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Genotoxic Effects of Volatile Organic Compounds in Water
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For determination of the genotoxicity of VOCs(Volatiie Organic Compounds) in water, in vitro Comet assay was
performed using 373 cells. The selected 5 VOCs; Trichloroethylene(TCE), Tetrachloroethylene(PCE), Carbontetrachloride
(CteC), Dichloromethane(DCM) and Chlorofrom(Chl) and mixed solvent(Mix), are the test items for drinking water
quality. Author analyzed the genotoxicity of these solvents through their tail length (TL) values. Mix, PCE, Chl, TCE in
order had cytotoxicity at the highest concentration, and CCls and DCM had no cytotoxic effect. TCE, CCls, Chi, PCE,
Mix, DCM had genotoxicity, Chl, PCE, Mix had both cytotoxicity and genotoxicity simultaneously. Cytotoxic effect of
mixed organic solvents, compared with that of single component, at each concentration, was influenced by the
synergistic effect of the interaction of each organic component.
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A71 HiEol BEEAY S4E} Aloe 4S5 dEUHY
Tolo] BQskiE 4auci. 2 sl njgol 34 s6tE
Ag0] EAGIL U Y=olAE 28 HEE 29 o™
EHE Yslo] HESHEQ HEHOZA Ames testE 0]8E8}0]
e Bl frh =58, Adke, 48, &5, el &
Ames testZ B2 JTHIE siHom®Y, OE fASY 8o}
E 98 ol g ozx 2|9 484E BE ANCH.
U GFBE $EE, AdHES, ZE Soll et @78 Ames
testZ AA|EH ol YA PP, Tt TFEE MYHZE o
835lo] DNAS &4 HTE A3 & 4+ s e 5 H=E
X719 &5 (Single Cell Gel electrophoresis, SCGE) 94 Comet
assay 2 ZAl AFE Al Fotdr] SlE AFolct. =l
£ Comet assay® EEHOIY} TEE o 71X EHE AMG)
I%, DNA &3 B70) BEE fAsyshRo™ g3e
ofl ti3} biomonitoring Soll ZHASAH &5 1L YepP =
W dT7EE 9oE B9 oY HEE A% =Y 48Y,
Ax9] kR0l & FHSHEN So 08I Y2L £
gy BololAles o] HOE AFE Il Fut gitt o] d+
Al B9 2H oHEE 20|11 850 BEIE 45K Comet
assay £ & £9] VOC7t Z/EE uiYMES DNA E¢Ho]o|
nXle ggkg |FsHLAL sl
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1) AlE

Hlol]l ALESH A8 VOCE & &ollA] HluE g7zt 2
I AdeAet oAl nAle gl HuE B2 Ae LR
3BT A8 FXNSEE 7IESZ slod Fdle 382 6t
AR B4 5 2 5THE ZASIRon, ki AsxEs @
Z5l7] Y5l 559 VOCE SYEHOE EgkolirkTable 1).

Table 1. Physical and Chemical properties of VOCs.

Boiling Melting . Solubility  Vapor
) ! %‘g‘/’i"'; in water Ffress
¢y (C) (9/2) (25CkPa)

OCM  CHLCR 75092 849 97 By 135 20 5840
Chl CHCh 67663 11938 612 €32 144 80 2560
CteC CCly 56235 1538 7672 -29 154 078 1636
TCE  CHCh 7906 13140 87 -864 1464 110 10.30
PCE CLl 127184 16585 1212 -84 1628 015 248

DCM: dichloromethane, Cht: chloroform, CteC: carbon tetrachloride, TCE: Trichloroethyle
ne, PCE: tetrachloroethylene.

| Chemical CAS No Molecular

Chemica formuta weight

2) Alo 9 7171

MEZY wiYe 9dl AH8¥® DMEM, RPMI1640, calf
serum(CS), foetal bovine serum(FBS), L-glutamic acid &2
Gibco BRL A}, penicillin G, streptomycin sulfate, MTT&E AJ2},
Histopaque 1077, low melting point agarose(LMA) 2! normal
melting point agarose(NMA)Z Sigma A}, cell culture dish, 96

well titer plate S Cornig A}, MWCO 3,500 dialysis tube:

Spectrum TKL A}, glutathione S-transferase(GST) &8 & A|ot
Q1 1-chloro-2,4-dinitrobenzene (CDNB)2 Aldrich A}, DNA &
A4 Al2F YOYO-12 Molecular probes A}, Comet assay$
slide glass= ERIE scientific A}, cover glass= Superior A}, A7)
P& kiti= Hoefer A}, Proteinase K= Amresco A}, Sepharose
4B, CM Sepharose, Sephdex G-25, G-50 & HI|H¥EE low
molecular weight(LMW), ©2Z 37} marker= Pharmacia
LKB A}, silica gel& Merck A} 2] DMSO, N-methyl-N-
nitro-N-nitrosoguanidineMNNG)= Fluka A}, VOCs EZEE2R
& Library$} Supelco Al HEES ARREIACE
3) Az

ATTC number: CCL-92, Mouse embryo 7]219] 3T3-Swiss
albino (mouse fibroblasts) MZF9] S Ad] A CS
7} 10% A 71e DMEM Kol &8 9end] AN FHAolA]
37C, 5% COE FASh= &2u17i(Lab-line Instruments,
S.A)Z visIFCt.

2. A3 HE- A /RSN
1) 3T3 AZolA FRSY BA
AlgE RA54 AEE Aol ARRE T3 HEE M A=
Aol 214 3eng] B2 Z& iYE Aol 8x10%cell/plateE 2
Folo] 72417 SO iYBINCE 29 & PBS AEEUCE MH
SIAL 37°CollAl 3027 wiFAIZCE shgo] Bal SAlol S4]
PBS AZEACZ HXS] AAHSIL PBS AFEUq] 50 5%
7} 0.12pg/meS] Proteinase K 8% 100 E A2l MESE
ZENY FAZRE 2438] wold &, Azl 1mE 7ist
of NIZES HEIX|H Eppendorf tubeZ KT} MEHEINS
1,000rpmoflA] 587F AXMBESII ABHS HEl F 3009
complete mediaZ do| MEA|AH AEol] ALESIFCT
2) Pre-Coated Agarose Gel Slide®] ZH)

PBS H58%of Zol3le= 0.5% NMA BHE HARIRIAIZ
HE %, g24Xo)A 50TE FAISIMUC). Fully frosted slide
glass(70x25mm)9] AiZi7} £0iU= Holl NMA 8 3B/uUE 2
Ok AZRAIZ] &, tiA] 80 E cover glassoll FUSIA Z1 &
2 5 g80] SolUe BHEHT stainless boxfloll 527+ ot 2
Fr}. THE0]X] pre-coated agarose gel slide= &7171 U= slide
sl A8 d7lk B @3IATh

3) Cell Agarose Embedding

A 9] agarose gel 8 ol embedding, lysis & H7|HE
52 Singh9] Wol wehk JAGIReH™ 1 wye I 10
HAlBIE). A48 95le] YAZ Hg] FE M E pellet2
g24xoA 0TE FAEE PBS 258N =o} e 0.75%
LMAEN 80 Z SHER]Z]IL A1&6HH pre-coated agarose gel
slide $| 2 micropipet2 2 &7l & cover slideS A1 1 A
T detdo] T EAEA HE H 8ol ARE BEE
stainless box 2ol &0} ZFC). 58 & cover slideE AL
MEZ} ZE gel Yol THA] 075% LMASY 80uE 7t &
Cover slideE © 1l £A| stainless box $joi] £0O} CIX] 527 &

-
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B4 AuE {73880 gaH Sehdole vixis @

Frt. thg Cover slideE AW WA BHEQ] alkali lysis &
&{2.5M NaCl, 10mM Tris, 100mM Na;EDTA, 1%(V/V) Triton
X100, IN NaOH pH 10.0jo] 1417} B0t F4A1A szt M2l
SHIL AMlE W 2E d8E St
4) Electrophoresis

1AHE 0t lysisEfol]l FeAlY] ZE slideE2 #8Y J
71BET Aol 22t slideE A E WAEA 2%42n AN
58 EEH(300mM NaOH, ImM NaEDTA, pH 13.0)22
slide IH 9 0.7cn7bA} A2 & DNAE unwinding Al7171 9
Sk 2083 BE AINE FAUCk WYIGE2 25V/300mAE 1L
Fotod 2082 HAlBIR H7188 & 449 slides SY 3
LEEUCE FES MBI MIFEE DNA &8 B
g 4BiEY) dsi] FEGM AlQF YOYO-1(10ug/nt) 804
RT3
5) Comet Emage Analysis

HAE slide= 200W mercury lamp(Osram, Germany)7} 5
2 HYED)|Z(CSB-FEL, China)oli4] 20088 BEBFIRNSH
CCD camera(COHU, USA)E S3ll4] HullXl 21219 A x8i9)
image:= comet image analyzing system(perceptive instrument,
UKol BAIE gGHEolA A8t Z429] AlEojA] DNA
9 £UHEE slided 50709 cellZ tail lengthE BAEIOZMN
Y3l sk

2 3

STEE AZT VOCE 3T3 Cell off YFAIL EQF Azls)
o] comet assayE DNAQ £S48 BA9) Zuh= I8 104 B
Bl 28 671K AAIGIECE DCMY AET(18ue/ oAl B
TLZL 24745499 AT (4420p8/ ) HHF TLAE 2917
12172 SRR B TLAL 206848415 T 737} 19%, 41%
7t B7¥8l] DNA £330 e ASE BEHYTE
Viability= HEITEE SEWELH Aol7t KAcHFig: 1).
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Fig. 1. Effect of DCM on DNA tail length and Viabifity of 373 Cell
in the Comet Assay: TL MeanSD of 50 Celis/Data pomnt.

CteCQ] =5 (1,620ug/ n)oll A B TLaE 30.00+413.993% &
T =59 THF TLEE 546714212 S4uix ol BE TLaE
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tt Zb2} 43%, 160% S71519E). Viability= SdUEE2] 98.2%
9} AlolE BOJR) ol MEFHE UBhHAl SUrHFig. 2).
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Mean Tail Length( )

0 20 8¢ 180 SAD 1620 4870
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Fig. 2. Effect of CteC on DNA Tail Length and Viability of 3T3 Cell
in the Comet Assay: TL mean +SD of 50 Cells/Data Point.

Chl9] 2| 1L5T.(4,823ug/m)S] Bt TLAL 54.58:0412 S
RO TLZE 23.89+11478C} 128% E71klo] DNAY &AVE
I7E HESUG. Viabilitys HIsTolA 56%E2 Ao &
450} 48 MEELENE JEBIMUCHFg 3).

EDTail length  ~-Viabifity

Viability(%)

Mean Tail Length{umm)
[y~ o)
<o (=]

0 20 60 79 536 1608 4823 1
Concentration of Chil sg/ml)

Fig. 3. Effect of Chl on DNA Tail Length and Viability of 3T3 Cell
in the Comet Assay: TL MeanSD of 50 Cells/Data Point.

TCE # L5 (4.870ue/nt)S) B TLEE 3798421562 S
xe H TLAEC 200 718K DNAY 48k &4 81371
BREACE Viabilitys HHEOZ xol7t GKCkFig. 4).
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Fig. 4. Effect of TCE on DNA Tail Length and Viability of 3T3 Cell
in the Comet Assay: TL Mean+5SD of 50 Cells/Data Point.
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PCEQ] A=T(2us/m0)Q] BT TLat 22.07:7.84= 24 tiE
2o BHF TLA 167923720} 31% 7161800, AusE
(GA104g/n0)S) BT TLEES 3283186028 SHAZTY BH
TLAXRCE 95%7}F £71sl0] DNAS &4837F #EEict i
BEolA] viability= Al E&0] Al AlkRe 4= QIATHFig. 5).
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Fig. 5. Effect of PCE on DNA Tail Length and Viability of 3T3 Cell

in the Comet Assay: TL MeantSD of 50 Cells Per Data Point.

VOCs(5E)E 2t sTEE &8t U MeloEs 3113
OF F45le] 4ESH FM, ABT(812 pg/ml) H HAL5T(2439
pg/m)olX MZ=E 3yt BEEJUL, TSTB12 pg/mt) H
5T (2439 pg/m)olA B TLAO] SENZETY TLAED
4&Elo] DNAS] &4 537t AT ACHFg. 6).
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Fig. 6. Effect of Mixa on DNA Tail Length and Viability of 3T3 C
ell in the Comet Assay: TL Mean+SD of 50 Cells/Data Point. a, each of dose
of @ CHCls 4871, @ CCh H41i, @ CCl 487, @ CH:Ch 442 18 ® CHCl 482 1=
was mixed in 1ol of HBSS buffer. A : @60 @67 60 @54 G597, B : D180 @200
3 @180 @164 ®179. C : @541 @601 @541 @491 536, D : ©1623 @1803 Bt
623 @1473 ®1607, E : D487.0 @5410 G870 @d2 © 482

o
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Comet assay = DNAOo| strand break, adducts, chromosome
aberration, cross link 9 sister chromatid exchanges(SCE),
micronucleus £ Yo7l FASEEEE FMlckerl 78S
HhH o2 HAHMA|LE 0|83l DNAE Hudlkd E&¢o|
FoZ Wizl A @ae 4 e o FSEEY A
=Y, 8ol gy W gEddoldgd S J4E ¢ As
Holtk>®. £5) o] Wy nli¥E0| okd LESEY HZE o]

83122 nYEN ISSENS 45 12 42l 2 A
018 Bog £ Qlon wEii EFo] 23 FuB U 1
EEEHAZ S99 &4 W wol J2l1 59 E2 diE
Z@glol ol HIZA B wol 8 4 AT, Singh™,
Tice £'92 DNA &AKFEA] Comet assay] TLE B39
o} A ML VAT E Bk Q5 FHAZZH
HUIZFQ Tail length(TL) FtE B]E 2A4$ 23} HuzT
ollA] DNA &4E T} 48 ACE JEFRUCE. DCME A ZE
4 A%E gou IskE EEZ AMelsk 490w/ molA
DNA £487E VERIICE WHO Water guidelinesoll A% 0]
AT} Zo| TREE AZolME 5Y8 ZHE MAIGKICH.
CteCY IETollAl 418t DNAQ) £AENE UERIRSU, Al
ZEM 3= UERIA QUL Agurell 2 AFTY 48
oA AUBYVOE APt & aixto] DNA &4F W7t s A
o7 Huskd, o] A7 LX|GIHTE T2t Suzuki V2 4
o RN HEE AEH U@l DNA &3 537t 4
25X LAUTL Ik Chiol s Tol4 DNA &4 39}
A% MZEH F37} AU Suzukiis B2 MESHo] Yk
AoZ JATAOLL DNA &4 7T Qe ASZ B
o] 7S Aolsidct. TCEY HiusTolMd MEEHFHS)
DNA &ata 7t BAEQICE 8 Fahrig S92 47 Un7
AzNA MESHEIE AL, FHRELah= vaskA U
Elt ZAOE B8k, o] AF9 FAKSH gt HArt PCEE
FHASTOA 2L AEEE EHNE VeI CH, AT
IsTolM ¥ TLaol 5715l DNA 43071 s RS
2 BEEAC I8 Hartmann} Speit®s= 11559 PCEol
A GE T AEglo) AIE B FAlIA ZAET MEEH a7
7 YLAIE BTG FHESY2 glE ALE Huskd, o] A
Fo Aoisigct. ES VOCO Ist. W HuzTolr 4
AZEN NS VERAAOH, 3 DNA &4 3 0E BHEEA
ch ol 7t 89 Bst skold AZEY aNS} vl sl
Yato] Rpoj7} UCEZ, £& &8 BE9| 45 Ago gt A
F= 8L olFolHol & ALE HZIEr,.

o419l ZIT ol MESH HW Ue RASEE Mix,
PCE, TCE, Chl ollen, AZ=Y FIt ge AL CieC,
DCMoIRIC}. DNA £A}E 7= PCE, DCM, CteC, Chl, TCE 5
7IR g EfEolA ZF FRIACE AzTolA TLol AR
22 PCES®} DCMo|Utt. fEEHo] HEkalARE Uehdr)
H, e £271F0) T A2 E dok & Rojrt o) AN
ANelg Ass £&0] 242} 2ug/m, 18ug/mO|EE HE &, 4
884, 54849 7150 viashdE oF 20008 o]} B2 £F
oA BEE Aotk It o] 7Y HETrt HIF Xl ¢
ANEN= FHT A7 UL AL, ¥ B2 5%olM /4
=4 B g9 M Ak ROE JA8T Askas &
HEHE Hel F EF §, DCME & d19 fAsE Z2BE
HA O, PCEE A¥ATS} tlE Qe Bt PCEoll tidh
AJoigh Qte, AEAEolA] HHAT = WBCE o0]83IX 1L 0]
HTE mouse cellS OIESIATHE XoIE B3l REHQ 4HY
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E4 U f7188hE0] g4X gdHold nXe g8

2 7158 A2E Y4gAY, £59 77t €g3 2otk
LA 22 &, TCEE 71E 20 RARE 23 HY L Chi
2 7182 e} goldt 23 Bk I o ¥ 7 8EE
o] FHFEE HA A2 BF AUk AzEde =l
HeRoI] wWEall, 2 2AE BEGPIE olti@ 2Eo] JUs
AT BZjent. EgEE 455ge PSR sileu,
TEE Z2HEE 1 oHE BEGYIE oS A2E Y7Ent.
M He 8 27180 TCE & 3477 85 w86l A2
Lt WHOOA = 1227) g5 1831 Aol ol 71E &5
o] M2 4ol =& {9 e, MEZL SEkEA Yl Yiknt
AR & o739 Halol wie} FA 7IEgEE sl g A
ot Z}E £89 Gl87VIEE HEY mols 534 RS
oY F71SIHEE § i 39 oEY 819 tlEo] EF
240l oM FEXel Y &7t daskiet AlgEH,
DNA &£48 &8 2 + AUe TE 4T A3xel @bt
87EH QXY 7} 7B EE o]&dl] FIFY AIEE Alg
Sh= Aol Bt F&3 Brvt selet AlREc

4 &

E £9 Vo7t 2R EE tGMEETI)0] njX|e S 8
7Y Qo BHe E9) 71F 5 £ Trichloroethylene(TCE),
Tetrachloroethylene(PCE), Carbon tetrachloride(CteC), Dichloro-
methane (DCM), Chlorofrom(Chl) & 55& tii}OE 4#&7El
mel ZAISI] Aol ARSIt DNA &4EEE BIIs]
sk S E H71YSY(Single Cell Gel Electrophoresis;
SCGE), & comet assayE 24151910 F7} AFEZE Tail
length (TL)Y O AEld SEURTS vial F45IRch
Ax=EYd g7t s ACZE Mix, PCE, TCE, Chio|Rlon,
AZEH Gt Qe A2 CteC, DCMOE BETYCE DNA
£4FI7} e ACFE PCE, DCM, CteC, Chl, TCE, Mix%}
Lt AskoME F858e B 882 PCEY DCMOZA,
o] ATY ALt HIE MY A/IEH = 48 Aol
Aot L, 27189 shdM FESE 8719 g€gde A
Alske ALE Wzt
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