totally
destroying 3,175 homes. And the quake caused landslides and soil-collapse introducing damages on
roads and railways throughout the effected region. In 2004 prior to this quake, large-scale flooding
occurred in the Niigata Prefecture region on July 13, and abnormally heavy rainfall followed during
the summer and autumn as a record number of 10 typhoons crossed the Japanese Archipelago.
Therefore, where the topography was originally vulnerable to sliding, the rain loosened the ground,

so that when this earthquake occurred, it caused soil to collapse at many locations. In addition to
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sewage systems, it damaged lifelines such as electric power lines, gas mains, water mains, telephone
lines, and the cell phone and internet infrastructures. And because telephone calls were made to
Niigata Prefecture from throughout Japan, communication systems were congested, restricting
ingoing communications. And communication cables and detour roads through the mountains were
also damaged, isolating some municipalities from outside information. Cell phone systems that had
been considered to be highly disaster resistant since the Hyogo-ken Nanbu Earthquake Disaster,
were unusable over a wide area as relay stations stopped it’s functioning so they could no longer
handle calls. This occurred typically near the epicenter, relay station equipment was damaged and
the power was cut off and batteries installed and charged to maintain the functions of relay stations
during emergences were usable for only one day due to the flood of incoming phone calls. Damage
to sewage treatment plants by this earthquake shut down 1 treatment plant and damaged 6 others. It
damaged 6 pumping stations, obstructing the water supply functions of 2 of these. A total of

152.1km of pipeline were damaged, and problems were found at the locations of 2,506 manholes.

Damage to sewers differed greatly between the Hyogo-ken Nanbu Earthquake and the Niigata-ken
Chuetsu Earthquake. The Hyogo-ken Nanbu Earthquake caused permanent strain of the ground that
shifted pipelines and its earthquake motion caused cracking, but a large part of the damage by the
Niigata-ken Chuetsu Earthquake was lifting up of pipes and manholes by liquefaction of backfill soil

around pipelines. The lifting up of manholes blocked traffic. Damage to the sewers caused problem

for draining from homes.

Photol. A lift-uped manhole in Niigata-ken Chuetsu Earthquake

3. Restoration of the damage
In Kobe City that was the largest city to suffer severe damage during the Hyogo-ken Nanbu
Earthquake, as the office building servicing for the Sewage Works Bureau was heavily damaged

including data storage area, they had to the recovering works of the systems without major data
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assistance in the initial phase. As a result, even though there had been pipeline data in digital
conditions, it was unusable after quake due to under knocked off building, so that even if
information about damage to complex pipeline networks coming to the restoration work center, they
could not assess the degree of impact. Fortunately, a consultant company had stored copies of the
original data. Besides luckily the City of Nagoya had adopted the same system, it was possible to use

the Nagoya City System to print out the required data needed to perform the restoration works.

Even though the wastewater system had been damaged, it had to be quickly restored so it could
resume its role as a lifeline. But it is not easy to identify the exact damaged locations in wastewater
systems. It is often possible to visually confirm the state of damages to sewage treatment plants, but
it is actually difficult to find out damages of sewers without interior inspections with TV cameras.
Clarifying the state of damage and considering countermeasures is the first action that must be taken.
It is, therefore, important to be able to mobilize a certain number of responsible employees. After the
Hyogo-ken Nanbu Earthquake, it was not easy to gather staff, because of the extremely large scale of
the damage it caused. Table 1 shows how the staff gathered.

Tablel. Staff gathering conditions after Hyogo-ken Naubu Earthquake

City name Staff number within 1 hour Within 6 hours | Within 12hours | Within 24 hours Within 3 days
Koube - - - - - -
Ashiya 65 9 14% 23 35% 25 38% 27 42% 35 54%
Nishinimoya 191 - - - 124 65% 176 92%
Takarazuka 70 2 3% 50 71% 51 73% 52 74% 66 94%
Amagasaki 234 3 1% 74 32% 84 36% 84 36% 102 44%
Kawanishi 66 - 57 86% - - -

Itami 54 41 76% 41 76% 41 76% 47 87% 49 91%
Akashi 147 5 3% 117 80% 123 84% 123 84% 142 97%
Toyonaka 127 5 4% 84 66% 90 71% 90 71% 124 98%

The Higashi-nada Treatment Plant in Kobe City was damaged extremely by the earthquake, which
not only cut off feeding wastewater to the treatment plant from its pumping station, but also
damaged its main treatment system so it no longer functioned. Other treatment plants were also
damaged, but on regarding the degree of damages and impact to environment, restoration of the
Higashi-nada Treatment Plant was an extremely important. As the route linking this treatment plant
with its pumping station was intersected with a canal, this canal can be used as a temporary
settlement pond with enclosing sheet piles, preventing serious deterioration of the quality of the

water in surrounding bodies of water. This measure was taken for 100 days.

A major cause of damage to the treatment systems in the Higashi-nada Plant was the destruction of
piles caused by lateral flow triggered by liquefaction of the sandy ground in a reclaimed land area.
To identify this cause required a great deal of time-consuming work, but once its results were

obtained, measures to restore the systems were taken.
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The Niigata-ken Chuetsu Earthquake shut down the Horinouchi Treatment Plant of a river basin
sewerage system in Niigata Prefecture, allowing polluted water flowing into the plant to overflow,
inundating with incoming wastewater around the plant. This was caused by damage to the inlet, but
the treatment systems were also severely damaged as well. As emergency measures, a temporary

settlement pond and a disinfection plant were installed to prevent the discharge of untreated polluted

water to nearby river.

Photo2.A temporary settlement pond and a disinfection plant in Horinouchi Treatment Plant

4. Problems providing assistance

Following the Hyogo-ken Nanbu Earthquake, assistance with restoration activities was provided to
severely damage regions, mainly from large cities. Aware of the need for fundamental initiatives as a
result of this experience, the Japan Sewage Works Association prepared Rules for assistance dealing
with damage to sewage systems. Based on these rules, systems to provide support were established
by dividing the country into six blocks. For ordinance-designated cities, another rule requiring

mutual support by these cities was enacted.

When the later Niigata-ken Chuetsu Earthquake occurred, it was learned that when a municipality
struck by a disaster requested assistance under this rule, supported bodies bore a specified cost
burden including travel expenses and overtime pay for their employees, resulting in delayed requests
for assistance from municipalities concerned about the payment of these costs. In fact, supporting
organizations carried out the cost burden, so that finally wide area support was provided. Based on

such experiences, the present support rules have been revised.
Under the present assistance procedure, a municipality with earthquake damage requests assistance

within its block. When it is difficult for only the block to respond, the block requests assistance from

the national government that responds by establishing a liaison office for seismic damage recovery.

-224 -



This office assists the city where the disaster has occurred by coordinating efforts among the NILIM,

Japan Sewage Works Agency, ordinance-designated cities, and related industries.

5. Toilet problems

The availability of toilets is a problem that appears immediately after earthquake damage has
occurred. It is a tragedy when existing toilets cannot be used normally at evacuation sites where
large numbers of people have gathered. Toilets are unusable in cases where water needed to flush
them cannot be obtained or when the wastewater system is damaged so that it cannot remove human
excreta from the toilets. In such cases, temporary toilets are installed, but if enough temporary toilets
cannot be obtained, serious sanitary problems occur at the same time as the residents who have been

impacted by the disaster are forced to endure even heavier mental and physical burdens.

After the Hyogo-ken Nanbu Earthquake, people whose homes were knocked down or burned down,
whose supplies of electricity, water, etc. were cut off, or who could not remain in their homes
because of fear of aftershocks, gathered at evacuation sites. Records show that at the peak point six
days after the earthquake on January 23, 1995, there were 316,678 evacuees at 1,153 evacuation

sites. People were evacuated to places like schools, gymnasiums, and parks.

There are toilets in public facilities of these kinds, but because the numbers of toilets were not set
premised on their evacuee capacity and it was impossible to obtain water to flush them, they quickly
became unusable after being used a few times. It is reported that because they could not handle the
demand for toilet use, they were soon plugged with large quantities of excreta. Temporary toilets
were installed beginning on January 18 the day after the earthquake, and on January 19, only 230, a
number far from adequate, could be obtained. According to a survey carried out on January 24, the
problem was still unresolved, as temporary toilets had only been installed at 2,488 locations, that
was 45% of the locations they were needed. Later, temporary toilets were supplied that was owned
by construction companies, providing 1 toilet for every 60 people at the evacuation sites. Even
though enough number of temporally toilets were supplied with roads into the disaster region
continuing to be seriously congested, it was not easy to transport temporary toilets from outside the
region. In parks and athletic fields at schools, holes were excavated on the ground and used as

emergency toilets, but they were unusable within a few days due to limited capacity.
When a disaster has occurred, food and water are considered to be priority, but ensuring sanitary

toilet facilities were an even more important issue. Since then, a variety of emergency toilets have

been developed, but toilets made using manholes have been very popular.
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Based on experience gained from the Hyogo-ken Nanbu Earthquake, the following concept of
handling excreta during disasters has been established. The top priority is taking advance measures
to ensure that flush toilets can be used. Substitute measures are taken to cover the period until these
flush toilets are usable. One thing that is essential to guarantee that flush toilets can be used is
ensuring a supply of toilet water. This can be done by using water in pools at evacuation sites, using
treated wastewater, using stored rainwater, and transporting water from the ocean, marshes, or rivers.
At evacuation sites, water supply and water drainage systems must be seismically retrofitted in

advance.

At the same time as the required numbers of conventional temporary toilets are provided, full scale
preparations are being taken to use sewage system facilities to introduce new temporary toilets as
full-scale disaster measures. Special manhole covers are introduced at the same time as manholes
and covers are installed in parks and other evacuation sites where they can be used immediately
when a disaster occurs, so that temporary toilets linked to sewage systems and manholes can be

easily converted to toilets.

When the Niigata-ken Chuetsu Earthquake occurred, fortunately, with the cooperation of the
construction companies, it was possible to supply a sufficient number of temporary toilets relatively
quickly, so toilets were not a serious problem. But it has been reported that problems remained; the

removal of the temporary toilets for example.

6. Conclusion

Earthquake damage to sewage systems directly links to toilet problems, causing serious problems
following earthquakes. Large earthquakes that have occurred during the past ten years have provided
considerable knowledge and experience including the characteristics of their damage, restoration
methods, methods of gaining support from the surroundings, and toilet measures. While still not
completed, measures to protect sewage systems from earthquake are progressing based on lessons
learned in this way. It is predicted that a large earthquake will strike Tokyo in the future, requiring
the development and improvement of technologies to perform seismic retrofitting and to take

post-earthquake measures.

-226-



Measures for recovery
against seismic damages
to wastewater systems

TANAKA Shuji
Director, Water Quality Control Department,
National Institute for Land and Infrastructure Management,
Ministry of Land, Infrastructure and Transport

Typical damages to STPs:

« Damages in influent channel to STPs

« Damages to treatment plant
structures

« Shutdown of operations

e Leakage or discharge of untreated
wastewater to public water bodies

Lessons from Higasinada
introduced quick actions

to Horinouchi
» Higasinada STP (1995)
- Three weeks for starting temporary sedimentation
= Horinouchi STP (2004)
- One week for starting temporary sedimentation
= Experience teaches:
- Quick assistance of JS to recovery works

- Manual books for EQ damaging recovery after
Hyougo EQ

Typical damages to sewers

 Hyougo-ken Nanbu EQ:
- Difficulty of finding of damages in sewers
- Cracks caused by shaking of manholes and

permanent strains of grounds
- Relatively small damage-ratio: Ave.1.7%, Max.9.7%
« Niigata-ken Chuetu EQ:
Surfaced up of manholes and lifted up of sewers
Sinking of ground surfaces six months later
High damage-ratio: Ave. 4.6%, Max. 21.7%
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Hyougo-ken Naubu |Niigata-ken Chuetu
Occurrence January 17, 1995 |October 23, 2004
Magnitude 7.2 6.8
Maximum accelation gal 818 1715
Loss of lives 6,308 59
Injured people 43,177 4,805
Damaged houses 436,414 121,613
Operatinal problemed STPs 8 1
Damaged STPs 51 6
Damaged PSs 56 6
Damaged sewers km 162 152

Measures against
damages and shutdoewns of operations
of STPs

Quick visual checks of damaging conditions
Planning for recovery works

Prevention of raw wastewater discharge;
- Quick construction of temporary sedimentation
ponds and disinfection facilities

Repair or rehabilitation of some facilities
Resuming of operations

Restriction of discharge to sewers

Preparation for future;

Long term measures for STPs
Seismic proofing of existing facilities
Reduction of damages as planning
solutions
- Networking of STPs
- Multiple trunk-sewers
STPs; high reliable evacuation centers

Typical damage types in Niigata-ken Chuetu EQ
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Problem in recovery works

« Shortage of manpower and
experiences:
- Sewage work staff was inputted to rescue works or
water works recoveries
- Difficulty of full-staff gathering
- No experience of quake disaster

= Functional incompetence of telecommunication means:
- Telephone, facsimile, and mobile were dysfunctional
- High traffics of signals or damages of infrastructure

Assistance providing from outside

No detail information to central government offices
Dispatch of an advance research party:

- Selected member from HQ of MLIT, NILIM ,PWRI, & JS
Setting of emergency headquarter office in disaster area:

- Coordination among central government offices,
prefecture offices, local governments, and related
aggregate cooperations

Recovery-work assistances;
- damage surveys and recovery work preparations

Contract based sewer-inspection worker gathering from all
Japan

Rules for assistance advocated by Japan Sewage Works
Association—after Hyougo EQ:

- Six block systems
- Cost payment by requester side

Conclusions

Quick assistance is the key to quick recovery;

- Lesson from Hyougo-ken Nanbu EQ worked to
recover from damages in Niigata-ken Chuetu EQ

- Emergency HQ office in disaster site worked
effectively
Measures against STPs shutdown;

- Construction of temporally sedimentation tanks
and disinfections for prevention of epidemic

- Restriction of discharge to sewer systems ( is
possible? )

Deferent type of damages to sewers in Niigata-ken

Chuetu Ei

- High rat|o of damage in 6+ intensity and over
- Sewer damage blocked toilet use
Wastewater systems are the first priority lifelines

- 228 -

Intensity and damage ratio

25,

20

15|

10|

NN NN

Damage percentage of sewers

7 6+ 6- 5+ 5-

Intensity of EQ in Nigata-ken Chuetu EQ

Staff gathering in Hyougo-ken Nanbu EQ)

100%
90%
80%
70%
60%
50%
40%
30% -=- Ashiya

-+ Toyonaka
-=- Akashi
Takarazuka

Itami

20% -~ Amagasaki
10%

0% L
6hours 12hours 24hours 3 days

1hour

_hoeiletiproblems;
Toilet:can not use due to lacking of
enough flush ng water
and darhages, of: wa! tewater systems

. Evacuation tenter;
= Lacking of-flushing water -
- Small nTlmber of toilets-to. many evacuee ina

E mbek of stock;of temporally oﬂets
= Pifficulty’@f smooth itidn of, toilets
- Lack of understandl fitoilet
. % '

[¢] l?ter'als




MEASURES AGAINST EMERGENCIES:
LESSONS FROM HURRICANE KATRINA REGARDING SEWAGE WORKS

James H. Clark’
Black & Veatch

1. Introduction

After Hurricane Katrina cut its destructive swath across Louisiana, Mississippi,
and Alabama, the Water Environment Federation (WEF) assembled a response
team to conduct an official assessment of the wastewater system damage. WEF,
together with Black & Veatch and select utilities, provided the technical and
financial basis for this assessment. The team worked with the US Environmental
Protection Agency, state regulatory agencies, and WEF member associations in
the three impacted states to facilitate planning and execution of the study.
Findings, conclusions, and recommendations from the assessment provide good
information on steps to take to lessen the impact of and expedite the mitigation
efforts for future disasters.

2. Overview

Hurricane Katrina brought a tidal surge of 15-to-25 feet, which inundated
the entire coastline of Mississippi, a large portion of Louisiana, and the western
coast line of Alabama. Homes and businesses were destroyed across hundreds of
square miles. The hurricane also devastated wastewater utilities, with some
treatment systems suffering catastrophic damage. Compounding the problem,
affected utilities in the surge area lost 25 to 80 percent of their population rate
base, undermining their ability to generate sufficient revenue to meet operating
costs and bond payments.

The area assessed by the study team was defined as the regions in
Louisiana, Mississippi, and Alabama that experienced any of the following types of
damage from Katrina: (1) ocean surge, (2) flood, and (3) winds in excess of 100
miles per hour. Of the 896 wastewater facilities in the three states, 118 were
determined to have been located in one of the three damage zones, as shown in
Table 1.

Surge 23
Flood 8
Wind 87
Total 118

Table 1 Number of Affected Utilities by Damage Zone

' 800 Wilshire Boulevard, Suite 600, Los Angeles, CA 90017  e-mail:Clarkjh@bv.com
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As shown in Table 2, total damages to wastewater utilities from the
assessment were estimated to be close to $1.4 billion: $1.2 billion for infrastructure
damage and an addition $163 million in needed subsidies to maintain a minimal
level of financial solvency. A significant portion of the damage is not expected to
be covered under current Federal Emergency Management Agency (FEMA)
guidelines.

Infra-

State structure | Financial Total %
Alabama 50 1 51 4%
Louisiana 925 146] 1,071 78%
Mississippi 231 16 247 18%
Total 1,206 163 1,369 100%

Table 2 — Wastewater Utility Damage Estimate from Hurricane Katrina (US$Millions)
3. Findings

In general, lessons learned can be categorized as (1) logistical issues that
can be anticipated when investigating future disasters and (2) findings related to
Katrina’'s impact on facilities and local resources.

Logistics

A number of issues arose during the planning and implementation of the
post-Katrina investigations that have implications for future study efforts. These
include:

e Maps. Maps of damage zones were not publicly available even two months
after the disaster. Nine months after the disaster, there still were no known
publicly available maps that demonstrated the sheer magnitude of the
damage.

e Travel. Eight weeks after the storm, hotel rooms, rental cars, and flights
were still scarce. The investigators tried to use recreational vehicles (RVs)
to access the area, but few were available, and state regulations required a
commercial driver’'s license for RV operators if the RV is to be used for
commercial purposes.

e Tires. Rental cars sustained significant tire damage from debris and nails
covering the road, and new tires were in short supply.

e Access. Hard hit areas were closed to the public, but investigators were
able to access these areas when accompanied by utility staff.

e Information. Utility staff had to immediately begin searching for and fixing
leaks, as well as inventorying damages, so they were a wealth of
information on the impacts of the hurricane, particularly regarding
infrastructure damage and implications.
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e Traffic. Two months after the storm, roads were clogged with construction
and relief workers. Traffic into the regions in the morning and leaving the
regions in the afternoon was reported to be much higher than normal.

e Telephones. Phone lines were disrupted and the “fast busy signal” was
common. Eventually, it was usually possible to get through, though some
utilities lost all phone service and gave their staff new cell phones.

e Local support. People from the region were essential in overcoming
obstacles. In particular, they were highly attuned to communications issues
and often provided multiple phone numbers for requested contacts.

Katrina’s Impact

Study findings ranged from impact on specific facilities, financial implications, and
examples of what works and what doesn't.

o Wastewater treatment plants. Most wastewater treatment plant damage
was from storm surge, not wind. Electrical circuitry and power generators
were destroyed, and pumps and motors were damaged. Basins filled with
grit, but reinforced concrete structures held.

e Collection systems. Storm surge also affected collection systems. There
was a high level of service connection failures in surge areas, and clean up
further damaged service connections. Above-ground portions of lift stations
were heavily damaged, and below-ground portions were impacted by grit
accumulation. Point repairs were greater in flooded areas, but not as bad
as expected.

e Human resources. It was discovered that many people won’t evacuate,
including utility employees.  Strong senior management is critical.
Wastewater employees made heroic efforts.

e Institutional efforts. Emergency Management Assistance Compacts didn’t
work well for water/wastewater utilities, and FEMA subcontractors were
unfamiliar with assets, creating a greater burden on resource-constrained
utilities.

e Solvency issues. “Events of default” will hurt communities more than bond
holders. Reserve funds (12-month) will run out in 2007. Bonds are being
issued to cover operating expense.

e [Long-term financial impact. A significant percentage of the rate base was
lost, with population loss in surge areas ranging from 25 to 80 percent.
There was a smaller reduction in expenses. Without intervention, some
reduction in debt service reserves is expected in 2006 with an inability to
fund debt service payments in 2007.

4. Recommendations

Several recommendations evolved from the study:
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Federal government. The federal government should develop greater
flexibility in programs, including eligibility and replacement. The fiscal
health of utilities should be monitored and relief provided as necessary.
The U.S. Environmental Protection Agency (EPA) should be provided a
stronger role in disaster response related to water and wastewater agencies.
State agencies and utilities. These entities should invest wisely and
develop state-to-state mutual aid compacts that focus on water and
wastewater.

Wastewater industry. The industry should improve training and best
practices on emergency preparedness. The industry should also educate

the public on the importance of wastewater in public health.
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Reconstruction Issues and Lessons
Learned by Wastewater Utilities
Affected by Hurricane Katrina

Water Environment
Federation

BLACK & VEATCH

huilding 8 yyor|d of diferssea=

Charitable Teaming Approach
@ Water Environment Federation (Report Publishing and
Legislative Affairs)

@ Black & Veatch (Project Management, Estimating, and
Report Development)

@ Utility, WEF, and Corporate Volunteers (Field and
Phone Survey Support)

@ US EPA, DEQs, WEAs

@ 25 Impacted Utilities from Louisiana, Mississippi, and
Alabama

|

Project Schedule was Ambitious

@ Hurricane Katrina August 29
@ Proposal to WEF October 5

@ WEF Acceptance October 7

@ Site Visit Teams Mobilized November 7
@ Phone Surveys Began December 1
@ New Orleans Site Visit January 5-6
@ Draft Report for Peer Review January 17
@ Report Published April 25

12 Utilities Visited (19 Facilities out of 118 Affected)

@ FAIRHOPE, AL

@ GULF SHORES, AL

@ MOBILE, AL (2)

@ BOGALUSA, LA

@ COVINGTON, LA

@ PLAQUEMINES PARISH, LA (SEVERN TRENT) (5)
@ SLIDELL, LA

@ WESTWEGO, LA

@ HARRISON COUNTY, MS (3)

@ HATTIESBURG, MS

@ MS GULF COAST REGIONAL WWA, MS

@ SEWERAGE & WATER BOARD OF NEW ORLEANS, LA
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Purpose of Gulf States Assessment

@ Gain better understanding of hurricane-impacted
wastewater utilities’ needs; communicate these
needs to policy-makers and industry

@ Develop high-level assessment of infrastructure
damage and cost to repair

@ Develop assessment of impact on financial stability
@ Complete as quickly as possible
¢ Use knowledge to educate policy-makers

¢ Communicate impacts and needs to industry leaders

Methodology

@ Map damage zones
@ Storm Surge
> Flood: Seawater+Freshwater
@ Peak wind gusts >= 100 mph
@ |dentify wastewater utilities in each damage zone

@ Site visits followed by phone surveys across different
zones.

@ Develop average infrastructure cost estimates for utilities
in each damage zone

@ Apply costs across all affected utilities based on damage
zone location, utility size, treatment methods

@ Develop pro forma “Income Statement” for all wastewater
utilities in surge zone

Field Visits Posed Challenges

@ Three field teams

@ Volunteers not covered under Emergency Management
Assistance Compacts (EMAC)

@ Two months after Katrina:
@ |mpacted utilities phone lines down
@ Limited hotel space
¢ Rental cars scarce
@ Vaccinations required
@ Rumors abound re conditions
@ “Let’s take RVs!”

@ Development of appropriate survey forms

Initial Expectations

@ Catastrophic damage to wastewater treatment
plants and collection systems in New Orleans
area and parts of Mississippi coast line

@ Reduced population in New Orleans, Slidell,
perhaps elsewhere will affect utility revenues

@ Assumed publicly available maps could be used
to plot damage areas




I —
Initial Indications: Almost Half of Coastline of
Mississippi Suffered Catastrophic Damage;
Surge Experienced 10 Miles Inland

‘Hurricane Katrina Base Map Index Page
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I —
Actual situation: Storm Surge of 15 to >25 feet
Hit Three States, Including Entire Mississippi
Gulf Coastline

Gulfport,

New Orleans




Estimated 450,000 People’s Homes were
Destroyed

@ 25-80% loss of population rate base amongst
utilities in surge area

Most Wastewater Treatment Plant Damage was
from Storm Surge, not Wind

@ Electrical circuitry
destroyed

@ Pumps and motors §
damaged

@ Power generators
destroyed

@ Basins filled with grit

@ Reinforced concrete
structures held

Additional Findings

@ Many won't evacuate...including utility employees. Plan for
it.

Strong senior
management is critical

Heroic efforts amongst
wastewater employees |

Emergency
Management
Assistance Compact
(EMAC) didn’t work
well for
water/wastewater
utilities

Long-Term Financial Impact

@ Significant percentage loss in rate base
@ 25-80% population loss in surge areas
@ Smaller reduction in expenses

@ Without intervention, some likely to experience
reduction in debt service reserves in 2006,
inability to fund debt service payments in 2007
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Impacted Population Served

State Pop. Served in | Percent
Study Area of
(Thousands) Impacted
Pop. |Surge
Alabama 242 14% 1%
Louisiana 1,157 64% 79%
Mississippi 386 22% 20%
Total 1,785 100%

Collection Systems

@ High level of service connection failures in surge
area

@ Clean up further damaging service connections

@ Above ground portion of lift stations heavily
damaged; below ground impacted by grit
accumulation

@ Point repairs greater in flooded areas, but not as
bad as expected

Additional Findings

@ Redundancy in supplies—diesel fuel, rolling stock,
records, telemetry

@ FEMA sub-contractors unfamiliar with assets, created
greater burden on resource-constrained utilities

@ Solvency issues

@ “Events of default” will hurt communities more than
bond holders

& 12 month reserve funds will run out in 2007
@ Bonds being issued to cover operating expense

@ “FEMA anticipation notes”

Assessment Findings
by State (US$ Millions)

Infra- Finan- Percent-

State structure | cial | Total age
Alabama 50 1 51 4%
Louisiana 925 146 | 1,071 78%
Mississippi 231 16 247 18%
Total 1,206 163 | 1,369 100%




Recommendations

@ Federal

@ Develop greater flexibility in grant programs (eligibility and
replacement)

@ Monitor of utility fiscal health and provide relief as necessary
@ Provide stronger role for EPA in disaster response (wrt
water/wastewater)
@ States and Utilities
@ Invest wisely
@ Develop state-to-state mutual aid compacts that focus on water
and wastewater (Water/Wastewater Agency Response
Networks)
@ Wastewater Industry
@ |mprove training, best practices on emergency preparedness
@ rI?dulcrai\te the public on the importance of wastewater to public
ealt
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Surge Sources

@ Satellite images of damages from NOAA:
http://ngs.woc.noaa.gov/katrina/KATRINA0000.HTM

@ Surge height maps from FEMA:
https://www.fema.gov/hazards/floods/recoverydata/katrina_index.shtm

@ WEF / B&V Report
http://www.wef.org/NewsCenter/katrinadamagereport.htm




Risk Assessment and Management of Water Supply Business

Yasumoto MAGARA and Atushi Miyawaki
Professor, Graduate School of Public Policy
Hokkaido University, Japan

1. Introduction

The water supply coverage ratio in Japan is as high as 97 percent, which means
that effectively all citizens have convenient access to hygienically problem-free running
water, at any time, anywhere, and without restrictions on quantity. A steady supply of
piped water is important not only in the daily lives of citizens, but it also has many other
implications. It is significant for the maintenance and improvement of public hygiene
and plays a fundamental role in sustaining the fabric of society. If the water supply were
interrupted, the adverse effect on society would be drastic. Such an occurrence,
therefore, must be prevented at all measures. In particular, water suppliers serving a
population of 50,000 or more, making up about 80 percent of the annual water supply,
would be severely affected because only few of citizens can access to alternative
sources of water. In the case of large cities such as Tokyo, a disturbance in the water
supply would also affect areas such as the supply of cooling water for large-capacity
computing installations. It would lead to a disruption of financial services and public
transport, as well as stoppages in industries and services due to lack of industrial water.
Furthermore, living conditions would suffer and the supply of fresh foodstuff would be
affected. In short, a severe disruption of ordinary life would result.

The Water Works Law proscribes that in the event the water supplier
recognizes that water being supplied may be a risk to human health, the supply must be
stopped immediately, and measures must be taken to fully inform all concerned parties
of the fact that using the supplied water can be dangerous. The law defines water quality
standards and requires the supplier to monitor the presence of chemical substances and
possible health risks based on such standards, and to stop the supply according to these
criteria. By implementing a thorough risk management system, the supplier must
prevent the occurrence of stoppages in the water system. Measures must also be taken to
deal with situations where water stoppages occur due to external factors that are beyond
the control of the water supplier, such as natural disasters including earthquakes, wind
and flood damage, drought, or wide-area power outages. In the event of such stoppages
due to non-predictable factors, the focus will be on how quickly the water supply can be
restored in order to maintain the requested level of the water services.

Water supplier risks include not only physical aspects such as water supply
stoppage, but also aspects that pertain to the sustainability of water services. This
includes situations where the principle of full-cost pricing can no longer be adhered to,
making the goal of financial self-sufficiency unattainable and leading to a lack of funds
for day-to-day operations as well as for facility upgrades and maintenance. Where water
supply facilities are managed jointly with companies from the private sector,
responsibilities for risk management are often not clearly defined, which can lead to a
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degradation of water services that in turn makes customers less willing to pay their
water bills.

For the reasons outlined above, we will look at risk management under three
aspects: human health related risks, disaster related risks and management related risks.

2. Risk Management of Water Quality Requirements

In August 1996, an outbreak of waterborne cryptosporidiosis occurred in Ogose
Town, Saitama Prefecture. Out of a population of 13,000, about 9000 residents were
infected, and the water supply was stopped. This was the largest mass incident of
drinking water related gastrointestinal infection so far encountered in Japan. The fact
that a sewage treatment plant with a discharge outlet had been constructed upstream of
the intake point for the water supply was cited as a possible reason. A more direct cause
can be seen in the fact that even after the discharge outlet of the sewage treatment plant
became active, operation management of the water works purification plant, in
particular procedures for coagulation, flocculation and filtration management were not
adjusted to reduce the existing emergent risks.

In order to prevent a future occurrence of incidents such as the mass
cryptosporidium infection at Ogose, in the same year the Ministry of Health, Labour
and Welfare issued a provisional guideline for cryptosporidium control in drinking water.
According to this guideline, if a sewage treatment facility, livestock breeding facility or
other possible cryptosporidium source exists in the drinking water source area, and
when coliform bacteria and anaerobic spore forming bacteria are detected in the source
water, the risk of cryptosporidium contamination in the tap water is to be assumed and
filtering or other proper measures must be immediately implemented to reduce the risk.
In addition, the filtered water must be managed to keep turbidity less than 0.1 units.
Accordingly, filter installations were improved or newly constructed at a rapid pace, and
membrane filtration techniques were also put into place. No actual outbreak of
cryptosporidium infection has occurred since, but cryptosporidium detection in drinking
water has in fact led to water supply stoppage in a total of 17 cases.

Although the provisional guideline for cryptosporidium control as mentioned
above was issued in 1996, the number of water suppliers that have implemented
measures based on that guideline amounts to approximately 55 percent, as shown in
Table 1. In other words, many water works still do not have appropriate systems in
place. One of the reasons for this is to be found in financial limitations. The Ministry of
Health, Labour and Welfare therefore has renewed the guideline in 2006 and has
recognized the ultra-violet irradiation as a cryptosporidium control measure for water

Table-1 The enhancement of water purification plant for risk management of Cryptosporidium

Public Small public Bulk Others Total

water water supply water

supply supply
Total No. of WPP 1679 3296 158 347 5480
No. of measured WPP 1147 1596 155 178 3076
No. of non-measured 532 1700 3 169 2404

WPP

Population served? 4011 944 - 49 5005
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works with sources other than surface water. This was done in order to promote the
implementation of anti-cryptosporidium measures. Whether by filtration or by
ultra-violet irradiation, the required efficiency of cryptosporidium inactivation is
assumed to be 3log.

The number of water
suppliers that had to stop water intake

due to oil spillage or other 100

unpredictable events in the water 1

source area, or that had to take 120

measures to strengthen the water — _
purification = process such as 80 [ mlw:

powdered activated carbon i - H B i
application, or that had to temporarily 40 H L H] L i
stop the water supply amounts to
about 80 - 100 per year, as shown in

Figure 1. This represents some 0.5 0

percent of the total number of water 1990 1992 1996 2000 2004
supplier. Frequent causes are oil or Figure -1 No. of accidental spills
organic matter contamination, as well in the catchments area

as increased turbidity due to sediment

discharge from civil engineering works. Because most rivers in Japan have a rapid water
flow, there is often not enough time to stop the water supply before contaminants
emerge from the intake area. The capacity of valves and other water discharge facilities
designed to discharge contaminated water from the system after they have been
transported downstream is often too low. Maintaining water quality in the drinking
water source area is the most effective approach, not only with regard to accidents such
as chemical spills but also for disinfection byproduct precursors, odor-inducing
substances, agricultural fertilizers, etc. Close coordination with water environment
administration authorities and water source area management authorities is therefore
necessary.

Water stoppages are necessitated on occasion not only by contamination or
accidents in the water source area but also by a failure of taking appropriate risk
management measures within the water works system. In one example, painting inside a
purification plant was done using solvents containing methylene chloride. The
sublimated methylene chloride was dissolved again on the water surface of the
sedimentation and filtration basins, which led to an unacceptable level of methylene
chloride being detected in the drinking water, requiring a water stoppage. In other
instances where sodium hypochlorite was used for disinfection purposes, bromate
impurities in sodium hypochlorite created by on-site salt electrolyzation exceeded the
permissible standard in water works with high chlorine injection rates, and water had to
be stopped briefly until substitute sodium hypochlorite could be purchased.

3. Disaster Risk Management

Japan is a country where natural disasters such as typhoons and earthquakes
occur with a high frequency. Consequently, there are regulations that require the
structure of water works facilities to be able to withstand the influence of such disasters.
However, it is usually not possible to fully preclude any disaster related damage. To
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reduce the risk of such
damage, it is therefore
necessary to have
measures in place that are
aimed at the quick
restoration of services in
the event of a disaster.

The damage
status due to natural
disasters 1s shown in
Figure 2. As can be seen,
damage occurs every year,
and about 12 billion yen
in government subsidies ) of ) )
was needed in the period Figure 2 Earthquakes and disasters in recent years
from 2000 to 2005. Vast
sums are spent for restoring facilities, and water stoppages or restrictions are frequent.
This of course affects not only the daily lives of citizens but also causes economic
damage through the impact on socio-economic activities.

Damage due to typhoons and localized torrential rains is listed in Table 2. Each
year water facilities in about 10 areas are affected, with about 100,000 people
nationwide experiencing water stoppages of 30 to 100 days duration. Road collapses
causing pipeline rupture are a frequent cause, followed by lightning strikes and power
outages that interrupt operations. Damage due to internal problems at water facilities
such as operation stops because of an abnormal rise in intake water turbidity is
relatively infrequent. However, collapses or cave-ins of roads and road shoulders often
occur in locations where this can be predicted. Although these are counted under
damage by natural disasters, it should be possible to reduce this kind of damage by
fortifying such sections and taking other preventive measures.

In 1995, the Great Hanshin-Awaji Earthquake struck an area inhabited by 20
million people, causing 5,000 deaths and leading to water stoppages of up to nine weeks
for 900,000 people. The costs for repairs to water facilities amounted to some 600
billion yen. This caused the Ministry of Health, Labour and Welfare to formulate a plan
for the fortification of anti-earthquake measures by water suppliers, and the
implementation of these measures is being systematically promoted. Using the
prognosis of a large-scale earthquake in an area where about 30 percent of the Japanese

ﬂ Earthquake since 2000
More than 5 disasters within 4years
@) 3~4 disasters within 4years

Table -2 Damage of water supply utilities by Typhoons and Heavy Storms

Year 2003 2004 2005 2006
No. of disaster 4 10 13 13
Population affected 59,079 168,057 137,368 7,1089
Total days of _ 99 79 35
stoppage/year
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Table-3 Damage of water supply utilities by earthquakes

A B C D
Date 2000,10,6 2001.3.24 2003.9.26 2004.10.23
Magnitude M7.3 Mé6.4 M8 M6.8
Seismic intensity More 6 Less 6 Less 6 7
Damage? M.P.260, S.P.612 MP213,Wreck of MP58,Wreck of MP 806,
facilities facilities Wreck of many facilities
No. of house 150 40,269 15887 129,750
Length 5 days 4 days 8 days 25days
Cost for recover? 20 21 26 650
E F G
Date 2005.3.20 2006.7.23 2006.8.16 MP: Transmission
Magnitude M7.0 M6.0 M7.2 /Distribution pipe,
Seiomi Loss 6 More 5 Loss 6 SP: Service pipe
Seismic €ss ore ess 2)Million yen
intensity
Damage V MP31,SP101 MP2 MP37,Wreck
800mm pipe in plant of facilities
No. of house None 430 40
Length Few days/ 2months for 4 hours 3 days
plant
2)
Cost for recovery 18 - 7

population lives, the Japanese government is calling for the strengthening of
earthquake-resistant design in important civil infrastructure sectors including water
supply facilities.

An outline of earthquake related damage since 1995 is given in Table 3. Every
year, somewhere in Japan there is damage from seismic activity. Increasingly, water
facilities are being quake-proofed according to governmental policy. In the event of an
earthquake measuring intensity 5 on the Japanese scale, severe damage can be expected
for asbestos cement pipes, PVC pipes, and similar non-quake-resistant pipes. When the
intensity exceeds 6, water supply trunk pipes will also suffer damage, as will water
treatment plants, water supply reservoirs, and other structural facilities. The damage and
the costs for restoration therefore can be expected to increase dramatically. Revisions of
building standards in 1977 and 1988 have improved the earthquake proofing levels of
reinforced concrete structures. Piping facilities also have come to be designed along
similar principles, which is why structures and piping constructed in recent years are
showing better resistance to earthquake related damage. However, it is desirable that
earthquake proofing and updating of older facilities should also be carried out.

Out of the 506 water suppliers serving communities with over 50,000
inhabitants, about 80 percent have implemented earthquake proofing measures in
accordance with the government policy. However, among water suppliers serving
communities with over 10,000 inhabitants, this figure drops to only 25 percent. On a
national average, the implementation of earthquake proofing stands at 20 percent for
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Table — 4 Performance Index relating the anti-seismic measures

A B C D E F G H 1 J K L M
Earthquake-resistant - 0 18.6 1] - 60.9 0 0 35.8 0 0 219
treatment facility (%)
Earthquake-resistant 723 59.3 26.7 30.5 - 53.1 17.6 0 15.7 03 0 - 0.7
pumping station (%)
Earthquake-resistant 209 12.7 30.2 242 348 873 16.0 03 19.6 344 67.6 - 9.6

service reservoir (%)

Earthquake-resistant pipeline 168 | 7.1 [ 110 | 91 | 230 | 215 | 39 [ o1 17 13 | 116 | 174 | 75
(%)

Chemicals stock (day) 24.1 32.0 51.9 27.7 19.8 - 324 19.1 354 23.9 60.6 30.2 29.7
Fuel stock (day) 11 27 0.7 0.15 0.6 0.8 1.6 0 0.38 0.7 0 0 0
Non-utility generation facility 54.3 329 91.3 100 724 100 88.0 61.5 66.7 429 - 78.4 55.1

(%)

water purification plants, 30 percent for water supply reservoirs, and 14 percent for
piping facilities.

The Water Supply Business Guideline issued by the Japan Water Works
Association specifies various performance indicators. The rating of 10 major water
suppliers regarding earthquake proofing indicators is given in Table 4. Regarding
in-house power generating capability and stockpiling of chemicals, which are indicators
related with earthquake safety and disaster risk management, there is a considerable
difference among water suppliers. In particular, the level of earthquake proofing of
water purification plants and pumping stations is very uneven, and there are many water
suppliers whose installations do not meet modern quake resistance reinforcement
standards. For piping facilities, earthquake proofing by using ductile cast iron pipes
with quake resistant joints, steel pipes with welded joints, ductile cast iron pipes with
mechanical joints, polyethylene pipes with fused joints, or similar pipes is
recommended. However, the upgrading of older cast iron pipes or asbestos cement pipes
without quake resistance is not progressing at a great pace. For example, since 1990
there has been a government subsidy plan for upgrading asbestos cement pipes.
Consequently, this has progressed as shown in Figure 3, but in 2004, there were still
about 16,000 km of such pipes in existence. The cost for upgrading these is estimated at
450 billion yen, which is why progress in this area is slow especially in the case of
water  suppliers whose financial
condition is poor.

Because the overall
earthquake proofing progress is slow,
point measures are being taken to
secure the water supply to critical
facilities such as hospitals that will act
as medical bases in case of disasters.
Pipes are being replaced by
quake-proof  types, and some 0
businesses also have taken other
measures such as locating emergency
underground water supply tanks in

50
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Ratio of ACP to Total (%)
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Total length of ACP (km)
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o
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Figure 4 Replacement of ACP
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nearby parks, etc.. The biggest risk facing Japanese water suppliers is earthquakes.
While consumers are aware of this fact, the crisis awareness of the general populace has
not reached a level where an increase in water rates in order to cover the costs for
adequate risk management could be easily tolerated.

4. Business Operation Risks Management

Japanese water works are local public enterprises run in effect by local
governments, under the management of water works administrators. These represent the
local government and operate largely independently, except for making budget
adjustments, submitting measures to local councils, having their books examined by
audit commissioners, obtaining council approval, and imposing fines. In this sense, the
water works are public enterprises whose business accountability is effectively
self-supporting.

Normally, water rates are determined according to the multiple costing
principle. As seen on a national basis, income from water rates in the year 2004
accounted for about 90 percent of the gross income of water works, which means that
self-sustenance is largely achieved. However, 358 water suppliers were posting a net
loss, and 383 businesses had carryover losses. The highest items on the outgoing side
were costs for construction and renovation of 1128 billion yen, and debt repayments of
720.3 billion yen . Funds were obtained from corporate bonds, other account funds,
government and other subsidies as well as accumulated reserves. The effective shortage
in financial sourcing amounted to 1.32 billion yen. On the national level and in the short
term, business operations of water works therefore can be seen as largely functional, but
in the long term, lack of financial resources is likely to affect the upgrading of facilities.
This in turn leads to social problems such as the possibility of a degradation of water
services due to aging facilities, and the need for steep rises in water rates. The total debt
load of national and local government is on the order of 800 trillion yen, which
necessarily makes it increasingly difficult for water works to obtain funding and
subsidies from other accounts. Implementing risk management principles in the
business operations of water works therefore is becoming ever more important.

Under this viewpoint, the Ministry of Health, Labour and Welfare publicized its
"Water Works Vision" in 2004, and analyzed the current situation as follows: (1) Many
water works have a weak business operation basis. (2) Management of operations is
therefore also not fully developed. (3) Technical response to citizens' demands with
regard to water services has run out of options. (4) Necessary investments are being put
off.

For example, as shown in Figure 5, the drop in the amount of supplied water
and the corresponding drop in income from water rates is especially pronounced in the
case of small and medium size water works serving areas where the demographics are
changing due to aging and depopulation. Lower birth rates and aging are expected to
lead to lower population numbers in general, with a figure of 100 million instead of
today's 125 million being predicted for 2050. The employment situation at water works
is also expected to change, as shown in Figure 6, with about 35 percent of the personnel
retiring over the next 15 years. Daily operations may well be affected by the much
lower number of employees that is to be expected.

With regard to facilities, piping accounts for some 70 percent of water works
assets. Figure 7 shows that from year to year, there is a steady increase in piping
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facilities that exceed their statutory
useful life of 40 - 60 years. As the
revenue from water bills falls, fewer
funds are available for the upgrading of
equipment and facilities, and as the
necessary minimum is not being met,
the result is obsolete and aging
equipment. Eventually, failures will
occur that will impact the stability of
water services.

Many social infrastructure
services including water suppliers
operate according to a management
principle  that can be  called
“incrementalism”. This is based on the
assumption that both the income from
water bills as well as the number of
personnel will increase every year, and
operations can be conducted simply by
allocating these increased resources.
Proper stock verification is not carried
out, while attempting to maximize
water services under the assumption
that past allocations of increased
resources have been appropriate.
However, now that decreasing revenue
because of a drop in population
numbers and in the amount of supplied
water have become an unavoidable
trend, the efficiency of past allocations
must be carefully examined and new
structures for allocating funds and
manpower must be established. In other
words, a change towards
"decrementalism" is necessary. Services
should still be maximized, but this must
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Figure 5 Trends of water supply demands

60 years or older

55 to under 60

50 to under 55

45 to under 50

40 to under 45

35 to under 40

30 to under 35

25 to under 30

Under 25 years old

Office workers

Engineers

Skill-based labors

0 4,000 8,000
employees

12,000

Figure 6 Age distribution of employee

be done while revising the old allocation structure and keeping budget restraints as well

as shrinking revenue in mind.

Of course, this means that efficiency must be a priority, but it is even more
important to uncover and eliminate hidden inefficiencies. This in turn can be done most
successfully by adopting private-sector management policies, i.e. by managing water
works according to the mechanisms of the market. Advantages to be expected from this
approach are as follows: (1) Provide efficient water services to the public. (2) Promote
cost awareness and the desire to devise and implement improvements. (3) Overcome the
high cost concept. (4) Consolidate and integrate operations, implement downsizing of
facilities, and realize the sustainability of the water supply business.

Because water works are public enterprises run by the local administration,
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required funds for upgrading 160,000
facilities and other activities can

come from raising water rates and E 120,000
pursuing the merits of scale by water g
works  integration.  Small-scale :.2‘ 80,000
improvements aimed at allowing €
existing facilities to be used on a § 40,000

long-term basis can help to control
the need for large-scale investments 0
and reduce outgoings by cutting
down on the interest burden and
depreciation costs. However, it is
doubtful whether water works that
for a long time have been
accustomed to the decision making
patterns of local and central
government will be able to
successfully make the switch to
private sector type management
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Figure 7 Distribution of aged pipes
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promising approach that should
allow the deliberate adoption of private-sector methods.

Reflecting such environments, revisions of the Water Works Law and the
promulgation of the PFI Law have made possible outsourcing to third-party suppliers.
At the same time, local governance regulations have been revised to introduce a system
of designated administrators for public facilities, and a law allowing the creation of
independent administrative corporations has been enacted. These and a number of other
regulatory changes have enabled a much more varied interaction between water works
and public-sector companies. As shown in Figure 8, such interaction can take various
forms, each with different characteristics. How to select an optimum pattern is an
important question that must be approached from various angles, taking the service
needs and expectations of customers into consideration. Since water works are
providers of a public utility, proper risk management allocation between the public and
the private sector is mandatory. In this regard, it must be acknowledged that in addition
to the traditional stakeholders of a public venture, the investors that effectively enable
operation of private-sector companies by providing funds will have to be included in the
equation.

If a private-sector company is to partially or wholly provide a public-interest
service, a highly developed management structure capable of managing any involved
risks is necessary. A principle often adopted in joint undertakings between the public
and private sector is that risks should not be borne by a party that is not able to take
responsibility. In other words, a party that is capable of taking the responsibility for
risks must be found and defined. Rather than information about current cost structures
and management principles, a private-sector enterprise looking to enter into a
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Table-5 Component of manual of audit to water supplier

Safety | Stability | Sustainability | Management | Environment

Satisfaction of customer
Capability of facilities
Competence of Employee
Appraisal of asset

B/S assessment

{ JOI J o J
O0Cee
o000 0
oO000®
o)l _Je]e)e)

public-private relationship will need information about the size of possible risks during
the intended contract period. This includes data about facility performance and aging
status, available manpower resources, type and reliability of compiled management data,
accident and failure history, amount and causes of payment arrears, history of warnings
or infringements against legal regulations, limitations at the end of operations, and
involvement and support by the local administration. In particular, if facilities are to be
upgraded with funds raised on the open market, investors will require exact information
about the size of possible risks.

In order to assure sustainability, the water works business model will need to be
revised from the ground up, including the aspect of joint operations between the public
and the private sector. It is necessary to fully examine what management style can be
adopted in order to properly manage the water supply business based on the situation in
each area from both the managerial and technical perspectives. In order to involve the
private sector, it is necessary to evaluate objectively whether business operations carried
out by the private sector can achieve its goals, and obtain the agreement of customers.

Therefore, it is also necessary to develop a third party audit system that
includes an evaluation of the recommendation for better performance, including the
sustainability, of water services. Although the water supply service level is characterized
by a sociological, cultural, economical, natural and environmental background, the
minimum service level should be able to fulfill the human dignity right in the 25" article
of the Japanese government constituent, that is regulated by the Water Works Law.
Therefore, the audit system should be composed from the basic point such as protecting
public health to the sophisticated point such as aesthetic satisfaction of the water
services. And the implementation of the audit to each water service business should be
done by a type of de facto standard so as to publish the evaluation and the
recommendation as an effective tool to develop consumers’ agreements of the
stakeholders with its water service business. The audit of the water supplier will be
implemented from the view points of safety, stability, management and environment in
order to evaluate the satisfaction of customers, capability of facilities, competence of
employees, and appraisal of asset and balance sheet assessment, as shown in Table-5.
The ISO/TC224, that will be ISO/WD24512, and the Water Supply Business Guidelines
issued by the Japan Water Works Association in 2005 will be referred in the manual,
because they have been standardized in the performance index.

5.Conclusions

In recent years when most people have access to tap water, their main concern is
whether the water supplied is safe to drink and easily available. However, according to
the results of on-site inspections of water suppliers nationwide conducted by the
Ministry of Health, Labor and Welfare, there are many cases where management of
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water supply system is inadequate. In addition, safe water is not yet available to all
because of the deterioration in water quality at the source, loss of water quality at
connecting points between the public water supply system and private water supply
facilities such as the customer’s water storage tanks and so on. Significant differences
among areas are also present in terms of the availability of drinkable water; specifically,
poor taste and odor, the presence of chlorine, color, and turbidity. In order to solve these
problems, it is necessary not only to exercise strict control over water quality based on
the Waterworks Law but also to implement the risk management from a wider point of
view. In order to implement an appropriate risk management it is necessary to identify
the goal of environmental management considering the social, natural and economical
conditions.

Because of the huge demands of fund for the renovation of exiting facilities that
will be terminated the service life, it is necessary to promote public private partnerships
for sustainable service of water. In order to evaluate a risk of water utility management
it is necessary to develop a de facto standard to audit the water supplier.

Various globalization movements have been visible recently in the water supply
service, including progress in international standardization for water supply and sewage
treatment systems in connection with ISO/TC224. Under these circumstances, we can
advance international cooperation in water supply services and strengthen our
competitiveness by promoting bilateral and multilateral exchanges and adopting an
aggressive stance on globalization that will benefit to citizens
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es/1000)

Ratio of owned
capitals(%)

(Capitals+surplus
)/Debt

The accident of
water source

No. of accident

Effectiveness of:
capitals(m3/100
00yen)

Amount of:
supplied /Capitals

No. Claims

Claims/ customer




Environmental Governance

Maintenance/ Operation

2001 2002 2003 | 2004
(%0). (%) (®%) (%)

Anti- earthquake (Ductlle+5teel
pipe ratio )/Total length
Leakage Leakage/TotaI

supplied water

Compoenent off manuall of audit to
water supplier

:High priority :Secondary priority

Conclusions

Eulll cost: pricing
Monopoly system
Water is essential not only in healthy

daily life but also economical/social
activities

Sustainability
Customers satisfaction

= Governance/Transparency of: business
= Financial soundness
= Human resource
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A Strategic Assessment of the Future of Water Utilities

Robert C. RENNER
Executive Director
AwwaRF

1. Introduction

In order to characterize and respond to future trends, the Awwa Research
Foundation (AwwaRF) funded a project entitled, “An Update to the Strategic
Assessment of the Future of Water Utilities” in 2004. Efforts focused on the
development of Future Trend Papers, future trends grouped into plausible
scenarios and the development of future strategies. The project included
assembling a group of water utility leaders at a futures workshop.

At the workshop, utility leaders reviewed trend papers, heard futurists, debated
over water utility trends, and identified and ranked approximately 19 trends in
terms of certainty and desirability. These trends were then grouped into several
potential future scenarios.

The expert workshop was designed to gather the wisdom and expertise of the
participants by conducting thorough breakout group discussions. The workshop
included 35 water professionals from across the U.S. and 6 project team members
from McGuire Environmental Consultants, Inc., the principal investigator for the
project. The primary objective of the workshop was to develop, through in depth
discussions, ten top future trends and formulate strategies to deal with each trend.

2. Top Trends

The top ten trends that were identified are listed below. A summary of each trends
potential implications, as well as potential coping strategies, are described in the

report.

l. Energy

2. Drinking Water Industry Employment and Workforce Issues
3. Political Environment

4. Regulatory Trends
5. Population and Demographic Trends

6. Total Water Management
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10,

Customer Expectations
Information Technology
Utility Finances

Information Security
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A Strategic Assessment of the Future of
Water Utilities

Rob Renner

Awwa Research
Foundation

A Strategic Assessment of the Future of
Water Utilities
Top Ten Trends

6. Workforce Issues

7. Technology

3. Financial Constraints

4. Total Water Management

5. Customer Expectations  10. Regulations

Population: Regional Growth

Demographi Population Has Grown Fasiest
in the West, Part in the “Public Land States”

U.S. Population Projections
2000 — 282,125,000 2030 — 363,584,000b

Political Environment

The political environment is grows complex.

There is a surge in NGOs that will play a greater

role in public policy decisions. Public

participation will play a larger role. Term limits
in many communities require greater outreach.

Strategies to address this trend:
0O Develop & maintain state of the art communications.
O Documentation of financial & capital improvement
plans to improve transparency.
O Develop communicators & processes
0O Leverage NGOs & relationships

Mission: Advance the science of water
to improve the quality of life

Centralized research program for drinking water
utilities

— Sponsor research

— Develop knowledge

— Promote collaboration

Agenda is planned and guided by drinking water
utilities

Research covers a broad range of topics
including source water, treatment, infrastructure,
and management for drinking water utilities

Population Growth

U.S. population steady increase over the past 40
VCELS

Expected to maintain that rate into the next century
with the South & West experiencing greatest growth.

Strategies address this trend:
O Integrated resources planning using scenarios &
contingencies.
O Become involved in watersheds.
O Communicate with consumers.
O Stake out position on development?

Population: New Demographics

Q Globally, # of persons
>60 yrs is ~600M in
1999, and projects to ~2B
by 2050.

Q The # of older persons
will be larger than the #
of children (0-14) for the
first time.

Q People are now living

20 years longer

Finance: Utility Constraints

The challenges of replacing and repairing
infrastructure will strain many systems.
Doubling to tripling of rates over next 20 yrs.
Rising rates will require “cost-containment”.
Labor unrest potential.

Strategies to address this trend:

U Documentation of infrastructure & rate needs.
O Communication to stakeholders.

O Optimize utility efficiency.
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Total Water Management

Water utilities will need to increasingly
consider broader policy impacts on their
water sources.

Strategies to address this trend:
O Documentation of infrastructure & rate needs.
0 Communication to stakeholders.

O Optimize utility efficiency.

Total Water Management : Water Use
Trends by Category, 1950-2000

Public water use is
increasing

o
1950 1955 1980 1965 197 1975 1600 1665 19%0 1995 2000

Source: USGS, March 2004

Impairment is widespread

Workforce Issues

There are significant changes occurring in
the workforce including retirement,
education, increased technology, conflicting
generational values, ethnicity and gender.

Strategies to address this trend:
O Understand generational & workforce differences
& needs of employees.
O Provide workforce flexibility.
O Conduct more training programs.
U Develop apprenticeship programs.
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Total Water Management: Global
Warming - Intergovernmental Panel on
Climate Change

Projects global temp increase from 1.4 -
5.8° C from 1990-2100.

Widely varying regional responses,

Precipitation expected to increase in N.
mid-high latitudes

Glaciers/ice-caps continue to retreat.

3° C melts the 1.8 mile thick Greenland Ice
Cap raising - oceans rise by average 7
meters w/in 1000 years (Nature, 2004).

Total Water Management: Alternative
Water Sources

Use of “marginal” supplies (cost
& quality) growing

Membrane costs dropping &
energy efficiency improving
. Real & perceived quality issues
Recycling

011jlll1CtiVL’ Use. Water/Growth: chicken or egg?

1950 seawater desalting US$4/kL;
now ~US$0.65/kL

Residuals disposal issues grow

Customer Expectations

Bottled Water Sales Figures per Beverage Marketing Corp.

Bottled water sales have
risen about 8.0% per year

since 1993
2005—-

$9.8B
Projected

$Billion

* 5.1 = 18.2 gal/capita 1985-2000

2000 2003

Workforce Issues: Education Levels

Achievement on the Natl. Assessment of Educational Progress
2000 Math Exam

Only 19% of 12th graders scored high enough o be considered
“proficient” or better.

40% Below Basic

Basic (demonstrated

30%

20% Proficient (demonstrated
“solid”
performance”

10()
O Il Advanced

0% [ | I
Grade 4

n Source: Wall Street Journal,
August 3, 2001

Grade8  Grade 13



Workforce Issues: The Brain Drain

More than 40% or U.S. labor
Force will reach retirement age
by the end of this decade.

More than half of electric utility
Workers will be eligible w/in 5 yrs

# of workers between 35 and 44
is expected to shrink by 7%

Drinking Water Treatment Technologies

O Multiple drivers pushing new
treatment techs.
- Need to seek additional source water.
- Impaired/degraded sources
- Increased demand
- New/future SDWA regulations.
- Emerging contaminants.

- Consumer demands.

O Major residuals handling issues loom

W
Increasing Risk Profile @ﬁ

Utility risk issues (e.g. IT, physical security,
and litigation) are increasing.

Strategies to address this trend:
0 Assess internal capability and needs.
O Outsource functions where appropriate.

O Develop specific risk management policies.

Technology: Drinking Water Regs

& New Rang_e of

9 Radionuclides \ ;otssmle

oRe \ Future » Stage 2 DBPR

o Microbes ) Additions [IREMPASSITAN

a Organlc_s « Distribution Rule?
Inorganics * On-line Monitoring

ng/L molecular levels?

@
@

-1
-

EPA Regulated Contaminants

Technology

Technology is rapidly evolving. Its becoming
smaller, cheaper and disposable. This trend
will continue. On-line monitoring will become
the norm.

I
TZAN

Energy A

Energy and reliability will become a major
issue for utilities. Petroleum based energy
will give way to other forms within 20-40
years. Alternative fuels will become the
norm.

Strategies to address this trend:
O Develop an energy plan for each utility.
O Aggressive energy conservation.

O Assess backup energy needs & availability.

J—
Regulations §ﬁ
——

Regulations will continue to challenge water
utilities. These regulations will impart fear in the
public and are likely to increase sales of bottled

water and POU devices.

Strategies to address this trend:
Develop clear compliance cost info for stakeholders.
Early engagement in regulatory/legislative process.
Understand where public stands on issues.

Fund and develop alternative regulatory paradigm.

The End
Thank You







Modified Watershed-Based Approach to Clean Water
- Amendment to Sewerage Law -

Osamu Fujiki*

* Research Fellow & Director of Research Division, Japan Institute of Wastewater Engineering
Technology. 1-22-8 Nishiikebukuro Toshima-ku Tokyo 171-0021 Japan, Phone: +81-3-5951-1331,
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Abstract: Sewerage Law was amended in 2005 and a modified approach was established by
introducing the concept of transferable LRA (Load Reduction Assignment) for nitrogen and
phosphorus in the basin of enclosed water bodies. Transferable LRA is somewhat similar to the
transferable permit in WQT (Water Quality Trading) employed in the U.S.. The guideline issued by
MLIT (Ministry of Land, Infrastructure and Transport) proposes how to determine the baseline LRA,
laying an emphasis on the attainment of equity between local entities. Environmental equivalence
between before and after the transfer of LRT is expected to be appropriately maintained by
evaluating the impacts of every discharged load. “Phased program” of the transfer of LRA and a
kind of “LRA Clearinghouse” would be required to explore the opportunities for the transfer of LRA.
Draft guideline issued by MLIT proposes the cost allocation that is based on the proportionate
relation between transferred LRA and its cost, taking the WQT into consideration. Modifications
were made so that the subsidy might not affect the smooth and cost-effective load reduction
through the transfer of LRA.

Keywords: watershed-based approach, Comprehensive Basin-wide Plan of Sewerage Systems,
water quality trading, load reduction assignment, amendment to Sewerage Law

1. Introduction

Sewerage Law was amended in 2005 and a modified approach was established by introducing the
concept of transferable LRA (Load Reduction Assignment) for nitrogen and phosphorus in the
basins of enclosed water bodies in Japan. The modified watershed-based approach is supposed to
play a role equivalent to WQT (Water Quality Trading) which has been applied to quite a few
watersheds in the United States", where Environmental Protection Agency (EPA) issued Water
Quality Trading Policy” and Water Quality Trading Assessment Handbook™ in 2003 to facilitate
the achievement of Total Maximum Daily Load through water quality trading. The aim of this
paper is to describe the context of the establishment of this new approach as well as its institutional
structures and administrative policies including its comparison with WQT.

2. Difficulties Relating to Advanced Treatment

The water quality has been improved gradually so far in rivers. But most of the enclosed water
bodies such as bays and lakes are not getting cleaner in spite of the progress in the population
served with sewage treatment (See Figure 1). It is no wonder that those enclosed stagnant water
bodies, which are severely polluted through eutrophication, require the reduction in nitrogen or
phosphorus inflow by means of advanced treatment of sewerage systems in those basins. In par-
ticular, advanced treatments in Tokyo Bay and Osaka Bay basins are considered to be most effec-
tive, because almost 90% of population is covered by sewerage and more than half of nitrogen and
phosphorus inflows into those water areas through effluent from public WWTP(wastewater treat-
ment plant)s. Therefore, it is no exaggeration to say that the averaged water qualities in Tokyo
Bay and Osaka Bay are fundamentally controlled by the water quality of the effluent from public
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WWTPs.

However the rate of population covered with advanced treatment is very low, 3.6% for

Tokyo Bay and 14.1% for Osaka Bay as of the end of fiscal 2003.

The requirements of advanced treatment i.e. effluent water quality that each WWTP is to meet are

usually determined by CBPSS (Comprehensive Ba-

L 90
sin-wide Plan of Sewerage Systems). CBPSS was eyt
legislated in the Sewerage Law as early as 1970. N ./’"‘)'A\
Every prefecture is by law to formulate CBPSSs for 70 1 | ¢
ordinance-required water bodies to drive local enti- S 60 MM&WA
ties concerned to advance their sewerage construc- 9 -
tion/improvemegt projects toward the ‘achievement E 10 [Aa Attt f,gu&»%/@-«xw/% A
of EWQS (Environmental Water Quality Standard) £ N :
in the targeted water bodies (See Figure 2). Al- 3 30 o AT
though Sewerage construction/improvement pro- 'S 9 W U2l H

. e < —— 3 Big Bays
grams shall be made and implemented “in accor- " s ,
dance with” the relevant CBPSS, CBPSS could not o aes ‘ ‘est‘ar‘vlfm"e‘su
function as strict command-and-control measures 0 !

1974 1980 1990 2000

and it is often very difficult to guide local entities

toward advanced treatment just as is required by

CBPSS for the following reasons;

(1) Sewerage Law postulates that CBPSS should be for-
mulated taking cost-effectiveness into account. Basin-
wide cost-effectiveness is theoretically guaranteed on
the condition of the equalization of marginal reduction
costs across all the WWTPs in the basin. However
prefectures formulating CBPSS cannot determine the
marginal reduction costs beforehand in reality.

(2) The expression “in accordance with” does not necessar-
ily imply “coinciding with” juristically. Therefore it is
not perceived as illegal for local entities to postpone, for
some reasons, the initiation of advanced treatment that
CBPSS requires. In other words, command-and-control
method cannot be easily applied on the basis of CBPSS.

(3) Generally speaking, local entities tend to be unwilling
to forward the program of advanced treatment in pursuit
of downstream benefit alone. Meanwhile, there is often
no sufficient reasonable persuasiveness other than down-
stream benefit to make local entities carry out pro-
grammed advanced treatment.

Taking heavily polluted lakes and bays into consideration,

some kind of modified approach was obviously needed to

promote the advanced treatment in Japan.

3. Preliminary Discussions

Economic, engineering and political studies as well as ad-
ministrative experiences have revealed that traditional
“command-and-control” measures are not enough to ad-

(Fiscal Year)

Figure 1: Achievement of Environmental
Water Quality Standard

Notes :

1.BOD used for rivers, and COD used for lakes/reservoirs, and
sea/coastal areas.

2.Achievement level (%)=(no. of water bodies achieving /
no.of designated water bodies) X 100

Source : Ministry of Environment
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Fuigure 2 : Schematic Diagram
of CBPSS

dress the externality-related issues such as the promotion of advanced treatment for clean waters

whose basin comprises many municipalities.

Economic instruments are considered to be cost-

effective alternatives, which should be applied solely or together with command-and-control

method?*”.
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WQT in the US and effluent charge system which is very popular in European countries. Case
study for Tokyo Bay and comparative studies focusing on these two methods from the viewpoint of
applicability to sewerage works were conducted preliminarily®-”.
In the case study of WQT focusing on Tokyo Bay, constituents of pollutant were COD, total nitro-
gen and total phosphorus. By means of computer simulation, transferable permit of each constitu-
ent was separately traded among 75 WWTPs in the basin. The total cost abatement rate of water
quality trading throughout the basin is estimated to be 31% as shown in Table 1.

Table 1 : Total Cost of Advanced Treatment (million yen/year)®"”
Baseline Permit ~ After Trading  Cost Abatement Rate

65,916 45,792 31%

(simulated for WWTPs in Tokyo Bay basin)

Figure 3 is the schematic diagram of two types of economic instruments, i.e. effluent charge system

and WQT. Herein, only the excess load reduction by advanced treatment beyond baseline load

(initial permit) is transferable in WQT and let effluent charge system be combined with subsidy

where the collected charges are distributed to WWTPs for their advanced treatment

By means of theoretical comparison between effluent charge system and WQT, the following con-

clusions are obtained””:

(1) The mathematics for both the effluent charge system and WQT suggests an equivalent cost-
effectiveness in meeting a predetermined target of load reduction. Effluent charge system
equivalent to a WQT could be theoretically designed from the result of WQT.

EEEEEN Permit i-llll
-

Baseline BRITTEINGS 3]

LN [ s = omm s omm o omm L

Reduction by !
Advanced Treatmen

Authority

Effluent Charge

— o — —

Reduction by
Advanced Treatmen‘

Pollution Load Pollution Load Pollution Load

Local Entity Luc:].Entity A Luocal _Enﬁly B
Permit Seller Permit Buyer
Effluent Charge Water Quality Trading
Combined with Subsidy (Transferable Permit)

Figure 3 : Schematic Diagram of Two Types of Economic Instruments

(2) WQT could be easily designed on the basis of the total sum of permits which is the predeter-
mined target of the policy, while effluent charge system cannot be designed directly from the tar-
get.

(3) Equality of unit net cost ( = cost for advanced treatment - subsidy or revenue by selling permit +
expenditure for buying permit) is assumed to be an indicator of the equity between WWTPs and
the equality could be evaluated by the standard deviation of the unit net costs (net costs per unit
volume of effluent). Smaller value of the standard deviation might well be perceived as stronger
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equity. According to the comparison of the standard deviations of unit net cost, effluent charge
system is estimated to be superior to WQT in terms of equity.

(4) Some local governments might have stronger motive for advanced treatment for their own bene-
fits other than the clean water in targeted water areas. Local conditions like this are more likely
to be reflected in the advanced treatment in effluent charge system than in WQT. In other words,
effluent charge system is more favourable for local entities that want to forward advanced treat-
ment for their own benefits than WQT.

In course of the energetic arguments for and against employing new economic incentives and scien-
tific discussions about the design of the legislation, it was pointed out that effluent charge system
has quite a bit advantage over WQT as shown above. However, the modified approach seems to
have been favoured by policy makers mainly because of its plain structure that could be designed
easily on the basis of predetermined target as well as of the general public resistance to charg-

ing/taxation.

4. Modified Approach

Sewerage Law was amended in
2005 and a modified approach was
established by introducing the con-
cept of LRA for nitrogen and phos-
phorus in the basin of enclosed wa-
ter bodies. Transferable LRA is
somewhat similar to transferable
permit in WQT employed in the
U.S.. While WQT is founded upon
NPDES (National Pollution Dis-
charge Elimination System), LRA is
a concept in CBPSS and therefore
only applied to the advanced treat-
ment of WWTPs. It has become
possible that local entities cooperate
with each other in advanced treat-
ment of nitrogen and phosphorus
through transferring LRA in CBPSS.
The outline of the amendment to
Sewerage Law is as follows:
A. Determination of the Baseline
LRA
(1) Prefecture shall determine the
baseline LRA for nitrogen and/or
phosphorus contained in the efflu-
ent of relevant WWTPs in the
CBPSS which targets on enclosed
water bodies where EWQS of ni-
trogen and/or phosphorus is set.
Baseline LRA is the LRA initially
assigned to WWTPs before initi-
ating LRA transfer according to

————- Procedures for -="
formulating CBPSS

1
1
1
1
:
1

Draft CBPSS '
1

1

]

1

1

]

1

— — = —|Procedures for the Cooperation - - — 4
between Local Entities

Inquiring the Opinions
of the Local Entities
Concerned

Minister of the “ Consent of the

Enyommeny Minister of MLIT L

¥ ! I
1

Determination of
CBPSS

___________

I
1

1

: Local Entity B Local Entity A
1

1

!

1

Revision of Construction
/Improvement Program
[ T

Revision of Construction
/Improvement Program
[ T

Submission of the Proposal that

| ! B substitutes for A (2)
Inquiring the Opinions I

of the Local Entities | "o — | | [eye——— [ —————— 1

Y

Concerned

I
1
1
1
Minister of the ” Consent of the 1
Environment Minister of MLIT :
1
1
1
1
1
1

Registration of the
Substitution in CBPSS

Approval of the Revised Construction/Improvement|
Program by National or Prefecture Government

Check! 1
11

e e e e e e m e e m e ————— [ |

Determination to Implement
the Program of Entity B

1
: Application for
1

National Subsidy
Completion of the Payment for
Subsidy 1 |Facilities of Entity B Substitution (4)
®) | [Substituting Entity A

Figure 4 : Procedures for Cooperation between Local Entities
Relating to Advanced Treatment of Nitrogen and
Phosphorus

3% (1)~ (5) are correspondent to the underlined heads in this paper.

the procedures for cooperation between local entities.
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B. Cooperation for Advanced Treatment between Local Entities

(2) Proposal of Substitution
Local entity can submit to the prefecture a proposal that it will substitutively fulfil the LRA as-
signed to the other entity’s WWTP, after reaching the agreement with the local entity to be substi-
tuted for.

(3) Registration in CBPSS
The prefecture that has received the proposal of substitution can register the information of the
substitution including the estimated cost and its sharing in the CBPSS.

(4) Payment for Substitution
The local entity that substitutively fulfils the LRA assigned for the other entity’s WWTP can, as
the legal effect of the registration in CBPSS, make the entity to be substituted for pay the cost for
the substitution including the cost of construction, improvement, rehabilitation, repair, mainte-
nance and control.

(5) Subsidy Rate
As to the construction or improvement of the facilities which is carried out for the purpose of the
substitution, the subsidy rate for the WWTP whose LRA is substitutively fulfilled is applied. In
the calculation of subsidy, the cost specified for the other WWTP is basically derived from the ra-
tio of LRA transferred from the other WWTP to all the LRA to be fulfilled by the facilities (See
chapter 8).

Legally, there is no concept of the

permit for discharging pollutant,
much less the concept of transferable
permit in Japan. After juristic stud-
ies, the concepts of LRA and substi-
tuting for another local entity in
terms of LRA were introduced to
substantially establish the transfer-
able permit for discharging pollutant,
i.e. transferable LRA on the basis of
CBPSS. Being substituted for by
the other local entity on LRA is de-
fined in Sewerage Law as a way to
fulfil the duty of the baseline LRA
registered in the CBPSS.

(Modified Approach in )
L CBPSS (Japan)

Water Quality Trading
(U.S.A)

( Transferable LRA (Load i

Reduction Assignment)
L v

Transferable Permit for ]

” [ Discharging Pollutant

/Substituting for the Other
Local Entity on LRA
(Undertaking the LRA
Transferred from the

\Other Local Entity) Y,

. . ; N\
Being Substituted for by the
Other Local Entity on LRA
(Transferring Its Own LRA

\tu the Other Local Entity)

H[Selling Transferable I’ermit]

” [Bu_\'ing Transferable Permit]

Transferable LRA 1is obviously sup-
posed to play a role equivalent to trans-
ferable permit in WQT. Figure 5
shows the equivalence between the
modified approach in Japan and WQT in the U.S..

Modified approach with transferable LRA is expected to substantially abate aforementioned diffi-
culties to guide local entities toward advanced treatment, because local entities, which can take the
choice of substituting for the other local entities or being substituted for by the other local entities
on LRA, will be able to conform to the CBPSS more easily as a whole.

Incidentally, enough attention has to be paid to the fact that “transferable LRA” is not juristically
established concept, yet the term and the concept are used often in this paper for the sake of conven-
ience. Figure 4 could be useful for the juristic interpretation.

Figure 5 : Equivalence between Modified
Approach and WQT
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5. Determination of Baseline LRA

Emphasis should be laid on the attainment of equity between local entities in successful determina-
tion of the baselines LRA. In other words, it is important that no entity has a feeling of unfair ad-
vantage toward the baseline LRA.

According to the guideline® issued by

MLIT (Ministry of Land. Infrastructure () Load obtained by multiplying (2 Load obtained by
o . the Water Quality of Reference multiplying Required
and Transport), LRA is determined for by Average Flow Rate in the Water Quality by
Target Year Average Flow Rate in
every WWTP concerned as follows: the Target Year

(C.-C)xQ =
LRA(kg /day) = ———-"-"—=- ;
(e 1489 = 000 A e | |/
£ (Load \ /
where Reduction |
. Assignment) | /
C, : Water Quality of Reference (mg/L) lL'f

C,: Average Water Quality Required in
the Target Year (mg/L)
O, : Average Daily Flow Rate of the Ef-

fluent in the Target Year (m’/day)

Load of Nitrogen and Phosphorus
Contained in the Effluent

_ . Figure 6 : Procedures to Determine Baseline LRA
Water quality of reference C. is set by

taking the present water quality re-

quirement into account. Attention has to be paid to the relation : C, >C,, and therefore each
LRA is non-negative.

Average water quality required in the target year C, is determined so that the municipal wastewa-

ter treatment including the increase in the population served with public sewerage might make the
relevant waters fulfil their EWQSs together with the other water quality control measures.
Concrete method to determine C, for every WWTP is described as follows:

(a) Set a value for C, common to all the WWTPs at higher level at first. Then decrease the value
gradually until it fulfils all the EWQSs in the water areas in target year by means of computer
simulation with appropriate boundary conditions e.g. the other countermeasures against pollution.

C, can be set in this way at nearly maximum value to fulfil the EWQSs.
(b) As for C, for each WWTP, relevant local entity i determines the values of C,,; for its

WWTPj, (j=1Un,) so that they may satisfy the equation:

th,i,j X <Cix ZQt,i,j
J=1 J=1
where the local entity i has n, WWTPs.

But local entity 7 can take the other alternatives, if all the local entities concerned accept it.

(c) When some specific WWTPs dominate exclusively over the water quality at EWQS points in
limited areas, then the average water qualities required in the target year for the WWTPs con-
cerned could be determined separately from the rest on the condition that all the other local enti-
ties consent to it. In this case, C, is calculated so that it may fulfil all the EWQSs except those
of the water areas dominated by the specific WWTPs. The method to determine C, for

WWTPs except those specific ones is same as (b).
The manner mentioned above follows the precedent of basic idea in formulating CBPSS

- 264 -



6. Equivalence in Transfer of LRA

There must be environmental equivalence between before and after the transfer of LRA. In other
wards, positive impact of the pollution load abatement in the WWTP undertaking the LRA of an-
other WWTP must exceed or at least cancel the negative impact of the load increase in the
WWTP transferring its LRA to the other WWTP.
The relation between the load in the effluent discharged from a point source and its load reaching
the point of EWQS is described as:

L =axpxL,
L, : Pollution load that is discharged from a point source
L_: Pollution load that is discharged from a point source and reaches the point of EWQS.

a : Runoff coefficient of the pollutant from the discharge point to the receiving point of stream
£ : Runoff coefficient of the pollutant from the receiving point of stream to the point of EWQS

As is described in 3), a pound of phosphorus discharged into a river can “disappear” as it travels
down a river through uptake by aquatic plants, settling out, and/or water diversion for agricultural
or other users. The coefficient « is supposed to be 1.0 as to WWTPs, because most of the
WWTPs discharge their effluents directly into rivers, seas and lakes.

There are quite a few data about £ for nitrogen and phosphorus, but most of them are obtained in

the fieldwork in dry weather. It is often observed that nitrogen and phosphorus loads in wet
weather amount to so much as those in dry weather, while in dry weather the aquatic plants and the
depositions/sediments on river beds, which have trapped and kept nitrogen and phosphorus in dry
weather, are supposed to be

washed out into the enclosed A
. r
water bodies concerned. Baseline LRA of Baseline LRA of

Therefore, the effect of de- LeoptEayg Leeat Fie B

posit in the streams might be S TS
= — — — S— — —
- i Shift in Effluent

ne‘glected' from long-term = Water Quality of Reference o S
point of view. 2 / fff:’ﬁﬁ«;’ Requircment
The impact of denitrification 2 __ff'/ red from 10T
. . . = --“'LR,\Tﬁﬂsfef
in riverbeds is generally es- 3 Al Equivalent Relation

. &
timated to be small enough, = [ |
compared with the other fac- P "“‘:%4:}# :
tors. Concerning the diver- B LRA Transferred

. . -] to Local Entity B
sion for agricultural use, z : _ .

. . = :.L. rey | el

paddy field use in particular, e Qs ' Qa+Qs
the impaCt seems to Vary too Average Flow Rate () of the Effluent in Target Year
greatly to be taken into ac-
count in the transfer of LRA. Figure 7 : Required Equivalence in Transfer of LRA

Thus, the runoff coefficient

L of nitrogen or phosphorus from the receiving point of stream to the receiving point of the en-
closed water body concerned (not to the point of EWQS) may be basically presupposed to be 1.0,
except that some specific factors are recognized to give too big impacts to neglect.

Figure 7 is a schematic diagram showing the required equivalent relation between before and after
the transfer of LRA. This relation can be written as :

QA x (Cl,A - CO,A) < QB X (CO,B - CI,B)
where
0, : Average Flow Rate of WWTP A Transferring Its Own LRA to WWTP B
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Q, : Average Flow Rate of WWTP B Undertaking the LRA Transferred from WWTP A
Cy. 4> C, 5 - Effluent Water Quality Requirements of WWTPs A and B before the Transfer of LRA

0,4°

C, ,,C, 5 Effluent Water Quality Requirements of WWTPs A and B after the Transfer of LRA

Hot Spot” is also a delicate issue in the modified approach just as in WQT. Some potential trans-
fer of LRA that could result in a general water quality improvement in a broad area may also result
in acute, localized impacts”.

Since all the proposals submitted by the local entities involved in transfers of LRA is legally
checked by the prefecture, the formulator of CBPSS, before being approved as shown in Figure 4,
the equivalence is expected to be appropriately maintained by evaluating the impacts of every dis-
charged load and avoiding the transfer of LRA that creates “Hot Spot”.

7. Flexible Transfer of LRA

In most cases, WWTPs cannot fulfil their own LRA shortly. The facilities of advanced treatment
are constructed in conjunction with reconstruction or extension project of WWTP and those projects
are carried out step by step in the long term. If only the WWTP already fulfilling its own LRA
were allowed to undertake the LRA transferred from the other WWTP, then the transfer of LRA
would not occur because of the shortage of undertakers of LRA.

In order to facilitate the transfer of LRA in a watershed, more flexible processes are proposed” as
shown in Figure 8. The WWTP can undertake the LRA transferred from the other WWTP by
means of its facilities of advanced treatment, even if the WWTP fulfils only a part of its own LRA.
It is recognized as being needed to register the “phased program” of the transfer of LRA in the legal
construction/improvement program to promote the smooth and cost-effective load reduction in a
watershed. Furthermore, a kind of “LRA Clearinghouse”, where aligning the needs and offers to
transfer LRA are conducted on the basis of the phased programs, would be required to explore the
opportunities for the transfer of LRA between WWTPs.

Facilities for = B Facilities for
Fuifiling LRA accompanied by Faciies for E A pays the Fuffiling LRA
Transferred to meg':é;";;‘l’_gﬂ '} =~y |Fuifilling a Part of Project Cost Transferred to
B from A assignedto B, LmFBA;?n?SATe"“ | toB B from A
Facilities for P_BYSt tce \
Fulfilling a Part of roject Cos
2 (T“'im"ﬂ e LRA Assigned to B for itself
e "',;'é;“é.‘?_ﬂ I Facilities for A pays the Facilities for
Facilities for assigned to B E:‘:'mﬂ‘;;;‘;;' Project Cost Fulfilling LRA
Fulfilling LRA 1o B from A § toB Assigned to B
Assigned to B Facilities for B pays the e Completion of the
Fu1ﬁ1|in% a Proiect Cost Facilities Reconstruction/
Part of LRA | Existing after Extension Project
Assigned to B | _ for itself the Completion| of the n's Phase
of the
Reconstruction Existing
— /Extension ‘H Facilities of B
s o xisting Project of the
Existing Existing Eaciifios of B
Facilities of B Facilities of B actiies SURtEEY
CBPSS Revised Reconstruction /Extension Reconstruction /Extension
Teoudnihe At Present of the 1st Phase of the 2nd Phase Taget-Yeanat CERSS
LRA Transfer (Revision of the Construction/ Tmprovement (Revision of the Construction Tmprovement
Program for the 15t Phase) Program for the 2nd Phase)
Figure 8 : Phased Program of the WWTP (B) Undertaking the LRA Transferred from

Another WWTP(A)
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8. Cost Allocation

As is described in chapter 4, the local entity that substitutively fulfils the LRA assigned for the
other entity’s WWTP can, as the legal effect of the registration in CBPSS, make the entity to be
substituted for pay the cost for the substitution including the cost of construction, improvement, re-
habilitation, repair, maintenance and control. Following the examples shown in Figure 7 and Fig-
ure 8, WWTP B (or local entity B) fulfils the LRA transferred from WWTP A (or local entity A)
together with the baseline LRA assigned to B itself. In this case, how should A and B share the
cost for the advanced treatment that is conducted by B?  Draft guideline issued by MLIT proposes
the following method (See Figure 9)9):

(a) Specify the facilities of B and the total project cost C, for cooperative project of A and B relat-

ing to the advanced treatment of N(nitrogen) and/or P(phosphorus).
(b) Divide the specified facilities into 2 parts : part for the removal of N and the part for the removal
of P. Then the project cost C, 1is also divided into 2 parts : the costs C, and C, related to

the facilities for the removal of N and P, respectively.
(c) Cost allocation for the cooperative project is written as:

LRA, xC LRA, xC
The cost that A pays: C, = NATEN P4 P

LRA, LRA,

LRA, ,xC, LRA, ,xC

The cost that B pays: C, = NBT TN L PB" P
LRA, LRA,

where
LRA, ,RLA, :LRA for N and P, respectively, fulfilled by B in this project

LRA, ,,LRA, , : LRA for N and P, respectively, transferred from A and fulfilled by B in this

project

LRA, ,,RLA, , :Baseline LRA for N and P, respectively, fulfilled by B for itself in this project
Cost for Advanced Treatment ( N
_4/\-_
" ™
Cost for N Reduction ('_\_ + Cost for P Reduction ("P
> AL A
( ( i )
Baseline

Baschine B Pﬂ}‘s the Cost >- LRA for P

LRA for N B Pays the Cost for Itself for Itself ﬁ'lmlf'd oy

fulfilled by 5 B for itself

B for itself LRA,

LRA for N Iy B A LRA for P
mmmumu< fulfilled by B
LRA, \ T RLA,

LRA forN [ A Pays the Cost >_ Transferred

Transferred to B from A

from A A Pays the Costto B IRA

i, | R
\ J
Figure 9 : Cost Allocation in the Cooperative Project with the
Transfer of LRA from A to B

Those proportionate relations between LRA and its cost suggest that the prices of permits would be
C,/LRA, for nitrogen and C,/LRA, for phosphorus, if the loads of nitrogen and phosphorus

discharged from WWTPs were traded independently from each other.
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In the cooperative projects with the transfer of LRA, the capacity of the advanced treatment of B
can exceed sum total of LRA that should be fulfilled by B. The cost for that allowance could be
allocated easily, according to the above-mentioned manner. In any way, the details of the cost al-
locations should be discussed enough among relevant local entities and it is desirable to make an
agreement about the result before starting the legal procedures shown in Figure 4.

Construction projects for advanced treatment are usually funded by national government. The
subsidy rate is 0.55 for public sewerage and 2/3 for regional sewerage. In the cooperative project
with the transfer of LRA shown in Figure 9, the subsidy rate for WWTP A is applied to the con-
struction cost of C,, and subsidy rate for WWTP B is applied to that of C,.

Local entities that conduct advanced treatment are privileged to get a national subsidy for wider
range of collection networks. In the cooperative projects with the transfer of LRA, the local enti-
ties that transfer their LRA to the other local entities are also privileged in the same manner.

These kinds of modifications were made so that national subsidy system might not affect the
smooth and cost-effective load reduction through the transfer of LRA.

9. Conclusion

(a) Sewerage Law was amended in 2005 and a modified approach was established by introducing
the concept of LRA (Load Reduction Assignment) for nitrogen and phosphorus in the basin of en-
closed water bodies.

(b) Though there is no legal concept of transferable LRA in Japan, the concepts of LRA and substi-
tuting for another local entity in terms of LRA were introduced to substantially establish the trans-
ferable LRA on the basis of CBPSS (Comprehensive Basin-wide Plan of Sewerage Systems).

(c) Transferable LRA is somewhat similar to transferable permit in WQT (Water Quality Trading)
employed in the U.S.. While WQT is founded upon NPDES (National Pollution Discharge
Elimination System), LRA is a concept in CBPSS and therefore only applied to the advanced
treatment of WWTPs (Wastewater Treatment Plants).

(d) In preliminary discussions before the amendment to Sewerage Law, it was pointed out that ef-
fluent charge system has quite a bit advantage over WQT. However, the modified approach
seems to have been favoured by policy makers mainly because of its plain structure that could be
designed easily on the basis of predetermined target as well as of the general public resistance to
charging/taxation.

(e) The guideline issued by MLIT (Ministry of Land, Infrastructure and Transport) proposes how to
determine the baseline LRA, laying an emphasis on the attainment of equity between local enti-
ties.

(f) After the discussions on the relation between the load in the effluent discharged from each
WWTP and its load reaching the point of EWQS, environmental equivalence is expected to be ap-
propriately maintained by evaluating the impacts of the load discharged from every WWTP and
avoiding the transfer of LRA that creates “Hot Spot”.

(g) In order to facilitate the transfer of LRA in a watershed, “phased program” of the transfer of
LRA and a kind of “LRA Clearinghouse” would be required to explore the opportunities for the
transfer of LRA between WWTPs.

(h) Draft guideline issued by MLIT proposes the cost allocation based upon the proportionate rela-
tion between transferred LRA and its cost, taking the virtues of WQT into consideration.

(1) As to the system of the national subsidy, modifications were made so that the subsidy might not
affect the smooth and cost-effective load reduction through the transfer of LRA.

Now is progressing the formulating work of CBPSSs for the clean waters in the 3 big bays (Tokyo

Bay, Osaka Bay and Ise Bay) and other enclosed water bodies. In that process, transfer of LRA is
also discussed among local entities in parallel with the determination of baseline LRA.
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1.BOD used for rivers, and COD used for lakes/reservoirs, and sea/coastal areas.

2.Achievement level (%)=(no. of water bodies achieving / no. of designated water bodies) x100

Source : Ministry of Environment

Pollution Sources of Three Big Bays and
Present State of Sewage Works

Rate of Advanced Treatment
(Removal of N and/or P)

Rate of the Population
Served with Sewerage

Target As 0f 2003 Target As 0f 2003
Tokyo Bay 95.7 87.6 92.8 3.6
Ise Bay 93.0 57.0 92.7 17.3
Osaka Bay 95.4 85.7 94.7 14.1

Pollution Source Structure of Tokyo Bay (As of Fiscal 1999)
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Schematic Diagram of the Two Types of
Economic Instruments
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| W Advanced Trenrmend

Paollution Load

Paollution Load

Local Entity A Local Entity B

FPermit Seller Permit Buyer
Effluent Charge ‘Water Quality Trading
Combined wilh Sobsidy (Transferable Permit)

Shift in Advanced Treatment Level

- Result of Computer Simulation for Tokyo Bay -
Under Economic Instrument

Baseline Condition

Daily Max Flow (m3/D)

o - 50,000

O 50,000 - 100,000
100,000 -500,000
500,000 -

More Advanced
Same as Baseline
Less Advanced
No Advanced

ceoce

Total Cost of Advanced Treatment (million yen/'year)

Baseline Permit  Under E I Cost Ab

65916 45,792

il% 1

* The mathematics for both effluent charge
system and water quality trading suggests an
equivalent cost-effectiveness in meeting a
predetermined target.

2. System Designing

Water quality trading could be easily designed on
the basis of the total sum of permits which is the
predetermined target of the policy, while effluent
charge system cannot be designed directly from

Marginal cost for advanced treatment is equalized for every
WWTP in both approaches.

the target.
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> Effluent Charge Rate cannot determined easily
Effluent Charge System -

Effluent charge system is estimated to be superior
to water quality trading in terms of equity.
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Modified Approach

A. Determination of the Baseline LRA

line LRA (Load Reduction
horus contained in the

B-2 Registration in CBPSS
The prefecture that has received the proposal of
substitution can register the information of the

substitution including the estimated cost and its sharing
in the CBPSS.

Prefecture shall determine the ba
gnment) for nitrogen or |

effluent of relevant WWTPs in the CBPSS which targets on
enclosed water bodies where EWQS (Environmental Water
Quality Standard) of nitrogen or phosphorus is set.

B-3 Payment for Substitution

The local entity that substitutively fulfills the LRA
assigned for the other entity P can, as the legal
effect of the registration in CBPSS, make the entity to be
substituted for pay the cost for the substitution including
the cost of construction, improvement, rehabilitation,
repair, maintenance and control.

B. Cooperation for Advanced Treatment between Local
Entities

B-1 Proposal of Substitution

Local entity can submit to the pldgcluu a proposal that it will
substitutively fulfil the LRA assigned to the other entity’s
WWTP, after reaching the agreement with the local entity to
be substituted for on this issue.

Determination of Baseline LRA

¢ According to the guideline issued by MLIT, Baseline LRA is
determined for every WWTP concerned as follows:

Concrete Methodology for the Modified Approach

* 1. How to determine baseline LRA for every
WWTP concerned.
e = QGuideline issued by MLIT

. (C -C)H)xQ
e Baseline LRA(ko / d. =_"r Tt7 =t
(kg / day) 1000

* where

* 2. How to transfer LRA from a WWTP to °C, : Water Quality of Reference (mg/L) set by taking the present

¢ another WWTP

3. How to allocate the cost between local entities.

= Qraft guideline issued by MLIT

water quality requirement into account.
«C, : Average Water Quality Required in the Target Year (mg/L)
*0, : Average Daily Flow Rate of the Effluent in the Target Year

(m3/day)

C, is determined so that the municipal wastewater treatment

Procedures to Determine Baseline LRA

might make the targeted public waters fulfil their EWQSs.

— . ® Load obtained by multiplying @ Load obtained by
« (a) Seta value for C, common to all the WWTPs at higher level at {)hex’ater Q]‘[llalityRoftl{efi;ence lvﬂvlllttipl(y)iﬂgl Btyel‘l)“ired
.o verage Flow Rate in the ater Qual
first. Then decrease the value gradually until it fulfils all the EWQSs Tzrget Vear Average Flow Rate in
in the water areas in target year by means of computer simulation theffarzetieay

with appropriate boundary conditions e.g. the other countermeasures
against pollution. C. can be set in this way at nearly maximum
value to fulfil the EWQSs.

« (b) As for for each WWTP, relevant local entity i determines the
values of for its WWTP j, so that they may satisfy the equation:

— 1
Z %0 SCx 0,
j=1

« where the local entity i has WWTPs.

-0
LRA
(Baseline
Load
Reduction|
Assignment)

Load of Nitrogen and Phosphorus
Contained in the Effluent

21 At Present Target Year

22
How should we evaluate the decrease
Equivalence in Transfer of LRA in the load in the river basin?
. The coefficient @ is supposed to be 1.0,
ety ol Eaiy B because most of the WWTPs discharge I
. . . . o
their effluents directly into rivers, seas 0
_ Shiftin Effluent —r
] Water Qualiy of Reference . Water Quality and lakes.
Z elroment .
U 7 — There are quite a few data for B, but
2 al Entit . .
% == Mmm,mdw““‘ most of lhém are obtained in the -
H Equivalent Relation fieldwork in dry weather. The aquatic B river
g plants and the river beds trap and keep
i LRA TrsereT nitrogen and phosphorus in dry weather.
H Loeal Entity But most of the deposited nitrogen and
= s Qu+Qs phosphorus are supposed to be washed
Average Flow Rate Q of the Effluent in Target Year 1 1 M
® ® out into the enclosed water bodies in wet J
weather.
2 = Briver may be presupposed to be 1.0 in most cases. 24
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In order to facilitate the transfer of LRA

Flexible processes are proposed as shown in Figure 8. The
WWTP can undertake the LRA transferred from the other
WWTP, even if the WWTP fulfils only a part of its own
LRA.

“Phased program” of the transfer of LRA and a kind of
Clearinghouse would be required to explore the opportunities
for the transfer of LRA between WWTPs.

25

Phased Program of the WWTP (B) Undertaking the LRA
Transferred from Another WWTP(A)

T T Racommcion £ rmnean
[uanthe AL Vi o the 181 Phase of tha Ired Phase et
jrie

26

Cost Allocation in the Cooperative Project
With the Transfer of LRA from A to B

Cost Allocation in the Cooperative Project
With the Transfer of LRA from A to B

(a) Specify the facilities of B and the total project cost C;
for cooperative project of A and B relating to the
advanced treatment of N(nitrogen) and/or P(phosphorus).

(b) Divide the specified facilities into 2 parts : part for the
removal of N and the part for the removal of P. Then the
project cost C; is also divided into 2 parts : the costs
C, and C, related to the facilities for the removal of N
and P, respectively.

(c) Cost allocation for the cooperative project is shown as:

Cost for Advanced Treatment (.

Cost for N Reduction C,, + Cost for P Reduction  C,

Baseline LRA
Baseline LRA B Pays the Cost

for N B Pays the Cost for Itself for Itself fulfilled by B
fulfilled by B for itself

for itself Ap
LRA, , LRA for P

fulfilled by B
LRA for N
Transferred
from A
LRAy 4

LA,
This proportionate relation between LRA and its cost is recommended so
that the result of the modified approach may be nearly equalized to the
result of WQT.

LRA for N
fulfilled by B
RA,

LRA for P

Transferred

from A
LR4, ,

A Pays the Cost
toB

21 28
Formulating work of CBPSSs for the clean waters in the 3
big bays (Tokyo Bay, Osaka Bay and Ise Bay) and other
enclosed water bodies are now progressing.

29
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Application of Clean Water Act Tools to Restore and Protect Watersheds

James Hanlon
Office of Wastewater Management
United States Environmental Protection Agency

1. Introduction

Surface water quality in the United States is governed by the terms, conditions,
requirements and programs of the Clean Water Act. Since 1972 this statute has
provided the foundation upon which water quality programs across the nation are
built. This presentation discusses current efforts by the US Environmental Protection
Agency (EPA) to use the foundation of the Clean Water Act and current tools to
protect and restore watersheds across the United States.

2. Overview

The stated objective of the 1972 Clean Water Act (CWA) is to protect and
restore the physical, chemical and biological integrity of our Nations waters. In 1972
that was a lofty goal recognizing the Cuyahoga River in Cleveland, Ohio occasionally
caught on fire; Lake Erie, one of the Great Lakes, was declared dead; and the
Potomac River in Washington, DC was often called an open sewer. These were
symptoms of a wider and deeper set of problems affecting water resources across the
United States.

The water quality management program established by the CWA, beginning
with designated uses and numeric and narrative standards; monitoring; assessment
and impaired water listings; total maximum daily load (TMDL) calculations that
include point source and non-point source allocations to meet standards; a point
source permitting program (National Pollutant Discharge Elimination System —
NPDES), along with compliance monitoring and enforcement has been the foundation
of efforts in the U. S. for the last 34 years. Implementation has been consistent and
methodical. In the early years, grant programs funded billions of dollars in municipal
infrastructure, the NPDES program focused on issuing over 50,000 permits to
municipal and industrial point source dischargers, first focusing on technology based
minimum levels of treatment and then additional treatment to meet water quality
objectivities. Toxic limits in permits and a focus on wet weather sources of pollution
from separate and combined sewer overflows and municipal, industrial and
construction stormwater were priority areas in the late 1980°s and thru the 1990’s. In
the mid-1990’s a focus on total maximum daily loads (TMDL’s) and the assessment
of what combination of point and non-point source loads watersheds could sustain,
were completed in many areas for the first time. In the past five years thousands of
TMDL’s have been completed.
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The above abbreviated history, as it unfolded, was largely completed thru
separate, focused initiatives that individually made significant progress in assessing,
designing, building, permitting, or enforcing to meet a single parameter objective.
Loadings were reduced, but in many cases, systematic restoration of water quality did
not result. Beginning with the focus on TMDL’s and thru the related assessment of
the effect of point and non-point sources, land use patterns, hydrologic and
atmospheric impacts, the concept of watersheds management has evolved.

Over the last ten years, the focus of EPA efforts in the National Water Program
has been on the watershed. The objective is to use the available tools, ever improving
through better science and technology, and apply them in a systematic method to
protect and restore watersheds across the country.

In the United States, EPA has the nationwide responsibility to establish a
framework using regulation, policy, guidance and funding to facilitate the
implementation of the CWA. Most of the implementation occurs at the State or local
level. There are thousands of watershed groups across the country, working with
local government, universities, and business and citizens groups to improve their
watershed.

This presentation focuses on one approach being taken by the water program in
EPA Region 4, located in Atlanta, Georgia, and having EPA jurisdiction in eight
southeastern States. They are leaders in the implementation of the watershed
approach.

The national water program at EPA is committed to the protection and
restoration of watersheds. The 2006-2011 EPA Strategic Plan, dated September 2006,
includes numeric targets for the improvement of impaired watersheds and for the
improvement of waterbody segments within watersheds. Through the application of
sound science and focused public policy, improvements will happen. Lake Erie today
supports a multi-million dollar boating and sport fishing industry and the Potomac
River hosts national bass fishing tournaments. Watersheds across the nation await
this progress.
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Implementing a
Watershed Approach

Jim Hanlon, Director
Office of Wastewater Management

U.S. Environmental Protection Agency \:

Program Evolution

Construction Grants (1970’s — 1980’s)

Point Source Permits (1970’s — 1990’s)

Technology-based Limi (1980’ — 1990’s)

Total Maximum Daily Loads (TMDLs) (1990’s - present)

CWA Watershed Framework

Water Quality Standards

Use Altainabiliy Analysis

Monitor/Assess WQS Attainment

305(b) Report
303(d) List of Impaired Waters
EPA approves 303(d) list

TMDL -
WL to st pont surces Continuing

ianenpent sou 5

D= Planning Process

(CPP)
Watershed Plan

State or locally led

NPDES permits for point sources
EPA discretion o object

Manage nonpoint sources
Wi Federal/State/other §

Great
Chalenes
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“The object of this Act is to restore and
maintain the chemical, physical and
biological integrity of the Nation’s waters.”

Section 101(a), Public Law 92-500
October 18, 1972
“The Clean Water Act”

Key Elements of the
Watershed Approach

» Geographic Focus
» Continuous Improvement Based on Sound Science

« Partnerships and Stakeholder Involvement

Enforcement Grants

Compliance
Technical Assistance

Assistance \ /
Permitting %rogram Activities

State and
Watershed/ Other
Sl Federal
Agencies
Citizen / o
Involvement / AZ:ancies
Business and Elected and Districts
Industry’ Officials

Great Expectations

¥ Integrate EPA programs to
achieve results for water quality

® Remove waters from the impaired waters list
by restoring designated uses

F Partner with our states and tribes to focus
our activities and resources

E Encourage innovations
E Seek efficiencies
E Utilize a watershed approach




“Apply a watershed approach to restoring polluted
waters across the country, including developing
Total Maximum Daily Loads, implementing clean-up
plans on a watershed basis, and promoting
innovative, cost-effective practices like water quality
trading and watershed permitting to restore and
protect water quality.”

Benjamin H. Grumbles
Assistant Administrator
Office of Water, U.S. EPA
September 29, 2006

Programmatic Tools

Training and Education
Funding

Regulatory Analysis
Capacity Building
Water Quality Trading

Watershed Permitting

Direct Involvement

Leadership/sponsorship role
Broker/Facilitator role

Influencing the Federal Community
Leverage Funding

Implementing the Watershed Approach by
overseeing its various phases.
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EPA Involvement in
the Watershed Approach

Programmatic Support
Technical Support

Direct Involvement

Technical Tools

IRT.(sto)ration project management (wetlands, streams,
akes

Problem solving (technical)
Landscape level assessments, mapping and analysis
Modeling and technology transfer

Planning Assistance (Watershed Plans, Source Water
Assessment and Protection Planning, TMDL
Implementation, Wetlands Advanced Identification)

Analytical Methods

EPA Watershed Selection
Criteria

Value of resource at risk or seriousness of threat

Likelihood of achieving positive environmental outcomes
Evidence of strong public and local/state government support
Existence of scientific studies or data about the watershed

Existence of an entity with a proven track record to promote
and coordinate partnerships

Benefits associated with EPA leadership and addition of
EPA’s significant expertise in this area

Phase-Objective Alignment

Phase : Phase I: Phase III: Phase IV:
Explore Build/Prepare Implement Trans. To Maint.
e e
e e
® e ©o e
@ ® @® ®
® o | e
®

@D Criteria Available




Phase | Example Criteria: EXPLORE

B Stressor/Source Identification

Collect, map and perform cluster analysis on impaired
waters

Collect and review pertinent TMDLS and NPDES permits

Collect information gathered at the watershed by locals
where relevant

F Ability to Act
Check with the state for acceptability and synergies
Check with workgroup for programmatic priority overlaps
Do the locals want EPA involved in the watershed?

Priority: Achieving Results

E Between FY02-FY05, Twenty four 8-Digit
HUC watersheds moved into the "restored"
category in Region 4

Neuse River Results

®» Achieved Goal

¥ Greater than 30% reduction in
nitrogen loading between 1997
and 2003

_ Priority:

>, Assessing and
Measuring
Progress

All Designated Uses by B-Digit HUC,
For Tracking Measure 2.2.1(n) Frogress,

Current. Suffcient [
Docember 2005
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Phase ll: BUILD/PREPARE

¥ Stressor/Source ldentification
Have data needed to perform a detailed assessment
been identified?
Has the group identified who can best collect and/or
analyze the needed data?
Has the spatial distribution of pollutant loading been
sufficiently defined to establish areas of concern within
the watershed?

¥ Ability to Act
Have all identified skill/role gaps been filled?

Does the coalition have a legal structure for
acquiring/administering funds or a clearly identified
mechanism for accomplishing this function through
a partner?

TRADING ASSOCIATIONS

® Neuse River, North Carolina
— Nitrogen trading agreement

— 23 members, primarily large municipalities
— Single, general permit for nitrogen

— If the association exceeds it allocation, it is subject
to enforcement action

« Any member exceeding its allocation is then

subject to enforcement

IS
AT AT AT AT AT TIPS
S XSS SN DS

Initiative
I

T

T
Z]

I3

eeke

Explore (1)

Build/Prepare (2]

Implement (3)

= 6t 1o | [enfeafenfes| [eo| [
2= oo [=[fel=] | [-]

Transition to Maintenance (4)

[Total

On-the-ground restoration activities will begin in Crowdabout, Herrin,

Goose, Thacker, and Yellowbank watersheds during the spring of 2006.

Watershed Goals
EPA 2006-2011 Strategic Plan

By 2012:
Attain standards for all pollutants and
impairments in more than 2,250 waterbodies by
2012 (baseline 39,798)

Remove at least 5,600 of the specific causes of
water body impairment identified in 2002
(baseline 69,677)

Improve water quality conditions in 250 impaired
watersheds nationwide using the watershed
approach
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Seawater Desalination Facility on Okinawa

Toru Yamazato
Seawater Desalination Center, Chatan Water Administration Office,
Okinawa Prefectural Enterprise Bureau

1. Introduction

Okinawa Seawater Desalination Center was completed with full capacity in
1997. The facility was constructed to ease water shortage on Okinawa by
converting surrounding clean seawater into drinking water. With ten years of
operation, the facility has proved to be successfully functioning to meet demand for
drinking water especially in drought situation.

This presentation covers an overview of Okinawa Seawater Desalination
Center, issues including product water quality and facility maintenance, and

finally, the facility’s overall performance of the past ten years.

2. Overview
2.1 Need for desalination facility on Okinawa

Due to population growth and economic development, the average water
consumption on Okinawa doubled from approximately 200,000 m3/day in 1972 to
420,000 m3/day in 2002. Water rationing occurred in 14 years out of 34 years since
1972. The longest water rationing continued for 326 days from 1981 to 1982. The
most recent water rationing occurred in 1993.

Shortages were anticipated for water resources dependent on the
development of dams and rivers. As a countermeasure, the Enterprise Bureau of
Okinawa Prefecture decided to promote the desalination project. The first survey
was conducted by the Japanese government in 1977, and construction began in
1993.

2.2 Reverse osmosis seawater desalination facility

The construction cost of Okinawa Seawater Desalination Center was 34.7
billion yen, 85% of which was subsidized by the national government.

The facility exploits reverse osmosis technology to desalt seawater. The
production capacity is 40,000 m3/day, which is nearly equal to 10% of the average
water consumption on Okinawa. Fig.1 shows the process flow.

The facility needs approximately 9,000 kW of electricity for full operation.

1-27 Miyagi, Chatan-cho, Okinawa 904-0113 Japan
e-mail: yamaztot@pref.okinawa.lg.jp
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High pressure pumps, which are necessary to bring about reverse osmosis,
consume most of the energy. Energy recovery turbines retrieve approximately 30%
of the energy from the brine, which still has high pressure.

The desalted fresh water is sent to adjoining Chatan Water Purification Plant

and mixed with potable water produced from inland water.

Seawater
) N
Primary and Intake Pump Sanfl . Intake Tower
Secondary Sand Filters Sedimentation
Basin

Security O Q
Filter O Q
00

8 Fresh
Water
O

— =)
Adjustment Tank RO Supply High Pressure Revers.e Fresh Water
Pum Pump Osmosis Tank
P Unit
Energy Recovery Brine
Turbine w—
Multi-Nozzle Discharge Tower
Fig.1 Process flow of Okinawa Seawater Desalination Center

3. Water quality
3.1 Effect of desalination

In the reverse osmosis (RO) process, most of the substances in seawater are
removed. Table.1 compares quality of the RO feed seawater, the desalted product
water, and the mixed potable water.

Table.1  Comparison of water quality

Item RO feed water | Desalted water Mixed water

Total Dissolved Solids 34,800 278 256
Chloride Ion 19,800 119 46.5
Sodium and its compounds 11,400 96.1 38.8
Sulfate Ion 2,490 5.9 36.8
Hardness 6,360 10 113
Electrical conductivity 50,800 456 436
Boron and its compounds 4.68 1.14 0.12

(Units: [ u S/em] for electrical conductivity and [mg/1] for others)
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The mixing strategy has several advantages, as explained in the following sections.

3.2 Hardness

Desalted fresh water has an extremely low hardness and is considered
corrosive. Usually, a mineralizing process follows the RO process as a
post-treatment in order to prevent corrosion. However, since the water produced in
Chatan Water Purification Plant has relatively high hardness, the hardness of the

mixed water becomes moderate. Therefore, the post-treatment is not needed.

3.3 Conductivity

Salt rejection rate is a great concern in the desalination facility. Electrical
conductivity is a good scale of salinity and easy to monitor continuously. Okinawa
Seawater Desalination Center has set 720 u S/cm as the maximum operational
conductivity for the product water. This value corresponds to the allowable

concentration of chloride ion according to water quality regulations.

3.4 Boron concentration

Boron is hard to remove in a single stage reverse osmosis process. Japanese
water quality regulations demand boron concentration to be less than 1.0 mg/l.
Table.1 shows that boron concentration was not sufficiently reduced by the

desalination process alone but successfully suppressed by mixing.

4. Maintenance
4.1 Biofouling

The RO process utilizes polyamide membrane, which does not tolerate
oxidizing agents. Since the feed water does not contain chlorine, biofilm tends to
grow inside the seawater channel and obstruct the feed flow in the RO elements.
This phenomenon, biofouling, may cause irreversible damage to the membrane
elements. Okinawa Seawater Desalination Center conducts sulfuric acid shock
treatment and membrane cleaning to control biofouling. An effective cleaning
method has been established. However, the shock treatment still needs to be

investigated to achieve reliable efficiency.

4.2 Element replacement

As the RO elements are used, the salt rejection rate declines, and average
conductivity of the product water increases. The deteriorated elements must be
replaced in order to maintain quality of the product water. The life span of an RO
element depends on the operating conditions such as quality of pretreatment.
Okinawa Seawater Desalination Center began element replacement in 2000 and
had replaced about a half of the originally installed 3,024 elements by 2006.
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5. Overall performance
5.1 Production

Ten years have passed since the facility started operating. For the first five
years, Okinawa had enough rainfall, and full operation of the desalination facility
was not necessary. Since 2001, there have been occasional drought, and Okinawa
Seawater Desalination Center has performed long term full operations. Fig.2
shows the annual production and the operating rate of each year. The total
production through 2005 had reached over 37 million cubic meters. Due to recent
droughty climate, the operating rate reached 44.2%, the facility’s highest record.

Annual Production and Operating Rate
(%) x 10°m®
100 7,000
6,455
6,000
80
5,000
60 4,000
40 3,000
2,000
20
1,000
0 0
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Fiscal year
‘ I Annual Production (X 1000 m3) —o— Operating Rate (%) ‘

Fig.2 Annual production and operating rate

5.2 Cost

As of 2004, the production cost of the fresh water produced in Okinawa Seawater
Desalination Center is approximately 132 yen/m3. Fig.3 shows the components of
the cost. As shown, electricity is the most dominant factor of the cost.

Personne/
Expenses
6‘0

Chemicals
9%

Maintenance

6% o
Depreciation
15%

Interest

Electricity
485 &

Fig.3 Components of the production cost
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5.3 Water quality and element replacement

Table.2 lists some of the water quality items maintained in Okinawa
Seawater Desalination Center. Fig.4 shows the ten year trends of the product
water quality. The standards have been maintained for all the items except boron.
Fig.4 also shows the numbers of replaced membrane elements within the same
period. The figure clearly shows the effect of the membrane replacement on the

product water quality.

Table.2 Water quality items

Standard Item Value
Max Operational Value Conductivity 720 us/cm
Total Dissolved Solids 500 mg/|
Water Quality Regulations | Chloride lon 200 mg/|
Boron 1.0 mg/I
(mg/I, 1 s/cm) Water Qualty and Membrane Replacement *(mg/I)
800 1.60
700 - 4 1.40
600 | 4 1.20
500 8 - 1.00
400 | 378 | 0.80
300 4 0.60
200 4 0.40
g Chloride Ion 98|1I Number of replaced membrane oA
0 : ‘ === 0.00
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Fiscal Year

Fig.4 Water quality and membrane replacement

6. Conclusion

With ten years of operation, Okinawa Seawater Desalination Center has
accumulated valuable technical experiences. The membrane cleaning and the
element replacement have been successful in maintaining quantity and quality of
the product water. Since biofouling is a drawback for long term full operation, an
effective shock treatment method is sought. The operating rate of the facility has
been increasing due to the droughty climate. Therefore, the facility has been

functioning as a crucial water resource on main island of Okinawa.

Reference
Japan Water Works Association, Design Criteria for Waterworks Facilities (2000) 352
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1. Overview

= Needs for desalination

= Reverse osmosis seawater
desalination facility

Water rationing

Daye of water eervice restriction

Togornd

= Water rationing occurred in 14 years out of 34 years since 1972
= The longest continued 326 days.
= No water service restriction occurred since 1993.

Reverse osmosis (RO) membrane element

Differential Pressure
Brine

Feed @
\ I Permeate

I
Center pipe
I

RO mem]brane

I

RO module
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Introduction

1. Overview

2. Water quality

3. Facility maintenance
4. Overall performance

Needs for desalination

= Water demand doubled in 30 years
= Supply dependent on dams and rivers
= Merit of desalination

- Abundant water from the sea

- Short construction period

- Location near consumers

Reverse osmosis

Semi-permeable
membrane

Operating pressure : P

P>Arm

Seawater Fresh water

Osmotic Pressure : A 7

"

Okinawa Seawater Desalination Center

Seawater

Sand
Sedimentation

Primary and Intake Intake Tower

Pump
S?condary Sand Basin
Filters
RO High
Supply Pressure 0ee)
Pump Pump 00D Fresh
0@e) Water
Adjustment Security Revers'e . Fresh Water
Tank Filter Osmosis Unitll Tank

[Energy Recovery Turbine Brine

Multi-Nozzle Discharge Tower




Okinawa Seawater Desalination Center

= Production capacity : 40,000m3/day
40%
= Maximum power consumption :

= Recovery rate :
9,000 kW
= 378 elements / unit X 8 units = 3,024 elements

= Product water is sent to adjoining water purification
plant to be mixed with water from inland.

= Construction cost : 34.7 billion yen

= 85% subsidized by the national government
= Partly operational in 1995

- Fully operational in 1997

—

- Polyamide membrane and oxidizing agents

3. Maintenance

= Biofouling

- Biofilm in the feed channel

- Damage to the membrane elements

Differential Pressure
Kg/cm2

‘ Alkaline cleaning only ‘ =}
n n .

12
2004/2/16

2004/2/23 2004/3/1 2004/3/8 2004/3/15  2004/3/22  2004/3/29

[==No2 =+ No.3 —No4 +No5 = No —No7 — No8]

4. Overall performance

= Production
= Cost

= Water quality and membrane elements
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2. Water quality

ltem RO feed water | Desalted water | Mixed water
Total Dissolved Solids 34,800 278 256
Chloride lon 19,800 119 46.5
Sodium 11,400 96.1 38.8
Sulfate lon 2,490 5.9 36.8
Hardness 6,360 10 113
Electrical conductivity 50,800 456 436
Boron 4.68 1.14 0.12

(Units: [ uS/cm] for electrical conductivity and [mg/1] for others)

J

Countermeasure for biofouling

= Sulfuric acid shock treatment

- Acid injection to the feed

-pH = 2.5 ~ 3.0 30 minutes

- Advantage : Long running time of RO units
= Membrane cleaning

- Off-line cleaning

-pH=10.5 3 days

- Advantage : Fundamental and efficient

Element replacement

= Salt rejection declines

- Conductivity of the product water increases.
- Replacement started in 2000.

- About a half of the elements were replaced
by 2006.

Production and Operating Rate

(%) x10°m*

100 7.000
6455

6,000

5,000

4,000

3,000

2,000

1,000

0
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Fiscal year

[ B Annual Production ( 1000 m3) - Operating Rate (%)




.
Long Term Full Operation Production Cost
Production
[m3./ day]
45,000 (Yen / m3) ( m3 / day )
450 40,000
40,000
400 35,000
35,000
30,000 o 20000
i 300
25,000 250 210 2000
20,000 19 7626 20000
Y 200 15,050 186 15000
15,000 150 | oo 10335 11000 11,696 L
10,000 100 6347 7545 6704 10000
5,000 50 BT
o o
1997 1988 1999 2000 2001 2002 2003 2004 2005
S N N N s & ( Fiscal year )
o ¥ W » I’ ¥ & » B Average daily production —=- Production cost per m3

Components of Production Cost

(132 yen/m?, as of 2004 - 40,000m3/day operation is assumed )

Example of standards maintained

Standard Item Value
Personnel
Che”'g/;'gls Expenses Maintenance Max Operational Value [Conductivity |720 g S/cm
6% i
Qovree ation DS 500 mg/I

Water Quality Regulations [Chloride Ion 200 mg/I

Boron 1.0 mg/I

Interest

Others 84
8%

Electricity
48%

Water Quality and Membrane Replacement Conclusion
(mg/1, pS/cm) *(mg/1) = Okinawa Seawater Desalination Center accumulated

800 1.60 valuable technical experiences.
;:: :;: = Membrane cleaning and element replacement have been
500 | 1.00 successful.
400 | [Conteriy 0.80 = An effective shock treatment method is needed.
300 [ = ° 0.60 - A d
200 [ am = The operating rate has been increasing due to droughty
100 | | _E 0.20 climate.

0 0.00

Therefore, the facility has been functioning as a crucial

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 .
water resource on Okinawa.

Fiscal Year
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Reuse and Desalination Technologies to Improve the Sustainability of
Drinking Water Supplies

Marty Allen, Ph.D."
Director of Technology Transfer
Awwa Research Foundation

1. Introduction

Sustainability, in its most fundamental definition, is the ability to meet
current and future needs without causing unacceptable consequences.
Sustainability has become a framework for water supply strategic planning in a
manner similar to the watershed concept in the late 1980s and early 1990s.
Like the watershed approach, sustainability is a very broad-based construct
that provides a holistic context to water supply planning. From a water utility
perspective, the key focus of sustainability is to ensure the long-term availability
of safe and affordable drinking water for consumers, with recognition that other
water uses (e.g., agricultural, recreational) and other priorities (e.g., ecology
and environment, general economic prosperity and welfare) must also be
sustained. Water supply management strategies such as conservation and
demand management have a role in the sustainability of drinking water
supplies, but new technologies for water reuse and desalination are becoming
increasingly important.

Water reuse and desalination research coordinated and funded by the
Awwa Research Foundation (AwwaRF) has developed both practical
management strategies and proven technological advances that can aid utilities
in making the most of their source water resources. Water quality, energy
consumption, and waste management drive AwwaRF’s reuse and desalination
research. This paper describes AwwaRF’s research program involving water
reuse and desalination to improve the sustainability of drinking water supplies.

2. Water Reuse, Recycling and Reclamation
2.1 Brief Overview

Water reuse refers to the use of treated municipal wastewater as a
source of supply for nonpotable uses (nonpotable reuse) or as a supplement to
a drinking water supply through blending with raw water sources (indirect
potable reuse). Nonpotable and indirect potable reuse applications can
supplement a water utility’s source water resources by using advanced
processes to treat municipal and industrial wastewater, stormwater, and
agricultural drainage to create high-quality water for a variety of uses. Water
reuse is also referred to as water recycling and water reclamation.

Nonpotable reuse applications may include landscape and agricultural
irrigation, industrial use, vehicle washing, toilet flushing, and air conditioning.
Reclaimed water produced for nonpotable uses is not intended for drinking or
other household uses. Indirect potable reuse applications may involve
purposely discharging reclaimed water into either groundwater or surface water

' 6666 West Quincy Avenue, Denver, Colorado, 80235 USA e-mail: mallen@awwarf.org
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that ultimately supplies a public drinking water system. The quality of recycled
water, and the ability to meet required water quality objectives via natural and
advanced treatment technologies drives research in this area. AwwaRF has
funded several projects in partnership with other organizations to advance the
science of water reuse strategies and technologies.

2.2 Sustainable Underground Storage and Soil Aquifer Treatment

Treatment scenarios need not be technologically complex for reclaimed
water quality requirements. One of the key emerging approaches to help
ensure sustainability is underground storage — water deliberately recharged
into an aquifer and later extracted for use. While relatively simple in concept,
the actual practice presents a number of challenges, both technical and
institutional. The term sustainable underground storage (SUS) refers to
underground storage projects in which these technical and institutional
challenges are overcome, resulting in the long-term viability and success of the
projects. AwwaRF has partnered with domestic and international organizations
to advance the science of SUS, including many projects on aquifer storage and
recovery and a large, comprehensive phased study on soil aquifer treatment.

Soil aquifer treatment (SAT) is a treatment and storage system that
allows for augmentation of potable water supplies with recycled water (indirect
potable reuse). It includes three components; 1) infiltration through a
biologically active interface less than three feet in depth, 2) percolation through
a vadose zone, 10 to 100 feet deep, and 3) storage and/or transport in an
underlying aquifer (0.5 to 10 years duration), prior to withdrawal via wells.
AwwaRF has completed a phased research plan investigating SAT.

e Soil Treatability Pilot Studies to Design and Model Soil Aquifer
Treatment Systems (1998) studies the treatment of wastewater
effluent as it percolates through soil and evaluated means to
maximize the treatment efficiency and capacity of SAT systems. The
study included a systematic evaluation of the effects of soil type and
effluent pretreatment on the efficacy of SAT.

e Soil Aquifer Treatment for Sustainable Water Reuse (Phase 1
published in 2001, Phase 2 published in 2006) evaluated the
sustainability of SAT and elucidated SAT processes to improve the
design of these systems. For indirect, potable reuse, the two SAT
options are:

o SAT with reclaimed water without membrane pretreatment, or

o Groundwater recharge with reclaimed water treated by
reverse osmosis (RO).

The study found that effluent pretreatment did not affect final soil-
aquifer treatment (SAT) product water with respect to organic carbon
concentrations. Additionally, removal of organics occurs under
saturated anoxic conditions, and a vadose zone is not necessary for
an SAT system. If nitrogen removal is desired during SAT, nitrogen
must be applied in a reduced form, and a vadose zone combined
with soils that can exchange ammonium ions is required. It was also
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noted that the distribution of disinfection by-products produced during
chlorination of SAT product water is affected by elevated bromide
concentrations in reclaimed water.

2.3 Advanced Treatment Technologies

Advanced treatment technologies (e.g., membranes) can be used to
produce water of necessary quality for nonpotable and indirect potable reuse.
Two primary challenges for implementing and operating advanced treatment
technologies, particularly membranes, regardless of application are 1) energy
consumption and 2) concentrate (or waste) management. AwwaRF is carefully
studying these issues for water reuse applications as described below, but also
for desalination applications as described later in the summary.

The feasibility of nanofiltration (NF) and ultra-low-pressure reverse
osmosis (ULPRO) membranes for rejecting total organic carbon, total nitrogen,
and unregulated trace organic compounds under a range of experimental
conditions at the laboratory-, pilot-, and full-scale to produce water suitable to
augment drinking water supplies are currently being evaluated in the on-going
study “Comparison of Nanofiltration and Reverse Osmosis in Terms of Water
Quality and Performance for Treating Recycled Water” (Project #3012). This
report should provide utilities with guidance on selecting membranes and
predicting solute rejection during NF-ULPRO membrane treatment.

“‘Membrane Concentrate Treatment Strategies for Inland Water
Reclamation Systems” (Project 3096) is developing methods to manage waste
(or concentrate) streams from water reclamation systems (including agricultural
drainage) so that the water may be recovered for potable or industrial purposes
while the salts are converted into solid by-products. The research also aims to
determine the optimum combination of membrane, thermal and solid-liquid
separation processes for different concentrate solutions, and develop a
computer model for optimizing unit processes for different water qualities.

2.4 Additional Information on Reuse Research

Industrial users are amongst a water utility’s largest consumers of high
quality distributed water. Water Quality Requirements for Reclaimed Water
(2004) identified industries that can use reclaimed water (excluding irrigation
and groundwater recharge) and determined the water quality requirements for
certain industrial uses. One key finding among industrial users is that
consistent water quality is more important than actual water quality. General
concerns about water quality that crossed industry lines include bacterial and
residual organic issues, presence of ammonia, presence of nutrients,
suspended solids, scale formation, staining, and sulfate corrosion.

Following is a select list of additional on-going research projects and
published reports on water reuse, recycling, and reclamation by AwwaRF:

e “Design, Operation, and Maintenance Considerations for Sustainable

Underground Storage Facilities” (Project 3034)
e “Water Quality Changes Associated With Aquifer Storage and
Recovery” (Project 2974)
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e Framework for Developing Water Reuse Criteria With Reference to
Drinking Water Supplies (2005)

e Characterizing Microbial Water Quality in Reclaimed Water
Distribution Systems (2005)

3. Desalination
3.1 Brief Overview

Desalting technology (reverse osmosis, nanofiltration,
electrodialysis/electrodialysis reversal) is used in water treatment to provide
new sources of potable water via the treatment of lower quality water resources.
Over 230 desalination plants providing greater than 25,000 gpd of produced
water were identified in a study by Mickley (2006) for the United States Bureau
of Reclamation (Bureau). This represents a nearly 100% increase in
implemented desalinating plants since Mickley performed the first study for the
Bureau in 1992. Still challenging to all desalination plants are high energy
costs and the lack of environmentally-sensitive and cost-effective concentrate
treatment and disposal options. Inland facilities without access to large surface
water bodies for concentrate discharge are especially burdened by lack of
disposal options. Before desalination can be seen as a sustainable solution for
drinking water supplies, these economic and environmental issues must be
solved. Current AwwaRF desalination research focuses on the development of
technologies to decrease energy consumption and provide for sustainable
concentrate management options. More than a dozen studies are currently
underway.

3.2 Advanced Treatment Technologies

In coordination with the Long Beach Water Department (California), the
research resulting in the report A Novel Approach to Seawater Desalination
Using Dual-Staged Nanofiltration Process (2006) proved that a dual-staged
nanofiltration (known as NF?) can desalt seawater to potable water levels with
less energy than is theoretically needed for traditional single-pass seawater
reverse osmosis. Additionally, the boron concentration in the permeate is
below state regulations at certain pH levels. The permeate may however
contain bromide ions that exert additional chlorine demand during contact-time
requirements, and the brominated residuals thus formed will produce
brominated DBPs and deplete disinfectant residual when desalinated water is
blended with surface water. Thus, controlling the effects of bromination is
essential for system implementation.

“Water Quality Implications of Large-Scale Application of Seawater
Desalination” (Project 2841) aims to develop water quality and design
information for desalination systems. The research is testing and monitoring
membrane performance, analyzing finished water quality, and assessing
operating costs as well as examining the impact of desalination on blended
water quality and the disposal options for concentrate streams.

Projects 3030 “Desalination Product Water Recovery and Concentrate
Volume Minimization” is developing a new membrane-based process to
improve the recovery of high quality product water while reducing the
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concentrate volume. This is a phased study and the researchers have proven
a concept at the bench-scale which is now being testing at the pilot level.

Enhanced Reverse Osmosis Systems: Intermediate Treatment to
Improve Recovery #4061 will design and develop two inter-stage treatment
systems to increase recovery in reverse osmosis plants and thus reduce
disposal costs, in particular for inland facilities. The research will also compare
recovery using advanced oxidation of anti-scaling compounds with that of
electrodialysis.

3.3 Concentrate Treatment and Disposal

AwwaRF is giving concentrate management considerable emphasis in
its research program. Currently in the United States there are four primary
concentrate disposal options, 1) wastewater (or sewer) discharge, 2) surface
water discharge, 3) subsurface injection, and 4) land application. Nearly 72%
of desalting plants in the U.S. discharge to surface waters (Mickley, 2006). In
the inland and arid regions of the U.S. where available new water supply is
minimal and where desalting may provide a sustainable solution, surface water
disposal is not available. AwwaRF has partnered with several organizations in
the U.S. to fund numerous projects to advance the science of this challenging
area, including:

e Beneficial and Non-Traditional Uses of Concentrate (2006)

e “Zero Liquid Discharge and Concentrate Volume Minimization for
Inland Desalination” (Project 3010) — a technology based project
where a new process has been developed and tested at the bench-
and pilot-scales.

e “Regional Solutions for Concentrate Disposal” (Project 4071)

e “Membrane Plant Impacts on Wastewater Treatment” (Project 4072)
e “Zero Liquid Discharge for Water Utility Applications” (Project 4073) —
a survey-based informational project about ZLD within and outside

the water industry.

3.4 Additional Information on Desalination Research

The implementation of desalination technology is being critically and
comprehensively evaluated in Project 4006 (“Critical Assessment of
Implementing Desalination Technology”). The researchers will survey domestic
and international desalination plants to obtain and report real implementation
experiences including siting, permitting, capital and operating costs, water
quality considerations, etc. One final project of note, “Desalination Facility
Design and Operation for Maximum Energy Efficiency” (Project 4038) will
compile and analyze data from operating brackish (ground and surface),
seawater, and wastewater membrane desalination facilities to result in
recommendations for the design and operation of desalination facilities to
maximize energy efficiency and reduce energy use and costs. This partnership
with the California Energy Commission will also investigate the relationships
between plant location, design, operation and maintenance, and energy use
and cost.
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4. AwwaRF Website

Information is available for all projects funded by AwwaRF in the Project
Center at www.awwarf.org.

References
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Research Addresses
Water Industry Trends

= Population Growth

= Environmental Pressures

= Dwindling Sources

= Technology Penetration

= Consumer Demands

= Aging Infrastructure/Rising
Water Rates

e
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Water Reuse, Recycling, and
Reclamation

m Making use of treated municipal
wastewater

— Nonpotable uses include irrigation,
industrial use, vehicle washing, toilet
flushing, etc.

— Indirect potable uses include groundwater
recharge, surface water blending

oW
Research
Foundation © Copyright Awwa Research Foundation 2006

Soil Aquifer Treatment (SAT)

m Indirect potable reuse...

— Infiltration through a biclogically active
interface

— Percolation through a shallow soil zone
— Storage/transport into underlying aquifer
m In theory, recharged water is “clean”
(}‘ and ready. for extraction

Awwa
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Foundation © Copyright Awwa Research Foundation 2006

Who is AwwaRF?

m The Awwa Research Foundation (AwwaRF) is a member-
supported, international, nonprofit organization that sponsors
research to enable water utilities, public health agencies, and
other professionals to provide safe and affordable drinking water
to consumers.

Our Mission: Advancing the science of water to
improve the quality of life

— Sponsoring research

— Developing knowledge

‘} — Promoting collaboration
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What is a sustainable drinking
water supply?

m Sustainability = meeting current and
future needs without causing negative
consequences

m Triple Bottom Line approach = balancing
economic, environmental, and social
needs

— For a water utility...balancing the budget,
A3 meeting regulations, keeping customers safe
(‘ and satisfied!! No small feat.
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Sustainable Underground Storage

m Water deliberately recharged into an
aquifer for later use

m Relatively simple in concept

m In practice, technical and institutional
challenges

m Soil Aquifer Treatment may be a
(}‘ sustainable solution!
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SAT Research Projects

m Soil Treatability Pilot Studies to Design and
Model SAT Systems (2006)

— Evaluated effects of soil type and effluent
pretreatment on efficacy of SAT
m SAT for Sustainable Water Reuse (2001,
2006)
— For organic C, pretreatment had no effect

— To be removed, N must be applied in reduced
form

A
(“ . — Bromide levels and DBPs
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Membrane Research

m AwwaReF first funded membrane treatment
research in 1988

m ~50 projects funded at nearly $20 Million

L T0p|CS: — integration
— reverse osmosis (RO)  — O&M, costs
— nanofiltration (NF) — fouling
— ultrafiltration (UF) — contaminant removal
— microfiltration (MF) — process optimization
N electrodialysis (ED) — desalination
(‘4 . — reuse — concentrate:management

Awwa
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Membrane Research for Reuse

m Membrane Concentrate Treatment
Strategies for Water Reclamation
Systems (Project 3096)

— $150K effort with Arizona State University and four
water inland, arid water utilities

— Developing a WQ model and bench-scale testing
protocol

A3
(“ . — Report available in 2007
Awwa
Research
Foundation © Copyright Awwa Research Foundation 2006

Desalination

m RO, NF, and ED/EDR

— > 230 desalting plants producing >25,000
gpd eachiin the U.S.

m [t's the same story....
— High energy costs!

— Lack of sustainable waste management
solutions!

o
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Current Desalination Research,
Cont’d

m Water Quality Implications of Large-Scale
Application of Seawater Desalination (Project
2841)

— $800K effort involving McGuire Environmental
Consultants and six water utilities
— Develop WQ “road map” to plan, design, and
implement seawater desal
N
[O%
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Focus of Membrane Technology
Research

m Energy consumption

m Sustainable concentrate management

solutions

— 4 common practices each with limitations:
= Surface water discharge
n Wastewater (or sewer) discharge
= Land application

h Y = Deep well injection
A(“ . — Beneficial reuse? Markets for salts?
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Membrane Research for Reuse
Continued

m Comparison of NF and RO in Terms of Water
Quality and' Performance for Treating
Recycled Water (Project 3012)

— ~$400K effort with Colorado School of Mines,
WateReuse Foundation, and West Basin
Municipal Water District

— Guidance on membrane selection for water reuse
t} purposes
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Current Desalination Research

m WHO Guidance Manual for Desalination
Facilities (Project 4049)

— Address WQ specifications, monitoring,
and operational requirements on a global
basis

— Global effort including U.S. contributors

(\‘ AwwaRFE and USBR
é
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Current Desalination Research,
Cont’d

m Desalination Product \Water Recovery and

Concentrate Volume Minimization (Project
3030)

— $700K effort with: Carollo Engineers, CO School of
Mines, and 17 water utilities

— Lit review, international survey, pilot select

technologies
A
[O%
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Current Desalination Research,
Cont’d

m Enhanced RO Systems: Intermediate

Treatment to Improve Recovery (Project
4061)

— $250K effort with the Univ of Texas — Austin, HDR,
Carollo, B&V, and CDM

— Developing two inter-stage treatment systems to
increase recovery and reduce concentrate volume.

e
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Current Concentrate Management
Research

m Zero Liquid Discharge and Volume

Minimization for Inland Desalination (Project
3010)

— $850K partnership with CEC, B&V and five water
utilities

— Develop ZLD technologies that are less energy-
intensive for inland desalination

(}‘ — Began September 2004, Report available 2007

HAwwa
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Available Reports

m A Novel Approach to Seawater Desalination
Using Dual-Staged NF Process (2006)

— $450K partnership with LBWD (EE&T and UN-
Reno)

— One year pilot at LBWD

— Proven less energy intensive than traditional
single-pass RO

oW
Research
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Available Reports Continued

m Nonthermal Technologies for Salinity Removal
(AwwaRF 1997, Order No. 90840)

— Partnership with MWD, OCWD, and Lawrence
Livermore Nat'l Lab

— Evaluates RO w/ ultra-low pressure membranes to
desalinate CO River water

— Evaluates capacitive deionization w/ carbon aerogel
(‘\‘ electrodes at the bench-scale
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Current Desalination Research,
Cont’d

m Desalination Facility Design and Operation
for Maximum Energy: Efficiency: (Project 4038)

— $300K effort with Carollo, CEC and 16 water
utilities

— Project title says it all...guidance, guidance,
guidance

N
G
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Current Concentrate Management
Research, Cont’d

m Concentrate Disposal for Inland Regions
Partnership Program

— $385K Joint Water Reuse & Desalination Task Force
initiative; managed by WateReuse Foundation
— Four studies:
= ZLD and Volume Minimization for Water Utility Applications
= Beneficial and Non-Traditional Uses of Concentrate

= Impacts of Membrane Process Residuals on Wastewater
Treatment

A Y = Investigation of Regional Solutions for Disposing
“ Concentrate

HAwwa
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Available Reports Continued

m Characterizing and Managing Salinity Loadings
in Reclaimed Water Systems (2006)

— Partnership with IRWD, WateReuse
Foundation,WateReuse Assoc, and 11 water utilities
— Protocol for characterizing commercial, industrial,

and residential salinity contributions to sewers and
reclaimed systems

— Guidelines for identifying econoemic impacts of
salinity management practices

Research

Foundation © Copyright Awwa Research Foundation 2006

What’s Next?

m Seawater and Brackish \Water Research and
Development Program Partnership

— California Department of Water Resources grant

— Research program designed by the Joint Water Reuse and
Desalination Task Force through a research needs
roadmapping process

= Solicited and unsolicited projects to be funded beginning in
2007

e
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New Research Project on Drinking Water Quality Management

Masahiro Fujiwara
Japan Water Research Center

1. Introduction

Currently, a considerable number of water purification plants in Japan are due for renewal within the
next ten years. Also, when comparing the current water resource quality with that at the time of plant
construction, the ratio of dam water (discharge/storage) to surface water relatively increased, and water
quality has worsened due to development in the surrounding region. Furthermore, as is the case with
cryptosporidium, there is a problem with pathogenic microorganisms that are resistant to chlorine
disinfection. Meanwhile, in order to respond to consumer needs for safe and palatable water,
contamination counter-measures against odor-causing compounds, including 2-MIB and geosmin, are
vital to the water utilities.

The Japan Water Research Center (hereinafter JWRC) has employed the following kinds of methods
in water technology research and development for about the past 20 years. Using Grant-in-Aid for
Scientific Research from the Ministry of Health, Labour and Welfare, and research contributions from
private companies as funds, the JWRC has carried out large-scale research projects through cooperation of
private companies, water utilities and scholars. In these industry-utility-academia research and
development projects, the research objective was to develop a technology that could actually be used in
practice. A good example of the success of this research is membrane filtration technology. The
researched and developed membrane filtration technology was put into practical use, and is now in use at
many water purification plants around the country. The aforementioned industry-utility-academia research
system is unique to Japan, and it is thought to be a method well suited to Japanese society.

2. History of research projects

As shown in Table-1, with regards to water purification technology, research started in 1991 with
Pilot Plant for MF/UF Membrane (MAC21), then went on to Pilot Plant for NF Membrane (Advanced-
MAC?21). Next came R&D on High-Efficiency Water Purification Technology (ACT21). Following that
there was R&D on Sustainable Water Purification Technology (e-Water), which finished the fiscal year
before last, and now we have the 5™ project, R&D on the Establishment of Advanced Water Purification
Technology for Safe and Palatable Water (e-Water II). Pipeline technology research and development
projects also began in 1996, and after finishing research on a water service system without receiving tank

Table-1 Research & Development Projects

Year Project Name Content
1991~1993 MAC21 Pilot Plant for MF / UF Membrane
1994~1996 Advanced-MAC21  Pilot Plant for NF Membrane
1997~2001 ACT21 R&D on High-efficiency Water Purification Technology
2002~2004 e-Water R&D on Sustainable Water Puriﬁcatior.] Technol?gy
Epoch R&D on Movement of Suspended Solid in Pipeline
2005~2007 e-Water IT R&D on the Establishment of Advanced Water Purification Technology
New Epoch R&D on Pipeline Diagnosis Technology
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and an earthquake-resistant pipeline system, work began in 2002 on R&D on Movement of Suspended
Solid in Pipeline (Epoch). R&D on Pipeline Diagnosis Technology (New Epoch) has been ongoing since
2005.

The development and diffusion of membrane water purification plants are a representation of the
success originating from these research and development projects. Since the introduction of 7 plants
(600m’/d) around the country in 1993, the number of those plants has grown year by year and as of now
(March 2006), the number has reached 550 plants with an accumulated plant capacity of 622,650m’/d.

600 550 199
P Number of Plants 3
500 [— —e— Total Treatment Capacity 3
, z
2 o
£ 400 ¥ Including under construction >
& S
o 300 |
o [&]
E €
5 200 E
F
100 :
[l

0

'93'94°'95'96°'97'98°'99°'00°'01°'02'03'04'05°'06
Year

Figure-1 Membrane Water Purification Plants in Japan (researched by JWRC in 2006)

3. Recent Research Results and Ongoing Research Projects

3.1 Research Project Organization and Scale

To facilitate its smooth implementation, the ongoing water purification research project has been
organized into 4 committees such as The General Research Committee for integration of research
contents. There are five research sub-committees under the committee for each specific research theme.
The pipeline technology research project has been organized so that for each research theme, two research
sub-commiittees are working under the Pipeline Research Commiittee.

With regards to the scale of the projects, the water purification technology project involves 32 private
companies, 18 university scholars, and 25 water utilities and related organizations. The number of
researchers exceeds 150. The pipeline technology project involves 14 private companies, 7 university
scholars, and 16 water utilities. The total research budget is US $6,000,000, which comprises of direct
expense only. (e-Water II makes up US $5,000,000 and New Epoch makes up US $1,000,000.)

3.2 Water Purification Technology Research Contents

The fundamentals of the 3-year e-Water Project starting in 2002 were summarized and published as
Guideline for introduction of large-scale membrane filtration facilities, Guideline for use of iron-based and
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organic-polymer coagulants, Guideline for introduction of Ultraviolet-Rays (UV) disinfection, and
Manual of integrated treatment for sludge from water purification plant and sewage treatment plant.

The ongoing 3-year e-Water II Project, which started in FY2005, is conducting a research on the
following themes:.

(1) Research on a Suitable Purification System in Accordance with Raw Water Conditions
Raw water conditions nationwide are classified into groups based on water quality. They are then,
through a water purification system implementing a combination of unit water purification processes,
evaluated on such criteria as safety of treated water quality, sustainability and manageability, economical
use of energy, a Life Cycle Assessment taking into account reduced environmental burden, drainage and
sludge treatment process, and monitoring and instrumentation systems, and suitable water purification
process guidelines are then investigated.
* The classification of treatment systems and the establishment of desirable treated water quality
levels
* The study of coagulant dosage, mixing conditions and pretreatment methods with regard to the
combination of membrane filtration treatment and iron-based coagulant (Plant experiment)
* Measurement, analysis and evaluation of raw water quality
* Evaluation of water quality and function in each purification process
+ Establishment of Life Cycle Assessment (LCA) technique

Photo-1 Pilot Plant

(2) Research on Odor-Causing Compounds for Safe and Palatable Water

Traditionally, 2-MIB and geosmin have been stated
as being the representative odorants. However, there are
instances where even though these two substances have
not been detected in the raw water, odors still occur after
the purification treatment, or at the water taps. It may be
that odor-causing compounds present in the raw water are
denatured in the chlorine process, and then forms some
sort of odorants.

In order to supply safe and palatable water, we are
Photo-2 Odor-Causing Compound Detection

carrying out research which will improve on safety and Equipment (VOC Monitoring System)
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comfort through such means as promptly detecting unknown odor-causing compounds, changing the
method of water intake, and advancing the water purification process.
+ Simulation by means of water quality prediction models
* Creation of hazard maps
* Examination of counter-measure technologies against odor-causing compounds (including
2-MIB, geosmin)

» Implementation of online observation experiments using VOC monitoring system

3.3 Pipeline Technology Research Contents

The 3-year Epoch Project, which started in FY2002, elucidated the condition of the movement of
suspended solid in the pipeline. In addition, research was carried out on the effective usage of energy by
small generator in the pipelines, and practical apparatus was developed.

Regarding the ongoing 3-year New Epoch Project, “R&D on Pipeline Diagnosis Technology”,
which started in 2005, the following themes are being researched.

(1) Research on Water Quality Deterioration in Decrepit Pipeline and Preventive Measures

Using the decrease and disappearance of residual chlorine as a main indicator, investigate methods to
diagnose and evaluate the deterioration status of inside the pipes, and developing a pipeline function
diagnosis technology in terms of water quality.

* Investigation of the relationship between water quality and decrease in residual chlorine

* Investigation of the relationship between pipeline material and decrease in residual chlorine

» Examination of actual water quality in decrepit pipelines

» Examination of water deterioration prevention by improving the Langelier's Index

1.2
—+ (DCast-Iron Pipe,Non-Lining,'66
o —= (@Cast-Iron Pipe,Non-Lining,’54
—+ (3)Ductile Iron Pipe, Mortar Lining, 66
=
E . @Ductile Iron Pipe,Mortar Lining, 77
-% —* @Ductib Iron Pipe,Mortar Lining, New
5 —e (®Ductik Iron Pipe, Epoxy Resin
S 6 Powder Coatina Linina.New
S — (@Steel Pipe, Non-Lining,"39
£
2 —+ ®Hard PVC Pipe, ‘71
O )4
g —= (@Hard PVC Pipe, 75
4 — @PVC Pipe, New
2.2 ]
: @Poréethybne Pipe, Year of
ying underground uncertainty
— (D Polyethylene Pipe, New
00 —s -
0 1 2 3 4 5 6 24 48 72 120 168
Time Passed (hrs)

Figure-2 Changes over Time in Residual Chlorine Concentration
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With regards to the investigation into the relationship between pipeline material and the decrease in
residual chlorine, samples were taken from underground pipelines of various types that had been
constructed in different years. These pipes were filled with water (residual chlorine concentration
1.0-1.2mg/l, pH7.0). The changes over time in residual chlorine concentration and various water qualities
were measured. The results confirmed that the non-lining cast-iron pipe and the non-coated iron pipe
showed a trend of decreased residual chlorine.

(2) Research on Diagnosis Technology of Decrepit Pipeline

By making use of statistical as well as physical methods, develop a new diagnostic technology to
easily and efficiently determine the condition of underground pipeline, and consider its application to
existing pipeline.

* Study of existing pipeline diagnosis technology

» Examination of diagnosis method of decrepit pipeline using statistical method

* Basic research towards No-Dig diagnosis

Acceleration
Sensor

Photo-3 Impact-elastic wave method Experiment

4. Conclusion

The objective of the ongoing study is to create suitable water purification process selection guidelines
for various raw water conditions, conducted research on counter-measures for odor-causing compounds in
order to supply palatable water, and carry out research on pipeline diagnosis technology for systematic
and efficient pipeline renewal, and deliver safe and palatable water. We intend to continue to endeavor to

achieve our objectives, and utilize the knowledge gained from every participant to further our research.

2-8-1 Toranomon Minato-ku Tokyo 105-0001, Japan  e-mail:fujiwara@jwrc-net.or.jp
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JWRC " JWRC

Outline
rOJect.on Tripartite Industry-Utilities-Academia R&D
r.Quality on Water Technology

m History of JWRC R&D Projects

m Research Budget

m Projects and its Results

The Japan Water Research Center “e-Water” & “e-Water I1” for Purification Technology
“Epoch” & “New Epoch” for Pipeline Technology

v
.

Japan-U.S. Governmental Conference on Drinking Water Quality
' S Management and Wastewater control in 2007, Okinawa

" JEEE JWRC JWRC
. . Large Scale R&Ds
Previous Projects e

JWRC has a 20-year experience with conducting large-scale Term Name Themes
research projects. 1991-93 | MAC21 |Pilot Plant for MF /| UF Membrane

m Research subsidies from the Ministry of Health, Labour and -

Welfare v 1994~ 96 Am’:g‘;d Pilot Plant for NF Membrane
m Research contributions from private companies 1997

m Objectives: Development of “practical technology”

2001 ACT21 | R&D on High-efficiency Purification Technology
m Successful Example: Membrane Filtration Technology with

high efficiency e-Water |R&D on Sustainable Purification Technology
2002- 04
WHAT DOES JWRC DO? Epoch | R&D on Movement of SS in Pipelines
JWRC, a non-profit public organization being established in1988, has - s
contributed to the development of water-related technology in Japan by e-Water IT R&D on Establishment of Advanced Purification
conducting information collection, research and development activities on Technology
the overall field of waterworks. 2005-07 New

R&D on Pipeline Diagnosis Technology 4

3 Epoch

'— JWRC o — JWRC
“e-Water” Pilot Plant

Organization

Ministry of Health, Labour, and Welfare

. .

Public Water Private
Utilities Companies

Japan Water Research Center

- JWRC

“e-Water” Experimental Fields “Epoch” Experimental Pipeline Facility
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n JWRC
Budget and Researchers (2005- 07)

m Total Budget for Direct Expense Only: US$6 million
* US$5 million for “e-Water I1” (Purification Technology)
= US$1 million for “New Epoch” (Pipeline Technology)

m Participating Organizations
= “e-Water II” . 32 Private Companies
18 Scholars
25 Water Utilities (incl. Related Organizations)

* “New Epoch” :14 Private Companies
7 Scholars
16 Water Utilities

m Number of Researchers: approx. 200

- JWRC

Purification Plant Construction Fiscal Year

(categorized by treatment type)
25,000

Rehabilitation/replacement must
E :P“’:a:“:‘:‘"?“"" be taken within the next 10 years.
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Reference: “Waterworks Vision Basic Data” 11

JWRC

* A
Necessity and Background

Pipeline Facility
Challenges
-Large Number of Decrepit Pipelines
— Water Quality Deterioration in Pipelines
Increased Water Leakage
Vulnerable to Earthquake

Research Target
*Pipeline Diagnosis Technology
-Countermeasures for Pipeline Water Quality Deterioration

" JWRC

Membrane Filtration Plants in Japan
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" S JWRC
Necessity and Background

Purification Facility
Challenges

-Large Number of Decrepit Facilities
- Strengthen Water Quality Standards
-Water Resource Quality — Change
Water Resource Trends: From River Surface Water to
Water from Dam Reservoirs
Cryptosporidium
Odor-Causing Compound

Research Target
Development of Advanced and Efficient Purification
Technology

" JWRC
Changes in Turbidity of Raw Water
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" JWRC
Outcomes

n “e-Water” (2002- 04)

+ Guidelines on the introduction of membrane filtration facilities based on
experiments conducted in large-scale plants

+ Guidelines on the introduction of iron-based and organic polymer
coagulants

+ Guidelines on the introduction of Ultraviolet-Ray (UV) Disinfection

+ Manual of integrated treatment for sludge from purification plants and
sewage treatment plants.

“Epoch” (2002-04)
Identify the movement of suspended solids in pipelines
Propose a removal system for suspended solids in pipelines
Develop a hydraulic generator system

JWRC

"

UF Membrane Filtration Unit (10,000m3/day)




* JWRC
Monitoring of Suspended Solids
at a Pipe Branch
T-Pipe: $150% ¢ 100 Sand -
JWRC

"
“e-Water II” Project
Research Themes

Establishment of advanced purification technology for
safe and palatable water

Theme 1
Suitable purification system in accordance with
raw water conditions

Theme 2
Effective measures against odor-causing
compounds aiming at safe and palatable water

Membrane Filtration Coagulation-Sedimentation
21

JWRC

"
Plant Experimentation

Control system: Coagulation — Flocculation —
Sedimentation — Sand Filtration

System A:Coagulation — Flocculation — Sedimentation
— Membrane Filtration

System B: Coagulation — Direct Filtration —
Membrane Filtration

To determine optimum coagulation conditions, coagulation
dosage, mixing intensity and others are being studied.

23
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" T
Ongoing Projects

= Purification Technology
“e-Water I’ (2005- 07)

= Pipeline Technology
“New Epoch” (2005- 07)

JWRC

'_
“e-Water I1”: Theme 1

M Type classification of treatment systems and level
establishment of desirable purified water quality

B Measurement, analysis and evaluation of raw water quality
Evaluation of water quality and function in each purification
process

M Establishment of Life Cycle Assessment (LCA)

20

" JWRC

Experimental Plant Flow Diagram
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O JWRC

“e-Water II"’. Theme 2
M Simulation by means of water quality prediction models
M Creation of hazard maps

B Implementation of online observation experiments using a

VOC monitoring system

25

" JWRC

“New Epoch”: Research Theme

B Research on water quality deterioration in
decrepit pipelines and preventive measures

B Research on diagnosis technology for decrepit
pipelines

27

n JWRC
Examples of Specimen Pipes

Cast-Iron Pipe,Non-Lining,’54

Steel Pipe, Non-Lining,'39

" JWRC
Research on Diagnosis Technology
of Decrepit Pipeline

Basic Research towards
No-Dig Diagnosis

Examination of Diagnosis
Method of Decrepit Pipeline
Using Statistical Method

- Impact Elastic Waves
- Sound Waves
- Electromagnetic Waves

31
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Odor-Causing Compounds Detection Equipment
(VOC Monitoring System)

Sampling Apparatus

"

JWRC

Gas Chromatograph

Research on Water Quality Deterioration in
Decrepit Pipelines and Preventive Measures

JWRC

the

Investigation of the Relationship ARINVESTEIC IR RGERREE el
between Water Quality between Pipeline Material
and Decrease and Decrease
of Residual Chlorine of Residual Chlorine
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New Technology for Wastewater Control
-Cutting-edge of Wastewater Treatment Technology-
Takao Murakami

R&D Dept., Japan Sewage Works Agency

1. MBR for municipal wastewater treatment

The membrane bioreactor (MBR) is a wastewater treatment technology that offers many
advantages. In Japan, although MBRs have long been used for industrial wastewater
treatment or for reuse of wastewater in large buildings and so on, the introduction of MBRs
in sewerage systems has lagged behind compared with other water related fields. However,
the first MBR for municipal wastewater treatment in Japan started operation in March 2005,
and this accelerated the introduction of MBRs in Japanese sewerage systems. Five MBR
plants for municipal wastewater treatment are in operation at present. In addition, there are
some 10 MBR plants currently in the design or planning stage. The number of MBRs for
municipal wastewater is expected to increase in the years ahead. Some fruits of research
work of JSSWA about MBR are introduced to below.

Risk reduction of the water environment

It is known that a high degree of virus removal could be achieved by MBR.[1] According to
our previous research, it was found that Colipharges and Norovirus of approximately
one-tenth membrane pore size were almost completely removed by a MF membrane. It
was also found that most of the virus existed in the activated sludge, indicating that they
attached themselves to the activated sludge. [2] It is suggested that the virus captured in
the gel layer that forms on the surface of the membrane also contribute to virus removal. [3]
Therefore it is considered that virus removal is influenced by the chemical cleaning of the
membrane.

The behavior of Norovirus captured in the MBR activated sludge and the influence of the
chemical cleaning of the membrane was investigated using a pilot scale MBR which treats
48 m*/d of actual municipal wastewater. A hollow fiber MF membrane unit with 0.4um
pore size was immersed in the oxic tank and operated at a permeate flux of 0.8 m*/m?/d.
The pilot plant was operated with a HRT of 6 hrs in Run-1, in which the oxic tank HRT was
3 hrs. During the experiment however, in order to evaluate the effect of the HRT on virus
removal, the total HRT was then extended to 18 hrs in which the oxic tank HRT was 6 hrs

in Run-2 and 18 hrs in Run-3 respectively.

5141 Shimo-sasame, Toda, Japan 335-0037, e-mail:murakamit@jswa.go.jp
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The number of Norovirus in the activated sludge decreased with prolonged oxic tank HRT,

and the number of G I type in Run —2 was about 1/1000 that of Run-1 as shown in Table 1.

Table 1. Norovirus measurement results for different aerobic tank HRT

Run—1 Run-2 Run-3
Oxic tank tank HRT(hrs) 3 6 18
Genome type GI GI GI GI GI GI
Influent 4.20E+07| 3.50E+08| 2.50E+07| 1.90E+08| 2.50E+07] 1.90E+08
Aerobic tank sludge 1.10E+08| 6.20E+07| 1.50E+06 N.D. 2.70E+05| N.D.
Effluent N.D. N.D. N.D. N.D. N.D. N.D.
(Copies/L)

This indicates that the aerobic decomposition of the virus, which was adsorbed in the
activated sludge and retained in the oxic tank, will progress with the elapse of time.

The number of Norovirus was measured at 30, 60, and 120 minutes after the in-line
chemical membrane cleaning using a 0.3% NaOCI solution. No Norovirus were detected
in the MBR effluent after the completion of chemical cleaning procedure. This may suggest
that the role of gel layer of the membrane surface on virus removal is less important than

the adsorption effect of the activated sludge.

Application to BNR process

Figure 1 shows a new biological nutrient removal (BNR) process for large facilities with
membrane separation.[4] This process combines the step feed multi-stage
nitrification-denitrification process, which is a popular BNR process in Japan, and
membrane separation. In a single-stage MBR, in order to obtain nitrogen removal efficiency

of more than 80%, circulation ratio of some 400% (R=4) is necessary.

Methanol
! Effluent

____________ . v VvV vy K’

i Equalizing Tank i —» AIOlA| O] A OIT\A;I PDN

A: anoxic tank

O: oxic tank

PDN: post—denitrification tank
M: membrane

Figure 1. Flow of the BNR process with membrane
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However, in the membrane BNR process shown in Figure 1, a T-N removal efficiency of
about 80% is acquired at a circulation ratio of 200%. The experiment results showed that
stable nitrification and denitrification could be achieved even in low water temperature
period. Good and stable biological phosphorus removal can be achieved if the first anoxic
tank acts as an anaerobic tank. This is enabled by adding methanol to the

post-denitrification tank and eliminating NOx-N in the returned mixed liquor.

Perspective of the future development of MBR

The MBR will not remain just one of many wastewater treatment technologies, but is

expected to become a core technology that will be used for various types of wastewater

management.

In Japan, MBR is expected to be increasingly used for municipal wastewater treatment.

Although the MBR has been used mainly for small scale plants so far, it will likely be

applied to larger plants in the future. To enable the wider use of MBR for various purposes,

the following issues are considered to be essential.

1) Optimization of the design method.

2) Optimization of the maintenance method, especially fouling control and chemical
cleaning of membrane.

3) Reduction of membrane cost and prolongation of membrane life.

4) Reduction of energy consumption, especially air supply for membrane cleaning.

JSWA will continue technology development of MBR in cooperation with universities and

private enterprises and will conduct the second technical evaluation of MBR based on the

data obtained from the five operating actual MBR plants in the near future.

2. Removal of EDCs by ozonation[5]

Since the natural estrogens 17 B-estradiol (E2) and estron (E1), and the synthetic estrogen
17 a-ethynyl estradiol (EE2) have strong endocrine disrupting effects and the tendency to
persist in effluent from wastewater treatment plants, effective measures are needed to
remove them from wastewater.

In our research, to gain an understanding of the characteristics of estrogen decomposition
by ozonation, experiments were conducted using effluent from an actual wastewater
treatment plant. In this experiment, estrogen was added to effluent at a concentration of
200 ng/l and 20ng/I before the ozonation experiments.

The results showed 90% or more of estrogen concentration and estrogenic activity of E2,
E1 and EE2 to be removed at an ozone dose of 1 mg/l as seen in Figure 2. At an ozone
dose of 3 mg/l, the estrogen concentration and estrogenic activity of E2, E1 and EE2 in the

treated water fell below the detection limit.
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Figure 2. Changes of estrogen concentration and estrogenic activity with ozone dose.
Initial estrogen concentration: 200ng/l, contact time: 15min.
(Top row:E2 added, middle row:E1 added, bottom row:EE2 added)

The removal rate was not influenced by type of estrogen. No generation of byproducts with
estrogenic activity was observed. It is concluded that estrogen in secondary treated
wastewater can be almost entirely removed at the practical ozone dose rate applied for the

purpose of disinfection, which is up to about 5 mgl/l.
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3. New biological nitrogen removal method —annamox process-

The biological nitrification-denitrification process is widely used for nitrogen removal from
municipal wastewater. The annamox reaction is a biological nitrogen removal reaction
that completely differs from usual nitrification-denitrification as expressed by the following

chemical reaction.

1.0NH4"+1.32NO,+0.066HCO3+0.13H"—1.02N,+0.26NO3+0.066 CH,00 5Ng 15+2.03H,0

Under the anaerobic conditions, ammoniac nitrogen and nitrite react producing nitrogen

gas.

The bacteria which participate in the reaction are called annamox bacteria and they are

tinged with peculiar red color.

There are following merits in the annamox reaction as compared with the conventional

nitrification-denitrification reaction.

1) Since about the half of ammoniac nitrogen in wastewater has to be converted into
nitrite, the required oxygen amount is theoretically about 50% of that of the
conventional nitrification-denitrification process.

2) Since the biological reaction is an autotrophic reaction, carbon source for denitirfication
is not necessary.

3) The excess sludge production is small by the same reason.

On the other hand, there are following subjects remaining to be solved.

1) Since the growth rate of annamox bacteria is low, enrichment of bacterial culture is not
easy in starting-up of the plant.

2) Applicable conditions are limited to wastewater with relatively high ammonia
concentration, low C/N ratio and high water temperature.

3) The stable conversion of half of the ammoniac nitrogen in the wastewater into nitrite is

essential as the preceding procedure.

It is supposed that the annamox process is suitable to treat sidestreams from anaerobic
digester or from deodorization equipment of sludge drying process. Especially the
reduction of nitrogen load of sidestreams from sludge treatment process will enable good
and stable performance of biological nitrogen removal process. JSWA is carrying a
research on the utilization of the annamox process including a joint research with private

companies.
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3. New biological nitrogen
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* “Technical evaluation of MBR “(2003)
Process configuration
Operation & maintenance
Performance
Conditions of MBR application
Costs
etc.
* “The temporary design guideline “(2003)
* Five MBRs are in operation (2006)

Inflow 1mm screen
Total design Tapacity Tor Start of Gs'm:::.f:f Chemical wash

Name of the plant capacity (m’/d) _installation (m%/d) Membrane type operation Coagulant acs tank
Fukusaki 12,500 2,100 _Flat sheet April. 2005 -l
Kobuhara 240 240 Flat sheet July, 2005 [l -\—E---b ——
Yusuhara 720 360 _Flat sheet December, 2005 = N
Okutsu 580 580 Hollow fiber ‘April, 2006 H LA
Daito 2.00 7,000 Flat sheet September.2006 e
Kaietsu 23 30 Hollow fiber April, 2007 = -
Zyosai 1,37 1.37 Hollow fiber larch, 2008 —8 i —H—> Effluent
Heta 3,000 2140 Flat sheet arch, 2008 -
Ooda 8,600 1075 _Undecided arch, 2009 Mombeane

Lo omwnl @
A Diffuser Blower
Exoess sludge
. = 7 & - 8
s S e

-315-



» Small footprint

* Advanced treatment (C,N,P)
* Reuse of effluent

* Retrofitting

e Grade up of treatment

* Avoid chrolination in disinfection

e b s s

e Semon s s

360m°/d
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Filtrate collecting
Feed Channel channel

2.5 mm

Activated e Filtrate slits

The first MBR for municipal wastewater in Japan

Started operation from the end of March, 2005
. Capacity 2,100m3/d (Planned Capacity 12,500m%/d)
1

e b s s

4

580m°/d




Kaietsu Plant

230m°/d

Norovirus

Main cause of food poisoning
Outbreak in this winter

Very small in the size

Tolerant toward chlorine disinfection

925+85nm

From HP of - Yokohamarcity and Kkyotw-city |

P —

Experimental condition

Total HRT (hrs) [ Oxic HRT (hrs)
Run-—1 6 3
Run—2 18 6
Run—3 18 18

e s s

Location of Norovirus

Supernatant

Attached to solids

Attached to flocks — Rejection by membrane

-
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Risk reduction of the water
environment by MBR

e s s

Pilot plant

Capacity (m®/d) 48
MLSS (g/L) 8-10
Membrane module HF
Material PVDF
Pore size (1 m) 0.4
Flux (L/m?/hr) 33
TMP _(kPa) <30

o S iy

Results of NMorovirus mesurement

Run-1 Run-2 Run-3
Oxic tank tank HRT(hrs) 3 6 18
Genome type GI | GI GI | GI GI | GI
Influent 4.20E+07| 3.50E+08| 2.50E+07| 1.90E+08| 2.50E+07| 1.9 5+0g|
Aerobic tank sludge 1.10E+08] 6.20E+07| 1.50E+06] N.D. | 2.70E+05] N.D.
Effluent N.D. —I N.D. | N.D.% ND. | ND. —I D]

(Copies/L)

22

e s s

Influence of in-line chemical cleaning

Elapsed time after Norovirus type

chemical cleaning GI GII

30min N.D. N.D.

60min N.D. N.D.

120min N.D. N.D.
(Copies/L)

24

-




« High removal efficiency by MF MBR

* Adsorption of virus to sludge flocks is
the reason of removal

* Gel layer on the membrane surface is
not important for virus removal
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MBR as a core technology

Small—scale plants

Advenced treutment Sollds reduction

Risk reduction @ :> Grade up

Reuse of effluent Retoﬁttlng

Large- scale plants

Removal of EDCs by
ozonation

Ozonation experiment

17 B -estradiol (E2)
Estrone (E1)
17 a -ethynl estradiol (EE2)

Object substances

Initial concentration 20, 200ng/L

Ozone dose 0.5,1, 3,5, 7, 10mg/L

Contact time

15 minutes (fixed)

Changes of estrogen and estrogenic
activity with ozone dose (1)
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e Opimization of the design method

e Optimization of the maintenance
methods, especially fouling control and
chemical cleaning of membrane

* Reduction of membrane cost and
prolongation of membrane life

* Reduction of energy consumption,
especially supply air for membrane
cleaning

are essential.

Purpose of the study

« To reveal the efficiency and characteristics
of estrogen decomposition by ozonation in
treated wastewater.

Experimental devices

Exhaust
0zone monitor
Reactor tower Activated
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- Effective depth : 1.8m ladsorption gas
- Effective volume : 8.8L A
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1,000.0

Changes of estrogen and estrogenic
activity with ozone dose (2)

—A— estrogenic activity
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100.0
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ozone dose [mg/L]
(Initial estrogen concentration : E1, 200ng/L)
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Changes of estrogen and estrogenic
activity with ozone dose (3)
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Initial concentration and
kinetic constant

Estrogen concentration Estrogenic activity
Kind of Initial Kinetic Initial Kinetic
estrogen | concentration | constant | concentration | constant
Po[ng/L] k[min-] Po[ng/L] k[min-]
E2 252 0.205 261 0.286
E1 253 0.171 226 0.236
EE2 299 0.191 589 0.250
E2 36.4 0.121 21.3 0.190
E1 48.4 0.130 37.4 0.156
EE2 18.1 0.115 18.0 0.112
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Conclusions (continued)

« No byproduct with estrogenic activity was
produced during the decomposition process
of estrogen by ozonation.

e The kinetic constant & was not much
influenced by the type of estrogen.

annamox
(anaerobic ammonium oxidation)

NH,+1. 32NO,~+0. 066HCO;~+0. 13H*—
1. 02N,+0. 26NO,~+0. 066CH,0, N, 15+2. 03H,0

e Reduced oxygen requirement

= External carbon source is not&?ary-

« Small excess sludge productiofeee .
"r:'*‘ﬁb" e

I\

A‘iéﬂ
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Chemical structure of E2

The binding—site with
the estrogen receptor

1
\ 2 = 1
A-Ring
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Conclusions

« The removal efficiencies of estrogens and
estrogenic activity were greater than 90%
for an ozone dose of about 1 mg/L.

e Estrogens could be removed almost
completely at an ozone dose of 5mg/L or
less, which is a practical ozone dose level
for disinfection.
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New biological nitrogen
removal method
-annamox process-

Possible application of
annamox process

Reduction of N load of sidestream from;
e Anaerobic digester

< Deodorization equipment of sludge drying
or composting process

A pilot-scale experiment starts soon.
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New Technology for Wastewater Control
— Cutting-Edge Treatment Technology to Reduce Odors in Biosolids —

Daniel WOLTERING'
Water Environment Research Foundation

1. Introduction

The overall purpose of this research is to seek ways to enhance anaerobically digested
and dewatered biosolids to reduce odor intensity in biosolids cake and thereby reduce the impact
on the environment of its beneficial use or disposal. Reduction of biosolids cake odors is one of
the most important needs expressed by Water Environment Research Foundation (WERF)
members. At a WERF-sponsored specialty workshop at the 2000 Water Environment Federation
Technical Exposition and Conference (WEFTEC) in Anaheim, California, the WERF members
voted biosolids odor issues as the highest priority for future research and specifically the
influence of in-plant solids treatment processes (such as storage, thickening, anaerobic digestion,
and dewatering) on biosolids odor quality. In addition, the biosolids management industry is in a
state of flux as to how to properly handle, treat, dewater, and store biosolids to prevent odors
while assuring compliance with present and anticipated changes to the USEPA 40 CFR Part 503
regulations governing biosolids quality.

This study focuses on the dewatering and digestion processes and equipment currently
used by wastewater treatment plants (WWTPs), as well as those that are proposed to meet 40
CFR Part 503 requirements. Equipment or process vendors were invited to demonstrate their
products full-scale at one or two WWTPs while the WERF team collects and analyzes data and
compares results. Any promising laboratory study result will be considered for full-scale field
testing in this project, in anticipation that it would lead to changes in how biosolids are digested,
handled, dewatered, treated, or stored. Practical economic considerations were also be factored
into the evaluation and selection of promising laboratory results to be translated to full-scale.

The conclusions of this study are intended to provide a wastewater treatment plant owner
with a roadmap to develop approaches and strategies that will reduce dewatered biosolids cake
odors. Biosolids cakes with minimal odors lead to better public acceptance near biosolids
management sites and in neighborhoods adjacent to WWTPs. Reduced odors also could open this
dewatered biosolids cake to other biosolids recycling or disposal opportunities currently not used
due to odor concerns (including on-plant site composting or storage). Additionally, significant
cost savings could be realized by not requiring extensive odor control or other expensive options
for containment and management of biosolids.

2. Overview

This research is a multi-year study (2000-2007) conducted in three distinct phases by the
same team of researchers. Different team members participated in the phases depending upon
expertise required and the objectives of each phase. At the time of the January 2007 Japan-US
Conference, the research team is preparing the final report including the “roadmap” to guide
wastewater treatment plant owners to reduce odors associated with biosolids at their plants.

'635 Slaters Lane, Suite 300, Alexandria, Virginia, 22309, USA
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The first phase, conducted between 2000 and 2001 involved literature and practitioner
surveys of odors in the municipal wastewater environment. The intent was to summarize
information on odor characterization for wastewater treatment systems including applicable odor
sampling and measurement approaches for potential sources, state-of-the-art odor control
technologies and strategies, lessons learned for viable and innovative odor control strategies and
technologies, and key gaps in knowledge of technology in addressing odor issues from collection
through final treatment and effluent disposal including biosolids disposal. These findings were
summarized in a WERF report entitled Identifying and Controlling the Municipal Wastewater
Odor Environment.

In the second phase of research, conducted between 2002-2003, field work at 11 WWTPs
lead to a better understanding of the various locations and possible causes of odors during
digestion and dewatering. It was confirmed that biosolids cakes, following dewatering, typically
produce the worst odors in a wastewater treatment plant. Further it was found that high shear
dewatering processes such as high speed centrifugation produces more odors than pressing type
processes. Biologically available protein was confirmed to be the main contributor to the odor
potential of biosolids. Odorous compounds are produced as proteins degrade to form
polypeptides and amino acids which are consumed by microbes. Also as part of the research, a
new method for sampling and analyzing odors in biosolids cake was developed. Biosolids
samples were collected and incubated (under ambient conditions) in small, air-tight sample
bottles for at least 6 days. The olfactometry measurements in the bottle headspace were much
higher than would be sensed by an individual onsite, or from the olfactory analysis of an air
sample gathered by flux chamber or another type of field headspace (as opposed to sample-bottle
headspace). While it is recognized that the bottle-headspace sampling method may not represent
actual field conditions, the consistency of sampling and analytical protocols that were used for all
11 WWTPs in the study resulted in a useful and statistically valid comparison of the large number
of samples collected. The complete results of the second phase are reported in a WERF
publication entitled Impacts of In-Plant Operational Parameters on Biosolids Odor Quality.

An ancillary part of the second phase of research was an evaluation of whether the
experience of odors, i.e., odors as sensations, from biosolids at wastewater treatment plants
(WWTPs) might cause illness. There exists no repository of information on the numbers of
complainants with illness, their specific complaints, or the relationship between degree of
exposure and complaints. Anecdotal reports nevertheless imply a pattern much like that
associated with other industrial malodors. Symptoms claimed in connection to odors from
biosolids in particular seem to come from olfactory rather than chemesthetic (irritating)
stimulation. Although not inappropriate to the experience of malodors, the symptoms seem to
occur via intermediate variables, such as annoyance, anxiety, and frustration. Persons who
experience no such distress apparently experience no symptoms. Any connection between odor
and illness has received little note among the large number of articles in the medical literature.
This state of affairs presumably exists because odors per se generate no objective signs of illness
in otherwise healthy persons. However, malodors may exacerbate both symptoms and signs of
illness in persons with certain chronic disorders, such as asthma and migraine. Vulnerability to
such effects may vary considerably from person to person. The WERF report is entitled Health
Effects of Biosolids Odors. Literature Review and Analysis.

As a follow on to this work, WERF is currently conducting research to develop a protocol
for the timely characterization of reports of adverse health effects following likely exposure to
land-applied biosolids. The intent is that local health officials would use the protocol in their
evaluation of reported health incidents and that the information would be used to identify and
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reduce exposures if, in fact, there are any health effects or risks identified. The protocol should be
available by the end of 2007.

The third and current phase of this research program began in 2004. The laboratory and
field work has been completed and the data analyzed. The final report is expected to be available
by the end of the first quarter of 2007. This phase is entitled Biosolids Processing Modifications
for Cake Odor Reduction.

This phase focuses on the dewatering and digestion processes and equipment currently
used by WWTPs as well as those that are proposed to meet 40 CFR Part 503 requirements.
Evaluate cake odors and reduction as a function of chemical addition, and digestion and
dewatering process. Eleven WWTPs across the USA were involved in the collection of
information and data as well as sampling and analysis. Eight commercial vendors of agents
intended to reduce biosolids odors were invited to submit their chemical, biological or enzymatic
agents (CEBAs) for test demonstrations in the laboratory and at the full-scale if they showed
promise in the laboratory.

The laboratory studies done at the beginning of the third phase confirmed that volatile
organic sulfur compounds (VOSCs) are the main source of odors in anaerobically digested
biosolids. The principal components of VOSCs and those that were monitored in the study
include methyl mercaptan (MT), dimethyl sulfide (DMS) and dimethy] disulfide (DMDS). These
VOSCs and odors are produced and then degraded during biosolids storage.

The effects of chemical addition before and after digestion and dewatering were
evaluated for iron, aluminum sulfate (alum) and a wide range of CEBAs. More iron in wastewater
leads to more VOSCs and more odor. This was demonstrated in the laboratory and confirmed in
the field at one wastewater treatment plant. Eight (8) proprietary CEBAs were tested. 4 were
added pre-digestion and 4 added post-digestion (either before or after dewatering). The dosage
amount and frequency was done according to the directions from the vendor. Only one of the
eight CEBAs tested appeared to improve cake odor reduction over the untreated controls, but that
one severely inhibited the digestion process and thus was not a viable solution. One of the eight
actually increased the odor in the biosolids cakes. Post-digestion alum addition showed promise
for odor reduction in the laboratory. Alum field trials showed less consistent, but largely positive
results in reducing odor. Peak VOSC levels were significantly reduced with the addition of both
2% and 4% alum by weight.

The evaluation of various anaerobic digester processes on odor included the study of
digestion time (SRT or solids retention time), the homogenization of the sludge prior to digestion,
and the configuration of the digester comparing egg-shaped digesters with two-phase (acid-gas)
digesters with a more conventional mesophilic digester.

While VOSC was reduced with SRTs extended beyond 10 days up to 30 days, the levels
did not get below 1000 ppmv which is still an odorous sludge. Utilizing the MicroSludge™
process before mesophilic anaerobic digestion significantly reduced cake odors. The MicroSludge
System uses chemical pre-treatment and a cell disrupter to burst the microbial cells in waste
activated sludge (WAS). The resulting liquefied WAS is readily converted to biogas in an
anaerobic digester. The egg-shaped digester produced less odor than the two-phase (acid/gas)
digester. And both of these configurations produced considerably less odor in biosolids cake than
did the conventional mesophilic anaerobic digester.

A Centrifuge Scroll Test was conducted on a high speed centrifuge as part of the study to
determine the effect of dewatering processes on cake odor. Several locations within the
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centrifuge were sampled and the analysis of VSOC clearly indicated the level of odor was higher
immediately after the digested sludge was sheared and as it left the centrifuge. The overall
comparison of various dewatering processes indicated that cake produced by centrifuge had the
highest odors produced followed by rotary press and then belt filter press. Centrifuge type and
operation (bowl speed, torque, and feed rate) was also seen to impact odor production. The
dewatering effect appears to be related to centrifugal shearing of the biosolids, which appears to
make protein more bioavailable, thereby producing more TVOSC from protein decay.

In summary, the aspects of the digestion and dewatering processes that appear to have the
best potential for reducing biosolids cake odor include: sludge homogenization before digestion,
increased solids retention time, lower iron in the wastewater, digester configuration, and reduced
shear during dewatering and handling. The addition of alum post-digestion but prior to
dewatering was also found to help reduce cake odor. These aspects may work in a
complementary manner, and some or all may be needed for significant odor reduction in biosolids
cake. The eight commercially available CEBAs that were tested did not reduce cake odor.

While much was learned from this research program, it only forms the foundation for
what will need to be numerous further trials, demonstrations and the sharing of findings by
wastewater treatment plants to build a database of experience. This experience will provide
guidance as to what adjustments work and are cost effective. The final report (available by the
end of the first quarter of 2007) will provide an initial “roadmap” of approaches and strategies
that a wastewater treatment plant owner can try in order to reduce dewatered biosolids cake odors.
It will cover both the processing equipment and the chemical addition aspects of operational
decisions as well as the designs of digesters and dewatering to minimize cake odors.
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Treatment Technology to
Reduce Odors in Biosolids

presented by

Dan Woltering, Ph.D.
Director of Research
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Project Participants WA=

Principal Investigators
CH2M Hill

Los Angeles County Sanitation Districts
Additional Research Participants

Virginia Polytechnic Institute & State University

Bucknell University

Moore Engineering Consultants

11 participating wastewater utilities

8 participating commercial product vendors

Project History/Overview

Phase 1 (2000-2001): Literature survey of odors in the municipal wastewater
environment. Product: Literature Search, Review, & Analysis

Phase 2 (2002-2003): Field work at 11 WWTPs that helped understand the
various locations and possible causes of odors during digestion and
dewatering. Product: Impacts of In-Plant Parameters on Biosolids Odors

Health Effects Addendum (2004): Review and summarize evidence
surrounding potential health effects of biosolids odors. Product: Health
Effects of Biosolids Odors: Literature Review and Analysis

Phase 3 (2004-2006): Laboratory and field tests with additives to determine if
odor reductions can be achieved and recommendations on what a plant can
do to reduce odors. Product: Biosolids Pr ing Modificati for Cake
Odor Reduction

Phase 3 Objectives

Evaluate cake odors and reduction as a function of:
Chemical addition
Digestion
Dewatering process

Lab scale first and then try it in the field
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Water Environment Research
Foundation Top Issues for Wastewater

Nutrient removal

Sustainable asset management
STP operation optimization

Risk of trace contaminants

Health risks of wastewater microbes
Stormwater management

Biosolids health risks and odors

Project Goals

To cost-effectively produce dewatered biosolids
of significantly reduced odor intensity

Provide treatment plant owner with a “roadmap”
of process modifications that can be considered
to reduce dewatered biosolids cake odor
Focus on digestion and dewatering equipment
and processes now in use to meet regulations

Phase 2 confirmed that biosolids cakes
typically produce the worst odors in a
Wastewater Treatment Plant (WWTP)
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Components of Phase 2 Research

Develop sampling methods for total volatile
organic sulfur compound (TVOSC) as a
surrogate for odors

Confirm correlation between TVOSC and
odors from biosolids




Closed cake sample bottle simulates
anaerobic cake storage environment:

Cake pile, full scale Closed bottie,
anasrobic
. QOdor emission =
Flux chamber, Odor emission = Flux from bottied cake
anaerobic Flux from piled cake into the headspace
QOdor emission= e e Sinepire
Flux from cake into Odocconmumption
the fux gas Flux from headspace

into bottled cake
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Cause of Biosolids Odor: Odorants
are produced from protein degradation
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More iron in the wastewater leads to more
TVOSC - blue are lab and pink are field data
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Findings from Phase 2

Volatile organic

e b e b L
sulfur compounds wr IE
(VOSCs) are the A s E
main source of £ E
odors in 2 E

. S 200 E
anaerobically 2 3 3
digested biosolids £ '3 3

e s E
=3 E
VOSCs and odors 50 E
are produced and e e AN
degraded during 0o 2 4 6 8 10 1

storage Storage Time (d)

Correlation between TVOSC and odors as measured
by dilutions-to-threshold (D/T) was corroborated

LOG dilution to threshold (D/T)

y =0.8248x + 3.7568
R?=0.9824

Closed bottle samples,
WEREF project 2006

Flux chamber samples, Webster et al, 2006

-1 -0.5 o 05 1 15 2 25 3 35
LOG organic sulfur (ppm)

Effect of Chemical Addition

CEBA, CEBA, Alum,
Alum,
Iron & y n
or Iron Polymer Lime Addition Sampling
Addition Addition Point Point Location
Point
Mesophilic
Anaerobic H'Q"' Solids Conveyance “
Digestion Cemnfuge

CEBA = chemical, enzymatic or biological agent ‘

Alum = aluminum sulfate (Al,(SO,);

Water Ensironment
Tests of Chemical, Enzymatic,
and Biological Agents (CEBAs)

Eight (8) proprietary CEBAs were tested, 4 added pre-
digestion and 4 added post-digestion

The dosage amount and frequency was according to the
directions from the Vendor

Digestion was batch-wise with two different 50% exchanges
of fresh sludge on days 7 and 14 with an additional 21 days
of digestion

An initial 20% seed of digested sludge and a balance of
50/50 mix of primary/secondary sludge was used
Post-digestion CEBAs were added before & after dewatering
Only one of the eight (8) CEBAs tested appeared to improve
cake odor reduction over the untreated controls, but that one
severely inhibited the digestion process...




CEBA No. 1: Added Pre-digestion

Volatie Solids Reduction
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Post-digestion Alum Addition Showed
Promise for Odor Reduction in the Lab
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TVOSC and Methane Production vs. Cake Storage Time
at Varying Alum Doses (Optimum Polymer Dose)

Same Alum Field Trial Results
as a Bar Chart, Comparing Peak
TVOSC at Different Alum Doses
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Lab digestion — the SRT study
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What do we see?

*Improved TVOSC reduction to 30 days

«Can’'t seem to get below 1000 ppmv

«This is still an odorous sludge after 40 days digestion time
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CEBA No. 8: Added post-digestion,
prior to dewatering

Average Headspace TVOSC (ppmv)

CEBA No. 8 produced
higher odor...
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Alum Field Trials showed less
consistent, but largely positive results
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Effects of Anaerobic Digestion
Processes on Cake Odor

The next three slides show:
Effect of Mesophilic Anaerobic Digestion Time
(SRT) on Volatile Solids Reduction and TVOSC
Effect of Activated Sludge Homogenization prior
to Anaerobic Digestion on TVOSC
Effects of Egg-shaped Digesters and Two-
phase (Acid-gas) Digestion compared with
Conventional Mesophilic Anaerobic Digestion

The MicroSludge™ Process before
Mesophilic Anaerobic Digestion
Reduced Cake Odors

Mannich polymer
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Two-phase (Acid/gas) & Egg-shaped
Digesters are Better than Mesophilic
Anaerobic Digestion For Odor Reduction
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Centrifuge Scroll Test: odor
results by sample location
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Phase 3 - Overall Observations

Sludge homogenization before digestion can reduce odor
Increased solids retention time can reduce odor

Higher iron in the wastewater can lead to increased odor
Digester configuration can affect cake odor

Addition of alum post-digestion but prior to dewatering can
reduce odor

Reduced shear during dewatering and handling can reduce
odors

These aspects may work in a complementary manner, and
some or all may be needed for significant odor reduction in
biosolid cake

The commercially available CEBAs that were tested did not
reduce odor

Thank you

—
WW

The final report, which will include the “roadmap” is
expected in Q1 of 2007

Contact information:
Dr. Dan Woltering
dwoltering@werf.or
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Effect of Dewatering Processes on Cake Odor

Centrifuge Scroll Test — Sample locations

Sample C: After Disk

Sample A: Entry Point

Sample D: Discharg
Sample B: Before Disk

Dewatering Conclusions

Dewatering process has significant impact on odor
production:

Centrifuge >> Rotary Press > Belt Filter Press, in
terms of cake odors produced

Centrifuge type and operation (bowl! speed, torque,
feed rate) can also impact odor production

Main effect appears to be related to centrifugal
shearing of the biosolids, which appears to make
protein more bioavailable, thereby producing more
TVOSC from protein decay

Potential Reduction Measures of Biosolids Cake Odors
Options Summary Chart [“Roadmap”]

Water Environment
|
Operational Decisions

Process Chemical

Equipment Addition Anaerobic Digestion
T
Anaerobic Digestion —— Longer SRTs Each decision
Digester pretreatment Pre-Digestion Egg-shaped A
Improve mixing Muminum Acid-Gas (multi-phase) must consider
Increase VS reduction ron ‘Thermophilic i
Operate in series Other cations Temperature-phased 3”}’ °?he’ direct
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Increase temperature CEBAs 5
Other? Other? impacts of
’7 design and
F— operational
Dewateing & Coke e e Cake Storage changes on
‘onveyance/ Storage ewatering Belt Filter Press
Decrease centrifuge bowl Aluminum Rotary Press wastewater
speed Iron Variable-speed treatment and
Decrease centrifuge Other cations centrifuges o .
torque PH control Adjust cake solids solids handling
Increase cake moisture Polymer dose and Minimize
content type conveyance processes
Consider BFPs CEBAs Belt conveyors
Belt Conveyors Other? Enclose cake
< . storage areas
Other? Other? &
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