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g

3,000ppm
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200 10a 100
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3,000ppm 200

1.5
10a
4.5
1.59/1t 1.5ppm
NOAEL ( ) 15mg/kg/

1,000kg><30%
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0.028mg ADI 0.35% 10.1g
>=<1.5/1,000,000 0.015mg ADI 0.63%
m 18.3ppm 12_1ppm
m 3.7ppm
402ppm 1,000ppm
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CAS 50-00-0

CH,0
30.03
H
b
=0
/
H
b 40%
50% 2
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9 D
-195 Y
0.815(-20 )9
2Pa(20 )*
lppm=1.23 mg/m* at25 |,
n- / 0.35( )9
6
B
55% "
&)
D)
(OH 19
9
( 6 .
BOD
91 %( 2 100 mg/L 30 mg/L) ®
BCF
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11 1,263,881 t
) 2 OECD
10)
10)
2,000,000
1,500,000
—,
)
1,000,000
500,000
0
7 8 9 10 11
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3.850t

2

1,007.095
10,000 t




95

1)
EUSES
2.1 2,400km? 800
1.2)
2.1
()
39.9
304
294
0.2
(2
2.2
2.2
ngm* | 26 2.9 0.24 8.7 186/187 1999 |3
ngm® | 62 22 |230 04-06 |13/13 1998 |45
ugll |< 1 <1 a4 1 66/1242 1997 |6
ngll <1 <1 8 1 7/23 1999 |7
uglg | 024 < 0.02 15 |0.02 44)45 1999 |8
ngll <1 <1 <1 *12 1 60/124 1999 |7
ugll |< 1 <1 <1 2 1 7117 1999 |7
1) 490 pg/m*(1984) 40,000 pg/m? (1980)°
2)
3) 140 pg/L (1989) 10
4 * 5%
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®3)

2.3
15m® 2L 2,000g 50kg

2.3
2.6 ug/m? (1999) 0.78 pg/kg/day

62 ug/ 3(1999) 19 pg/kg/day
1 pg/L (2997) 0.04 pg/kg/day
1 ug/L (1999) 0.04 pg/kg/day
1 pg/L (1999) 0.04 pg/kg/day
0.24 ug/g (1999 9.6 pg/kg/day
8.7 pg/m? (1999) 2.6 pg/kg/day

55 pg/m? 1.7 ug/kg/day

230 pg/ * (1999) 69 pg/kg/day
44 g/l (1997) 1.8 ug/kg/day
8 ug/L (1999) 0.32 pg/kg/day
5 pg/L (1999) 0.2 ug/kg/day

3 ug/L 0.12 pg/kg/day
1.5 ug/g (1999 60 ug/kg/day
95
24 69 ng/kg/day
230 pg/m®
1.7 ug/kg/day 95
5.5 pg/m? 62 pg/kg/day
60 pg/kg/day
130 pg/kg/day

456




64 ug/kg/day

(4)

2.4
(g/kg/day) (Hg/kg/day)
0.78 1.7
19 69
0.04 18
(0.04) (0.32)
(0.04) ([0.12])
9.6 60
9.64 61.8
28.64 130.8
10.42 63.5
1) 95
2)
3)
4)
PEC
2.5
PEC
3 gL 95 2 Hg/L
25
1 pg/L (1999) 5 pg/L (1999)
3 ug/L
1 pg/L (1999) 2 pg/L (1999)

1)

95
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3.1

LDy, 420 mgkg
LDLo 16 mg/kg
LDs, 300 mg/kg
LDLo 240 mg/kg
LDs, 260 mg/kg

Wistar 70 1 0 12 15 82mg/kg/day 0 18
21 109 mg/kg/day 2 82 mg/kg/day
109 mg/kg/day
15 mg/kg/day 21 mg/kg/day  NOAEL
GDWQ 1996 NOAEL
20
10 6 0 024 12 36mgm* 26 22
I 7 1 3.6 mg/m?
1.2mg/m* NOEL 1.1 mg/m?
CD-1 34 35 1 0 74 148 185 mg/kg/day 6 15
185 mg/kg/day 34 22
1.0 mg/m?
1.0 mg/m?
EHC, 1989
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0.05 ppm 0.05 21.5ppm

0.05 1.0ppm 0.01 2.0ppm
0.10 25ppm 0.01 ppm
5 30ppm 50 100 ppm 100 ppm
ACGIH, 1992
WHO
30
0.1 mg/m?
0.1 mg/m*  NOAEL 30
2
B6C3F1 F344 119 121 1 0 25 69 17.6 mgm®
0 20 56 143ppm 24 6 | 5 |/ 17.6
mg/m® 2 6.9 mg/m?
1 17.6 mg/m® 51 52
WHO
GDWQ 1996
IARC 2A
3 NOAEL
NOAEL 15 mg/kg/day
WHO 0.1mg/m?
30
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3.2
MOE
9.6 ug/kg/day 62 ugkg/day 15 mg/kg/day | 24
62 pg/m’ 230 pg/m?® ! 0.43
hy ho o1mgn? |
2.6 ugint 55 ug/nt | 18
MOE 10 MOE 100
>
9.6 pug/kg/day 62 pug/kg/day
15 mg/kg/day MOE Margin
of Exposure 24
62 pg/m’
230 pg/m? 0.1 mg/m?
MOE 043
2.6 ug/m? 5.5 ug/m?
0.1 mg/m? MOE 18
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(1)

4.1
4.1
/ Ref.
[Hg/L] [ ] No.
o <100 | Phyllospora comosa NOEC MOR 4 o 14985
0 100 | Phyllospora comosa LOEC MOR 4 o 14985
300 | Scenedesmus quadricauda |NR  PGR 4 o 607
0 1,000 | Phyllospora comosa NOEC MOR 4 0 14985
0 10,000 | Phyllospora comosa LOEC MOR 4 o 14985
o 1,170 | Artemia sp. LC,, MOR 2 o 16031
pL/L
o 5,800 | Daphnia pulex EC, IMM 2 o 18459
o 35| Ictalurus punctatus LCy, MOR 4 o 15908
pL/L
o 62.1| Ameiurus melas LC,, MOR 4 o 7443
pL/L
o 129| Oncorhynchus mykiss LC, MOR 4 o 16992
pL/L
o 4,960 | Morone saxatilis LC, MOR 4 o 3515
o 24,100 | Pimephales promelas LC, MOR 4 o 3217
o 95,000 | Corbicula manilensis LC, MOR 4 o 418
PNEC
PNEC PNEC
ECs, Median Effective Concentration): LCs, Median Lethal Concentration): LOEC Lowest
Observed Effect Concentration):
NOEC No Observed Effect Concentration): NR Not Reported):
IMM  Immobilization): MOR Mortality): PGR Population Growth):
2) PNEC
PNEC
Daphnia pulex 48

461



ECs, 5,800 pg/L Morone saxatilis 96 LCy,
4,960 pg/L
1,000
4,960 pg/L PNEC 5.0
Ho/L
Phyllospora comosa 96
NOEC 100 pg/L
100 PNEC
1.0 pg/L
PNEC PNEC
100 1.0 ug/L
3)
4.2
[95 PNEC |PEC/
PEC PNEC
1 ug/L (1999) 5 pg/L (1999) <1.0 >3.0
3 po/L pa/L
1 ug/L (1999) 2 pg/L (1999) >2.0
1) 1)
1) 140 pg/L (1989)
PEC/PNEC 0.1 PEC/PNEC 1
>
1 g/l
3 g/l
2 ug/L
PEC PNEC 3 2
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pgm® | 3.1 3.5 037 |14 266/266 2000
2.8 3.1 036 |8.7 0.26 255/256 1999
3.1 3.7 0.6 |23 242/242 1998
ugm® |79 89 |< 0.01 [430 0.01 4472/4476 2000
pgl <1 |<1 <1 44 1 66/1242 1997
pgl <1 |<1 <1 8 1 7/23 1999
uge | 0.24 <0.02 |15 0.02 44/45 1999
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3
4 140 pg/L(1989) '
5 % 1% 12 pg/L
(1999)®
2.3
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50 kg
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2.3

3.1 pg/m’ (2000)
79 pug/ (2000)

1 ng/L (1997)
1 ng/L (1999)
1 ng/L (1999)

024 ug/lg (1999

0.93 pg/kg/day
24 ng/kg/day

0.04 pg/kg/day
0.04 pg/kg/day
0.04 pg/kg/day

9.6 pg/kg/day

14 pg/m’ (2000)
6.1 ug/m3
(1998 2000
23 ug/m3
(1998)”
430 ug/  *(2000)
160 pg/ °

44 ng/L (1997)

8 nug/L (1999)

5 ug/L (1999)
3 ug/L

1.5 ng/g (1999)

4.2 ng/kg/day
1.8 pg/kg/day
(1998 2000
6.9ug/kg/day
(1998)”
130 pg/kg/day
48 ng/kg/day

1.8 pg/kg/day
0.32 pg/kg/day
0.2 pg/kg/day

0.12 pg/kg/day
60 pg/kg/day

ng/m’

95

2.4
4.2 ng/kg/day
130 pg/kg/day 430 pg/m’
1998 2000

62 ng/kg/day 60 ng/kg/day
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66 pg/kg/day

2.4
(ng/kg/day) (ng/kg/day)
0.93 4.2
24 130
0.04 1.8
0.04 0.32
(0.04) (0.2)
9.6 60
9.6+0.04 61.8
: 9.6+0.04 60.32
3 10.53+0.04 66.0
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13, 14)

11, 12)

DNA
1
10)
15
15 16
17)
Wistar 70 1 1.2 15 82 mg/kg/day 1.8 21
109 mg/kg/day 2
18)
Wistar 20 1 0 10 50 300 mg/kg/day 2
19)
Splague-Dawley 50 1 0
10 50 100 500 1,000 1,500 2,500 mg/L 2
1,500 mg/L (5 mg/kg/day)
15 mg/L
20)
Wistar 2 N- -N’- -N-
(MNNG) 100 mg/L 8 0.5 %
32 10 8 2D
Fischer 344 120 1 0 24 6.7 172mg/m’ 2 6
/ 5 6.7 mg/m’
17.2 mg/m’
17.2 mg/m’
22)
Fischer 344 90 1 0 08 24 72 12 18 mg/m’ 2
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3 18
23)
Sprague-Dawley 100 1 0 17.8 mg/m® 2 6 /5
/ 17.8 mg/m’
17.8 mg/m’
24)
Fischer 344 32 1 0 036 2.4 17mg/m’ 28 6 /
5 17 mg/m’
2.4 mg/m’ 2%)
Fischer 344 0 036 2.6 17.8mg/m’ 28 6 / 5
17.8 mg/m’ 26)
27
27
27
28
27)
1966 10 26,561
SMR 3.2 95%
1.3 6.6
29
SMR
30 SMR
RR SMR RR 5
10 20 30
31)
124 SMR 1.4 95%
1.2 1.7 SMR 30
31)
WHO )
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EPA ¥

Fischer 344

22)

1.3x 107 (pg/m®)!

2.2

2.2

mg/m3
0 0/156
2.4 0/159
6.7 2/153
17.2 94/140
Kerns 22)

9.6 ng/kg/day

62 ng/kg/day

9.6 pg/kg/day

60 pg/kg/day

3.1 pg/m’ 14 pg/m’ 1.8x 10
1.3x 107 (ug/m?) !
79 pg/m’ 430 pg/m’ 5.6x 107
1)
10-6 10-5
>
3.1 pg/m’ 14 pg/m’
1.8x 10
79 pg/m’

430 pg/m’
5.6x 107
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7 Exposure/Potency Index EPI

23)

Fischer 344
5% TCoos 9.5 mg/m’
95% 7.9 mg/m’
mg/m’
0 0/90
0.8 0/90
2.4 0/96
7.2 1/90
12 20/90
18 69/147
Monticello ~ **
2.3
2.3
TD g.05
EPI
TC o.05
9.6 pg/kg/day 62 pg/kg/day
9.6 pg/kg/day 60 pg/kg/day
3.1 pg/m’ 14 pg/m’ 1.5x 107
9.5 mg/m’
79 pg/m’ 430 pg/m’ 4.5% 107
1)
EPI 2x 10°° EPI 2x 10
>
TDo.0s
TCo.05 EPI  1.5x 107
TC 4.0 EPI  4.5x 107
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0.1 mg/ m’
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pathogens are provided.
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application of the Guidelines to specific circumstances, such as emergencies and disasters, large buildings,
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12. CHEMICAL FACT SHEETS

a clear excess risk of adverse skeletal effects for a total intake of 14mg/day and sug-
gestive evidence of an increased risk of effects on the skeleton at total fluoride intakes
above about 6 mg/day.

History of guideline development

The 1958 and 1963 WHO International Standards for Drinking-water referred to flu-
oride, stating that concentrations in drinking-water in excess of 1.0-1.5mg of fluo-
rine per litre may give rise to dental fluorosis in some children, and much higher
concentrations may eventually result in skeletal damage in both children and adults.
To prevent the development of dental caries in children, 2 number of communal water
supplies are fluoridated to bring the fluorine concentration to 1.0 mg/litre. The 1971
International Standards recommended control limits for fluorides in drinking-water
for various ranges of the annual average of maximum daily air temperatures; control
limits ranged from 0.6-0.8mgllitre for temperatures of 26.3-32.6°C to 0.9-1.7
mg/litre for temperatures of 10-12°C. In the first edition of the Guidelines for Drink-
ing-water Quality, published in 1984, a guideline value of 1.5 mg/litre was established
for fluoride, as mottling of teeth has been reported very occasionally at higher levels.
Tt was also noted that local application of the guideline value must take into account
climatic conditions and higher levels of water intake. The 1993 Guidelines concluded
that there was no evidence to suggest that the guideline value of 1.5mg/litre set in
1984 needed to be revised. It was also recognized that in areas with high natural flu-
oride levels, the guideline value may be difficult to achieve in some circumstances with
the treatment technology available. It was also emphasized that in setting national
standards for fluoride, it is particularly important to consider climatic conditions,
volume of water intake and intake of fluoride from other sources.

Assessment date
The risk assessment was conducted in 2003.

Principal references

IPCS (2002) Fluorides. Geneva, World Health Organization, International Programme
on Chemical Safety (Environmental Health Criteria 227).

WHO (2003) Fluoride in drinking-water. Background document for preparation of
WHO Guidelines for drinking-water quality. Geneva, World Health Organization
(WHO/SDE/WSH/03.04/96).

12.64 Formaldehyde

Formaldehyde occurs in industrial effluents and is emitted into air from plastic mate-
rials and resin glues. Formaldehyde in drinking-water results primarily from the oxi-
dation of natural organic matter during ozonation and chlorination. It is also found
in drinking-water as a result of release from polyacetal plastic fittings.
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Guideline value 0.9 mg/litre

Occurrence Concentrations of up to 30 1g/litre have been found in ozonated
drinking-water.

DI 150 ug/kg of body weight, derived from a NOAEL {for a variety of

effects, including increased relative kidney weights in females and an
increased incidence of renal papillary necrosis in both sexes) of
15mg/kg of body weight per day in a 2-year study in rats,
incorporating an uncertainty factor of 100 (for intra- and interspecies
variation); no account was taken of potential carcinogenicity from the
inhalation of formaldehyde from various indoor water uses, such as

showering
Limit of detection 6.2 ug/litre by HPLC following derivatization with 2,4
dinitrophenylhydrazine and liquid-solid extraction
Treatment achievability <0.03 mg/litre by process control/modification
Guideline derivation '
e allocation to water 20% of TDI
e weight 60-kg adult
® consumption 2 litres/day

Toxicological review

Rats and mice exposed to formaldehyde by inhalation exhibited an increased inci-
dence of carcinomas of the nasal cavity at doses that caused irritation of the nasal
epithelium. Ingestion of formaldehyde in drinking-water for 2 years caused stomach
irritation in rats. Papillomas of the stomach associated with severe tissue irritation
were observed in one study. IARC has classified formaldehyde in Group 2A. The
weight of evidence indicates that formaldehyde is not carcinogenic by the oral route.

History of guideline development

The 1958, 1963 and 1971 WHO International Standards for Drinking-water and the
first edition of the Guidelines for Drinking-water Quality, published in 1984, did not
refer to formaldehyde. The 1993 Guidelines established a health-based guideline value
of 0.9mg/litre for formaldehyde in drinking-water.

Assessment date

The risk assessment was originally conducted in 1993. The Final Task Force Meeting
in 2003 agreed that this risk assessment be brought forward to this edition of the
Guidelines for Drinking-water Quality.

Principal reference

WHO (2003) Formaldehyde in drinking-water. Background document for preparation
of WHO Guidelines for drinking-water quality. Geneva, World Health Organization
(WHO/SDE/WSH/03.04/48).
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Summaries

Formaldehyde (CASRN 50-00-0)

A

view QuickView

List of IRIS Substances

MaiNn GONTENTS

[Reference Dose for Chronic Oral Exposure (RfD) >

0419
Formaldehyde; CASRN 50-00-0

Health assessment information on a chemical substance is included in IRIS only
after a comprehensive review of chronic toxicity data by U.S. EPA health
scientists from several Program Offices and the Office of Research and
Development. The summaries presented in Sections | and Il represent a
consensus reached in the review process. Background information and
explanations of the methods used to derive the values given in IRIS are provided
in the Background Documents.

STATUS OF DATA FOR Formaldehyde

File First On-Line 10/01/1989

Category (section) Status Last Revised
Oral RfD Assessment (.A.) on-line 09/01/1990
Inhalation RfC Assessment (1.B.) no data

Carcinogenicity Assessment (l1.) on-line

05/01/1901

_I. Chronic Health Hazard Assessments for Noncarcinogenic Effects
_I.A. Reference Dose for Chronic Oral Exposure (RfD)

Substance Name — Formaldehyde
CASRN - 50-00-0
L.ast Revised —- 09/01/1990

‘The oral Reference Dose (RfD) is based on the assumption that thresholds exist
for certain toxic effects such as cellular necrosis. It is expressed in units of mg/kg-
day. In general, the RfD is an estimate (with uncertainty spanning perhaps an
order of magnitude) of a daily exposure to the human population (including
sensitive subgroups) that is likely to be without an appreciable risk of deleterious
effects during a lifetime. Please refer to the Background Document for an
elaboration of these concepts. RfDs can also be derived for the noncarcinogenic
health effects of substances that are also carcinogens. Therefore, it is essential
to refer to other sources of information concerning the carcinogenicity of this
substance. If the U.S. EPA has evaluated this substance for potential human
carcinogenicity, a summary of that evaluation will be contained in Section Il of

h’ctp&/ /www.epa.gov/iris/subst/0419.htm

- v
q<) [SelectaSubstance

@ Full IRIS Summary C QuickView
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this file.

__LA.1. Oral RfD Summary

Critical Effect Experimental Doses* UF MF RfD
Reduced weight gain, NOAEL: 15 mg/kg/day 100 1 2E-1
histopathology in rats mg/kg/day

LOAEL: 82 mg/kg/day
Rat 2-Year Bioassay '

Tilet al., 1989

* Conversion Factors: none
—1.A.2. Principal and Supporting Studies (Oral RfD)

Til, H.P., R.A. Woutersen, V.J. Feron, V.H.M. Hollanders, H.E. Falke and J.J.
Clary. 1989. Two-year drinking water study of formaldehyde in rats. Food Chem.
Toxicol. 27: 77-87.

Formaldehyde was administered daily in drinking water to Wistar rats
(70/sex/dose) for up to 24 months at mean doses of 0, 1.2, 15, or 82 mg/kg/day
for males and 0, 1.8, 21, or 109 mg/kg/day for females. Up to 10 rats/sex/dose
were sacrificed and examined after 12 months and 18 months of treatment; the
‘remainder was sacrificed and examined at 24 months. Mean body weights of the
high-dose group were decreased in males from week 1 and in females from week
24 through termination. Food intake was significantly decreased in all high-dose
males with females showing a similar but less consistent decrease in food intake.
A 40% decrease in drinking water intake was reported in all high-dose animals
while those rats receiving the middie dose showed a slight but generally
insignificant decrease in liquid intake. Changes in urinalyses, and hematological
and clinical chemistry parameters, were not dose-related, so were not considered
to be related to formaldehyde intake. Among the high-dose males, significant
decreases were seen in the absolute heart and liver weights at 18 months and at
termination; in testes weights at 18 months; and in kidney weights at termination.
High-dose females showed significant increases in the relative kidney weights at
12 and 24 months. Relative brain weights were significantly increased in high-
dose males at all three examination periods and in females at termination only.
Relative testes weights were significantly increased in high-dose males at
termination. These relative organ weight increases were. generally ascribed to the
decreased body weights observed. A significant increase in mortality among
males receiving the 15 mg/kg/day dose was not considered toxicologically
significant.

Gross examination at 12, 18, and 24 months revealed a raised, thickening of the
limiting ridge of the forestomach in most high-dose rats and in some rats of both
sexes from other groups. Irregular mucosal thickening of the forestomach and
glandular stomach were seen in several rats of the high-dose group and in
occasional rats of other groups. The incidence of discoloration and irregularity of
the kidney surface and atrophy of the testes was lower in the high-dose group as
compared with controls.

Significant histopathological changes of the gastrointestinal tract were found in
high-dose males and females and included chronic atrophic gastritis of the
glandular stomach from week 53 on, as well as focal uiceration and glandular
hyperplasia at the terminal examination. The incidence of focal papillary epithelial
hyperplasia and focal hyperkeratosis of the forestomach was significantly
increased in both sexes at the terminal examination. These effects of
formaldehyde on the gastric mucosa were considered cytotoxic in nature. A
significant increase in the incidence of papillary necrosis of the kidneys was
reported in both sexes of high-dose rats at the terminal examination. No
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treatment-related gastric tumors were observed in this study. The incidence and
type of tumors observed in other organ systems were common to this strain and
similar to those found in aging rats, 30 were not considered foxicologically
significant. A NOAEL of 15 mg/kg/day in male rats was indicated in this study.

Formaldehyde was administered daily in the drinking water of Sprague-Dawley
rats (15/sex/dose) at doses equivalent to 0, 50, 100, or 150 mg/kg/day for 90
days (Johannsen et al., 1986). Male and female high-dose rats (150 mg/kg/day)
and male rats receiving the 100 mg/kg/day dose showed a significant decrease in
body weight gain. A dose-related decrease in the intake of drinking water was
reported in both sexes of treated rats. Food intake and feed efficiency was
comparable among all groups. No statistically significant differences were seen in
urinalyses, or hematological and biood chemistry parameters. No treatment-
related histopathological findings were observed. A NOAEL of 50 mg/kg/day was
indicated for rats.

Similarly, formaldehyde was administered in the diet of pure-bred beagle dogs
(4/sex/dose) at doses of 0, 50, 75, or 100 mg/kg/day for 90 days. A significant
decrease in body weight gain was reported in the high-dose dogs of both sexes
with no effect on weight gain at the two lower dose levels. A reduced food
consumption and feed efficiency was observed in dogs at all treatment levels. No
treatment-related effects were seen on hematological, blood chemistry, or
urinalysis parameters, nor were any treatment-related lesions observed. The
gastrointestinal mucosa was not affected by formaldehyde intake. A NOAEL of 75
mg/kg/day was indicated.

Marks et al. (1980) administered formaldehyde as an aqueous solution to
pregnant CD-1 mice at oral doses of 74, 148, and 185 mg/kg on days 6 to 15 of
gestation. The high dose was iethal to most of the treated mice by day 18.
Mortality was 1/35 and 22/34 among dams treated at 148 and 185 mg/kg/day,
respectively. In the high-dose group, the number of resorption sites was
increased and mean litter size was slightly decreased. No effects on fetus size,
and no gross or microscopic skeletal or soft tissue abnormalities were observed.

Hurni and Ohder (1973) exposed pregnant beagle dogs (9 to 11/group) to
formaldehyde in the diet at levels of 125 or 375 ppm from 4 days after mating
through day 56. Assuming that 1 ppm in the diet of a 10-kg dog consuming 250 g -
of dry chow/day equals 0.025 mg/kg/day (Lehman, 1959), this would correspond
to doses of 3 or 9 mg/kg/day. The dogs were weighed weekly, and the pups were
weighed at birth and twice weekly thereafter. Feeding of formaldehyde had no
effect on pregnancy rate, maternal body weight, or duration of gestation. Mean
fitter sizes were within normal ranges. No effects were reported on growth or
mortality. All pups were inspected for defects at birth and at 8 weeks postpartum.
Stillborns, as well as pups dying before weaning, were autopsied and examined
for internal and skeletal anomalies. Normal behavior, appearance, mobility and
muscular coordination were reported for all dogs observed for up to 9 months.

Seidenberg et al. (1987) evaluated formaldehyde in the Chernoff/Kaviock
developmental toxicity screen. Formaldehyde was administered by gavage at 540
mg/kg/day to pregnant ICR/SIM mice on gestation days 8 through 12. The mice
were allowed to deliver, then several neonatal growth and viability parameters
were measured in the offspring. Comparative statistical analysis of these
parameters between treated animals and concurrent (vehicle-treated) controls
revealed no significant effect on any perinatal parameter examined.

__LA.3. Uncertainty and Modifying Factors (Oral RfD)

UF — An uncertainty factor of 100 was used to account for the inter- and
intraspecies differences.

MF — None

I.A.4. Additional Studies/Comments (Oral RfD)
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Based on this 2-year study in rats in which a NOAEL is identified, the uncertainty
factor of 100 is considered appropriate for extrapolating results to humans. This
study consisted of adequate numbers of animals of both sexes as well as a
thorough examination of toxicological and histological parameters.

Takahashi et al. (1986) conducted a two-stage carcinogenesis bioassay in male
Wistar rats. The animals were administered N-methyl-N'-nitro-N- nitrosoguanidine
(MNNG) at 100 mg/L in the drinking water for the first 8 weeks of the study,
followed by administration of 0.5% formalin (dose not specified) in the drinking
water during weeks 8 through 40. Other groups of animals received just MNNG
or formalin (dose not specified). The animals were sacrificed at the termination of
dosing and the stomachs were examined grossly and microscopically. The actual
doses of formaldehyde received by the test animals is not known, because dose
concentrations were not reported, and drinking water consumption was not
measured. Formalin did not produce malignant tumors when given alone. In
animals receiving just formalin, forestomach papillomas occurred in 8/10 animals.
In rats given MNNG alone, adenocarcinoma of the pylorus occurred in 1/30 rats,
preneoplastic hyperplasia of the pylorus occurred in 7/30 rats, and
adenocarcinoma of the duodenum occurred in 3/30 rats. In the group
administered both MNG and formalin, forestomach papillomas occurred in 15/17
animals, adenocarcinoma of the pylorus in 4/17, preneoplastic hyperplasia of the
pylorus in 7/17, and adenocarcinoma of the duodenum in 1/17.

__LA.5, Confidence in the Oral RfD
Study — High

Database — Medium

RfD — Medium

Confidence in the critical study is high since it consisted of adequate numbers of
animals of both sexes, as well as a thorough examination of toxicological and
histological parameters. Confidence in the database is medium as several
additional chronic bioassays and reproductive and developmental stuides support
the critical effect and study. Medium confidence in the RfD follows.

__LA.6. EPA Documentation and Review of‘the Oral RfD
Source Document — U.S. EPA, 1989

Other EPA Documentation — None

Agency Work Group Review — 11/17/1989, 05/17/1990, 06/20/1990
Verification Date — 06/20/1990

__LA.7. EPA Contacts (Oral RiD)

Please contact the IRIS Hotline for all questions concerning this assessment or
IRIS, in general, at (202)566-1676 (phone), (202)566-1749 (FAX) or
hotline.iris@epa.gov (internet address).

Back to top

-1.B. Reference Concentration for Chronic Inhalation Exposure (RfC)

Substance Name — Formaldehyde
CASRN - 50-00-0

Not available at this time.
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Back to fop

_Il. Carcinogenicity Assessment for Lifetime Exposure

Substance Name — Formaldehyde
CASRN - 50-00-0
Last Revised — 05/01/1991

Section |l provides information on three aspects of the carcinogenic assessment
for the substance in question; the weight-of-evidence judgment of the likelihood
that the substance is a human carcinogen, and quantitative estimates of risk from
oral exposure and from inhalation exposure. The quantitative risk estimates are
presented in three ways. The slope factor is the result of application of a low-
dose extrapolation procedure and is presented as the risk per (mg/kg)/day. The
unit risk is the quantitative estimate in terms of either risk per ug/L drinking water
or risk per ug/cu.m air breathed. The third form in which risk is presented is a
drinking water or air concentration providing cancer risks of 1 in 10,000, 1in
100,000 or 1 in 1,000,000. The rationale and methods used to develop the
carcinogenicity information in IRIS are described in The Risk Assessment
Guidelines of 1986 (EPA/600/8-87/045) and in the IRIS Background Document.
IRIS summaries developed since the publication of EPA’s more recent Proposed
Guidelines for Carcinogen Risk Assessment aiso utilize those Guidelines where
indicated (Federal Register 61(79):17960-18011, April 23, 1996). Users are
referred to Section | of this IRIS file for information on jong-term toxic effects
other than carcinogenicity. :

_ILLA. Evidence for Human Carcinogenicity
__ILA.1. Weight-of-Evidence Characterization

Classification — B1; probable human carcinogen, based on limited evidence in
humans, and sufficient evidence in animals. Human data include nine studies that
show statistically significant associations between site-specific respiratory
neoplasms and exposure to formaldehyde or formaldehyde-containing products.
An increased incidence of nasal squamous cell carcinomas was observed in
long-term inhalation studies in rats and in mice. The classification is supported by
in vitro genotoxicity data and formaldehyde's structural relationships to other
carcinogenic aldehydes such as acetaldehyde.

__1l.A.2. Human Carcinogenicity Data

Limited. At least 28 relevant epidemiologic studies have been conducted. Among
these, two cohort studies (Blair et al., 1986, 1987, Stayner et al., 1988) and one
case-control study (Vaughan et al., 1986a,b) were well-conducted and
specifically designed to detect small to moderate increases in formaldehyde-
associated human risks. Blair et al. studied workers at 10 plants who were in
some way exposed to formaldehyde (largely through resin formation) and
observed significant excesses in lung and nasopharyngeal cancer deaths.
Despite a lack of significant trends with increasing concentration or cumulative
formaldehyde exposure, lung cancer mortality was significantly elevated in
analyses with or without a 20-year latency allowance. No explicit control was
made for smoking status. Stayner et al. reported statistically significant excesses
in mortality from buccal cavity tumors among formaldehyde-exposed garment
workers. The highest SMR was for workers with long employment duration
(exposure) and follow-up period (latency). The Vaughan et al. nasal and
pharyngeal cancer case-control study examined occupational and residential
exposures, controlling for smoking and alcohol consumption. It showed a
significant association between nasopharyngeal cancer and having lived 10 or
more years in a mobile home, especially for mobile homes built in the 1950s to
1970s, a period of increasing formaldehyde- resin usage. No exposure
measurements were available.

http://www.epa.gov/iris/subst/0419.htm ‘ 2005/07/25



Formaldehyde (CASRN 50~00-0), IRIS, Environmental Protection Agency

The 25 other reviewed studies had limited ability to detect small to moderate
increases in formaldehyde risks owing to small sample sizes, small numbers of
observed site-specific deaths, and insufficient follow-up. Even with these potential
limitations, 6 of the 25 studies (Acheson et al., 1984; Hardell et al., 1982; Hayes
etal., 1986; Liebling et al., 1984; Olsen et al., 1984, Stayner et al., 1985)
reported significant associations between excess site-specific respiratory (lung,
buccal cavity, and pharyngeal) cancers and exposure to formaldehyde. Some of
these studies looked at potential confounders (such as wood-dust exposure) in
greater detail; they did not discern sinonasal cancer incidence excesses of the
size predicted. Others (Liebling et al., 1984; Stayner et al., 1985) overlapped the
Acheson et al. (1984), Hardell et al. (1982) and Hayes et al. (1986) studies; the
improved design and nonoverlapping portions of the later studies (Blair et al.,
1986, Stayner et al., 1988) reinforce the conclusions of the earlier studies.
Analysis of the remaining 19 studies indicate that leukemia and neoplasms of the
brain and colon may be associated with formaidehyde exposure. The biological
support for such postulates, however, has not yet been demonsirated. Although
the common exposure in all of these studies was formaldehyde, the
epidemiologic evidence is categorized as "limited" primarily because of the
possible exposures to other agents. Such exposures could have contributed to
the findings of excess cancers.

__l.A.3. Animal Carcinogenicity Data

Sufficient. Consequences of inhalation exposure to formaldehyde have been
studied in rats, mice, hamsters and monkeys. The principal evidence comes from
positive studies in both sexes of two strains of rats (Kerns et al., 1983; Albert et
al., 1982; Tobe et al., 1985) and males of one strain of mice (Kerns et al., 1983),
all showing squamous cell carcinomas. '

For the CIIT, Kerns et al. (1983) exposed about 120 animals/sex/species (Fischer
344 rats and B6C3F1 mice) 10 0, 2, 5.6 or 14.3 ppm, 6 hours/day, 5 days/week
for 24 months. Five animals per group were sacrificed at 6 and 12 months and 20
per group were killed at 18 months. At 24 and 27 months the number sacrificed is
unclear. The studies were terminated at 30 months. From the 12th month on,
male and female rats in the highest dose group (14.3 ppm) showed significantly
increased mortality compared with controls. In the 5.6- ppm group, male rats
showed a significant increase in mortality from 17 months on. Female mice
showed generally comparable survival across dose groups, as did male mice, but
the male mice as a whole showed increased mortality because of housing
problems. Squamous cell carcinomas were seen in the nasal cavities of 51/1 17
male rats and 52/115 female rats at 14.3 ppm (HDT) by experiment's end (as
many as 35 carcinomas had been identified in males by month 18 based on EPA
analysis notes and Kerns (Chart 8). At 5.6 ppm, 1/119 male rats and 1/116
female rats showed squamous cell carcinomas of the nasal cavity. No such
tumors were seen at 0 or 2 ppm. Polypoid adenomas of the nasal mucosa were
seen in rats at all doses (0 ppm: 1/118 M, 0/114 F; 2 ppm: 4/118 M, 4/118 F: 5.6
ppm: 6/119 M, 0/116 F; 14.3 ppm: 4/117 M, 1/115 F) in a significant dose-related
trend, albeit one that falls off after a peak. Among the mice, squamous cell
carcinomas were seen in two males at 14.3 ppm. No other lesions were
noteworthy.

Sellakumar et al. (1985) exposed male Sprague-Dawley rats, 100/group, 6
hours/day, 5 days/week for lifetime to 10 ppm HCl and to 14 ppm formaldehyde.
This was a combined exposure HCI and formaldehyde were administered
simultaneously, and each was administered separately. An equal number of rats
received an air control. HCl was administered to determine if tumor response was
enhanced by an additional irritant effect or by the combining of formaldehyde and
HCl to form bis-(chloromethyl)ether (BCME). Groups receiving formaldehyde
alone or with HCI showed an increase in nasal squamous cell carcinomas; those
without formaldehyde were free of carcinomas and other tumors (0/99 in each
group), although rhinitis and hyperplasia were of comparable incidence.

Tobe et al. (1985) conducted a 28-month study of male Fischer 344 rats (about 2
weeks younger than those in Kerns et al., 1983). Groups of 32 rats were exposed
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6 hours/day, 5 days/week to 0, 0.3, 2.0, 3,3, or 15 ppm formaldehyde in agueous
solution methanol: another group of 32 was exposed to methanol only (vehicle
control). Animals were sacrificed at 12, 18, and 24 months. Exposure to 15 ppm
ended at 24 months; at that point, mortality was 88%. At 28 months mortality was
60% in the control group and 32% in the 0.3 dose group. Squamous cell
carcinomas were seen at 15 ppm in 14/27 rats surviving past 12 months,
compared with 0/27 in the controls. No polypoid adenomas were observed; the
increased incidences of rhinitis and hyperplasia were dose-related.

While these three rodent studies are principal in the weight of evidence,
inhalation studies have been carried out in other strains and species. Dalbey
(1982), as part of a promotion experiment, exposed male Syrian golden hamsters
to 10 ppm formaldehyde 5 times/week, 5 hours/day throughout their lifetimes,
132 animals were untreated controls. Although survival time was significantly
reduced in the treated group, no tumors were observed in either treated or control
groups. Rusch et al. (1983) carried out a 6-month toxicity study in 6 male
cynomolgus monkeys, 40 F344 rats (20M, 20F), and 20 Syrian golden hamsters
(10M, 10F) with 22 hours/day, 7 days/week exposure to three levels of
formaldehyde with corresponding controls. The highest dose tested was 2.95
ppm. The short duration of the assay, the small sample sizes, and, possibly, the
low concentrations tested, limited the sensitivity of the assay to detect tumors. in
the highest dose group in both rats and monkeys, incidences of squamous
metaplasia/hyperplasia of the nasal turbinates were significantly elevated.

__ILA.4. Supporting Data for Carcinogenicity

Mutagenic activity of formaldehyde has been demonstrated in viruses,
Escherichia coli, Pseudomonas fluorescens, Salmonella typhimurium and certain
strains of yeast, fungi, Drosophila, grasshopper and mammalian cells (Ulsamer et
al., 1984). Formaldehyde has been shown to cause gene mutations, single strand
breaks in DNA, DNA-protein crosslinks, sister chromatid exchanges and
chromosomal aberrations. Formaldehyde produces in vitro transformation in
BALB/c 3T3 mouse cells, BHK21 hamster cells and C3H-10TI/2 mouse cells,
enhances the transformation of Syrian hamster embryo cells by SA7 adenovirus,
and inhibits DNA repair (Consensus Workshop on Formaldehyde, 1984).

When inhaled, acetaldehyde, the closest aldehyde to formaldehyde in structure,
causes cancers in the nose and trachea of hamsters, and nasal cancers in rats.

_IL.B. Quantitative Estimate of Carcinogenic Risk from Oral
Exposure

None.

Back to top

_lI.C. Quantitative Estimate of Carcinogenic Risk from Inhalation Exposure
Inhalation Unit Risk — 1.3E-5 per (ug/cu.m)
Extrapolation Method — Linearized multistage procedure, additional risk

Air Concentrations at Specified Risk Levels:

Risk Level Concentration
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E-4 (1in 10,000) . ‘8E+0 ug/cu.m
E-5 (1 in 100,000) 8E-1 ug/cu.m
E-6 (1 in 1,000,000) 8E-2 ug/cu.m

—11.C.2. Dose-Response Data for Carcinogenicity, Inhalation Exposure

Tumor Type — squamous cell carcinoma
Test Animals — Rat/F344, males

Route - inhalation

Reference — Kerns et al., 1983

Dose
Administered Human Equivalent Tumor
{nrpm) {malkg)/day Incidence
0 0 0/156
2 2 0/159
56 56 2/153
14.3 14.3 94/140

—_II.C.3. Additional Comments (Carcinogenicity, Inhalation Exposure)

In the Kerns et al. (1983) study, rats that died at 11 months (prior to appearance
of the first squamous cell carcinoma) were not considered at risk. Those
sacrificed at 12 and 18 months were treated as though they would have
responded in the same proportion as rats remaining alive at the respective
sacrifice times and those living beyond 24 months were included with animals
sacrificed at 24 months. From the estimates of the probability of death with tumor
within 24 months and its variance, the number of animals at risk and the number
with tumors were derived for a 24-month study with no 12- or 18-month kills.
These rounded numbers are shown above and were used for significance tests
and modeling.

Al

The unit risk should not be used if the air concentration exceeds 8E+2 ug/cu.m,
since above this concentration the unit risk may not be appropriate.

__ll.C.4. Discussion of Confidence (Carcinogenicity, Inhalation Exposure)

The experimental range is close to expected human exposures. Estimated
lifetime excess risks from six epidemiologic studies are close fo upper bound
risks based on animal data (usually within 1 order of magnitude for four types of
estimated occupational and residential exposure). Animal-based estimates
derived using time in the model were similar but would have required the use of
more assumptions in the calculations. Three non-zero doses were used in
addition to controis in the study on which calculations are based, with a large
number of animals per group. Male and female incidences were close throughout
the exposure groups.

Back to top

_IL.D. EPA Documentation, Review, and Contacts (Carcinogenicity
Assessment)

__IL.D.1. EPA Documentation
Source Document — U.S. EPA, 1987

The OTS Assessment of Health Risk has received wide internal and external
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review.

__l1.D.2. EPA Review (Carcinogenicity Assessment)
Agency Work Group Review — 02/03/1988

Verification Date — 02/03/1988

__I1.D.3. EPA Contacts (Carcinogenicity Assessment)

Please contact the IRIS Hotline for all questions concerning this assessment or
IRIS, in general, at (202)566-1676 (phone), (202)566-1749 (FAX) or
hotline.iris@epa.gov (internet address).

Back to top

_lli. [reserved]
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_VII. Revision History

Substance Name — Formaldehyde
CASRN - 50-00-0

Date Section  Description

10/01/1989 L. Carcinogen summary on-line

10/01/198¢9 VL. Bibliography on-line

12/01/1989 LA. Oral RfD now under review

02/01/1990 VL. Supplementary data on-line

09/01/1990 LA, Oral RfD summary on-line

09/01/1990 Il Text edited

00/01/1990 VLA, Oral RfD references added

01/01/1991 1L Text edited

01/01/1991 11.C 1. inhalation slope factor removed (global change)
05/01/1991 II.C.1. Corrected units in risk level concentrations
08/01/1991 VI.A.&C. Citations clarified

01/01/1992 V. Regulatory Action section on-line -

04/01/1997 III., IV., V. Drinking Water Health Advisories, EPA
Regulatory Actions, and Supplementary
Data were removed from IRIS on or before
April 1997. IRIS users were directed to the
appropriate EPA Program Offices for this
information.

01/02/1998 1., Il This chemical is being reassessed under the IRIS
Program.
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_VIl. Synonyms

Substance Name — Formaldehyde
CASRN - 50-00-0
Last Revised — 10/01/1989

50-00-0
ALDEHYDE FORMIQUE (FRENCH)
ALDEHYD MRAVENC! (CZECH)
ALDEIDE FORMICA (ITALIAN) -
BFV

FA

FORMALDEHYD (CZECH, POLISH)
FORMALDEHYDE
FORMALDEHYDE SOLUTION (DOT)
FORMALIN

FORMALITH

FORMIC ALDEHYDE

FORMOL

FYDE

HOCH

IVALON

KARSAN

LYSOFORM

METHANAL

METHYL ALDEHYDE
METHYLENE GLYCOL
METHYLENE OXIDE

MORBICID

NCI-C02799

OPLOSSINGEN (DUTCH)
OXOMETHANE

OXYMETHYLENE

PARAFORM
POLYOXYMETHYLENE GLYCOLS
RCRA WASTE NUMBER U122
SUPERLYSOFORM

UN 1198 (DOT)

UN 2209 (DOT)
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Recent Additions |
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(Epinephelus septem Lt TLC
fasciatus)
BRI 0 TCAME, 7F1 7 b vik|(25)
LR AT o* TEFNT £ VE (16)*1: ﬁj 105K 48 pnx BRI
14 0*2 /4 /4 *2: *1 0) % @%m%ﬁ}ﬁgloﬁ.
¥ 1,0%8 " » L
#3: ¥y, D% 113°, 60 4 hnEh
‘ (A—-tPz7 Vv~ 7)
® Y 2.4~15 KRR, 7=t wTHE|(9)
(Pagellus mormyrus)
BRREW 0.6 TCAWNE, 7eFA 7+ b vik|(25)
& 7 0 " u
P 0 " oy
X, i (Boiled) 7EeFAT bV (16)
-4 1.2 " P
H 1.3 " "
X 7 8,9,8,7,8 AGELFEH, cathodic reduction | (1)1 49V 7 ®
.chronopotentiometry
EE 28, 30, 27, 29, 28 w B
& b 0 | TCARME, 7eFA7 €+ vik|(25)
BHIED 2.0 KESHEY, 7=t e IHBE | (9) il
(Parathunnus obesus) ‘
LA KEEGHEY, 7rebr /BR[| (HD12V7 ©
F 0.3~1.0 u "
g 0.65
v FEBLEH 0.55~1.23 " " ©
C E 1,09
»FoC an
Fis L OBE 10~12 ' "
¥vbl, HK L | TCA ma_a;, z 4-DNPH gtk | (29)
(Sardinops melanosticta) LT T
whL + 7 't:—:f—/l/'?tb/;% (16)*1: 1*1 10g &K 4ml Inx BT
+ v "
- *2, *1
e ' ) ¥ DL OLKRSRED
X M oA 113° 60 ﬁijnﬁi"‘
MB(A— P2 Vv—
S5, Wi B L7cus | TCA W, 2, 4-DNPH Bk | (200 Rt 0. 1ppm
(Carassius auratus) LT TLC
¥EC, B BH LA " v
(Octopus vulgans)
TAHHVH, A BHEHLK P v
(Todarodes pacificus)
TV, A B L " P
(Thysanoteuthis
rhombus)




ppm & i % o S - S
U, fE5(Seasoned) FwFNAT &bV (16) ‘ '
-2 1.5 v v
it 1.5 " y
FOUvh ] 11~30 | KEKEZ, 7wzt e 7B | (9)HbiE CHE ©
(Todarodes sagittatus)
ﬁh(ss‘é;?a: fillouxi) ~20 ! ’
CAED Wh 3.5~46 " v @
(Loligo vulgaris)
CAE W (IE) 7.2~44 " "
CAE 3 Wwh(1B) " (9)
12° %
0 FsfEl 8.00 " "
1 0 8.00 n v
2 8.00 ” "
5 # 7.20 " "
7 0 4,80 " ¥
24 v 3.20 " V]
30 » 1.60 " ¥
48 » 1.60 » »
55 v 1.50 v v
Lhud 1.8 TCA M, 7wFL7 b vk (25)
F BB TCAWE, 7LxFN7+ b vVik|(80)—17~—19° B#&F
67 A 2.2 " ”
g(éBiﬁ’c;llf?iF/E(J:comutus) B L };Cf—g& 2 & 4-DNPH %igﬁ; (29)
B ?Tapesﬁiﬁhppmarum) BALT ! !
&b, A BH LK ) "
(Meretnx lusoria)
R 0 TCAME, 7 xF17 € b ik | (25)
FH W 0 v r
MEET 0~6 KELHER, TeFA7 2 b vk | () HTRG
Bt 30 KEKEL, 7517w b viE|l 0 "
DHEEATLE 16.9~99.5 |[KEKHEDG, 7eF AT € b vik| (Q0)MEIE 4/10%2
MHEIFET 11.5 " vy 1/10%2
MEIFELT 7,6~9.5 0 r BAHLEE  2/5%2
BARA 4.3 v " v 1/2%2
BLIb 5.1~8.3 " v 2/2%2
Mo FFEOSNELRREAERL
T b Db bk
%21 4/1013 108 4 4 Beffik it
Lic. &FbT.
B 6~14 ﬂ;ﬁﬁ%% Ze=ne F7Y | (B N4 VIR
RAGEKE £) 6.4~13.6 v " v
B GRKkE, L 3.5~20.0 " " "
RORAKRE, 4£) 0.7~0.8 n V] ¥
BUEROKEE, TR 1.5~8.8 v " v




a i %

ppm p Al - S = S
DDIMABOH LY 9~13.1 | KESHEY, sr=2 b n 7RE ()12 7EES
(Aristeomorpha foliacea)
Aristeus antennatus 5~59.7 v oo "
L OWE LT 4~53 P Y v
(Parapenaeus longirostis)
{BHEZD 4~98 " u "
(Penaeus kerathurus)
LeZ 1.6~3 b
(Squilla mantbhis)
V2 O 1, 8~5 " v "
(Palinurus elephas,
a—rySERTRE-)
HMhELC 1, 8~3 r " v
(Nephros norvegicus)
2L 1,3~6 " o "
(Crangon crangon)
TLZU 1~2.4 " " "
(Palaemon serratus)
HEZV 1~2.6 4 n 4 &Y 7EAM
(Nephros norvegicus)
HOEZV " " "
{Nephros norvegicus)
A 10~18 " " "
R 12.6~15 " " "
LOWNE LD 40~97.6 " " ”
(Parapenaeus longirostis)
TULXO(ES 8.3~6.9 " " "
(Palaemon serratus)
T LU () 3~6 " " v
T LAV (I 40~63.2 " v "
FTLLT " (7)
(Palaemon serratus)
+5° &% TVN (mg/N/100 g)
oA 3 " il 28
4R 33 ¥ v 44,8
5 R 132 " v 49,0
6 B 88 " 00 ZEE 70
8 H 46,6 4 non » 232,4
WD " (8)
(Perullus angulatus)
+10° &E
08 93.3 " Vi
3H 9.0 v ¥
5H 6.0 " "
W U 21~25 V] (8)
(Perullus angulatus)
(D) 8~12 " v
(774 Licb D) 4~6 v "
VLY 0~4 " (9)
(Perullus angulatus)
Ve O (§EES) (Gamberd) " {10)
SN 2 —E 4~19 " "
eny a2l 95~210 " v (EGRERALEL) ®




ppm a i} & s - S
EBEPREGES 12~30 (10)
% V(B WY (EE), 7= br TRE (6 )Norwegian shrimp
" 8.3 " r BLEER
" 177 " r BEs r Ak
% U(EE) wBE, 7t r7BRE (5)a2—® v SEALT
" 5.8 " | v #v=—s &
r 10.4 v " "
" 2.6 " 0 SV —-vIvVYE
¥ 4.8 " i "
4 5.3 " " "
r 7.7 " " "
" 10.7 " Il "
" 15.4 " " ¥
" 32.0 v [ v
" 6.3 v P A —FVE
h 6.4 " v "
" 14.4 " " "
I 16.4 " r "
# 5.3 " v VP
" 4.2 " v FA4VE
" 6.5 " v F4VE
x O 2.4 TCANE, 7 FN7 bV (25)
% U(&TR) ’I‘CA %ﬂ;, 7 3;@73%&% (13)@4\:&(%@\: v
% n- _ -
ik A 1100 PR RBRE Y R
Fil 5.9 " " SOz 14, 6 ppm
A 6.3 " v SO 183.5ppm
i 4.7 " » SOz 29.3ppm
SFR 15.2 " » SO, 363.6 ppm
¢ BE XU " (13) BAE
" 0 " r SO 0
/]
0.6 . v 9&%(2 Ne}gsos B (5 4R
" . " v s N
L5 : C:"i I(\I 1%5220; §§(5%Fﬁ)
4 L " Y a
038 ;%///ﬁ 5%803 BE(5 4H)
4 " 4 a
(A‘]ﬁi(+3°) Gsaﬁﬁ( 5 4-E)
L O KEGHEY, 7eFr7 el (14)
W TaeFAT e bV EEY
» TLC, 2,4-DNPH 35allfs®
TLC 3°J:U~x=f-1//tz O A
Fv e LT IR i- X DTER
] 104.9 " v B AGES SOz 39 ppm
" 84.9 " n T
v 0 " nEEICLO
, { (&S 104.9 " v TS SOz 39 ppm
€9 35.1 " v TS SO 2448 ppm
, (LEH) 27.0 " v nr SO0
(®) 49,9 " v u SO 173 ppm




ppm o i % ¥OB o’ M,

KEREGHEE, TeFr7ebv (14
&, TEFAT P vEEY
o TLC, 2,4-DNPH kD
TLC %J:foa-l/vgéz:/“x

Fve LT IR itk WRER ‘
. { (TsxH) : 49.3 " v Tifish SOz 45 ppm
) 49.7 " n SOz 348 ppm
L&) 84,9 " v n SO, 221 ppm
(&) 0 " v 1 SO, 413 ppm
ko UH(EA) ABEHEG, 7eFa7 ety |(15)HER
E(Z, 4-DNPH g L LT
TLC, AFNEAY A FY
& LT IRZTHERR
" 28.8 " v =X HFAHN, SO, 123 ppm
" 27. 4 " r v Fi>7, SOz 54 ppm
" 13,9 v | v #4229 H, SO, 133ppm
" 15.1 " v = EHAHN, SO; 54 ppm
” 0 ] v F42=297, SO 0
¥ 47.2 v v A—A+Z 97, SO, 147ppm
" 5.0 " r =FHAHN, SO 0
" 1.6 o (15)#ifR &, SOz 0
” \ 19.1 V] r " SO, 22 ppm
v i.2 " v SO, 0
x U ) 3.0 " v v SOz 0
¥ 0 " " ’ SO, 0
% TR 4.7 v (15)/MNFEREINZE
v 4,9 v | # "
" 15,7 " " v
v 1.6 " ¥ "
v 3.8 " v "
" 1.8 " v "
4 0 " " "
4 7.0 " v "
2 U(L&xH) 1.8 " " "
" 0 " ” "
n 0 " " I3
X U 11.2 v (15) IIFTiE SO, 4E
" 16.2 " " " (=& HAHN)
" 3L2 " " " (F=A+3V7)
" 18.2 n " u (2HFve—7)
" 21.6 " " v (#Y=— 1)
" 34.6 " " " (Fa—-%)
2 O TCA 438, MBTH & (49) Pacific shrimp (7 v = b2

# 40 miles) pg/16mgN Lic»
TWwie®T ppm RE

oGk 1~2° 0 8) 13 " "
o " 18) 13 " n
v " 2 R) 31 /] I
r( " 3H) 28 " "
v " 4 8) 47 " "




ppm 7y w & X ow o' »
% OY n 5H) 38 TCA @, MBTH& (49)
v ( ¥ 6 A) 38 ” v
o ( u 7 H) 4 " "
0 ( y 8 H) 36 ] "

% U (FAE)* | 4 v e 5Kk 2 SEAE
n (kT 1~2° 0 B) 3.2 " " "
o # 18) 7.5 " v "

r " 2 R) 7.4 " v v
o ( " 3 H) 7.5 " » "
n " 4 H) 13.2 " v "
v ( P 5RB) 12. 2 v " "
n ( n 6 R) 14.4 " ” »
r n 78) 15. 6 » » v
r ( " 8§ A) 17.5 v ¥ "
n o 4.47 ?%%%%Hé % ;,;g z’r f g /}f) (19 HPEH SO, 1ppm
FLvEACA PV E LTHER/
" 119.0 " } » v SO; LA

NEZ(WFA) (Portunus TCAWME, 7wFA 7« vik| @)HER

tribuberculatus) Blue crab
0~2° fFX OH 0 » -
" 2B 0 " v
n 5H 3 y W
PIEZ (HIR) " "
0~2° frk OR 58 " v
" 28 31 " "
" 58 45 " "
& () B L TCA jum, 2,4-DNPH il [ (29) B & 0.1ppm
L LT TLC |
LR n» i E L (1H) B L " "
(Portunus
sanguinolentus)
NEHR TCA AR, 7 FAT & bvik|(28) R
BEA(R)
¥ (3R3) 0 V] "
" (iR 45 " r
v (Jp3) 0 " "
PR L ” -
WAEB(E)
" (A 0 v "
" (I 32 v "
MEZ v "
wEC(R)

" () 0 " "

" (R8N) 26 " "

" (BpH 0 " "

MEZ, v n
LD (8)

" €nlz)) 0 " "

Y (=PIBIR) 23 " P




ppm 2 ¥ & x O Bo& »
rpoab;m_ TCAME, 7FA7 &+ vE | (Q)THEA
(Ovahpes punctatus)
#E(3)
" (HR) 0, 0 " "
" (R IBIR) 17, 8 : "
RECS AN 0 " v Spiny
(Panulirus japonicus) lobster
N 0 " # Common oyster
(Crassostrea gigas)
2 EHHV 0 " v Abalone
(Haliotis kamtschatkana)
L
NG 0.5~6 gﬁiﬁg, 7z=Ak F5 2 [ (B F A Yl
B B 2.3~5,7 v "
LHEER (BRE ERam) iR (65°), -methyl-2-benzo- | (33)7 £ Y 7
thiazolinone hydrazone ¥,
2,4-DNPHEE & & L'C wﬂw
~20° BEHRF Rt 757 4T
0R 0 " v FE, PLEED
30, 60R 0.1 LT " " "
1208 0.3 " r HLER
U 0.8 " v FEH
150 H 0.7 " o R
4 1.1 : " n R
&, F4, K FORE) 0,7~3. 4 ?jﬁﬁ?@%, 7 ==t F5 & | (BT F 1 YiiHam
OB P A 3~30 " ” "
AP (FAER) %Zg~§ 51;‘2 KFESHEY, rrxtr TRRE(2)12V7 @
~ A (ETV ) 1820~3. 04 " " "
i 2,13
ORI AR
HE trace KESHY, s7re e 7HE |((D14507 ®
AIE » " v " ®
e " " y " )
it r " W " ®
e 1/ " " u ®
o~ (HE) v v " " )
R 32 " " " " )
7~F " » " ®
AFYTY —2— " Il " o)
LY — e — 2 (GAE) " " ] " ©
ENET T 0.83~1.40 | KESHE, s=zbr7HE ((2)12V7 ©
118
A AR IVUR—aY
mE 0.8~11.5 Zliﬁiiﬁ@, 7 ==k F3 9 | (B N v HllMS ®
AN 3.2~52.0 e v "
v~ — 2 () 0.5~3.6 ] " @
ice 0.7~32.2 " v ®




ppm o # & X B OB’ b
Y —t— 2.0~30.6 " y
® 34.0~214.0 V] v
L (EEE) B WIE7EF (60C), 2,4-DNPH 3% | (46) BT
BEELTCHAIR= I F7
41 —(GC)
WHmE Y —«— 2.6, 2.7 | KESHEDY, 2,4-DNPH Fif |(8@2) AV =7
thé LT GC-MS
-7 YA R
0B trace* v ”
218 trace® s v *1 =0.01 ppm
sy, Aa—ing 0.3~3.3 KESHEY, 7=/ 52 |(BUEF1 YHES
g—n b v .
F— R 0.3~1.2 é{(ﬁﬁ?&g, Za2Ab V52 |BUE VA VRS
# — R (Scamorza) trace KESHEY, 7=z b e TR | (4) ®
# — A (Formaggif usi) trace ¥ " ©
o 0.2~12 | % GG, 7=k F72 | (BDE F 4 2HRE
€FFY B LIy TeFAT b ViE (14)
u » v SO, ME
— B E &
I EEKED qgﬁ; f? VEESW Ly {3 (3)4 497 ®
r (EED 0.6~2.2 " v " ®
¥ 1.2
, (HCHO > 14.5~33. 6 " "
mEricto 5 20,9
NEW HERD 0.8~3.6 " ”
2.0
v (HCHO > 4,9~19.9 ] P
MELI=bD SE 10. 4
NEW 2ppm LAF " ag)y14sv7
A LA (FlH) WEZE® (30C),2,4-DNPHF | QD7 4 ¥ 7 ¥ F
aifk & LT TLC-GC-MS ge, B cm
” 0.3 " 938, 1.6
v 0.4 u 108, 2.1
" 0.8 " 137, 3.6
y 0.9 " 148, 3.9
* 4~ (3EF) 1.8+0.3% | A, 7w #A 7 € b VEE(R | (22) YEREFL LTD ppm
tigr n-72 7 — A THERIE)
" 12.1+1, 0% TCA 4B, " 1% YA TR IR T TR
* 4 N (FEHR) 32.5+1.1% | AKdhH, " 1O SRR I TIR
" 15.5+0.9% | TCAME, " 1 FERAETHLETREL 5
i U A () 0.6+£0.3% | KK, v ¢ EETT
¥ 2.1+0.5%* | TCAWLE, " "
A CA (R 5.6+1,1% | AK$hiH, " "
" 4,2+0, 6% TCA 478, ¥ !
e RS 1.240.2% | Adhib, " "
" 2,7+0, 3% TCA 4L78, u y
1 A < G 1.2:40.6% | KihH, " r SRERA
n 1.4+0,2* TCA 4LJE, " p




B3

ppm & i X B i M»
Az (RdR) 3.5+0.4* | KEH, 7 £FAT 1 b V(S | (22)
Bk n-7 % / — A THERE)
" 4.5i 0. 6* TCA ﬁLE, n V]
fe ¥ (FE) 6,4+0.6% | AKHH, " r BERA
y 1.3+0.5¢ | TCAME, " "
foE & (BHR) 18.3+0.5% | KHhit, " v
b 16.0+0. 5* TCA 1%, " "
& E () 100, 1% | ZKHhH, " Y
2,340, 4* TCA 4L, ¥ v
Ll 0 ARSHEY, 7TeFAT7ebv |(23)
A%t
R 1.7 I3 »
235h 8.7 " n
Lusfelt 8.0 KESHE, 7eFr7€b ¥ |(GOHERA
B(AFVvVvERDAFYEL
TRE)
y 12.8 v vy
u 19.2 " v
L el (5258) 34.0 " v
. 204.0 v ooy
U 192.0 " v
y 148.0 " " v
U 156. 0 " " v
" 171.2 ] " v
U 126.4 v 4 v
¥ 130. 4 4 " v
y 104.0 " » v
Ly iaid (=) 24.0 v v RIFRFEMERT € v % — TRE
FELELD
(X) 20.0 " v : "
(FKRES) 21.6 " " v
Liield (ss)
BRESE 10.0 4 r KERTFUROEARCELCD
SEEMT AR | 48 6(’%“_’5 1’%%) . y O
148 # .69, 0(15. 2) " y
37y Ak - 181, 8(40. 0) " "
Lusfed ()
BRE# 11,6 " v
SRERTAR 67. 4(%‘{:2‘41%%) " L
4R % 141, 2(24,0) n "
37 A 175, 4(27. 2) v P
L\deld OR)
HIE# 6.0 " P
s B | 50 TR aomsme, 7o a7 e b Vi) (69
148 # 98.0(17.6) v "
34 Atk 113.0(19.2) " "
[RRY 527 9)
IRE R 8.4 " v
ST A% | 33 8(%‘%’1%?‘) v .




ppm a #w ® x B o3
14B% 33.6(12.0) |AHESHE, 7 €F 47 ¢+ V] (34)
3y A& 108. 2(40. 0) " "
Lyl (R)
HEER 8.8 r v TS (ks X OHetR) & l-fE
s=RER7 BE 90.0 %V:’éﬁ%) " p EWT
14B% 110. 4(16. 8) " P
3y Atk 231, 2(41. 6) I "
LA fel) (R 215.2 " r T
" 110.4 " Con {;ED L D¥202H L / &%
e
EAER 6.0 " v RS
smepuns | 15.4(Ecn) v v
17 R 154, 8(25. 4) " v
2 rRE 93, 8(15.2) v "o
Fofl
HEAER 2.0 " r HES
smepung | 7.oESRE) v v
1 'J"E{& 18 8(1 6) " " »
2R 21.8(2.4) " roow
LHU
MAER 0.8 4 (34) AR5
FEHR4BE 1. 8(%0%105&1%) " v
15 Bk 2.8(0. 24) y PR
2 7R 17.8(1.6) " "o
P&k 2 M5
EAER 0 ] v
SEEERI4AH®R 0 " oo
17 R% O({ - " v
2y Atk 8.2(FF " v
iR (F%%)
FHE LR\ AR 4.8 v (3)Kunugi FEHHEE, B2
(control) 20 mm X 20'mm F R
{ T 12.4 " # Nara
ER RS 7.0 ] " v
{ S 13.6 " v Kunugi
TR RS 9.6 " " v 620 o
ﬁgﬁ%{‘% 15.2 " P v ~ ppfn
RS 16.0 " "o A T EPL
{ TR 18.4 " "o tﬁj}.ﬁ% E?D\i&%
{ TR 9.4 " v ¥ pﬁ%g{% &%
FERIER A 11.2 " P ’
{ pegeskiiiSon 18.2 " v
TR 13.6 " v

—_— 20 —



ppm 2 w S 5 - S S
=t — (4
L\ o (5518 ﬁ%, i%%ﬁg?f—fl;‘f (35)
7 b vE(BE)
" 147(A),312(B) " v &R, ERER(ER)
v 129(A),262(B) " &6, R (Er)
" 130(A),216(B) " v BE, EXZRER)
v 152(AY), 330(B) " v &, EXEROA)
" 173(A}), 362(B) " r &7, BEXEEQWD)
" 57(A),226(B) " r &7, REARERGUR)
" 245(A),500(B) " - &fE, EXEERQUD)
" 116(A), 254( B) " r EE, HBEEQun)
v 178(AY, 47(B) " r EE, FEEEun)
" 250(A),393(B) " r A%, EXFERRRE)
4 133(A), 342(B) " v X%, MR GRE)
" 240(A),358(B) " r &R, BEXERGGRE
" 225(A),498(B) " 1 EHE, HBERGEGR
" 285(A),615(B) w b £%6, BXERCRE)
" 278(A).623(B) " n RF, FEEEEER (KT
v 253(AY, 370( B) v r BE, EXERKT)
" 217(A), 445(B) " r BE, MEBERRT)
" 198(A), 437(B) " | v &7, EXERESR)
" 174(A),408(B) " r A, GRS
" 237(A),526(B) v v BE, BEXERES
" 284(A),566(B) " r BE, MREERGES)
" 265(A),414(B) v 1 &, EKEEREE
v 144(A),339(B) " v X6, FHEAGENR (1)
v 266(A), 433(B) " 0 B, EXRRGER)
v 202(A),458(B) " v BE, MSGEERE)
S
199(A),405(B) |
Ll 6.8 |KEZED 7eFAT7 e ViR BNHING HRARGEDRN
v (ER)* 122 r r 12T v
v (BEk) 134 " v FR127% "
¥ 56 " r HF 1215 "
v (BEIR)* 312 " r #H121E "
v 6 " rkE "
v (R 236 v Sy "
" 30 " r #1215 '
v (FERR* 304 " 1 FR121% I
v (BE%) 360 " 7 FHEW4 y
¥ (BE0R) 312 " v BB¥51303 ¥
TG 40° 4RI E LR
Luicld (efk, #4) TEFMT b Vi (37 tefl, RAREEDIEA
n (K59, 62%) 45,6 " Vo "
» (0.16) 38. 4 " v v
»  (1.60) 100.0 v v v
v (7.67) 118.4 " v "
v (7.22) 61.2 r v "




ppm i i3 & X #® '
L\ 7eid (1. 85) 64.0 TRFAT &bV (BNEMR, Ko REERER

" (1. 68) 87.2 ¥ "Ry "

r o (1.84) 84.0 " » BHE "

0 (7,64) 48.0 v v P

n  (6.51) 29.2 " 0w =& "

n (4.48) 24,0 " v "

v (2.39) 93.6 " vy "
Luier (B4R, Bd) TRFAT &b VB @NER, KFRFLEPLF

v (kB2 75%) 34.4 " o "

v (8 55) 86.4 " o "

v (7.89) 22.0 v "o !

» (2.60) 87.2 " "o "

v (2.84) 64,8 " "o ]

v (9.00) 3.6 " notela, RAEE

r  (8.61) 118. 4(& &) " v "

v (0.186) 22, 0 (RIE) v "oy "

[V Al5

v (k%89, 53%) 3.00 " v (B4E) v

Y 3.60 " v (EIR) v

v (85.96) 2.8 " n (E84r) r

v 5.2 n r (B "

v (86.50) 3.4 " r (BE4x) "

" 6.8 " r (B "

v (86.87) 4.12 v v (Eid) v

v 14.2 y o (B "

v (88.38) 3,82 v v () v

" 9.76 " r (EE) "

v (94.13) 1.68 v v (B4 "

" 5.6 " r (B v

v (90,02) 2.6 P v () '

» 6.8 " r () "
oo 3, gﬁig 1:1 éo.z TeFNT &bk (37 A EET AT
OBl 26.7, 35.0, 41.8 " v "

F 34.5
b el 16.7, 8.3, 14.5 " " "
Fg 13.2
L\ rebd Core, w4r) 232,046.6% | AdhHl, 7eFAT & bk [ (22) *REERELTO ppm
EQWE -7 % /)
—~ /T RE

¥ 6.0+0. 8* TCA 8, " v
L\ feb) (2dR, ) 222.04+5.9% | Kk, " "

" 10. 70, 6* TCA #1.B8, " n BRI RG

" 7LO0+1. 8% | KIESHESR, " o
Lusfeld 54,4 KBERER, 7 27172 b vk (36)

Lo febd (2R 244,0 " {
LB 1.7 " v




S S

ppm X B o' »
Lzl (GEER) 320 " (36)#iEEE, ATHE, ANTRR
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