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methanal

CAS No. 50-00-0

HCHO

30.03

92
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=1 0.8
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mg/L  0.08
0.008 mg/L

WHO mg/L 0.9 3 2004
3 background document, 2005

EU mg/L
U.S. EPA mg/L Maximum Contaminant Level
2 0.1 mg/m3 30
3 10
N- S- O-
3
3
0.4-0.9 pg/cms3 5
24 52%
34%
0.5% 24
0.2%
11
37% 12.5% 120 mL
624 mg/kg ATSDR 41
12
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4 517 mg/kg ATSDR
13
14
Sprague-Dawley Swiss
8
0.08% 2 0.3%
15
Upreti 16 Sprague-Dawley 3
72 mg/kg 14.7 uCi
1
1 3
DNA RNA
14C
72
17
N,N’- ( ) N-
FDH
FDH
FDH
DNA
1
3
5

Sprague-Dawley

58

13

72

16

18

15,16
Swiss
32
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31

63 67% 24 28%

15 72 mg/kg
14.7 uCi 10% 30 41%
72 14CO2 72
14CH20 15% 0.2% 16
LDso 800 mg/kg 260 mg/kg
19
4
Wistar 10 0 5
25 125 mg/kg 4
1
NOAEL 25 mg/kg /
20
1 4
125 mg/kg /
25 mg/kg /
90

Sprague-Dawley

0 50 100 150 mg/kg /

21

15
90
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150 mg/kg /
100 mg/kg /
50 mg/kg /

90
4 0 50 75
100 mg/kg / 90

21

100 mg/kg /
75 mg/kg /

2
Wistar 20 0 0.02
0.10 050% 0O 10 50 300 mg/kg / 2

1 NOEL 10 mg/kg /
22

0.50 % 2 2

300 mg/kg /
0.10 % 1 1

50 mg/kg /
0.02 %

10 mg/kg /
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2

Wistar

0 20 260 1,900 mg/L

21 109 mg/kg /

5

15 mg/kg /

5

70

2

21 mg/kg

0 1.2 15 82 mg/kg

NOAEL

1,900 mg/L

82 mg/kg /
109 mg/kg /

260 mg/L

15 mg/kg /
21 mg/kg /

32

Wistar

24

WHO

32

17
0.2%

WHO
6

10

32

0.5

WHO

0.2

2

Sprague-Dawley

10

50

1.8

23

0.5%
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0 10 50 100 500 1,000 1,500 mg/L O 1 5 10 50 100 150 mg/kg

/ 2
50 mg/L
25
7 2
50 mg/L
5mg/kg /
10 mg/L
1mg/kg /
WHO d.
5
110 mg/kg
F344
26 CD-1
27
15ppm WHO
mg/m3 1 6 2
Fischer 344 2 44
28 C57BL/6><C3HF1
119 121 14.3ppm
29
Restani & Galli
30 IPCS 31
1
5

11

7

17



© 00 N oo o b W0 DN P

e el o e e O i o e =
© 0O N O O~ W DN L O

20
21
22
23
24
25
26
27
28

29
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31
32
33

6 15
CD-1 29 34 76
0 74 148 185 mg/kg / 15
18 148 mg/kg / 35
185 mg/kg / 34 22
32
8 12
ICR/SIM 30
/ 8 12
33
Wistar 5
200mg/kg 200mg/kg
34
8
200 mg/kg /
100 mg/kg /
10
Charles Foster 10
8 16mg/kg / 10
9
35
9 10
mg/kg /
4 56
10
mg/kg / 4 56
36

12

540mg/kg

100

0 31 94
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in vitro in vivo 10 11
a. in vitro
10
10 in vitro 3
Salmonella typhimurium () ( ) | Glassetal. 1986
TA98, TA100, TA1535, TA1537,
UTH8414, UTH8413
S.typhimurium TA98,TA100 Takahashi et al. 1985
S.typhimurium TA100 Schmid et al. 1986
S.typhimurium TA97, TA98, TA100 Donovan et al. 1983
S.typhimurium TM677,TA100 Donovan et al. 1983
S.typhimurium TA97, DeFlora et al.1984
TA98,TA100,TA1535,TA1537,TA1538
S.typhimurium TA98,TA100, a a DeFlora 1981
TA1535, TA1537, TA1538
Styphimurium TA98,TA100, | ( ) () | Connor etal. 1985b
UTH8413, UTHB8414
S.typhimurium TA98,TA100, ()2 ()2 | Connor et al. 1983
UTH8413, UTH8414
S.typhimurium TA98,TA100, Haworth et al. 1983
TA1535, TA1537
Escherichia coli Takahashi et al. 1985
Grafstrom et al. 1985
V79 Grafstrom et al. 1993
L5178Y TK=x Blackburn et al. 1991
TK6 Goldmacher & Thilly
1983
DNA Snyder & Van Houten
1986
Liber et al. 1989
Cosma et al. 1988a
Cosma & Marchok
1988
Miller & Costa 1989
Dresp & Bauchibger

13




© 00 N o O~ W N

e
= o

1988

Natarajan et al. 1983

(

) ( ) | Galloway et al. 1985

Schmit et al. 1986

SCE

Schmit et al. 1986

V79

Basler et al. 1985

Natarajan et al. 1983

(

) ( ) | Galloway et al. 1985

Kreiger & Garry 1983

Garry et al. 1981

DNA

( )

Heck
1987

& Casanova

(Yoshida )

( ) | Bedford & Fox 1981

Grafstrom et al. 1984

Grafstrom et al. 1983

Hatch et al. 1983

C3H/10T%/2

(

) Frazelle et al. 1983

C3H/10TY/2

Ragan & Boreiko 1981

C3H/10T%/2

Boreiko & Ragan 1983

C3H/10T/2

Frazelle et al. 1983

DNA

L1210

( ) | Ross & Shipley 1980

Grafstrom et al. 1984

Grafstrom et al. 1983

DNA-

L1210

Ross & Shipley 1980

b. 1n vivo

37

n vivo

DNA-

14

Sprague-Dawley
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11 in vivo
| |
( ) Rithidech et al. 1987 3
( ) Dallas et al. 1992
( ) Dallas et al. 1992
Kligerman et al. 1984 3
DNA- ( ) Casanova et al. 1989 3
( ) Lam et al. 1985
Casanova et al. 1991b 3
SCE ( ) Kligerman et al. 1984 3
Woodruff et al. 1985 3
| | 37
Burkhart 13 4
517 mg/kg ATSDR 58
3
55
13
0.2%
38
3 1.2ppm ATSDR 0.73 1.95 ppm 10
SCE

15
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

39

0.09 0.39mg/m3:ATSDR 0.07 0.08ppm
40
3
in vivo 12 3
12 in vivo 3
Vasudeva and Anand
1996
( / ) Thomson et al. 1984
( / ) Cherbaterev et al. 1986
( / ) Ballarin et al. 1992
( /) Connor et al. 1985b
DNA- , ( / ) Shaham et al. 1996a
SCE ( / ) Thomson et al. 1984
( / ) Yager et al. 1986
5
41,42 nasopharyngeal cancer
43 S
sinonasal cancer
44 47
5
2 7
5
IARC

16
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7,48

Cole 49 Collins

Conolly 51,52 6 ppm
344

International Agency for Research on Cancer (IARC)

1
1982
1987

2A

2006

1
humans 7,48
nasopharyngeal cancer
3 3
7
1997

17

Fischer

106

8,9

carcinogenic to

1995
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IARC

sinonasal cancer

Joint Expert Committee on Food Additives (JECFA) Monographs and

Evaluations
WHO
3 4
WHO 3
100
TDI
0.9mg/L

20%

18

12

IARC

60 kg

NOAEL: 15 mg/kg

TDI

150 pg/kg

2L

/
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31
32

33
34
35

3 5
28,29 2
22,23
24
IARC

10 1

IPCS 31 2

NOEL: 260 mg/L
23 100
2.6 mg/L
U.S. EPA
Integrated Risk Information System (IRIS)

EPA/IRIS TDI

RfD

RfD 6
Critical Effect
UF MF RfD
NOAEL:15 mg/kg 100 1 2>101
/ mg/kg /
23 LOAEL:82 mg/kg /
6
EPA
B1

probable human carcinogen

19
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28
2 53 55 1
56,57
2 Fischer 344 SD
29,58,59 1 C57BL/6><C3HF; 29
EPA
1
WHO/EURO
0.02 2.4mg/m3 5 18mg/m3
0.1mg/m3 WHO 2000
IARC 1995
Til 23 70 Wistar
1.2 15 82 mg/kg / 1.8 21 109 mg/kg
/ 2
NOAEL 15 21 mg/kg /
RNA DNA DNA-
DNA in vitro

20
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14
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in vivo
in vitro in vivo
TDI
NOAEL 15 mg/kg / 100
10 TDI 150 ug/kg /
10 TDI 15 pg/kg /
TDI 20%
50kg 1 2L 0.08 mg/L
13 WHO DI
NOAEL LOAEL DI
(mg/kg /) (kg/kg /)
WHO 2 100
3 15 10¢ ) >10( 150
)
2004
EPA/IRIS 2 100
1990 15 82 10() ) ><10( 200
23
2 1000
15 10¢ ) ><10( 15
) > 10(
)
23
16 14
0.08 mg/L 20% 30%
2 10% 325/336
90% 100% 1

in vivo

21



14 60
10% 10% 20% 30% 40% 50% 60% 70% 80% 0% 100%
20% 30% 40% 50% 60% 70% 80% 90% 100%
0.081
0.008 0.016 0.024 0.032 0.040 0.048 0.056 0.064 0.072 0.080 (mg/L)
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
336 325 9 2 0 0 0 0 0 0 0 0
91 91 0 0 0 0 0 0 0 0 0 0
24 24 0 0 0 0 0 0 0 0 0 0
82 81 1 0 0 0 0 0 0 0 0 0
H16 139 129 8 2 0 0 0 0 0 0 0 0
5,703 5,378 267 39 13 4 1 0 0 0 1 0
1,039 969 57 8 3 2 0 0 0 0 0 0
313 286 22 5 0 0 0 0 0 0 0 0
3,112 2,989 101 14 5 2 0 0 0 0 1 0
1,239 1,134 87 12 5 0 1 0 0 0 0 0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22 15
23
24 10 LOAEL 8mg/kg

22
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TDI
2
50 mg/kg /
10 10
15ug/kg /
TDI 15 pg/kg
TDI
NOAEL
15mg/kg
1000
10
100% 0.08 mg/L
2L 1 1kg
TDI 15 pg/kg / 5 1
t 10 11 12
2001 2002 10 11 12

23

NOAEL10mg/kg /
1/20

NOAEL 15mg/kg  /

10 1,000
10
53.3%kg 1
3.0 pg/’kg /
2000



15 NOAEL
NOAEL LOAEL
mg/kg / mg/kg /
/
4 25( ) 125
F344 ,
10 (125)
( 125)
90 ( 50 100
Sprague- 100-, 150)
Dawley
15
90 (100) 75 100
4
2 NOEL 10 50
Wistar
20 (300)
(50-)
2 15 82
Wistar , , 21 109
70 . (
82, 109)
( 109
6-15 (148-) 74 148
CD-1
29-34
185
8-12 540
ICR/SIM
30
(200) 100 200
Wistar
5 :
10 , 8
Charles ,
Foster
10
9.4
4-56
10

24




ALT
AP ALP
AST

BUN
BMDLio 10
CHL
CHO
Cmax
COHb
CYP
FDH
GSH
Hb

Ht

LCso
LDso
LDH
LOAEL
LOEL
MCH
MCHC
MCV
MLA
NOAEL
NOEL
SCE
T
TBIL
TDI

TG

Tmax

ubDS

()

()
DNA

25

95
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1 2003. 15 4

2 WHO: Air Quality Guidelines for Europe. Second edition, Chapter3 Summary of the
guidelines 2000

3 ATSDR: Toxicological Profile for Formaldehyde. US Department of Health and Human
Services, Public Health Service, Agency for Toxic Substances and Disease Registry.
1999

4 WHO: Formaldehyde in Drinking-water. Guidelines for Drinking Water Quality, Third
edition, 2004.

5 WHO: Formaldehyde in drinking-water. Background document for development of
WHO Guidelines for drinking-water quality. WHO/SDE/WSH/05.08/48, WHO 2005.

6 U.S. EPA: Integrated Risk Information System (IRIS). Formaldehyde (CASRN 50-00-0).
RfD last revised 09/01/1990, Carcinogenicity assessment for lifetime exposure last
revised 05/01/1991, Washington, DC. 1990/1991. Available online at
http://www.epa.gov/iris/

7 1ARC: Formaldehyde, 2-butoxyethanol and 1-tert-butoxy-2-propanol. Lyon, International
Agency for Research on Cancer (IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans, Vol.88). 2006.
(http://www-cie.iarc.fr/htdocs/monographs/vol88/formal.html)

8 IARC: Some industrial chemicals and dyestuffs. Lyon, International Agency for Research
on Cancer, pp. 345-389 (IARC Monographs on the Evaluation of the Carcinogenic Risk of
Chemicals to Humans, Vol. 29).1982

9 I1ARC: Supplement No.7 Overall evaliations of carcinogenicity : an updatig of IARC
Monographs Volumes 1-42 1987:440pages

10 IARC: Formaldehyde, 2-butoxyethanol and 1-tert-butoxy-2-propanol. Lyon, International
Agency for Research on Cancer (IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans, Vol. 88). 2004/2005 (in preparation)

11 Jeffcoat AR: Percutaneous penetration of formaldehyde. Final report (July 1981-July
1983).Research Triangle Park, NC, Research Triangle Institute, 1983; p. 59

12 Eells JT, McMartin KE, Black K, Virayotha V, Tisdell RH, Tephly TR: Formaldehyde
poisoning: Rapid metabolism to formicacid. JAMA. J Am Med Assoc 1981; 246:
1237-1238

13 Burkhart KK, Kulig KW, McMartin KE: Formate levels following a formalin ingestion.
VetHum Toxicol 1990; 32: 135-137

14 Bhatt HS, Lober SB, Combes B: Effect of glutathione depletion on aminopyrine and
formaldehyde metabolism. Biochem Pharmacol 1988; 37:1581-1589

15 Galli CL, Ragusa C, Resmini P, Marinovich: Toxicological evaluation in rats and mice of
the ingestion of a cheese made from milk with added formaldehyde. Food Chem Toxicol
1983; 21: 313-317

16 Upreti RK, Farooqui MYH, Ahmed AE, Ansari GAS. Toxicokinetics and molecular
interaction of [4C]-formaldehyde in rats. Arch Environ Contam Toxicol 1987; 16:
263-273

17 McMartin KE, Martin-Amat G, Makar AB, Tephly TR: Methanol poisoning. V. Role of
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formate metabolism in the monkey. J Pharmacol Exp Ther 1977; 201: 564-572

18 Mashford PM, Jones AR; Formaldehyde metabolism by the rat: a re-appraisal.
Xenobiotica 1982; 12:119-124

19 Smyth HF Jr, Seaton J, Fischer L: The single dose toxicity of some glycols and
derivatives. J Indust Hyg Toxicol 1941; 23: 259-268

20 Til HP, Woutersen RA, Feron VJ: Evaluation of the oral toxicity of acetaldehyde and
formaldehyde in a 4-week drinking-water study in rats. Food Chem Toxicol 1988; 26:
447-452

21 Johannsen FR, Levinskas GJ, Tegeris AS: Effects of formaldehyde in the rat and dog
following oral exposure. Toxicol Lett 1986; 30: 1-6

22 Tobe M, Naito K, Kurokawa Y: Chronic toxicity study of formaldehyde administered
orally to rats. Toxicology 1989; 56: 79—-86

23 Til HP, Woutersen RA, Feron VJ, Hollanders VHM, Falke HE: Two-year drinking-water
study of formaldehyde in rats. Food Chem Toxicol 1989; 27: 77-87

24 Takahashi M, Hasegawa R, Furukawa F, Toyoda K, Sato H, Hayashi Y: Effects of
ethanol, potassium metabisulfite, formaldehyde and hydrogen peroxide on gastric
carcinogenesis in rats after initiation with -methyl-N'-nitro-N-nitrosoguanidine. Jpn J
Cancer Res (Gann) 1986; 77: 118-124

25 Soffritti M, Maltoni C, Maffei F, Biagi R: Formaldehyde: an experimental
multipotential carcinogen. Toxicol Ind Health 1989; 5:699-730

26 Furihata C, Yamakoshi A, Matsushima T. Inductions of ornithine decarboxylase and
DNA synthesis in rat stomach mucosa by formaldehyde. Jpn J Cancer Res (Gann) 1988;
79:917-920

27 Krivanek ND, Chromey NC, McAlack JW (1983) Skin initiation—promotion study with
formaldehyde in CD-1 mice. In Clary JJ, Gibson JE, Waritz RS (ed.), Formaldehyde:
oxicology, epidemiology,mechanisms. New York, NY, Marcel Dekker. 1983; p. 159-171

28 Swenberg JA, Kerns WD, Mitchell RI, Gralla EJ, Pavkov KL: Induction of squamous cell
carcinomas of the ratnasal cavity by inhalation exposure to formaldehyde vapor. Cancer
Res 1980; 40: 3398-3402

29 Kerns WD, Pavkov KL, Donofrio DJ, Gralla EJ, Swenberg JA: Carcinogenicity of
formaldehyde in rats and mice after long-term inhalation exposure. Cancer Res 1983;
43: 4382-4391

30 Restani P, Galli CL: Oral toxicity of formaldehyde and its derivatives. Crit Rev Toxicol
1991, 21: 315-328

31 IPCS: Formaldehyde. Geneva, World Health Organization (Concise International
Chemical Assessment Document No. 40). 2002

32 Marks TA, Worthy WC, Staples RE: Influence of formaldehyde and Sonacide
(potentiated acid gluturaldehyde) on embryo and fetal development in mice. Teratology
1980; 22: 51-58

33 Seidenberg JM, Anderson DG, Becker RA: Validation of an in vivo developmental
toxicity screen in the mouse. Teratog Carcinog Mutagen 1987; 6: 361-374

34 Cassidy SL, Dix KM, Jenkins T: Evaluation of a testicular sperm head counting
technique using rats exposed to dimethoxyethyl phthalate (DMEP), glycerol
alpha-monochlorohydrin (GMCH), epichlorohydrin (ECH), formaldehyde (FA), or methyl
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methanesulphonate (MMS). Arch Toxicol 1983; 53:71-78

35 Shah BM, Vachhrajani KD, Chinoy NJ, Chowdhury AR: Formaldehyde-induced
structural and functional changes in the testis of rats. J Reprod Biol Comp Endocrinol
1987, 7: 42-52

36 Hurni H, Ohder H: Reproduction study with formaldehyde and hexamethylene-
tetramine in beagle dogs. Food Cosmet Toxicol 1973; 11: 459-462

37 Migliore L, Ventura L, Barale R, Loprieno N, Castellino S, Pulci R: Micronuclei and
nuclear anomalies induced in the gastrointestinal epithelium of rats treated with
formaldehyde. Mutagenesis 1989; 4: 327-334

38 CTFA (Cosmetic, Toiletry and Fragrance Association): Final report on the safety
assessment of formaldehyde. 3 Am Coll Toxicol 1984; 3: 157-184

39 Yager JW, Cohn KL, Spear RC, Fisher JM, Morse L: Sister-chromatid exchanges in
lymphocytes of anatomy students exposed to formaldehyde-embalming solution. Mutat
Res 1986; 174: 135-139

40 Ballarin C, Sarto F, Giacomelli L, Bartolucci GB, Clonfero E: Micronucleated cells in
nasal mucosa of formaldehyde exposed workers. Mutat Res 1992; 280:1-7

41 Acheson ED, Barnes HR, Gardner MJ, Osmond C, Pannett B, Taylor CP. Formaldehyde
process workers and lung cancer [letter]. Lancet 1984a; 1(8385):1066—1067.

42 Acheson ED, Barnes HR, Gardner MJ, Osmond C, Pannett B, Taylor C. Formaldehyde in
the British chemical industry. An occupational cohort study. Lancet 1984b;
1(8377):611-616.

43 Collins JJ, Caporossi JC, Utidjian HMD: Formaldehyde exposure and nasopharyngeal
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plant. J Natl Cancer Inst 1988; 80: 376-377
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45 Hauptmann M, Lubin JH, Stewart PA, Hayes RB, Blair A: Mortality from
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exposed to formaldehyde: an update. Occup Environ Med 2004; 61: 193-200
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sinus and nasal cavity: I. Occupational exposures. Int. J. Cancer. 1986a; 38: 677-683
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