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RANRPBHERILSHZI TR
2 8B %2k DNA 8873 255

F BT =R

mE

$184 B 2Rk B ER Aok P S EY IS 90 » TE A IRAR P W LERLEOBUN AR R wHEBRZ
mImp e 318845 (GC/MS-SIM) A ZH TR kP BHECSHRBEERFSAESHTK ng &P
TIIED o S F A HBBESALAREHEDRERRBOHER TR B ERBEBEER
KEEGSB B SRR REET A 12~3120g L/ ©

HERSHEBERSHT > 246 ZRE 2346—mEBHAREZRBLHRBERARSEYH -
Ae B Resse B4 fe (C3HI10T1/2) 1A DNA SRR EBRAILIRS ABDEMEELERGEXK
K#G7e85% DNA aoigFRA > RRE=E3 SR EFESCERESEST 51 CIHI0TI2 8
AR EBFE DNA i - LA RBHOHRYEHD B E B A RO HRFRARPEIR
EL A EH B BP T ik Ak AR B AR DNA B o LSRR THEGILE S RBHHBUR AT »
HUBEDEPANES - 5 3 REGRBEMERLZ DNA R ETHRERERBEPHRER
AT

*fE WP T PR RIERE
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RAIKERABDLATLRIRASTREAARRBLAE » B ARBRBITHAAR
ZHERFPURE > BEsFHRFRIERE - & 1974 5 %2 B»-3tt2 E&EEPY (USPHS) EX&
BB ANKEE 2 3H#T24 Y (Organic contaminants) $ANSRERBE P » HREFFLT
EHIRHDRFRICEDENEAEEY  TEHRCEHIAEMNSREREZ—

B#8 (phenols) A XA EWIKSHERFTLEY » MESHEERS » HFPH ~ ~RB ~
ZE8B A8EB  AFH —FHAHALZBTHALEERINN 129 BRETROE
SRR B REBTRMAREER B HER RBELE c AL BT
BENEE BB HE  SErIERFECARARABELHZBAMEY - EEBR
AFEPHEZARFBREZL  wEB AR ATFHRZBUATIREAFRRZABR

(chlorophenols) &AM ESA TS RAHY © 2,4,6— =RE (2,4,6-trichlorophenol) R1EA
2 (fungicide) ~BRE# (herbicide) &% %% (defoliant) o Z # B (pentachlorophenol )
B EAVEAS BRI B E L BB R © 2,3,4,6 —mFE (2,3,4,6-tetrachlorophenol )
RAERER RN AHAREFER c @B =FE (4-chloro-2-methyl-phenol) A
#5548 % #y(Baird et al. 1977; Dunlop et al. 1976; Keith 1976) - ea 2 EL A Z@0 AR » &K
SRAELEBNK S RESK ~ B RBEEZERARPHABRICSHWEOTE °

kP2 BB ERELRB Sug/L FPTRELABEXKEAD » RRSS5BAET
FEARBPEZRHBEIR c RANRGHREHEAEPEARDELYTARRKRGSGRETE
B BRI S 2E(Chriswell et al. 1975; Franson 1992) » ME RABH R BRI K BB 1L ESMFTEHR
AT HEMFETH LB ELS e E £ (Sweetman and Simmons 1980; Watanabe et al.
1984) - B EL S A REHR » AESRRPRISBE  HARAMERKGHREFELRE
ob ~ A BRIRAFFEMRES - HHERHSELBERSHAFRIEA P RILHERILE
32 Pay-£124% (uncoupler of oxidative phosphorylation) ¥ i X $mAE %R 1F A #:&IRH
i 57(Shang-Zhi and Duffield 1984) - By ReH B RIXFRILEK T LA » S ZBR
b2 B AERAKEEME (carcinogen) (DeMarini etal. 1990) » £ 2,46— =&
BE 51t R 2B (lymphomas) -~ &3tsm (leukemias) & fFAEfEZ (hepatocellular
carcinomas) ° Z BB T3 /N& RZFFMAEZZRIZZ (adenomas) - FEFARETE »
EEEMEFTEHLREERL 2346 o8B RIADFRADILENITRARZABAE

(soft tissue sarcoma) » ZPEHESE (malignantlymphoma) & & dusm #5978 7 Bii& (Reviewed
in DeMarini et al. 1990)



ARSI RBPHAPLBSYLHGHBRMTELSABHARENT » EHEE
#5348 (molecular mechanisms of carcinogenesis) 13k T 2%AKk - AP HRBILE
IH1E BB R P (Ames test) #BmEEIPIRE (Salmonella) &4 EIHRE (reverse
mutation) (Galloway et al. 1987; Haworth et al. 1983) - 572 & 2 KRB TR R L ERILTie
R sk MBS o EEMR R o FREPRPURAE V79 A RRERERSMARMLIE
28 % (hypoxanthine guaninephosphoribosyltransferase) % & &% E % £ B (Jansson and
Jansson 1986) o iE it 2 RMEYEHEE TARBM D R K PIMRFLOBER - ARSEL » &
EBAELEFRERA (SO)HFEETTRCABRERX -8 (tetrachlorohydroquinone) »
BEeAEFERAETHABR CARRSLH X _BHEa L (tetrachloro-p-benzosemiquinone
radical) - iEic BB EATARTERAEMEHEAL (chromosomal aberration) /& DNA &5
3815 (Carstens C-P et al. 1990) -

By BRARERRAZFEBHERSIRSREBICERSRSBRAGERTIFREFM >
H¥ = @R LZEBHAKRSEFRE (specificity) EFSEarBEtEssrx
Eipo BARRAZEHBERSFIRBCIER » (LHRUEBRIKKARN » WIRHIAFEE
By iE{e B a8z B (ortho effect) HEBHFEA—RBTEE » LARDFBRAE
LB EAA o AULELERBH P » ML (meta-) AR¥fR (para-) R EFMERZFESR
FEHEPLLERTK A o

B E(L A R 2 BB E » RE—RFISEFRBIZP R{EXS
ARETHRERLEATELSEEEZRBHILESY o K 80 REXBHAP P » KFTH
Briok 2 kB S BARERREEERE : FERI 3~ E BZAEER BE
ZRARHEA 0.00Img/l o st ARBERE - it sk SHEHEMNEEIT R BERR > WA
BELSL B2 REX » KEARA BB PAEDLBBICSHRIATISLR
BRER Aok o BUH B E B IRBLT RETARAR ©

— A BEMARLZSIWHF ESEATRBRBANTER (HPLC) » ®iaf@#iik

(HPGC) R fteBirWHER (GCMS) REXNBHBEZSE - BELSITEILIR
BRFTSMHPEDHRERSF R kR PABRCESHERRLRE (Acetic anhydride)
BB A BT A 8 BA RIS AL GC/IMS 7 #7551 LA 3R A &7 #&(Coutts et
al. 1979) - EAFHBEILET » 246— =8B > 234,6—mEBAAIZRBUARESIR
2 £5 60 W B Sk & 1% A A P B R A A B % (Shang-Zhi and Duffield 1984) - e %
ERELARALHRBRTEGNHRRPERAE » XE2RDOHXERMAATEHD
RFFR LS A o I AR ILMATBHER R MABR TP » B2 A BR A AR R EE
ALk Pi5 DNA B7 3 é575 a1 -£9F 50 5 258 6 % B 5 ¥ (genotoxicity)
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B2 5 WA AT AR ME DNA 8265873 » 72 1988 & Olive 3B —E &M &
hiEmFE  EEE— S8 £ LA (bench-top centrifuge) & PAKREtE 2 (scintillation
counter) BPTEiESMANE ARG ENBHRE - LREHEMATRTFRE (KC)
REeRE T AER (SDS) HAET » #Bimfeirrg » KRR T » DNA §RFaEESH
RET K & DNA R AR BIBEW RS TG DNA #i3ME F o WHBR-< TR & DNA
AYRBEMRARBMICBWEAETHeT » sEE DNA ZRERCHFEREMESE—
RRPBETEELFRP o ARITETIRESSHAIRBR ([3H]thymidine) incoperate EJ$mAE
&5 DNA F » A H AR IR &H X 5458 F BP 7 38) & DNA 87 32 4532 5 (Kohn et al. 1976;
Olive 1988; Rydberg 1975) °

5—E4:8 DNA 8735 57553 A | 78 pBR322 ¢5 DNA » E#8he< DNA 34 B
Br3isy » HARTEEARIERZ DNA » SERIERF &% B A non-denature agarose gel

electrophoresis R[E 25
MEFeoTRRS E

fAe R E %S (HP5890GC, HP5971 MS-Comp)

B F38% (Electron Impact) XX BHBEFRYR - MERIREHITRAS - B8
WMIFIEH B RBIUEATLULBTHREZHK (Auto tune) AXEANEBLEK o 5ixed (spliter) R
FEFELTIZ 45 #6537 B o 3£ 4488 250°C » 48958 280°C o Bk e #4838 & 60°C1RIF 4 sk o
BB AREXnas 1000 - RE 25 55 b4 4C - E_BAREXBAS 160
CtRix S »sh > FrsE A 10C - fRAsBHHB+E 30mX0.323mm (HHE) Be =R
BE4ERB B » 2R DB-1 (Methylsilicon) » HEEZE 025 ume (J & W Scientific)
#ITRALRA 30 cm/min (ECDGC) o B+£/R ) (Head pressure) 3 Psi o

BRICSH L BRILITEMZ W

# 800ml 2 kR P Ao 80mg ZERKENERSA » 3ml S0%Z=KBRA S0ml X —F| Fix »
Bat £CLZokA o EARAZ 800ml skikPren Tml 30%es BE(LEA ~ $RITIZIR A5
B ] SAZXTRIFAP - PARE 2 58 > BEXTTHAMWE © /o Tml 5T BREFILIR
ZPH2PDERBRA o Ao dml ETIRIRE 2 S8ARRTELITEY « IRBETIR
REBBBENRMBRALZELE > BLURRARE Iml K 0.3ml LESHT ©

BTk A8 B F < B % (Rat liver microsomes)



A T 53 BT AGEAR e & R{ctP(cytochrome P-450 oxidase) Rimfee HE/R
(cytochrome P-450 reductase) » Ae3f (male wistar rates) A8 150~200 % » #% B
L& %A B8 BPx » 37 phenobarbital (75 mg/kg of body weight) & hydrocortisone (50
mg/kg of body weight) EM—X &/ \/heFiT—R - BT 1.14% KCI & 10mM EDTA &
& P #9781l JA-20 rotor10000 rpm #g-- 20 2>3& » BR LRl KCl » EDTA B R#E/R
f83% » AL J2-21M/E rotor 40000 rpm #g% 60 58k o BR-2321L 0.25M sucrose 3t —=R L Fr
72> »-80CHRAE -

$mAE ¥ F

C3HI0T1/2 & C3H &g frRsesikse-B4mAe - A Basal Medium Eagle %% > 240 10%
poft mIB pAs ik (fetal calf serum; FCS) o & T 7EB @854 » medium &IE8 A ho
penicillin % streptomycin (100 U/mL) & Z X3 medium —:R » &-+X subculture —k °
3B AR 4mAE 4HIE Rk » 4L3H7E late-log phase 51 sbuculture » KT E BN stationary
phase o % s » EIRIBACEY » MEBAFF S o7 2><103 18 cells : B#&BIBREBES 2.9
~3.8X105f'cm2 o C3HI0T1/2 & ®’Eaesy » wHAE T~15 KR » AHRERMRE - 48R
757 58858 37CUE 38 3t 48 5% CO, 85 incubator & o

DNA & #5%8 (DNA precipitation assay)

B S £ 32 A Oliver (Olive 1988)AT3t % £ X BEBA T © HWERMLeT + 2
5100 EtaReis 6-well plate BE 44 % RABAEHS #5256 Km. £ o 1287 0.05 4 Ci/ml [°H]
thymidine % #7855 £ F %% 36 flxﬂ'é'r’ﬁ[31{] thymidine sk N\ %@AE &5 genomic DNA A,
$4 AR > A PBS st —RAENASRABEFHLCBHHHERE (RE+FaF)
BRI 30~40 588 o RIERIE > Ho 300 x1 lysis buffer (10mM Tris, 10mM EDTA, 0.05M
NaOH, 2% SDS, pH 12.4) % 300 41120 mM KCl » & 65°Colsap Aosr 10 58k o BR 400 ¢
#~ Eppendorf tube A 3t @tk L 5 5738 » thed DNA-protein K-SDS complex #25X » T3
B BRes R TR o 22 10°C FTag 10 2758 » #8i% 3500 rpm © LA RBNPAREBOR -
it heN 400 12 0.05M HC1 & 3ml Hydrofluor liquid scintillation fluid - “Fiks» (pellet)
2L 800 1] 65°CehrkiAmRE » A MAPILESHIEA o Rkt 3ml 2 Hydrofluor liquid
scintillation fluid ° 1L B9xs+#k 38 (Beckman liquid scintillation counter) R84k o 7 id58
& o BT Raes DNA B5 st H 5 XA 7E pellet &h3ksd 58 B FRIL pellet Ao L. supernatant
ey kA58 A A FELL 100 ©
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2 RBHADRE L -_ERE DNA WREHER

4 88 DNA pBR322 3k & X /42 & (Escherichia coli strain RRI) < ® 8 DNA & 20mM
Tris-HCI buffer » pH=7.4 & 25 u M LFHBREFLDAR P > 7o\ SmM X 2,4,6 — =RE » 2,3,4,6
—mEEH ARBHASBRARAEHOREHE_BE 3TCTFTRE~ oF o REZLL non-
denature & agarose gel electrophoresis TE5 # o £ 5 Bro T : 2L 0.24 % X agarose &= 30ml
Z 1XTBE buffer (0.8%)#x:d At | 58k (B I ZokE) ° s 51 EtBr:ReH
OEARBE AR EARFELBE 30 SHiFH  BEATHHE o R 11 MK (2~4
#gDNA)#ex 12 % 6X loading buffers4 A Z kiR &9 BEARIAEA 5 - (120 Volt,
30~40 >'3k)

BB UL A% PIRERE REPETAE (In-situ acetylation) - 5 EBRAA
%51 pH<2 RAe N BHERMEREBRI AU 0% BRILHAEE pH>12 0 L
—E PR A PERRBREZABDEREZTLLESLER » ARATREFEREKTR
BEA BT EHETIRER E45oRBRMIZRITH T RABETLHRILIZE GC/MS
GHHEBIR T RS R B SAMRA » URBEBFEMETERMB UGS T - LU
%ﬁﬁﬁ%i*&iﬁ%ﬁ%?ﬂﬁé@ 1 HAeER Eesfizdatk 1 o £ 23 I AR TR
B %8 < 3-Bromophenols2,4-Dichlorophenol4-Bromo-2-chlorophenol > %45& 4-Bromphenol »
2,5-Dichlorophenol » 3-Nitrophenol 748/ &5 BeFffl » KRB E B BB RBITHHT -
RS H5F 3% » 2L 800ml Zok#EME 0.3ml B HAISXZBH B RIBERTRE
8 o ELS R EHIBET BN EZYM R 1 o

WS A BT HBELZRANRRRITERES NSRS E 2  TWHHER
235 8 b3 BB RBREIRAR ~ B o IO BRAZIFOR ~ Bok o FARE A BFRBRLRNK
Bk o 2B FHRIPOR AR P L RORRIRIR BN E DT FENK, S FHEIFREKFNRTR
FETIER ©

B—185 #7855 P » phenol #HEEIRE » EEUBRBIMRARLTRE » REE
# phenol ABWRAEHKKRP o« —MRERBSIHFHMRERALRTHESME » LESH
phenol HEESEAETTEREZESHRR - EXRALREZTSE > FEPRBATLUESSZ R
KEFIHEHFRXIBBRELRE phenol L&k » B WIRELRIRFZ phenol BAELL 2-
chlorophenol % #& & #h 4R R IR 5T & 250 ng/l WAL -



DeMarini ZAZE 1990 & € #7418 (DeMarini et al. 1990) » ZFE » X2 HBH=AB A
mEEBEEAECEE (S9) SETAFSSAMBERBAIANEHA (prophage) éHAR
S FREPEESRBILSMARSIRAMBREL DNA RO » LWARREAZ RBE
%382k (In Vitro) BEHZE &M (genotoxic) - BMASREBT3IEXBIFEHZ DNA i
2, EEREXZEFLT @A (mammalian cells) PREHBFEER » BAHHIL
Sipimfcey DNA BT ERBES > ARAFTHRREGB R A% (cellular defense
systems) © & 3 seAE — B PUA B R RSk sR-B-4mAE (C3HI0T1/2) A% 3R » A DNA R
BEE SRR 246-Z85 0 234,60 RBARARB AT AAERL DB PITER
DNA 8587 o %@ 10 777 » .25 3 5§ B A8 51LB % (microsomal enzymes)
RGeS B A mieA DNA BB E » €2 ABHRERE 250y M SPEAE
W& o ko BB {e B2 # 705 (2mg microsomal protein =k 0.5 mg
NADPH) »24,6-= 88 & 2,3,4,6— = EEB T K #5565 DNA BIRETHEE » ZRETT
T HEAR(E 2)c MBERERBIEPHEA KA G M FLEREURRRNLROHTRE
o tmft. DNA Bigeb%E 218 (basal level) EFBAREEB TS ESRATILEER
FRELs (B2A3) RRTARES 8 RAFRRREREA & =H R %35 & (Cohen and
Cederbaum 1979) > BB EAREL B R Se £ (hydroxyl radicals) &58R7 o g3 iz
BEFET » B RBOELRBELTHRAEHAE KB DNA BRREFSEHRE o

A TFTEHBERTHE s HPFULZEBDGLIEINRBEND X —_BHRREEE DNA
pBR322 » %@ 4 A7 » EFRRGHE » ORBE_BTHRARHE DNA ghietBRe 4R
TS EB A SEEL S RETREIIKHE - WAE DNA 85 LRSS EH DNA &7 3L E £ 85 »
¥ supercoiled form A Relaxed circular form » {E AR/ 7 fg&5 DNA T#& non-
denataed agarose gel electrophoresis  E.27 & 3R  Fl#kabea 4 X = B7rul DNA SUEEKER
AR E ks lEBE A THEATAFITHAILMmBAL DNA g9 o 8B 3 AT
oo RN B > TLE Y AARE DNA BRWIREZE ©

mEHE B 3IRELGMEAEA DNA BRRGETE HB E R~ RREE
hydroxyl radicals &5 % o F#R% 35 W (Carstens et al. 1990) s RBRE X -_BITEd BRE
HELZEABTELBLH R _BHESEE (tetrachloro-p-benzosemiquinone radical)
& tetrachloro-p-benzoquinone » 1823 A BILRRIBR (redox cycling) o FZULIEIRP »
g HieF e (superoxide radicals) E &£ ° B2 F (i TE R 1 EA (dismutation)
FAAREER (H202) » gHi#eF XM F (ferrous or cuperous ions) BET »iB&A
e #EPE AR &1 & 2 hydroxyl radicals(Aruma et al. 1991; Meneghini 1988) o &5 L &5 RE&
kol ZRABDGRBEDRELRFAFAR BSOS FUEFR S AR A ERIBEE
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£BEPH SERBEDORYX—_BHAEK DNA RITHOSATLELHRE—BER
BAE o

—_—

4

HABBIT R ESHIEN—RHAAXBERF X IREZ EPA Series Methods
AFRERAZEZE » BERARPEHB|ILCEMEZASTHERLRIYNIZE P » RwIEL
SHEARBAERRGTFRG  BETREYATESH S EHZSEREKIM
B AMBUBIERFGOBEILSHEITSH » R T 2-methyl-4,6-
dinitrophenol » 2,4-Dinitrophenol —38E & B F48F A Gexfheh = @B 5&E2h »
—RTREeES i 23 BMREAGHBESY » HPE2H2 R LBk 2-
Cholorophenol £ 4-Chlorophenol » 2,4-Dichlorophenol 22 2,6-Dichlorophenol
% %%& trichlorophenol #5T FKHEM » KT REEBEETARLBERANKDP
HEBER c BTEXLRANBRPURZBBANSHEITE » SAEABAZEXRA
BRE > # 1]1 > EPENEBZRBRPIHE 6 XS - RENRFBIFOKA
BRAZFRPHAIAIRB LR » EEEHE -
ZERABOHNRBEHORY X BHITEE RICBRBE (redox cycling) E&
B E7TWENK DNA &8 T » FIRSHBRETRTAGEEN, 246—ZRAB A
2346-BRBOHRBRBP - BhBAFFLERT (S\9) &TEA»24,6—=
ABRYTEFYUHSLTRICARBAREICRM (dechlorination and hydroxylation
in the para-position) & % 2,6 — =—®¥$3X —E> (2,6-dichlorohydroquinone) (Juhl
et al. 1989) o E B AFMIAEEE T HET » FRHF %35 L (Besten et al. 1989) »
2346—m R BITE—~SHAIBE B B2 REBEAEZRD S ESHBRT
ARESITRRVELBIZ RBOHTFTILER - EHiELEET ) Z2RBRBEAR
X_B AERCERBEBELE S L » B4 DNA xR EF - EF
BILSHTRARFSHEBRE » ZTEAZXBILSHAESRAFISHERAER
BESAUERFAMAE  ILIFERETRECEITLEITRRARIBTLEEZRT -
ELHFTR P BRRABFORATASAZEBHDHICESHRAERRIUETHRERSE
p£ > {2 B 7 #R %535 & (Paasivirta et al. 19805 e BB LS9 T Eok PR IoEE
ER - ATEEPHENRSHOREATED TRILBLSHEARDIEOE
3t % B AR 5F B #ER & (Hattemer-Frey and Travis 1989)- &.%F & B 7~ DNA
RBABT ALRBEZETARASHREABSFELZIBTERLSEDHE o
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Table 1. Relative retention time, selected ions, and relative recoveries of 23 selected phenol acetates

Relative recoveries” (%) of phenols from fortified
samples (n = 3) after correction for blanks

GC/IMS Natural water Treated water
Selected
Phenol acetate RRT® ions 1 ppb 0.1 ppb 1 ppb 0.1 ppb
1¢ Phenol 3.06 94/136 101.3 96.5 94.7 96.2
2 2-Chloro 4.55 128/170 94.6 100.3 98.2 92.6
3 3-Chloro 4.86 128/170 98.9 102.2 106.5 94.8
4 4-Chloro 4.92 128/170 105.2 100.8 92.3 96.5
5 2,4-Dimethyl 5.02 122/107 92.1 98.6 96.3 98.6
6 2-Bromo 5.28 172/174 98.6 94.7 95.1 96.6
7 3-Bromo 5.54 172/174 100.5 98.2 91.2 93.7
8 2,6-Dichloro 5.60 162/204 103.6 96.8 101.4 99.3
9 4-Chloro-3-methyl 5.71 184/186 93.8 94.5 97.2 100.3
10 2,4-Dichloro 5.76 162/164 94.1 101.3 104.5 108.7
11 2-Nitro 5.90 139/181 88.4 91.4 87.6 85.6
12 2-Bromo-4-chloro 6.23 206/208 94.2 91.5 97.8 94.5
13 4-Bromo-2-chloro 6.27 206/208 97.6 94.8 93.2 90.6
14 2,4,6-Trichloro 6.32 196/198 106.3 104.9 103.9 98.7
15 4-Nitro 6.35 139/181 86.2 90.3 89.8 92.3
16 2,3,6-Trichloro 6.56 196/198 102.5 103.2 99.2 102.5
17 2,6-Dibromo 6.59 2501252 91.7 96.7 93.6 92.9
18 2,3,5-Trichloro 6.64 196/198 89.3 91.8 94.1 97.8
19 2,4,5-Trichloro 6.68 196/198 106.8 103.5 100.9 98.6
20 2,4-Dibromo 6.80 252/254 95.3 99.2 96.2 99.3
21 2,3,4-Trichloro 6.94 196/198 98.2 96.7 92.5 96.8
22 2,3,4,6-Tetrachloro 7.65 232/274 90.8 935 95.2 99.4
23 Pentachloro 10.0 264/266 98.6 101.3 96.7 93.8

*Retention time relative to pentachlorophenol acetate (RRT = 10.00) = 36.29 min on 30 m X 0.32 mm id DB-1 column
®Mean of the 3 replicate samples
“The number order of phenol acetate is the same with the peak number shown in Figure 1

Table 2. Content of different phenol concentrations in natural and treated water

Substituted phenols (ng/L)*

City® Water type  Phenol 4-CI 2,4-DiCl  2,6-DiCl  2,4,6-TriCl  2,4,5-TriCl  2-Nitro 4-Cl-3-Me 2,4-DiBr  4-Br-2-Cl  Penta-Cl

Natural? NQ' ND# ND ND ND ND ND ND 2l x4 ND ND
Treated® NQ ND ND ND 16 =6 ND ND ND ND ND ND

2. Natural 26847 386 215 ND 32+8 ND ND ND ND ND 42x4
Treated 31428 12x3 ND ND 265 ND ND 185 ND ND ND

kB Natural NQ ND ND 184 ND ND ND ND ND ND ND
Treated NQ 162 ND ND ND ND 140 =28 ND ND 62+ 18 ND

4. Natural NQ ND 28=x3 ND ND ND 91 =722 ND ND ND ND
Treated NQ ND ND ND ND 287 112+*8 ND ND ND 26*6

*Mean * standard deviation; two ions for each of duplicate samples
®Four cities in Taiwan. I: Taipel, 2: Chilung, 3: Pingtung, 4: Kaohsiung
€4-Cl: 4-chlorophenol, 2,4-DiCl: 2,4-dichlorophenol, 2,6-DiCl: 2,6-dichlorophenol, 2,4,6,-trichlorophencl, 2,4,5-TriCl: 2,4,5-trichlorophenol, 2-Nitro: 2-nitrophe-
nol, 4-Cl-3-Me: 4-chloro-3-methylphenol, 2,4-DiBr: 2,4-dibromophenol, 4-Br-2-Cl: 4-bromo-2-chlorophenol, Penta-Cl: pentachlorophenol
“Natural water: untreated water sample collected from water treatment plant

“Treated water: treated water sample collected from water treatment plant

"Not quantified; phenol peak present but less than twice blank value

£Not detected
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Fig 1. Representative chromatogram of standard mixture of acetylated phenol and 22 substituted
phenols monitored by GC-MS in SIM mode on a 30 m DB-1 column. See Table for peak
identification
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Fig. 4. Detection of strand breaks in polychlorinated phenols- and tetrachlorohydroquinone-
treated plasmid DNA under non-denaturing conditions. About 0.8 x g of pBR322 DNA was

treated with 5 mM of polychlorinated phenols and various concentrations of
tetrachlorohydroquinone in the presence of 25 #M CuSO, at 37°C for 2 h (pH=7.4) ; lane 1,

untreated DNA; lane 2, 5 mM 2,4,6-trichlorophenol; lane 3, 5 mM 2,3,4,6-tetrachlorophenol;
lane 4, 5 mM pentachlorophenol; lane 5, 0.05 mM TCHQ; lane 6, 0.1 mM TCHQ; lane 7, 0.15
mM TCHQ; lane 8, 0.2 mM TCHQ; lane 9, 0.5 mM TCHQ
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Fig. 2. DNA precipitation assay without microsomal enzymes to determine single-strand breaks
produced by 2,4,6-trichlorophenol, 2,3,4,6-tetrachlorophenol, pentachloropheol, and
tetrachlorohydroquinone
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Fig. 3. DNA precipitation assay with microsomal enzymes to determine single-strand braks
produced by 2,4,6-trichloropheol, 2,3,4,6-tetrachlorophenol, and pentachlorophenol
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Yen-Zan Wang*

ABSTRACT

Gas chromatography/mass spectrometry with selected-ion monitoring (GC/MS-SIM) method \#ere
used to analyze 23 selected phenols in natural and drinking waters by an in situ acetylation technique.
This method was suitable for determining phenol concentrations at the ng/L level because of less
background interference and better recoveries. The application range for all these phenols was from 0.01
or 0.04 to 10 xg/L, using a 800 ml water sample. The levels or trace phenols in four Taiwan water
treatment plants were in the range of 12-213 ng/L.

The polychlorinated phenols, namely 2,4,6-trichlorophenol, 2,3,4,6-tetrachlorophenol, and
pentachlorophenol, were evaluated for their ability to induce deoxyribonucleic acid (DNA) damage using
a DNA precipitation assay employing mouse embryonic fibroblast cells (C3H10T1/2) with or without a
liver microsomal activation system. These agents exhibited a weak positive response when microsomal
activation enzymes were present in this assay. When the tetrachlorohydroquinone, a toxic metabolite of
pentachlorophenol, was measured by the same method without the activation system, a significant and
dose-dependent DNA damage was found. This result indicates that in the evaluation of the carcinogenic
potential of these agents, their corresponding metabolites should be taken into consideration. DNA strand
breakage caused by these active metabolites may play an important role in the tumorigenetic process of

polychlorinated phenols.

*Lecturer, Kang-Ning Junior College of Nursing
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