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This paper reviews the formation mechanism and chemical safety of nonintentional chemical substances (NICS)
present in chlorine-treated water containing organic contaminants. Undesirable compounds, i.e., NICS, may be formed
under certain conditions when chlorine reacts with organic matter. The rate and extent of chlorine consumption with or-
ganics are strongly dependent on their chemical structures, particularly whether double bonds or sulfur and nitrogen a-
toms occur in the molecules. Organothiophosphorus pesticides (P=S type) are easily oxidized to their phosphorus com-
pounds (P=0 type) in chlorinated water containing HOCI as little as 0.5 mg/1, resulting in an increase in cholinester-
ase-inhibitory activity. Chlorination of phenols in water also produces a series of highly chlorinated compounds, includ-
ing chlorophenols, chloroquinones, chlorinated carboxylic acids, and polychlorinated phenoxyphenols (PCPPs). In
some of these chloroquinones, 2,6-dichloroalkylsemiquinones exhibit a strong mutagenic response as do positive con-
trols used in the Ames test. 2-Phenoxyphenols in these PCPPs are particularly interesting, as they are present in the chlo-
rine-treated phenol solution and they are also precursors (predioxins) of the highly toxic chlorinated dioxins. Poly-
nuclear aromatic hydrocarbons (PAHs) were found to undergo chemical changes due to hypochlorite reactions to give
chloro-substituted PAHs, oxygenated (quinones) and hydroxylated (phenols) compounds, but they exhibit a lower
mutagenic response. In addition, field work was performed in river water and drinking water to obtain information on
chemical distribution and their safety, and the results are compared with those obtained in the model chlorination ex-
periments.
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Table 1. Chlorine Reactivity Characteristics of Organic Compounds in Neutral Water

Cl-consumed Cl-consumed
Compound examined (mol-Cl/mol)  Reactivity Compound examined (mol-Cl/mol)  Reactivity
category - category
after lh 24h after lh 24h
Pesticides 2,6-Dichlorophenol 7.06 10.40 MR
Diazinon 4.00 5.60 MR 2,4,6-Trichlophenol 5.69 10.00 MR
EPN 4.17 8.10 MR 2,3,4,6-Tetrachlorophenol 4.91 9.85 SR
Fenitrothion 5.00 6.80 MR Pentachlorophenol 4.14 7.70 MR
Malathion 4.06 8.11 MR 2-Aminophenol 3.90 6.26 MR
Mehtyl parathion 4.68 5.85 VR 3-Aminophenol 7.00 8.60 VR
Parathion 4.18 5.67 MR 4-Aminophenol 2.07 5.25 SR
Oxadiazon trace trace NR 2-Nitrophenol 2.81 9.58 SR
Fatty acids 3-Nitrophenol 4.94 10.90 SR
Oleic 1.00 1.50 MR 4-Nitrophenol 2.12 6.50 SR
Linoleic 2.00 3.00 MR 2-Phenylphenol 14.45 18.00 VR
Linolenic 3.00 4.00 MR 3-Phenylphenol 12.90 17.90 MR
Amino acids 4-Phenylphenol 12.13 18.00 MR
Arginine 7.76 12.40 MR 1-Naphthol 12.14 14.30 VR
Cystein 8.31 9.55 VR 2-Naphthol 5.07 7.75 MR
Glycine 4.60 7.60 MR Catechol 4.09 6.13 MR
Glutamic acid 3.25 5.00 MR 4-Chlorocatechol 6.61 7.75 MR
Methionine 6.61 8.00 VR Resorcinol 7.70 8.80 VR
Phenylalanine 3.49 5.22 MR Hydroquinone 3.60 5.70 MR
Proline 5.97 6.50 VR Polynuclear aromatic hydrocarbons
Threonine 3.37 8.30 MR Biphenyl trace trace NR
Tryptohan 14.06 22.50 MR Naphthalene trace trace NR
Tyrosine 9.04 12.86 MR Anthracene trace trace NR
Phenols Phenanthrene trace trace NR
Phenol 8.11 12.50 MR Alphatic and aromatic acids
o-Cresol 7.32 11.15 MR Dichloromaleic acid ND ND NR
m-Cresol 12.10 15.30 VR Trichloroacetic acid ND ND NR
p-Cresol 6.99 15.30 MR 2-Hydroxybenzoic acid ND ND NR
2,3-Xylenol 9.99 14.25 MR 3-Hydroxybenzoic acid ND ND NR
2,4-Xylenol 3.49 5.56 MR Pharmaceuticals and Personal Care Products
2,5-Xylenol 7.25 11.25 MR Asprin 1.62 — SR
2,6-Xylenol 4.36 7.60 MR Salicylic acid 4.30 — MR
3,4-Xylenol 2.53 5.20 SR Dichlofenac 4.39 9.50 MR
3,5-Xylenol 9.26 13.25 MR Indomethacin 4.42 13.00 MR
2-Ethylphenol 7.16 11.04 MR Ketoprofen trace trace NR
3-Ethylphenol 10.81 14.50 MR Mefanamic acid 6.50 12.00 MR
4-Ethylphenol 7.69 12.00 MR Diphenhidramine- HCL 7.28 — —
2-n-Propylphenol 9.48 18.00 MR Chlophenniramine-maleate 5.26 — —
2-iso-Propylphenol 10.00 15.00 MR Nitrofurazone 7.50 — —
4-n-Propylphenol 7.80 12.40 MR Frazolidone 2.20 — —
4-iso-Propylphenol 7.79 14.40 MR Octyl-4-methoxycinnamate 1.00 — —
2-sec-Butylphenol 9.53 12.89 MR Octyl-4-dimethylaminobenzoate 8.00 — —
2-tert-Butylphenol 12.48 19.12 MR 10H-phenothiazine 12.00 — —
3-tert-Butylphenol 15.00 19.00 VR 10H-phanoxazine 8.00 — —
4-n-Butylphenol 9.30 16.00 MR phenotxathiin 3.00 — —
4-sec-Butylphenol 9.48 17.20 MR phenazine trace — —
4-tert-Butylphenol 16.31 22.50 MR Natural products
2-Chlorophenol 7.96 11.00 MR Humic acid 0.17/C 0.32/C MR
4-Chlorophenol 6.89 10.70 MR Lignin 0.13/C 0.30/C SR
2,4-Dichlorophenol 5.05 9.41 MR

Experimental conditions: Temperature, 20°C; Initial concentration of chlorine, 20 mg/1; Initial concentration of target compound, 3 mg/l. VR=Very reactive,
MR =Moderately reactive, SR=Slightly reactive, NR=Mostly non-reactive.
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Table 2. Nonintentional Chemical Substances (NICS) Formed and Their Formation Mechanisms Occurring in Model Chlorine-

treated Water of Organic Compounds

Compounds, as starting materials NICS formed Reaction type Reference

Organophosphorus pesticides Oxon intermediates Oxidation of the P=S in the molecule 24
Phosphoric acid esters Cleavage of phosphorus esters

Phenols Chlorinated phenols Electrophilic aromatic substitution 25
Chlorinated quinones Oxidation of chlorophenols 26-29
Chlorinated organic acids Cleavage of aromatic ring 30
Chlorinated phenoxyphenols  Dimerization of chlorophenols 31, 34-41
Chlorinated alkylsemiquinones Oxydation of p-alkylphenols 45-53

Polynuclear aromatic hydrocarbons (PAHs) Chlorinated PAHs Electrophilic aromatic substitution 58-62

Chlorine-additive PAHs

Electrophilic addition to double bonds

Oxygenated PAHs (quinones) Oxidation of active carbons

Hydroxylated PAHs (phenols) Hydrolysis of quinones

Un-suturated fatty acids Chlorohydrons

Addition of chlorine atom and hydroxyl 72
group to the double bonds
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Table 3. Production of Polychlorinated Phenoxyphenols (PCPPs) in the Reaction of Phenolic Compounds with Hypochlorite in

Water

Compound examined

Amounts of PCPPs No. of Cl atoms .
Compound examined

Amounts of PCPPs No. of CI atoms

(mmol/mol) @ in PCPPs (mmol/mol)® in PCPPs
Phenol 4 3,4,5% 2-Ethylphenol 35 1,2,3,4
2-Chlorophenol 4 3,4,5 4-Ethylphenol 40 1,2,3,4*
3-Chlorophenol 1 5,6 2-Propylphenol 35 1,2,3,4
4-Chlorophenol 1 5,6 4-Propylphenol 55 1,2,3,4
2,3-Dichlorophenol 1 3,4,5,6 4-Butylphenol 30 0,1,2,3
2,4-Dichlorophenol 1 5 4-Pentylphenol 25 0,1,2,3
2,5-Dichlorophenol 1 5,6 4-Hexylphenol 20 0,1,2,3
2,6-Dichlorophenol 40 3,4,5% 4-Heptylphenol 15 0,1,2,3
3,4-Dichlorophenol 1 3,4,5,6 4-Octylphenol 5 0,1,2
2,4,5-Trichlorophenol 2 5,6 4-Nonylphenol ND**
2,4,6-Trichlorophenol 1 5 2,3-Dimethylphenol 15 1,2,3
2,3,4,6-Tetrachlorophenol 1 5,6,7 2.4-Dimethylphenol 10 1,2,3
Pentachlorophenol 2 6,7,8,9 2,5-Dimethylphenol 15 1,2,3
2-Methylphenol 25 1,2,3,4 2,6-Dimethylphenol 1 ND
4-Cl-2-Methylphenol 25 1,2,3,4 3,4-Dimethylphenol 25 1,2,3
6-Cl-2-Methylphenol 25 1,2,3,4 3,5-Dimethylphenol trace ND
4,6-Cl,-2-Methylphenol 25 1,2,3,4 2,3,5-Trimethylphenol trace ND
3-Methylphenol 5 2,3,6-Trimethylphenol trace ND
4-Cl-3-methylphenol 5 2,4,5-Trimethylphenol trace ND
6-Cl-3-Methylphenol 5 2,4,6-Trimethylphenol 1 ND
4-Methylphenol 40 1,2,3,4* 2,3,5,6-Tetramethylphenol trace ND
2,6-Cl,-4-Methylphenol 40 1,2,3,4*

2 Derived from GC peak area, relative to the area of Triclosan (as typical PCPP and predioxin) . * Occurrence of chlorinated 2-phenoxyphenol (predioxin)

isomers. ** Not determined.
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Table 4. Mutagenic Potential Formation (MPF) of Organic Compounds (0.5 mmol/1) in Chlorine-treated Water (pH 5.0) with Ex-
cess of Hypochlorite at 20°C for 1 h

Mutagenic response on tester strain

. Dose (ug/plate), MPF
Compound examined as starting material TA98 TA100 (net reveri;mts Reference
without S9  with S9  without S9  with S9 per mo
Food additives
1-Naphthol 1-400 NEG* NEG NEG NEG 0 47
2-Naphthol 1-400 NEG NEG POS** NEG 1 47
2-Phenylphenol (OPP) 5-500 NEG NEG POS NEG 0.22 48
3-Phenylphenol 5-500 NEG NEG POS NEG 0.22 48
4-Phenylphenol 5-500 NEG NEG POS NEG 0.9 48
Model humic compounds
Phenol 1-200 NEG NEG POS NEG 17.8 53
2-Chlorophenol 1-200 NEG NEG POS NEG 0.7 53
4-Chlorophenol 1-200 NEG NEG POS NEG 1.3 53
2,4-Dichlorophenol 1-200 NEG NEG POS NEG 0.4 53
2,6-Dichlorophenol 1-200 NEG NEG POS NEG 5.8 53
2,4,6-Trichlorophenol 1-200 NEG NEG POS NEG 0.2 53
2,3,4,6-Tetrachlorophenol 1-200 NEG NEG POS NEG 0.2 53
Pentachlorophenol 1-200 NEG NEG POS NEG 0.8 53
2-Methylphenol 1-200 NEG NEG POS NEG 0.3 53
3-Methylphenol 1-200 NEG NEG POS NEG 0.6 53
4-Methylphenol 1-200 NEG NEG POS NEG 19 53
Catechol 1-200 NEG NEG POS NEG 3.3 53
Resorcinol 1-200 NEG NEG POS NEG 1.2 53
Hydroquinone 1-200 NEG NEG POS NEG 0.3 53
Oricinol 1-200 NEG NEG POS NEG 1.9 53
Phloroglucinol 1-200 NEG NEG POS NEG 0.8 53
Pyrogarol 1-200 NEG NEG POS NEG 0.4 53
Humic acid 1-200 NEG NEG POS NEG 3.2/ug 53
Polynuclear aromatic hydrocarbons
Naphthalene (N) 10-200 POS NEG NEG NEG 0.81 58
1-Methyl-N 10-200 POS NEG NEG NEG 0.66 58
2-Methyl-N 10-200 POS NEG NEG NEG 0.54 58
1,2-Dimethyl-N 10-200 NEG NEG NEG NEG 0 58
1,3-Dimethyl-N 10-200 POS NEG NEG NEG 0.38 58
Anthracene (A) 10-200 NEG POS NEG NEG 0.2 59
2-Methyl-A 10-200 NEG POS NEG NEG 0.56 59
9-Methyl-A 10-200 NEG POS NEG NEG 0.14 59
9,10-Dimethyl-A 10-200 NEG POS NEG NEG 0.21 59
Phenanthrene (P) 10-200 POS NEG NEG NEG 0.23 59
1-Methyl-P 10-200 POS NEG NEG NEG 1.04 59
2-Methyl-P 10-200 POS NEG NEG NEG 2.11 59
Spontaneous (DMSO) 100 ul 24 32 99 120 mean revertants/plate
Positive control 2-NF 2 ug 588 mean revertants/plate
NaN;, 1ug 858 mean revertants/plate
B()P 5ug 578 763 mean revertants/plate

* NEG, negative response in the tester strains; ** POS, positive response in the tester strains.
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Table 5.

Water, Using Horse Serum Cholinesterase’”

Cholinesterase Inhibition Assays of Organophosphorus Pesticides before and after Chlorination with Hypochlorite in

Common, trade

Specific group

Concentration of pesticide in water (mol/1)®

A/B
or code name component A: before B: after chlorination®

Butamifos P=S 1.8X1074 3.6X10°¢ 200
Chloropyrifos P=S 8.0X10~4 6.4X10-¢ 125
Diazinon P=S, Pyridyl 3.2X10°3 3.2X108 1000
Disyston (Disulfton) P=S, C-S-C 1.0X1073 2.0X10°3 50
EPN P=S, NO, 6.4X10~4 1.6X10-6 400
Ethion P=S), 5.0X1073 1.3X10°8 384
Fenitrothion (Sumithion) P=S, NO, 1.6 X103 3.2X10°6 500
Isofenphos P=S, NHCH (Me), 1.0X1072 1.6X10-¢ 625
Isoxathion P=S 1.0X10-2 2.0X10-6 5000
Lectophos P=S, NO, 1.6 X103 3.2X10°¢ 500
Malathion P=S, C=C 2.3X1073 1.0X10-4 23
Methyl parathion P=S, NO, 2.5X1073 2.0X10°3 125
Papthion (MPP) P=S, CO,Et 1.0X10-2 1.0X10-4 100
Parathion P=S, NO, 4.0X10-3 2.5X1077 160
Dichlorvos (DDVP) P=0, C=C 2.5X10-¢6 2.5X10-6 1
Trichlorfon (DEP) P=0 1.5X1073 4.0X10-6 3.75
Diazoxon P=0, Pyridyl 5.0X1077 3.2X1077 1.19
Malaoxon P=0, C=C 3.3X10°3 1.0X10-4 0.33
Methyl paraoxon P=0, NO, 1.3X10°3 2.0X10°3 0.65
Paraoxon P=0, NO, 2.5X1077 2.5X1077 1
Phosvel-oxon P=0, NO, 3.0X10-¢ 5.0X10-¢ 0.6
Sumioxon P=0, NO, 4.0X10-¢ 3.2X107¢ 1.25

2 The concentration of inhibitor necessary to effect 50% reduction in horse serum cholinesterase assay. » Reaction mixtures of organophosphorus pesticides
(0.001-0.4 mmol/1) and an excess hypochlorite in buffered water of pH 7.0 were prepared and then diluted them with distilled water for their ChE inhibiting as-

says.
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DOJIKIE THMs IZ K DG RPBE I NN o 7z
7S, TOX T & BiHYM 25-45 ug/1 B, %
KOFERPKHKDOEENDOT > DRANE Z 51
7o, P A % 10 mg/1 TR KE RN Z 1 KR
HFEAL U /- & = O THMs 4 L REAY 30-100 ug /1,
TOX A HEAY 160-420 ug/1 L7320, #H{LAEA
RS R O R TR ERMENE SN, PR
OIIKZEFHRNET 2 &, AREZELDAKRSE
IEEMDEIGNESBRDBENA SN K=z,

BRI O EEMAY 2 W T, 4k THMs
HERRBEMIZR NI NV A=A, TIVT IRV ATT Y
CBEACFaX—=—FLAEEIZA, THMs LT
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Table 6. Mutagenic Potencies (MP) of Nonintentional Chemical Substances Formed in the Reactions of Aqueous Organic Com-
pound Solutions and Isolated by Using Thin-layer Chromatographic Fractionation in the Reaction Mixtures

Mutgaenic response in the tester strain
MP in the strain

Compound examined Dose (ug/plate) TA98 TA100 (net revertants  Reference
per nmol)
without S9  with S9  without S9  with S9
Organophosphorus pesticides (P=0O type)
Butamifos-oxon 5-1000 NEG* NEG NEG NEG 0 79
Chlorpyrifos-oxon 5-1000 NEG NEG NEG ? 0 79
Diazoxon 5-1000 NEG NEG POS** NEG 0.1 79
EPN-oxon 5-1000 POS NEG NEG NEG 0.7 79
Sumioxon 5-1000 NEG POS NEG NEG 0.5 79
Isofenphos-oxon 5-1000 POS NEG NEG NEG 1.4 79
Isoxaoxon 5-1000 NEG NEG NEG NEG 0 79
Malaoxon 5-1000 NEG POS POS NEG 2 79
Paraoxon 5-1000 NEG POS NEG ? 2.6 79
Tolclofos-oxon 5-1000 NEG NEG NEG NEG 0 79
Polychlorinated phenoxyphenols (PCPPs icluding predioxin)
Triclosan 1-50 TOX***  NEG TOX NEG 0 41
PCPPs from phenol 1-50 NEG NEG NEG NEG 0 41
2-Methylated PCPPs 1-300 NEG NEG POS NEG 0 41
4-Methylated PCPPs 1-300 NEG NEG POS NEG 1.18 41
2-Ethylated PCPPs 1-300 NEG NEG POS NEG 0 41
4-Ethylated PCPPs 1-300 NEG NEG POS NEG 0.34 41
4-Propylated PCPPs 1-300 NEG NEG POS NEG 0.27 41
4-Butylated PCPPs 1-300 NEG NEG POS NEG 0.1 41
4-Pentylated PCPPs 1-300 NEG NEG POS NEG 0.04 41
4-Hexylated PCPPs 1-300 NEG NEG POS NEG 0.03 41
4-Heptylated PCPPs 1-300 NEG NEG POS NEG 0.01 41
4-Octylated PCPPs 1-300 NEG NEG POS NEG 0.01 41
4-Nonylated PCPPs 1-300 NEG NEG NEG NEG 0 41
Chlorinated alkylsemiquinones
Cl,-4-Methylsemiquinone 1-100 NEG NEG POS NEG 24 54
Cl,-4-Ethylsemiquinone 1-100 NEG NEG POS NEG 16 54
Cl,-4-Propylsemiquinone 1-100 NEG NEG POS NEG 13 54
Cl,-4-Butylsemiquinone 1-100 NEG NEG POS NEG 11 54
Cl,-4-Pentylsemiquinone 1-100 NEG NEG POS NEG 10 54
Cl,-4-Hexylsemiquinone 1-100 NEG NEG POS NEG 7 54
Positive control: 2-NF 31 net revertants per nmol
NaN; 33 net revertants per nmol
B(@)P 28 37 net revertants per nmol

* NEG, negative response in the tester strain; ** POS, positive response in the tester strain; *** TOX, killing effect.

TOX AEpRENE LA L. NS BT 2 A MiEE)
EREBNDT 2 AERRE E OBIRICEESBIRNH D
BB

ZEND LS GIEF v > 75— 132
R, TS (BB RE— HERAGE) (&
OERTHITE B R O R ifssid (HE A E— KRS 2
EEEMAE THD. N5 8N S 1994 47K
Hilktz, £/, BEmIL<MsKERONML (£

03) B Z2RIL Ty A FF 2 o ahizito 7z
ZEENEER DY A 4 F 2 I OF ) EE + O
BE LR TRERENDA SN, PIFHE R
O HEFRMET 2 DOMKE — 7 2R DKM H >
.8 EnNENo EinhsEEIN YA A F M
EED TN INS OETHIEL, MiKE—27 2%
RINFLEMRR Uz, A4 FF2 DR/
ARG HINT — > ORI S, iR Tl RS R
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e O i ds C U AR T B S BE R H ok B OV F It Tl
FERHREEZ 5N, Wi ERERD IR DO HEK
DIRAVA TS O R E I FEL ) 5 /G HFEY 1
FF T HEHIINT TEEDE L B2 RIERNY — >
ZaRUED, ZZICAERTASEOIXIOH/INSY —
el 39

3-42. 44 EEMAF)ITOEO ISR Y
PSS 5 14 EE DMK ) (Chao Phraya, Bang
Pakong, Tha-Chin }% 8 Mae Kong) 13 & 3% H /K%
KRR E U TEEREE ZH> TWD, 1] O
WENBBRENANITH O, > v LB TEZ DG
PDEEEZZITH N, 1984 FE DR KLU, =
NS ORI KO v LB 5 ERK U 72l ko Ui
LR FEHHEYZ GC/MS THH L7, 8 /-
NEva A ML Ci7-Cy; @ n-Alkanes (Cye 22— 727
ETDRENMINY —2) KT IVEBEI AT
(DBP, DEHP) Td > 7. PAHs ki i3iE LA E
M X N7z > /=, Chao Phraya il O] [ (14
km) OHFEREIKIN RS SWIEE (1.2mg/1) %
s~ L, Bangkok HiNl (44 km Eii, 0.3mg/l) LD
I 51T RRE (142.6 km, 0.7 mg/1) 73 EL gAY o i
ETd > J/=. % Bang Pakong % O} Tha-Chin i @ if]
FUE DA EYIE R ILEAER <, > v ABDW/KT
RiEEAERH NN 2. R OREKIZNT
NBIRERE &SR0, FRKDZNRMICE EITE G & (K
TEELEENEREZLTWE IS ORERITME
YIEENCHE DO BARHROEMY Gl - GREE
HROEEY & DEETERTH D I EEREBT S,
3-4-3. K/ BNEOEHERZRUERY >
FEXEFE 1984 4F Bangkok i #hE % ki d 5
F ¥ F 7T VR OFNIAKEEE KR, 1989 4 v
LB SRR L2 BH I RU A1 ORISR
RIEBEERZRE L. 25 (4 H) OWJIDKIZH
FEOABERRBENSHE TR EIN, FCTYIV
RU > EZ2DMAEMNRBMEDTAIVRY >, p,p'-
DDT & = O 4 R # # 4 p,p’-DDE K U p,p’-
DDD 7%, Wl (10 H) OFNSITHNTOREE
B CEE0.23 ug/l) ITHEEL TV 57U 0D
B BERBRICK R E LT s EBENAFH SN TN
HTEERRMUZ. v LABITIENREESR D SR )I1T7K
MMAL TWBIED, 1R TRNEOEMS DT
LTHBO, TITHHIN-AHEFRRERICLS
BAMHEOBEENMESI N, 2 RUA T OEEh

HWNTIE, IR DA IR R GG % Ik L C
DDT R EY, 7IVRU > EFAIVRY 2N EH
EizmH I, ThLhn, 0.39-7.41, 0.31-1.3 K *
0.02-0.73 pg/kg-wet DREHIFE TH > 720, BH
I 2 DI HIED 7R W S L 7=, 89

1970 FELARE, HLE BB T 2 KEFRKIZZ
BEJI SRR R IR D S 728, OB S
5, {LF)INCBIT2REF RR I INEFKE L
TKIEK D IR T 2 L [FFZEIC K DAL 2. 1995
FRIRICBIT LMEMRZINCEEDLDT,OZ
NOZWEBFAW LW,

3-4-4. KEKOEEFUMEOHFERVERR
EHEOFELE) AKEKTITHEET 5L REEY
BIZFEKOHHZEMBICLOERT &2
[3-1-2. C. U\ 3-3-2. O FRHHER ALY GEEX
A REE) OAERIFIEEER) OHETHRRZ, 3
B KW NSHBKINT WS KEKZ, 1985
T XAD-2 BHIE 7 7 L R G 71 T AW TRIT K
o CTHWREMEY 2% L, Ames idBra1To 7.
XAD Bt 71 7 LEIC K A YL TA98 L D
TA100 #kR THWAREBEEORERZRL, A
HRZMAAD Z EIT K OTEMEAE R L 72, 0 3
R T LIEIZ K DAY DWW T R
NBRH LN, L, ZNSsHBEEOR) 7
SRV —=MROZOORIVAREBEKIZE S TLC
SrEIN S, XAD Wi B D2 BIFEEYE,
TEPE R A I O R E N EITHFEAEL, £
DALFRE EIEMEICENWNA SN % 26 OFER
M5, KEKITHFIEY 2 AR E Db Ff R
TS OIEMETREDNTEE - IMEITHR<UKEFET S Z
EMGnoTz.

1988 4F J T8 1994 4E D XAD-2 #tig 71 5 L W3 1%
&> TR SN A Y O Ames i, WT
Ny, 6 ANSERFIEEN ERL, BROZEN
HolbDD, BWED2AETTEKEZHERFL
7.9 BIZiR 7= EFEk D TLC 43 S U8 Ames 7
B s, BEFEOREKICIZEmIELEREMEN, F
7 J O&Z= OB K g5 B VeV 28 B 5
MEELZ. 92008 £ 1 Hvn 12 A, TEEJLR
HOKEREA GLE)) KROENEFEKE LU KE
KOS RELL 2l Bk O 2 BIEYIE I, RiEN T
V=L 7 MIROBENEEGERITH S Z &
SN U2,
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3-4-5. FREFACEKTEEE - PPCPs DN E
FEEE)  FRAREETERMATE ORI 5
NS IR, RILHRAFHOILFE N EREICES
£ 8.5km O ANTHEITMIITH S, BlfE, @E&
L TORENZKAT, EHERHIKDNRNL TR,
7z, FRIMOBHBAIFIC K 2 EEMIEKOBE NS T
KB R DEND S, 85 ECHE 2@ U 7z i5K)3
B, EKEAHRTSH, Lal, ILFNIEATRL
T2FRNIKIZZE DE F RO ESHT KGO K L7827
D, FIAREF IR DA PTG R & 182 9 2 B
Moz,

2006 4E 1 A/ 1 AR, AR iR R 3 A
FUARN & A, RS K LE &S o
Bk Z8IL, HifgTF )Lt zsH% L T ChE
FHEVEREORBAE KR OFHEBH ZHA L
7290 FIARN A TIEA Y > R RS H PR 5
IR, MEOE#K > T 2T )L KU/KHBREHA
M N/z, PRATEIHEORRKY > REE F
By BT AT )V ROKHEBRER, £, ILFIE
A TIXHE A & RO ChE [HEME 2, Th<
N, ML~ 275 ChE [HEWEEE DL
B3R E Rl T4 ARNS EHL, 7
A S AT 2EmZ7R L 7. kKD ChE [
BT GC/MS OHIERE R Z ML, HAELEE
IZ ChE [HEWEHOR EFEMNRO NI &b,
HFENEE & ChE RBRiE DA/ OB K DBk
MERBKORE2WFMICAEN TH 2 I L 2L -

2006 4 Ao 14, BTl 72 FIRRE R O
F—#isn ok a2 ML, 7 oEMEmEE
TR 21T\, R H @ Triclosan ¥ O
WMk OFEHEEZRAEL 2. BLWIIEIERZ
/R Triclosan [ZEEA AR, > v > 7 —, HES
RO BERA & UTHEHAIN, 1996 4F O K BRFH
HiCHAEL 2 0157 HHZEEITL T OEHEMN
S U ARG AL CTlRE & A SRS
RN, LA I 0D 25 U FIARSE IRT BRI 3/ Wy Ho e
RTHD TR SN, LFNETRHA TR &EWIE
& (30ng/1) A S 7z, 97 /K Triclosan &
DAL, FAERPHLAOEE, 4 AN S 6
AiZE <, {LFN&RA TIXFEREHNBEEIN
B e, HHEEOE FRICH AT 58 E TS
SOHEKET, KEHABEOZVWEFITHRD &V
Triclosan JEE SR SNz, Lo T, FIMEE

W2 BT 5 Triclosan O FEAEFIZHEFEE N S O
HKkTHADS EEAZSNT.

TARME MR BT BIEX T O RRYIRIESRE
(NSAIDs) DFREKICEHT 2#HEFNL 13-1-1. 1Y
DEHFHE TR OH TRz, FIARER O FIAR) &
WA, A, PRSOE FIROHPEKE R L)
BN SRR ZRIL, BEMHMHEREZTT> T
GC/MS/MS /#iL7=. Z# & 17 L T NSAIDs O
M /ER T3 % Cyclooxygenase (COX) [HEiE
DR B LA~ D3 F P 2 AT L 7z, % GC/MS/
MS 3T & D RT OEREUM A 5 NSAIDs 736
M, FICHHAE FROPEKETEIREICES
7. COX FHEMRBRIT GC/MS/MS DFER & L —
B}ERLE. LML, GC/MS/MS KUt COX fHE
R KD EEFEEOHEICDONT, I5ICHETN
ERNR I N

DIMED TKEZ DA ITLE D PCPPs 23
T DI ENWEIN TS, 29 i )I[/KDH
AW FNI DI, 10 EF R 51F, 2008 4T HER L
Pa A I 351 2 KGR /K B OOKGE /K H O SRR 7 0
& 3 b2 RO RR R DEET R O FHiZ2 812
BAd A ZIT> 2. BiE ORE WD S 7E
12, BEOZIUIBED SR E < B2 ERNH
D, ZiH PPCPs Off FIREHAZ KM L 7= fE R &7z
o 72100 il D PRI KL i E% 0 i A K O
WK TRERETRL, 210 s Oy 2 N I ERTE
PERLALIE, b A5 R R RUBE TREI NRN &
FSONTWa, Lanl, AL EKLERRICH
3% DEET ORRERIZFEH 90%, 7O¥I b2D
FIUNTT 714% R I NI,

4. SBROERZE

EFEOMWERAICED TE - FAROHEFZUIEWE
HUZFEIES 2 IE R MBI A E D A Rl &2 2k
Pl TR AMEDH DA EIRR, b N DOREEE
PESERRMIELZ D25 TERNERLEYE D
BREEVEIIZEI, MIETS A O T — 8 RS D E
#i P D T A > Y E D ik 2 B 80 T2 B TR
i e e 5 0 £ SR AR IR I A V2 D B FE — X4 BA
DFREH TR D EUE % 35 6 7= [ E TR D He il B
TR REERDOABAETBIC LS HEED
RoF ERBEEOIDICGERELTEREE 5N S.

—%, EBEMAUCEDEICDONTIE, EREEAICE
DHTFTSNZ ThUNORY ] 2 [(FALAF 2
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BREEY ) BEICK U CaiE 722 DR IE A A 5
Nz, UL, YTARZMEHOLDIT, BREHEH
MHETT U T 30 12 1T Rl b 35 <0 A B2 BV WAL AL
U=t LT, 1985 4RI T/AKEK &7 ANRZK
N OB RSN, TOROIRMED
HEIATHTH- 2. AT b 2 IEE M E
RALSEYIENE, B MERRREE OFE R, FHERIL X)L
WWELZEE, YD TEORBERESEREENHE
LT 5. TOMRUIZFDOEDERENZIT 208
DFE L ADBRBEBEICET 22T 2 MIE KRR
HDIZED. TNETOTHEFICHT 220
ZMTIAT, TIEBEMMERIEYE] kT 5
fHEMBLAEED 2R,

B BRI, ZOMESBANOEEBEET
S WE U AR IR AL E B E Ol
H#E, GRBIRKOBEIARBIRICHEHR L £9. %
FEHBMTE LU THABDZESITFRD - EROD T
Rl - CHIERIR D £ U A ARESE AR
RESOHEAICER TEH LT, £, HElL
BN ORER SRR T & BITF AR ENE
RO RZGEAE DR E U WG 2N
IR L £
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