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Sister-Chromatid Exchanges in Lymphocytes
of Medical Students Exposed to Formaldehyde

Soo-Jin Lee*, Jeong-Il Son* Sang-Hyo Sim*, Kee-Young Kim* Jaecheol Song*

Suo Ja Chu™**, Sung-Han Shim**, Youl-Hee Cho**, Doo-Jin Paik***

Department of Occupational medicine, Hanyang University Hospital”
Department of Medical Genetics, College of medicine, Hanyang University™*
Department of Anatomy, College of medicine, Hanyang University***
Koryo Industrial Medical Center, Young Nam Medical Foundation****

Sister-chromatid exchanges measured in the peripheral lymphocytes of 15 non-smoking
medical students after exposure to formaldehyde during a 24-week anatomy class showed
a small but significant (p=0. 0468) increase when compared with samples obtained from the
same individuals immediately before exposure. Mean frequencies of sister-chromatid
exchange of cultured peripheral lymphocytes were 5.40+0.24 from the samples before
exposure and 5.87%(0.22 from the same samples after exposure. Breathing-zone air sam-
ples collected by formaldehyde monitoring kit with digital colorimeter (SKC) showed a
mean concentration of 0.72%0.02 ppm formaldehyde.

Key Words : Sister-chromatid exchange(SCE), Formaldehyde, Mutagenicity
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MB

S slo] = (formaldehyde) & 313, dQlE,
ZepxE, A4, A, AR A 5] EollA B
AstA AMEEHE Fa8 THEAC|T riFME A
d <F 1607 Ho] ZRE M e AR ¢4uA vk
53], o] F o 1/3°] 28 /AEE F, AFAAL
A, %, e 27 AP AAl, 23 234,
WA 5o EXoz AgE3 T (NIOSH, 1981).

EELBlolz HRo g% AZ PN F2 A
HHR AAs mdst JEAY gRda 2L gy
Wl F7t HAy, Z%(Auerbach &, 1977;
Benyajati %, 1983), Ali (Nishioka, 1973) %
A TdF Magana-Schwenke %, 1978) & o4
o2 $PE dTE 3 EAHolA (mutagen) =
v 4% 24 (carcinogen) Yol SHHUTE Al¥
# AF9dA = Chinese hamster ovary (o]}
CHO) ¥ (Natarajan %, 1983), Q1zte] ¢lxp
(Miretskaya ¢ Shvartsman, 1982), 4d-foh
X (Levy 5, 1983)0lA ZEGH3lo|= Z24] 9
3 A4l o)4 (chromosomal aberration)$] W%
7 #EHAY. =3, cell transformation®
initiation (Ragan® Boreiko, 1981), A}gte)
diploid lymphoblastoid cellsellA] forward
mutation® %7HGoldmacher®} Thilly, 1983)
= #RFHAG. 2, FEAAAEANAN Q44
o]4 (chromosomal aberration)e] Z7}E+ Aw}
v #EEHA &yt oj9d dFEME CHO AX
&} A7t duppol A Al @M EA 2B (sister
chromatid exchange, ©l3} SCE)¢] Z7}H 91
(Obe ¢ Ristow, 1979), FEAHEATINA EEY
Hlslo] = slao] E2E AR Fo)A vlge] F7} &
v 432 #Fs99d(Swenberg %, 1980;
Albert &, 1982). Iy EXELH|slo|=e] Z2
He IERAN QWS AFEA #YdE
g o g Ao ATAHEL ME i
AE Hastn 3ol =9 diiel Hm givk
(Fleig &, 1982; Thomson %, 1984; Yager %,
1986). =3}, TELHsIo|= H27}F Aol )X
= 4] B3 JEATE 43 AT HIpHoeZ
Al Hag o7} L FAlel Z1Ee] AldEd

3 FEAES B AVEHR e SRRl g
FAE ANstE B Adsie] A7 AAeHE ¢
i 7FsAol e EFEAMT ARHn ot wek
A M TS fsle AAE daesg A¥dT
EE 4Tl Bt geo] Jdsolof & Ao},

53 E29 Aol g Eduiold e giw
dell B AT ZAAE MY o FaF AL
A43Y) 2 BAolt). &, AARstaA e 23
o]9e] Thkjt BA o) FTEFo RN o|F9 g
7} FAle] 0] Fojz]7] wEe] 29| whgoF Qo
A A7 53 dd B2 24 7Qee 2
HE fEdr] oy oleid B4 wie] dgy
Aol o] AZhiA ek, FUoME Ei-H7)
A0 Z2He 2EAE FAHS2 SCEY gdnl
TE ZAR AT FHET 5, 1990) 8] VADTE
(ERe F, 1989), ZE(F+H, 19949 & F g3t
= TEAE UALR 3 LFo AFTe] AP
t} ol Agre I EUddsio| =M E FYsit)

uEia] B AFdMe B4 ke AT A3 7|3t
B EEGH S| = o] 9 R EA ZREUE
7beAol g AHe ol g idor )yl
A% AFy 835 dukpolre] SCES WEE H]
A& - BN as, vmd Gr|HERE Ag3
oF 247F) B<te] XF gujstelz FE27F AudME
Az viXe e FHeY, EELH =
o] e WE WHolgA (mutagenicity) & 93]
3, {24 (carcinogenicity) Bt Ba3 2tg
& AAstnat ek

HTCHY 2 Y
1. Ao

B A7 Ul g9fdgely 3A 2 738
712t Bt EEGUE|E o199 fAlEH £
HAE 7FsAol m$ A e AgdAaS Uy
o

1996 sl%3 AFE AlFele A T F9E
A A g 1589 A4AE R 14 AL
g, A, A2 AgdH ¥ fF 2 FEHE,
25 9 AGHF Tl T AGE HHE Fokdd
gpebala, R Hgo] AFHe ¥EER A,
Before) ¥ 247 E<te] A% F (T2 F, After)<l
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1090, a7 dxtEe] 42 FYEE 5w A™Y
&t Qg wiodsle] AaA EE-E AAFEta |
g & 7k ) Ee)A SCE H=g #EsoH, &
24 - %9 ANE MR Hlm E43ATE AF7IL
Z 549 94 23], dHAUe TELHEIOIE =
& personal sampling® 2.2 &3l 23] 33
o] FUdzke AEHNEY NE XELol=d o
& Z 2% (Dose of Exposure) 2 7 2} 3ch.

2. Xtof dMEH W& (sister chromatid ex-
change) Al%uiy

7

A WRte] ANE-E 5 mE A|H3t heparin
Mg A AlFH golA] HolE F 4 € WA
o BAEIATE

2) ubt vk

o7 w2 Verma$t Babu(1995)7F #AI%
Wee A 433l mitogen?! phytohemag-
glutinin (PHA) 3 44 EU4dd, ~EIEv}o]
Al) zela, fetal bovine serum(FBS)<& 10 %
Y22 H71E RPMI 1640 k& A=zsA 15
mi A& # (conical tube)ol 10 m¥ EFdle BT
BEZ & 1aA] moA ARG 37 ¢E Pl
ZH|E kel 0,3 me] 1L Yol & HoF
% 37 ©ol el 4877 B wlFskch
48417t % Bromodeoxyuridine (BrdU) & 10-5 M
HEE H7)ete 244 7HE o wiekEgch

3) M EE B

dAA EBE ZAE Verma$t Babu(1995) 7} A
A S AR FAs o 2ol AASHA
o} Wl F& 45% #Ho Coleemid® 0.1 mi(10
ug/ml) S =F HBEA vlgo]l TaETA WY
AlEHE 94 Eeste AEE FAR F 0.075 M
KCl2 2583t A9 Hsx, Carnoy IAY
(methanol: acetic acid=3:1)2.2 3% 133 F
T2 Ayl osle] |aA XES A
o, 1% 2FGA 7 dadA Alasket

ofAHEq Tl ;A

Wolff (1978) ) #& U %

o &

A2 Perry

el oh2d Zo] AAEYTt 3U3 aging €
EE2S Hoechst 33258% ¥%3% Sorensen
buffer (pH 6.8) 9 = HAFF=7} 0.5 wg/ml =
T2 gE g 158 HE 3 AU SRR
A#E&2ct. thAl Sorensen buffer® mounting
& % 360 me UV lampZ 10 cm Aol 4 Al
7+ B¢t ZAVsHTE Cover glassE A|A3ML 5 %
Giemsa&9o.2 Al 1000ue] @vizez #
&%t

5 % Zutel Hut

BE AA ot 2749 wjF AEES AHest
dom 2 vk AIEE vtk 30709 AEEE F7)
& BFI SCES ¥ IEN=E T8l
SCE @54 #sate 4 &gol=9 F28(F=
A-Fel dg FE glo] a5Fe=N dFe| A
& 7stAT

3. 715 ZEUstol=e] £ 3 24

715 TEYYslel=e Alaals 2 ¥4L& SKC
223 74A) (passive bubbler monitoring kit)
g ol&3l¥en, dF F TFYY (breathing
zone) ol 7} VA AEFE 710 FXF &S5 Fo
Yol Ax]Ele} 3-4A17F .

SKC SAEZAA ] o 7t - F7)e TR
E21&A) 98] kundsen At aze] 23 9 &
ZFsle 99 (Lautenberger 5 1980, SKC 1990)
£ NEe® 3la Jon, F5FY0] ¥ {4A
Hekel BAabEZ] =] (passive bubbler sampler) ©ll
Sorbing Y22 3a F/F 5 nlE AN 2H,
ojf 71l AEAA AleF AMBTH, 3-Methyl
-2-Benzothiazolinone Hydrazone Hydro-chlo-
ride) 1 tableto@ &% F, &4 A%k B(1.6 %
sulfamic acid, 0.6 % ferric chloride) & 1 ml 3
7¥ele] 158 F< A2 #3] & DC1100 digital
Colorometer®2 &F=(2F 630 m) S gi%lom, o
W dod Fh& kit ARA (SKC, 1992) oA A&
Az or ARE A&

ArEn

flo

ATFHIAL 158 25 @I, BEAR
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21.24 (Table 1), A4 ¥EFAALATE FRAA #o)
of d&E WA F & AARE A Ue HIY
7Ads 719y, FEES, PAKEY € 7E §
T, AYAAEFE T5 Tl A3 HAE AR
ZAl M e 5T Algo] @EEA] gttt =
FAEL dgol AYPse B¢ &8 5T AXES
g A A3 13§ veddnE ey,
ZENE BF E2e AasoldA) gk

53t AES AlFEr] [l 393 dgol B
Tl 10€ AT T2¥Y Y] SCE T
A¥lms AQIER WEYAEQ @Atk wahA,
Z2H7 ZEF Atole EHNIES Aol E
Wilcoxon signed-rank test® B3 #o4 AZ
< & A% FAHE {fAF Aolst AR (p=
0.0468) (Table 2).

SCE #anize] Wals AvuRd AX 159 5
1190] A#d Boh SCEZ 371 Ao Jelk
I, 39 (11,12, 14W) 2 ASET 20 % °|¥e F

78 B93, 10 % o449 718 B A%x 59
(5,6,7,9, 108 ol ST}, ey, 498 (1.2,3.15
H)& 2388 ZRAEG F4E o 1F 1M
32.8%9 7AE RYtHTable 2).

HARES] RE doT NE REEH - F FH
45070) & A3, AEE d4 A (Before) T F
(After) ¢} SCE ZHRIze] FHRIEE 13T
o] 1¥E EAM AEXF SCEY ddvl=es Z2
37t HFEARG & AL 4 7 djH(Fig. 1).

AAES EELUSOE & £ PER

Table 1, Age distribution of study population

Age Frequency (%) (n=15)
20 4(26.7)
21 7(46.7)
22 3(20.0)
25 1{ 6.7)
mean+SD{yr) 21.2+1.26

Table 2, Sister chromatid exchanges in lymphocytes of subjects before and after exposure to formalde-
hyde, and personal! sampled air formaldehyde concentration.

Code No. of FA Mean SCEs per cell
No Cells concentration Before After Differences
scored {ppm)* Mean=£SE Mean+SE*
1 30 0.62 6.00+0.50 4,030, 47 -1.97(-32.8%)
2 30 0.64 7.30%0.50 6.67x0.52 -0.63( -8.6%)
3 30 0,66 6.90+0.57 6.75+0.53 -0.15( -2.1%)
4 30 0.67 4.97+0.42 5.3210.46 0.35( 7.0%)
5 30 0.67 5.30+0.45 6.17+1.42 0.87( 16.4%)
6 30 0.68 4,75+0.44 5.33+0.51 0.58( 12.2%)
7 30 0,69 5.33+0.46 5.87+0. 42 0.54( 10.1%)
8 30 0.70 5.73+0.54 6.04+0.51 0.31( 5.4%)
9 30 0.74 4,47+0.42 5.13%0.35 0.66( 14.8%)
10 30 0.75 5,.57£0.52 6.30+0. 56 0.73( 13.1%)
11 30 0.75 6.00£1.05 7.30%0.53 1.30( 21.7%)
12 30 0.80 3.82+0.69 6.10:+0,41 2.28( 59.7%)
13 30 0.81 5.87:£0.48 6.27%0.55 0.40( 6.8%)
14 30 0.81 4,25+0.45 5.93%0, 60 1.68( 39.5%)
15 30 0.83 4,83+0.40 4,77+0.42 -0.06( -1.2%)
Mean+SE’ 0.72+0.02 5.400.24 5.87%0.22 0.46+0. 25

* Personal sampled formaldehyde concentration (ppm)

* Standard Error of the mean among cells
" Standard Error of the mean among individuals

Statistical significance between “before’ and “after’ SCEs frequences by Wilcoxon signed-rank test ; p= 0.0468
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. Fig, 1. Cummulative frequency dis-

—~ 10 —
§ =, tribution of fooled SCEs per
B B oA cell in medical students
§ <2 before and after exposure to
Y R e formaldehyde.
T 0 (U
[
; 7 1 2 g
R R« S -e—Before|_ _ .. _
Epl oo W ——After | _____
O
Ll P
o P .
0o 1 2 3 4 5 6 7 8 9 W W 12 B U B
SCEs per Cell
28 SAsto] g A3 7 @ .62 ppmel Table 3, exposure standards of formaldehyde

A 7 w2 0.83 ppm7ZkAl BHT 0.72+0.02
ppme. & el (Table 2), ©] x5+ 19 8A1zt
Agshe SEAEY] BAEVFoR AHEEH 9
£ OSHA standards®] TLV-TWA?! 0.75 ppm
Bop ozt B fFEolw, duiEArIEd 0.1-0.4

ppm RO &SI (Table 3).

=

R

Aot AEBA NN FrEHe g EFE

o] Wk EE EAWolYgE Hrlshes WoR
A AERAGH PRo] mso] BHAsHA &
|53 vk olE F TExyEAduTe] M o
FE st wrlele HT 22E el
SCE®] HaHNIEE AR WY Fol 9] ALEH
L svh 53 SCEE }% she e 9Ty A
Byt B m& Al=® 484 slvk(Anderson
%, 1981). SCEel &dNlEys WHoldAlwl webi

o] ERlE EAo| gt dhAtals Fol& F77t
Aok By HPow, Ao Fegty o4&
fdste TR 1/10-1/1000) slEdstes FEoA
% SCEZF @=L glo] dAs e} DNA &40 o
g W% ARE AF olE&Hz Uth(Kato <
Shimada, 1975).

EEgYstel =0 Ed®¥elA (mutagenicity) &
&% (Rapoport, 1945; Auerbach %, 1977,
Benyajati &, 1983), Al (Nishioka, 1973}, &
2 (yeast) (Chanet &, 1976; Chanet® von
Borstel, 1979; Magana-Schwenke &, 1978)<

(unit: ppm)
. OSHA' TLV-TWA® 0.75
Occupational b
TLV-STEL 2,0
2
Non-Occupational HUD . s 0.4
Canadian’ 0.1

'Occupational Safety and Health Administration
Standards (OSHA, 1992)

*Department of Housing and Urban Development
Manufactured Home Construction and Safty
Standards

‘Canadian Department of Consumer and

Corporate Affairs
“Threshold Limit Value-Time Weighted Average
"Threshold Limit Value-Short Term Exposure
Limit

F33t o] F(species) oA AA =] Pt =3
Chinese hamster ovary(CHO) A=, <lzte] 9
79} AF5AE (fibroblast) oA A o]
(chromosomal aberration) ¢ Z7}71 #F=HYD
(Mitretskaya ¢ Shvartsman, 1982; Natara-
jan &, 1983), CHO A1 X9} ¢1719) olu}7tolA] =}
vl gMEx wE(sister chromatid exchange)
Hizel =78 &3 (0be9 Ristow, 1979;
Kreiger 9 Garry, 1983; Natarajan &, 1983)
e 5 ERFY MEE o83 AlFALIANME
EEUU el EHR|YS AR FAEC|
AAHATE 22 AF e FF AEe) FHo FR
A X (spermatocyte) & o848 A= 9
A o] de] F71E BwAEA] &3l th(Fontignie-
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Houbrechts, 1981; Natarajan &, 1983). @
EELustol= shxo] ERE A FAA w¢t
(nasal cancer) @l ¥Ale] ®u¥lo] (Swenberg &,
1980; Albert %, 1982) f1Ae]A9] <& 71
gell gt #4lo] FUE Ak

TR, EgYUsiolze] H2E e ez
# ATEE &4 Baso] g 19824 Fleig 5
< EEGUIII=E Aste HAd IR &
ZAol| A, 19841 Thomson T2 B2 224y
P5-oF #¥E TEAES AR § AP &
Z duroAe] G o] F RFE 2ARIE Y
frelgt Adte AAEA Reidvt. 28y 71F F
T ¢F 1.2 ppm®) EFDHE Bl =l F 105:(23)/1
F, 2%/18) 7 Z29 5 A e 22
Ao vig) F2 Fol Aujdy EAng W=t F
7FellaS Rashe(Yager 5, 1986) & UAE
ez 3 AFAREL TG sto|=e E9W
o], T MERE AT dBE A%
£ AABHA] F3ta ok a3 e e
3k Aol et AFE (Jensen, 1980; Marsh,
1982; Jensen ¥ Andersen, 1982; Acheson %,
1984) ol X & EFLUEIol= Z2d] 27 A9
F7vg #zbsted ddstch oWt Hayes
(1986) ©] EEgdslol=d] ZRHYE R 33
He SEAS g A AFolA dzte] uigk
{(nasal cancer) $¥%9 /I BId}A 374
7o 24L& AAATE W, FdNe EE
dejslel= E2ol AUE AX {AEE £ o
2 A7t AR el

ws EEGH Sl ZR2o] oF SAWA
(mutagenicity) & &-524 (carcinogenicity) ol
#3 J1Ee] AFERES FEAPoIME vy
FEE 71eAE AAsa e, dAd dEde
FAZL BEFETE BAFa itk ey AR A
9 8= WA F gl FFelBnE ofd) UiH
FTAT7E Ag lolok & RAelt),

£ dTe #A EEge|=g et &4
Hold e gfed EFEC FEIHAL 74
o] Wi Fulali A FA olE fElEA
e Z2 {78 FAE T U gANTYES o
Fo Aol S A =M ATHE ¥
aH A AN F AL Aoz JA"e), duky

o8 ZEAE LR sk 479 71 & BA
He fAhztEe] A7l 53 9dEde] Z=2
vt ZgelA] gkm ookt EFEA E2dde 4
Fol iRy ¥t ol o5 BAY + gl
A7t gk =] Aoidzlel 4, 4% S 2
S AEE EAoY F9Y, AYY 5 22 o
2 8180 AFdTo] IS VA F Qe
AT S R HAE Relrh uwely of#
AJHEL AAH oz A4 NIRE Hojx
e 89es ALt gy, B dFdde 4
TUHFES 20-24419) FATo R AR3IH-& ¥ o}
Yt 3A g4 olgje e FAYEo] gle vEFd
AHE ez FRem, g A7AIF g9
7 7199, FYA 588, A HEYY 5 A
FAT G vlA £ e 8 8AES vlE
ARgezn A7AIY NFHx FAE =R
o} whebd dFAzkel M AT EY &9W
AqMe £ A7 By Z ZEFLUto|=el A o
e EQdRiold T WS Hrlslte AR A
To Ryomx FHRIAE F EELH S|z
Zzde gqstyS ez RARE AL
+ AJAT Aoz Yo

3 E4o Ed¥oldA RF-E 2AE] )
S7HE 7 olgder EZ F AN} ol
wgsted] "WaF AT AHE Wam v,
o] 7|7t E& £ FFHU ZEAY FE T
wtel of $- 3o}z A& 4 Uk Yager T AT
(1986) M= X ELHslolxe MNF =7k B &
79 FEROE F2 9 1.2 ppme] #AA <F
10537t E2 3olA {93 ¥sle Ry, 2
ApMe 71F %, 0.72 ppm BANAN 24F
Fode] £z SCEY #9013 2718 23 % 3
Aot U 24F7ke] @AVZHES SCE gdwl
To] g FFo] F2 A FF Fo| 23Tte]
AFgE B AT A9 Z2870A /g7
SCE W% #7188 #AFsler 838 Ja00E
&4 4 gen, FF o|& sl AdAe BF
717t F SCEel W@ &3 o] Fris]ojol & Aot}

B Aoy A7didate] 7t 1582 vaA
AFE AR Py, ol wAAe EA4E
7HEE F9aA g 93 v EFARK 38 F
HA Ao A ER e 71880] gle YL |
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do staAl e, 1 F7F A9 FAHUC.
mebd, BEEARE o 2 AFe SCEREA
=9 Aol & HlmaA HA

B AFoMe 22 & 3d VF % 0.72
+0.02 ppme 19 8AIZt AYPdte ZEAES] &
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dardse] TLV-TWAS! 0.75 ppm 2t} ot e
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FTEduste]l= w=7t 0.75 ppm °lste] FF
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