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ABSTRACT: The acute and genetic effect of formal-
dehyde on mice through inhalation route was studied. The

Riley’s
exposu

chamber with one stack of cage was used for the
re and the micronucleus test was performed under

unprecedently maximum exposure concentration. LC50’s of
formaldehyde in mice by whole body exposure for 4 hours

were 1

05.5 ppm with 95% confidence interval of 72.6 ppm

and 1432 ppm for male, and 159.2 ppm with 95%
confidence interval of 116.5 ppm and 272.7 ppm for female.
Clinicial symptoms by acute exposure were salivation,
lacrimation, and abnormal respiration. Weight depression

were 1

80% and 225% for male and female, respectively.

Pathological examination of the dead mice showed pulmon-
ary hyperemia, local hemorrhage, and hydrothorax. Renal
hyperemia was noticed in the cortex and medulla. Formation
of micronucleus was not significant by the 2 hours exposure

of 229

ppm and 273 ppm for male and female, respectively.

Key words: forinaldehyde, micronucleus test, LC50, Riley’s
chamber, mice, inhalation
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HEF, 2A, HAE L AKAE 9FF 2970 type o] AFe wol AL

729 AN E FUdER duk (O 5, 1988). Ad2olA 7id el 712
M A3 apAdo) Astal ol oM 55% 7HA] §EE o] T~8%2] WEEol
20302 wo] AA&E 1 gltt (Nelson 5, 1986). &7 % formaldehydecl thgt
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k] &S Heg, sjEEokol lo] AMAFe AUIRES TEuURle] ARRA| Bk A o]Q]d
A-E2F vl 717F2 (NAS. 1976, 1986) ol ~] A=) H o5 (Ahmad and Whitson, 1973; Solomons
and Cochran, 1984), &ifjoll A}8-5%= @33} 7} (Solomons and Cochran, 1984) 59| Z#HAdoz
FA A Aot g A e AR “? 7FeA o] MAl F EzarEHof o g &4 A B Akare] o (Nishi,

1988) 0l o122 7|72 vhakdt Fel & iAol mZwo]A 3 Qi)
Formaldehyde®] m&ol W3l =A &3 3747 FH7} ‘l:rﬂ A= 254, Ae dYaA,
mro 2= WHol A g ik golnh 3439 Hutel] diE A= AP £ Ao rs B A

(Bernstein 5, 1984) 7} X @ o] 1 ) Kol gk Ll =74 ”3} TGt go] A-rxeighAh 557
o] HGH Aol lojAe 1eiEkA] avk Iefvl A FES HgAdS 1980 B 1983 Pl o
CIIT (Chemical Industry Institute of Toxicology) oA ratE o]-&3F 18/N 9 2 2470 gh4 2 kol
A& (Starr and Gibson, 1985) 94 formaldehyde”} 879l squamous cell carcinomaS &3}
BRyugA wge d7r7 Iy xolHrh Wl Ross and Shipley (1980) 2} Kerns% (1983)-&
formaldehyde”} DNA2} ¢l & /’\}Oloﬂ cross-link 510 X 11, A& EE ratZ VHHEY A F o2 v Fetko)
o] Zrhgcka bzt Haslioh gk Bl e Al [PHI/LHCI] vl go] Fkol wel Frhghrte
A¥-& E3lo formaldehyde?} A& Fol A W 4SS U2 7)= mechanismS W38t 4 o2 FHs¢c)
(Casanova-Schmitz%, 1984). 38 Loosmis (1979) 2} Heck= (1983)-& formaldehydedd] tj¥-#& #
o] wha] Fpxo] Adte] HAo| F45 L, T3 Doolittle and Butterworth (1984) = w2
formaldehydes= H]Zoll Al FF5o] 9] Vwoe @A ghevhal 42b BustliL, 0.4 m/o] 57w
FAZ 40 72X AEEHQ AHE FEstrld S8 £ do i sdlo] fubEx] ghotrtal
B u3lE e} (Natarajan %5, 1983). 482l 9lo] #47}14] formaldehyded] R & F =7t F-2 &)= ol
210 Al Pereiras (1982)-& n}-9-2~2] 4t 1.D50 7ko] ¥ &4} (Tatken and Lewis, 1983) off 42 mg/Kgoli}
100 mg/Kgo & A4 Folste TFATA A 48 fdte] Frhatdut Hastdoh whapa] Abghel] 9l
o]A] formaldehyde] =& 7F54d2 FU& 5 A27F 71 2282 oo whE A7 L7 oA A
=t

g, Tle] F-oll we Aol e A Ee HAAA HeEE B3he] FEH]1 Bzt o) G B e o]l
v X)= 9 (&, 1976), o}&4r 71227} LDH-isozymeol PIx& 93 (4, 1979), ot3hibrbz9b Asbst
Ao 3 kvt Gl 2 W ZFo) vl 9 (R 5, 1973), HEA F99 Al (&
5, 1982), HAA F<do] 7+ 7% E 22 s A 4T (7 F, 1984) o A7k o) =35 O]r
AT tFEo] dgo] gojgh rfaA, £& s r] A8 Aol Bt Aol wgkE o] glen sy

d32ke) BA3E ¥ a9 g A ER] LCs0 thdh A B Fol o3 fA %A A é“ﬂxl
Z3ha At Telu U ARl 9] o) fl}lo] AE el B9 AE, A Q) AR, Feke] A FolA
FefdhE BAEAR Qate] fElvetel A= 7k ol g Alol] ot M A A KA AT Yade] arE 1
ek mebA] 2 dFele A, FHdel JeRR] oFe npe2e] FYAR) o8 LC509 &
E5493lE vetshs Aolx, B4 LC50 Bl =2 135 %] formaldehyde 7}28 =
e =R g FotBEuxt s oA AT dor AAFAHNA A7} H=
ol E Fof thate] FujAlzs} Ao A] o|n] LA = Foll AT A5 WS =
o] E 2 3U& zlojy, T2UAUAR 22 EAS 717 gt ol o3t 354 dael s o)
Fuzt d ¢ Uz Yty fn‘—f‘ﬂa‘}ﬂiq.
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Al & 2] paraformaldehydet Yakuri Chemical Co. 8] 15 A|2F& AL&313 3 48 A2 Junsei
Chem. Co.9] GR o]l A Ajekel chromotropic acids Merck# & AF&3l99 T Standardization &2
formaldehyde £-°1& Shinyo Pure Chem. Co. A|&°]% 1, iodine-2 Mallinckrodt Chemical Works,
potassium iodidex= Hayashi Pure Chem. Co. (EP), sodium thiosulfates= Duksan Pharmaceutical Co.
(first grade), sodium carbonate<> Shinyo pure Chem. Co. (GR) A ¥&-& AI&-84 )

Ay

D Flel A =%

59l =4 g A A8 chambert= Riley (1986) 7} 119k A0 2 gh=t 88t 1 4 b A - M E ol A
A2gt g AR (g 1), 121 ¥-1]9] glass chamberi*i 4, %, & 3FEeR T AR,
el 2 Hebo] kst s A A EUe T chamberdl o] ¥ 8 FAHE = ARE 3} =12 OECD

guidelineol] &3} 22+2C & AAIA F A5 += 24 1f Oﬂ H A5G el Chambert] &% 2 S5+
humidity meter (LCD digital hygrometer: Cole-parmer instrument Co.) & A}83}gil, &% & NBS
2EARA, = NHCl (50% w/w)$t CaCly(50% w/w)2 A HA 3k A3t 12y} o] 7]te)
probet §-7]-8u)e] EAAlolz ALRo] BUbsEtu R tiay AlEAd 2, 58 2T RS Al
FER 73 25w #YPA 2EAE chamberol] AUt A@E FA12 FRAAch =&
7}29) chambertj €%+ 3 [/min®] YAS s 2072 E35+= mixing flask @ chamberZ AZE+
glass#-g AP o 2 [R &Y FEE 40~60% AFo] 2 {2 A1 71 7] 918} water tower 2] bubbler
2 ge 9 glass WS o] &8t 2 A E 1.5//min? wet airZ formaldehyde 2] 2o A1-8-¥ 1.5 //ming]

AET 719 1:1¢] B8 2 mixing flaskell A EF8I w&7t20] FE5 FAAA FARCE £F chamber
Wiz 3 I/ming] =7}~ 2 A7 1585 71AAH 2ok
FAIEE S 9 (Charles River Co.)ollA A4 CR]: CD-1 (mouse) & 93l 3 €474 Barrier

60 cm

Th t
Generation Flask 12 mm,_ ermometer

15 I/-rr;n 4 Mixing Flask
Wet Air
={ 1.5!/min

Sampling Impinger

Exhaust -—

Fig. 1. Apparatus for the inhalation toxicity experiment (Chamber: height 0.5 m, diameter 0.2 m,

volume 12 L).
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Systemol] 4 SPF B2 24 T AN 2008 &5 523417, 55 5545% %1, WA He Q1 g2 E o
HE 12412 2% 12A41%F 019041, =& Fo Wz 4 A2 clean roomol| Al HAE T LC50S 3
AFe 7t 32 sutedoR i GpEg 247 67 Fog WHon ki AR 442 9,
2 ARG AT AN PoNME g srhely o 217) 2T o PiEste] 2438 &S L, ol
b wEF T2AZHEGF MEF £ Yt Aol 3= (MTD)E 2287] 918 oA g Sasigr
o] BEE 2 chamberol] #&1& cageol 2171 ¥
SHEE St =EVIEMAE AR D $4E ¥ 2ck

2) Formaldehyde 7}~ 324 2 A

24 formaldehyde 7}~ FrezHE Paraformaldehyd ed 7FeFxAA 15 I/ming] ¢EE7E
aerationA] 7} 283k51 31, chamber 1 formaldehyde 7}222] &&= %Zé% AZ 155, 2402, 3417 20

A

T 7}7] 33]9) AA 107t 05 //minE chambert] :=Z7}4~% samplingsled, impingerth &) &5+
239 formaldehydeE NIOSH P & CAM 125 {(NIOSH, 1977) ¢l &3} A A7 580 nm 34
SpectrophotomerE AML3le] Aeksl 1 A& o3 7o)

_{&HEHL

Cx24.47
PPM= MW,
C : A2 Y formaldehyde <F (ug)
v  BEERY ZUIMEY 4 (L)

(&%: 25T, 99 70 mmHg)

MW. : formaldehyde®] £2}2 (30.03)

2447 : 1 micromole?] formaldehyde gas & (W)
(&%: 25C, ¥4: 760 mmHg)

Ao Hitgre s delth

Ay

ugtA] FEAY =5d vE A

=490}

1) LC50E ¢3¢+ H¢
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b EQE ol HAY, =& 7|4 B 13]/1A 0308 3§,

8 240 wFNF, LEFUEF 7Y, 1Y
o}

2 4 = 48471 BA AASA, 2Fel
FAY BE TR RSAT
2) BFHEE o &8 £94Y

7t AlF7e chambert] §3J2.2 13 =& & 24AT) 55 AFs AR, 24 ARTY F5S
AFgdFsle 9 3 YHES 23] F52 3 m/9 Foetal Bovine Serumell Bo} & dEA17]1 & 1,000
rpmol| A4 55’-{_ AuRe stk AHES ned E=A)A slide glassoll Bojro gl & wabste] 37] 2ol A
AzA17] 3 5% Giemsa solutiono] 302 EoF gS AAIEhgdt) 1,000 2 FEs QAAM e B
4oz dag Jexdq (RBO) 9 #2402 A% A8y dad 38y (PCE) Y 9
PCE AxAY &3S 7}A= PCES] +& 7AlFaldch
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LC509) Atk b4 24 7) HEF 5 o] &-3bo] probity ol whskir, £~ AP o] Aute ALRYET 49
HdsHdy (U6d F8) 78 F 100008 Asste] 428 Nes yehligeon, o #3e
Student’s t-testE o] &3t P<0.059 %o F214-8 <13k

g o

FormaldehydeZ7|A M2F Y XXX

Standard €99 X+ NIOSH P&CAM 125 % 2359} "o o)8) A =z3t] 0.1 N9 iodineo 2
A3t 1 m/ 9.75 pgel formaldehyde”) 01088 4 4 UUch A%E paraformaldehyde 5g&
generation H[o]7 ol Wil A A TtgFo 2N B FEHEE 1Y 2004 B ulg o)
o) whet ) sk ok

500

4001

Concentration (ppm)
w
)
=)

2001

100L

Ot pt t i
0 60 65 70

Temperature (C)

Fig. 2. Concentration of formaldehyde in the chamber at temperatures of the generation bottle.

LCs0%t gd=d B4

[

Formaldehyde®] 4 §454 23+ <, 3 24zt & 19} 2o} 5=719) LC50+ 105.5 ppm$Y L, 95%
A28t A 3= 72.6~143.2 ppm o] Atk 3 ¢k o] LC50%= 159.2 ppm ©] 1L, 95% A2 8HA = 116.5~272.
7 ppm ©|Ath

g T FAFES wire cageE E}t §01, preening-habit ¥ palpebral closure d4to] B

65



66

Table 1. Determination of LD50 of formaldehyde with male and female mice by whole body
exposure for 4 hours

Group Male Female
Conen. (ppm)° Mortality (%) Concn. (ppm) Mortality (%)
I 53+ 8 0/5( 0) 67+ 5 0/5( 0)
It 79+ 5 2/5( 40) 100+ 8 0/5( 0)
I 132+16 3/5( 60) 157+13 3/5( 60)
I\ 155+10 4/5( 80) 168+12 4/5( 80)
\Y% 255+19 5/5(100) 304+16 4/5( 80)
VI 366+17 5/5(100) 469420 5/5(100)
LC50° 106 159
@ Each value represents Mean+S.D. of three measurements
»LC50 is calculated by probit method
Table 2. Survival and body weight of mice by inhalation of formaldehyde for 4 hours
Survival Relative
Sex Group Initial 7 days Change to
7 days final (a) (g) (a) control (%)
Control 5/5 5/5 257 29.6 +39
[ 5/5 5/5 248 289 +4.1 51
II 5/5 3/5 245 26.7 +2.2 - 436
Male 11 4/5 2/5 252 255 +0.3 — 923
v 5/5 1/5 248 218 -3 —-1769
Y 4/5 0/5 24.6 24.6 0 —100.0
VI 1/5 0/5 272 240 —3.2 —182.1
Control 5/5 5/5 216 236 +2
I 5/5 5/5 235 245 +1 50
11 5/5 5/5 235 24.8 +1.3 - 35
Female 111 5/5 2/5 252 24.1 +1.1 —155
I\Y 4/5 1/5 247 234 -13 —165
\Y) 3/5 1/5 23.8 213 25 —225
VI 0/5 0/5 240 - - —

e, ol hEdE LT FoAT ToAAE vehts 3820 Gul 340, Bol A ddEde
5o ol FEFET At AR =7k Jehs d3Ede FREFeR AzEly
salivation R lacrimation® 2 o]oj & o] F (ZFTH ¥ )& FUslg Dy EdoMs T,
7He F-97F B2 He A5 A9RE B 5 AATH AFE QloiA AR 3 Y] AR e = F
F-24A1 3 ol A APEEEA AL, L o]9] FHIE BT (25 wha])ell Qlof 244131 o) AMgEA] ghe BS-
798 A7 Fol APt AT FAL2 Vo] AR AQlstie #AT 499 el 7Y o] F Abshe

A3E 2yt

A= APgol A B vie) o] o, AT tvlle] A$ 7Y olF AlgshE o Holmg 7
7R el AFS FAs controlatol| Wisl] Zhe) AFTHst S MRS 2 TAIBIGT F 2004 BE
uke} gro] oF, AL 3] Feol Fopol et A g ase T & ZAE(VIT) 2 AR (V)
o et o] Wiyl A 7] —182%, —225%F HFIrA Aol 71 FrelAi ok

O
5
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1449 #2712 F APEE FEAY RHANE He 58 ¢ T4 £¥o] e, A9
sHEGE B S’l"iﬁ} Hr 7¥7H HAngeridXe F24W AANAF R ulso] dAE

ralAde] B AR £ 39 go] 327k MTD gts Tate] ojo] 2aka =&alAT F/1 ¥
2k2} o) Sol wEA7) F 24 AR o 247 B54E Ms}oq FRE vEo] 428 HAE Bay
2 & 40 71ABA L A o, 5 Ae) A2 AE 2 EFAAE Ao

HrE] 7] °“2M s *ﬂ%oﬂE &5 Ert E7h ) uet PCE/PCE+RBC-4 Hl g2 Aaso] HEEA0

i

Table 3. Determination of MTD for 3 days by inhalation of formaldehyde

Sex Animal Concentration® Exposure time Mortality
No. (ppmy) (hours) (%)
M 5 255+15.0 2 20
M 5 314+175 2 60

® Each value represents mean+S.D.

Table 4. Result of micronucleus test by inhalation of formaldehyde

Concentration® Samplin
g

b b

Sex (opm) time (hr) MnPCE PCE/PCE+RBC
M 0 24 1.1+0.5 0.61+0.01
M 181+24 24 20108 0.46+0.01
M 229+21 24 0.8+08 047+0.03
F 0 24 1.2+0.2 0.67+0.03
F 253+27 24 08+04 0.64+0.01
F 273125 24 08+04 0.61+0.01

® Each value represents mean+S.D.
® Each value represents mean+S.E.

n #H

2 AE FaA] ALREE A AR = suction A E o] 831 dry air”} paraformaldehydeoi]
Y FEF3HA 3o, 7peske] 7 g @A Al o9} & WH-E Leachs (1984) 3 f-AF8h Leach o]
Hhel 0 Wbl gl = formaldehyde 2] FX7F AjHH oSt ulebA B 2¥ 9o 2244 formaldehyde$] LC50
Atz 9 7)ele) EXNAE A WRd nx 5o shas WA 4 ¢lE Balmat (1985) 9] B -& 2
B st th o] 32 sample container?t 7 em i.d. X9 cmQ! 95 & tubeE A}R-&lo] 1A WPA|FIER
deidol A B wf B g AR 9} 27t Qe Ao AbR dct §HH o] 9 22 AX] ol A 9} mixing
flask 2 plassPH o2 AZALE chamberys 24 oA AAlgo] k&rire] &5+ 21~23CE FX

© 24 formaldehyde &4 913 7}2-9 1.5 //mine] &3 7] chamberd] &7} 9] S50 9
-,_x] B & F AU
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W3t chambert 4A17+2] formaldehyde ¥ sh= 4~15%9 Q.3 HYE & 5+ AU
4A e B8 3F 2 ¥u]Eo| formaldehyde”} &) 0 224 chambert] o] F5dah7}t o+
oz WAL, o]= Official Journal of the European Communities (1982)°f] sx2] Q2}HA| 7} 15%
AjolmZ B Ay whHo] guidelined] Hojthx] 9488 o = gk

Formaldehyde®] =Z&FXxeol] AojA+= RTECS (1983)9)A mouseo] LCLo2| Fke]l 900 mg/m?/2
hours© 2 = of Qlar, TRl A] B3l uel o] Al Hi F5x7}F 1,900 ppmo.2 #4e) A4 & A
AlEtE et weEtA =& 440170 2 LC509] H Il mortality k2 47] 98ld= ddH o2 1,200~1,400
ppm7tA2] BFEE system runnings A Ao LC50 Z 3= mouse <FH oA 106 ppmo|aL, ¢
A AE 159 ppmo 2 A2}, webr] B X9 vheA LCLo%te A 5l o]4fe] o]t 9l
Rat LC509 480 ppmol H]sjA= 3u] A w7t whe o g vepyoh

BEAANL Foll AT 3o doiMiE &2 3F 1L1~14 go] AS4d47F Ao ol EoAE
T “vEbte S0 A kE 4ATe 2 e g HA0 R HZEEE Ao QzhEef3iv)
AFwsh= 49 7R At o0 AlgshE o7 7 7Y o] 3o wrAEtH o 2 E, formaldehyded]
&2 Q3 AETEY AFHsle 7Y 7R AlFo s Hrleldnt oL A i v His,
FAL180% PR 225% FErbA] A0, w27 1S ol A5 E ashe A4E ¢ sl

x

ol Maronpots (1986)°] 1379} mouse H¥elA] Bigh weh AAGE &+ 2k YF2del
7

. Oli= 2

PO

A F & (Bersteins 1984; Moronpots 1986) % U= 3tk

FHZ FYEAHATN 2delM Fo9F chemical2] Y AUC(area under the blood concentration time
curve) & S, FUF 719 AF Lot =FAIRHE #3he], systemic dose(mg/Kg body weight)
2 &3oay o] 58 nlwahs W o2 =A% wwd P} %ol $8 (JendernyS, 1988; Walks,
1987) HojA|iL glort ¥ Ao FFAREE o8P A% HYo] oM =&AR, AU H TR}
guideline Aol A Astad x)x] 9Fe Abgtolmi w2 A 7L Youichis (1986) 9 <& wargl npol| whe}
Ak Th WA 2471 FYe SR 3U ke MTD @& 71F o2 shod $31& 229 ppm, 9H4l 273
ppme 2 A3 o] wje] AshAF e A negative Tk

B Ao M Pereiras (1982)¢) B9l Zo] wE2¥ w2 L& 3to] UAldl damages o]
a4 bedos APE s o} 11 A= deeper targetol] ©]iz7] el mutagenic action©]
ZA4gh= 231 (Ross and Shipley, 1980; Hecks, 1983; Doolittle and Butter worth, 1984; Proctor ',
1986) & thA] s ISt Aoz uvebyy, B A7 ZAAE x¢9 & dT7AEe 2nE Tk
£ o, J7Fodd ket Ado] it Zlo R ezl Zo] Hrh o] formaldehydert &g F3hed
E5 3 7be 4] ultimate clastogen©. & W3ldobyl AU, ATEA o8t mEe] Ayjate] tha A
2R} vk AMES FUEA 810 R bEE 4 g Aok 1yt o] A4 (Ross and Shipley,
1980; Heck%, 1983; Doolittle and Butter Worth, 1984; Proctor's, 1986)¢] <ol olspd
formaldehyde @} AW thAE vl d we3HA) formic acid® @H3lslo] 44 w50} d "o & 2430
glomE BoAZ el Aolde o3t =4 27tz H7)E ofdth 7] Pereira (1982)2] 2} o
5t LD50 R vk 20 A = o] Fof 2 Ado] fubd Ao 2 Kol B4 /F AT Fofol 23ty 2]
Aol o2 €7lor 488 e vk o2 & o eEAe] AR dHeo] OE =E4E ¢
Hof A Fd 2ol o LA H Y 25 HEsE Jlo] Hag Aoy AAEnh o] WateA
Ut gHd APl A Aol oste] ore] AL AFSHO TR, SHAN PN E ALHTFoo) o3t
Qe W@ ol thalo] 2Fol T ool & Aow 7Y, ol2jg TS OECDOA ZH ks
28 A e datet dx)ske Aol
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Hx%o]\:]» Q]ﬁ}z%og BN 61])\]6‘10)]/&] Okﬂ LH

A Alg Aol ekl R o2 ALRE 4 e 3EEY
ito i A= cyclophosphamide] Abg-o] 7158 4
AuhALt o o} (HH S )44 A e] Anbell it 9l Haisojop & Zoltth o] W Y
FHo 2 FHHEE LS AEE chambere ] l o} ghlglh = iz el nejxEe]et T Fo|Tt

o) 7] 7 Woll mutagen ¥ carcinogen©] @57 Zalsta 9le-o] BEA ALY gAA Haglenz
w2A29 shilel EelwmEof olsle] WAyl /‘I:_ Sl sl3tE-ae) AEQEA 2 §AEA A7 H
Prjojop & Ao A7hEr o)l ojujo A B o X ol Mol A ARl irbgol FavtE = UVE

7l gt

HIEH

Ahmad, I. and Whitson, J.C. (1973): Formaldehyde: How much of a hazard ?
Indust. Med. Surg., 42, 26-27.

Balmat, J.L. (1985): Generation of constant formaldehyde level for inhalation
studies, Am. Ind. Hyg. Assoc. J., 46, 690-692.

Bernstein, R.S., Stayner, L.T., Elliott, L.T., Brough, RK., Falk, H. and Blade, L.
(1984): Inhalation exposure to formaldehyde: An overview of its toxicology,
epidemiology, monitoring, and control. Am. Ind. Hyg. J., 45(11), 778-785.

Casanova-Schmitz, M., Starr, T.B. and Heck, Hd'A (1984): Differentiation
between metabolic incorporation and covalent binding in the labeling of
macromolecules in the rat nasal mucosa and bone marrow by inhaled [**C]
and [®H] formaldehyde, Toxocol. and Appl. Pharmacol., 76, 26-44.

Doolittle, D.J. and Butterworth, B.E. (1984): Assessment of chemically induced
DNA repair in rat tracheal epithelial cell, Carcinogenesis, 5, 773-779.

Heck, Hd'A., Chin, T.Y. and Schmitz, M.C. (1983): Distribution of !C-
formaldehyde in rats after inhalation exposure, in Formaldehyde Toxicity,
(Gibson, J.E. (Ed), (Hemisphere Publ., New York), p. 26-37.

Jdenderny, J., Walk, R.A,, Rohrborn, G. and Hackenberg, U. (1988): Chromosomal
abnormalities and sister-chromatid exchange in bone marrow cell of mice and
chinese hamsters after inhalation and intraperitoneal administration: II.
cyclophosphamide, Mutat. Res., 203, 1-10.

Kerns, W.D., Pavkov, K.L., Donofrio, D.dJ., Gralla, E.J. and Swenberg, J.A. (1983):
Carcinogenecity of formaldehyde in rats and mice after long-term Inhalation
exposure, Cancer Res., 43, 4382-4392.

Leach, C.L., Steven, G.O., Sharma, RP. and Drown, D.B. (1984): A Nose-only
inhalation exposure system for generation treatment and characterization of
formaldehyde vapor, Am. Ind. Hyg. Assoc. J., 45(4), 269-273.

Loomis, T.A. (1979): Formaldehyde toxicity, Arch. Pathol. Lab. Med., 103, 321-
324.

Maronpot, RR., Miller, RA, Clarke, W.J., Westerberg, R.B., Decker J.R. and Moss,
OR. (1986): Toxicity of formaldehyde vapor in B6C3F1 mice exposed for 13
weeks, Toxicology, 41, 253-266.

69



70

NAS. (1976): Vaporphase Organic Pollutants (National Academy of Science
Washington D.C).

NAS. (1981): Formaldehyde and other Aldehydes. (National Academy of Science,
Washington D.C.).

Natarazan, A.T., Darroudi, F., Bussman, C.J.M. and Van Kesteren, Van Leeuwen
A.C. (1983): Evaluation of the mutagenicity of formaldehyde in mammalian
cytogenetic assays in vivo and in vitro, Mutat. Res., 122, 355-360.

Nelson, L., Levine, R.J., Albert, RE., Blair, AE., Griesemer, RA., Landrigan, P.J.
and Swenberg, J.A. (1986): Contribution of Formaldehyde to Respitory Cancer,
Environ. Health Perspect., 70, 23-35.

NIOSH (1977): Manual of Analytical Method (2nd ed), Vol. 1, 125-1~125-9.

Nishi, K. (1988): Formaldehyde Poisoning: Report of an Autopsy Case, Jpn. J.
Legal. Med., 42(1), 85-89.

Official Journal of the European Communities (1982): ISSN 0378-6978, L. 251,
Vol. 27.

Pereira, MA.,, Chang, LW, McMillan, L., Ward, J.B. and Legator, M.S. (1982):
Battery of short-term tests in laboratory animals to corroborate the detection
of human population exposure to genotoxic chemicals, Environ. Mutat., 4, 317.

Proctor, B.L., Gaulden, M.E. and Dowd, M.A. (1986): Reactivity and fate of benzene
and formaldehyde in culture medium with and without fetal calf serum:
relevance to in vivo mutagenicity testing, Mutat. Res., 160, 259-266.

Riley, A. (1986): A new approach to the construction of small inhalation chamber:
Design and Evaluation, Am. Ind. Hyg. Assoc. J., 47(3). 147-151.

Ross, W.EE. and Shipley, N. (1980): Relationship between DNA damage and
survival in formaldehyde-treated mouse cell, Mutat. Res., 79, 277-283.

Solomons, K. and Cochrane, JW.C. (1984): Formaldehyde toxicity, part I
Occupational Exposure and a report of 5 case. S. Afr. Med. J., 66, 101-102.

Starr, T.B. and Gibson, J.D. (1985): The mechanistic toxicology of formaldehye
and its implications for quantitive risk estimation, Ann. Rev. Pharmacol.
Toxicol, 25, 745-767.

Tatken, R.S. and Lewis, RJ. Jr. (1983): Registry of toxic effects of chemical
substance vol. 2. (U.S. DHHS, NIOSH. Cincinnati), p. 935.

Walk, R.A., Jenderny, J., Rohrborn, G. and Hackenberg, U. (1987): Chromosomal
abnormalities and sister-chromatid exchange in bone marrow cell of mice and
Chinese hamsters after inhalation and intraperitoneal administration: 1.
diepoxybutane, Mutat. Res., 182, 333-342.

Youichi, O., Adachi, S., Katayama, H. and Takemoto, K., (1986): Detection of the
cytogenetic effect of inhaled aerosols by the micronucleus test, Mutat. Res.,
170, 79-83.

AJNF, EFE, A3 (1984): HAA(EE) &) 1139 715 2 Al n]X]+=
g3k BtttHetn A =Ff,5, 101-111.



71

=R, A48 3, 154 (1988): shehEAe) 54 (D, o Jlax HTEnA,

FEAE (1976): A WiAe] d2bsterd: F=o] izt wx& J3, o=, 13(1).

£59, 7AAF, Aot (1982): AHA(E=)7E FYo s 913 mice A71e] 257
w3} srethatm ghdntet =54, 3, 40-47.

A 8 (1979): op3hit 7 A7F WA 9] Lactic Dehydrogenase Isozymeol W 2]&
A, of el & x|, 3(1).

A8, 234 (1973): ob3at dAbsterd: E7b2r wix o] i) g H 234 ux| &=
Fakol W3 AEH AT, hEre| gy 3| X|,16(7), 539-550.



