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Biomonitoring the Genotoxicity of Environmental Pollutants

Using the Tradescantia Bioassay

Abstract

Higher plants can be valuable genetic assay systems for monitoring environmental
pollutants and evaluating their biological toxicity. Two assays are considered ideal for in
situ monitoring and testing of soil, airborne and aqueous mutagenic agents; the
Tradescantia stamen hair assay for somatic cell mutations and the Tradescantia
micronucleus assay for chromosome aberrations. Both assays can be used for in vivo
and in vitro testing of mutagens. Since higher plant systems are now recognized as
excellent indicators and have unique advantages over in situ monitoring and screening,
higher plant systems could be accepted by regulatory authorities as an alternative
first-tier assay system for the detection of possible genetic damages resulting from the
pollutants or chemicals used and produced by industrial sectors. It has been concluded
that potential mutagen and carcinogen such as the heavy metals among indoor air
particulates, volatile compounds in the working places, soil, and water pollutants
contribute to the overall health risk. This contribution can be considerable under certain
circumstances. It is therefore important to identify the level of genotoxic activity in the
environment and to relate it to the biomarkers of a health risk in humans. The results
from the higher plant bioassays could make a significant contribution to assessing the
risks of pollutants and protecting the public from agents that can cause mutation and/or
cancer. The plant bioassays, which are relatively inexpensive and easy to handle, are
recommended for the scientists who are interested in monitoring pollutants and
evaluating their environmental toxicity to living organisms.

Key words: Bioassay, Tradescantia, Environmental monitoring, Health risk
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e AA A wE Fo2ed o4gdy, aglz AP §

3 Al & BE FHgEARZ FHHEE FEEn Sid. AA /&
< HzE A o= 2 FFPE Fuso A S/HAAM
ZHRIAY AEZA FFE AXE L AeA ANE AP Aok webA
FR2gEAY FASAHS Fodstn, A £ AdHA GHA S R e #F3E v

At P BHLPYEAN A&EHoE wEHT Yo AHAY AEAE gHePe=
A Fgo] FHHT] oA 2 FAEC] AAE F Jv T AR/ HI FAlA &
Fo TESNEE HES Ao & o)t}
T AAAS 4uR Atelo T4 THYHE olFn Ut WA qdFd A

EEe B4z #dsHe dFy e s AA Sdsigde]l EHSIEI] oA
a1 F4E0 ZAE F AT FLE AR/ doH{l] #4 F AAFHEIZ 3o XS
€ fallEdY A - HY 98 2A €0 AeAY Y], F3, EG &
AEA =29 AEAE JdAY FYA 22 2 & AAL AA HEFH
T L EAFES &48 I A =HY Bl kA niEAskA
=2 Lo NA =

HEAAR 1YL 3st2ds) oz BYgE 54 2 F739IYs wygoes nF
EPA, =% #7245 2 OECD Z7Heo] F7tade & guidelined HE ot HEAA
ZIYE el BN AnZRE A 5 Qe HAsgE ABA s HXE A
A JFL JSded T2 ABH ALE ATT F U= FHol Ak =3 FHHA
4 Aaetel 2% (battery)S S3ted M2 Ade] AHH77IEezM O F840°] ¢
S EolN I e HA T2l

AEAHE o] 8T AERA 7IHE A A4 F3T FFLAEHAY FASAHE
Agted U Aoz ged Joey BEHH A= (biological system), A H U
3} (physiological change), 34 W& (genetic endpoint)®] ¢l2& T YT A ETH
ol e ARE A ¢ U3l Ames testth umu -teste} 2ol ZH g olE ol &% 3%
B9 HEAA 7Y ol&H3 dan, oj¢ tfEo], H2oe AHA ¢BAL 2 83 A8
= HHE % &7 RUHZP UAE 25480 &&= JYrH4)
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1) AFg A4 (Tradescantia)

AFgMElE A ZA BX3s 284 AEolth HEAY 23L& BF 50 cmol
32, E&84 28| (Family Commelinaceae)d] AF@ 74814 (Tradescantia)ol] 28l
deon, Zo] gz dufrl P& B0t FAHY K] HFAHE HHERAL 72
18C, 92AIZF 14N /Y, AdFEE 60-85%°lth 2AF2Au e QS et FP& A
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Ztom e dEE FAY ZHNZ ZetA HAASAME olEth Eard M REegE
7HE old Aol uidtel] Aelg el wEdg oFY, HEE s XEIUE EQ
7t A Holx &E ALE Utk & Exee 8~12709 R e FAEY Y uigE
of AAg 7 F AFE F 4L AL FI AT 7 2Eedde EXE ¥4
g dAFA AEE X8 6719 oF (anther)o]l €W (stamen)ol]l @8 AUvh e ¢
el = 20~35709] BAZ7F dE2 A€ "o e v 2 £AE 50~1207Hofth

2) AF9AY $£¢d BFEAH EAY (Trad-SHM)

AFgn e MAEN EAsts FAAZ vZY Z27] B E o) AEFAETH A
AEANZA g FHE Yz o zAFeau s Foig 35 AFER] 4] b=
o FdFolat: w4 (polyploidy), %23 I3 (structural hybrid) ¥ #7145 B 444
(super-numerary B chromosome)e] &Aoo wat Wolg Yetdt, FENY S
(stamen hair)®] AGAELE EETEo] UM 2 EE EEHAA T QWIS X
g Aoy el =5E A 44 AN $4AR EAse BEY EGA
Z 24 (chromosome deletion)o] YojuvtA FFFAA G Exfste BT Ho) THH
Y3 Fede] AA Ee dFEo] E3YS dA drh oS A% ALE A5gAAe
FE EZT7r A Hag¥eye] adEe weEl F40) F5E AE Az I
HE2s dGAEY RESTENAE U3 +4H AEF ZA2 A FEHo] HFdHoz

FotAle 4+x= Ut

3) A5gMu] v F49Q (Trad-MCN)

AFgoNe o] EIRRAZE AL EE ZUld e WA di$ ApRsA dge we
[5]. 58, ZFEEFQ SEEATY A FUMAY 2T AAE ARG E
A Ao RtEttheE Abde]l # gElA stk FAA &4 wE AR F594 ¥
MH 27} (acentric fragment)ely HAA GAA BFHE Y (sticky chromosome complex)
7 g 48A dAA (tetrad)Al 716l vl o2 FA "ot o]AE o] &% BAHA
€ 9% Trad-MCN assayel dto] Ed¥o] FEEHY WAL & G4 &4 dF
of o]&57] AZEATHE] AFENE] wAYENHE o] &3t AYAY EdHo|dL ¥
3 1407121 e] APAIE Ames testo} HlA3Y 67%9] HPAH L BHols RAoE ey
=3

4) 47124

AFLAE nAdENY e EAHZE 2426l YA MERoZRE WEHE 7}
4 WEgde] Eddolde dY =28 S AP E dFsAS stayd 2R
A W7) ol FHee dAGER ZTTE WoldA Y ) U ZAAE GEHT
At Trad-MCN& AZsHA 98 AgAGeld EAAY =& F AUl da &
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S Hrtsted HFsivE ZES AUY WregAgY =22 F&3 T EX 2
ol et FAHLE 0ol WIEY Fo4d 2olE f2en

5) #3229

Trad-MCN d39] A£43% dede add FAANE, & €49, AdueEs, B/F
st YA JE5, AFe HSF i‘ﬁ 1]6}1- &7 59 °“-’r‘°ﬂ €& =3 3o &7
T FASHEAY EHYME ASMY Trad-MCNe 2299 FA54E Hristed
e AHE 7HAZ AT A gelA YERH Gl dF HAE dFE A JEL
2 AR W g3tEe] &47 A WHE 2UY 7 A BFY vELAR
of ek AL AT Alxge] T3 SAoln

6) E¥2.4

FAAE AN T E EGE NIRRT &7 2 EFELS EFHY A
g vey] gEd 8FHste 3 ot Qo BFXE F LAEHA dE Hot
9 ETZA Trad-MCN 2AHL a3 A7 )Suyxe] B tjs A2 HH =3
o FriojM FE&4do] UFHAUHSE] Trad-MCN EM YL L&A wag dd ANEE
ol AolE AME F U VAT B Yot

m 2 e

UL % AT F 0% olAe AU FTUY ATY, AU, A, A
Sold ARED ol AWITY BFLATAC gy o AEHow IR e
AFolth Yoz AUFIe AEZ lWHBL7 ASHD Yo WYY FL ol

A4 QUEAZ EFUXst F83 9dez deA Uk FRUAE F F4AA (TSP
Total Suspended Particulate matter)8] FFFE9} |38ty EHE FHHoZE A3y
gtk H2 o] nAYA PMI0 (Particulate Matter: 97410 i ©]3te] 94ah), PM25 (Y]
7425 m ojste] d=xb) Fol tig AF7F AT Yot ol MAYAIT F E{UA
Hs) Ao dhHoen Foz {4 FEHoy sty SHEZDS] Fio] goldta, B
E£718 58 A34d LEEA] o Hi=o] HY Fo AWE FEUAH stedel w71
uf &0l o},

1. AstAe FF3t= FH/F4AA (TSP)

# s} 9] 2]6}"3%}?” A4 Fholgte E5E ANH FHL2N ool ol f, &
Wil wret, 4F FHEDC] WA BAIAY Yr)ddA FIET = FHEE &7
Azgde) o8 474 ARITVILFGRAE 1" ok 2y FEvete F$ A&
qo AR F7IAE 24387 AT 712ATFH WA FHelrh £3], "MAE AEA
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FY LHELEA £, 2 T A %L vAY $F7] 2EE A¥de

A Ak AEA e mARAs AdHAe AHE, E, EF, A5A, 94
LHEAR TAHE BYEAHA EFEAcIT TS 2ddo2 T Y wAE ASH
de Ud, 3§, YA gFH 22 Frled e ixddd, 9Adn g f7)
e Eddold EAD IUd £24E Edsn o wHA Fol E¥E AASHEAL
o

)
L

]_‘:_ Kok

tlo

ZHEEAA 3o} SNl E Aol FHS FUL F AT AFT & Al
grleds #AE AAGPATE Be AT 0Tz W ANER F AHBA el

EAste Aol U 424 ANE Hrhs IFSHAT Tk B APAME A5
o YTsh B Sl EARE 3 THUAE AR F FHPA] ENHE £
54249 2EHA P Frsr) Asel AT 4BAH /e e

1) 7%

AEE AEAE UM RgstA g SHMqT ApREARlE (intrinsic mutation
rate)o] %& Tradescantia 4430 E&& A&t FAME AH3H 24AT T A8
76 &2 A7 o 15709 FAME stue] APTLeE AREEAT AR, ASHYT,
A, AEASEA T, A, s3FANM FERUA (total suspended particulates)&
ARG, FRAVAL A F 140 Aol 2 Wol FHFE YL F 1NV F
Qt FEE AT Megd F 4G Anste AFEue REEAMlY Y BFL 93}
o ZFEriE el FHGME JAT el FIE FHEA 4AMAFY =FAT. Uz
AYFE (positive control) &2 HALM S ZAMSI ZTAA S HILAHS 3—’.""’5‘}9&‘4. WA
ZAE Bd AlEE Fdd FAX st AEAE HallA F 24~30 At & A 35 A
to] A3 ¥ BAM & 3AME aceto-alcohol (1:3)E TAAIATH 1A Aol 7“1]6}04 241 7+
T 0%NEE FFol 4T HFEHAU nHAY AAES 9% Zegetse AL
aceto-carmine squash method'oll Wtk HAAe7 Bd T APFHEE 15~1879 &eto)
= ZHgBeE Azstan, #FsA0H (Nikon)dtol A wig 4002 HAAst mAslS A
Fatach stuvbel T steleddA] oF 3007 ol 4RAFMNE AA3A 100 AHEA o
ARG PAY 22z Zt Agzdd nAY AL ERZ St EA4F T g %74]
# 2] Duncans testol] 2]&] B33}

r\l

ot

2) A7a%

A7YRu e Bdvoldel B WAL B Sshel PANL
g3kel vlAAE fustnt AFYAN MANGLEE AAFY Fobel e AR F
Hshe $4€ dEo, 50 Gy ol 4e) tha ¥& Aol MCN A4S Wol
ouhe ZA dEs Ag-ug BAC BE SARA §

_51_



100
90 1
80
70
60 -
50 A
40 4
30 A

Micronuclei/100 tetrads

20

0 T T T

T T ¥ T
0 10 20 30 40 50 60 70 80

Radiation dose (¢Gy)

Figure. 1. Dose-response relationship of MCN frequencies in the pollen mother cells of
Tradesaantia 4430.

olAE WEE 100708 AHER @AY 52788 10137A) FAA QA Fhete A g
€ YEeElHATH (Table 1). tizZ9 S vAd & 31310258 7S84t s A
FE AU E AFEHY ALY FREHol EEEHA QS-S AT A
29 HF HYrEE 07~14 (ng/£)oIYth AstAY &= YA wet =7t F31§
Zol7t Qe Ao Hop mAg e Bk Fdg JFE vAA ¥ Aoz Hud

Hz2F %} AEF Duncan's testol o8] FAEAHE ot vz 28k A F
B o AEde g &4 BE FodA JE 2elE gAY Do gnt
o A3EAT, AP 23T F 3% FEREX Ax e g &4 M f9
A & Aoz EMHAT MEUdTed AHGe] S AsAG T AP FAA
AE Aol e FFFUAAY AEH g SAo] ANFAYTEYG HFH R He
Roz EAFHAUG. A=, MEHLT, A1, A& e deM AP 4%, A
WA TE AFHYTF, ANFE AHYT, 422 4% AT g 40 £& Ao
2 vEhgd.

AFEgNe PR AYE oL A3 BE AFYFAM $4E AHE JEAAS G
Aol WolE st vAY EMylo] HAXe WolE s £&d EQWolnyg
el 2HE BHAG. olHd ArE AFEAMUE o] &3 FrAY FAA &4 2 g4
A ool B MY F AFEsue] FERZHAEE o] 48 vAdEA Y] EFR )Y
D7s e AE FAT = UAAeH[10] =3 YA B £ o) oF Y
g Astd o] EASNA FAHY 4L FEAA AAB 4FE A F A
=3

(o]

i

o ot

o

A Abek
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Table 1. Tradescantia micronucleus frequencies induced by particulate extracts Collected
from Seoul subway stations. The values with the same letters are not

significantly different within each column at the 0.05 level (Duncan’s test).

MCN/100 tetrads

Site Extraction (mg/1) (means * SE)
Negative control Water 313 £ 025
Shindorim - 1 Water (1.1) 7.27 + 043
Shindorim - 2 Water (1.4) 853 + 047
Shindorim - 3 Water (1.3) 10.13 + 0.37
Seoul nat’ univ - 1 Water (0.8) 793 + 0.48
Seoul nat’ univ - 2 Water (0.8) 6.0 £ 0.35
Seoul nat’ univ - 3 Water (1.3) 6.60 = 0.54
City Hall - 1 Water (0.7) 9.80 + 0.65
City Hall - 2 Water (0.9) 5.27 £ 0.27
City Hall - 3 Water (1.2) 8.07 + 0.36
Shinchon - 1 Water (0.7) 8.27 + 0.55
Shinchon - 2 Water (1.4) 7.87 £ 040
Shinchon - 3 Water (1.1) 9.87 + 0.62

1, Entrance 2, Waiting room 3, Platform

For each treatment, 1500 tetrads were scored.

2. A APl PHHE £FH A

@anww—:— A2 Pe BFOE AEAY $3Y 42 AESEE 22AEl
g, e, Ui, 7}5%, WA § wrEAolt A FHBU A =FYOEA AL
ER) wa& I Yk B 71ehe] met A2e 2B Aol BARE AL A3 F
A B AGFARE Hole APY £x AL BF 2 9o AYYH =54
sol A¥Y + Ue Ao woEt AR A% FATAH fAEe) T
7% WAE FYeA7 AR Aol YHFHE doTiAY AASE A gue
A71E ok fiae Ul 9 FUFL I UEHY o2A AZATY FEE =
A dehdoh QusRE, ok BATLE, oG BL, ABTL o f5Tae A% 35
g, 2, Ud, &, ofd §9 2rF%0] o# 50 B4 U487 solA BAIE
331, 2% AP4PezA BAZ S @tk A2 vy 2749 B9 oy 83
J eg¥HE F2 A ZWlH ForHn AW W Wrke BAY A7 o
MEY Aot mebd AU QB9 BAS AsAE 2B TR Ul shety
24 2 AESH Yo gaseler wrh AMAdBRR ) £ WA F ot == 5do]

t} 2
5 &
71&7
H.‘:_
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44 B WFE HEAE ol8F HNLIBIY ABHY P AA A4
B 2L b5 T B b N dBAY By WAL ANE & dtke "M F
2% gulg ZEg B ATANE PAN 2 83 3o YL FAMe] F2EI AR

AEZ dy ol&H1 Y= AF BN (Tradescantia clone 4430)E o] &3l AR &
of WAste A € F F WA XEHY e FEEHED AT AEYH ¢S

D a+9y

Ao A A{E T-4430 A EAMNZHEH 104 AE EE LIS 7HA Yde EAHES
AHste] 24A12F T AEAY AN oA WY A B & 22T, & 70%, =
EE 293 E/m/sec®, &7 10A1ZH 2% 20C, AUlf% 70%9 249 #X S
10~1274e] 2 E stvte] Aoz AHREAT HF3EAF] HFeF% 1F 3%
ozl A A vEA FHFY Ze AUAAY 222 5HAA MANEERY
(BASIC-5, APBUCK, Inc)& 8AIZt &< Z&3A st AW FAGAe EAste F WA
AEE AFsAT. dd ZEATT AL ol ZEE sHEA AUFFEA A 8AIEol A
£ RUle Z2AE daez o MAANBEZR7 (personal air monitor) & 28417 g

A B¢ F RAE AFFAG B AdFdME AAFAL RN A =E2dH A

TE {7180 E o] &3A ¥ AHAAd HHE F WA F FE249 AETE o=
AFgAne] HH FAE 24 A T FAAT TEAH WA FEFEY xFo] EE 4
e Fdol ARt A{A oA oF 24~30 Aol BE FMA 3 E o] A3
te B8 ZaE acetic acid - ethanol (1:3)2 TAHARTH AR HAXF F 244
Zhol A F thA] 70% @ go] AAst ¥F AFAAT AAMest d F AdTE=2
5~10719) &etol= ZHFGHEE AAsti, B8V (Nikon)stelA vj& 40082 737
sto] nlA g Ao

2) a7d 3

B Aol duidstd o F ¥ E $43% A 443 2R FFA 289
et 7MY Eten, 53], =AM I ME UAY T/ GE FI3459 %‘E°ﬂ H] 3}
Addez g4 EA3te Aoz Jegn. 4£0& FHFFE sdde A
Abg3le] &R E de % o & FEE UEE Ao 011"‘%‘4 A
oM 2AFE7Nn o] G o)A (chromosome aberrations) 4 ¥l t}i&
o Blald AFo] 71 E JFE A Aoz dgaFden, MEA FH

Lol 2E, &, 97, oldy dg% AR UAe] gFo] R AujHY ReZ W
gk EZ ANWAAEE F F FANY R FEEY THS v 22X AAEH
itk M2 t2A YdEES ¢ F AAJh

P22 487 72449 157 ZeoaEd dsty T sadeEg 300709 AHEAEE A )

o
X
z

_\b 4o nie
OH
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2 A% 300702 ARG ATD viAMe £F 10070 AFEAG AT 1A e
F2 PAste] NE2EH 4ATE Dunnettd] t-testdl] o8 FAEME o iz
n s AAE 257+043 MCN/100 tetrads€ AF33 4.67+0.35 MCN/100 tetrads (p <
001), ZHF 3% 5732081 MCN/100 tetrads (p < 0.01), M=AHFF 156+258 MCN/100
tetrads (p < 0.001)& f3tgon EAXHOE H4 e AAoj& YA (Figure
2). B8 vtz FF9 AL vAY YHEY FAN L dzTH vasHe 9 ¥E o
T2z EQ9HolE Hole Aoz yEiwd.

B Ao ety By 2Fdojule nAd 2AARE AEste A faHE 2
dgos 4R FF45Y FEEAN GUAEE ol &3 EFIHL WS F8F Ao
vehgth £33 2FE0E o8¢ AESH FAZYUA oA EMY (Trad-MCN)2
ANRAAEZE F Edolde oid E4TA € F¥E F¥o 75 FHFES AU A
o go2 AP Edwol fEde] tiFd ZEAHQA TR A B, & dF
o] ZAFLNUE o] 83 viAY EAuyel AnE B o AUAAR fAdM =FAY &
AL 3 AQEET 2 AX7L o Ao daHy {FHEAY xFo o g
7t 878 Aoz A AFeiy v BANE vay gedty, A4 4
Hyog AME 1~29 U2 d¢ & 3le FHE AVEz 2 4¥9g 3t ¥ 49
Axte YR Fo T vt2A-YAS EFo 2ol g AEEH Hrhdy
oz F&3A 882 F UL 22 @dEH

Micrenuclei / 160 tetrads

0 L . . )
NC SF SC RF

Site of Collection

Figure. 2. Effects of particulates collected from job sites on the micronucleus frequencies
in Tradescantia pollen mother cells. N.C; negative control, SF; Synthetic
Fiber Factory (p<0.01), RF; Rubber Factory (p<0.01), SC; Semiconductor
Factory (p<0.001).
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3. AUiRA oA g HEY F7I8EHE

AT 37 T FEAHAEN LA #7188 EF (volatile organic compounds)2 A&
BeA Fo3 ddAgd BHolAY U Ev 49 BAFNE Yooz FFRAY

U gdgeE v Aoz ZAIHIT Ut 53] Al fFdAE duiAulE&Frled we
#2718 #ZAE Adtd {18 GEA A7T Z2PoEN TAEHE UAAT A A7
7t AP ot FHLEARIIFEERL L UYFF T (sick building syndrome-SBS)<] <!
42 F35Y, A4A3 5% 792 € @739 2L FAAE dode AR gEA
2 Atk E dFoAE 3 AUAYEEE dAeE g HALARNEFER F
EH8xd2 2212 trichloroethylene, toluene, ethylbenzene, xylenes, styrene,
trimethylbenzene& FAH 22 39 FHEF S Fristnzsen, A0 HEFH 944
Ht & Z3(battery)dted AW FGFolA FAEAE Hrtstna st

) a8y

38t3 Ao APdFoz Ry TAHE HEARCISEES] A 2 FFE 94T M2
EZEAZ¥ vF Scott Specialty GasesAtolAl & Z% 1 ppm FE 4$3te 7t24 X
FEAE FYstd AR AT ZAY BEEES EF 40 TH HLARVISHE] &
5ol e, o]z US EPA TO-14%HdM e FANYERAZ deid Ao B 794
€ e Ad #HAZM VOCsE AH37] F2 3ol 400 mge] Tenax TA7F $3
g FEBE ALLENT AP E AEAT HAMC UzEA wEdEAE AdY B @
©]-& (intrinsic mutation rate}ol ¥-& Tradescantia clone 4430& A}&3tsith F3ae A
BAH NE 2Ntz HAS AFH 7452 70 mL/mine 2 AAs MF Fys <
8L AMH3AT. AE AFH A A-Fo f&e #MIe 10% o2 FAH Am AF el
o AdEE FI34Ac NEAF FaE 3ZUE AFRNeY 1 7EL AxAA F
Tzt A &g e guse Ay FAFY 2FWUE A (MEHQ site #6373 D3
I, yez & Fde AW Adde 3710 U2 #@7)sHe A8 SAS AAstd Ag
AHAt A AdF rleA A EME AT FHBE ol&F AlmAFe
Tradescantia A & A& o] &8 A 2383 boimonitoringd FAlol Fqsgch 4E L& HEA
E 240N 89 Tradescantia clone 4430€ 33 A 2AFFoNA 2417, 6413, 2
A3 IALEYG =E23AT. =F F 4NTY HEANDE FH9E oS 2R, HAAsAT
etz BAE 93 AlaAss 2d F3A#L g EE A9 brass Swagelok screw cap
oz g3 ng AR FHol R}y JPLE 9829, biomonitoringS 93 =
2N 32 Tradescantia A EHE FHTE AAT vtzol Gol A9 F7lo o3 29 & WA
Ao

2) A74d%
Ad A4 Mg A4 2 ARE AAH AZENZIMS)7E F3AE Finnigan GCQ
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(GC)E o] 85t 2AS Zgistdch Aol &3 (EI) REOA 70 eVE A 8F o] 2859
3, ol5Y 7NAZe d5S AHEEE

Table 3.1. VOCs identified at chemical workplace field air and detection range (Ug/m?)

Detected VOCs Site 1 Site 2 Site 3
Trichloroethylene 2.1 + 027 42 £ 05 19 £ 02
Toluene 19466 + 146.3 13683 + 995 340.1 = 256
Ethylbenzene 12.1 £ 04 120 + 05 44 + 04
m,p-xylene 135 = 0.2 102 + 0.2 54 + 05
Styrene 18 + 0.2 1.8 + 0.2 16 £ 0.2
o-xylene 10.1 £ 0.1 73 £ 07 38 + 04
1,3,5-trimethylbenzene 1.7 £ 0.11 7 £ 011 3 £ 011,
2,4-trimethylbenzene 3.3 +0.13 9+ 0.11 501
t , Values represents mean + S.D

rlr

toluene® FX7} site 13 2 RFoM 7HF #A JEbWT Site 244 EF A ¥
13683 g/m’ site 1914 & 19466 g/m’o.2 Ut th718 AN A E ppb FEOE
EEERD £ ou) 14 wiEsEe Aoz Jegd. adan, #He Al oigd 2y A
oA ¢ FLAIE Ao2 BuH trichloroethylene site 13 2014 Z+zt 42 g/m’%
21 g/m'E Bgot. 2 9 ethylbenzene, m,p,0-xylene, styrene, 1,35-trimethylbenzene, =
2] 11,2 4-trimethylbenzene S EEL AWl G site 13 2 22 7] & EF ¥
2% T FFELE FJEHE ALE YERY. Table 3191 AWl Q%9 site 1% 2, 2
gu 971X #EE 29 VOCce FE (g/m)E kst vehlAct.

=
HE

> w
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Table 3.2. Frequency of micronuclel in Tradescantia inflorescences exposed in situ to the
workplace field and outdoor air. The values with the same letters are not significantly

different within each column at the 0.05 level (Duncan’s test).

Exposure_sites Exposure (h) _ MCN / 100 tetrads
Site 1 2 6.13 + 048t
6 820 + 1.02
(workplace) 9 1567 + 0.73
(workpalce) g 953 + 0:45
Negative control 2 293 + 043
6 280 + 0.25
(outdoor) g 2.87 + 053

t Values represents means = S.E.

¥ , not significant

Table 3.2.91 Tradescantia AEA 2 k& & wAYg YH&9 AHRE YA
etz e AW FYANM =5% Tradescantia 715 EAZe uAdREANe T
Duncans teste] #4243 ¢7] Fo] &% 2Ty A FFEE Fol =& A A
L BEF foA 2E o] Hol: Ao et SARMNARE 539 =EFA
& 2A o2 FAE WE 6AIH FoAdo] UdeR] g& FE Q7] wEdl (Site 1, Site
2), 6A17e] =& A3 =& FAHLE FoF FAE TAEAE FId &
otk ALY R1SEEY 2E3HAE 627 oj4e xFo] EIIFFE FA3AT (Table
3.2.).

AWNZRNA e 31824 Z=AHe biomonitoringe ©) &3 Tradescantia M)A 8 AR E
Azt AW FAZAA A7 =EA] A Z2AENA FAE A2 AEL ReB AR
gth 3eFge] A AgZo)A e Tenax TAZF 238 FFH/GC/MSHHEE o143 3
g2 243 F Ao biomonitoringg ©]-€ 3 Trad-MCN #3y& &8 AW Aol Ae] &
HEA VOCs 2 FalZ Ao 9% Tradescontia PIAIE HAES 44 #F & 5+ AU

AFgn e HEAA 7I1PE AEE $F AlE "art gloed, QA FFEY A
2o 3ty in vivo AP in situdll JFHLZ GE&H Y AFEA AEHA 7]
M2 in vitrodlA AEY F YT TS5 HFEEY ofv g 2FEZ] FRE
32 d3 F74E TEY AHHoR S nAE GG HFEA HPso AFEA
H) AEAE FASAEA U3 gy, §H2EEA FAldd AF3oz &85
o Atk 53], gt miHe) EAstE FASHERY FAE st AFEoE A EA
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#g A7t el HEHT Y. FHHE FHFLIEE AEC e FAFLAEZ
EA g FAETEA AFENE HEA ] YEHF 7I¥E EEstn Ao

BA 30del 2H egEde ¥ FEFL ppbrEl cl2H e, A2 Ak F
RRg YuhFolA SN EAY Balol ANFE TARAT 2P FS LGB
E3E THEZ EA3] dEed FRE ADdolUSE Aot Yok A
549 °“‘o*~ Ztzbe] f4vt ot EFEY EFT M whge] dyelr. Feof
e AzAEn Z29Aen e ARSHA JEkEel ost BE2A e
RN T8 AEHHA A20FH 3k FA 30d TR =
LPEA FFoz HEHAT, FEL H=2L HAVEWHAN e XX
I, e AEFHA d7e 9¢d FAHALd U £ FFFFS
Fol gtoh. E¥ g R F¢2 EFHY EFEA st F2E 5 3
dd Aok, 4t FRe] ARYBY BN EFEY BEFHA I
LdEZANN FHE HAEHY YA e F 8 ARE 8L F UE
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