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5 59 M&EKEMRRE TS FH20.5

(8-31)BESKMIBTRE, AH LU TKUIETIRICH 175 NDMA & 7 DAERREE

ICRET BRE
OKR%E EEBE(EzARERRZRE) /AE EE(ExfRERSE)
R EE(EYREEERR ) e E—(EyReERRERE)
1. FE®IC

NDMA {ERDS ARSI TIIZ N —7 2A(E MR LU THBZ 5 <EPAMOB D)ol h, HEE
BRET O, AKEREERREINTHRN, 105 OAEERSAU A7 1Y T 28Kk hEEE LT
g/l AWRINTNS, EE, KERHFFITHBWT, NDMA 13¥IUE F 713 Rk CotseEc
KO THERT B EMEINTNS, EEOIWEE 9~12 AIZTo/zEM 28 » FTD7/KEFERRA I
JF/K B E 2.6ng/L, BoKEEE 1.6ng/L TH D O MBETRICHIF 23T S /AR ST =29,
FTTTEESIIET, BEFKUETRICEITS NDMA OXEBIZ2E L, Wi, QS TR cRE e
MU KB OKIRRINCEB U, _EREICB 231 7KkB KON TR K HO NDMA &4
Az X 5 NDMA ARRAE (BAF. NDMA-FP(Os) DEESERREZHRIELE, X512, BikhEEiEn
R U7 FARIBESZ WA, TR TRIC BT S NDMA & NDMA-FP(O:) DB ZE L =,

2. Bk

2.1 KB AV 2 - EEREEA T DEN 6 ¥kl (P1~P6) DITHIKZE 2007 4 10 BIEER L=, &
FEHTHESR 72134 VB U TG A KRIC AR T R U U AR RN U=, KiZ, P3. P6
DAIRAN AND ERSINTHS B 2 HROERIK (Bl B2) EZDORIO T/RUBESE 2 »FiOKk

(SP1. SP2, &L SP213 2 %55, LT SP2-1, SP22), BLUEUL AJIEFINITHS CHOT
KALERER 2 & FROBORIK (SP3. SP4) % 2007 4 11 AVCHEERL 7=, SP1 THER/KERT ) SALBER 5
BL TV, E/z. NDMA-FPO)BIELERFOD,. AJIIEFIKE 2007 4 10 BIcHEEER L. =h
SKEBHIDNWTIE, NDMA-FPOBIEDERICA AT 3 2 & 22 B L, FAHERF MU LA ZERD
Lighofe, TNHSOAKGEENT. A& 0.7um OH T A (Whatman) T2iBLAI2 NDMA &
NDMA-FPO)DREE To 72, EHIT, SP1 OLIBKZ 2007 £F 12 HICIEM L7z, TSRz DNWT
B, R EFRROEBICE D FARET MU U LAZERINUMN o=, NDMA-FPO)DHlEIZBNTIL 7
AJKIFFLEE 10pm DR 7O L > A5 (Whatman) TAB L8, FOMTEKITSER TG 7=,
22 NDMA RE/FEEBEOH ¥: NDMA ORIEIZIZ LOMS/MS 2 Ve, LC 12k Acquity UPLC
YAT L%, MS/MS IIETQD ¥ > F ANEBEENEIEMEH Uiz CLL, Waters), F/z. /KRBl
HEVIEAERHHAIC & D17 o e, BURK R, Mok TRk B L UM 117K T 500mL GEHEHEER 12,500 £2).
TASLETEKTIX 200mL (1,000 £%) F7213 10mL 650 %) OWTFhh& L, R TRETEhENn
0.8ng/L. (RHERSE : 2,500 %), 1.9ng/L (1,0001%) BLU38ng/L. GO THoT-, ‘
2.3 NDMA-FP(O)DRIFE: FBVKEL, AR:20C, A > A IBEE B me/L. HAFEO5LS O&ETAY
AEEIToTz, O AL NDMA 2% NDMA-FP(Og) & L7z,

3. BRLER ,
BRI TIICH) D NDMA OREREREE 1 ISR, 3V A X 0 NDMA e FRd2
' ] | BESWKETEICHITS NOVA DEE) ‘

& NDMA(ng/L) T

7K Bk | - A NE TR EERAE]  [RKE] AR %%

51" FAK | FEtHAK | Kk HE1K | (mg/L)

P1[13 |- 1.9 2.6 14 el 14 0.38

P2l 15 [-] 70 35 25 1.8 1.8 [ATEHR%4.5meg/LIEA

P3| 19 || 21 20 15 15 | 0.79

P4] <08 |--] <08 - <0.8 <0.8 - KBV EERELE
P5| 1.0 [---] 08 1.8 <0.8 1.0 1.2

P6] 0.9 |- 1.2 17 1.3 22 | 095 [HIEFZ0.6me/LiFA
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BE LT BEEEHH 5N, P8, P6 T 16ng/L X 20

U s, BREROIEMEBAENC X D NDMA IBEEIIE
HL, FRETOTETERLUZEEICL S THRITR
AR ~2.5ngll, R TH ok, AV HEITKD

NDMA EBEEASKIEICHEI L - 2 KB ORI [13RE

— @AJI) THY, FKEEOHESESHTAS R
NHBEEILN.

WKic. ATk ESRE Ul NDMA-FP(O9BIES
HOREHERER 1 IORT. NDMA W/ >AUEERha
BEHITHER L, TOROMBEIRCNTH oI, TORE
BAS, Y AER% 2.5 4 & L NDMA-FP(O3) %
HflEggaEElr AN EFINC BT 2RFKBLOT
kR NDMA & NDMA-FP(O DHIEREREHR
9 1R, F/KMIEE KO NDMA BEE 16 ~
290ng/L. NDMA-FP(O9)d 24~280ng/L DA T, NDMA
JEHEVY SP1. NDMA-FP(O SP1 B& U SP2-2 THITH
WEZERLE, & 2121 B1~B2 128l KB DR X
T BOREN S L HEaMREER L, B2 OAWE
132 NDMA. NDMA-FP(O3) & iz B1~SP2-2 DEFTEEF
BEREINNTY M7, T2bb, Bl & B2 OHO
NDMA & NDMA-FPO)DEIfNE, Z MO TS

B (ng/L)

NDMAJE

8. &K H #
0.6 %
. @ E
1o ® e 04 i
10 N A
sL o ® NDMA 02 &
) OERELVY R
0 - O . 1 i 0

0 5 10 15 20

A AR R (5)

1 F AR kB NDMA DAERHRIR

22 Ak, FRAUBEHGUKBROD
NDMA, NDMA-FP (0,)

S s EE(ng/L) | HBE(e/H)
n ™ I NDMA | -FP(0,) | NDMA | ~FP(O3)
B1 1.2 24 1.2 2.3
SP1 290 | 280 14 14
g | SP2-1] 16 24 16 24

sp2-2 | 54 190 22 77

B2 11 36 16 54
Bi~SP2—2HEEE | 39 96

c | SP3 20 37 - ~
SP4 24 30 - -

FoKDOBBLARRTEz, £z, SP1 OHIFKHO NDMA i

Esld NDMA-FP(O9) & R&Th o, ZHUIERT 2RI
TFRUETRICBT 53 ABEDRELE X I,
Iz, Bofoki o NDMA JEEEASE Mo 7z SP1 O TR

#1375 NDMA & NDMA-FPOIOHERERER 2R T 83

B TERIZBVT S NDMA-FPO)JlIE Tl TRAKEDK
BHOAY ANBMENS L GTha & 2EE L. LERRZ
20 5 & Uiz, SP1 DABERFN 2 RN 578D, FNTHD
BRI ALY 7 THAT B, £, A
7k 1 O—ERISERE 2 IKHAT 5. FKEOHRAK 1, 2
DOKBHIH 10 5 1 T FEAK 1 OREEHBAIT 2 1
TAL Tz, Bt 1, 2 1O NDMA JBEE13 83, 130ng/L
ThHoledt, AV ALY 300ng/L PAEHEML 450ng/L

4. BHYIZ

EEE:NDMA(ng/L)

FE:-FP(0,) (ng/L)
K2 FRETEICEITS

NDMA, NDMA-FP(0,) (D#E)
Lizoi=, SP1 THFZKHRD NDMA BRSNS DA AR LB bDTHD T EAVRENZ, £
oo WEAIK 2 128 10,000ng/L &FiEEED NDMA-FPODDYEENTWE, T7abb, Ui FAMEEICS
WTIFEAIK 2 78 NDMA-FP(O) DX ER AR TH 2 S s N/,

R CIEEN OB NDMA EEANBRICEWEIRE SN TR D, &S0 FAMEKTK
SOEBEF IR TIE, Bkt B\ A EERHK R OBREENE < R D RREEAH V. HEEAWA

BTHhDEEEALNI

KB ORI BN TRYIKE. TABESB I UBREFOA X1, BEOMNCBNWTNEER (7
FEAEE), BURERE GMARMER) I IHAVWEEWe, CCICRUTHERZERY 5.
BEER D KB, NE, BE, B 542 EEHESEAHIE,. 2008 GERTD). 2) Ak 17 5 AR
RIS ERRIER TR SR RICE T OREREO RE USRI 2158 HFiHEE. pp.284:286.
3) YA, tA B, 51 B RFEHAEEHDTSIIARR A RIMESE, pp.183-186. 2007.
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%59 FEEKREWEFEERS FH20.5

(8 -32) HEKMRTFIC & B IEREL - MIBREOEE) & RN & 1) 3 EREHE

ORI BB (NFEBKESER) &R HB(ENHEERR 2K
AR ERN(ENRRERRER) FH L (ELReEERRERE)
BE  Fih(LSRAEREER) HH RBEXERILTAER)

1 XLE®Iz

SERL20F EED D AE AE FYE A~ BT éhtﬁ%@&i KHELE SRR DL (BA T TYRAE )
FOR mw%ﬁm&w‘sm&mLﬁmémam%m 272> TWB, ZORBHR D
REBEERX., AOEFOETIAESTER TR ERELN TS, ZNET, KREFHOERR
DEBNZ OV TIIFEMRIFERTHON VAR, AR R OB ARKICHLUT, BREERERE
BB USRS HERBRER LR TA0ENIRATHS, -, BEZERICOWVWTY,
FRFRICRERICEENTVAZE, REORTICLVEBE LR 2 b s ST B A,
#AR RO ARIEAKFOREEROBDITHIZENC OV TIZALY 2o TR, —F, 3
RBOERBEOREIZY -V, SKHESRIZS%LL TEHEIN TV, ARt AE
KEUADERBIZOWTIEHALN RS TR, 22T, AFZECIE. ARk RokEEs
DWW IR FRBR R BEER OB S\ THRER T, $i2, IRSAT4—F—3F .
B, BRI REBICHSE, TROE RIS, HEREVBERBOBEDERE
AEE{To7,

2 MREAE
2-1 FAERH

AKEKDBRTFICLDHEER - uﬁﬁ%@@é%ﬁéﬂi\ BB HIRO KB/ KR AR IEZ
TEIRAEA (KEFT) C, 20, 40°CT0, 1, 3, THRMRFEL., BIERBIE L, £ VU BBEIE T
pH7. 2b\_pﬁﬁabtﬁmm . ﬁ%zﬁgzno 5mg/L&723 K5 IR B (Fn el 3R BN 23w L -3k
2IERRL . MRRAL L,

TRECE O REBFHEICRB O TIT1068EHZINEL , Z b RBHE BAKES THEBLTWS
[RRFNT3—F—FDMEARBIARTA L |2 BBITHE LT, FORNTRIT, ABEZAT
HELUTWBKRERMUABRSREL, TF 25074 —F—HAIIR TGN T+ — 72— F IR
FN 52— )HA9FREE, AERMVK A DERMUAKCLT IARMUAK DA 1088, B2EMN
25?&1;&%@%@&%@%@&&%~?%’-?E':ﬁk¥+7b§17%\iﬂ*6&>ofca
2-2 ;

BERBIT, XTEVEOREBOEROT D, BEABIISEU LOFR, R 75 RAEHE200E
LB ﬁi‘bf’ BN DOREFTIL, 5L AL L<1X0nGuardl Ba/Ag/Hb—h) o
(Dlonexﬁé)O)&&ﬁ%‘:ﬁ ST, WHEBRBRIZOUVWTIL, B0, FE B (Cambridge Isotope
Laboratories )% P EH#EM BN W, B35, RERFIOE - B HACEHZ W Tk, Bkl
PTFET AR T AN (T RN T o WEER) CTABEZIT o1, HEEE, BERBROEEITIL.
IC/MS/MS(IC : 1CS-2000(Dionex ), MS/MS : API3200QTrap(Applied BiosystemsHil))Z48 F L

Tr, HERBMOER TIRMER, AEK, SRFAVT+—F— RMADOERE . BREOBESED
IRER - IBIRACBDBFE T, ZNF10.05, 0.25 U 4 g/LThoTe, WMERBROEE TFIREIL.
0.05 1 g/LTh-o77,

3 HELE=E
3-1 KEKODREICKDIERE - BERBOLR

FIHAPHIZ6.9~T ADFPFHITHY . R TORBHT BT BFEHR ., jt%tt’%éb RO 6N
et BREHEEROMMEEIX0.5~0.8mg/LOE ThH-T-, 20 C“Cf%fw_rfﬁm&nk X788
#120.2~0.4mg/LOFHE TR ER TUR, M RA CITRER TIIRO Lo T, :
ZEDD, 200CTHRFLIZAAKRKDOBREEREBENET LD, AP o OBE I
BHOEHERIE T, —F . 40°CTRIEU A A DTE B S B 133 B %l Ji&i&iOmg/Li
TIET U, sFRAICBOTH0.3mg/LETIE TAROON, 202 Enb, i L omN
BROBEE DN DOERY Eéfétxcméc‘:?&ménto iﬁ%@é@mﬂﬁﬁmﬂeﬁ ug/L~140 4 g/L
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8. XK H # ™M

DORITHY, REHIR P OB ENTIE—E T, FRRRE ERITBO N7, ZOZlh
5. 40°CTIRIFELEREHZBW T, A Lo THESN - EREERREOK TLSMNI, &
REOERICIZFSETICH DAL O LRSI, REREROYIHIIR E13<0.05~
7.8 p g/LOKFIZHY, ETORPHIB VT, BEEROBAICLL T, IBERRRED L7
DB oT, LTS T, KEAKF ORE KRR L, MRRRELRRICIZEALE
{ELRNZ &R TRENT,

3-2 WIRAH P DERE - RIERBREFTEORERE

HRET R OB RBIREZ R LR T, K

ERMADE S, £ TORBPLERRITRE ]
. FOREGRIZ25~120 4 g/LTholz, = o MES
ORERIT, AR AZERLBEORKT 30 N
bHIDEEX DI, — 7 AKERMKBAD 2 AN
B ERTRBEEIT \ELACREICH u /LB & NN
FThololl, BONORETE, ABRMA A
FOMRIRRE RBREOEL R UL, o [ oo ol

T RACSH R ORISR IR HE 2 IR T, 0 s .
LTOREHCRC. BERBBEZ1 4 g/LK | z g . |
W LIEVMEThH o7z, L., BEEAKH ., KB K 1 & EARAN O ERBR

D, MEREEH p o/LU EOWBETRIE 1o
NTCVBHERDHDHLND, Fllk, FAROERIC o
FoTix, IvEVWEBECRHEENATFRERSHS 01
LEZ LN, BB IRGNTF—F—H OB
EBREEOHIRIC L BEWIZRFICRDENRD

[~
(o]

BEHRB (2 e/L)
=]

-7, 03 £ - i
KBRS OTRY R OSSR 0 & P
Y HE R Aao T ABHT DWW T, ZOREEZMEL o b i G
ro IRFGATF—Z— DR SRR AER . \ o ;
NAKEREOBEBRBELR LU, ShboRE B2 AR OB RERE

= bwc\/\éz . 12 ‘& 2 .11)\\", s 2 :7‘llz A= RV
AT TN B E R oTr, ZOTEND, ZHE3 SAB BRI WRRR
HBHE, IHRFATF—FZ— T3l RvKIT
SEEINBRERBITHY . D3R B L, SXTN T4 — 2 —HOE R TR KT.1
1 g/LETRD D ARWBEE Lo, D bE AEMIRIC L DERIRIEEOEVVIFITRD
BIpotr, BRI OWTH. 128 % AR 1IRB O & KERMAEZBLDEWIEE
(700 p g/L) THRMA RSN T, Eie, REEEIUR - IFHBPHT OV T, 81LHT, A6}
£Te BHOIFRE F2sBIN G ABERMKFORELREREOCRE CHRBMIRHEIN
e, AR HO WIS B REERTolr ko b HRBRIEEMNT00 u g/LThHolz THTIX, HF
KREAEABREL. BATKOLBBERLTHAZEN DD o7, UL, HREBEENEYE
TECRIE Y B3 BAEE) 2B L O b, KLE TR EIIEBOESE T, KEZD
HRERILSHPERIN ARSI, o THOFE AR EZIIELNRD
ST, DR ES I THICOVWTIE, THEOME R OVKEAFORERBRIBENOHE 5L,
U THoEA LR, KESOERILEDEERAL QOB TREERE 2 b,

AFEORER, IR F—F—, BRE., REEE B REEBIOWVFIIZBOThH,
Lo CIEEREERE VB ERHY  AEALUSN»LOBRE 5 OREDLEMESHL
D&irots, HERBEENENSERICOWTIE, AbbRo e #iF Tk, £ TRREET
1372 ACEAERIA L, HAVIREZEDEF(LEHEER LD THEEZINI, &
gﬁ:;b\ ABADEE LRI, RELZICLAEFZBA MOV TORERKETHHLHELE

Nz,

AR L. BRRIVEEE S RERERMERAE LY —XORKRIFRE LTERLIZD
DT, PHEICTBAWEEWEEERCHERRT S,
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% 50 M EAGEMRRES FR20.5
(8 -29) N\OFEEER DB RBEHR DR E =

ORT =N (HEWAERFERE) FlE #HE GEHAERER)
e RHECGRERRFERERE) RE & (EHRRFERER)
B BREBHAFERER) KANHEET (EBAZERER)

1. EFLEN

KEKEEEEREICBNTIR, INFL—FTOYWEDOEREZEZB L LT, KBNS ED ZES

(REABHER) ZRDBZEMFOTEETH S, LH LERBICITFNICETAEENR SN TS0,
HERIERMICOWTIXEENIZ 20% N5 25N TS, EE5IXMNUNORAY UIZOWTREETLH
CRATESREHET DRAZITOTNENY, REFE. BE., SHOEANSEETHS)\ORHEEICHE
LTIERATHEREBIIOVTIRIEEAEHRN W, 2, BRPONOFREICETIREFED
FEALEINTWARW, I TCHAMRBAGRETONOERREREICEEL.,. BEEHHETo .

2. EEBAE
21 #H# ,

BEEFEHED TEREE - REFERE) 22881, ~—T vy "Xy bARICHS T, 2007 4 11
RBUCHETNT 17T BMAE (OB B8 28, WhHIE, 38 ;W - HokplE. 4% 5%, S& B
B, OBF; BFSEME, THE RN, SEE, XDIIE, OF; BAME. 108 AT, IR M. 128 ;00
., 138 L. 48 wIEME. 158 ; BT, 16 B MEIFACRME. 17 B SNk - FEEE) X
121 BEOBSHZEEAICEBALLE. BALEARROS S, ARSI OV TII—RNREBIRRIZE
VBTRALE. BEBRIEHAEZ LR, 7— R0y Y —Ick 0BEBL., ERROBREDEICE
CTERBIERA L. BAWELSHKEET-20 CTREL .

2.2  SAHE

ElEEEHT 10g 20U, BEKZMZ SOmMLICUTHEDFA X Lk, BERBRWUEKEY A
ALERAFOI O 10mLIC 05M U CEBER (pH62) 3mL 2iNAk. THMELRBRETRED
I, MTBE % 20mL i A, 155 OREE 5%, MTBE BERELE. Z D%, USEPA Method 5523 124
O THIt - AFNIZAFIVALZETV, GC-ECD (BiRsERB GC-14B) L VEEREF 7.

RINEUER T, RED T ZRINOFE 9 BEOA - - EERIKREZHEML CTRICFEIET 3 @7
o7z, FIEMADOENEL 3 BEEIEEOFEEE B W,

3. BREEE
3.1 HEHR

APFERER LITRT, 1TRBEDOD S, 2 (RAE 13) RUHIEE (A58 14) TELTIRESL
5HHHBRICBWTAE (MIBE) &HBERY, HEOHETIHHHRETH 220D, SEOBETIE
FHEE RN SR L. TOMD 15 RRBOREHER T, 358 (BRE 9) LIS D 14 BB LT, DCAA
& TCAA DA D 7T BEONOEBIIWITN b REEINEN o=, FTREOHEIZOWTIZO0 &Lk, &
0 513, DCAA. TCAA DUSHT. BCAA., BDCAA. DBAA O 3 BEONOEE DRESNE. 2hoD
#5243 Reimann 5 ¥ ARG U 72 BP0 & 88T O TCAA BENT (02~59 ng/g. 1.6~4.1ng/g) LV E
Mol. BB, BERICBEHINTWARWNDOEE @ EE) BINTREBRRLTTH- -,

/o, BMEINEROMER, 15 ORBREICBIT 2 EIEIRERRF TH > 755, BDCAA (E528 %)..
DBAA (F1569 %) KU DBCAA (FH9%) DXIICEEINRBELRBEELH >k, 75 LIEHERE
ZRRIFTHBIENS, HFERORBCBWTHRARER LG ONENEIC L > TERERBEST A
5 LHEFL .

32 EBERAOKBREBELLJUHRATSXOHE

ERMBOFBMEICDONT, Fi 16 FOERME - 2EALT "BEHEICETE, 2ERBEEMELT
BHUZE, BRZER 2ITRT. BRBHOI L, REBOSVWHOELTIE. 88 (8RR 1), BE

(BFEE 6). "EiFEREHE (BRAE 16) T 5N,

—%4. EESIFHCNOEBROBRABLICREERECHTAIPELZToTWS, N5 OKRKEOIR
BEOTEFETH D/A (DCAA ;0.74 ug/day, TCAA ; 0.5 ug/day). B (DCAA ; 9.65 pg/day. TCAA ;
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8. XK B

6.51 pg/day). R (DCAA ; 0 pg/day. TCAA ;0 pg/day) BLOREIEE (DCAA : 39.1 ug/day. TCAA ;
35.6 pg/day) DFHE#HERZEHDOE T, KAFHEERET 5 L. DCAA T 19 %, TCAA TEH 15 %
EVIRRITIE e, ZRELIOEIZI—HEBTHY, 9BESICTF Y 2EWTILENDH S,

x®1 BRRBPONOEEEHERE (B4 ng/g)

1R 28 38 4 8% 5%t 6 Bt 78
ESE Wbig WiEETRRIEE g8 e L33k 2] REH
Yo OOE® (DCAA) 12.8 0.00 6.16 6.10 7.87 41.9 7.51
NU o OOE (TCAA) 6.73 494 4.47 5.31 9.71 70.6 18.0
JOEY OO (BCAA) 0 0 0 0 0 0 0
JREY Y OOME (BDCAA) 0 0 0 0 0 0 0
YT7OERE (DBAA) 0 0 0 0 0 0 0
83 o 108 k= 128 158 16 3¢ 17 8%
=L | =MW BNE AL i1t ] - ] BirRRRlg RN R
DCAA 46.3 735 1.4 39.8 0 4.09 20.6 32.3
TCAA 354 295 7.45 6.78 0 15.8 14.00 0
BCAA 0 71.2 0 0 0 0 0 0
BDCAA 0 90.7 0 0 0 0 0 0
DBAA 0 36.2 0 0 0 0 0 0
£2 REKHOREEORERAR (ASHESLAROXNGIER 188, B : ng/day)
18 28t 38 43 5§ 68 7 B
Y4 O0OM (DCAA) 5730 0 437 375 165 10600 895
kU7 OORBEE (TCAA) 3110 454 318 327 20.4 17900 2440
JOEYOOEE (BCAA) 0 0 0 0 0 o o0
7OV ON0OER (BDCAA) o] 0 0 0 0 0 0
Y70ERR (DBAA) 0 0 0 0 0 0 0
83 OB 108 118 128 15 8¢ 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£EH

1) BEPOIFBHEONDEEZHIE LR, DCAA, TCAA TS TOAREN SR INS. B
B, SOZHE. BREPBENEN DT,

(2) BHEZMETIEBBEEORVWRMAEEE LTI, IFdelE. B30, sansidoni-,

(3) EKAFERICETIREEIT. DCAA T 19 %, TCAA TEH 15 %L NI EENESN-,

B AWERIIEE S BHRENR RS TREKOKEY X7 EHICET AR X 28R
RFEbDTH S,

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. 43-48 (2007).

2) BEGEHAE: VA 16 FERRBE - LERERS, BF - RREBRIREE (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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1. U ®IC

IKEFUKDBRILIEIC X - TE U BEBRIERY (DBPs) OFEREL, KFCEENIAES
B (DOM) TdH 5. DBPs DAEREFIH T BICITZOEBBEICET Z2MENRE L 5 M,
DOM WIEEICHEMAEERFEORY, OIS EMRIZBLALELATVEY. LHL, B
EDDHEMOEBRICK D, DOMDEEREEN LIEWVICEHLA L EDDDOH B, FRICHES T,
AR ODIKIE T DOM DHERICET 3 TFENTDONBHTVWE, BHPEICBNTE, FEAK
7T DOM #HER® U NB A X (THM) EREEICET 2 A ThbhTwa, LAL, THMIC
K< DBPs TH 5/ \OEEEE (HAA) DSHHIZIE LA ERVORNEIRTH B, 72 TERETIE,
BB L TOMMANITH 51E)110 DOM ZYE{LEMEEIC L > T DICNE L, SERRE
(TOC) ML ZTARZ L L BT, 6HELDD HAA EFRERRIET S C L THiEkM AL L TOEE M
PEMTACLEEHNE T B.

2. RERTTA

] 3 DOM1 = &K

RRK K EEHENB S ORI TH 7. 5K, 0.45

pm 7 A VE—FRVT BB LTS DERRKE L. ton=00M8 |

SE R —BEEREVT, BUKMEEYE (HoA), Bkt "AT00M _
(HoN), &M (Bas), W (Trs), BUKMEEEME (HiA), KD fon B

T (HIN) O 6 B ICTE L. Tis &, BIAKEDOMDS B qom__ 5
DTFERVPECOFKERF OB, Bkt BAkEEHD  NoH

BRHODOMZE T . DEICIE, BB MESIED DAX-8 BXU [ powz
XAD-4(Supelco), [ 4 > 33 ki i§ O Marathon MSC(Dowex), & | Bas

=DOM4 - DOM2

A A >3RS D Marathon MSA(Dowex) D 4 FEEE% AV iz,
1 DK ICHERKEBBICEKL, BIENORERL XT3

BRFBELUToEZT k. [+ bomd
ST BESTODOCKKE 1 DL SITRD . DBPs EREIL,

BEEPOHBE IR EELSZEELL, £ERLEZHAAZRIEL Pl I Soms - powe
Fo. HEDT=8 THM DRI B1TE > 7. IEEMESEMIE, TOC

3 mg/L, Cl, 30 mg/L, Br 4 mg/L, pH7 & L, BEFiC—HEE L. [ boms

THM O, pH2 YT, V2V CRIRMHEZEITo /. HAA  NeOH—> pH7
OB L AFIVT AT IVLIE, USEPA Method 552.37 14> 1
. HAAERBIX, HA/u< S TEEHHE (GOMS) ® msAl N 6 - Dows
SIM E— FTHIZEBRIC K > THEIE L. GC/MS lF SHIMADZU

GCMS-QP2010 plus, F ¥ ¥5 VU —%4 35 AidJ & W SCIENTIFIC Dfm:,{m
HE D DB-sMS(AE0.32 mm, B E 30 m, E/E 0.25 pm) & V2. e

3. ERERPLUER )

2~ 7TICEBRIERZRYT. DBPs B (K 3,4, 6,7) TiE, Ho=HoA + HoN, Hi = HiA + HiN
EUTEHE L. DOC DFERZIET 5 &, £ DOM FEEM T 2.97 mg/L, 7€/ T 3.03 mg/L
THD, ZEFRALTHo 7. ZOHERZE2 & 5ICRY. EEHTIE HIA BDERIIC S VOIS L,
E/ITIE HAMNHN LIZERUC ERoTW3, Thdbdb, BEMLLIEIIANTTT BB
FICE o THIADEA L, HoN*® HoA, Trs DM UAIREENEZ SNB.

K 3,4 &0, EEHO DBPs £HEIX HAA, THM ¢ HIC HiDEL £, RIS Ho 2V Trs
DENTNS. DOC DELEREEET S L, £ DOM D¥435% L3 Hi HESEHICEV T HAA
BXU THM OHERAEL UTEETH S LHEEI NS,
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029 033 B Hon 80— — 200
@ Bas 7 XonA B
leml 8" = g s b Soch)
0 HiN % g L1 Tom |
= 1 1001
3 : s
i) : 0 I = I
DOM Ho Bas Trs Hi DOM Ho Bas Trs Hi
X2 EZ#HD DOM A K3 EZ#AK DOMES 4 EBEH/KP DOM ES
(847 : mgC/L) M50 HAA £ E 50O THM &HE
& HoA
HoN
1 .
J (8) (%)
e =
4 .
T
T =
0 -
DOM Ho Bas Trs Hi
B5 /o DOM FEEL K6 &K+ DOM EZ ®7 =K+ DOM EH
(BfI - mgC/L) M50 HAAARE M50 THM EEEE

B6 7&0, 7&/DDBPs £EIE HAA, THM & BIT Ho BB L% <, Hi, Trs EEVTWVS.
X7z, SEMCEEHLERERENEL A>TV, HAAKDWTIE, BEHTIE YD
BEEE (X3AA) BN EWVS, 18T \0BE (X2AA) £REH B DOC DR EET
Y, HoWERREAL B LHEEENS.

CNET, DBPs DELHIBEARIIT7IVE (=Ho) THBEEZ DN TER. LHL, EE,
THM £ REEICEI T BHF%E T, Ho Tidi d HINEETH S LOWEN LRI NTWVWS. BHAETHE,
B 7 HIC BV B 317 THIKIE DOM(= Hi + Trs + Bas) DBUKE DOM(= Ho) ICIS#d % THM 45
BEZR LT &5 T, BKIE DOM(KFIC HIA) B THM DOHIER AL UTEETH 3 &L DL
NH3Y. AWETH, BEHCBVWTH A HoZ LED, ®IITIE, HkEDOM & LTEE
ERA aﬁ?k [ DOM ICIE#9 % THM £KEER L. EHIC, FFEEHOLEVD HAA ICDOWWT -
L ABROERNEL Nz, Bkl DOM i, FKUEERICB N TEKIEDOM &Y =R L
REINB EFREINZOT, KEKFIRHEENS HAA B XU THM OFENEIZZEKE DOM
THBLEADND. KPIKESENZIEEEZERETSL, BKEDOMDIFZLASRHINEDT
BY, o THAABXU THM OFiEFAL LTHIDEETH B LIEETE S,

4, &0

EEHEHE X CEINITROKCEENS DOM ZYEL2HEEIC L > T6DICHEL, #
D DOCHEALLE HAA B XU THMEREZRIE L. TORE, BLE£{5FEN TN,
BEEMTI HIA, I8/ Tld HoA £ HIADRRETH > 7-. HAA BX U THM £RED &, BEWH,
EIEBICH DEIERA L LTEETHS LHEEI NI,

EE PG

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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1. 1L ®IC
HBAKLHEBBICBWCELEE v bAHIZ VTR, EBERLADIDLLE
BERLAVOBMNBE LVOBEEIE VI LRY, ~HoEKavEap ol
EHl)0FERREBEELADIVZISLEVI LBREI TS P, BAknEER
TORRLE - FYVVRBIZELTREBEEQL I A3V ERHERNEBYOLERIZHE D
ML RoTwhwd, 703 I vAEZAVWASAEELE I Y EREOSKaI S
LEYBERINE I ENERINTWE Y, BEOBESE» S 705 3 VAEIZY Y
BI2BET25A8%, FAOMEER2EB L2 TE, HERERYICE T 257~ 2HE
DEL A H#ERDZ, DEOoORBEZBE I ZAEEN - BINIARZRNKELT, FTIcE b
%H)AVROBEENEZRAELLET, ARTOIVEOHRIEODWVTERS L -,

2. SAEWME : '

BEM- - BIKRCBY 23 9FIHOLAZIBET 210, BESMEAMIERR
PORINE DV KEBEEELBBRKT 2R TMICESRBLEATHAER2To~., /. BHE
BTHHIN2 3 vRERZIBET2 2012, MBHROELTALBBOKBOET I TH
KE2IToR, BAKIZ2007FE 11 BOBRNOBEOLWERKC T >k, OB CTIRaYy
LA Ay ) ofica TERBA X~ (10,) tL2EFEITE(MOD k2w T hAER T
W, RERTOFELE - - soBBREBCE T2 EHANE L, avkWA 4
LIAVRBAA VR ENEFNA Ay I7uer 5 74— (UVERHERE), A v 2u=er s
74— (RAPATLE)ICEODWH LU, £ TOI BIEHRICEKE L2411 TOX &
TRELZLDOZHEL, av kWA AV LRAKOHUERZTICLTCER L, ZOER
ZRERICEHTRCOLHMAMNATLELIVEORAE» S I TEOMNA - HHOKRZR~DOBES
Rf L, £/, HRZHET 22D ICE{LHA A (Br) - 2EHEE (TOBr) oo W
THRARICOW 2T o 7=,

o -0.2

0 02-04 O 2.1-3.0
0.4-0.7
0.7-1.1

1. BEM - RIKRISETS I OREM H2. BEM - RIKRIZHEEFS 10| ORESH
(B4 pg 1/L) (B g 1D
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3. WREEE

FHEEEPR1BIVORZ2KERT, oo b, EIIARNEB XCERNCHEAT 2HETD
a4 4 v O BRESHEIZ02~3.0 ug UL THY, ARKHEZEL-RLEHA ST VI
11.4~ 115 pg/LTh ok, BUEHA AV N T2a 7P A v OFEKIZ 1~ 6% T
Hhotr, BVEBMAAVICELTE, BEFNEVOTHIEFEL LM, ND~ 1.1pg/L D
GECHEBUBRCRESO TP LERET A b ol, a4 Ay - TOI LD
K. BHOLIERE Tt CEBEPERELTWwE Z s, BRAFDaIEL T TR RL.
AEBHEXOADENLELARICHEINTWEZ Ebd» 5, 7, BEM - BHARRH
cBELwTREeHEATaYER, av WA T IO TOI L LTEHEKFEL TR I LN
Lot (TOUT K3 1.3~4.8THBDIZNL, TOBr/Br thiZ 0.1 ~0.2THhH, B
HFOEALBYEOERTHo), IVENEREL L THFELTVLIHENHVWI LD
BHELTR, ABRRELELTIVEORAHEARS X BREEH (EHa v RILAY)
ThH, BEERELTOABIZ VI ERENEZ NS, ERWETHL TOI 0HELE
W HBRBAETH, a4 T v ofHRE L TR aVERHEBABEZ OGNS,

£1. FTALBKRREOETICSTIAVHERELATE, BLUELEREORKE

TAWES THRE TOMRE 10,RE 2anams BAUDoE fEkE MRES Tkt

6574 . .
pel/L pel/L pel/b mgl/(B-A) mgl/(B-ha) % % %
A 8.7 14.6 93 24 3353 9.9 240 66.1
B 70 26.2 0.7 25 2380 60.6 20.1 193
C 120 16.1 00 17 1290 57.8 8.7 33.5
D 4.0 338 0.0 19 1946 874 7.7 49
E 71 37.0 0.0 18 1547 74.2 3.2 22.6
F 4.5 20.5 0.0 8 628 74.9 3.0 221

RO TALEBERFEOMEC OV TOLRAEZTV, 2TNOMBEXBOREL S
BRZEELE (1), OEEREIZVAHEL-ADLYOAHE L WML - TX
W2 WHRPRAREBREVLOD, BEICHERZEVEZAGNERYL, ZOHEBLEL
TREE - b L RBBoEBERRLOHEHEHEINZaVERSZVILEBEIOND,

TOI BRERECHY, ANoEKI Y ELEVOMBRIETEHTHSZ, LHrLadks,
EAKMEERIIBWT, BEa R » I T4 A v ERCaIVRREERLE
BUCELT 2R LS 3., 2RI VERWEANLERYOMEFL L TOIVREER
T2, a4 AL OREEBTAOCRATOTHY, ERFOFHEDIIRD
BEIZOVTHIREELLETHLEWVR S,

4. FELWH

SEoOFEECEONTAMREER LY B,

CBEEM - mIIARCcBLT, HHTOoORMNBEKRI>TaVROBERLER TS, LK
LEBELRLVBEAYA A D1~6%TH 5,
CAYEOBREREREESEVEIIEA, TOI > avitwA Ay > avERRBA AV T
H5bH,

B . APIRIZRIPTE (18760404) DBIELERIT I bDTH 5,

&

5 gﬁﬁxféﬁg , PR | FIARBIE , RIEE : BWA X VEET CORBLEKOREMIHE : HRRFLEY
DEER BETHWRRSCE , 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., V0l.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 30 min 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 30min 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 5mg/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; (il) the oxons are
released from the PAC; (i) 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/j.watres.2007,10.040

ammonia, and other compounds. Intermediate chlorination,
which is the addition of chlorine between sedimentation
and fitration 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=35) 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 Blomgquist, 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 tolclofos-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 cdrresponding

-0X0oNs
Compound CAS # Molecular Logarithm of Water solubility at ADI® (mg/kg
weight octanol-water 25°C (mg/L) bw per day)
partition coefficient
(logKow)

Tomlin USEPA Tomlin " USEPA

(2006)° (2007)° (2006)° (2007)°
Diazinon 333-41-5 304.35 3.30¢ 3,814 60%* 404 0.002"¢
Diazinon oxon 962-58-3 288.29 2,074 245"
Isoxathion 18854-01-8 313.31 3.88¢ 3.73¢ 1.9¢ 1.9¢ 0.0038
Isoxathion oxon 32306-29-9 297.25 213 192"
Malathion 121-75-5 330.35 2.75¢ 2.364 145¢ 143%¢ 0.3, 0.028
Malaoxon 1634-78-2 314.29 0.524 75004
Tolclofos-methyl 57 018-04-9 301.13 4.564 4564 114 1.1¢ 0.064¢
Tolclofos-methyl 97 483-08-4 285.07 3.00* 4h

oxon

2 Chemical Abstracts Service number.

b Acceptable daily intake.

¢ See references.

4 Experimental value.

€ At 20°C.

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

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

! Estimated by KOWWIN v.1.67.

P At22°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
(Organo Corp., Tokyo, Japan) followed by a Puric MX-1I water
purification system (Organo Gorp.). 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-um 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 100ug/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 um. 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 7.440.1, 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,
S00mL 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-ym
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, malathion, 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
5min. 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 S5min. The flow rate was 0.2 mL/min,
the injection volume was 5 uL, 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 ug/L). Following

Table 2 - Precursor and product‘ ions in'LG-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 2983 242.1
Malathion 3311 1271
Malaoxon 315.1 127.1
Tolclofos-methyl 3011 125.1
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
5mg/L of chlorine was added, the ratios were 7.9%, 5.8%, 1.7%,
and 1.4%, respectively. The ratios were therefore higher at
5mg/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 PAG, 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
5.7-12pg/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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Fig. 1 - Aqueous pesticide and chlorine concentrations following chlorination of suspensions containing PAC with pre-
adsorbed parent pesticide. Initial pesticide concentrations (Co) in the solutions were 0.44 M (135 pg/L) for diazinon, 0.38 uM
(118 ng/L) for isoxathion, 0.65 uM (216 pg/L) for malathion, and 1.27 pM (383 pg/L) for tolclofos-methyl. C, measured

concentration.



