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FORMATION OF HYDROPHILIC ORGANOHALOGENATED COMPOUNDS BY
CHLORINATION

HREF~ »- EWRERE=* « & B F o
Takako AIZAWA, Yasumoto MAGARA, Suija KIM

ABSTRACT; The presence of organohalogenated compounds in drinking water supplied by
public water supply is the matter of the management of environmental carcinogen.

This paper dealed with the behaviour of trihalomethanes (THM), chloralhydorate (CH),
trichloroacetic acid (TCA), dichloroacetic acid (DCA) which are considered the final
products of the reaction between organic substances and chlorine in water purification
process.

Both of THM and TDOX (sum of CH, TCA and DCA) present about 15% of Total Organic
Halides (TOX) in tap water. The formation of CH, TCA and DCA as well as that of THM
are affected by the reaction conditions such as chlorine concentration, pH, reaction
time and temperature. CH was confirmed to the chlorinated intermediate in the course
of organochlorinate formation reaction, and CH produced TCA in neutral pH range or
chloroform in high pH range by the hydrolysis of itself. TCA produced DCA by dechlo-
rination of itself, But there were observed the presence of other intermediates of
DCA than TCA in the experiment.

KEYWORDS; Water chlorination, Hydrophilic organochlorinated compounds, Chloral
hydrate, Dichloroacetic acid, Trichloroacetic acid, Trihalomethane, Total organic
halides.

1. BUBIC
A, BKMEBRETERT S R Yo x5 v (THM) OREHSIEE SN TEBR, BRI X - TERT
BEMA DY U LAYOEAEESMEE L - TV 3) THM ICBIL Tk, EMlE, Shs L CERLYES
BoE” 23 LnEARY TLE HEKEIHESTONA T 3, THMUSAICERT 32 OER 0 rY
LBMOBEEIC OV TIRLER o F VLAY (TOX) DAIEICE - THRBINTIRVWE 00" 200 2K

LTV AEEN oY MEYORBBEEZDOEERBIK DV TRIBEALBEIATHRL,

—%, KEKPOEEN o LB T 3 RLHDREE T HHAICE, TOXEV S RIENKIEETHE
WMT20HTEEL, ThABRLTOIMERBL KoV TOEMEHEE CEYTERLHBEAELZ ST L
VETH %o

TOX 2 HT 3 E B 0y LAYOBFRICEL T, Udend i3 7 MV RBKISKROERMEETTS &, THM
DISMC KBGO AN TH 51K m 5 — 0 (CH), Y7 ookl (DCA), b2 ook (TCA)
BERICAEETSCEEABREL TS, 27, BHSY 3, Chon/tAMEECDRIEEFHBLAF 20
b5 7 4 —THMETHHEFRALTED, ALY 56 GC-MSETKEKDDT W5 DEEZRE L /-4
B, ZoAHBII THMBRICIEH T 2 EHREL TV 5,

HELFKEKDOREREROE S SERLIIC L > TERT BEHA 057 LAY O AR & MR

* EAREEBE Dept. Sanitary Eng., Institute of Public Health,
*x WE BEBEXFA%® Gyosei Woman's University
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FICBT BHEET-> T B, THMBERSAYET, »oOKICH LTRERTH S Eh o2 Mo ORERIE
U MBEBHENERSN TV 3.7 ? —%, CH DCABLU TCAZIHAUMET, HoRERRTHZ0D
T, TORBHESTHM E BRULHETITOLBENS B, 2/, LENELRYT I, 2no0LEY
DERERYECERBERAEE L7235 A T -5 BMRNTH 5. 20T, ARETR, 73 VERERRIK
WRQEAEITO, KELER N o s LAY ORELEORS & ERBRE S Gl A RBEICRT 5 ERIUR %
TH5T &l

2. EBRAX

21 B E

I-FN . BEBESHAYF v —F 0 (R

n-~F4y Y REBESHTAn-~+ 4~ 300 (REME)

FERK A4 v B —TEHRBE—RATF R —RABRBHOLEKE AR T BREBE LA TEH LD O,
EFRK IO (BR RBEREIRML TRESELEZEVZEZHBEO L5 » 728 L THER, Kiclg
R R EWRE R

STV A VIERKBIEF MY Y ABIK (20%) KN—AFNV—N—=buy 7=V (TNF) o F)EM
ZATVT/ TN HRERESE, Chid—FICRIREE T,

73 VRRIARK  ZHEOKES S, BBLA7 I vBERY, THhEOINKEILF MY T ABKTERL
7:bD%INHRBRTpHZ 7TICHB L, BYKTERLTH»SHERA L,

THME¥REK : 7uutnis, Y/ooroexdy, Y70Ernoxyy, 7oesvsBEEERE,
&% 1000mg/1 (BARALE)

CH, DCA, TCARBERK : S4HRAELBEEBEINAT S/ — v (FIstsiZ) iciEH» L, &4 1000mg/]
B E Ll

TOX RIEARIRTEMRK ¢ 100~200 2 » ¥ 2 ORRFEER (F—= )
ZOMOBETEICOVTE, BLAREGOI/ L - FOSDEMML 72,

22 BHRLE )
BEKEZBHBETHRICLAOL, A —CEBNHL, 24 -5 - THELENSERKESZHBE I
WBLHIICEAT S, BEHIL, 0.INFME LOKEBELS MUY LBKRTEREPHICHRB T 3. ThEN I ATVA
CACWERL, FHEEOCEBEZCRBEREMIER, ERXRLRIESE 5, HEKA%, 0.IMEREF MY Y
LBRTIRIERET Do

23 TOXAE

TOXETDREE ¥ =~/ (Dohrman & AD-2) OFMBEHHE D TOXAE BRI R 40 mg 2 AN/ H
SANFL(2X50mm) 2 AR EBFNGER L, ERLORBEIRTNMELAMXS3ml/ A O RETCARKEZ@EAKL, K
FOEEN o EEYMERSEI® S, 20T, EHRA I AO0NIEEEH VY LABHE%E 2ml/5 T1 HHEE
KU, BEHRPOERS A v 2BRET S, TOX 2B/E L 2iEHR%E TOX it (Dohrman® DX-20) OREBEA
oy v 7R —-icEd, BBNICASBFICANL, TOXA2SHRIE 2, TOXESBL T ar v fbkFE
WBEDT, w4700 —0t—4—2F0HBERLVERIA VEBELTHUET S,

24 HROUQZ IS 7%4

#%E . GC-TA (BE®IER) ®it#E  ECD ( °*Ni)

A5 4 20% ) a v DC-550/Chromosorb W, AW-DMCS (60~ 80mesh) ¢3mmx2m A 3R A 35 4
B AEADIBC, #74120°C, HHE150°C

%) F7—HR N, HR, 60ml/%

ABEEAR 2 al
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2.5 GC-MS&#4

@& | JEOL JMS-DX300 (HAZETF) RS . BI70ev

A5 4 120% Y 3 DC-550/Chromosorb W, AW-DMCS (60~ 80mesh) ¢ 2.6mmX3m#u5XH 74

BE FEAOLWOC, #37412°C

FprUT—HX: N, H#R, 55ml/%
2.6 kPO THM CH, DCABLUTCADERMAWEDOKE

KEkpd S ERA DS LAMPSRIES N3 EAICE, BRTHMM&EN3. Lis-T, CH DCA,
TCAEDOKBUER  or  LEYORERER, THM bRKBICRENICAIETE 370 -THAT :Hh8E
L

KBS Y ORI L MR RO Fig. 1 Ok > Thb, $i4bb, ko — McaEK50ml AN, 0.5M
B MY U ABKOSmIERML, WEEF b Y vas (BK) 25g5BRMLIDSL, n-~FH ¥ (5mlx2[EH)
TTHM% AT 5, o&ic, KEICHE (1+1)3ml 2FMLTpHEM0.6 &L, = — 70 (10ml x3[ED #i
WL, 203550 5ml% CHREERK, Bik% DCA & TCADHITIKERT 5, £/, DCAETCA iIx -5
VBEEEKR (pH7.6, 10mix2ED) TROVI Y, KBRInoZHHMBELALDL, KBRHEREMNA, S5
T—-FUTHHL, BKk®, xFfll, #RI0= b7 574 ~TRET S, SEEFEREBFRKTERLT
e L foBREK IS (B4 20 ng/D RO TEFLOLEXBRAL TAcL T A, Table 1D N 2 IKRT LS IC
THM & CHIZ90% Bl E D EIXEAE S /258, Table 2 ®No4-2 12/ & 5 TCA @ ENLRIZH50% THY,
¥/, DCARBHRZ <}/ 74t DCADRZKEME—KTINBERGENEOC— 7 BB L /o0l
ERETH 70 COSORELORBRABMBBASO pHAFEELEEIKLWI &L, HHTLRAERIC
R HBEETh T B2k, TansiEiic Table - 1 Relationship belween extraction pll and recoveries of THM and CH
HMHShTHA RV a= b 75 4 LRBEL -

Flow No. Analytical procedure el | Recoveries (%)
7L THRALLEHESN/DT, HIED TH | CH
MERIEEIC >V TRES 5T LI Lz b0 S e e Bt | 45| 0| 10

WEEK (pH6.5) I BEKBEREMZ, &5 2 0.54 No S0 0.5nl — n-Hexane Bxtract | 5.8 | 90 | 97

Water layer — Ether Extract
Sample water 50mt

Sugino's Method
[— 0.5M Na;S03 0 5mt 3 0,14 Nap 505 0,5ml — n-Hexane Extract 3.9 90 48
Water layer — 0.IN NaOH — Ether Extract

|~ Na,S0, 2.59
- n-hexane 2x5mt 4 0.5 Na 2 SO, 0.5w1 — n-Hexane Extract
Water layer — H, SOy — Ether Extract 0.6 — 100

Sugino's Method

Washing
H250,0+) 3m
ether 3x10ml

Ether exiract

Table - 2 Relationship between extraction pl and recoveries of THM and TCA

(5m( for chloral hydrate) (2imt for DCA and TCA) Flow o, Analytical procedure ol ————J&Rm"erie&n
| | buttertph7.6) 2x10mt
Drying Back-extraction 1-1 0.1M Nap SO; 0.5m1 — n-Hexane Extract
I —l [ — Bther Bxtract ( CH Sample ) 3.5 44 12

H2504(1+1 0.6ml Water layer — Ether Extract
Injection t— ether 3x5mt

ECD-GC(2 i 1-2 0.1M Nap S0, 0.5ml — n-Hexane Extract
@) Extraction — Ether Extract ( CH Sample ) <0.5 88.6] 97.2
Water layer + HCl — Ether Extract

Ether extroct

4-1 0.5M Na, 505 0.5m1 — n-Hexane Extract 0.6 100 86.5
Water layer — H2 S04 — Ether Extract

0.5M Na 2 S0; 0.5ml ~ n-Hexane Extract
Water layer ~ Hp SOy — Ether Extract
Ether layer — Phosphate Buffer Extract <0.5 Ne 48

diozomethane 4-2

Methylation

+ H, SO, — Ether Extract

‘ Sugino’s Method
ECD-GC(2,0 1- 3 0.1 Naz S04 0.5m]1 ~— p-lexane Extract
Water layer + NaOM — Ether Exiract 1.3 0 Q

Fig.- 1 Analytical procedure of Cli,DCA,and TCA by Sugino’s method.
* N : Data cannot be obtained by many unexplained peaks
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KREEROBRES M) v 4 2R MNT5E, 0.5M 0.5mlFEMICL »> TpHIZ8.51C, 0.1M 0.5mlIFEMick -
TpHIZ7.5C ER L. ThEn-~F4 HHAETY, KEOpHABE L2& T AR1EL, Table1 O No 2
KRT &Hic5.8ic, %#HFIX, Tablel ONo 1 IKRTEHIIKA6KKETLA, >DFCpHERAB LA VE T —
FAMH AT -72& 25, pHEFIEN4.01C, BERSSIET LI, £/, TOMHEAED THM &ECHD
BlXEIZ Table ! Dk 5 THy, THM ZilifhHssEE H1c#90% & 75 - 7248, CHIZpH4.6Tid 100%, pH
5.8 TRHETETLITH EL 5o DCAL TCADENNEIZ Table2 Dk > THD, pHI.5OMHEMEN.1-1)
TEHEINERFEEECERE L -1, D&, BHFooFRICHE,, ®EKIC0.5M EHEF MY Y 40.5ml
OB PV UL 25 FBMUAE N ~F Y VITHBROKBICEBEMA TpHAEH 6L T —F I L /2
B CHOEINEIZ Table ! DN 4 KRTEHICBFTHYD, R—&#Hicksds DACE TCADEINES Ta-
ble2 ®Nod-1 IKRTEICEOBEE st LL, T—FABCHEBINIBHEENBELRET S0
AT ) vEBBEHRIC X A HMH E T — F v IHRIEAIT> &, Table 2 DNo4-2 D & i TCA DREIUNEDE
TeHEL -2tk > TCDCADHENTEETH e COPFEEY— 2R VEBBEHRICHEAT2AEFICES
NEZRAHWICLEEDEEILNZDT, ) VEBBHEMHIITOLOFEER L 7,

n-~F Y UMHEOKED pHAER T ICHEE LIz — F VIl A175 & CHIZ90% £l - o BINEHE S
nB5, DCAE TCADEINERIE Table2 ®No. 1-3iCRT LHik, t—-FrEhikdho0oPERMESH
W, LT, n-~+4 VB OKBOpHE T L TH ST -F NV TCHUELPIRDCABLU TCA
DEFEMHEEZMHE L, SSkKBREBE L/ DCAL TCA%ZpHOUTOMBET THUZ ~Fflithd 55
HICEF LKL A Table2 ONo 1-2 iK/RT & 5 78 BIFEEINRSE S i,

Fig. 2 I¥/- T L7 THM, CH, DCA, TCADREDTEEZ /R L, Table 3 IKiIEINELAERE %
AT Table3 DERIOUTOMETR I DHEICHE - T,

—0.11 Nay SO, 0.5ml pH 7%0.5

Table 3 Recoveries of THM CH TCA and DCA by new analytical method

Amounts recovery c.v. 10m1 % 1
compound added g/l n [v3] [¢3] Determination of THH
CHC1. 40 5| 9.3 1.1
CHC1, Br 20 5 94.3 1.3
CHC1Br, 80 5 97.3 1.5 —Nag S04 dg —NaCl 10e pH T % 0.5
CHBrs 400 5 100.0 0.8
CCl ; CH(H, O} 20 5 97.5 1.5 Distillation 10m1x 2, Smlx 1
CHC1, COOH 20 5 98.3 2.8 Determination of CH Determination of DCA,TCA
€C1 5 COOH 20 5 91.7 3.5 analysis [
Gaschromato Ether layer
graphy
Nap S0, 8g — Conc. HCl 1.5ml— [pH 0.5
3' ﬁ%*‘i; U%§ Distillation 10mix 2
31 BKLBBELCEIZEH/ DT /ILE ” St 1
anatysis
MERRORL | 1
. . o Gaschromato Ether | W 1
BKBRKBOER A5V (LAMBEOKERE — J l
M L7, Fig. 3 RAAEMRET T, REHRR e S e
BRI TR B TS - 755, 7 00k Lsk T
&?‘5 THM?)>203/4g/17|’ﬁﬂjéﬂflo _.ﬁy CH ¢ +Diazomethan
4.7ug/l, DCAIZT7.30g/l, TCAIZ 12.7Tng/l B
HEN, Ths0RE (LT TDOX &85 ) 1324.7
Analysis
y/ g/l & AL <‘.—. z)) ‘)9 %%7k&7kq] 14 lirfﬁ%\\ THM % & Gaschromato
RIEFELOKEHEOER oy LEYBELELT oty

I 5 Id & c ','J 5 ° Figule 2 Analytical procedure of THM,CHH,TCA and DCA by new method
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Ff, THERKICAEL 72 TOXEBEZ 9.5
©g/1 THY, TOXIK E» 5% THM & TDOX
ODFEEREZERBELTRDE LKL, U5%E
14.0%1T?5 5,

DEI, BAKMIEBERICBT3, ChoDHRE
NS ALEYOERRREEE L -, Baod
SELLBKEONE T o~ L EREEES L UH
BER%E Fig. 4 ILRT, THM, CH, DCA, B
FUTCABRAKBIZCEFELEL TRV, AR
FUBIC X » TREIERSh, BRKBERNOHE
Bl Th 2 2MH200F CREKBRS T VES
L, 4RBoZ{LEmAERREE 2 B205 D
Th& D15 EEMTZ07T, HAkEG»OHE
KEEBORVWHRKR TREIAYOLEBEVE
AT Eicts b,

3.2 BEHRNAQTUIEEHDERSNE

THM ® TOX RATEME L S 2 FBRMOE®
8, pH, KRFORBRTOHBICLIVERE
PEALT S, Fig. 4 ILRT X 5T, BKOEE
Bick i 5 TDOXAKEIZ THM ® TOX @ £ 41
FBBERCERTEBLTY 3, 22T, KEHE
Kb ELHEN 0T LEMTHE7 I VBB
BAEEFUVHEL LT, TDOXDOARICE KIFT
RFOEEX*WHShiCT 5—%, THM TOXD
EEBHEOHELITIC LR LT,

(A) RIsEMORE

73 VvBREEA 2mg/1 (TOC=1.88mg/D & L
T, WEEAR20mg/], pH7.0, KIGEE20°C
DEREHTRISERZ 0 ~ 120 B % TEbEs ¥
TEB N oS LEMERBOREELEH I,

Fig. 5 G & LAY 5 P TOX & RIGKH D
MEERT, 1EMOKIETTCA, DCA, THM
(CDBEEEKTE2OR 7ot vbDATH D)
BLUTOX BB DDOBMERL KL, T, &
LAY OERRIIBBOEBICR-»THML, CH
EDCARUBMORIE TRALRBIIEL 2
B, suosis, TCANK S UK TOX d 2487
FTRBECAERENEML, Z0RIIAEREN
BAICHENT 2ERPL SN, T, EBREHE
TieBWT, £ LI-EB vy v (EAOhT
i TCAERENHHE L, ®WT, THM, DCA,
CHOMEE 2 b, RIS 120 EHE OB O TOX

25
- (g Cl/ £)

2 1005
3 >
- o
= a
a5 N

>
s =
Ew} 50 o
A g
& E
< -

5 g

3

0

CHC1; CHC1,Br CHCIBry TTHM  CH 1CA pcA  TDOX ™ TOX

Fig. 3 Concentration of organo Halogen compounds on Tap water
% TDOX = CHCls + CH + TCA + DCA

Concentration (wg/2)

Sampling Date :

1986.1.18, Water Temp. : 12°C, Re- Cl2 : 0.5ppe

178

25

TOX concentration (xg Cl1/42)

| 0 .
8 Sampling St.

520 20

Cly 4.23ppm
PAC

20 2 67 Retention Time (min)

Clz 0.7ppm

Fig. 4 Organo halogen compounds concentration at water treatment processes
* ] : raw water, 2 : water in rapid mixing tank, 3 : effluents from Sedimen-
tation tank, 4 : rapid sand water, 5 : finished water in clear water well,

6:

7

8 :

water in reservoir

: raw water reacted Chlorine Smg/£ at pH 7,Temp 20°C,2hr20min

raw water reacted Chlorine 5ng/ 2 at pH 7,Temp 20°C,24hr

100

s ~

E; TCA :
- 280 o 400 =
o %
=8 2
EZ60 104 300~
g g
(= - o=
=3 TTHM -
5840 200 &
£° 5
% 20 - 100 §
5 Q N— 1 §

CH 0
0 20 40 60 80 100 120
Reaction time (hr)

Fig. 5 Effect of Chlorine contact time on Chloroform,CH, TCA, DCA
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and TOX formation

Conditions :

Initial Humic acid 2mg/ £ ,Chiorine 20mg/ 2
pi 7 and Temperature 20 C



ERBICHDEFEELIETCAN14.8%, THMIZ13.1 % ;\100
L7350, TDOX E#21%ic biEL 7o 3 s
B) EEEAROK = T 5
Fig. 6 1¥7 { vB 2mg/IBMICHZBERFEEIS  §F Yoo S
THRMBE > BOB L AMERBOL T AT,  BI¥ B
EUKOBFIBRIEN 25 me/| THD, BMBAHTE £ i, 1%
EoMmMIcEnR L2 DLEYDERESEML 2, &< E 1oo§
TCALMBRKIZTHAEAROLEHEL L, s o e

(C) pHoO®E 0 10 x  ® 4 5
B Chlorine dose (mg/2)
7 3 VBB D pH 2 Z LS TIERLEEITS &, Fig. Mﬁﬁﬁﬁg%PWMwmwmmWWMmm
ormation

TIRETLIICTOX & CHIZE pHﬁEiﬁ'@, ¥ /2 THM & Conditions : Initial Humic acid 2mg/ £, reaction
- . . time 24hr, pH 7 and Temperature 20 °C
= pHIEB CERES MU 2o CHIREROILFETERED
PHIL K » TEALTZDT, BpHERT oy VLRIEH
ETLPTORDEELLNSY 272, THMEHE (LD
AT EC LiIck > TEKEI N Z2DTE pH 8
O HERBHSE VD —F7, Miller 5”137 0 0 Bl H
BEpHEBRDOF BEKBNHE S, pHE LR TEREZD
ERBREBLTHIERELTED, FERICL-> THEK
DERBB LT,

D BEORE »

BADILEYMOERICKETRIGBREDOEZ I >VWTHE
L7 TOEII Table 4 ikxd&Hik, TOXAERNE L
RRGREOEEE ST 0 ZHRON, TNERKT B1L 0
A ° o 7
D%‘i 4 C%ﬁ:@ﬂ:ﬁx%& 3r°C %#FGJ Eﬁ%%kh&?’ g Fig. T Effect of pli on Chloroform,Cl and TOX formation
& THM '6%3.5{%, ﬂt@'fté%f% 2 ﬁ:ﬂi &%7}(6%'15%@ Condition : Initial llumic acid 2wg/ £,Chlorine 20mg/2
Etﬁ%i))ﬁék L. 37°Cic 81} 3 TOX I 1555 2 THM O K. Reaction time 24hr and Temperature 20°C
RRAMBETHHOILHLT, TDOX O fable 4 Bffect of reaction temperature on T0X:THM,CH,TCA and DCA (as C1) ratio
HBRABICHZEL, Lich-T, KE -

150r

€2

t=3

1=
)

TOX concentration (wg Cl/2£

100

1200

concentration (wg/£)

50

Chlorotorm,CH, TCA and DCA

. - Reaction T0X | THM/TOX  CH/T0X TCA/T0X  DCA/TOX TDOX/TOX
K15 z
D LR BHMICE, BKESTiITiEK Tewp () | (we/D| @ @ ® @ @
MEEMICBWT, THMD AR S5 ¢ TDOX
- . . 4 239.4 4.3 1.3 11.9 4.2 17.4
SEMTS6DEFAONS 10 237.4 5.4 1.4 12.9 4.3 18.5
3.3 BEHRNADTVILEVOLERKE 20 244.0 | 10.1 1.6 15.5 5.2 22.3
ooy LAY DRI L T 31 251.5 15.5 2.7 19.7 8.5 30.9

Rook P B 7 VX BOSBEBM TH B L

Sy s —VDERILRIGEREE Fig. 8 D& IKIERLTV 3, Fig. 8 &0, BWRILDREE() ~ () OEHRM
MBS, BALBIGE K UMKSBRIEDETEEROBEICL » TRENIGESRME L T2 ook v, DCA,
TCABERSh 3 LK SN 5,

%7, Bellar 5737 0 ok L A QHEIAE LT/ 05— AA#ELTH Y, Kaiser 5 &2 05— % pH
4, MW CORUTHEDEI/DOFNVLIREAT I EEZHEL TV IBEHRNBERLLRLTOREL, BB
o5 AL EHOERBBCEBIENEEZEZ S A THERMAPREOFEERENTEL L, 2T, CHEZEH
Noyr o AbEROERILPREEE BT L, KB, pHEOEERTIKIAZEEEBNILELZ P LT,

(Al CH# & TCA DR

FEER S, pHTIKEABE L/ 204g/10 CHKBKREZERMKKET, 4, 20, 37°COLRHGTEHEL, RIEHICCH
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BEZAMELI. TO#R, BESSL,
BRVWEE CHOSBMBHEITL 120

¥/, ¥R u= b5 ATESNIIBERY
DRI * F b L1 TCA (TCAM) D Fh &
—HKLkDOT, Th%EGC-MSTREL7, Fig. 9
-1 & pHT7.0, 20°C TI0BMI CHAKAHE L
DEAFNMMELEEOYZR 702 75 4%5RT,
CHOEHEMIR 1.5 TH 5, CHOBEICL-
TH5.50DRFHMONBICE -7 HBEL L, &
S, ZOBEEAECH, DCAxF i, TCAXFNK
BEHL TSI A b 4A Y THB(m/z: 82) (m/z
:83) (m/z: U DEA A vEBOT=R75 5
AV NI EIT-725 T A Fig. 9-2 OFBREEB1,
5.5 0 RFHEOMBICBERL -2 13 (m/z:
UNDRKERISITA VA AV E— I BHBDT,
TCAMTH 2 EEA1, ZLT, BAEDLDILZR
ZAR7 b ABHEEL, Ak 20T Fig.9-3KRU
BRI OWT Fig.9-4Dv 2<% b 5 44581,
Fig.9-3 & Fig.9-4 BB —KT 5 &m5, CH
EERBREGT THRET I LIE - THEKRT 2HE
HTCATHEbDEELS,

CH» S TCAWARKTAIRIGKRITHERE
BERMOZEL Tables IKRT, Table 5 DR
RYEBEEELIHERMOBNCEN TCADERKE

Ao B fEl

CIEMT AN, ELRTCAKRELALTHAEVT

EERLTV R, 2RO CIBRHERLEOX A
KHECEDLTED, CHD S TCAUADLEYH
HERLTa80EFHEHEINS,

CHA TCAR T ZRIEIEHRIC & 5 BLKIS
», TRLEMKSBRIGICELZ DML EHET S7
HDREBREIT > 1o EBRIE, CH10 ug/l KIEFEIC
\#EAKkE1, 10, 100mg/1F&ML, pH7.0, 20°C
DEGETHB L, Table6 3CHORGRLHIE
B OBAFE AR T, Table 63 EFIERBENE <

Table 5 Effect of chloral hydrate degradation and TCA formation on temperture at pH 7.0

Temp, 4 20 3rc

Strage [v] TCA cH TCA Ch TCA
(Day) (ue/1) Cug/l) Cug/l)
0 16.0 0.0 16.0 090 16.0 0.0
1 13.3 1.0 13.3 1.0 13.3 1.3
4 12.5 1.3 12.0 2.0 11.5 2.9
3 2.1 1.7 10.9 2.1 9.6 4.3
5 1.5 1.9 8.9 4.8 1.1 6.2
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Fig. 8 Concentratin of organo-halogen compounds
formation pathways of resorcinol proposed by Rook
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[+ 1 2 3 4 3 8 Ta.
A¥, /\ -
117
2 AJ\
) ,
=
3
g

50 100 150 200 250 300 350 400
Fig. 9- 2 Massfragmentgram of CH degradation
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Table 7 Effect of chloral hydrate degradation and
chloroform formation on temperture at pH 10.0

Temp. (C) 4 20

Storage cH CHC1, cH CHCI
(hr) (ue/l) (ug/l)
0 10.0 0.0 10.0 0.0
3 5.8 3.6 3.9 5.3
8 4.4 4.9 1.5 7.5
24 0.0 8.3 0.0 9.2

Table 6 Relationship between chloral hydrate residual rate

and chlorine dose

Chlorine dose (mg/1) 0 1 2 10 100

Storege (hr) Residual rate (%)

0 100 100 100 100 100
3 87.0 86.0 89.0 89.0 86.0
6 80.0 81.0 86.0 8.0 86.0
24 68.0 70.0 78.0 78.0 81.0
48 62.5 7.0 75.0 75.0 78.0
T2 59.5 1.0 75.0 75.0 78.0
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Fig.10- 1 Mass chromatogram of head space gass
of stored CH standard solution (pH 10)
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Fig.10- 3 Mass spectrum of chloroform standard solution

Table 8 Effect of temperature and storage on TCA
degradation and DCA formation at 7.0

Temp. (C) 4 20

Storage (day) Residual rate (%)

0 100 100

3 100 91.2
5 94.7 91.0
12 90.0 19.2
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Conditions : Storage 20 days , pH 7 at 20 C

CHCI,CO2CH3
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Fig.11- 4 Mass spectrum fo DCAM standard solution

Table 9 Ratio of compounds with respect to pH change
after dechlorination

CH DCA TCA CHCl1s
pll )
-1 87 176 199 107
10 0 102 97 205

SN, IANBMARIBEINELiLEL-Tr7oosvahbERTEEEION5,
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