512

.
® | ERE
e BN
*pFER | EXE NOFEE [SIN-ErD)
a Tvk BERR
E-I30% smitsy)
FAS=HL #
=3 ENM-EES BX
5 mBeE) FER&() FRAX
HRKE FAFLU
Bkt A48 BAE=REBLLTL

3
 TRRAGEAELS R OF 52008 T S 2HE
5 kilikelEET S ERWROWY L EER/ B (8

£H)

EEEIE, 0.17~2900ug-1'E, BEFROBEIRE
Lo TER o7 FRNFEHOF KRG OHE L F#
(2, 20ROV TERIDVBESKEBICERLT
Wiz, ERIREAVN S WE K - EREAEORETIE,
TR EFAE LEABOBE, 100~500ug: ! 'O
FARSE {, 1,000ug ' UEDRES 205572
BB RE2900ug- ' OREHE, AT EAKELAE
HARKEDEKRTH o7z HTFREFEAKE LBKEOSE
&b, 100~500ug- I ' ORMELIEL S, FRUME,
Z{DOBETHug ' ORBTH 12,

4. 5hY(C

KEIZBWESDRLBRL L ToRvedars,
ZL{OBRTHEVWLENTWE, T/, 4V BELHE
D=2k LTHEMIZELR TS, LaLEAS, K
DEEBRFER A VI X5, BEEICLY, Hoy
VENERTAZEBELRE R TER.

WA, HEK, AGERAK, WETIEK REFHS,
O EMEHINTEY, WIC, EXEB LUEE
FEEE, Bk, TEHEKEESUCKIECFEL TV,
CHEOWMEIIAPTRALT L LTHEETLLOEK
HAE L, BRABTETOREVHELZWETH S,
YRR EREIL, MEAK, KM UEREHI BV THEWEED
HY, SBRELEBEVLETHL, 208 HEIE
EEIK P TR E ) (FMEICET () EEMEILT
B AL b ThE. CNETTRIEERNSHEE
Lo TEMEO—HOWE L EERE (BHrEEL
D) PEEAMICTRLTALE, BAOBEVHELD
b, TR ORERE: FOBEISHENIICEVIESH
HhHEEZOND (H5). 27, HELIREOBILEM
WMELTHEETZLDIIoWTIE, £ EE. EHESS
LEBTLIZ MLV, whoabFEWEERF
ETEHIH L2 <, B2 RERERECRLEEDE
THRELODFOME ORI EL LI LNEETH
BEVWEERBS,

£ F LMK
1) E&%@E (2003) KEZEICMTLES (Fa5%E5 A30H
[FE 5 EE 5 51015).
2) BEEFEHE (2007) KEEEIMETLES-HUUE (FHI9E
11 A14B B 5 #hE 5 5135%).
3) BASME (2003, 2007) ARERMTLIEFORERUA
HiERATREO—FHEFIZowT (FRISEIRI0E #ES

=

10100045 (—#FHE FHRIGFEILRISHRFEH11150035)).

4) BASWHE (2003) EAHEEREOFSE - BE  KEEXD
RELiZBH % #E B E http//www.mhlw.go.jp/topics/bukyo
ku/kenkou/suido/kijun/dl/mokul0.pdf

5) USEPA, Haloacetic acids Maximum Contaminant Level, Fed-
eral Register, 68 FR 49548, August 18 (2003).

6) HRRE MHIRRTF WAEE (19%) +V/ RBIZLHRE
B4 Y OERICBY 2 RFEERDOEE, KBEREREE 190,
930-936.

7) Mari Asami. Takako Aizawa, Takayuki Morioka, Wataru
Nishijima, Akihisa Tabata and Yasumoto Magara (1999) Bro-
mate Removal during transition from Granular Activated Car-
bon (GAC) to Biological Activated Carbon (BAC), Water Re-
search, 33012, 2797-2804.

8) Y. Yoshida, M. Miyata and K. Terashima (1997) Detection of
Bromate in Yodo River and its Behavior in Advanced Water
Treatment, $47TEIZEHENRERESHEER, HA

9) EASEERRBAGER (2006~2008%k5T) TFH16~18FFEE
#IH H .

10) ithE3E0, WERNF, MRMEEZE, FmEsl, WEE— (2005)
HKEEERS )Y LRORE A & 2 L REEBCT S8,
Foenl EEAGEM R ESMBEE, 608-609.

11) FHREEE, WIHE:ET, THE (2003) XFEREBES L) 74
BEBAEBIIBUTARERA A 0¥l AEEGESHEEE 728)
2-7.

12) B&EAGEERS (2006) [AGEREMEXEIIMT LHEHRES ),
TRITEEREEFHEFERBE

13) LR—Z, A3HE—, FNIEME (2008) ABMIZBTLRERE
BELR:ZFOMGE SORLENEFEEREHEL
550-551.

14) FKEEF, FMET, WANE, FNEF (2008) BEAEE
ORGKT = VBT AHBRIERY O EERE, FooESERE
o sE R, 532-533.

16) MASE (2007) FRL194E 3 B3l BE A S iaRERAER
RS, NSRRI DWW T,
http://www-bm.mhlw.go.jp/topics/bukyoku/kenkou/suido/kiki
kanri/dl/shigaisen—shori.pdf

16) MM (2007) ARTE£ZEEEH, FHI194E 3 ALSH @M

17) WHO Guidelines for Drinking Water Quality, 3rd edition, Ge-
neva (2004).

18) Howd, R.A. (2002) Pesticide and Environmental Toxicology
Section, Office of Environmental Health Hazard Assessment,
Califormia : http://www.oehha.ca.gov/water/pals/chlorate html

19) WHO (2008) Evaluation of Certain Food Additives and
Contaminants ; 68" report of the Joint FAO/WHO Expert
Committee on Food Additives. (http://whqlibdec. who.int/publi
cations/2007/9789241209472_eng.pdf)

20) BARKERS (2006) REHETOFRESN, AEDGESHE 75
(8), 54.

21) Gordon, G., Adam. L.C. and Bubnis, B. (1995) Minimizing
Chlorate Ion Formation, J. AWWA, 87(6), 97-106.

22) B EFEL, EMmHER (2006) FrERFIZBITOREEEMTHY
T LOMETH, AEBEMEI 7909), 10-24.

23) AHHEE, FHEE BFET BEASF AREE (2000
HERREEZEF )Y LAPORERCMTIEE KERS
M3k 76(8), 14-17.

24) #HEE HEFE ALBA, LEEZ (2008) EFERRE
HEO-HORBEEEET M) Y A0 pHETHIEDSE, $596
EEAEHRREFR S, 546-547.

25) AT, HREE REE T BEEAE E2E— (2006)
IC/MS/MS % BRI O AE TR A 4+ OEERE,
HI8EMHE L A 7 LEHEE (EICA) HIARERSE BE AT
LBTHRIRIBAESRE). 11(2/3), 215~218,

26) Kosaka, K., Asami, M.. Matsucka. Y.. Kamoshita, M. and
Kunikane, S. (2007) Qccurrence of Perchlorate in drinking wa-
ter sources of metropolitan area in Japan, Wat. Res.. 4103),
3474-3482.

KIEMEZ4EE  Journal of Japan Society on Water Environment



27) ANEIET), RREE REEF, BEESH Ba¥kE— (2007)
FIRN TR QBRI BV 2 BIEREA + O FRWE, KEH
Z&EE, 30(7), 361-367.

28) RAKE, RER, FEMT REST, EaE— (2008)
AR, KEARURERRES M) 7 ABHICBT2EERL
BEFEROFARR LG, AERSMEE, 7T74), 722

20) B, ERRERE, ER, THET £BFR SHRE
3 (2008) AKEARFICL 2EFRR - BERRROEE) & HREH
LB AEBRME, H0EEEKERTEERAMELE, 544-545,

30) {bEETHEAWMT (2006) 149060 1LER R, pl2, L¥ETER
Wit WEL

31) Massachusetts Department of Environmental Protection,
The Occurrence and Sources of Perchlorate in Massachusetts.
Draft Report. (http://www.mass.gov/dep/cleanup/sites/perc
sour.pdf) (2005).

32) Dasgupta, P.K., Martinelango, P.X., Jackson, W.A., Ander-
son, T.A., Tian, K., Tock, R.W. and Rajagopalan, S. (2005) The
origin of naturally occurring perchlorate : the role of atmo-
spheric processes, Environ. Sci. Technol., 39, 1569-1575.

Vol.31 No.9(2008)

513

33) National Research Council, (2005) Health Implications of Per-
chlorate Ingestion, National Academies Press.

34) Interstate Technology & Regulatory Council (ITRC), (2005)
Perchlorate Team, Perchlorate : Overview of Issues, Status,
and Remedial Options.

35) Kirk, AB., Smith, EE., Tian, K. and Anderson, T.A. (2003)
Dasgupta, P.K., Perchlorate in milk, Environ. Sci. Technol., 37,
4979-4981.

36) El Aribi H., Le Blanc, Y.J.C.. Antonsen, S., Sakuma, T. (2006)
Analysis of perchlorate in foods and beverages by ion chroma-
tography coupled with tandem mass spectrometry (IC-ESI-
MS/MS), Analytica Chimica Acta, 567(1), 39~47,

37) Dyke, J.V., Ito, K., Obitsu, T.. Hisamatsu, Y., Dasgupta, P.K.,
Blount, B.C. (2007) Perchlorate in dairy milk. Comparison of Ja-
pan versus the United States, Enwviron. Sci. Technol., 41(1),
88-92.

38) Asami M, Kosaka K, and Kunikane S, (2008) Bromate, Chlo-
rate, Chlorite and Perchlorate in Sodium Hypochlorite Solution
Used for Water Supply, AQUA : J. Water Supply (in press).

=18



%59 MeEKEMERES FH20.5
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R AR (EAReERHFER)  BEe 2 (ErfREERE SR

1. [FEHIC

NDMA |3EEASAEEEETIZY)—7 2A(E M L THEES S EBAMOSH D) Ha8iE ., KER
BREr T, KEEEIREINTWRWLS, 105 O4ERNAU A IZHYTH5HEPKPRESL T
Tng/L ASRENTWS, JEEE. KEPHFFIZHBNWT, NDMA ¥k E /-3 RN TORSRIBEI
Lo THERT D Z EMME SN T WS, HEHSHWEE 9~12 HIZITo 72BN 28 4 FrD/KEFHERZ I,
FiK B 2.6ng/L. HKIBRE 1.6ng/L TH 1 O B TRICHBT 5B 23RS TV 2.9,
FOTHEESIIT Y. BWESKUEETRICBITS NDMA OB 2R L7z, RIZ, QTR TR SR
IZHEIN U 72K B ORI EE U, BV B 51 RS KOV R R Bk H D NDMA &4/ >
QU X5 NDMA 4:686E (BAF. NDMA-FP(Qs) OTFESEEZHELE. 51T, Bk R
%R U FARMESR 20807, TAUETRICETS NDMA & NDMA-FP(O) D¥8h 2 L /.
2. Bk
21 KB/ - AR AE AT HEN 6 Kk (P1~P6) DOITFIKZE 2007 4F 10 AR L7z, K
ENTHERE 134 AR L TR SITEKFRCF AR U T AZRNL. KiZ. P3. P6
DAPET)I A EFSINTHS B ) 2 HimDFERK Bl B2) &EOMO TGRS 2 » oK

(SP1. SP2, 7=/FL SP2i32 A, BLF SP2-1. SP2-2), BIUMUL AJIIEFZNITHS CJIDT
TKANFELE 2 4 FROBEZK (SP3. SP4) % 2007 4F 11 AT L 7=, SP1 TI3EKEHTA AR iR
BL TV, /o, NDMA-FPO)BIERURRETI O, ARk E 2007 4 10 AICHERRL . Ch
SKEEHZ DWTIHL, NDMA-FP(ORIE DBz A/ BT 5 Z S 2ERE L, FAREET B U AZFN
Uishole. ZH6OKEENT, FUE 0.Tpm OH 7 ARMEAHE (Whatman) T2 L7242 NDMA &
NDMA-FP(O)DRIEZIT>7z. & 51T, SP1 DLE/KZ 2007 4F 12 AR L7z, ZhsKitEHzDWT
b, A& FRROEHIZE D FA T b LARENLaM 27, NDMA-FPO)CREEIZBWTIE, ¥
AKIEFUEE 10pm R 7O L > A8 (Whatman) THifl L7z, TOMTIEKIZSER I T-72
22 NDMA MEEHZEEREOME *: NDMA OFIEITIE LO/MS/MS =2V, LC I3 Acquity UPLC
AT L%, MS/MS IZIZTQD # o7 LANEEEEMTE26A Lz (BALE, Waters), &7z, KBl
RV EFERIHEIC & D170 72, SRR RS, Mok U TR S L UN) 7K T 500mL (HSHEREER 1 2,500 £5) |
AT TIE 200mL (1,000 %) F/2i3 10mL (60 i) OWTFhhe L, ERTREEhTH
0.8ng/L. (FEATER : 2,600 %), 1.9ng/L (1,000 £ B 38ng/l. GOFH ThHolz.
2.3 NDMA-FP(O,)MM5E: iVEKR: 1L, /Kil:20C. A/ 2 A5 me/L,  H ANR:0.5L/DDE&MTAY/
A EFTo T, TOFA ALEH%O NDMA ##7 NDMA-FP(Os) & L7z,
3. BRLER

MR KR TRRIZ BT 2 NDMA ORERRER 1 1DRT, 4/ A X D NDMA BEE LT3

x| BEGRKAIETIZICHITS NOMA DESE)

& NDMA(ng/L) A

K (g [ AR s R R | [HoKiS | A g

E ] AR | FREIK | FEHIK H K| (mg/L)

P1] 13 [~ 1.9 2.6 1.4 | 11 | 0.38

Pzl 15 |- 7.0 3.5 2.5 ] 1.8 1.8 |AIEHE4.5mg/LiEA

P3| 1.9 [ 21 20 1.5 [ 15 [ 079 .

P4| <08 || <08 - <0.8 -+ | <0.8 - |$RIKERITA T TR R ER AL |
P5[ 1.0 [+ 08 18 0.8 | 1.0 12

P6l 09 |- 12 17 1.3 | 22 | 0985 |BIEFEF0.6meg/LEA
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BEGR : D A8 NR RE, B P42 EGREESESINGUE. 2008 BERTD. 2 AR 17 FE BRI
KRR RER L AR BFOREHRICETL migusaaﬁtabgﬁumam PiFcsts . pp.284-286.
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(8 -32) KEKRFIC & BIEHRE - BIERMOEE) & HREFCH 3 RERE

Omn HEh(ANFEBKERER) &R HE(EIRRERHFR)
AR R (A ReER#ER) FH L (ELRRERRER)
& FHiR(EBRAOEEFER) FH BOC(FIRKILTAER)

1 RBRLBIS

ERR20FEFEDHAKBKERME~K LIFTEN - ERERIT, IREEFRE TN LA (LUFIKRE )
ORI LI KR OREKREKPICAMENDZENRBALNITRo TS, ZOWEFDIE
RBREIL. FOEFBOETIZETERTZERAONTWVWD, ZTRET, KB OERER
DEENZOWTITFHLRHERITORTWAR, AR KERKICHL T, BEERRE
PR LT-BRICHEBBRREY LR T353R THS, i, BERRIZTOVWTH,
FRBEFRICKREPICE TN TSI S, RKEORFICLVRE ERTAZENRHREEIN TS,
B RO A R AP ORERZEOBDITHIZEBNIC SV TGRS TV, — 7 &
FRROEBEEOREIZY =0, SAASFERITSNLL TEHENTWAD, &MOHENE, AE
ARUNDERBIZOWTIZHL Lo TVRN, FZT, AR TIE, faAKRAKPOKREESE
OB IR B R CBREEROZEBR IOV TRESToT. o, IRXTFAT+—F—HF,
PR, WO RS HROBE P ICBIT5, BERECRERBOREDERE
MEE{ToT-,

2 MEAHE
2-1 REEHE

AKEAKORFICLDEFRER  BEFRBOFERE TIL, BesHROAKBERKKIEAKIREL
fEIR N (REFT) T, 20, 40°CT0, 1. 3, THMREL ., BIEREIE LTz, 2, V- BEFEK T
pH7.2IZFABL 7= B#liKIC, BT EA0.5mg/LE725 ISR (FnYE RS RD 2 B L 7= 308
ZVERRL . XK ELT,

HIRECE O REBREICB O TITI06RBIZINEL . 6 BMWOKES THIEL TWD
[SRFNT+—F—FDOMERTHTARTA 12 EICHE L, TORRIT, KEFEET
BELTWABKEBERIM KRR, FF 25073 —F—BBNEIRTIATF—F—(LLTFIIX
G4 —2— D498, AERM AL DORI AL T IRV A D106, BRERN
zsa“%\ii%ﬁﬁuﬂmﬁ&ﬁtﬁ-fﬁﬁﬁmﬂﬁmaﬁ'@&;oto
2-2 ; P

HEBIT. EFOEOERBOEMDI-D, BARBRIISHELL LMK, JREE - 15 HEIEHI206F
LEFRUE, ZheUAORETIL, ofF L EF/RLL<IX0OnGuardl Ba/Ag/HA—hR) o
(DionexB) DB E{T -7, IBERERIZ VT, O, #B(Cambridge Isotope
Laboratories )2 NEEEHE I A=, BERE. REBECE - FERIEHZ W TIE, Bk
PTRET A RZ 7 ANE—(T R Ty s HER)TARZT-oT-, BEEE, AEEROERITIL.
IC/MS/MS(IC : ICS-2000(Dionexfl) . MS/MS: API3200QTrap(Applied Biosystems${)) % &AL
7=, MERMOERTRIMEIZ. AHEAK, SXFINAVTF—F— RMLKOGEE, BREOEE RV
IR - B RO B/ AT, FNEFN0.05, 0.25 T u g/LThoiz, MERBOER TIREIX.
0.05 p g/LThH-oT=,

3 HELEE
3-1 KEKORFICLDIERE - BERBROER

FIHIpHIZ6.9~TADFHICHY . ETOREHZEWT, REHM P, KELEBIIRBDHLN
2ot BEEFEOV M BEIT0.5~0.8mg/LOM ThH o7, 20°C TIRIFLI=F /KR KIXTA
#120.2~0.4mg/LOFMHAFT TRERTLED, ARATIIREK TIIRDOONR) o, 2D
D, 20CTHRIFLIERARAKDBREERBRBEME T L0, KFOFEHOREITL
HLOLHERIE N, — 5. A0CTREFEL KR K O FHE R IR EEII3 B #12iXFT0mg/L
TR T L, MBAICBWTH0.3mg/LETIETARDLN-, Z0Zlnb, ABMICIIBRE
WREROWEEUANOERLEEL TWAEHERISH-, HBBOPIIHIREIX26 1 g/L~140 u g/L
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OFICHY, REHEPOBREITIZIE—E T, AHERBE LA IIRDLNZ2-oT, 20z i)
5. A0 CTHREFLERBHCBWT, AlMIC - TIEBEIN-BREERBEEOIER TLML. &
FBEOERIZIZTFEETICHCOMLI-bO LRS-, BEEBR O MR EIX<0.05~
7.8 ug/LOTHAICZHY, 2 TORBHIBEW T, BREEROBA LT, BEEBEBEEDO LH
IR NS0T, Lieio T, AKEATORERBEIEE L, HEBBELRRIIZEALE
(APA AN VT Y ¢ a8

3-2 MRACH P DIERE - AERBEEEOEERE

SRR OEFEBRREEXHIIRT, K

BRMADEE ETOREILOERBITRE ]
S, FOBE®PAIZ25~120 u g/LThHoTo, = o AR
DRERIT, AER MK ITEEOBEORKT 2, ANN
AT EE L BT, — . ABRMABAD 2w AN
Bh . BRI 1ZLACRBI T u g/LU g = B&&%
TChotit, BonORETI, ABRIMA ™ S
O R A SRR B OfliA R LT, & Lu a« SuF
AREA RSP OB R REL K2R, 0 B pras .

2TORBHIBWT, BB FRMRE I p g/LK
W EIEWETH-Tz, Ll BREEAK S, AKEA LIRS G st
Hhn, BEERIIE p g/LUA EORETRHE 1o —
NTWABBAEBRHDHIEND, ik, FARKOREEIZ =

0.8

XoTi, IVRmWRETRIHENSFTREERHD o o

=
(X]

CEZONT, 2B, IRTATF—F—hDEE 2 os —. 2

RRREOBRI-LBOEHBO RS E 1 —

e I et w 0.3 - o
KBRS DT IRGE R DS E | BRRE —— —

I EERE Ao = REHZ OWT, FOREEREL o _—Mﬁ 7 —

Foo SRSA Y F—F—DHEE . SRBINRAERE | ; P | ‘ T’_

NRERFEOERBREZ NI, ZhbORE L S L1

TEICB X RV EZIT oo R 2 BHTEUsH )

AEAEEALTOBIL, B IREHIE TR A sixm s e omann

ZIToTWAIERbhrolz, 2O Ehb, Zb3
REHL, SRXFNL T3 —F— T3 RV KIZ
DEEINAIRERETHY., THOIRBIZERE SXTNAUF—F— PO RBREIIRKT.1
ng/LEMRD DRV EWBE LT, CobE, AFERIRIC LA REEEEOEWIZRFIIED
biehotc, BEBICHOWTIE, 1283 AHOIRE O AKERMAKEZBZHEBE
(700 p g/L) THEMABRHENT-, £, REEFCE EIREEHZ SV TiX, 849, A6k}
2TE, BHo3ilk 2kt AERML KT OBELFRREORE CHEEBRABHSN
Tro AHLIZOWTBIERVIRE AT o722 A, BEBBEMNTO u g/LTHo7=TH T, HF
KEABAFRESL, BHETALBEFERLTHAZERNDh o7, LL, HEBBENENE
EEELFIEEEZBAL W20, KABTEIIIFROERE T, REEZD
BRIEEHPFERINTWBIERHERISN-, o THOBAITIIARZEZ X/
ST, Al EBL1ITHIZHOWTIE, TR OAE R UKEA R O EEERENHOHIBT 5L,
ERU7-THOEHBA LRFIC, RESEOHEFBLADEFERL CWARREERE 2 I,

ARBEORR, SXSAT+—4—, BRE, REBEEH HREKEOWFhizBnTh, 7
WX TIHERBBELEVEANHY, KEAUANLOBBET 5 ORED LEEHHL
Meleotz, BEBEBENE-TREEICOWTIT, BbhiRo-®ETIZ, £ETKARHEET
1372 AKEAZRALEZ, HAVVIRESEOHEBLEDEFER LD THHEB N, =
?f:&b\ KEADEE LFRERIC, REZ L AEFMRAIMCOVWTORESLE THHEHE

F P

ATEZ, PRIVEERETIRRERBERAE LE o —2A0RKHFRE LTERLED
DT, RERIHBHAWEEWEEEEKIIHEEZERT S,

(545)



%59 meEKEMRERSE  FR20.5

(8-29) \OEEEE O ESZEHROERTE S M

OET ZEAFEHRERFR) FE U2 (RERERFER)
e RHECGEEHRFERFER)  RE EE(RHERERER)
Bk fR(EFAFERFER)  KANHEF(RIHAFERFER)

1. BEREEN

KEAERERREICBVWTIE, SIVFL—FTOHHEOBREEZEEL = ET. KEKEEDZEE
(FAFLSR)ERDDZIEINEBD TEETHS, LM LEBICEHTNICETAHERPAES N TNWA D,
HEHBRIERSICOLWTIIEENIZ 0% X515 NTWS, EESIRUNDORAY IZDWTIRE R
LEHRABTEREHEETIHAZTOTWA0Y, BRHSE, BRE. FHEOSANSEETHS /N0 ICH
LTIREAATHERRBIZOWLWTIEIEEAEMRL W, £, RHFPONDEEBICETIHIEHFED
BaEhTwiwn, FITHEFREIEHREHETONOEEEREICEEL. BRERNMET =,

2. EBAE
2.1 #Hs

JEEHMED [ERMAE  EEMERSE) 228EC, <7y My FARICHES T, 2007 4E 11
AIZHEHNT 17 &M (B 808, 28 ; WHHE. 38 ; 005 - HokeHHE, 48, 58, S8 fiE
B, OFF BFOM. T8, RES. S, EOIH,. o WE. 108 AME. 1B AE. 12890
¥E. 138 FLIE. 14 B nhRENE. 1S BE ; HLTNE. 16 B EATAREIEE. 17 B AURE - FEEEE) X0
RIFFORREZEEBIIHALLE. BMALZEROD L, BEAKIIOVTIR—RNZERRREICED
VTESLE. BARIIHEELZ L% 7— R0ty —ick DL, SEHOBEBREOHRITIE
CTERMBILCREE L. BADEIMKET-20 CTREL .

22 SWMAE

BEREEHT 10g #5HRL. HEAZMA SOmML ICLTHRESFA XL, R WLRED 1
A LBERADDED 10mL i205M U > EEEEHR (pH6.2) 3mL ZNA . THHEERET 5729
\Z. MTBE % 20mL DN, 15 2RO\ L 5. MTBE @2BEL7=. D%, USEPA Method 5523121
o THIE - AFINIZAF I EZITY. GC-ECD (BiEE/EMBI GC-14B) LD ERET o .

BMENER T, FEDFH1 LHRICNOEEE 9 BREOA S EEFKZHFML TR CFNET 3 BT
o7z, MIEAORUIHEIT 3 BIEEEOFEYHEEF W,

3. HREEE
3.1 BlEgEgR

SMERER1IRT. TREBEOD S, 2 (REH 13) RUHIES (A% 14) ICRELTIEES
S5HMHERICBVLWTEE (MTBE) 48E Y, REOAHETRMHEE#ETH S5/-0. SEORETIZ
FHE RN SBRA Lz, TOMD 15 B R B OBIELA R TIE. 88 (RHE 9) LA D 14 HIZBWVWT.DCAA
& TCAA LIS @ 7 BEONOEEIZWThbRHES N aho . FTREOHHEIZOWTIZ0 &L, &
/513, DCAA. TCAA LISHiZ, BCAA. BDCAA. DBAA @ 3 EONOEELRH I, 2THhoo
#ERII Reimann 5 ¥ RE L - BFIHE TP O TCAA BESH (02~59 ng/g. 1.6~4.1ngg) LO&E
Mmol, 2B, EFICRBIN TV IEWNDOEE GER BIXTHREBRUTFT O,

E/o, BMENEROKER. 15 ORGEICH T 2R IIBMINEITF TH 7245, BDCAA (FFH 28 %),
DBAA (¥#569 %) RIADBCAA (¥ 9%) OLHICEENELZZBELH >, = LEMEER
ZERXRHFTHE2IENS, HFERORBEIZBLWTHRARE I LIIGSNAENBICE > TRERELZTA
SEHEL 7z,

3.2 BRERHOREBEEBHIVUVNATSXORH

EEBBOBREIIONT. TR 16 FOERME - £RAE "REM[MICKOE., 2RAKEEMELT
FHL. BREZXR2IRT. ERABHOS S, BEROSZVLHOEL TR, 8 (ARE 1). HXEE
(frdhBf 6). "EBAFEREIE (AR 16) M¥ TSN/,

—h., BESEHIIINOFEORABLIUVREEEREICHTIAELZT O TS, TNSORBOMR
BROVIGETHSW A (DCAA ; 0.74 pg/day. TCAA ; 0.55 ug/day), KA (DCAA ; 9.65 pg/day. TCAA ;
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6.51 pg/day). K (DCAA ;0 ug/day. TCAA ; 0 pg/day) BLURMZER (DCAA ; 39.1 pg/day, TCAA ;
35.6 pg/day) OFHEFERZEHDOE T, RAFSEERETSL. DCAA THH19%. TCAA TEH15%
EVSERIZR R, EELIOERB—REETHD, SEEISIIT—YEERTILEND S,

=1 BRPO/N\OEBEEIEHE (B4 ng/g)

188 28 38 48 5§ 6 &f 7
Lo WHER RS 25 EEE L] Rk
Yo OOEEE (DCAA) 12.8 0.00 6.16 6.10 7.87 419 7.51
kU2 OO (TCAA) 6.73 494 4.47 5.31 9.71 70.6 18.0
0¥/ 008 (BCAA) 0 0 0 0 0 0 0
0¥/ O08E (BDCAA) 0 0 0 0 0 0 0
J7OEEE (DBAA) 0 0 0 0 0 0 0
8 B¢ 9Bt 108 118 12 8 15 8¢ 16 8 17 8¢
ok || B AT k5] (k] B8 FELTER IR il s shomng SEE
DCAA 46.3 73.5 11.4 39.8 0 4.09 20.6 323
TCAA 354 29.5 7.45 6.78 0 15.8 14.00 0
BCAA 0 7.2 0 0 0 0 0 0
BDCAA 0 90.7 0 0 0 0 0] 0
DBAA 0 36.2 0 0 0 o] 0] 0
*2 BEREHOBRBEECHERAR (REHBES LRROMGIEER 1 88, 81 ' ng/day)
18 28 38 4 B% 58 6 B 78
Vo O0EEE (DCAA) 5730 o] 437 375 16.5 10600 895
~Uo2 OO (TCAA) 3110 454 318 327 204 17900 2440
0¥ O00E (BCAA) 0 0 0 0 0 0 . 0
7O0¥J/008EE (BDCAA) 0 0 0 0 0 0 0
Y7O0EEE (DBAA) 0 0 0 0 0 0 0
8B 9B 108 18 128 15 B¢ 168 17 8¢
DCAA 694 948 942 3100 0 105 12700 2980
TCAA 530 380 772 613 0 411 8630 0
BCAA 0 918 0 0 0 0 0 0
BDCAA 0 6630 0 0 0 0 0 0
DBAA 0 1130 0 0 0 0] 0 0

4, F&H

(1) BRPOIFEHEONOERZAEL-EE. DCAA, TCAA IJEIF2ToRREM SR INL. B
B, 2028, BEXEPBENENST-.

(2) BREZNKT3EMBEOBVAREES L TIX. SiracebE. P38, fmnigfoni.

(3) MEAFEGRIIETIHEZITV., DCAA THFH 19 %. TCAA TEH 15 WO BRMAFESNL.

HEF AR IIEE R EWFRRERS (REKOKEY) A7 BEICET 2% 805 ICX 2Bk %E
ZFbDTH D,

SE

1)  Quan, D.,, Muto, T, Yanagibashi, Y., Itoh, S., Echigo, S., Ohkouchi, Y., Jinno, H.: Exposure assessment of
trihalomethanes in households for estimating allocation to drinking water, Advances in Asian Environmental
Engineering, Vol. 6, No.1, pp. 4348 (2007).

2) BAEFmE: Tk 16 FERBE - RXEMERY, K - REFHARASE (2004).

3) USEPA Method 552.3: Determination of haloacetic acid and dalpon in drinking water by liquid-liquid
microextraction, devitation, and gas chromatography with electron capture detection (2003).

4) WHO: Trichloroacetic acid in drinking-water. Background document preparation of WHO Guidelines for
drinking-water quality, Geneva (2003).
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Ot  #FFEEAFRFER) #Bf% GR(EHAFRFER)
P BUE R AFERFR) HE EREBRFERER)

1. [ &IC

IKEFKOERNIIC & > TE U BHBEIERY (DBPs) DRI &I, KPICEEThAEFE
%% (DOM) TH 5. DBPs DAEREHIE T AICITZTOERBBICETIHMESREL LBH,
DOM MFERICHEMLEEEROY, ZTOIS5EHRRBRIFEAEELNATVEWL. LAL, &
FDFEIMOMEBICT K D, DOM DEEREEN LWL L EHDDH B, FHICHE-ST,
R EZHDOKIRT DOM DERICHT 2|ENTONBED TV S, BAEICBWTE, FERK
IR T DOM FHEE® kU1 A X > (THM) ERREEIC BT 29 TbhTWwWa, LA L, THMIC
X< DBPs TdH B /\OEEEE (HAA) DSHFNIIE L A EVORBRRTH B, T TAMETI,
BEEBM L TOMMAITH S0 DOM Z¥EB{LEMHEICE > T DICHE L, £EBRE
(TOC) Rk ttZFARNB L L B, 6ESD HAA AREBERAET A L THREkL LTOEEY
EREMTASCEEENETS.

2. EXBAE S
SRK K EEREME S R TR TH o /2. 5KIE, 045 |

pm 7 AV E—RANTEB LI DERRIKE L. ok =00 |

S8R T —BIEEEAVT, BUKEEE HoA), BUktEdpf "4 700 ™

(HoN), HBEME (Bas), WfE (Trs), BKMEEENE (Hia), BkiER o Mo

HHINODCEHDICTELE. Trs &3, BKEDOMDS B 0.01M
TFRBNEODFUKEEZFDORODIC, BUKEEBKkERHD  NeoH
EFHODOM E T . HEICIE, BEMEBEED DAX-S BLU [
XAD-4(Supelco), f-1 4 > 22 ik fig D Marathon MSC(Dowex), &
A 7 > ZZ K5 E O Marathon MSA(Dowex) @ 4 #EFEE AW, K
1 D& S ICERKEBECEKL, #MENOREFEIUA A%

Bas

s DOM4 - DOM2

BEFMBLTSEZTS . Sl

SO FESTDDOCIEFE 1 DX STk . DBPs LR EI,

BEEDP OB TR ELZEELL, ERLEHAA ZRIEL pirg [ e
Je. HHBDT28 THM ORIE LT o e, HENFE LML, TOC

3 mg/L, Cl; 30 mg/L, Br 4 mg/L,pH7 & L, BEFRC—HEHE L. e
THM Offiiid, pH2 AT, X &2 Tkt 27>/, HAA ~ NaOH—> pH7

DOHHEB LU AF IV AT IV{EIE, USEPA Method 552.37 ICHE > I

7. HAAEREIZ, A o< bS5 7 EBSHE (GC/MS) P [ s
SIM £— F THIEHEEIC X > THRIE L. GC/MS 1& SHIMADZU T
GCMS-QP2010 plus, F+ ¥ F VU —24 5 Lid T & W SCIENTIFIC P A

# 2D DB-5MS( A 0.32 mm, £ & 30 m, f8/F 0.25 pm) ZFW/z.

3. ERRERA L UER

2~ 7 ICEBERZRT. DBPs £ E (X 3,4,6,7) Tid, Ho=HoA + HoN, Hi = HiA + HiN
ELUTEHELKE. DOCDfRERZHET 2 &, £DOM ZEERT 297 mg/L, &/l T 3.03 mg/L
THH,IBIEALCTHo%. TOHEBEER?2 & 5icnd. BEMTIE HIA DEEMICSODICTIL,
TE/Tld HIA AV HoN LIZIERIL &3> TW3. bbb, EEMD SIENANTT T 5RO
FIZ & 2T HiA D874 L, HoN*® HoA, Trs BMEMMUAIEEMNEZ BN 3.

3,4 K0, EEMO DBPs £EIE HAA, THM  LICHIDREEE <, RKIC Ho H AT Trs
RN TVWS. DOC DELREEZRET 2 L, £ DOM D¥S55% L5 Hi HNEBEMICEVT HAA
BXU THM ORIEEFEE LTEETH L LTINS,

21 oBE7A-
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g:&: 50 . 200
il £ X3AA B TBM
BaS X2AA |
S| 8 T g A
O HiN é ” ,g
g g 100} {
g4 #
=
: 10 2
. | B / i 7 v
DOM Ho Bas Trs Hi DOM Ho Bas Trs Hi
B2 EEHMDO DOM #AL 3 EB#K+ DOMERD 4 EBEMAKP DOM @9
(B{I : mgC/L) h5m HAA &8 NSO THM 8
|55 =
=5 5 Sl gl
O HiN é sl £
=1 : W o100f |
ﬁ 20} E ‘o
) 0.3 0 ) 0 % B V2 |
DOM Ho Bas Trs Hi DOM Ho Bas Trs Hi
5 @llo DOM e 6 illzk+ DOM &5 7 &)lke$ DOM BEsr
( B47 ° mgC/L) 5D HAA £ E MhSO THM £EE

Be6 7&b, i/l DBPs £ EIZ HAA, THM & &IC Ho BB E %<, Hi, Trs VT3S,
iz, 2EMICEER L ERNEREIEL Ao T3, HAAIKDWTIE, EBH TR FY D
FEfE (X3AA) ERENBWD, TP ObE (X2AA) £REHDEV. DOC DHBEERT
5L, HoDWEXpBkLx3 b #HETNS.

CNET, DBPs DXL FEIEIT7IE (=Ho) ThHhBEeEIADLONTE. LHL, A,
THM AERRAREICBIY 275 T, Ho Tl HIMWEETH S L OMEN TN T3, BHVETI,
B BIc B 298 THKYE DOM(= Hi + Trs + Bas) DSBktE DOM(= Ho) IC IS 3 5 THM AL
BERRULIC 25T, Bk DOM(EIC HiA) ' THM DRk L LTEETH 5 &L OHRE
MH32. KWHETL, BEEHCBVWTH A Ho Z LAY, @IITid, HAktEDOM & LTHE
THEHKEDOM ICEET S THM £EBR2 R L. 5, BIEFIOLEZVHAAIKKDWT
LEIROERNE SN, Bkt DOM &, B/KUEBRICBOWTH/KEDOM &b &R XL
REETNZ EFEINZDOT, /KEKFPICHRH TN 5 HAA BE U THM ORIEREIZF/KE DOM
THELEZIBNS. KFAKEENIBEERTSE, FKEDOMDIZLEAEEZHIANEDT
BY, > THAABLU THM OHiRE L LTHINEETH S L HETE 3.

4. F& 8

BEEUEHBL TR/ THROKICEENS DOM ZHE{LEMEEIC L > T6DICTEL, *
D DOC #ktt HAABXU TEM EREBRRAE L. TOHKE, BLELSENTVWEDR,
EEEHTII HIA, I8/ Tid HoA & HIA BERETH > 7. HAA BLXU THM £ BH 5, EBEEWH,
EIEBICH DR EE LTEETHS LHET .

SE R

1)Leenheer, J. A. : Comprehensive assessment of precursors, diagenesis, and reactivity to water treatment of dissolved and
colloidal organic matter, Wat. Sci. Technol., Vol. 4, No. 4, pp. 1-9, 2004.

2)US EPA Method 552.3 :Determination of haloacetic acid and dalpon in drinking water by liquid-liquid microextraction,d
evitation, and gas chlomatography with electron capture detection, 2003.

3)Imai A., Matsushige K. and Nagai T. : Trihalomethane formation potential of dissolved organic matter in a shallow
eutrophic lake, Wat. Res., Vol. 37, No. 17, pp. 4284-4294, 2003.
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Ol #d(FEAFEAFR) #k BREEHAERZER)
FiE HE G RERER) Bl EFHGEBRERFER)

1. X E&IC
BRKAHBRICEVLWTALZERB v L&V VTR, ERERLLADLIDLE
BEELLAYORNBEL-YOFEEIEBLI LR, — oI v ELLEPOHIE
Eb7-hVoBHRABRAELAPIVISLEVIEBBEIN TV Y, BALEBRE
TOEFLE - AV VABEICELTREBEEDL I3V ERANERNERYOERIIH D
FELZ-oTwiwd, 7o I vyMB2ZAVWEBAERELBEIDLIEREOERIVE
LEYNEREINZ I LMEHEATVE Y, BHEOHBEAEL»G 705 I YARIZYY
BEZZ2EHET2848%. EXOWHE2EBL 27 hd, HERNERYCE T2 H - 2ME
DEL AL HZ, LEORBZBEZAEEN - BIIKFZZ2HRELT, WTICED
ZHIAVRDOREZLZFAE L2 LT, XFTOaPEFOHEKICODWLTEREL &,

2. iEME

HBEM - INAKRCBI 23 7F0H0BF#BET 2 2o, EEMR AR R
DOEINE Y /KEHEERBMAKT IR TRICELIMBEATCHER T, /. EBHEF
BTHtichs2avERZ2BET LI, RBAOFEL FAKOLEEGOBRBEOET IC TH
KefTok, AKIZ 2007 11 HOBROEZEOZ2 wWEHICT> 2, ZCORAETRI Y
thA4 A M) ofica 7FEA > (J0,) LtL£EHBI YFE(TOD K> THLHRIERT
W, REYPTCOFEERE - oo ookl EcHEToERENEL 2, avih(1 A
tavFEiA Iz FnfAArru2br 75374 —(UVHRHEB), 1Ay 2p0=Lt 7
774—(RAPAFLE)ICED DML, £/TOI RBEHERICEE L 2812 TOX &
THRBEL-DLDOEHEL, a4 A LRAKORAEZTILTERLAE, ZORE
zRICHETEcoLMAMARELaYEORAE» LI VEOHNA - FHOKZ~OEE %
Bt L, £/, EAA2Z2HET2:-DICRLYWA 4> (Br) - 2H8HBEF (TOBr) Iz2w
THRARICDWTZT o7,

o 0.2
0 0.2-04 2.1-3.0
0.4-0.7
0.7-1.1 3.0-6.0

@ 1115
© . @

EH1. EEM - RIKRIZETD | ORESH Rz EEH-ZNKRIZETDHT0 ORESH
(BE: pg 1/ (BGE: pg 1/0)
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3. MRLEE

HAEZERE2H1BIUH2ICR7T. BoH s, INAENBEIUERINCHEAT 2HIHKTD
a4 Ay OBEGEEIZ02~3.0 ug /L ThbH, ARICAEL -ELHA A i
11.4 ~ 115 pg/L Tho7:, BRIV A AW T 2304 A OFEKIZT 1 ~6% T
Hot, AVEBMAA L ICELTIR, BEXEVCOTRIZHEL 25, ND~ 1.1ug/lL ®
HEThRBEUBETCEBE LT LIC LA T2 b ot, 3EWAA Y -TOL L D
. HODLICHTICE>TBEXER L TR, BARABRDIATZTREITTIREL.,
ABHEDIIVEBELABICHEIA TR I b2 d, £/, EEM - EIIKEA
cBWTIReETcaIrER, 3P AF IO TOI L LTESFEL TSI L
brot (TOUI #31.3~4.8TH2DIic L. TOBr/Br i 0.1~0.2Téhb, B
FOFERERBRYOBRTH-oN), IVEVERBEL LTHFELTLIEEBRVI LD
HREL TR, AABRELLTIVEORAHBAES X MEHA (ERI Y ELEY)
Thh, EERELTOABRLEVILEEBEZONS, BHRETHL TOIOHALH
WA BHRAHEATHE, a4 A DHEHBE L TRIVERHEBAINEZILONS,

£1. FAREABAAETICEH2IVERELATE, SLUSLERBORE

TAWES TRE TR 10, RE TIROER BIUOAR GEMM mAes Tiew
Hig | = 2

pgl/L pgl/L g/l mgl/(B-A) mgl/(B-ha) % % %
A 8.7 14.6 93 24 3353 99 240 66.1
B 70 26.2 0.7 25 2380 60.6 201 19.3
c 12.0 16.1 0.0 17 1290 578 8.7 335
D 40 33.8 0.0 19 1946 874 i 5 ) 49
E 7 37.0 0.0 18 1547 74.2 32 226
F 4.5 20.5 0.0 8 628 74.9 3.0 221

MBHOTALEBEHRROMECODVWTHAEZTV., ThFnoABRKBROFEDL S
BiREZEELE: (K1), LHEE-VATFRL ALY OoBTEROREHMIR - T3
KB Z W ALPPHFEREVWLOD, RECHELZEVWZAGHZW, ZOHABLEL
TRERE - b L RMKOERER> SHHEINZ2IVERBSZLILEBEILND,

TOI RRFEHRWETHY, HMNOFEaI YFLAYOMBIRAHTHZ, L LEuENVS,
BALEBRBIIBWT, I vELLED IV A AU REEETCIVEREENE
m%mﬁm?aﬂ%ﬁbﬁén%&aﬁ%%%ﬁ@iﬁ%@%ﬁwéeraﬁ%%%m
T, 3O A A OARAEZERT2O0TEA+TSoTHNY, EAPTOEREDITHED
EBICOVWTHEBEEBETHILEVZ S,

4. FEH

ShloAETCEON-MRZ LD S,

-EEBW - BIAKRCBOT, BB TCOoORAAICE>TavROBERERT S, K
LBELRLVBEEOAA YD1 ~6% ThH?,
CAVEOFEEHERIBRESEVEICEBD, TOI > a2 {kPWA Ay > 3V EBEA AT
H5b,

B3 . AFE I BHTR (18760404) OB 2V - b DTH 5,

B35 XH
1) (SRR , PR , MIAKRIE , KR WA 2 v AFET TOERLEKORTLETE - ARRELEY

OEFEE BT HHRERICE , Vol, 41, pp.279-289, 2004.

2) Plewa, M.J., Wagner, E.D., Richardson, 8.D., Thruston, A.D., Woo, Y.T. and McKague, A.B.: Chemical
and biological characterization of newly discovered lodoacid drinking water disinfection byproducts. Environ.
Sci. Technol., Vol.38, No.18, pp.4713-4722, 2004,
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We investigated effects of chlorination on four organophosphorus pesticides (diazinon,
isoxathion, malathion, and tolclofos-methyl) adsorbed on powdered activated carbon
(PAC). Following adsorption of each pesticide on 10mg/L of PAC in water, chlorine was
added. After 30min of chlorination, the corresponding oxons were detected in the water,
but the parent compounds were not detected. Molar ratios of the oxon concentration in
solution after 30 min of chlorine addition to the initial pesticide concentration before the
adsorption process were 4.1% and 7.9% for diazinon, 3.9% and 5.8% for isoxathion, 1.2% and
1.7% for malathion, and 1.4% and 1.4% for tolchlofos-methyl, in the case of 2 and Smg/L of
chlorine addition. The results suggested that the oxons were desorbed from the PAC by
chlorination. The concentrations of the desorbed oxons gradually decreased with time,
apparently owing to their readsorption by the PAC. Results from additional experiments
suggest the following sequence of events: (i) adsorbed pesticides are oxidized by chlorine
on the surface of the PAC and transformed into corresponding oxons; (ii) the oxons are
released from the PAC; (iii) the released oxons are gradually readsorbed by the PAC,
decreasing their concentrations in the water phase.

@ 2007 Elsevier Ltd. All rights reserved.

1. Introduction

sometimes also added at the inlet. This process, known as
pre-chlorination, is also used to oxidize iron, manganese,

Organophosphorus pesticides are widely used throughout the
world and are frequently detected in surface and ground
waters (Gomezgomez et al, 1995, Tanabe et al, 2001;
Sankararamakrishnan et al., 2005; Gilliom et al., 2006). These
pesticides are mostly dissolved in water and cannot be easily
removed by solid/liquid separation processes such as coagu-
lation and sand filtration. An effective and simple method for
removing pesticides is the addition of powdered activated
carbon (PAC) at the inlet of a water purification process train.

To prevent the growth of algae in a sedimentation basin
with plate or tube settlers and in a rapid sand filter, chlorine is

"Corresponding author. Tel./fax: +81117067282.
E-mail address: ohnok@eng.hokudai.ac.jp (K. Ohno).

0043-1354/% - see front matter @ 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/] watres.2007.10.040

ammonia, and other compounds. Intermediate chlorination,
which is the addition of chlorine between sedimentation
and filtration processes, is used as an alternative to pre-
chlorination.

Thus, it is likely that chlorine will come into contact with
PAC in both pre-chlorination and intermediate chlorination,
although the contact time and degree will differ. This contact
between chlorine and PAC is undesirable, because chlorine
reacts with the surface of the PAC and decreases its capacity
to adsorb targeted pollutants (Sontheimer et al, 1988).
Furthermore, Gillogly et al. (1998) showed that a taste- and
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odor-causing compound, 2-methylisoborneol, that was initi-
ally adsorbed on PAC could be released back into the water
following the addition of chlorine. Huang and Yeh (1999)
showed that chlorination of natural organic matter adsorbed
on PAC caused the appearance of chlorination byproducts
such as trihalomethanes and adsorbable organic halogens in
the aqueous phase. Also, Voudrias et al. (1985) found that the
addition of chlorine to water containing phenols adsorbed on
granular activated carbon caused the formation of a variety of
chlorinated derivatives in the aqueous phase. These reactions
might also occur with organophosphorus pesticides that are
adsorbed on PAC.

Organophosphorus pesticides containing phosphorus-sul-
fur double bonds (P=2S) are oxidized to their corresponding
oxons, with phosphorus-oxygen double bonds (P=0), by
chlorination (Magara et al., 1994; Wu and Laird, 2003). These
oxons are relatively persistent by chlorination although some
of the oxons degrade further (Magara et al., 1994; Arai et al.,
2005; Kamoshita et al., 2007). In vitro assays, such as analysis
of acetylcholinesterase (AChE) inhibition, show that these
oxons are more potent AChE inhibitors than their parent
compounds (Monnet-Tschudi et al., 2000; Tahara et al., 2005).
A survey of source water and finished water collected from 12
community water systems found that organophosphorus
insecticides detected in source water were not detected in
the finished potable water (Coupe and Blomquist, 2004).
Although this could be due to complete removal by the water
treatment processes, Duirk and Collette (2006) suggest that

the parent pesticides were transformed into the more potent
AChE inhibitors, oxon forms, which were not measured in the
survey, Therefore, it is important to understand the behavior
of not only organophosphorus pesticides, but also their
corresponding oxons.

In the present study, we investigated the effects of
chlorination of organophosphorus compounds adsorbed to
PAC. We also investigated the mechanisms of the desorption
and the readsorption of the pesticides and their oxons from
PAC.

2, Materials and methods

2.1, Reagents and materials

Four organophosphorus pesticides (diazinon, isoxathion,
malathion, and tolclofos-methyl) were used as adsorbates in
this study. Diazinon, diazinon oxon, isoxathion, isoxathion
oxon, malathion, and teolclofos-methyl were purchased from
Wako Pure Chemical Industries, Ltd. (Osaka, Japan). Malaoxon
came from Dr. Ehrenstorfer-Schifers (Augsburg, Germany),
and tolclofos-methyl oxon came from Hayashi Pure Chemical
Industries, Ltd. (Osaka, Japan). The physico-chemical and
toxicological properties of these compounds are listed in
Table 1. Acceptable daily intake values for the oxons are not
available because they are unintended chemicals and oxida-
tive transformed substances of the parent pesticides. All

Table 1 - Physico-chemical and toxicological properties of the organophosphorus pesticides and their corresponding

oxons
Compound CAS #° Molecular Logarithm of Water solubility at ADI® (mg/kg
weight octanol-water 25°C (mg/L) bw per day)
partition coefficient
(log Kow)

Tomlin USEPA Tomlin USEPA

(2006)° (2007)° (2006)° (2007)°
Diazinon 333-41-5 304.35 3.30¢ 3.81¢ 607 409 0.002"%
Diazinon oxon 962-58-3 288.29 2.07¢ 245"
Isoxathion 18854-01-8 313.31 3.88¢ 3.734 1.94 1.9¢ 0.003¢
Isoxathion oxon 32306-29-9 297.25 213 192"
Malathion 121-75-5 330.35 2.75¢ 2.36¢ 1459 1434 0.3%, 0.02¢
Malaoxon 1634-78-2 314.29 0.52' 750092
Tolclofos-methyl 57 018-04-9 301.13 4.56¢ 4.56° 5L 134 0.064%
Tolclofos-methyl 97 483-08-4 285.07 3.00 41"

oxon

* Chemical Abstracts Service number.

® Acceptable daily intake.

© See references.

¢ Experimental value.

© At 20°C.

! Joint meeting on Pesticide Residues (JMPR) (2002).

£ Japanese Ministry of Health, Labour and Welfare (2004).
h Estimated by WSKOW v.1.41.

' Estimated by KOWWIN v.1.67.

TAt22°C.
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other reagents were purchased from Wako Pure Chemical
Industries, Ltd.

To suppress fluctuations in the pH, we prepared raw water
for experiments by adding 20mg/L of sodium hydrogen
carbonate to ultra-pure water (18.2MQcm resistivity) ob-
tained by reverse osmosis using an Osmoclear system
(Organeo Corp., Tokyo, Japan) followed by a Puric MX-II water
purification system (Organo Corp.). Stock solutions of indivi-
dual pesticides were prepared at 1g/L in acetonitrile, and the
standard working solutions were obtained by dilution with
0.15% acetic acid in water. Individual pesticide solutions for
adsorption and chlorination experiments were prepared by
the direct addition of each pesticide reagent to the raw water
without assistance of organic solvent, followed by sonication
for about 0.5h by use of an ultrasonic bath, Model 8210
(Branson Ultrasonics Corp., Danbury, CT, USA). Next, the
solution was filtered through a 0.45-pm hydrophilic polytetra-
fluoroethylene (PTFE) membrane filter (Advantec, Tokyo,
Japan) to remove any undissolved residue. These pesticide
solutions were prepared for every experiment. For adsorption
and chlorination experiments, the solution was diluted with
the raw water. The targeted pesticide concentration for
experiments was basically around 100 pg/L, but the concen-
tration was not constant because the dissolution of pesticide
reagents fluctuates without the help of organic solvent.
Therefore, we measured the initial pesticide concentration
for every experiment prior to PAC and chlorine addition.

Thermally activated, wood-based PAC (Taikou-W; Futamura
Chemical Industries Co., Ltd., Nagoya, Japan) was used as an
adsorbent. The BET surface area and median particle diameter
of the PAC were 862m?/g and 7.6 pm. The PAC was dried in an
oven at 105 °C for 20min and stored in a desiccator before use.

2:2. Experimental procedures

2.2.1. Chlorination of PAC following adsorption of
organophosphorus pesticide

PAC (10mg) was added to 1L of pesticide solution in a beaker.
The solution was then stirred with a mixer at 300rpm for 1h.
Next, the pre-determined amount of sodium hypochlorite
was added to the solution, and the solution was stirred again.
The pH of the solution was maintained at 7.4 + 0.1, although it
rose to ~8.0 for a few minutes following the addition of the
chlorine. Water samples were collected before (initial con-
centration) and after the adsorption process and every 30 min
for 2h after the addition of chlorine.

2.2.2. Extraction of pesticides and their oxons adsorbed on PAC
Compounds adsorbed on PAC were extracted as follows. First,
500mlL of the PAC solution was filtered through a 0.45-um
hydrophilic PTFE membrane filter to capture the PAC on the
filter. The filter and the attached PAC were placed in a beaker,
covered with 20 mL acetonitrile, and sonicated for 10min in
the ultrasonic bath. After the sonication, the suspension and
the filter were transferred to a test tube with a ground
stopper, mixed with 30mL of acetonitrile, and shaken for
10min. The suspension was then filtered through a 0.2-um
hydrophobic PTFE membrane filter (Advantec), and the
concentrations of the parent pesticide and its oxon were
measured in the filtrate.

2.3.  Analytical methods

Residual chlorine was analyzed by the DPD colorimetric
method (Standard Method 4500-Cl G (APHA, 2005)) using
DPD total chlorine reagent packs (Hach Company, Loveland,
CO, USA). Pesticides and their corresponding oxons were
analyzed using a liquid chromatography (LC)—tandem mass
spectroscopy (MS-MS) system. LC was carried out with an
Agilent 1100 high-performance LC system (Agilent Technol-
ogies, Inc., Palo Alto, CA, USA) with a Mightysil RP-18 column
(150mm x 2.0mm internal diameter; Kanto Chemical Co.,
Inc., Tokyo, Japan). The mobile phases were 0.15% acetic acid
in water (eluent A) and 0.15% acetic acid in acetonitrile
(eluent B). The gradient elution programs were as follows. For
the analysis of diazinon, malathicn, and their oxons, the
initial composition was 40% B. This was followed by a linear
gradient to 90% B over 7 min and maintenance at 90% B for
Smin, For the analysis of isoxathion, tolclofos-methyl, and
their oxons, the initial composition was 50% B. This was
followed by a linear gradient to 95% B over 2min and
maintenance at 95% B for Smin. The flow rate was 0.2 mL/min,
the injection volume was 5plL, and the column temperature
was maintained at 40 °C. Mass analysis was performed with
an API 3000 MS-MS system (Applied Biosystems, Foster City,
CA, USA). The operating parameters of the electrospray-
ionization-positive mode were optimized by evaluating the
sensitivity and fragmentation of each compound. For each
compound, the precursor and product ions were chosen for
quantitation (Table 2).

3. Results and discussion

3.1. Effect of chlorine on PAC following adsorption of an
organophosphorus pesticide

Before chlorination, 10mg/L of PAC was added to each
pesticide solution. After 1h of adsorption, 0.5-1.1% of the
diazinon remained in the water, and the concentrations of
the other pesticides (isoxathion, malathion, and tolclofos-
methyl) were below the detection limits (0.03 pg/L). Following

Table 2 - Precursor and product ions in LC-MS-MS
analysis

Compound Precursor Product ion
ion (m/z) (m/z)
Diazinon 305.2 169.2
Diazinon oxon 289.2 153.2
Isoxathion 314.0 105.3
Isoxathion oxon 298.3 2421
Malathion 3311 1271
Malaoxon 315.1 1271
Tolclofos-methyl 301.1 1251
Tolclofos-methyl 285.0 109.0

oxon
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adsorption, chlorine was added to the PAC solution. After
30min of chlorination, the parent pesticides were not
detected in the water, but their corresponding oxons were
detected (Fig. 1). When 2mg/L of chlorine was added, molar
ratios of oxon concentration in water after 30 min of chlorine
addition to the parent pesticide concentration before PAC and
chlorine addition were 4.1% for diazinon, 3.9% for isoxathion,
1.2% for malathion, and 1.4% for tolclofos-methyl, and when
Smg/L of chlorine was added, the ratios were 7.9%, 5.8%, 1.7%,
and 1.4%, respectively. The ratios were therefore higher at
Smg/L than at 2mg/L chlorine for each pesticide except for
tolclofos-methyl, the ratio was the same in this case.
Subsequent samples (t>30min) showed that the concentra-
tions of the released oxons decreased with time. This result
implies that the peak concentration of oxon in water was
reached after less than 30 min of chlorination.

3.2, Mechanism of decrease in the level of released oxon
with chlorination time

As mentioned above, the concentration of the released oxon
decreased with chlorination time. There are two possible
explanation for this finding: that the oxons were further

degraded, and that the oxons were readsorbed on the PAC.
To determine which of these explanations is correct, we
divided the solution into two parts, one with and the other
without PAC, after 30min of chlorination. To prepare the
solution without PAC, the suspension was filtered through a
0.45-um hydrophilic PTFE membrane filter. The oxon and
residual chlorine concentrations were measured over time
(Fig. 2). The oxon concentrations decreased with time in the
solutions with PAC, but not in the solutions without PAC
(but with residual chlorine). This was true of all four
pesticides, although the trend was weaker for malathion
and tolclofos-methyl. Therefore, the progressive decrease in
oxon levels in water appeared to be due to the readsorption of
the oxons by PAC rather than to further degradation.
Kamoshita et al. (2007) added about 1.0mg/L of chlorine to a
number of single oxon solutions, of which concentration was
5.7-12ug/L. The residual ratios of the four oxons by 24-h
contact with chlorine were 76% for diazinon oxon, 61% for
isoxathion oxon, 99% malaoxon, and 104% for tolxlofos
methyl oxon. Diazinon oxon and isoxathion oxon appeared
to relatively degrade, but they degrade only a little, less than
10%, by 4-h contact with chlorine. These results supported
our results.
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As shown in Fig. 2, the residual chlorine decreased with
time in the solutions with PAC but not in the solutions
without PAC. This is due to progressive oxidation of the PAC
by chlorine. This oxidation causes a decrease in the number
of adsorption sites, which may reduce the rate of oxon
readsorption. To examine this effect, we performed the
chlorination experiment using isoxathion, and after 30 min,
we divided the solution into two parts, one of which was
treated with sodium thiosulfate to quench the residual
chlorine (Fig. 3). Owing to the action of PAC as a catalyst
(Sontheimer et al,, 1988), the oxon could be further degraded
when both PAC and chlorine are present, but we found that
the oxon concentration in water decreased faster when
chlorine was absent. These results indicate that the dominant
factor in the decrease in the released oxon concentration is
not the further degradation of the oxon, but rather its
readsorption to the PAC. The results also show that the
residual chlorine continues to oxidize the surface of the PAC,
decreasing the adsorptive capacity.

‘We considered that the desorption of oxons was due to the
decrease of the adsorptive capacity of PAC by chlorination.
The observed data also suggested that readsorption rate of
oxons was slower than adsorption rate of the parent
pesticides (Figs. 1-3), for almost all the parent pesticides were
adsorbed on PAC for 1h as mentioned in the result of the first
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Fig. 3 - Effect of chlorine on isoxathion oxon concentrations
released during 30 min of chlorination. For the condition
without chlorine, chlorine was quenched after 30 min of
chlorination. The initial chlorine dose was Smg/L, and the
initial concentration of isoxathion in the solution was

2.8 1M (880 pg/L).

experiment. This slower adsorption rate of oxons can be also
explained by the decrease of the adsorptive capacity. There
are, however, other possible explanations for the slower
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adsorption rate and for the dominant desorption of the
oxons: the oxons may have slower adsorption rates. The
lower adsorption capacity is consistent with the physico-
chemical data (Table 1): the oxons have lower octanol-water
partition coefficient (K.,) than the parent pesticides. There-
fore, the slower readsorption rate of the oxons was consid-
ered to be due to the combination of the decrease of
adsorption capacity and the lower adsorption capacity of
the oxons.

3.3, Mechanism of the desorption of oxon forms from PAC

Our results showed that chlorination of the PAC caused the
desorption of previously adsorbed organophosphorus pesti-
cides. The desorbed substances, however, were not the parent
pesticides but the oxon forms (Fig. 1). One possible explana-
tion for these results is that chlorine oxidizes the sites where
the parent pesticide was adsorbed, causing the pesticide to be
released back into the water, where it is oxidized to the
corresponding oxon. A second possibility is that the adsorbed
parent pesticide is first oxidized to the corresponding oxon on
the PAC and then released from its adsorption site. To
examine these two possibilities, we performed the chlorina-
tion experiment using isoxathion solution, and measured the
levels of isoxathion and its oxon after 30min (Fig. 4). After
the chlorination, ~80% of the isoxathion was degraded to the
isoxathion oxon. Following the chlorination of isoxathion-
adsorbed PAC, the parent isoxathion was not detected (Fig. 1).
If the first explanation were correct, the parent isoxathion
should have been detected. Therefore, it appears that the
second explanation is correct,

To investigate the reaction of isoxathion on the PAC surface
during chlorination, we extracted the compounds adsorbed
on the PAC after 30 min of contact with chlorine. We found
that 53% of the compound adsorbed on the PAC was
isoxathion oxon and 47% was isoxathion (Fig. 5). Thus,
approximately half of the isoxathion adsorbed on the PAC
remained untransformed, and the remaining half was
transformed to the oxon form. These findings support the

2.0

s
]
>

5 -
E o
3 E
E ©
ot (=
S 5
Q = i [
@ 5
o =
- ©
S 2
® B
& 4
: 0.0
Before addition of 30 min after addition of
chlorine chlorine

B |soxathion [ Isoxathion oxon = Chlorine

Fig. 4 - Concentrations of isoxathion and its oxon after
direct chlorination in aqueous solution. The initial
concentration of isoxathion in the solution was 0.20 uM

(62 pg/L), and the chlorine dose was 2.0 mg/L.

35
25 f : :
20 f -

15}
w0F N

Isoxathion in water y
05 .

0.0 . VR

Isoxathion on:PAC
: : Isoxathion on PAC

. Oxon in water

Isoxathion and its oxon (pmol)

Initial solution After 1h of 30 min after chlorine
(before PAC adsorption (before addition
addition) chlorine addition)

Fig. 5 - Change in the state of isoxathion and its oxon during
the adsorption and chlorination experiment. The initial
chlorine dose was 5 mg/L. The amount of isoxathion
adsorbed on PAC after 1h of adsorption was an estimate,
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idea that organophosphorus pesticides are oxidized to their
oxon forms on the PAC and then released. Furthermore, if the
isoxathion was released from the PAC and then transformed
to the oxon form in the water phase, both the isoxathion and
the oxon should have been detected in the water phase,
because not all of the isoxathion in the water phase was
transformed to the oxon form after 30min of chlorination
(Fig. 4). In the experiment in which isoxathion was adsorbed
by PAC and chlorinated, however, isoxathion was not detected
in the water phase. Thus, it is unlikely that isoxathion
adsorbed on the PAC surface was released and then trans-
formed to the oxon form in the water phase.

4. Conclusions

We investigated the effects of chlorination of organopho-
sphorus compounds adsorbed to PAC. The oxons rather than
the parent pesticides were detected in the water phase after
chlorination. In addition, the concentrations of the desorbed
oxons decreased with chlorination time. This result can be
explained by the readsorption of oxons in the water phase by
PAC. Results from additional experiments suggest that the
parent pesticides adsorbed to PAC are first oxidized to the
corresponding oxon, then released from the adsorption sites.
In the case of isoxathion, after 30min of chlorination,
approximately half of the parent compound adsorbed to the
PAC surface was converted into the corresponding oxon.

In this study, we focused on the clarification of mechanism
of desorption and oxon formation of organophosphorus
pesticides that were pre-adsorbed on PAC by contact with
chlorine. To elucidate the mechanism more clearly, we
conducted the chlorination experiments with the pesticide
solutions at much higher concentrations than environmen-
tally relevant concentrations. The reactivity of chlorine and
the pesticides that are adsorbed on PAC at lower concentra-
tions remained unrevealed. As a result of this study, however,
we may provide the following recommendations for water
purification facilities that have a possibility for contact
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between PAC and chorine: oxon concentrations in addition to
those of the parent pesticides should be monitored in finished
water, and longer contact time between PAC and the desorbed
oxons for readsorption should be taken.
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The behaviour and cholinesterase inhibitory activity
of fenthion and its products by light and chlorination

Maiko Tahara, Reiji Kubota, Hiroyuki Nakazawa, Hiroshi Tokunaga
and Tetsuji Nishimura

ABSTRACT

We established a method for quantitative analysis of fenthion (MPP) and its related compounds in water
samples, using solid-phase extraction and liquid chromatography/mass spectrometry. With this
method, the values of the limit of quantification ranged from 0.2 to 100ng =", Using this method, we
examined the fate of MPP in water and the products produced by light irradiation and chlorination. MPP
decreased gradually and reached 50% of the initial concentration after 48 hours in water. In particular,
MPP-sulfoxide was formed. With light irradiation, MPP decomposed immediately into MPP-sulfoxide,
0,0-Dimethyl S-[3-methyl-4-(methylthio)phenyllphosphorothioate and other compounds. With
chbrination, MPP decomposed into MPP-sulfoxide, MPP-sulfone, and their oxons. The concentration of
oxons increased in a time-dependent manner. in their effects on organisms, MPP, MPP-sulfoxide and
MPP-sulfone showed weak inhibitory activity to cholinesterase, whereas their oxons showed strong

Maiko Tahara

Reiji Kubota

Hirashi Tokunaga

Tetsuji Nishimura (corresponding authon
Division of Environmental Chemistry,
National institute of Health Sciences,
Kamiyoga 1-18-1, Setagaya-ku. Tokyo 158-8501,
Japan

Tel :+81-3-3700-9346

Fax +81-3-3700-9346

E-mail: nishimur@nihs.go.jo

Hiroyuki Nakazawa

Department of Analytical Chemistry,

Faculty of Pharmaceutical Sciences,

Hoshi University,

Ebara 2-4-41, Shinagawa-ku, Tokyo 142-8501,

activity. It is feared that MPP and its products exist in environmental water and are produced by the sonan
disinfection treatment process. Comprehensive evaluation of the toxicity of MPP and its related

compounds is important in order to understand the effects of MPP on ecosystems and human health.
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INTRODUCTION

Fenthion (MPP) is an organophosphorus pesticide used in
modern agriculture primarily as an insecticide for paddy
fields. Monitoring of pesticides in natural water used as a
source of drinking water has been performed at various
places in Japan. Results showed that MPP was detected in
natural water closely situated to paddy fields. In addition, the
MPP-related compounds, such as MPP-sulfoxide and
MPP-sulfone, were also detected in natural water without
use as pesticide (Wang et al. 1987; Nagafuchi et al. 1994; Tsuda
et al. 1998). Compounds in natural water are affected by
environmental conditions such as irradiation by sunlight, the
concentration of hydrogen ions and oxygen, microorganisms,
and so on. They are also modified and oxidized through the
disinfection processes of water treatment plants. Similarly,
pesticides in the environment may also be affected by
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environmental and artificial factors. There is concern about
the fate of pesticides in water sources, and their effect on
ecosystems and human health (Tsuda et al. 1997).

In this work, we describe the methods developed for
simultaneous quantitative analysis of MPP and related
compounds in water samples using solid-phase extraction
and liquid chromatography/mass spectrometric detection.
We then examined the fate of MPP in water treated by light
irradiation and chlorination. Because organophosphorus
pesticides commonly inhibit nervous system cholinesterase
(ChE) activity, resulting in adverse effects on organisms
(Jokanovi¢ 2001), we investigated the effect of MPP and its
products on ChE activity using an in vifro bioassay (Tahara
et al. 2005), in order to assess how human health might
be affected.



