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PREFACE

This report on health effects of formaldehyde was prepared by Mid-
west Research Institute (MRI) as Task No. 5 under Contract No. 68-03-2928,
"Health Effects Support for the Emission Control Technology Division," U.S.
Environmental Protection Agency.

Health effects literature primarily related to inhalation expos-
ures to formaldehyde has been collected, evaluated, tabulated, and summar-
ized so that this report can be used to derive a range of concern for human
exposure to formaldehyde from vehicular emissions to the air.

Task activities were coordinated by the project leader, Mrs. Bonnie L.
Carson, Senior Chemist, and the co-task leader, Ms. Cecily M. Beall, Assistant
Scientist. Documents were rated and summarized by senior pharmacologists
Drs. Harry V. Ellis III and Betty L. Herndon, of MRI, and consultant epidemi~
ologist Larry H. Baker, M.D., MRI consultant, who is an Associate Professor
of Community Health at the University of Kansas Medical Center. Contribu-
tors to the tables and annotated bibliography included the above as well as
Ms. Joy L. McCann, Assistant Scientist, and Ms. Eileen M. Horn, Junior Chemist.
Ms. Carol Foret served as a literature aide. This study was performed under
the general supervision of Dr. Edward W. Lawless, Head, Chemical Impact As-
sessment Section.

Mr. Robert J. Garbe was the project officer for the Emission Con-
trol Technology Division, U.S. Environmental Protection Agency, and Ms. Colleen
DeMeyer served as Branch Technical Representative.

Approved for:
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acy, Director U
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SUMMARY

This summary is organized into the following sections: Goals and Methods,

Bioassay Tests, Animal Exposure Studies, Human Exposure Studies, and Recommended
Range of Concern.

GOALS AND METHODS

The purpose of this compilation of data on the health effects of inhala-
tion exposures to formaldehyde (HCHO) is to assist the Emission Control Tech-
nology Division (ECTD) of the U.S. Environmental Protection Agency (EPA) to
establish the ranges of exposure conditions that are of concern for HCHO in
exhausts from vehicles equipped with catalytic converters, and to be able
tc advise automobile manufacturers thereof. The situations of particular
concern are during malfunctions and during exposures in traffic jams, parking
and home garages, and other situations where little dilution of the exhaust
is expected before inhalation. Most of the report is, as directed by ECTD,
in the form of tables based on the literature reviewed. Data from exposures
at levels higher than those of primary concern are included because strictly
relevant information was scarce and these related data might prove helpful
in assessing health effects at lower levels. This report focuses on the
noncarcinogenic effects of formaldehyde rather than on its carcinogenicity
to humans. The latter is an unresolved question of much importance, but
regardless of whether it is a carcinogen, gaseous formaldehyde is strongly
irritating to the human eye, nose, and throat and capable of causing allergic
sensitization at the levels of concern identified herein.

Documents on inhalation effects of HCHO identified from manual and com-
puterized literature searches were rated in a two-step process by the project
- pharmacologist and epidemiologist. First, the document received an A, B,

C, or D rating according to its applicability for deriving a range of concern
for HCHO in automobile emissions. Second, if the paper was not a low-rated,
foreign language document,* a theoretical paper, a review, or a nontoxicol-
ogy experimental paper, it received a numerical score based on itemized fea-
tures that should be present in an ideal report. For the most part, only

A- and B-rated documents were tabulated; but when any C- or D-rated studies
involved low-level HCHO exposures, these were also tabulated. Blanks in

the tables should be construed as denoting missing information in the docu-
ments.

7.

w

Most foreign language articles rated C and D were usually not translated.
Each foreign language document tentatively rated A or B from an English
language abstract or brief examination of the paper was translated in
sufficient degree to judge the experimental design and details. These
papers were numerically scored from the tramslation.
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BIOASSAY TESTS

Rabbit and rat tracheal tissue exposed very briefly to 0.6-125 mg HCHO/m?
showed cessation of ciliary movement, with decreasing concentrations showing
increasing time to ciliostasis. Exposure to 0.6 mg HCHO/m3 caused ciliostasis
within 2.5 min followed by recovery within 10-30 s after exposure stopped.
All the other concentrations studied were above 3 mg HCHO/m3, the threshold
limit value.

ANIMAL EXPOSURE STUDIES

Animal exposure studies show that the animal organism can recover from
moderately irritating doses of inhaled HCHO. However, there is a limit to
this recovery, as shown by the progressively increasing time to recovery
and the nasal cancers observed in rats and mice after long-term exposures
to 7 and/or 17-19 mg HCHO/m?3, although not all studies increased tumor inci-
dence in animals exposed to these levels.

Table S-1 summarizes studies of animal exposures to HCHO at concentra-
tions up to 6 mg/m3 (twice the threshold limit value).

There is no evidence of major differences in response to inhaled HCHO
among the species tested. Moderate amounts of evidence show simple additiv-
ity with other irritants and with other air pollutants having different
effects. The minimal adverse effects seem to be local irritation and subse-
quent tissue reactions, especially in the pulmonary system. Such adverse
effects appear at levels at or above 1 mg/m3, whether the animals were
acutely or chronically exposed. In chronic studies, biochemical and inflam-
matory changes were reported at concentrations > 0.035 mg/m3. Rats exposed
for only 8-12 wk to 0.012 mg/m3 have also shown such changes.

HUMAN EXPOSURE STUDIES

Experimental Studies

Results of studies of acute human experimental exposure to HCHO are
summarized in Table S-2. Moderate to severe irritation of the eye, nose,
and throat was observed at concentrations of 1.25-17.3 mg/m3. At ~ 1 mg
HCHO/m3, eye irritation is slight, but distortioms occur in breathing and
o-rhythms. The threshold for eye irritation is 0.2-0.25 mg/m3. The re-
ported odor thresholds range from 0.4 to ~ 0.1 mg/m3.

Several studies found minimal effects at ~ 0.05-0.08 mg/m3 {such as
the electroencephalographic response to light). Exposures to 0.0024 to
0.029 mg/m3 were said to cause effects ranging from mood changes to nervous
system irritation (0.016 mg/m3), thresholds of respiratory irritation
(0.075 mg/m3), and salivary action.



TABLE S-1. SUMMARY OF STUDIES OF ANIMAL EXPOSURES TO
FORMALDEHYDE (HCHO) UP TO 6 mg/m3*

Level
(mg/m3) Time Species Effects

3.5-6 10 s RBT Threshold of olfactory sensitivity.

5 4 h RAT Decreased blood pressure; neutro-
philia; eosinophilia; minor irri-
tation to lungs, spleen, and
marrow.

5-6 4 h/d, 20 d RAT Slight effect on neuromuscular
system, slightly higher pre-
implantation mortality of em-
bryos, development of offspring
normal except for decreased spon-
taneous mobility.

4.6 90 d RBT Blood normal, inflammation in lungs.
4.6 90 d DOG Blood normal, inflammation ia lungs.
4.6 90 d MKY Blood normal, inflammation in lungs.

2-4.6 53-90 d GPG No deaths; slight cholinesterase
and leukocyte effects; inflamma-
tion in lung, heart, and kidneys.
Allergic effects appeared at 14 d.

0.7-4.5 45-90 d RAT Lower body weight; slight infiamma-
tion of lungs, heart, and kidneys;
and decreased DNA-ase activity
of liver. Change in chronaxy
ratio of antagonistic muscles;
mild biochemical changes in brain,
liver, kidoeys, and blood. In
lungs, hyperemia, desquamation
and proliferation of lymphohisti-
ocytic elements.

1.6-3.8 10 min MUS  Respiration rate decreased 26 to
53%, with or without prior ex-
posure to HCHO.

* This level, which is twice the threshold limit value (TLV), was arbitrarily
chosen.

(continued)



TABLE S-1 {(continued)

Level
(mg/m3) Time Species Effects

1-4 3 h/d, 4 d MUS Initial respiration rate decrease
of 18 to 72% at beginning of each
exposure. Some recovery during
exposure, less each day.

3.75 22 h/d RAT Nasal discharge in MKY; decreased

7 d/wk HAM weight gain in RAT
6 mo MKY

2-3.5 10 s - 10 min RBT Disturbance in nervous system
responses.

2.5 6 h PIG No change in lung function, but
moderate morphologic changes,
more so in dorsal than ventral
section. Changes included
desquamation, interstitial edema,
emphysema, and atelectasis.

1-2 4 h RAT No effect.

1.25 22 h/d RAT Nasal discharge in MKY; no other

7 d/wk HAM effects.
6 mo MKY

1.0 8 wk RAT Significant changes in ascorbic -
acid, nucleic acids, DNA levels
in females and fetuses. Length
of pregnancy increased, number
of fetuses decreased, no defor-
mities. Histochemical changes
in heart, liver, and kidneys of
fetuses.

1.0 8 mo RAT No effect on body weight or blood
chemistry for either first gen-
eration or exposed offspring.
Offspring had some morphological
changes in lungs after 8-mo ex-
posure.

(continued)



TABLE S-1 (continued)

Level
(mg/m3) Time Species Effects

.69 10 min MUS Respiration rate decreased 14 to
16% with or without prior expo-
sure to HCHO.

.6-2.5 1-4 h RAT Depression of nasal sensory re-
sponse, partial recovery within
1 h.

.4=0.5 4 h/d, 19-20 d RAT No overall toxic effects, fetuses
normal.

.5 4-5 h/d, 4-6 mo RAT No effects on general health, minor
changes in blood and urine param-
eters.

.038-0.5 5-8 h/d, 21-28 & GPG No effect on general health, minor
changes in blood and urine param-
eters, formation of antibodies.

.06-0.39 l1h GPG Significant change in lung func-
tion, some recovery within 1 h
post-exposure.

.03-0.25 6h PIG Change in lung function and slight
lung inflammation.

.25 2 h/d RAT No effect.

7 d/wk HAM
6 mo MKY

.1 69-90 d RAT Signs of beginning damage to nasal
mucosa. DNA-ase activity of liver
increased; of spleen, decreased.

.031-0.035 90-98 4 RAT No effect on overall health, nervous
system response slowed slightly,
slight inflammation areas in
lungs and liver.

.035 3-8 h/d, 6 mo RAT No effect on general condition,
changes in metabolic processes
of liver, blood changes, and
testicular biochemical changes.
Decreased sperm mobility.

{(continued)



TABLE S-1 (concluded)

Level
(mg/m3) Time Species Effects

0.012 8-12 wk RAT No effect on overall health, ner-
vous system slowed slightly,
slight inflammation in areas of
lungs. Biochemical changes in
livers of females and fetuses, in-
creased length of pregnancy, de-
creased number of fetuses, no
deformities. Histochemical changes
in heart and kidneys of fetuses.

0.011 7-8 h/d, 21-30 d GPG Blood unaffected, phagocytic activ-
ity increased, formation of anti-
bodies. When stressed 2 mo later
by hypoxia, immune response and
phagocytic activity adversely
affected.




TABLE S-2. SUMMARY OF ACUTE HUMAN EXPERIMENTAL EXPOSURE
TO FORMALDEHYDE.

Level (mg/m3) Effects

9.6 - 17.3 Irritation of the mucous membranes of the eyes,
nose, and upper respiratory tract.

5.0 - 6.25 Moderate to severe eye irritation im most
subjects, some nasal and throat irritation.

3.75-4.0 Moderate to severe eye irritation and throat
irritation initially. Some adaptation by
30 min.

2.5 Moderate to severe eye irritation in some

subjects; some nose and throat irritation.

2.0 Slight, insignificant changes in airway re-
sistance; decreased nasal mucus flow rate;
slight discomfort, with some acclimatization;
no change in performance tests.

1.71 Decreased sensitivity to light in all subjects.

1.25 ' A few subjects experienced moderate to severe
eye irritation; generally zero to moderate
eye, nose, and throat irritation; lowest con-
centration at which the odor was recognized.

1.0 Slight, insignificant changes in airway re-
sistance; slight discomfort in all subjects;
no change in performance tests.

0.95 - 1.0 Slight irritation of the eyes and upper respi-
tory tract; odor perceived; some changes in
breathing rhythm and a-rhythms.

0.53 Threshold value for effect on electrical
activity of the human brain.

0.5 Slight, insignificant changes in airway re-
sistance; decreased nasal mucus flow rate;
very slight discomfort in all subjects;
no change in performance tests.

0.3 - 0.4 Odor perceived; change in bioelectric skin
potential; delay in adaptation to darkness.

(continued)
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TABLE S-2 (concluded)

Level (mg/m3)

Effects

0.3

0.2 - 0.25
0.08 - 0.098
0.07 - 0.077
0.062 - 0.065
0.05 - 0.054
0.04 - 0.046
0.035

0.029

0.016

0.0024

Slight, insignificant changes in airway re-
sistance; decreased nasal mucus flow rate;
slight subjective discomfort in 3/15 sub-
jects; no change in performance tests.

Threshold for eye irritation; increased
sensitivity to light.

Minimum detectable odor level for some;
threshold for eliciting reflex activity
on optical chronaxy and dark adaptation.

Odor threshold for ~ 50% of the subjects;
subthreshold level for effect om optical
chronaxy and rheobase.

Odor threshold for 4/18, subthreshold for
others.

Subthreshold value for odor detection;
threshold value for EEG changes following
flashing light. :

Changes in the electrocortical conditioned
reflex study; subthreshold value for EEG
changes following flashing light.

Subthreshold value for the electrocortical
conditioned reflex study.

Threshold of salivary action.

Threshold of irritation of the nervous
system.

Threshold of effect on the mood of human
subjects.




Environmental Exposures

The occupational and epidemiological studies of HCHO exposures are sum-
marized in Table S-3. Occupational studies were generally of a rather low
quality, being confounded by exposure to other agents with similar irritat-
ing effects and having poor or no controls. Mucous membrane irritation was
observed in occupational exposures to concentrations as low as 0.035-0.48 mg
HCHO/m3®. Occupational studies are in progress, as described in Appendix A,
with mortuary workers and histotechnologists who can have cutaneous as well
as inhalation exposure. Definitive results are not yet available.

Most of the epidemiological studies and other reports of HCHO exposures
of the general public are defective due to poor or no controls, selection
bias, or lack of measurements of HCHO concentrations. Eye and upper respira-
tory tract irritation were reported at levels as low as 0.211 mg HCHO/m3.

RECOMMENDED RANGE OF CONCERN

Human studies indicate that the range of concern in long-term or acute
exposures to HCHO should be 0.06 (the lowest reported odor threshold) or
0.2 (the threshold for eye irritation) to ~ 1 mg/m*® (where slight eye irrita-
tion and other minor disturbances occur). If animal studies could be directly
extrapolated to humans, the lower limit of the range of concern might be
extended to values as low as 0.01-0.04 mg HCHO/m3.

The value of 0.2 mg/m® may be the most defensible choice since both
nonsmoking and smoking humans sometimes contain HCHO in the breath at levels
as high as ~ 0.1 mg/m?, HCHO being a normal metabolite and a metabolite of
exogenous substances. This value is frequently the maximum value reported
for urban polluted air. However, authorities in the USSR have promulgated

a standard of 0.01 mg/m3 for HCHO in outdoor air, which is an order of magni-
tude lower than these values.



TABLE S-3.

SUMMARY OF OCCUPATIONAL AND EPIDEMIOLOGICAL STUDIES

OF EXPOSURES TO FCRMALDEHYDE

Level
(mg/m3)

Exposure
Time

Table

Effects

0.06-12.5

0.11-6.38

nv

6.25

1.5-4.5

0.38-3.88

0.04-1.76
and
wood dust

0.25-1.25

8 mo

64% worked
210y

€ 6 mo

avg.

V-2

V-1

V-2

Residents of homes with urea-HCHO (UF)
foam insulation: eye irritatiom and
conjunctivitis, nose and throat ir-
ritation, respiratory symptoms,
dizziness, nausea, drowsiness,
memory lapse, headache, coughing,
sneezing, fatigue, aches, rash,
and skin growths.

Embalmers: eye and nose burns, sneez-
ing, coughing, headaches, sinus, asth-
ma, dermatitis.

Children in a school where HCHO was
present complained of burning eyes,
abdominal pain, eye pain, nausea,
vomiting, thirst, and apathy.

Textile workers: increases in various
menstrual disorders, inflammatory gen-
ital disease, primary and secondary
sterility, maternal problems during
pregnancy and delivery, and decreased
neonatal weight.

Employees and customers in a shopping
center: eve (occasional lacrimation),
nose, and throat irritation.

Employees in wood processing plant.
Those exposed to higher levels per-
formed visual tests less quickly and
efficiently both before and after work
than the lower-exposure group. Head-
ache, eye irritation, fatigue; com-
plaints less frequent in the highest
exposure group.

Residents of homes with HCHO present:
eye, nose, and throat irritation most
frequent in adults. Coughing, wheez-
ing, and skin rash most frequent in
< 13-y-olds.

{continued)
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TABLE S-3 {concluded)

Level
(mg/m?3)

Exposure
Time

Table

Effects

0.1-1.21

0-0.98

0.17-0.85

0.25-0.75

0.05-0.7

0.035-0.48

0.211

0.08-0.13

1-40 mo

< 10-
>20y

56% worked
210y

<1ly?

V-2

V-2

V-1

V-2

V-2

Teachers and students in school with
HCHO present: headache, lack of con-
centration, dizziness, nausea, and
respiratory tract irritation.

Residents of homes with UF insulation:
burning or tearing of eyes, runny nose,
wheezing or breathing difficulty, head-
ache, sleeping problems, and skin rash.

Sales persons in fabric shops. Mucus
discharge, sleep disturbance, pains in
the heart, angina, and nausea. Head
pain, dizziness, irritation, stomach
pains, and skin rash most common in
the group with shorter employment.
Cough, tickling in the nasopharynx,
catarrh, poor appetite, and paimns in
the joints and small of the back more
common in the group with longer em-
ployment.

Residents of apartment building where
HCHO was present: burning eyes,
lacrimation, and coughing.

Inspectors in textile warehouses:
various menstrual disorders; increased
inflammatory genital disease, primary
sterility, and problems during birth;
decreased neonatal weights.

Garment factory workers: cutaneous
and mucous membrane irritation.

Eye and upper respiratory tract ir-
ritation was reported by some of the
residents living near a formalin-

" producing plant.

No complaints by residents of an apart-
ment building. No complaints or in-
creased absenteeism in children in a
school where HCHO was present.

11



SECTION I

INTRODUCTION

This report was compiled as the fifth of several tasks under Contract
No. 68-03-2928, "Health Effects Support for the Emission Control Technology
Division (U.S. Environmental Protection Agency, Ann Arbor, Michigan)." The
goal of the project is to evaluate health effects literature on specific
compounds emitted from automobiles equipped with emission-control devices
(specifically catalytic converters), not for the purpose of creating a cri-
teria document but to identify a range of concern or a no-observable-effect
level for each compound to serve as guidance to automobile manufacturers in
their development of future emission-control devices.

The present report was meant to be largely a series of charts or tables
of pertinent data with the tests logically ordered according to exposure
levels. The narrative summary was not meant to describe each paper in de-
tail. There are admittedly some disadvantages in not doing so; e.g., some
of the gradations in effect that the authors of a particular paper observed
may be diluted or lost when the details are spread throughout an exceptionally
large table, or between several tables. Papers described in a largely narra-
tive fashion, however, often are difficult to compare. Results that appear
within their source paper to be quite definitive may appear less so or even
anomalous when juxtaposed in tabular format with other results from similar
studies. Hence, the present format was designed to facilitate comparisons.

Literature related to health effects of inhaled formaldehyde (HCHO)
was collected mainly by computer searches of TOXLINE and TOXBACK and manual
searches through several major review documents. Approximately 425 papers
and other documents were evaluated, of which approximately 110 contained
original data suitable for tabulation.

Experimental animal and human exposure studies and bioassay studies
were evaluated and summarized by senior Ph.D. pharmacologists. Occupational
and general public exposures were rated by an epidemiologist with an M.D.
degree. TFigure I-1 is the form used for rating documents by the project
pharmacologist and epidemiologist. Each document was rated in a two-step
procedure according to the applicability of its subject matter and to the
quality of the experimental methodology. The letter assigned in rating the
document A, B, C, or D was derived from the corresponding lower case letters
under item 7 in Figure I-1. Thus, a study was rated A if it directly applies
to or assists in establishing a range of concern for exposure to HCHO. The
second part of the rating is the methodology score. The document reviewer
checked off which score should be given for each of the first six items in
Figure I-1, and the total was written at the top of the page along with the



Article Yo. 4997-5-

PAPER | PAPER IS|STANDARD| SUPERIOR |

CHECX WHERE APPROPRIATE: DEFECTIVE SUB- | QUALITY| PAPER
STANDARD !
Q 1 i 2 3
1. Do they state/limit the problem?

!
|
|
I
!
s

2. Adequacy of sample
13. Replicability |
t 1
i
4. Controls/control precedures
i
]
!
5. Completeness and comprehensibility
| of results
i
!
6. Validity of conclusions, inter-
E pretation of data
7. Applicability to health effects of HCHO as guidance for establishing a range
of concern for HCHO in automobile exhaust.
a. Clearly, directly applies/assists in establishing a range of concern.
b. Research requires major inferences; potentially applicable.
c. Useful hints or suggestions; tentatively applicable.
d. Not directly applicable (peripheral useful information).

Figure I-1 - Form for Report Rating
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letter that rated the paper's applicability. In somescases, such as reviews,
theoretical papers, and low-rated foreign language documents, a paper may
have received an applicability rating (generally C or D) but none on methodol-
ogy.

Data, including the MRI-assigned rating, from the A-, B-, and some C-
and D-rated papers were tabulated by senior and mid-level scientists. Infor-
mation for each topic heading was carefully sought; so if blanks appear in
the table, the reader can generally assume the data were not given. Informa-
tion which was unclear in the original document but needed for tabulation
is preceded in the tables by a qualifying word such as "apparently.”" Some-
times a group published several papers that described the same tests. To
avoid redundancy, all pertinent papers were cited and the test was described
as well as possible from all the papers' descriptions.

The fipnal written summary of the tabulated data was also performed by
a senior pharmacologist. This summary attempts to reflect objectively the
scientific community's thought as a whole and does not reflect the tabular
material by weight. The tables reflect the amount of data generated, and
the summary puts the evaluated data in perspective with the overall scien-
tific community's opinions.

The references are cited in an annotated bibliography that includes
not only each document's rating but also a brief commeant on its pertinence
(or lack of same) to the study. English titles are given for foreign lan-
guage documents and an abbreviation of the language is given in parentheses
at the end of the citation.

The report is organized into the following chapters: II. Bioassay
Tests, III. Experimental Animal Inhalation Exposures, IV. Experimental Human
Inhalation Exposures, V. Epidemiology and Related Human Exposures, VI. Sum-
mary of Health Effects Information, and VII. Human Exposures to Formaldehyde
and Recommendations for a Range of Concern. The Summary precedes the report,
and the Annotated Bibliography follows it. Appendix A describes human studies
in progress.

15



SECTION II

BIOASSAY TESTS

The area of concern for this task report is the effects of HCHO inhala-
tion. For that reason, only bioassays dealing with gaseous HCHO and respira-
tory tissues are tabulated in this chapter. However, Chapter VI contains a
discussion not only of these results but also of mutagenicity tests.

Preceding page blank
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Compound and
Councentration
wg/m® (ppm)

HCHO 1.6-163 pg/ml
(unclear if this
was the level in
air or solutjon)

HCHo 22.5-125
(18-100)

HCHO E1.6-61.7

neno 215
(22)

newo 12.5
(10)

Relative llumidity/
Temperature

jrec

30-31°C

34°c,
90-95%

ec,
90-95%

TABLE }1-1.

Preparation
Exposed

Cell cultures of alveolar
wmacrophages oblained by
lavage of the lungs of
lightly anesthetized
rabhits.

Fresh (< 2.5 h) excised
rabbit tracheal tissue.

Rabbit tracheal
secltions.

Rat tracheas, apparently
opened and exposed in situ.

Rat tracheas, apparently
opencd and exposed in
situ.

RESPIRATORY TRACT BIOASSAYS

Descriplion of Tests
and Duration

Cell cultures in salt solu-
Lious were incubated with bac-
teria (Staphylococcus albus)
and BCHO.  Bacter counts

were made by standard agar pour-
plate procedures at 0, 1.5,

and 3 h. Decreased counts indi-
cate phagocytic ability.

Section was placed in a
tissue chamber and HCIO

gas added for 5-10 min at

a flow rate similar to that
in the trachea of a living
rabbit. Ciliary activity
was observed microscopically
during and after exposure.

HCHO from an air nebulizer was
added to a moist, tewperate
chamber at the rate of 54 L/h,
for a maximum of 60 min.

Ciliary beating was monitored
(method not given) during expo-
sure, bult no recovery period was
included.

Ciliary aclivily was continuously
observed microscopically for < 10
min, with continnous gas [low over
the tracheas.

Ciliary activity was continuously
observed microscopically for < 10
min, with continuous gas flow over
the tracheas.

(cont inued)

Results

No effect on alveolar macrophage
activity.

Five-minute exposure to 38 mg/m]
or 10-min cxposure to 22.5 mg/m?
caused cessation of ciliary
activity without recovery in air.
Five-minute exposure to 75-125
mg/m? caused cessation of ciliary
activity without recovery in
Ringer's solution.

Ciliary activity stopped immedi-
ately after exposure Lo 61.7 mg/m?.
Decreasing concentrations caused
increasing time to ciliostasis

(48 min for 11.6 mg/m?).

Ciliary movement ceased in 10 s,

Ciliary movement ceased in 30 s.

Reference
and
Rating

Greea and
Carolin
(1967)
n-_

Cralley
(1942)
c-10

Dathamn and
Rosengren
(1971)

C-5

Dalhamn
(1956)
C-6

Dalhamn
(1956)
C-6
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TABLE 11-1

(conciuded)

Compound and
Concentration
~wg/m? (ppm)

Heno 5

ficho 3.75
)

HCHO 0.6
(0.5)

Relative Humidity/
Temperature

31°¢

34°¢,
90-95%

34ec,
90-95%

Preparation
Exposed

Excised rabbit tracheas
opened tongitudinally.

Rat tracheas, apparently
opened and exposed
in situ.

Rat tcacheas, appareatly
opened and exposed in
situ.

Description of Tests
and Duration

Tissue was exposed to 6 pg HCHO/
12-5 puffs (40 mL), ~ 1 min
apart, for 8 puffs. The time for
the ciliary transport of tracer
particles (soot and lycopodium
particles) a distance of 5 mm
was measured.

Ciliary aclivity was continuously
observed microscopically for < 10
min, with continuous gas flow over
the tracheas.

Ciliary activity was continuously
observed microscopically for < 10
min, with continuwous gas flow over
the tracheas, then for a short
recovery period.

Results

The dose required per puff to
produce a 50% inhibition of
ciliary transport rate afler

8 puffs was 6 pg/puff (150 mg/m?).
This coutrasts with the 2 pg/
puff given as the HCIO level

in cigarette smoke.

Ciliary movement ceased in 50 s.

Ciliary movement ceased in 2.5 min.
Beating began again 10-30 s alter
exposure stopped,

Relevence
and

Raling

Kensler

and Battista
(1963)

B-13

Da thamn
(1956)
C-6

1a Thamn
(1956)
C-6



SECTION III

EXPERIMENTAL ANIMAL INHALATION EXPOSURES

The essential parameters of numerous animal inhalation exposure experi-
ments are tabulated in this section. The primary organization of data is
by species, in order of increasing weight (nice to monkeys in this case).
Within a species, studies are divided by dosing duration: acute exposure
(£ 24 h), repeated exposure, and chronic exposure (> 90 d). A summary of

the data for all species ordered by decreasing HCHO concentration is in
Table III-17.

The tables have been grouped by species and arranged by decreasing HCHO
concentration for the following reasons: (a) there were about 170 separate
tests tabulated; (b) there are distinct differemces in lung anatomy among
the laboratory species used, and the differences seen in their relative re-
sponses may have been largely due to these anatomical differences; and (c)

- by putting the highest concentrations and worst effects first, one can more

readily understand the significance of minor or less-severe changes occur-
ring at lower levels.

The general rating system described in Figure I-1 was modified for
assigning applicability ratings to the animal exposure documents. Those
studies with data on chronic exposure or acute exposure with minimal effects
were rated B. Studies with acute exposures and severe effects or any study
with unusual endpoints not obvir isly important to respiratory exposure were
rated C. Exposures which were confounded by the presence of other compounds,
or were measured by very unusual endpoints of doubtful significance were
rated D. The C- and D-rated studies were tabulated if the confounding com-
pounds are also found in automotive exhaust, if HCHO was the primary toxi-
cant, or if the HCHO level was low. No animal studies were rated A because

of the controversy surrounding extrapolation of effects observed in animals
to humans.

In the animal exposure tables in this section, the column headed "Total
Length of Experiment" includes not only the total length of exposure to HCHO,
but also any recovery time observed in the study. This recovery time was
included to note the endurance or reversibility of the toxic effects.

Chapter VI contains a discussion of the animal exposure data.

Preceding page blank
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TABLE 111-1.

MICE--ACUTE EXPERIMENTAL EXPOSURE TO FORMALBENYDE (IHCHO)

Compound(s) and
Concentratiou(s),
mg/m3 (ppm)

Numidity/
Temperature

HCHO 900

Heno ~ 16.8
(13.4)

HCHO ~ 12.6
(10.1)

HCHO ~ 12.16
(9.73)
Acrolein

~ 20.6)
(8.97)

HCHO ~ 9.88
(7.90)

HCHO ~ 8.96
(7.1
Acrolein

~ 1.68
(0.73)

Mode of
Exposure

latiala-
Lion
chamber,
62)-1L

Hlead
only,
2.1-L
inhala-
tion
chamber

llead
only,
2.1-L
inhala-
tion
chamber

Inhala-
tion
chamber

Head
only,
2.1-L
inhala-
tion
chamber

inhala-
tion
chamber

Species/Strain/

Age/Weight

Mice,
C3H strain

Hice,
Swiss-Webster,
Specific
Pathogen Free,
20-30 g

Mice,
Swiss-Webster,
Specific
Pathogen Free,
20-30 g

Mice,
Swiss-Webster,
Specific
Pathogen Free,
20-30 g

Mice,
Swiss-Webster,
Specific
Pathugen Free,
20-30 g

Mice,
Swiss-Webster,
Specific
Pathogen Free,
20-30 g

Duration and Total

No. of No. of  Frequency of Length of
Test Animals Controls Exposure Experiment
Not given Not 2 h, 2 h

given once
4N Served 10 min, 10 min
as own once
control
4 M Served 10 min 10 min
as own once
control
4 H 10 min, 10 wmin,
once
4 Y Served 10 min, i0 min
as own once
control
4 M 10 win, 10 min
uiee

(cont funed)

Effects

Death of animals from massive
puimonary hemorrhage and
edema.

Respiration rale decreased
17.5%.

Respiration rate decreased

73.7%.

Max imun decrease in respira-
tory rate was 74.4%.

Respiration rate decreased

65.6%.

Maximum decrease in respira-
tory rate was 69.6%.

Reference
and Rating

Hovton et at.
(1963)
B#-10

Kane and Alarie
(1977)
B-12

Kane and Alarie
(1977)
B~12

Kane and Alavie
(1978)
B-10

Kane and Alarie
(1917)
B-12

Kane and Alarie
(1978)
B-10



TABLE 111-1 (continued)

Compound(s) and Duration and Tolal
Coucentration(s), Numidity/ Mode of  Species/Strain/ No. of No. of  Frequency of lLength of Reference
mg/m? (ppm) Temperature Exposure Age/Weight Test Animals Controls Exposure Experiment Effects and Rating

Hewo ~.5.61 Inhala- Mice, 4 M 10 min, 10 min Haximmm decrease in respira- Kane and Alarie
(4.49) tion Swiss-Webster, once tory rate was 71.3%. (1978)
Acrolein chamber  Specific B-10
~ 18.31 Pathogen Free,
(7.96) 20-30 g
HCHO ~ 4.30 Iuhala- Mice, A M 10 min 10 min Maximum decrease in respira- Kane and Alarie
(3.44) tion Swiss-Webster, once tory rate was 62.0%. (1978)
Acrolein chamber  Specific R-10
~ 4.00 Pathogen Free,
(1.74) 20-30 g
Henwo ~ 3.8 £ 0.35 ltead Mice, 20 M Served 10 min, 10 wmin Decrease in respiratory rate Kane aund Alarie
(3.0£0.28) only, Swiss-Webster, (5 groups as own once of 54%. (v977)

2.1-L Specific of 4 control B-12

inhal- Pathogen Free, animals)

ation 20-30 g

chamber
HCHO ~ 3.8 Inhala~ Mice, ™M () 10 min, 10 min Respiration rate decreased 54% Kane and Alarie
(1) tion Swiss-Webster, Controls once vs. 4.2% for controls. (1977)

chamber  Specific had been B-12

Pathogen Free, anesthe-

Tracheal 20-30 g tized

cannula only

inserted

under

anes-

thesia
neno ~ 3.50 Head Mice, 4 M Served 10 min, 10 min Respiration rate decreased Kane and Alarie
(2.80) anly, Swiss-Webster, as own once 51.5%. (1977)

2.1-L Specific control B-12

inhala- Pathogen Free,

tion 20-30 g

chawmber
HeHo ~ 3.13 Inhala-  Mice, 44 10 min, 10 min Maximum decrease in respira- Kane and Alarie
(2.50) tion Swiss-Webster, once tory rate was 61.8%. (1978)
Acrolein ~ 4.72 chamber  Specific B-10
(2.0%) Pathogen Free,

20-30 g

(continued)



TABLE 111-1 (continued)

Compound(s) and Duration and Total

Conceutration(s), Humidity/ Mode of Species/Strain/ No. of No. of  Frequency of Length of Reference
mg/w? (ppm) Temperature Exposure Age/Weight Testl Animals Controls Exposure Experiment Elfects and Rating
liCHo ~ 3.13 Inhala- Mice, 4 M 10 min, 10 min Maximum decrease in respira- Kaune aod Alarie
(2.50) tion Swiss-Webster, once tory rate was 52.8%. (1978)
Acrolein chamber  Specific B-10
~ 1.56 Pathogen Free,
(0.68) 20-30 g
o ~ 1.89 Head Mice, 4 M Served 10 min, 10 min Respiralion rate decreased Kane and Alarie
(1.51) only, Swigs-Webster, as own once 41.0%. (1977)
2.1-1L Specific control B-12
inkala-  Pathogea Free,
Lion 20-30 g
chamber
oo ~ 1.78 Inhala- Mice, UM ] 10 min, 10 min Maximum decrease in respira- Kane and Alarie
(1.42) tion Swiss-Webster, once tory was 60.7%. (1978)
Acrolein chamber  Specific B-10
~ 4.30 Pathogen Free,
(1.87) 20-30 g
HCHO Head Mice, 36 H Served 10 win, 10 min Decrease in respiratory rate Kane and Alarie
~ 1.54 £ 0.24 only, Swiss-Webster, (9 groups as own once of 28%. (1917)
(1.23 £ 0.19) 2.1-L Specific of 4 ani- control B-12
inhala~  Pathogen Free, mals)
tion 20-30 g
chamber
HCHO ~ 1.63 lead Mice, 4 i Served 10 win, 10 min Respiration rate decreased Kane and Alarie
(1.30) only, Swiss-Webster, as own once 27.7%. (1977)
2.1-4, Specilic control B-12
inhala-  Pathogen Free,
tion 20-30 g
chamber
lcHo ~ 1.08 Tnhala-  Mice, 4 M 10 min, 10 min Maximun decrease in respira- Kane and Alarie
(0.86) tion Swiss-Webster, once tory rate was 41,4%. (1978)
Acrolein chamber  Specific B-10
~ 1.29 Pathogen Free,
(0.56) 20-30 g

(coutinved)
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TABLE 111-1 (concluded)

Compound(s) and

Concentration(s),
mg/m?

HEHo ~ 0.
(0.79)
Acrolein
(7.89)

Hewo ~ 0.
(0.55)

HCHO ~ 0.
0.37)
Acrolein
~0.28
(0.12)

Newo ~ o.
(0.33)
Acrolein
~ 0.85
(0.37)

(ppm)

99

~ 18.15

69

41

Humidity/
Temperature Exposure

Hode of

tnhala-
tion
chamber

Head
only,
2.1-L
inhala~
tion
chamber

Tuhala-
tion
chamber

Inhala-
tion
chamber

Species/Strain/

Age/Weight

tice,
Swiss-Webster,
Specilic
Pathogen Free,
26-30 g

Mice,
Swiss-Webster,
Specific
Pathogen Free,
20-30 g

Mice,
Swiss-Webster,
Specific
Pathogen Free,
20-30 g

Mice,
Swiss-Websler,
Specific
Pathogen Free,
20-30 g

No. of No. of

Test Animals Coulrols

4 M

4 M Served
as own
control

4 M

4 M

Total
Length of

Duration and
Frequency of

Exposure Experiment
10 min, 10 min
once
10 min, 10 min
once
10 min, 10 min
once
10 min, 10 min
once

Haximum decrease

tory rate was 17.

Respiration rate
13.7%.

Maximum decrease

tory rate was 20.

Maximum decrease

tory rate was 30.

Effects

in respira-

9%.

decreased

in respira-

2%.

in respira-

1%.

Relerence

and Rating

Kane and Alarice
(1978)
B-10

Kane and Alarie
(1977)
B-12

Kane and Alarie
(1978)
R-10

Kane and Alarie
(1978)
B-10




TABLE

Compound(s) and
Concentration(s),

hmidity/
mg/m3 (ppm)

Temperature

HCHO 200

HCHO- 140

Heno ~ 16.8
(13.4)

HCHO ~ 12.6
(10.1)

Mode of

Exposyre Age/Veight

Inhala-
tion
chamber,

623-1

Inhala-
tion
chamber,
623-1

flead
only,
2.1-L
inhala-
tion
chamber

Head
only,
2.1-L
inhala-
tion
chamber

THi-2.  MICE--REPEATED DOSE EXPERINENTAL EXPOSURE
Duration and
Species/Strain/ No. of No. of  Frequency of

Hice, 42 59
C3H strain

Mice, Not given Not
C3H strain gliven
" Mice, 8 M Served

Swiss-Webster, Exposed Lo as own
Specific 0.31 ppm control
Pathogen Free, HCHO 3 h/d
20-30 g for 3 d

prior to

Lthis expo-

sure.
Mice, 8 Served
Swiss-Webster, Exposed to as own
Specific 0.31 ppm control
Pathogen Free, HCIO 3 h/d
20-30 g for 3 d

prior to

this expo-

sure.

Test Animals Controls

Total
Length of
Exposure Experiment

1 h/d, ~ 25 d,

3 d/wk 11 expo-
sures

2 h/d 4 d

10 min, 10 min

once

10 min, 10 min

ouce

(continued)

TO FORMALDENYDE (HCHO)

Effects

Exposures were stopped alter

11 because of high mumber of
deaths--15 animals died.
Tracheobronchial epithelium

of the Jungs of 5 mice that
died had atypical metaplasia
and 7 had squamous-cell meta-
plasia. Of 35 lungs examined,
2 had no changes; &, basal-cell
hyperplasia; 8, stratification;
16, squamous-cell metaplasia;
5, atypical metaplasia, and

0, tumors. Majority of con-
tro) animals showed no sig-
nificant changes of lungs.

No signs of substantial dis-
tress or loss of weight.

Respiration rate decreased
11.8% with no evidence of
prior exposure having caused
sensitization when results
from this test and similar
one with no pre-exposure

are compared,

Respiration rate decreased
68.4% with no evidence of
prior exposure having caused
seusitization when results
from this test and similar
one wilh no pre-exposure

are compared.

Reterence
and Ratiog

Horton et al.
(1963)

B-10

florton et al.
(1963)
B-10

Kane aund Alarie
(1977)
B-12

Kane and Alarie
(1977)
B-12
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TABLE €11-2 (continued)

Compound(s) and
Concentration(s),
mg/m® (ppm)

lumidity/

Hnewo ~ 9,88
(7.90)

Hcio ~ 3.9
(3.1)

HCHO ~ 3.50
(2.80)

HCHO ~ 1.89
(1.51)

Temperature

Hode of

Fxposure

Head
only,
2.1-L
inhala-
tion
chamber

Head
only,
2.1-L
inhala-
tion
chamber

Nlead
only,
2.1-L
inhala-
tion
chamber

Head
oitly,
2.1-L
inhala-
tion
chamber

Species/Strain/

Age/Weight

Mice,
Swiss-Webster,
Specific
Pathogen Free,
20-30 g

Mice,
Swiss-Webster,
Specific i
Pathogen Free,
20-30 g

Mice,
Swiss-Webster,
Specific
Pathogen Free,
20-30 g

Mice,
Swiss-Webster,
Specific
Pathogen Free,
20-30 g

No. of

Test Animals

8N
Exposed to
0.31 ppm
Hcwo 3 h/d
for 3 d
prior Lo
this expo-
sure.

4 M

8N
Exposed to
0.31 ppu
HCHo 3 h/d
for 3 d
prior to
this expo-
sure.

8 M
Exposed to
0.31 ppm
HCIIO 3 h/d
for 3 d
prior to
this expo-
sure.

No. of
Controls

Served
as own
control

Served
as owh
contlrol

Served
as own
control

Served
as own
conlrol

TolLal
Length of

Duration and
Frequency of

Exposure Experiment
10 min, 10 min
once
3 h/d 4 d
10 min, 10 min
once
10 min, 10 min
once

{continued)

Effects

Respiration rate decireased
66.5% with no evideunce of
prior exposure having caused
sensitization when results
from this test and similar
one with no pre-exposure

are compared.

The respiration rate de-
creased during the first 10
win from 46% on d 1 to 72%
on ¢ 4. Rate increased
somewhat over remainder of
exposure period, but recov-
ery was slower each d. On
d 4 respiration rate at end
of 3 h was still 50% less
than control rate.

Respiration rate decreased
49.4% with no evidence of
prior exposure having caused
sensitization when resulls
from this test and similar
one with no pre-exposure

are compared.

Respiration rate decreased
36.8% with no evidence of
prior exposure having caused
seasitization when results
from this test and similar
one with no pre-exposure

are compared.

Kelference
and Rating

Kane and Alarie
(1977)
B-12

Kane and Alarie
(1977)
B-12

Kane and Alarie
(1977)
B-12

Kane and Alaric
(1977)
B-12



Componund(s) and

Concentration(s), llumidity/ Hode of

mg/md (ppm) Temperature Exposure

HCHO ~ 1.63
(1.30)

Head
only,
2.1-4
inhala-
tion
chamber

HCHO ~ 1.3
(1.0)

lHead
only,
2.1-L
inhala-
tion
chamber

HCNo ~ 0.69
(0.55)

llead
only,
2.1-L
inhala-
Lion
chamber

Speciea/Strain/

Age/Weight

Hice,
Swiss-Webster,
Specific
Pathogen Free,
20-30 g

Mice,
Swiss-Webster,
Specific
Pathogen Free,
20-30 g

Mice,
Swiss-Webster,
Specific
Pathogen Free,
20-30 g

TABLE 1H1-2 (concluded)

No. of

Test Animals Controls

BN
Exposed to
0.31 ppm
HCHO 3 h/d
for 3 d
prior to
this expo-
sure.

4 M

8
Exposed to
0.31 ppn
HCHO 3 W/d
for 3 d
prior to
this expo-
sure.

Duration aund

No. of  Frequency of
Exposure

Served 10 min,
as own ance
control
Served 3 h/d
as own
control
Served 10 win,
as own once
control

Total
Length ol
Experiment

10 min

10 min

Effecls

Respiralion rate decceased
26.4% with no evidence of
prior exposure having caused
sensitization when results
from this test and similar
one with no pre-exposure

are compared.

The respiration rate de-
creased during the first
10 min from 18% on d 1

to 38% on d 4. Rate
gradually moved toward
pre-exposture level over
the 3-h exposure period.
Each d recovery was slower
than on the previous .

Respiration rate decrcased
15.6% with no evidence of
prior exposure having caused
sensitization when resuits
from this test and similar
one with no pre-exposure

are compared.

Reference

and Rating

Kane aud Alarie
(1977)
B~12

Kane and Alarie
(19717
B-12

Kane and Alarie
(1977)
B-12
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Compound(s) and
Concentration(s),
mg/m® (ppm)

necro 100

JICHO 50, then
raised to 150

TABLE 111-3.

Humidity/ Mode of  Species/Strain/ No. of No.
Temperature  Exposure Age/Weight Test Animals
Inhal- Hice, 60 59
ation CIl strain
chamber,
623-L
fnhal- Mice, 60 59
ation C3H strain 36 (sec-
chamber, ond phase)
623-L

Controls

Duration aml
Frequency of
Exposure

I h/d,
3 d/wk

1 h/d,
3 d/wk

{continued)

Total

Length of
Experimenl

35 wk

35 wk at
lower
level,
33 wk at
higher
level.

MICE~-CHRONIC EXPERIMENTAL EXPOSURE 10 FORMALDENYDE

(HeHY)

Effecls

Animals Lolerated exposure
with avg. wt. rising nor-
mally. The tracheobroachial
epithelia of 35 lung were
examined and 4 had no changes;
10, basal-cell hyperplasia;
14, stratification; 6,
squamous-cell metaplasia; and
0, atypical metaplasia or tu-
wors. FExtension of epithelial
changes into mwajor bronchi was
infrequent and none in the
smaller bronchi. Majority of
control animals showed no sig-
nificant changes of lungs.

Animals tolerated exposure
with avg. wt. risiug nor-
mally. Some basal-cell hy-
perplasia in 6 and stratifi-
cation in 9 tracheobronchial
epithelia of 23 lungs exam-
ined after first 35 wk of
exposure. During second ex-
posure period, 15 animals
died, but none had squamous-
cell tumors in lungs. The
changes in epithelium began
extending into the major
bronchi during the second
phase. Majority of control
animals showed no significant
changes of lungs.

Reference
and Rating

florton et
(1963)
B8-10

florton et
(1963)
B-10

al.
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TABLE 11§-3 (concluded)

Compound(s) and Duration and Total
Coucentration(s),  Humidity/ Mode of Species/Strain/ No. of No. of Frequency of Length of Relerence
wg/m> (ppm) Temperature Exposure Age/Welight Test Animals  Controls Exposure Experiment * Effects and Rating
HCHO ~ 19 45 t SY% Rinners- Mice, 120 M 120 M 6 h/d 24 wmo No tumors at 18 mo but two of N10SI/0SHA
(15)% 20-22°C type in- RB6CIFI 120 F 120 F 5 dfwk 85 had developed squamous (1980)
inhal- 1 7 cell carcinomas of the nasal c--
tion turbinates after 24 mo. Ouly Swenberg et al.
chamber spontaneous levels of cancer (1980)
12 air were found in other organs B-15
changes/h and tissues. Selikolf and
Hammond
(1981)
C-~
Anonymons (1981)
HCIo ~ 7.5 45 t 5% Itinners- Mice, 120 M 120 M 6 h/d 24 mo No tumors. NIOSH/OS1A
(6) 20-22°C Lype B6CIF1 120 F 120 F 5 d/wk (1980)
inhal- ? 7 C--
tion Swenberg et al.
chamber (1980)
. 12 air B-15
changes/h Selikotf and
Itammond
(1981)
C_..
neno 2.5 45 £ 5% Hlinners- Mice, 120 M 120 M 6 h/d 24 wo No tumors. NIOSH/OSHA
(2) 20~-22°C Lype B6C3F1 120 ¥ 120 F 5 d/wk (1980)
inhal- 1 7 C--
tion ) Sweuberg e al.
chamber (1980)
12 air B-15
changes/h Selikoff and
Hammond
(1981)
C--

¥ AU the CIIT Conference on November 20~21, 1980, Dr. Craig Barrow aud Dc. James Swenberg of CIIT indicated that “because of a difference in

behavioral pattern, the effective exposure in the mice was ahout hall that for rats. Thus, the cancer incidence in mice at 15 ppm can
be considered comparable to that of rats at 6 ppm." (CPSC, 1981).
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TABLE Fli-4.

HAMSTERS--ACUTE EXPERINENTAL EXPOSURE TO FORMALDENYDE (HCNO)

Compound(s) and
Concentration(s),
mg/m3 (ppm)

HeHo ~ 712
(570)

NCHO ~ 525
(420)
Carbon 21

Mode of  Species/Strain/ No. No. of
Exposure Age/Weight Test Animals Controls Exposure
lahala-  MHamsters, 8 H&F None 4 b,
tion Syrian golden, once
chamber, avg. 100 g
~ 1 ft3
Inhala- Hamsters, 8H&F 12M&F 4h,
tion Syrian golden, once
chamber, avg. 100 g Exposed
~ 1 £ Lo 1,032

mg C/m?3

alone.

Animals

sacri-

ficed

and ex-~

amined

6, 12,

24, and

48 h

after

begin-

ning

expo-

sure.

fluration and
Frequency of

(continued)

Total
lLength of
Experiment

96 h;

6, 12,
24, 48,
and 96 h
after be-
ginning,
2 animals
were sac-
rificed.

48 k;,

6, 12,
24, and
48 b
after be-
ginning,
2 animals
were sac-
rificed.

Reference
Effects and Rating

No recrunitment of polymorpho- Kitburn and
nuclear lenkocyles to airway McKenzie
cells. Cytotoxic cffects on (1978)
airway cells; 34~100% of tra- B-11

chea cells and 5% of bronchial

cells were exfoliated,

Recruitment of polymorpho- Kilbura and

nuclear leukocyltes to airway McKenzie
cells; no recruitment in con- (1978)
trols. Limited cytotoxic ef-~ B-11

fect on trachea cells; 7%
were exfoliated.
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TABLE 111-4 (continued)

Compound(s) and

Duration and Total
Concentration(s), Humidity/ Mode of  Species/Strain/ No. of No. of Frequency of Length of Reference
mg/m3 (ppm) Temperature Exposure Age/Weight Test Animals Controls Exposure Experiment Effects and Rating

HCRHO ~ 250-313 Inhala-  llamsters, 6M&F 12HM&F 4 b, 24 by Recruitment of polymorpho- Kitbura and
(200-250) tion Sycian golden, once nuclear leukocyles Lo airway McKenzie
Cacbon 700 chamber, avg. 100 g Exposed 6, 12, cells, no recruitment in con- (1978)
(Carbon coated ~ 1 fi3 to 1,032 24, and trols. Cytotoxic effect to B~11
with HCHO.) mg C/m? 48 0 airway cells, especially ex-

alone. after be- foliation of tracheal and

Animals ginning, bronchial cells.

sacri- 2 animals

rificed © were Bac-

and ex- rificed.

amined

6, 12,

24, and

48 h

after

begin-

ning

. expo-

sure.
HCHO ~ 258 Inhata- llamsters, THE&F 12 &F 4N, 48 h; Recruitment of polymorpho- Kilburn and
(206) tion Syrian golden, once nuclear leukocytes to airway McKenzie
Carbon 5617 chamber, avg. 100 g Exposed 6, 12, cells; no recruitment in con- (1978)
(Carbon coated ~ 1 £t to 1,032 24, and trols. Cytotoxic effects Lo B-11
wilh lICHO.) mg C/m? 48 h airway cells; 75-100% of

alone. after be- tracheal cells and § 25% of

Animals ginning, brounchial cells were exfoli-

sacri- 1-2 ani- ated.

ficed mals were

and ex- sacrificed.

amined

6, 12,

24, and

48 h

after

begin-

ning

expo-

sure.

(continued)
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TABLE 111-4 (conlinued)

Compound(s) and Duration and Tolal
Concentration(s), Hamidity/ Mode of  Species/Strain/ No. of No. of Frequency of Length of Reference
wg/m3 (ppm) Temperature Exposure Age/Weight Test Animals Coutrols Exposure Experiment Effects and Rating
Heno 12,5 Iubala-  Syrian golden 7 H (] 5h 4 d No increase in 3H-thymidine Daltbey (1981)
(10) ation hamsters incorporation (measuring cell B12
chamber proliferation) in nasal
turbinates or tracheal
epithelium, indicating little
cell damage and subsequent
repair.
HeHo ~ 8 Inhala-  Mamsters, 1I2M&F Noue 4 h, 96 h; No recruitment of polymorpho- Kilburn and
(6) tion Syrian golden, once nuclear leukocyles to airway McKenzie
chamber, avg. 100 g 6, 12, cells. Cytotoxic effects on (1978)
~ 1 ftd 24, 48 airway cells; ~ 20% of tra- B-11
and Y6 cheal and bronchial cells were
h after exfoliated.
begin-
ing, 2
animals
were
sacri-
ficed.
Heno ~ 8 Inhala- Namsters, 128 &F 12M&F 4 h, 62 d, Recruitment of polymorpho- Kilburn and
(6) tion Syrian golden, once nuclear leukocytes to airway McKenzie
Carbon 805 chamber, avg. 100 g Exposed 1, 2, 4, cells, no recruitment in con- (1978)
(Carbon coated ~1 fe? to 1,032 8, 16, trols. Cytotoxic effect to B-11
with NCHO.) mg C/m3 32, and airway cells; 18-36% of Lra-
alone. 64 d af- cheal cells but only 2% of
Animals ter begin- bronchial cells were exfoliated.
sacri- ning, 1-
ficed 2 animals
and ex- were sac-
amined rificed.
6, 12,
24, and
48 1
after
begin-
ning
expo-
sure,

(continued)



TABLE L{)-4 (concluded)

Compound(s) and
Concentration(s),
mg/m? (ppm)

llumidity/ Mode of
Temperature Exposure

Species/Strain/ No. of No. of
Age/Weight Test Animals Controls

Icna ~ 4 Inhala-

(3) tion

Carbon 131 chamber,
~ 1 £

Hamsters, 6M&F
Syrian golden,

avg. 100 g

12ZM&F

Exposed
to 1,032
wg C/m?
alone.
Anima)s
sacri~
ficed
aad ex-
amined
6, 12,
24, and
48 b
after
begin-
ning
expo-
sure.

buration aad
Frequency of
Exposure

4 b,

once

Tatal
Length of
Experiment

48 h;

6, 12,
24, amd

48 h af-
ter begin-
ning, 1-

2 animals
were sac-
cificed.

Effects

Recrwitment of polymorpho-
nmuclear lenkocytes to airway
cells, no recruitmenl in con-
trols. Cytotoxic effect to
airway cells; 75-100% of tra-
cheal cells and 5% of bronchial
cells were exfoliated.

Reterence
and Rating

Kilburn and
MeKenzie
(1918)

B-11
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TABLE 111-5. HAMSTERS--REPEATED DOSE AND CHRONIC EXPERIMENTAL EXPOSURE 1O FORMALDENYDE (HCHO)

Compound{(s) and Duration and Tolal
Concentration(s), Humidity/ Hode of Species/Strain/ No. No. of  Frequency of Length of
mg/w? (ppm) Temperature Exposure Age/Welght Test Animals Controls Exposure Experiment
IICHO ~ 312.5 Hamsters, 34 5 1 h/d 5 aniwmals
(250) Syriaun galden, 1-15 expo- killed 2
3 mo sures 4 after
1, 2,5,

ncHo 62.5 Inhala-  Sycian golden ™M
(50) tion hamsters

chamber
HeNHo 31.2 Inhala- Syrian golden TH
(25) tion hamsters

chamber

HCNO 12.5 Cages in Syrian golden 68 M

(10) a 1.5 w3 hamsters

inhala-

tion

chamber
HCio 3.75 Inhala~ Hamsters 10
3 tion
HCHO ~ 3 Inhala- Hamsters, Not
(2) tion Sycian golden, given

chasber, avg. 100 g
~ 1 fi?

1312 H oncefweek
17 wk

() 5 h, on
days 1
and 7

132 8 5 d/wk,
“jifet ime”
(10-26 mo)

10 22/h/d
7 d/wk
6 mo

Not 4 h,

given every 3rd
d for 6-
10 expos~

(continued)

amd 1SLh
exposure,
3 animals
killed
1st, 2nd,
and 6th
wk after
last ex-
posure.

17 wk

11 d

“Lifetime"
(10-26
mo)

6 mo

18-30 d

Effects

listologic and cytalogic
changes in tracheobronchial
epithelium such as the
appearance of very pleomor-
phic, large, poorly differ-
entiated squamous cells with
abnormal polylobulated nuclei.
All changes were reversible as
no abnormalities were observed
in animals killed 2 or 6 wk
after exposure eaded.

No toxicity to nasal
epithelium.

Increased 3W-thymidine in-
corporation (weasuring cell
proliferation) for scveral
days, indicating cell damage
and repair; greater in nasal
turbinates than trachea. Less
incorporation after second ex-
posure, indicaling possible
adaptation.

Decreased survival time. No
respicatory tract tumors.
Little evidence of toxicity
in nasal epithelium.

No adverse effects noted during
exposure.

Early extoliation of 50% of
tracheal cells and changes

in epithelium but uwo increase
in polymorphonuclear leuko-
cytes in alrway cells over
controls.

Reference
and Rating

Schreiber
et al.
(1979)
c-8

Dalbey (1981)
B-12

Dalbey (1981)
B-12

Dalbey (1981)
B-12

Clary (1980)
B_-

Kilburn and
McKenzie
(1978)

B-11
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Compound(s) and

Concentratjon(s),
mg/md (ppm)

neno 1.25
4

Helo 0.25
(0.2)

TABLE T11-5 (concluded)

Humidity/  Hode of

Temperature Exposure

fnhaila-
tion

lnhala-
tion

Species/Strain/
Age/Veight

lamsters

lamsters

No. of
Test Animals

i0

10

No.

of

Controls

10

10

Duration and
Frequency of

Exposure

22 h/d
7 d/wk

22 h/d
7 d/wk

Total
Length of
Experiment

6 mo

6 wo

Effects

No adverse effects noted during
exposure or on pathological
evaluation.

No adverse effects noted while
exposed or on pathological
evaluation

Reference
and Rating

Clary (1980)
B--

Clary (1980)
B._..
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TABLE 111-6.

RATS --ACUTE EXPERTMENTAL EXPOSURE TO FORMALDENYDE (NCNO)

Compound(s) and

Duration and

Concentration(s), MHumidity/ Mode of Species/Strain/ No. of Frequency of
mg/m? (ppm) Tewperature Exposure Age/Weight Test Animats Conlrols Exposure

HEo 600-1,700 Inhala-  Rats None 30 win
tion
chawber

IICHO 63 Iuhala-  Albino 10-12 H  Not given
tion rals, (4 1W?)
chamber  180-240 g

HCHo ~ 43.7 Inhala-  Rats, 8 M 18 h,

(35.0) tion Sprague-Dawley, once
chamber, 200-300 g
airflow
2 {t¥/min

neo ~ 25 Iubala-  Rats, M 24 h,

(20) Lion Sprague-Davley, once
chamber 12-13 wk

{continuned)

Total
Length of
Experimeat

3 wk

Not given
(4 h1)

24 h
intact
animal
exposure;
cells--

7 d in

culture.

Effects

LDgo was 1,000 mg/m?. First
deaths occurred between 6

and 24 h after exposure aund
continued over 3 wk. Total
mortality 49 of 72. Upon
exposure, animals became list-
less, showed lacrimation, se-
cretion from nose, and diffi-
culty breathing. llyperemia of
lungs, liver, and kidneys as
well as bronchitis and edema of
lungs.

The same symptoms, but less
prounounced, occurred after s.c.
injection of 300 to 640 mg
lCNo/ kg.

The acceptable limit as to
general toxic effect as mea-
sured by increase in the
alaniune aminotransferase
activity.

Slight insignificant increase
in wt, of liver and adrenals.
Significant increase in alka-
line phosphatase activity of
liver,

Pulmonary alveolar macropliage
cells were collected from rats
and cultured, then challenged
with polystyrene latex spheres.

Cells from exposed rats had
decreased phagocytic activity
and < 0.5 the Lotal sphere
uptake of the comtrols. Cells
exhibited significantly in-
creased adhesion to culture
surface compared to controls.

Reference

" and Rating

Skog (1950)
B-10

Nagornyi et at.
(19719)
B-9

Murphy et al.
(1964)
c-8

Katz and lLaskin
(1977)
c-7



8¢

Compound(s) and
Concentration(s),
mg/m? (ppm)

Humidity/ Hode of
Temperature  Exposnre

HCRO 18 Inhala-
tion
chamber

HCIO ~ 12.5
an)

Inhala-
tion
chamber

JICHO 5 Inhal-
ation

chamber

Rats

Species/Strain/
Age/VWeight

Albino
rats,
180-240 g

Rats, 10N
Sprague-Davley,

12-13 wk

20 ?

No. of
TesL Animals Conlrols

10-12 4

TABLE J111-6 (cont inued)

Duration and
Freguency of
Exposure

No. of

10-12 1 Not given

T4 24 h,
once

20 7 4 h?

(continued)

Total
length of
Experiment

Not given

24 h

intact
exposure;
cells--
7din
culture

Effects

The acceptable limiL as to
general toxic effect as mea-
sured by reduction of Oy up-
take.

Pulmonary alveolar macrophage
cells were collected from rats
and cultured, then challenged
with polystyrene latex spheves.

Cells from exposed rats ini-
tially had increased phagocytlic
activity but were similar to
controls in toLal sphere wptake.
Cells exhibited significantly
increased adhiesion to culture
surface compared Lo countrols.

Decreased blood pressure, nen-
trophilja (with toxic gran-
ulations in the neutraphils),
shift to the left of Lhe dif-
ferential white blood cell
comnts, and cosinophilia (ex-
pressed most on the following
days with the appearance of
juvenile forms and binucleated
lymphocytes) were observed im-
mediately after exposure. Sigas
of minor irritation of the luugs,
spleen, and marrow,

Reference

and Ratiog

Nagornyi et al.
(1929)
B-9

Katz amd Laskin
(19717)
Cc-17

Zacva et al,
(1968)
B-5



TABLE 111-6 (concluded)

Compound(s) and
Concentration(s)
‘mg/m? (ppm)

Humidity/

Temperature

Mode of
Exposure

No. of No. of
Test Animals Controls

Species/Strain/
Age/Weight

ICHO ~ 0.6-3.2
(0.5-2.5)

(o8]
~0 JICHO ~ 0.6-2.5
(0.5-2.0)

NCHo 1-2

3N Served
as own
control

Nose
mask,
breath-
ing
through
cannula
in tra-
chea,
second
cannula
allowed
HCIO to
be circu-
lated
through
nasal
cavity.

Rats,
Sprague-Dawley,
250-400 g

Rats, -~
Sprague-Davley,
250-400 g

10 M Served
as own

control

Nose
mask,
breath-
ing
through
cannula
in tra-
chea,
second
canuula
allowed
HCHO ta
be circu-
lated
through
nasal
cavily.

4 h

Inhal- Rats

alion

Total
Length of

Duration and
Frequency of
Exposure

2 min/
exposure,
4-7 win
hetween
exposures,
~ 16 expo~
sures lor
3 animals.

£2.3h

24 ht
1 hin
air

1 h/expo-
sure, test
between
exposures
with amyl
alcohol

to test
nerve re-
sponse.

Up to 4

1-h expo-
sures with
some of the
test animals.

Experiment

Effects

Decrease in nasal sensory re-
sponse with increased concen-

Lration.

Exposure to HCHO consistently
produced significant depres-
sion of amyl alcohol response
Depression

of nasal nerves.

Reference
and Raling

Kulle and Copper
(1975)
C-11

Kulle and Copper
(1975)
c-11

of nasal sensory response pro-
gressed with increased HCHO ex-

posure.

Partial recovery of

sensory response upon exposure

to air only for 1 h.

No functional or organic
changes detected.

Zaeva et al.
(1968)

B-5




Fa

Compound(s) aud
Concentration(s),

Humidit
mg/md (ppm) .

RCHO 50-100

HCNG 20 Not given

Hode of

Temperature Exposure

lahal~
alion

Inhala-
tion
chamber

TARLE F11-7.

Species/Strain/
Age/Weight

Rats

Albino rats,
130-140 ¢

RATS--REPEATED DOSE EXPERIMENTAL EXPOSURE

Duration and Total

No. of No. of Frequency of  Length of
Test Auwimals Controls Exposure Fxperiment
40 d4; un- 40 d
clear if
exposure
was con-

tinuous or
intermittent

200 20 M 3 h/d, 2 8 wk
6 vk

10 of each group re-

ceived a synthetic

diet with 18% protein

(Group 1) and the other

10 of each group re-

ceived an isocaloric

diet enriched with 5 mg

Lipoamide/kg (Gronp 2).

Rats maiutained on synthe-

tic diets for 2 wk before

start of inhalation ex-

posures.

0 FORMALOERYDE (HCHO)

Relerence

Efiects amd Rating

Development of fairly exteo- Zacva ot al,
sive intoxicalion. HCHO levels (1968)

in the blood reachied 4.8 mg% B-5

(control level was 1 wmg%).

Group 1 showed aggressiveness,  Goloshchapov
weighed 80% less than Group and Agranovskii
2, and showed a significant (1976)
increase in the duration of c-11

alcohol and hexobarbital Goloshchapov
narcosis. The protective (1979)
effect of Jipoamide appeared C-5

Lo be due to its acltivation

of liver microsomal enzymes

participating in the oxidative

destruction ol these narcotics.

Group 1 also had a 6 + 0.8%

lower total serum protein con-

tent, lower albumin, higher

gamma~-globuling, and lower

serum SH growps.  Group | rats

showed dystrophic aad necrotic

changes in the liver cells

that were not apparent in the

rats protected by lipoamide.

Lower levels of general and

reduced ascorbic acid and higher

levels of its oxidized form were

observed in the livers of Lhe

unprotected rats.

The 1979 abstract may indicatle
a different study: rats protec-
ted by 32% protein in the diet
compared to those receiving 18%
protein showed normal protein
metabolism.  This abstract also
does not give the [requency of
eXpoSUres.



Compound(s) and
Concentration(s),
wg/w3 (ppm)

Humidity/ Mode of

HCNO 15

HCHO  10.1 * 2 60% Inhala-

(8.07 £ 1.62) 23°C tion

HCNO 7

Heno Inhala-

6.01%0.3 tion
chamber

Temperature Exposure

Species/Strain/

Age/Weight

Albino rats,
no specific
strain

Rats,
Specific
Pathogenic
Free,
32-40 d

Albino rats,
uwo specific
strain

Albino

rats,

200-230 g
(non-pregnant)

TABLE (11-7 (continned)

Duration and
Frequency of
Exposure

No. of No. of
Test Animals Controls

M; No. M; No. Continvous
not given not given

25 M 25 M Contiunous
M; No. M; No. Conl inuous

not given not given

8-32 F 8-32 F 4 W/d

(continued)

Total
Lenglh of

Experiment

2 50 h

2 mo

2 168 h
(7 d)

20 d

Effects

The time until the increase in
leukocyte no. was 129% that of
controls was 15 h. Time until
decrease in cholinesterase acl-
ivity was 72% that of con-
Lrols was 50 h.

Sneezing and nasal discharge
from 1sL day of exposure, yel-
low coloration of fur, and 2
had serous discharge in eyes.
Significantly lower body weight
and relative liver weight than
controls. Increased pulmonary
macrophages, lymphocytes, and
polynnclear cells. Reduced
phagocylic activity, which sug-
gested increase in number of
small-sized macrophages.

The time until! the increase in
lenkocyte no. was 132% that of
controls was 60 h. Time until
decrease in cholinesterase activ-
ity was 70% that of controls

was 168 h.

Changes reported in kidney
functions--decrease in daily
diuresis and concentration
of chlorides in urine and in-
crease in concentration of
albumin in urine. Change in
liver function indicated by
decrease in excretion of
hippuric acid in urine after
a sodium benzoate load. No
effects on weight, nervous
system function, or respir-
ation.

Reference
and Rating

Ostapovich
(1975)
C-6

Dubreuwil et al.

(1976)
B-10

Ostapovich
(1975)
c-6

Sanolskii et

(1976)
n-8



Compound(s) and
Concentratjon(s), Humidity/
mg/m? (ppm)

fICHO
6.0t 0.3

HCIO ~ 5.7 2 0.7 60%
(4.5% £ 0.53) 23°C

HCRO
510.2

Mode of
Temperature Exposure

inhata-
Lion
chamber

Inhala-
Lion
chamber

Inhala-
tion
chamber

TABLE 1T1-7 (continued)

Duration and

Species/Strain/ No. of No. of  Frequency of
Age/Weight Test Animals  Controls Exposure

Albino 8-32 F 8-32 ¥ 4 h/d

rats,

200-230 g

(pregnant)

Rats, 25 M 25 M Cont inuous

Specific

Pathogen

Free,

32-40 4

Rats ~19 F ~19 F 4 h/d

(pregnant) for 19 d

Total
Length ot
Experiment

20 d

1.5 mo

19 d

for 15
rals;
others
through
delivery
and growth
of off-

‘spring

Effects

Decrease in Lthe concenlration
of hemoglobin in blood was the
only reported effect. No ef-
fects on kidney function,
weight, or respiration.

Body welght slightly lower
than controls, also yellow
coloration of fur beginning
from d 20,

Overall toxic effects observed
were a lowering of the thresh-
old of neuromuscular excitabil-
ity, of recta) tewperature, of
hemoglobin in blood and a
change in spontaneous mobility
of post-experimental animals.
Examination of females and fetl-
uses at 20th d of pregnancy
showed no deformities, but
slightly higher preimplantation
wortality of embryos. [Develop-
ment of offspring was normal ex-

Reference
and Rating

Sanolskii et al.
(1976)
B-8

Dubreuwil et al.
(1976)
B-10

Sheveleva
(1971)
B-11

cepl for a decrease in spontaneous

mobility at one mo of age, which
was also observed in female off~
spring at two mo. Some changes
in peripheral blood composition
were reported at 2 mo.%

*" The Formaldehyde Panel (Griesemer et al., 1980) felt the no. of animal per dose level and no. of dose levels were inadequate and skeletal and soft

Lissue analyses were missiog.

(continued)

Still, the Panel felt there were indications NHCHO affected reproductive potential.



TABLE 111-7 (continued)

Compound(s) and

Duration and

Concentration(s), Humidity/ Mode of Species/Strain/ No. of No. of Frequeancy of
. mg/m? (ppm) Temperalure Exposure Age/Velght TesL Animals Controls Fxposure
HCHO 50% Inhala-  Rats, 15 M&F Not Cout inuous
4.6 £ 0.4 77 + 2°F tion Long Evans given for 90 d
chamber and Sprague- (< 2.2%
(modi-~ Dawley down time)
fied
Rochester-
Lype)
Heno 3.9 Special  Albino 50 M 50 M Cout inuous
I m3 rats
chambers 130-
240 g

{(cont inued)

Total
Length of
Experiment

Effects

90 d

60 d

6-10 rats
sacrificed
every

30 d.

One death; others showed no

signs of illness or toxicity.

llematologic values were normal,

hearts and kidneys showed fo-

cal chronic inflammalory changes
and lungs showed varying degrees

of interstitial inflammation.

The trend toward increasing

DNA-ase activity of the liver

seen at 0.1 and 0.7 wmg HCNO/m?

continued, but the decrease

in spleen DNA-ase seen atl these
levels became a sharp increase

at 3.9 mg/md.

Lissue DNA-ase agrees with re-

An increase

in

porls of a decrease in tissue
DNA seen in NCHO poisoning of

rats.

Refeeence
and Rating

Coon et al.
(1970)
B-12

Tiunov and
lvanova
(1976)
3-8)
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TABLE 111-7 (continued)

Compound(s) and

Concentration(s), Humidity/ Mode of Species/Strain/ No. of No. of Frequency of Length of
mg/m> (ppm) Temperature Exposure Age/Weight Test Animals Controls Exposure Experiment
licito 3 100-L Albino 15 M 15 H Cont inuous 3 mo
chambers; rats (7) for 3 mo
30 L air
+ HCuo
per min
Heno Inhala-  Albino 25 M 25 H Continuous 3 mo +
3.0 £ 0.064 tion rats 15-4
chamber; recovery
100-L period
with air
flow of
30 L/win

Duration and Total

(continued)

Definite struc

tural aund cyto-

chemical shifts compared Lo
the amygdaloid complexes of
control rats are described.
The effects on the olfactory
analyzer are ascribed to the
action of absorbed HCHO rather

than to toxic

irritation of

the reecptor regions.

The relation of the chronaxy
of the muscles-antagonists had
become distorted by the end of

the 2nd wk of

poisoning. The

distinct shortening of the
clironaxy of the extensors was

presecved unti
poisoning.

1 the end of

Siguificant lowering of cholj-

nesterase acti

vity occurred.

No effect on behavior or weight

changes of animals.

From end

of 2nd wk chronaxial ratio of
anlagonistic muscles was in-

verted.

Significant change

in cholinesterase activity.

In the lungs,

a proliferation

of lymphohistiocytic elements
in the interalveolar walls and
in the peribronchial and peri-

vascular spaces, against a back-

ground of moderate hyperemia.
Alveophages occurred in the al-

veolar lumini.
the bronchial

cytological and cytochemical al-
terations in the liver, kidoeys,
Adaplive responses

and brain.

Desquamation of
epithelium, Hild

from thyroid and adrenals.

Reference
and Rating

Bonashcvskaya
(1973)
B-8

Fel'dman and
Bonashevskaya
(1971)

B-10



TABLE [11-7 (conlinued)

Compound(s) and Duration and Total

Concentration(s), Humidity/ Mode of  Species/Strain/ No. of No. of Frequency of Leugth of Refereace
mg/w3 (ppm) Temperature Exposure Age/Weight Test Animals Controls Fxposure Experiment Effects and Rating
HCHO ~ 2 £ 0.4 60% Inhala-  Rats, 25 M 25 M Continuous 3 mo No effect other than progres- Dubreuil et al.
(1.60 + 0.3) 23°C tion Specific sive yellowing of fur. (1976)
chamber  Pathogen B3-10
Free,
32-40 d
HENO Albino rats, M M Cont inuous 2 1,758 h  The time until Lhe increase in  Ostapovich
2 no specific No. Na. (73.25 d) leukocyte number was 133% that (1975)
strain not not of controls was 456 h. Time un- C-6
given given Lil decrease in cholinesterase
activity was 72% that of con-
trols was 1,758 h.
HCHO 1.7 £ 0.3 Inhala-  Rats, 20 20 M 6d, 5 wk Animals were inactive during Zitting and
(1.36 ¢ 0.20) tion Wistar, 5 d/wk exposure period, preening in- Savalainen
Acrolein ~ 1.1 £ 0.3 chamber 240 % 22 ¢ creased, and fur became dis- (1979)
(0.48 £ 0.12) colored. After exposures, C-10
Total aldehydes animals were killed and brains
caled. as HCUO analyzed. RNA and microsomal
~22.1 0.8 superoxide dismutase were sig-
(17.7 £ 0.6) nificantly increased. Gluta-
€O (5 20) thione and lysosomal acid pro-
Particulates teinase activity and glycosyla-
§.0¢0.6 tion of protein in vitro were
unchanged. NADPIl-diaphorase
aclivity was decreased signi-
ficantly.
ICNO ~ 1.7 £ 0.3 Inhala-  Rats, 20 M 20 6 h, 3 wk Same cffects as after 5 wk Zitting and
(1.36 1 0.20) tion Wistar, 5 d/wk except RNA and microsomal Savolainen
Acrolein ~ 1.1 £ 0.3 chamber 240 £ 22 g superoxide dismutase activ- (1979) ‘
(0.48 £ 0.12) ity were unchanged. c-10

Total aldehyde
caled. as HCHO
~22.1t0.8
(17.7 £ 0.6)
€O (s 20)

Particulates 8.0 £ 0.6

(conlinued)



TABLE I111-7 (continued)

Compound(s) aud Duration and Total

Concentration(s}, lumidity/ Mode of Species/Strain/ No. of No. of Frequency of DLength of
wg/m? (ppm) Temperature Exposure Age/Weight Test Aunilmals Controls Exposure Experiment
Hewo ~ 1.1 £ 0.3 fnhala-  Rats, 204 20 H 6 h, 2 wk
(1.36 1 0.20) tion Wistar, 5 dfwk
Acrolein ~ 1.1 £ 0.3 chamber 240 t 22 g
(0.48 2 0.12)
Total aldehyde
calcd. as [(CHO
~22.1 0.8
(17.7 £ 0.6)
Co (s 20)
Particulates 8.0 £ 0.6
neno 3 100-1, Albino rats IS H 15 H Cont invous 3 mo
Chamberxs; (1) for 3 mo Not
30 L air stated
+ HCHo fiow long
per mia after
end of
poisoning
the rats
were
killed
by decapi-
tation
HCHO lahala-  Albino 25 M 25 M Continuous 3 mo
1.0 £ 0.03 tion rats + 15-d
chamber, recovery
100 L period
with
air flow
of 30 L/
min

{cont inned)

Reference
Effects and Rating

Zitting and
Savolainen

Same effects as after 5 wk
except micresomal superoxide

dismutase activity unchanged. (1979)

c-10
A disturbance in the normal re- Bonashevskaya
lation of the chronaxy of vLhe (1973)

muscles-antagonists was noted 8-8
at the end of 2 wo.

This parameter of poisoning

did not attain the original

level even after cessation

of poisoning. No statistical

change in cholinesterase

activity.

Fel'dman and
Bonashevskaya
(1971}

B-10

No effect on behavior or weight
changes of animals. End of

2nd mo, chronaxial ratio of
antagonistic muscles becawe
altered, recovery by 15th d.

In Lhe lungs, a prolifer-

ation of lymphohistiocytic
elements in the interalveolar
walis and {n the peribronchial
and perivascular spaces, against
o background of moderate hyper-
emia. Alveophages occurred in
the alveolar lumini. Desquoam-
ation of the bronchial epithel-
ium. Mild cytological and cy-
tochemlcal alterations in the
liver, kidueys aad brain.
Adaplive responses from thyroid
and adrenats.



Compound(s) and
Coticentratijon(s),

mg/m3 (ppm)

ICHo 1.0

w

TABLE 111-7 (conlinued)

No.

Test Animals Conlrols

of

Duration and
Frequency of
Exposure

No. of

Mode of  Species/Strain/
Exposure Age/VWeight
fnhala~-  Albino

Lion rats

chamber

10-12 ¥

10-12 F  Continuous
20 d; pre-
mating
Lhrough
preguancy

Total
Length of

Experiment

~ 8 wk

i

Retereace
Effccts and Rating

Significant decrease in ascor- Pushkina and

bic acid in whole fetus, in fe- Gofmekicr
male's liver, slight decrease (1968)

in placenta. Sigonificant in- n-6

crease in nueleic acids in both  Gofmekler et al.
femate's and Fetus' liver. (1968)

Sigonificant decrease in DNA in D-6
female's and fetus' tiver. Golmekier
Mean duration of pregoaancy (1968)
prolonged 14.5%. Avg. no. of n-5
fetuses 8.6 compared to 11.3 Gofmekler and
in controls. Significant de- Hlonashevskaya
crease in fetal lung and liver (1969)
wl.; significant increase in -5
thymus, adrenals, and kidoey

wt. No external deformities,

no inhibition of developuent

of body systems, no macro-

scopic structural alterations

in fetuses. Histochemical

changes in fetuses included re-

duced glycogen content in the

myocardium, accumulalion of

mattler with a positive reaction

to Schiff's reagent in the kid-

neys, and Lthe presence of iron

in Kupffer's cells. Some fetuses
cxhibited involution of lymphoid

tissue indicaling enbanced produc-

tion ol corticosteroid hormounes in

stress reactions, mild hypertrophy

of Kupffter's cells, and numerous
extramedul lacy myelapaictic centers

in the liver.*

'“THE"?GFﬁéiﬂEhyde Panel (Griesemer et al., 1980) did not support the conclusions of Gofmekler et al. (1968) that HCHO signilicaatly inhibited the synthesis
of nucleic acid; they also point out the data do not support reported avg. no. of fetuses/litter; different articles give different nos. of ftemales

and feluses.

(conLinued)



TABLE 111-7 (continued)

Effects

Compound(s) and Duration and Total
Concentration(s), MWumidity/ Hode of Species/Strain/ No. of No. of Frequency of Length of
mg/m3 (ppm) Temperature Exposure Age/Weight Test Auwimals Coatrols Exposure Experiment
HCHO 0.7 Special  Albiuo 50 H 50 H Cont inuous 60 d
1wl rats, (6-10
chambers 130-240 g rals
: sacri-
ficed
every
30 d)
HCHO 5 0.635 Gases Albino rats, 10 F each 10 F 4 h/d, 2 2 mo
€055 were 180-270 g Group 1 5 d/wk,
CO, S 0.005 vol. % evolved (same portion 2 mo
Benzene § 20 for from the of polymer)
group | but 0.06-0.8 heating Group 2
by day 10; 1.2-5 for of poly (fresh daily
Group 2. Concentra- (methy! - polymer)
tions were unchanged phenyl-
when fresh daily poly- siloxane)
mer was used but de- at 90°C
creased when the same in a 100-L
«: portion of polymer chamber

N was used throughout
the test

using either
fresh daily
100 ml. por-
tions or the
same 100 ml,
portion of
the polymer.
Air stream
at 4 L/min

{cont inned)

DNA-ase activity of the liver
increased and of the spleen
decreased. The effecls were
greater than those scen at
0.1 mg NCHO/w?3.

No sigutficant differences in
general condition, summation
threshold, 0, consumption,
morphological condition of the
blood, and growth dynamics be-
tween the test animals and Lhe
controls.

Reference
and Rating

Tiunov and lIvanova
(1976)
3-8

Batulin et al.
(1972)
-9



¥

TABLE 131-7 (continned)

Compound(s) and Duration and Total
Concentration(s), Homidity/ Mode of Species/Strain/ No. of No. of Frequency of Leungth of Reference
mg/m3 (ppm) Temperature Exposure Age/Weight Test Animals Controls Exposure Experiment Effects and Rating
HCHO Inhala-  Rats ~ 19 F ~ 19 F 4 h/d, 19 d for No overall toxic effects ob- Sheveleva
0.5 & 0.02 tion (pregnant) for 19 d 15 rats; served. Examination of temales (1971)
chamber others and fetuses at 20th d of preg- B-11
observed nancy showed no delormitics
through but slightly higher mortality
delivery ol embryos. Development of
and growth offspring was wnormal except
of off- for a decrease in spontaneous
spriong mobility at one mo of age,
which returned to aear normal
at 2 mo. Some changes in
peripheral blood composilion
were reported at 2 mo. ¥
HCHO Iuhala-  Albine 8-32 F 8-32 F 4 W/d 20 d No effects on hloud, wrine, Sanotskii et al.
0.4 1 0.02 tion rats, nervous system function, res- (1976)
chamber  200-230 g piration, or weight. B-8
(nou-pregnant)
HCHO lInhala-  Albino 8-32 F 8-32 ¢ 4 hid 20 d No effects on blood, urine, Sanotskii el al.
0.4 £ 0.02 tion rats, nervons system function, res- (1976)
chamber  200-230 g piration, or weight. B-8
(pregnant) N
HCI0 0.2 80-85 g Albino 5 5 2 h/d for 12 d Behavior, threshold of excit- Galibin
+ Phenol-  rats 12 d ability, and morphological (1963)
Phenot 0.5 HCHO composition of the blood n-17
+ resin showed no differences [rom
other resin was those of Lhe controls.
decomposition heated
products to 60°C.
Static
exposure
in a 1-L

chamber

BT Sl T T e - : i i
* The Formaldehyde Panel (Griesemer et al., 1980) felt the no. of animals per dose level and no. of dose levels were inadequate and skeletal and soft
tissue analyses were missing. Still, the Panel felt there were indications that NCHO affected reproductive potential.

(cont inued)
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Compound(s) and
Concentration(s),
mg/m3 (ppm)

HCHO 0,12

+
0.005 mg HCHO/L
orally

HCHoO 0,12

HCIHO 0.1

Bomidity/

Temperature Exposure

Mode of  Species/Strain/ No. of No.
Age/Height Test Animals Conlrols

Dynamic  Rats 23H H;

inhala- No.

tion

chambers

llermel~-  Random- Not given Not

ically bred rats given

scaled

chambers

Special  Albino rats, 50 M 50 M

1 m? 130-240 g

chawbers

TABLE 1V 1-7 (continued)

not given

Duration and
Fregueacy of
Exposure

Daily for
3 mo

90 d,
continuous;
6-10 rats
sacriliced

every 30 d

(cont inued)

Total
Length of

Experiment

Progeny

studied

up to )

mo after
birth

") wo

90 d

Relerence

Effects amd Rating

The exposed males showed a nor-  Guseva
mal capacity to impregnate le-  (1972)
males with normal numbers of -6
normal offspring.

small regions of proliferation  Bonashevskaya
in the nasal mucosa with signs (197%)
of protein dystrophy of the in- C-6
tegmmentary and glandular epi-

thelia, pycaosis of the nuclei,
desquamation, and deformation

and agglutination of the ciliary
bovders. ‘These and olher changes

in the nasal mucosa are reported

as occurring whether the rats

were exposced to HCHO or to benzene,
toluene, xylene, m- and p-chioro-
pheayl isocyanate, chlorophos,

hexane, and pentane at 10X their
ambient air MAC's.

DNA-ase activity ot the liver Tiunov and

increased and of Lhe spleen Ivanova
decreased. (1976)
n-8
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TABLE 111-7 (cont inned)

Compound(s) and Puration and Tatal
Concentration(s], llumidity/ Mode of Species/Strain/ No. of No. of  Frequency of  lLength of Reference
mg/m* (ppm) Temperature Exposure Age/Weight Test Animals Controls Lxposure Experiment fiffects and Rating
HCHO 0.035 100-L Albino rats 154 154 Continuous 3 mo The struclure of Lhe amygdaloid Bonashevskaya
chambers; for 3 mo complex was not different cytol- (1973)
30 L air ogically or ncurologically from B-8
+ HCHO that of the controls.
per min No change of chronaxy of the
muscles-antagouists,
No statistical change in
chol)inesterase aclivity.
HECHO Inhala-  Albino 25 H 25 M Cont inuous 3 mo No effect on behavior or weight £el'dman and
G.035 t 0.004 tion rals + 15-d changes of animals. No effect  Bunashevskaya
chamber, recovery on chronaxy of antagonistic (1971)
100-L with period muscles. No change in DNA or B-10
air flow combined nucleic acids in
of 30 L/ cerebral hemispheres.
min

(continued)



TABLE t11-7 (contioucd)

Componnd(s) and

. Duration and Total
Luurcnlgaliou(s), Humidity/ HMode of  Species/Strain/ No. of No. of  Freguency of  Length of Reference
mg/m? (ppm) Temperature Exposure Age/Veight Test Animals Countrols Exposure Experiment Effects and Rating

HCHO 100-L Rats; avg. 1517 M 15-17 4 Continuous 98 4 + a No difference in behavior be- Dubrovskaya ct al.
¢.011 t 0.002 chambers; wt. of Lest for 98 d recovery tween test and control rats. (1976a)

HCHO + rats, 179.0 & exvept for period Significant increase in weight B-8

air in- 7.1 g; avg. days off whase gain compared to coutrols;

troduced wt. of con- and iso- fength 331.0 £ 12.5 g compared to

at 30 L/ trols, 162.0 ¢ lated was not 301.0 £ 6.0 g for the controls.

min 4.4 g working stated Wowever, Lhe initial weight of

days the test group was also higher:

179.0 & 7.1 vs, 162.0 £ 4.4 g.
From 2 2 mo, the change in the
summation of threshold indexes
was significant (determined by
electrical stimulation of a hind
paw). With anodization of the
brain as a functional stress,
more distinct changes of the sum-
Ui mation of Lhreshold indexes oc-
curred. Cholinesterase activ-
ity tended to decrease compared
Lo that of the controls. No
statistically significant efl-
fect on oxidase activity, SGOT,
or erythrocyte and hemoglobin
content of blood. The rhythm
frequency of the heart action
tended to increase and the
electrical activity tended to
decrease.  There was also a
decrease in the [heart] con-
tent of lipids and cholines-
terase. The lungs showed
weakly expressed fine foci of
catarch and foci of interstitial
pneumonia; the liver, weakly
expressed "hyperfunctional”
regions ol hepatocytes; brain
cells, depletion of Nissl sub-
stance of the nerve cells hav-
ing a disperse characler in the
cortex and especially in the
Purkinje cells. These changes
were preserved throughont the
recovery period.
(cont inued)



Compound(s) and

TABLE 111-7 (contiuucd)

Duration and

Concentration(s), Mmidity/ Mode of Species/Strain/ No. No. of Frequency of
mg/m? (ppm) Temperature Exposure Age/Weight Test Animals Controls Exposure

Heho 100-1. Rats 15-17 I15-17 4 Continuous

0.012 % 0.0015 chambers; for 98
HCHO + excepl for
air in- days olf
troduced and iso-
at 30 L/ tated
min working

days
w
w

JNCHO 0.012 Hermet-  Random- Not Not Daily for
ically bred given givea 3 mo
sealed rats
chambers

HCHO 0.012 100-1. Albino IS M 15 M Continuous
chambers; rals for 3 mo
30 L air
+ HCHO
per min

Heno Inhala-  Albino 25 N 25 N Continuous

0.012 ¢ 0.002 tion rats
chamber;
100 L
with air
flow of

30 L/min

(conlinued)

Total
Length of
Experiment

98 4 t
an un-
specified
recovery
period

3 mo

3 mo

3 mo

+ 15-d
recovery
period

Effects

No difference in hehaviar he-
Lwecn testl and control rats.
Signiticant difference in the
summation of threshold indexes

at the end of the poisoning
period (determined by electei-
cal stimulation of a hind paw).
Cholinesterase activity tended

to decrease comparcd Lo Lhat of
the controls. As at 0.031 myg
HCIHO/m?, there were changes in
heart action--the chythm fre-
guency increased and the electri-
cal aclivity decreased. No ex-
pressed pathological changes in
the lungs, brain, and other or-
gans except foci of catarrhal
pueumonia and a focal (chiefly
prolilerative) process in Lhe
interalveolar septa, which de-
creased. Nerve cells recovered
in the recovery period Jone rat's
brain cortex cells showed a lower
ing of Nissl substancel.

Nasal mucosa was no different
Lrom thal of the controls.

The structure of the amygdaloid
complex was not different cy-
tolaogically or neurologically
from that of the conLrols.

No change in the chronaxy of
the muscles-autagonists. No
statistical change in chaol-
inesterase activity.

No effect on behavior or weight
changes of animals. No ef-
feet on chronaxy of antago-
nistic muscles.

Reference
and Raling

Dubrovskaya et al.
(1976a)
8-8

Bonashevskaya
(1975)
C-6

Bonashevskaya
(1913)
B-8

Fel'dman and
Bonashevskaya
(1971)

R-10



A

TABLE 111-7 (councluded)

Compound(s) and Duration aand Total

Concentration(s), lMumidity/ Hode of Species/Strain/ No. of No. of Frequency of Length of
mg/ma (ppm) Temperature Exposure Age/Height Test Animals Contlrols Exposure Experiment Effectls
HCHO 0,012 Inhala-  Albino 10-12 F 10-12 ¥ Continuous ~ 8 wk Significaut decrease in ascor-
tion rats 20 d; pre- bic acid in whole fetus, in
chamber mating female's liver, slight de-
thirough crease in placenta; and signi-
pregnancy ficant iucrease in fetus'

liver. Sigunificant increase
in nucleic acids in female's
Jiver and significant decrease
fn DNA in female's and fetus'
liver. Mean duration of preg-
nancy prolonged 14-15%. Avg.
no. of fetuses 9.8 compared to
11.3 {n controls. Significaut
decrease in fetal lung and
liver weight and significant

increase in weight of adrenals.

No external deformities, no
inhibitions of development of
body systems, no macroscopic
structural alterations in
fetuses.

accumulation of wmatter with a
positive reacltion to Schiff's

reagent in the kidneys, and the

presence of iron in Kupffer's
cells.®

flistochemical changes
in fetuses included reduced gly-
cogen conteat in the myocardiom,

Reference

and Ratiug

Pushking and
Gofmekler
(1968)

D-6

Gofmekler et al.
(1968)

-6

Golmekler
(1968)

D-5

Gofmekier amd
Bonashevskaya
(1969)

-5

* The Formaldehyde Panel (Griesemer et al., 1980) did not support the conclusions of Gofmekler et al. (1968) that HCUO significantly inhibited the

synthesis of nuclefc acid; they also point out the data do not support reported. avg. no. of fetuses/litter; different articles give different

nos. of females and feluses.



TABLE T11-8. RATS--CHRONIC EXPERIMENTAL EXPOSURE TO FORMALDENYDE (HCHO)

Componnd(s) and Duration and Total
Concentration(s), Huomidity/ Mode of Species/Strain/ No. of No. of Frequency of Length of Refercuce
mg/m? (ppm) Temperature, Exposure Age/Weight Test Animals Conlrols Exposure Experiment Effects and Rating
HCilO ~ 18.3 (14.6) Rats, Spragne- 100 M Presum- 6 h/d, 814 d Squamous cell carcinomas of the Neison (1979)
el (10.6) Dawley ably none 5 d/wk, nasal cavity developed in 25 B-7
Bis{chloromethyl) for 544 d rats; 2 developed benign papil- Selikoff and
ether (0.001 lomas of the nasal cavity. and Hammond
estimated) First deaths from cancer (1981)
occurved at 305 d. lHeaths Cc--
occurred at 305-705 d from tst  Griesemer et al.
exposure. (1980)
A_..

The most common type of nasal
cancer caused by bis(chloromethyl)
ether (BCHE), the reaction product
of HCNO + NC), is esthesioneuro-
epithelioma (tumwor of the nerve
tissue) and very seldom squanous
cell) carcinoma. This latter type
of cancer had never been observed
to occur spontaneously over many
years of research with > 2,000 con-
trol animals, but it is the same
type of tumor produced by approxi-
mately the same concentration of
HCHO in the CIIT study with rats
(Swenberg et al., 1980). In
addition, no rat in this study
developed lung cancer, but they
did in BCME inhalation sludies.

(continued)
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TABLE 111-8 (continued)

Compound(s) and
Concentration(s),

lumidity/ Mode of
mg/m? (ppm)

Temperature Exposure

cno ~ t7.6

45 + 5%
(14.1)

20-22¢°C

Hinners-
type in-
halation
chamber;
12 air
changes/h

Species/Strain/ No. of No. of  Frequency of
Age/Weight Test Animals Controls Exposure

Rats, 120 M 120 ¥ 6 h/d,

Fisher 344, 120 F 120 F 5 d/wk

7 wk

Duration and

(continued)

Total
Length of
Experiment

18 mo
(of 24-mo
study)

Reference

Effects

Swenberg el
(1980)
B-15

Dose-related decrease in body
weight and yellow discoloration
of haircoat. Forty-four deaths
of which 1 had osteomalacia;

1, epithelial dysplasia; 38,
squamous metaplasia; 11, squamouns
or epithelial hyperplasia; 6,
squamous papillary hyperplasia;
3, squamous metaplasia with cel-
lutar atypia; 4, squamous papil-
loma; 28, squamous cell carcinoma;

and 1, spindle cell sarcoma.

Forty animals were sacrificed and
uasal turbinates exawined; 2 had

focal turbinate atrophy; 13,
epithelial dysplasia; 39, squamous
metaplasia; 15, squamous or epithelial
hyperplasia; 4, squamous papillary
hyperplasia; 7, squamous metaplasia
with cellular atypia; 1, adenomatous
polyp; and B, squamous cell carcinoma.
Most of Lhe animals examined had
rhinitis, acute suppurative or
seropurulent. Most of the lesions
were dose-related with respect hoth
to severily and extent of involve-
ment. Sharp increase in deaths

after 12 mo. No abnormalities in
other tissues or control animals.

Initiating and/or promoting activi-
ties of sialodacryoadenitis virus
cannot be ruled out. Mice exposed
to this concentration did not
develop nasal cavily tumors.
Selikoff and Hammond (1981) con-
cluded after they had examined

the 24-mo results (a total of

95 nasal cavity carcinomas had
developed) that the "HCHO ex-
posure and not the viral infec-
appears to be Lhe crucial fac-

tor in development of nasal

carcinomas’ in thic stady

and Rating

al.



TABLE 111-8 (continued)

Compound(s) and Duration and Total
Concentration(s), Numidity/ Mode of Species/Strain/ No. of No. of Frequency of Length of
mg/m® (ppm) Temperature Exposure Age/Veight Test Animals Controls Exposure Experiment
neHo ~ 7.0 (5.6) 45 £ 5% Winners- Rats, 120 H 120 # 6 h/d, 18 mo
20-22°C type in- Fischer 344, 120F 120F 5 d/wk (of 264-wmo
hatation 7 wk study)
chamber;
12 air
changes/h
w
~I
HCHO 3.75 Inhala- Rats 20 H 20 M 22 h/d 6 mo
3 tion 20 F 20 F 7 d/wk
6 mo
HCHO ~ 2.6 (2.1) 45 t 5% Hinuers- Rats, 120 M 120 1 6 h/d, 18 mo
20-22°C type in- Flscher Yk, 120 F 120 F 5 d/wk {of 24-mo
halation 7 wk study)
chamber;
12 air
changes/h
CHo 1.25 Tuhala-  Rats 204 20K 22 h/d 6 mo
m tion 20 F 20 F 7 d/wk
6 mo

(Continued)

Effects

ose-related decrease {n body
weight and yellow discoloralion
of haircoat. Eight deaths, of
which all had eplthelial
dysplasia and 6 squamous
metaplaosia of the nasal
turbinates. Forly animals were
sacrificed and nasal turbinates
examined; 37 had epithelial
dysplasia, 35 had squamous
metaplasia, and | had adenomatous
polyp. Seven of the 40 had
rhinitis, acute suppurative or
seropurulent. No abnormalities
in other tissues or in controls.
By 16 wmo, one rat developed a
squamous cell carcinoma of the
facial skin that did not extend
into the turbinate. At 24 mo,
2 rats had developed squamous
cell carcinomas of the nasal
turbinates.

Decreased rate of body weight
gain.

Dose-related decrease in body
weight and yellow discoloration
of haircoat. Two deaths, of
which one had epithelial
dysplasia of the nasal tucbi-
nates. Forty animals were
sacrificed and nasal turbinates
examined; 35 had epithelial
dysplasia and 24 had sguamous
metaplasia. Two of the 40 had
rhinitis, acute suppurative or
seropurulent. No abnormalities
in other tissues or in controls.

No adverse effects noted while
exposed or on pathological
evaluation.

Reference
and Rating

Sweaberg el al.
(1980)

B-15
NIOSH/OSHA
(1980)

C-_

Clary (1980)
B--

Swenberg et al.
(1980)
B-15

Clary (1980)
n-_



TABLE 111-8 (continued)

Compound(s) and
Concentration(s),

Humidity/ Mode of
mg/m? (ppm)

Temperature Exposure

Species/Strain/
Age/Weight

No. of
Test Animals

HCHO 3.0 150-1,
inhala-
tion
chamber
with air
flow of
30 L/min

HCHO 1.0 150-L
inhala-
tion
chamber
with
air
flow of
30 L/
min

§iCHO 0.5-0.6
HeONl 5.0-6.0
following intra-
tracheal fntro-
duction of resin-
treated or un-
treated coal

dust

Albino rats,
Wistar,
130-150 g

Pregnant
during 8th
wo.

Rats,
of{spring of
mothers ex-
posed to

1 mg HCHO/m?
for 8 mo
fncluding
duration

of preg-
nancy

Rats

8 F

Nos. not
given

Not given

Duration and

No. of Frequency of
Controls Exposure
8 F Conl fnuous,
8 mo

Nos. not Continuous,
given, 8 mo
Group 1

of fspring

of ex-

posed

mothers,

Group I1,
offspring

of unexposed
mothers

No. not
given.
Rats dosed
with un-
treated
coal dust
and not ex-

6 mo, con-
tinuous 7

posed to
HCHO and
HeOll

Total
Length of
Experiment

Effects

8 mo

8 mo

6 mo

Body wt. increased during ex-
posure, no significant differ-
erence in blood cholinesterase
activity, erythrocyte count,
and hemoglobin level or in

the activity of asparagine
aminotransferase in the blood

plasma.

Exposed rats had a 10% smaller
increase in body wt.; controls
in Group 1 had a 7.5% smaller
increase than controls in

Group 11. Between the 3 groups,
no significant dilferences in
blood cholinesterase activily,
erythrocyte count, and hemo-
globin level or in the activity
of asparagine aminotrans-
ferases in the blood plasma.
significant differences in wt.
coefficients of kidueys, spleen,

Reference
and Rating

Misiakiewicz et al
(1977)
c-1

Misiakicwicz et al
(1977)
c-7

or liver of 3 groups except for a

significant decrease in wt. co-

efficient of liver of exposed rats

compared to control Group I1.
Horphological changes in upper

respiratory tract in control Group
I. Same changes but more mumerous

in exposed rats compared to com-

pletely unexposed control Group 1.

The collagen content per
identical lung weight was
significantly higher in the
exposed group that had been
dosed with untreated coal

dust .

More severe disturbances in
lung structure both in the
broschial tree and the respi-
ratory branch occurred in ex-
posed rals pre-dosed with

The changes in
the bronchi were also wore
severe in the exposed ratm

treated dust

Gadzhiev et al.
(1917)
D-4



Compound(s) and
Concentration(s), Homidity/
mg/m? (ppm) Temperature

TABLE 111-8 (continued)

Duration and

HCHO 0.5
+ 0.1 lcho/L,
orally

Mode of  Species/Strain/ No. of No. of  Frequency of
Exposure Age/Weight Test Animals  Controls Exposure
Inhala- Rats 20 4 20 M 4 h/d,

tion 5X/wk for
chambers 7 mo (oral

doses intro-
duced through
a probe in the
same period)

(continued)

Total
Length of
Experiment

7 mo

Effects

2 mo--Disturbance in condi-
tioned reflex shown by lowering
of latent period toward light.
Tendency Lo increased alanine
aminotransferase and cholin-
esterase activities and the
amount of protein in the hlood
serum.

3 mo--Change in biochemical in-
dexes of Lhe blood., Increases
in content of histamine and Sl
groups, decrease in the activity
of alanine aminotransferase, and

Reference

and Rating

Guseva (1973)
c-8

a tendency toward lowering oxidase

activity.

4-6 mo--Normalization of all
earlier appearing shifts

5 mo--Tests using hexobarbital,
alcolhol, or brain anodization
as stresses showed inhibiljon
of conditioned reflex activity
and the brain cortex.

7 mo--Increase of histamine in
blood. Mummification of cell-
ular elements in the epithelium
of the respiratory tract and
upper portions of the alimentary
Lract.

Activities of cholinesterase and
alanine aminotransferase in the
liver increased but cholines-
terase decreased in brain tis-
sue. The increase in Vitamin C
in the adrenals indicated dis-
turbance of compensating mechan-
isms. Degenerative changes

were found in the olfactory,
optic, and anditory analyzers.
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TABLE 111-8 (continned)

Compound(s) and

Effects

males to impregnate uitreated
females (2 per test wale) was
The number and
weighl of the fetuses and new-

Duration and Total
Concentration(s), Mumidity/ Mode of Species/Stratn/ No. of No. of Frequency of Length of
wg/m? (ppm) Temperature Exposure Age/Weight Test Animals Controls Exposure Experiment

HCHo 0.5 Dynamic  Rats >3 H; 4 h, 6 mo + The abilily of the exposed

+ 0.1 mg NCHO/L inhala- - No. nol  5X/wk progeny

orally tion given for 6 studied

chawbers mo up Lo | mo not affected.

(Oral aller
doses birth born rats fathered by the
given at treated males did not differ
same time)

(cont inucd)

significantly from these ol
the control group. Defects
and anomalies were not found
in the offspring nor did any
significant differences de-
velop in the offspring in
their first month after birth.

Pituitary preparation from
the exposed rats did not
cause any differences in
gonadotropic reaction when
injected into immature fe-
males.

A significant decrease was
observed in the amount of
nucleic acids in the males'

testicles, which was attributed

to gonadotropic poisoning by
HCHO.

Reference
amnd Rating

Guseva
(1972)
B-6
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TABLE 11§-8 (continued)

Compound(s) and ‘ Puration and Total
Concentration(s), HMNumidity/ Mode of Species/Strain/ No. of No. of  Frequency of Length ol Reference
mg/m> (ppm) Temperature Exposure Age/Weight Test Animals Coutrols Exposure Experiment Effects and Rating

Hewo 0.5 Inhala-  Albine 60 M 60 M 5h/d, 6 mo + General health good, behavior Nagorayi et al.
’ tion rats, 6 d/wk 1-mo normal, and body weight in- (1979)
~chamber  180-240 g recovery creased steadily.  No sub- 3-9
stantial change in the struc-
ture of the upper respiratory
tract, lungs, or other internal
organs. Minor changes in blood
and wrine parameters reported.

During the 20d mo, the
eosinophil count increased sig-
nificantly as did the daily
phenol red excretion in the
urine. Urinary hippuric acid
secretion Jdropped signifi-
cantly. At end of study, the
weight coefficient of the
testicles had decreased sig-
nificantly. AL 1 mo post-
exposure, only the phenol red
excretion in the urine was
still significantly higher; all
other factors had returned to
normal (weight coefficients nol
determined).

HCHo - 0.5 200-L Rats 25 F 25 F 4 h/d 4 mo Within 2-3.4 mo, exposure to Pod' 'yacheva
inhala- for 4 mo HCHO (and in a separate experi- (1977)
tion ment to Lhe same level of c-9
chambers phenol) increased the activities

of cholinesterase, oxidase, and
glutaminoaspartic aminotrans-
ferase and lowered the nucleic
acid and total protein coontent of
the serum. ‘The S5GOT in liver
homogenates was increased, but
the activities of cholinesterase
and aspartic transferase were
decreased.

(continued)
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Compound(s) and
Concentration(s),
mg/m3 (ppm)

HCHO  0.25 +
0.01 wmg
HCHO/L

orally

HCHo 0.25 +
0.01 mg
licio/L

orally

HCHO
Phenol

0.25
0.25

Humidity/
Temperature

Mode of
Exposure

lnhala-
tion
chambers

Dynamic
inhala-
tion
chanbers

200-1
inhala-
tion
chambers

Species/Strain/
Age/VWeight

No.

Test Animals Controls

of

TABLE 111-8 (conlinued)

Total
Length of
Experiment

Duration and
Frequency of
Exposure

No. of

Rats

Rats

Rats

20 M

> 3N
No. not
given

25 F

20 M 4 hid
5X/wk for

7 mo

7 mo

(Oral
doses
through

a probe in
the same
period.)

H
No. not
given

4 h

5X/wk for

6 mo (oral
doses given
at same Lime)

6 mo

25 F 4 h/d

for 4 mo

4 mo

(continued)

Reference

Effects and Rating

Guseva (1973)
c-8

No reliable difference in the
indexes of the conditioned
reflex from those of the con-
trol group during the whole
study.

< 3 mo--Change of biochemical
indexes of blood characterized
chiefly by a tendency to an in-
crease in cholinesterase activity,
histamine content, and number of
Sl groups.

4-6 mo--A1l indexes studied within
physiological norms.

5 mo--Tests using hexobarbital,
alcohol, brain anodization as
stresses showed inhibition of
conditioned reflex activity aud
the brain cortex.

7 mo--Slight increase in histamine
content and amount of protein in
blood serum.

A significant decrease was Guseva (1972)

observed in the amount of B-6

nucleic acids in the males'

testicles, which was attribmed

Lo gonadotropic poisoning by

HCHO .

The effects at 0.5 mg HCHO Pod"yacheva
or phenol per cubic meter (1977)

air were duplicated when the c-9

two were combined at 0.25 wg/m3
each. However, the changes
occurred sooner--at 0.5-1 mo
compared to 2-3.4 mo.
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TARLE 111-8 (continucd)

Compound(s) and Duration and Total
Concentration(s), lumidity/ HMode of Species/Strain/ No. of No. of Frequency of Length of
mg/m? (ppm) Temperature Exposure Age/Weight Test Animals Controls Exposure Experiment
Heuo 0.25 inhala- Rats 20 M 20 M 22 h/d 6 mo
©(0.2) tion 20 F 20 F 7 d/wk
6 mo

HCHO 0.12 + Inhala- Rats 20 H 20 M 4 h/d 7 mo

0.005 mg tion 5X/wk for

MCHO/ . chambers 7 mo (oral

orally doses given

in same
pcriod).

(Continued)

Effects

No adverse effects noted while
exposed or on pathological
evaluation.

No significant differences in
the conditioned reflex action

or of the biochemical indexes

of the Llood during the whole
experiment. No significant
differences in cholinesterase
activity, alanine and asparagine
aminotransferase activities, and
histomine content in the liver;
cholinesterase in the brain; or
vitamin C in the adrenals.

No abnormalities found in
pathomarphological and
neurohistological studies.

Little or no change in CNS
activity from that of con-
trols upon stressing with
alcohol or brain anodiza-
tion in the 5th mo.

Reference

and Rating

Clary (1980)
B--

Guseva (1973)
c-8
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TABLE 111-8 (coucluded)

‘Cnmpound(s) and Duration and Total
Lonreulgalion(s), Numidity/ Mode of Species/Strain/ No. of No. of Frequency of Length of Reference
mg/m? (ppm) Temperature Exposure Age/Weight Test Animals Conlrols Exposure Experiment Lffects and Rating

HCHo - 0,035 100-1, Rats, JoN o 3 h/d, 6 mo No observed changes in be- Basmadzhieva el al.
inhala- Wistar, 60 mo havior, general comdition, and  (1974)
tion 180 £ 10 g wt. of rats. Significant de- B-9
chamber crease of 20-30% or more in

the bioenergetic metabolism
processes in the mitochondrial
fraction of liver. Processes
with such decreases were:
activity of cytochrome oxidase,
andd succinic dehydrogenase; res-
piration; 0, consumplion; CO,
elimination; esterification of
inorganic phesphorus; and rate
of oxidative pliospliorylation.
Slight increase in lactic acid
content of blood. Significant
increase of pyruvic acid in
blood and hemoglobin content

in serum. All the above
changes were noted in mo 1

ond continued through mo 6.

HCHO  0.035 Albino 20 M 20 8 h/d, 6 wo No observed changes in be- Davidkova and
rats, 6 mo havior and genecral condition Basmadzhicva
VWistar, of animals. After 2 and 6 mo, (1979)

180 £ 10 g a significant decrease in B-7
RNA content in testicular
homogenate; however, at 4 mo,
it was increased. DNA coa-
tent in testicular homogenate
increased and remained increased
over 6 mo, but deoxyribonuclease
activity was significantly de-
creased. Decrease in soluble
protein content in testicular
homogenate corresponding with
changesa in RNA content. De-
crease jn spermatozoon mohility.
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Compound(s) and
Concentration(s),
mg/m3 (ppm)

Humidity/

lHeno ~ 63 (50)

HCHo ~ 63 £ 10
(5018)

HCHO ~ 62.5
(50)

neho ~ 62.5
(50)

HCHO ~ 61 11
(49 £+ 9)

Hode of

Temperature Exposure

Dynamic
inhala-
tion

chamber

Dynamic
inhala-
tion

chamber

Inhata-
tion
chamber,
exposed
head only

lTuhala-
tion
chamber,
exposed
head only

Dynamic
inhala-
tion

chamber

Species/Strain/

Age/Weight

Guinea Pigs

Guinea Pigs
breathing
through can-
nula in
trachea

Guinea Pigs

Guinea Pigs
breathing
through
tracheotomy

Guinea Pigs

Total
Length of

Duration and

No. of No. ol Frequency of

Test Animals Controls Exposure Experiment
3 Served 4 b, 6.5 h
a8 own ouce

control

6 Served I h, 2.5 h
a8 own once
control

Not given Not 1h, 1h
given once

Not given Not 1 h, 1 h
given once

11 Served 1 h, 2.5h
as own once
control

(cont inued)

TABLE 111-9. GUINEA PIGS--ACUTE EXPERIMENTAL EXPOSURE TO FORMALDERYDE (MHCHO)

Effects

Lung resistance more than tri-
pled in first b Lo its highest
level during the exposure but
had nol returned to normal 2 h
post-exposure.

Significant increase in lung
resistance and in work required
to breathe and significant de-
crease in lung compliance,
breathing frequency, and minute
volume. AL 1} h post-exposure,
lung resistance was still sig-
nificantly higher than pre-
exposure.

Significant increase in resis-
tance and tidal volume and sig-
nificant decrease in respic-
atory rate and minute volume

of lungs. No change in lung
compliance.

No change in lung compliance,
resistance, tidal volume,
minute volume, or respiralory
rale.

Mighly significant increase in
lung resistance and decrease

in lung compliance and bhreath-
ing frequency. Significant
increase in work required to
hreathe and in lung tidal
volume, slightly significant
decrease in lung minule volume.
AL 1 h post-exposure, lung
resistance was still signifi-

cantly higher than pre-exposure.

Reference

and Raling

Amdur
(1960)
B-13

Amdur
(1960)
B-13

Davis el al,
(1965)

c-5

Pavis el al.
(1967)

-6

Davis et al.
(1965) €-5
Davis et al.
(1967)

D-6

Amdur
(1960)
B-13
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TABLE 11}-9 (continued)

Compound(s) and
Concentration(s),
mg/m? (ppm)

Humidity/ Mode of
Temperature Exposure

Sﬁecles/Slrain/
Age/Weight

HeHo ~ 59 £ 16 Dynamic  Guinea Pigs
(47 £ 13) inhala-
NaC1 10.0 £ 1.9 tion

chamber
IO ~ 34 t 8 Dynamic  Guinea Pigs
(27 t 6) inhala-
NaCl 12.1 % 2.1 tion

chamber
fichio ~ 25 1 4.8 Dynamic Guinea Pigs
(20 £ 3.8) inhala-

tion

chamber.

Breathing

through

cannula

in trachea
HCHO ~ 15.6 Nose Guinea Pigs
(12.5) mask

Mnration and Total
No. of No. of  Frequency of Length of
Test Animals Controls Exposure Experiment
8 Served 1 b, 2.5h
as own once
control
12 Served I h, 2.5h
as own opce
control
10 Served I h, 250
as own once
control
9 Served 1.5 h, 1.5 b,
as own once
control

(cont inued)

Effects

Highly siguificant increase in
lung resistance. Sigaificant
decrease in compliance, breath-
ing frequency, and minutle
volume and increase fn tidal
volume and work required to
breathe. AL 1 h post-exposure,
lung resistance was still sig-
nificantly increased over pre-
exposure.

Wighly significant increase in
lung resistance. Significant
decrease in compliance and
breathing frequency and in-
crease in tidal volume and
work required to breathe. AL
I h post-exposure, lung resis-
tance was still significaolly
increased over pre-exposure.

Highly significant increase in
lung resistance and decrease
of compliance, Significant
decrease in breathing frequen-
cy and lung minute volime.
Insignificant increase in work
required Lo breathe. At | b
post-exposure, lung resistance
was still slightly but insig-
aificantly increased over pre-
exposure.

Significant increase in respir-
atory rate, flow resistance,
and tidal volume compared to
pre-exposure values,

Reference
and Rating

Amdur
(1960)
B-13

Amdur
(1960)
B-13

Amdur
(1960)
B-13

Murphy and Ulrich
(1964)
D-5



TABLE 111-9 (continned)

Compouwnd(s) and Duration and
Concentratjon(s), Humidity/ Mode of  Species/Strain/ No. of No. of  Frequency of
mg/m3 (ppm) Tewmperature Exposure Age/Weight TestL Animals Controls Exposure
Heno ~ 13.8 + 3.6 Dynamic suinea Pigs 10 Served 1 h,
(tr.0 £ 2.9) inhala- as own once
tion control
chamber
Hewo ~ 13.5 £ 0.6 Dynamic  Guinea Pigs 8 Served I hy
(10.8 £ 0.5) inhala- as own once
NaCl 10.7 t 1.7 tion control
chamber
HCHO ~ 6.5 & 0.08 Dynamic  Guinea Pigs 7 Served 1 h,
(5.2 £ 0.07) inhala- 48 own once
tion control
chamber.
Breathing
throngh
cannula
in trachea
fCio ~ 4.9 Nose Guinca Pigs 10 Served 1.5 h,
(3.9) mask as own once

control

{continued)

Total
Length of

Experiment

2.5 h

2.5 h

2.5 h

1.5 h

Elfects

Significant increase in lung
regislance, highly significant
decrease in lung compliance.
Slight but insignificant in-
crease in work required to
breathe. Significant decrease
in breathing frequency and
minute volume of lungs. At

I b post-exposure, lung resis-
tance still slightly but insig-
nificantly increased over pre-
exposure.

Highly siguificant increase in
lung resistance and decrvease in
lung winute volume. Signifi-
cant decrease in compliance

and slightly significant in-
crease in work required to
breathe. At 1 h post-exposure,
lung resistance was still sig-
nificantly increased over pre-
exposure.

Significant increase in lung
resistance; significant de-
crease in compliance, breath-
ing frequency, and lung minute
volume. Slight insignificant
increase in work required lo
breathe and in lung resistance
1 h post-cxposure compared Lo
pre-nxposure.

Significant increase in respir-
atory rate, flow resislauce,
and tidal volume compared Lo
pre-exposure values.

.Rc(erunrc

and Rating

Audur
(1960)
N-13

Amdnr
(1960)
B-13

Amdur
(1960)
B-13

Murphy and Ulrich
(1964)
-5
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TARLE 111-9 (continued)

Compound(s) and

k ; Duration and Total
Loncentgalsou(s), Ihmidity/ Hode of Species/Strain/ No. of No. of Frequency of Length of
mg/m? (ppm) Temperature Exposure Age/vWeight Test Animals Controls Exposure Experiment

HCHO ~ 4.5 ¢ 0.6 Dynamic  Guinca Pigs 6 Served 1 h, 2.5 h
(3.6 ¥ 0.5) inhala- . as own once
NaC1 10 tion control

chamber.

Breathing

through

cannula

in trachea
CHO ~ 4.5 £ 0.4 Dynamic  Guinea Pigs 10 Served 1 h, 2.5h
(3.6 £ 0.3) inhala- as own once :

tion control

chamber
Hewo ~ 3.3 £ 0.4 Dysamic  Guinea Pigs 8 Served 1h, 2.5 h
(2.6 £ 0.3) inhala- as own once
NaCl 8.7 £ 0.9 tion control

chamber
HCHO ~ 1.52 1 0.29 Dynamic  Guinea Pigs 4 Sexved 1 h, 2.5h
(1.22 £ 0.23) inhala- as own once

tion control

chamber

{vontinved)

Significant increase in lung
resistance and decrease in
compliance, breathing fre-
quency, and minute volume.
Slight but insignificant in-
crease in work required to
breathe. At 1 h post-exposure,
lung resistance was still sig-
nificantly higher than pre-
exposure.

Nighly sigaificant increase in
lung resistance, significant
increase in work required to
breathe. Slightly significant
decrease in lung compliance.
At 1 h post-exposure, lung re-
sistance still slightly but
insignificantly increased over
pre-exposure.

Highly significant increase in
lung resistance. Significant
decrease in compliance and in-
crease in work required to
breathe. At | h post-exposure,
lung resistance was still sig-
nificantly increased over pre-
exposure.

Significant increase in Jung
resistance and in work re-
quired to breathe. Slight
decrease in lung compliance
and breathing frequency. At

1 h post-exposure, lung resis-
tance still slightly but in-
significantly increased over
pre-exposure.

Reference
and Rating

Amdur
(1960}
B-13

Amdur
(1960)
B-13

Amdur
(1960)
B-13

Amdur
(1960)
B-13



TABLE 151-9 (continued)

Compound(s) and
Concentrat fon(s), Humidity/
mg/m? (ppm) Temperature

HCHO ~ 1.43 £ 0.)
NaCl 10

HCHO ~ V.13 £ 0.}
(0.90 & 0.08)

JICHO ~ 0.96 ¢ 0.34
(0.76 £ 0.27)
RaCl 12.8 t 2.0

iCHO ~ 0.73 £ 0.1
(0.58 £ 0.08)

HCHO ~ 0.4 ¢ 0.03
(0.32 1 0.02)
NaCl 11.3 £ 1.6

Duration and Total
Hode of  Species/Strain/ No. of No. of Frequency of Leangth of
Exposure Age/Welght Test Anlmals Controls Exposyre Experiment
Dynamic  Guinea Pigs 8 Served v h, 2.5 h
fnhala- as own once
tion control
chamber.
Brealhing
Lthrough
cannula
in trachea
Dynamic  Guineca Pigs 7 Served 1 h, 2.5 h
iohala- as own once
tion control
chamber.
Breathing
through
cannula
in trachea
Dynamic  Guinca Pigs 8 Served 1h, 2.5 h
inhala- 88 own once
tion control
chamber
ynamic  Guinea Plgs 2) Served 1h, 2.5h
inhala- as own once
tion control
chamber
Dynamic  Guinea Pigs 8 Served 1k, 2.5 h
inhala- as own once
tion control
chamber

(cont inued)

Effects

Reference
and Rating

Significant ilncrease in lung
resistance and in work required
to breathe. Significaat de-
crease in lung compliance. At
1 h post-exposure, lung resis-
tance was still significantly
higher than pre-exposure.

Highly significant increase in
lung resistance and decrease

in compliance and fasignilicant
increase in work requived to
Lreathe. At 1 h post-exposure,
lung resistlance was still
slightly but insignificantly
increased over pre-exposure.

Nighly significant increase in
lung resistance and signifi-
cant decrease in compliance.
Slightly significanl increase

in work required to breathe.

At 1 W post-exposure, lung re-
sistance was still signfficantly
increased over pre-exposure.

Wighly significant increase in
lung resistance and decrease

in compliauce. Insignificant
increase in work required to
breathe. At 1 h post-exposure,
lung resistance still slightly
but insignificantly increased
over pre-exposure.

Significant increase in lung
resistance and decrease in
compliance. Slightly sigui-
ficanl increase in work re-
quired to breathe. At 1 h
post-exposure, lung resistance
was still significantly in-
creased over pre-exposure.

Amchur
(1960)
B-13

Amdur
(1960)
B-13

Amdur
(1960)
B-13

Amdur
(1960)
B-13

Amdur
(1960)
n-13
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TABLE 111-9 (concluded)

Compound(s) and

Duration aud Total

Concentration(s), MNumidity/ Mode of Species/Strain/ No. ol No. of Frequency of Length of
ng/m3 (ppm) Temperature Exposure Age/Weight Test Animals Controls Exposure Experiment

HCo ~ 0.39 t 0.1 Dynamic  Guinea Pigs 13 Sexved i h, 2.5 h
(0.31 1 0.08) inhala- as own once

tion control

chamber
HCHO ~ 0.09 £ 0.01 Dynamic  Guinea Pigs 4 Served 1h, 25h
NaCl1 7.5 £ 0.7 inhala- as own once

tion . control

chamber “
HlICHO ~ 0.06 % 0.03 Dynamic  Guinea Pigs 18 Served 1 h, 2.5 h
(0.05 £ 0.02) inhala- a8 own once

tion control

chamber

Effects

Significant increase in lung
resistance and decrease in
lung compliance. Jusigni-
ficaut increase in work re-
quired to breathe. AL 1 h
post-exposure, lung resistance
near normal.

Significant increase in lung
resistance. Insignificant de-
crease in compliance and in-~
crease in work required to
breathe. At 1 h post-exposure,
lung resistance was still
slightly but insignificantly
increased over pre-exposure.

Slight but insignificant in-
crease in lung resistonce and
work required to breathe,
slight decrease in lung com-
pliance. At 1 h post-exposure,
lung resistance still slightly
but insignificantly increased
over pre-exposure.

Reference
and Raling

Amdur
(1960)
B-13

Amdur
(1960)
B-13

Awdur
(1960)
B-13
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TABLE 111-10.

Compound(s) and

Concentration(s), llumidity/ HMode of  Species/Strain/
wg/n? (ppm) Temperature Exposure Age/Weight
HENG 15 Guinea Pigs,
light colored
HCHO ~ 12.5 Not Guinea Pigs
(10) given
HCNO 7 Guinea Pigs,

light colored

No. of

Test Animals Controls

M
No. not
glven

Not given

Total
Length of

Duration and
Frequency of

No. of

Exposure Experiment
M Continuous 39 h
No. not + 1 mo
given
Not 4 h/d, 13 wk
given S d/wk + 3d
Cont inuons 168 h
(71 &)
+ 1 mo

(continued)

GUINEA PI1GS--REPEATED NDOSE EXPERIMENTAL EXPOSURE TO FORMALDEUYDE (HCNO)

Effects

Time until cholinesterase act-
ivity was lowered by 25-30%
compared Lo that of the con-
trols--39 h., Time until leu-
kocyte number was increased

by 25-30% compared to that of
controls--39 h. Allergic ef-
fects were not observed.

Lung glutathione signilicantly
higher compared to coulrols.
Liver and kidney glutathione
levels were lower but not sig-
nificantly different. Gluta-
thione reductase activities of
lung, liver, and kidoney were
lower; liver and kidney de-
creases were significant.

Time until cholinesterase act-
ivity was lowered by 25-30%
compared to that of the con-
trols--120 h. Time until leu-
kocyte number was increased

by 25-30% compared to that of
the controls--144 h. Time
until allergic effects--168 h.
Thus, toxic effects appeared
somewhat sooner than allergic
effects.

" Reference
and Rating

Ostapovich
(1975)
€-6

Mecler
(1978)
-4

Ostapovich
(1975)
c-6



Compound(s) and
Concentration(s),
mg/wd (ppm)

TABLE [11-10 (continned)

Humidity/
Tempersture

Hode of
Exposure

Species/Strain/
Age/Weight

No. of
TesL Animals

Duration and
Frequency of
Exposure

No. of
Controls

Total
Length of

Experiment

o

Reference
Effects

HCHO 75 avg. con-
centcation 2.3
due to intermit-
teucy of exposure

HCHO 7; avg. con-
centration 3.5
due to intermit-
tency of exposure

HCHO
4.610.4

50%
17 + 2°F

Guwinea Pigs,
light colored

Guinea Pigs,
light colored

Guinea Pigs,
Princeton-
derived

Inhala-
tion
chamber
(modi~
fied
Rochester-
type)
Airilow
1.2 m3/min

M
No. not
given

M
No. not
given

15 H&F

M 8 h/d
No. not
given

M Exposed for
No. not 24 h every
given other day

Cont inuous
for 90 d
(< 2.2%
down time)

No. uot
given

(continued)

S704 b
(29.3 d4)
+ I mo

S 504 h
(21 d)
+ 1 wo

90 d

Time uwntil cholinesterase act-
ivity was 25-30% less than

that of the controls--608 h
(exposure time 208 h}, wich
longer than during continuouns
exposure. Time until leukocyte
number was 25-30% higher than
that of the conLrols--104 h (ex-
posure time 240 h). Time until
allergic effects--168 h (exposure
time 56 h), the same as during
continuous exposure to 7 mg
HCHO/m3.  Thus, allergic effects
appeared sooner than toxic ef-
fects.

Ostapovich
(1975)
c-6

Time until cholinesterase act-
ivity was 25-30% less than

that of the controls~-432 h
(exposure time 216 h). Time
leukocyte number was 25-30%
higher than that of Lhe con-
trols--504 h (exposure time

264 h). Allergic effects were
not observed. Thus, only toxic
effects appeared.

Ostapovich
(1975)
-6

No deaths. MNematologic values  Coon et al.
were aormal.  Lungs showed var-  (1970)
ying degrees of interstitial in- B-12
flammation and heart and kid-

neys showed focal chronic in-

flammatory changes.

and Raling
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FTABLE [11-10 (continucd)

Buration and
Species/Strain/ No. of No. of  Frequency of
Age/Weight Test Animals Controls Exposure

Compound(s) and
Coucentration(s),
mg/m® (ppm)

Numidity/ Mode of
Temperature Exposure

HCNO 2 Guinea Pigs, H M Continuous
light colored No. No.
not not
given given
1eno 0.5 fnhala-  Guinca Pigs 15 15 5 h/d,
tion 6 d/wk
chamber
HeHo 0,38 Not Guinea Pigs M&F M&F 8 h/d
(Level chosen given No. ot No. not  for 21 4
because it is given given

similar to a
Lypical main
highway concen-
tration)

(cont inued)

Total

Leoagth of
Experiment

1,212 h
(53 d)

+ 1 mo

I mo

5 wk

Reference
Effects and Raling

Time until cholinesterase act-  Ostapovich
ivity was 25-30% less than (1975)
that of the controls--1,272 h. C-6

Time until leukocyle unumbher

was 25-30% higher than that

of the comtrols--936 h. Time

uatt! allergic effects--336 h.

Thus, allergic effects appeared

much sooner than toxic effects.

General health good and body Nagornyi et al.
weight increased steadily. (1979)

No substantial change in the B-9

strocinre of the upper respir-

atory btract, lungs, or other

internal organs. Minor changes

in blood and urine parameters

reported.

Injury of the neutrophils. Vinogradov et al.
Degranulation of basophilic (1974}
cells after the 21-d period B-7

of sensitization and 2 wk

after was less than that seen

when the guinea pigs were ex-

posed to 0.038 aund 0.011 mg

HCHO/m? . Others have also noted

that chemical allergens give the

most expressed sensitizing ef-

fect at the lowest concentrations.
Formation of antibodies occurred.
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TABLE 111-10 (continued)

Compound(s) and
Conventration(s),

Humidity/ Mode of
mg/m? (ppm)

Temperature Exposure

Species/Strain/
Age/Veight

HCHO 0.038 Not

given

Guinea Pigs

No. of

M&F
No. not
given

No. of Frequency of Length of
Test Animals Conlrols Exposure Experiment
H&F 8 h/d 5 wk
No. not  for 21 d
given

Duration and Total

(rontinued)

Eftects

Injury of the neutrophils not
so extensive as at 0.38 and
0.011 mg HCHO/m3. Degranuta-
Lion of basophils less than

at 0.011 mg/m? and more Lhan
at 0.38 wg/m? after the 21

d sensitization period bulL was
highest 2 wk later. A higher
titer of antibodies in bound
complement was found at both
times than when the guinea pigs
had been expaosed to 0.011 or
0.38 mg NCHO/w?.

Reference

and Rating

Vinogradov et al.
(1974)
B~7
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TABLE 111-10 (continued)

Compound(s) and

NDuration and Total

Concentvalion(s), Numidity/ Mode of Species/Strain/ No. of No. of  Frequency of Length of
mg/m3 (ppm) Temperature Exposure Age/Weight Test Animals Controls Exposure Experiment
newo 0.011 Special  Guinea Pigs, ~ 16 ~ 16 7 h/d > 3 wo
inhala-  avg. wt. for 30 d
tion 200-250 g
chambers

{(cout inued)

Reference
Effects and Rating

Four weeks of poisoning by NCHO Vinogradov
caused an active phagocylic re- and Ruduev
action rclated mostly to Lhe (1976)

digestive fuaction of the cells. B-7
The phagocytic ability of the
neutrophils was greatest 4 wk
after the end of poisoning.
Within 2 wmo after poisoning,

all the increased indexes of
absorptive and digestive
functions seen at 4 wk atter
were normal. An especially

high titer of serum co.plement
was noted within 2 wk after the
end of poisoning. The basic in-
dexes of the white blood weve
little changed and were within
the norms during or after poison-
ing.

After 2 mo of observation after
the poisoning, the animals were
subjected to stress in the form
of hypoxia. The test animals
showed a lowering of the content
of most of the cellular elements
alter hypoxia while the controls
generally showed increases. The
immune response of previously
poisoned animals was significantly
depressed compared to controls
after hypoxia. lun the controls,
hypoxia caused a decrease in
phagocytic number and index but
did not change the digestion pro-
cess appreciably.  In the test
animals, hypoxia depressed the
indexes of phagocytosis, espe-
cially the digestive capacity of
the neutrophils. Hypoxia led to
an insignificant lowering of the
titer of serum complement in the
controls, whereas the test an-
imals showed a significant lower-
ing of complement activity.
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TABLE 111-10 (concluded)

Compound(s) and Duration and Total

c"“ce"‘g““"“(s). Humidity/ Mode of Species/Strain/ No. of No. of Frequency of Length of Reference
mg/m? (ppm) Temperature Exposure Age/veight Test Animals Controls Exposure Experimeat Effects and Rating
HCHO 0.011 Not Guinea Pigs H&F M&F 8 h/d 5 wk Injury of the neutrophils. Vinogradov et al.
given No. not No. not  for 21 d Degranulation of basophils (1974)
given given was highest at this tevel B-7

after 21 d of gensitization.
Others have also noled that
chemica)l allergens give the
most expressed sensitizing
effect at the lowest coucen-
trations. Formation of anti-
bodies occurred.




TARLE 111-11.

Compound(s) and Duration and
Concentration(s), Ilmidity/ Mode of Species/Strain/ No. of No. of Frequency of
mg/m3 (ppm) Temperature Exposure Age/Weight Test Animals Controls Exposure

HCHO 3.5-6.5 Rabbits s 47 Not 10 s
. given once
o ~ 6 Head Rabbit 2-5 H 3-4 min
(5) only, 2.8-3.4 kg
with ex-
posure
mask,
air flow
4 1./min
HCHO 2-3.5 Rabbits S 47 Not 10 min
given

(continued)

Total
Length of
Experiment

15-20 s

RABHITS~~ACUTE EXPERIMENTAL FXPOSURE TO FORMALDENYDE (NCHO)

Effects

Threshold of individual sensi-
tivity for an adaptive olfactory
reaction. Fast recovery to
original state.

Decrease in blood pressure,
marked decrease in heart rate
and respiratory movement.

Disturbance in the long-term
(3-5 min) synchronized chylhm
and breathing disorganization.
Changes in the functional con-
dition of the rabbits were
characterized by prelonged
periods of theta-rhythm in the
electrical activity of the
brain. The reaction was early,
generalized, and more distinct
with HCHO than with 05. The
effect of [CHO may be its effect
on the trigeminal nerve and the
connection of this nerve with
the reticular formation, which
in its turn diffusely activates
the whole brain.

al Rating

Reference

Bokina and Eksler
(19713)
B-7

lkeda et al.
(1980)
c-7

Bokina and Eksler
(1973)
B-17
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TABLE TEI-11 (continucd)

Compound(s) and

- Duration and Total
Lun(entgntlon(s). Humidity/  Mode of  Species/Strain/ No. of No. of Frequency of Lenglh of Reference
ng/m? (ppm) Temperature Exposure Age/VWeight Test Animals Controls Exposure Experiment Effects and Rating
HeNo 2-3.5 Rabbits s & Not 10 s 15-20 s Threshold of individual sensi-  Bokina and Eksler
given once tivity for the orientation- (1973)

exploratory reaction, i.e., B-7
the Pavlovian reflex that en-
sures a response [rom the CNS

to constantly changing condi-
tions. Fast recovery Lo orig-
inal state. The nonspecific
reaction of orientation and
exploration is characterized

by the appearance in the neo-
cortex of individual flashes of
activity and by quickened res-
piration. Olfactory analyzer
structures show no change in EEG
activity, ‘The form of the EEG
respouse to concentrations of
chemical substances eliciting
the orienting-exploratory re-
action coincides with that to
light and sound. Thus, the CNS
evaluates these sensory stimuli
as undifferentiated (Bokina et al.,
1976).

(continued)



TABLE 111-11 (continued)

Compound(s) and Duration and Total

Concentration(s), MNumidity/ Mode of Species/Strain/ No. of No. of Frequency of Length of Reference
wg/md (ppm) Temperature Exposure Age/Weight Test Aniwals Conlrols Exposure Experiment Effects aund Kating
HCHO 0.65 Constant Rabbits 5 H 5H 20 min 30 win Reactions of rearrangement Fel'dman and Eksler
+ binocular light stream 2.5 kg {synchronization] of rhythm (1975)
stimulation: A of HCHO- were observed by EEG for all B-7
series of light air mix- studied brain structures. At Bokina and Eksler
flashes comprising ture the 20Lh min, statistically (1973)
10 impulses with (pure air significant deterioration B-7
frequencies of 4 for the of the reaction of rearrange-
and 7 Mz, bolh of controls) ment of rhythm arose in the
which were tested supplied corticomedial nucleus of the
5 times in a given at a rate amygdala. The shift did nol

segment of the test
with 15-20 s between
the separale series.

bL

©

of 8 L/min,
which pro-
duced an
insignifi-
cant tac-

tile action.
Light source
was a gas~
discharge

famp aL 20

cn from the
head of con-
strained rabbit.
The series of
flashes of
both frequen-
cies were im-
posed 4 times:
in the back-
ground period,
at the 10th
and 20th min
of exposure,
and within

10 min after
exposure
ended.

disappear within 10 min after
cessation of the exposure.
There was also a change in Lhe
overall EEG, wherein persis-
tent stress dominated the
rhythm.* Aunalogous deteriora-
tion of the reaclions of reac-
rangement of rhythm in rabbits
at low light frequencies upon
exposure Lo narcotics was re-
ported by A. A. Razumeev.

Fel'dwan and Eksler (1975) pro-

posed that the effects seen in
their test also reflect the
early nontoxic but incipient

narcotic and therefore unfavor-

able action of HCHO.

Such a prolracted gencralized stress rhythm indicates an adverse response of the CNS to the odorous substance (Bokina et al., 1976).

(continued)

* The persistent stress rhythm that develops in the cortex and limbic reticular structures correlates in some animals with an avoidance reaction,
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TARLE 11111 (concluded)

Compound{(s) and
Coatventration(s), Himidity/ Mode of
wg/m? (ppm) Temperatlure  Exposure

Species/Strain/
Age/Veight

Duration and Total
Frequency of Length of
Exposure Experiment

No. of No. of
Test Animals Controis

HCHO 0.035 See pre-
+ binocular light vious
stimilation: entry

A scries of light
flashes comprising
10 impulses with
frequencies of 4
and 7 Uz, both of
which were tested
5 Limes in a given
segment of Lhe test
with 15-20 8 be-
tween the separate
series.

Rabbits
2.5 kg

5HM S M 20 win 30 min

Effects

No cffect on Lhe reaction of
the rearrangement of rhythm
or on the overall electrical
activity of the brain.

Reterence
and Rating

Fel'dman and Eksler
{1975)
B-7

Bokina and Eksler
(1973)
B-7

S
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Compound(s) and
Concentration(s),

HCHOo 3.7-6.5
+ Noise

NCHO 4.6 t 0.4

HCHO 2-3.7

HCHO 0.65

t stress by
rhythmic
light

mg/m? (ppm)

'

TABLE T11-12. RABRLITS--REPEATED DOSE EXPERINENTAL EXPOSURE TO FORMALDERYDE (HCHO)

Duration and Total
Humidity/ Mode of  Species/Strain/ No. of No. of Frequency of  Length of
Temperature Expasure Age/Weight Test Animals Controls Exposure Experiment Fifects
Rabbits ' s 47 Not Not "Short Habituation to the irritant
given given term” occurred.  HCHO changed the
total functional condilion
of the brain (activation).
The high sensory input into
the olfactory structures, Lhe
authors proposed, teads to
development of paroxysmal act-
ivity in the olfactory analy-
zer slructures.
50% Inhala-  Rabbits, 3M No. Continuous 90 d No deaths. llematologic values
17 1 2°F Lion New Zealand not for 90 d were normal. Lungs showed
chamber albino given varying degrees of intersti-
(modi- tial inflammation.
tied
Rochester-
type)
Airflow
1.2 m3/
min.
Rabbits S 47 Not Intermittent Stight drowsiness as evidenced
given exposure; by EEG.

Lime not
specified

Rabbits S 47 2-4 wk Provocation in the olfactory
bulb and corticomedial amyg-
dala of latent hidden foci of
paroxysmal activity. Thus,
the specific structures of
the olfactory analyzer are
the initial responders to Lhe
pathological actions of odor-
ous substances.

(continued)

Reference
and Rating

" Bokina and Eksler
(1973)
B-7

Coon ¢t al.
(1970)
B-12

Bokina and Eksler
(1973)
B-17

Bokina and Eksler
(19713)
B-7
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TABLE 111-12 (conclnded)

i
i
)

Compound(s) and , Duration and Total

Concentration(s), MHumidity/ Mode of Species/Strain/ No. of No. of Frequeacy of Length of , Reference
mg/m? (pp) Temperature Exposure Age/Weight Test Animals Controls Exposure Experiment Effects and Raling

Heno 0.1 Rabbits s 47 Nob 1.5 mo Evoked potentials of the vis- Bokina and Eksler
+ functional given wal cortex were sludied. A (1973)
stress by variety of minor changes were B-7
peatylenetetra- found, but there were no non-
zole

equivecal pathologic effects.
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TABLE 111-13,

Compound(s) and

Duration and Total

Concentration(s), Mumidity/ Hode of Species/Strain/ No. of No. of Frequency of Length of
mg/m? (ppm) Temperature Exposure Age/Weight Test Animals Controls Exposure Expeciment
HCHoO 9,630 Inhalad-  Cat, 1 None 3.3 h 3.3 b
Lion 3.2 kg
chamber
HCHO 6,330 Inhala- Cat, 1 None 3 h, 3.3k
tion 2 kg once
chamber

(coutinued)

CATS--ACUTE EXPERIMENTAL EXPOSURE TO FORMALDEIYDE (HUCHO)

Reference
and Rating

Effects

- lwanoff
(1911)
Cc-8

Imnediate sneezing, tearing,
saliva secretion, mouth
breathing, and dyspuea.
Vomiting movemcnts later; at
1.5 h, cat lying down; after
2 h, unable to stand up.
Respiration continued very
irregularly along with body
spasms until death at 200
min. Autopsy found blood

in nose, larynx damaged, tra-
cheal mucosa loosened, fieart
damaged, eyes bloody.

Iwanolf
(1911)
C-8

lumediate restlessness, saliva
secretion, eyes closed, respir-
ation 28. Later respiration
decreased, dyspnea. After

2 h, vomiting of white foamy
liquid. Death 20 min after
exposure ends. Autopsy finds
normal eyes, mouth, nose, heart,
and kidneys. Slight hyperemia
of brain, coagulated fibrinous
liquid in trachea, and 1/3 of
tung functioning hindered by
hyperemia, edema, and bleeding.
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TABLE 101-113 (concluded)

Compound(s) and Puration and Total
Concentratton(s), Mwidity/ Mode of Species/Strain/ No. of No. of Frequency of  Length of Reference
mg/m? (ppm) Temperature Exposure Age/Weight Test Auimals Controls Exposure Experiment Eflects and Rating
NENo 2,010 fnhala-  Cat, 1 None 4.6 h, 4 d lamcdiate and distinct cf- Twano(f
tion 2.0 kg ouce fects: teariung, sncezing, (1911)
chamber coughing, irregular breath- C-8
ing. Later, dyspnea and
wouth breathing, vomiling of
white foamy liquid. At end
of exposure, severe dyspnea
and death on 4th d.
Heno 825 Inhala- Cat, i None 8 h, 4 d Irregular respirvation, dyspnea, Iwanoff
tion 2.6 kg once coughing, body trembling, vom-  (1911)
chamber iting movements. Al end of c-8
expostire, cat breathing with
difficulty, condition worsened,
death on 4th d.
HCHO 820 Inhala- Cat, 1 None 8.6 h, 6 d Respiration increased, tneez- Iwanoflf
tion 2.7 kg once ing, coughing, difficulty in (1911)
chamber breathing, increased saliva c-8
secretion. No recovery after
exposure; cal died on 6Lh d.
Hneno 820 Inhala-  Cat, 1 Noue 4 b, Observed Coughing, respiration 16, in- Iwanoff
tion 1.8 kg once for sev- creased saliva secretion, con-  (1911)
chamber eral days dition worsened during expos- c-8
v after ure. Cat recovered after sev-
exposure ceral days.
HCHO 260 Inhala-  Cat, i None 3.5 0, Ohserved Respiration slowed, sneezing, twanoft
tion 3 kg once for sev- coughing, increased saliva (1911)
chamber eral days and tear secretion, eyes kept c-8
after ex- closed after 2 b, slight dys-
posure pnea. Cat recovered after

exposure,



Compound(s) and
Concentration(s), Humidity/
mg/m? (ppm) Temperatuce

Heno ~ 2.5
(2.0)

HCHO ~ 0.25
(0.2)

HCHO ~ 0.03
(0.02)

Mode of
Exposure

Anesthe-
tized,
with
arti-
ficial
venti-
lation

Anesthe-~
tized,
with
artifi-
cial
venti-
lation

Anethe-
tized,
with
arti-
ficial
veuti-
lation

'

TABLE L11-14.

Species/Strain/ No. of No. of

Age/Weight Test Animals Controls
Pigs, 8 Noue
21.7 1.4 kg,

6-8 wk

Pigs, 7 None

21.7 ¢ 1.4 kg,

6-8 wk

Pigs, 8 None.

21.7 £ 1.4 kg, Actually

6-8 wk this was
meant to
be the
control
group
for the
tests at
2.5 and

0.25 mg/w?
levels

Duration and
Frequency of

6 h,

once

6 h,

once

6 h,

ance

Exposure

Total
Length of
Experiment

6 h

6 h

64

PLGS--ACUTE EXPERIMENTAL EXPOSURE TO FORMALDEUYDE (BCN0)

Reference
Elfecus and Rating

No significant change in tung
compliance values or blood gas
values. Moderate morphologic
changes in lungs, desquanation
of alveolar cover cells, some
intra-alveolar and interstitial
edema, emphysema, and atelectasis.
These changes more evident in dor-
sal Jung section Lhan in the ventral
seclion. Similar effects occurred
in "coulrol" pigs expased to ~ 0.0)
mg/m3.

“Frey el al.
(1979)
B-12

Significant decrease in lung
compliance values from begin-
ning of study to end. Blood
gas values fluctuated bul did
not change significaatly.
Slight interstitial edema,
emphysema, and atelectasis in
lungs. Similar effects oc-
curred in “control" gigs ex-
posed to ~ 0.03 mg/md.

Frey et al.
(1979)
B~-12

Significant decrease in lung
compliance value from begin-
ning of study to end. BRlood
gas values fluctuated but

did not change significantly.
Slight interstitial edema,
emphysema, and atelectasis in
Tungs.

Frey et al.
(1979)
B-12




98

TABLE 111-15.

DOGS-~REPEATED DOSE EXPERIMENTAL EXPOSURE TO FORMALUENYDE (HCIO)

Compound(s) and

Effects

CONCGHl;nllon(s)' ”“"m‘d‘lyl Mode of  Species/Strain/ No. of No. of 2::::iz:ya:? Le::::lof
~W"T§£TN_ER?T? Femperature Exposure Age/Weight Test Animals Controls Exposure Experiment
Heino 509 Inhala-  Dogs, - No . (
4.6 0.4 171 % 2°F tion pugebrcd gl:cu ?z:légugla 90 d

chawber  beagle

(modj -

fied

Rochester-

type)

Alr flow

1.2 m¥/min

No desths. lematologic values
were nopmal. lLuugs showed
varying degrees of intersti~
tial intlammation.

Referonce
and Ratiag

. Coon et al.

(1970)
B-12
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Compound(s) and
Concentration(s),
mg/m? (ppm)

Hcno
4.6 2 0.4

HCHO 3.75
(3)

HCHO 1.25
()

HCHO 0,25
(0.2)

TABLE 111-16.

Mumidity/

Temperature Exposure

50%
17 £ 2°F

Mode of

Inhala-  Squirrel
tion monkey
chamber

(modi-

fied

Rochester-

type)

Air flow

1.2 m¥/min

Inhala-
tion

Monkeys

Inhala-
tion

Monkeys

Inhala-
tion

Monkeys

Age/VWeight

Species/Strain/ No. of No.
Test Animals Controls

3 M Not
given

6 N 6 M

6N 6N

6H 6 M

Duration and
Frequency of
Exposure

Continuous
for 90 d

22 h/d
7 d/wk
6 mo

22 h/d
1 d/wk

6 mo

22 h/d
7 d/wk

6 mo

Total
Length of
Experiment

90 d

6 mo

6 mo

6 mo

HONKEYS--REPEATED DOSE AND CHRONIC EXPERIMENTAL EXPOSURE 10 FORMALDEHNYDE (MCHO)

Effects

No deaths. Hemalologic values
were gormal.  Lungs showed
varying degrees of interstitial
inflammation. '

Nasal discharge

Nasal discharge. No adverse
effects noted on pathological
evalvation.

No adverse effects noted
while exposed or on
pathological evaluation.

Reference
and Rating

Coon el al.
(1970)
B-12

Clary (1980)
B--

Clary (1980)
-~

Clary (1980)
B--




¢

TABLE III-17. SUMMARY OF ANIMAL EXPOSURES TO FORMALDEHYDE (HCHO)
Level
(mg/m?) - Time Species Effects

6,330-9,630 ~ 3.5 h CAT Immediate physical discomfort,
death near end of exposure.

820-2,010 4.6-8.6 h CAT Immediate discomfort, respiratory
difficulties, dyspnea, death in
4 to 6 d.

600-1,700 30 min RAT LDgo: 1,000 mg/m3.

900 2h MUS Death from massive pulmonary hemor-
rhage and edema.

712 4 h HAM Exfoliation of 34 to 100% of
trachea cells.

312 1 h/d, 1-15 d HAM Histologic and cytologic changes in
tracheobronchial cells, recovery
2 to 6 wk.

260 3.5h CAT Discomfort, respiratory difficul-
ties.

200 1 h/d, 3 d/wk, MUS Death of 30%, metaplasia and hyper-

4 wk plasia of tracheobromchial epi-
thelium.

140 2 h/d, 4 4 MUS No significant effect.

50-150 1 h/d, 3 d/vk, MUS Weight gain normal, some basal-cell

35 wk hyperplasia and squamous-cell
metaplasia of tracheobronchial
epithelium.

10-100 40-60 d RAT HCHO level in blood increased 5X.
Eye and nose discomfort, lower bcdy
weight and relative liver weight.
increased lung defense cells.

13-63 1h GPG Significant changes in lung func-
tions; limited or no recovery
at 1 h post-exposure.

(Continued)

88



TABLE III-17. (continued)

Level
(mg/ms) Time Species Effects

12.5-63 4-24 h RAT Range of concentrations causing
beginning toxic effects, sig-
nificantly increased alkaline
phosphatase activity of liver,
both increased and decreased
phagocytic activity of lung
macrophage cells, and slight
blood changes.

62.5 once/wk HAM No effect.

17 wk

31.2 5 h, twice HAM Cell damage and repair, primarily
in turbinates; some adaptation to
irritant effects.

~ 25 24 h RAT Decreased phagocytic activity of
lung macrophage cells.

17-19 6 h/d, 24 mo RAT Weight loss, deaths, squamous or

MUS epithelial metaplasia, hyper-

plasia, and carcinomas in nasal
cavity.

10-16 10 min MUS Respiration rate decreased 66 to
77%.

15 39 h GPG Effect on blood cholinesterase and
leukocytes.

12.5 5 d/wk HAM Decreased survival time; no effect

"lifetime" - on nasal epithelium.
~12.5 4 h/d, 5 d/wk, GPG Significant changes of biochemical
13 wk indexes in lung, liver, and

kidneys.

12.5 5h HAM Little cell damage and repair in
nasal turbinates and trachea.

3-8 4 h, 1-10X HAM Damage to airway cells, exfolia-

tion of tracheal and bronchial cells.

{Continued)
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TABLE I1I-17. (continued)
Level
(mg/m®) Time Species Effects
2.6-7 6 h/d, 5 d/wk, RAT Decreased weight, ~ 5% deaths, dys~
24 mo plasia, metaplasia, and carcinoma
of nasal turbinates.

7 74d RAT Decreased blood cholinesterase and
increased leukocytes.

7 7d-294d GPG Decreased blood cholinesterase and
increased leukocytes; greater
effects from continuous 7-d ex-
posure than longer intermittent
exposure.

0.7-6.5 1-1.5 h GPG - Significant detrimental changes in
lung functions.

6 3-4 min RBT Decreased blood pressure, heart
rate, and respiratory rate.

3.5-6 10 s RBT Threshold of olfactory semsitivity.

5 4 h RAT Decreased blood pressure; neutro-
philia; eosinophilia; minor irri-
tation to lungs, spleen, and
Marrow.

5-6 4 h/d, 20 d RAT Slight effect on neuromuscular
system, slightly higher pre-
implantation mortality of em-
bryos, development of offspring
normal except for decreased spon-
taneous mobility.

4.6 90 d RBT Blood normal, inflammation in lungs.

4.6 90 d DoG Blood normal, inflammation in
lungs.

4.6 90 d MKY Blood normal, inflammation in
lungs.

(Continued)
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TABLE III-17.

(continued)

Level
(mg/m3)

2-4.6

0.7-4.5

1.6-3.8

1-4

3.75

2-3.5

2.5

0.6-2.5

Time

53-90 4

45-90 d

10 min

3 h/d, 4 d

22 h/d
7 d/wk
6 mo

10 s - 10 min

6 h

Species
GPG

RAT

MUS

RAT
MKY

RBT

PIG

RAT

(Continued)

91

Effects

No deaths; slight cholinesterase
and leukocyte effects; inflamma-
tion in lung, heart, and kidneys.
Allergic effects appeared at
14 d.

Lower body weight, slight inflamma-
tion of lungs, heart, and kidneys;
and decreased DNA-ase activity
of liver. Change in chronaxy
ratio of antagonistic muscles,
mild biochemical changes in brain,
liver, kidneys, and blood. In
lungs, hyperemia, desquamation
and proliferation of lymphohisti-
ocytic elements.’

Respiration rate decreased 26 to
53%, with or without prior ex-
posure to HCHO.

Initial respiration rate decrease
of 18 to 72% at beginning of each
exposure. Some recovery during
exposure, less each day.

Nasal discharge in MKY; decreased
weight gain in RAT.

Disturbance in nervous system
responses.

No change in lung functiom, but
moderate morphologic changes,
more so in dorsal than ventral
section. Changes included
-desquamation, interstitial edema,
emphysema, and atelectasis.

Depression of nasal sensory re-
sponse, partial recovery within
1 h.



TABLE III-17. (continued)

Level
(mg/m3) Time Species Effects

1-2 4 h RAT No effect.

1.25 22 h/d RAT Nasal discharge in MKY; no other
7 d/wk HAM effects.
6 mo MKY

1.0 8 wk RAT Significant changes in ascorbic
acid, nucleic acids, DNA levels
in females and fetuses. Length
of pregnancy increased, number
of fetuses decreased, no defor-
mities. Histochemical changes
in heart, liver, and kidneys of
fetuses.

1.0 8 mo RAT No effect on body weight or blood
chemistry for either first gen-
eration or exposed offspring.
Offspring had some morphological
changes in lungs after 8-mo ex-
posure.

0.69 10 min MUS Respiration rate decreased 14 to
16% with or without prior expo-
sure to HCHO.

0.4~0.5 4 h/d, 19-20 d RAT No overall toxic effects, fetuses
normal.

0.5 4-5 h/d, 4-6 mo RAT No effects on general health, minor
changes in blood and urine param-
eters.

0.038-0.5 5-8 h/d, 21-28 4 GPG No effect on general health, minor
changes in blood and urine param-
eters, formation of antibodies.

0.06-0.39 1h GPG Significant change in lung func-
tion, some recovery within 1 h
post-exposure.

0.03-0.25 6 h PIG Change in lung fuaction and slight
lung inflammation.

(Continued)
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TABLE III-17. ({concluded)

Level :
(mg/m?3) Time Species Effects

0.25 22 h/d RAT No effect.
7 d/wk HAM
6 mo MKY

0.1 69-90 d RAT Signs of beginning damage to nasal
mucosa; DNA-ase activity of liver
increased, spleen decreased.

0.031-0.035 90-98 4 RAT No effect on overall health, nervous
system response slowed slightly,
slight inflammation areas in
lungs and liver.

0.035 3-8 h/d, 6 mo RAT No effect in general condition,
changes in metabolic processes
of liver, blood changes, and
testicular biochemical changes.
Decreased sperm mobility.

0.012 8-12 wk RAT No effect on overall health, ner-
vous system slowed slightly,
slight inflammation in areas of
lungs. Biochemical changes in
liver of female and fetuses, in-
creased length of pregnancy, de-
creased number of fetuses, no
deformities. Histochemical
changes in heart and kidneys of
fetuses.

0.011 7-8 h/d, 21-30 4 GPG Blood unaffected, phagocytic activ-
ity increased, formation of anti-
bodies; when stressed 2 mo later
by hypoxia, immune response and
phagocytic activity adversely af-
fected.
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SECTION IV

EXPERIMENTAL HUMAN INHALATION EXPOSURES

Table IV-1 describes acute laboratory human exposures to formaldehyde.
In the Summary, Table S-2 condenses all the information regarding experi-
mental human exposure, from about 17 mg/m® to 0.0024 mg/m3. The American
Conference of Governmental Industrial Hygiemists gives 3.0 mg/m3 as the
time-weighted-average threshold limit value (ACGIH, 1980).
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TABLE IV-1. HUMANS-~ACUTE EXPLRIMENTAL INUALATION EXPOSURE TO FORMALODENYDE (MCIO)

Compound(s) and Duration and fotal
Concentration(s) Hode of No. of No. of Frequency of  Length of
in mg/m? (ppm) Exposure  Test Subjects Controls Exposure Experiment
HCHo 17.3 Inhala- 12 H, Controls 30 min Not given
(13.8) tion 18-45 y; used; no
chamber all exposed number
simultane- given
ously
HCHO 1-9.6
HCHO 6.25 Eye 13-20, for Served 5 min Not given
(5) goggles, a total of as own (up to 3
static 27 exposures controls exposures)
flow
condi-
tions
HCHO 5.0 Climatic 35 M Served 1.5 min; 39.5 min
4 chamber, 13 F, as own 5 x 1.5-min
30 wl "healthy controls  exposures
students" at B-min
intervals
HCHO 5.0 Eye A total of Served 5 min 10 win
(4) goggles, 7 exposures as own (a 5-min
dynamic controls pre-
flow exposure
condi- control
tions period)

Effecls

Nasal and eye irritation when
first entering chamber, con-

tinued mild lacrimation. Eye
irritation wore off after 10

win in chawber.

Irritation of the mucous mem-
branes of the eyes and upper
respiratory Lract.

18 positive responses (of 27)
indicating moderate or severe
irvitation to the eyes,

Irritant indexes® high for each
exposure, and above the values
for lower exposure levels, both
intermittent and continuous,
Irritation of nose and throat
more marked thaan in continucus
exposure. No effects felt
after 4-5 min of recovery.

7 of 7 posilive responses indi-
cating moderate to severe eye
irritation.

¥ frritant indexes included eye irritation, frequency of blinking, nasal irritation, irritation of the Lhroat, and
distress (e.g., "desire to leave the room").

(continued)

Reference
and Ratling

Sim and Patile
(1957)
B-9

Lazarev
(1965);
cited in
Zaeva et al.
(1968)

B-5

Stephens et al.
(1961)
A-9

Weber-
Tschopp

Stephens
et al.
(1961)
A-9
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TABLE V-1 (continued)

Compound(s) and
Coucentration(s)
in mg/m? (ppm)

HClo 5
(4)

HCNO 2.5-5.0
(2-4)

NneHo 4.0

(3.2)
Exposure con-
centration in-
creased steadlly
Lo this level

HCio 3.75
)

Duration and Tolal
tode of No. of No. of Frequency of  Length of
Exposure Test Subjects Controls Exposure Experiment
Eye Not given Not 5 min 5 min
irrita- given
tion
booth
connected
to a
chamber
Eye 13-20, for a Served 5 min Not
goggles, total of 47 as own (up to 4 given
static exposures controls different
flow exposures)
condi-
tions
Climatic 24 M Served 37 min 37 min
chamber, 9 F, as own
30 md “healthy controls

students"
Climatic 35 M Served 7.5 min; 39.5 min
chamber, 13 F, as own 5 x 1.5-min
0 w? "healthy controls  exposurces

students" at 8-min

intevvals

Effects

Caused medium to severe cye
irritation,

16 positive responses (of 47)
indicating moderate or severe
eye irritation.

AdaplLation to irritant occurred
to some extent during first few
winutes of exposure. Jrritant
indexes® rose with increasing
concentration in all cases ex-
cept for throal irritation.
Irritation to the eyes more
warked and nose and throat ir-
ritation less marked than in
intermittent exposures to the
same levels.

Irritant indexes™ ranged from
slight to stroug; values above
those for intermittent expos-
ure to lower levels and con-
tinuous exposure to all levels
(5 4.0 mg/m®).
and Lhroat more marked and eye
irritation less marked than in
exposure to a similar level
during continuously rising
exposure.

* frritant indexes included eye irritation, frequency of blinking, nasal irritatioun, irritalion of the throat, and
distress (e.g., "desire to leave the room").

(continued)

Reference
and Rating

Schuck and
Renzetti
(1960)

C-8

Schack and
Doyle
(1959)

Cc-8

Stephens
et al.
(1961)
A-9

Weber-

Tschopp
et al.

(1977)

A-15

Weber-

Tschopp
et al,

(1977)

A-15

Irritation of nose
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TABLE V-1 (continucd)

Compound(s) and Puration and Total
Concentration(s) Mode of No. of No. of Frequency of  Length of
in mg/m> (ppm) Test Subjects Conlrols Exposure

Exposure

HCHO 3.75 Eye Not given Not given 5 min
(3) ports in
a chamber,
or face
masks at-
tached
to the
chamber
1neno 3
HCIO 2.5 Eye 13~20, for a Served 12 min Not given
(2) goggles, total of 37 as own (up Lo &
dynamic exposures controls  exposures)
flow
condi-
tions
Heno 2.5 Climatic 35 M Served 7.5 win; 39.5 min
(2) chamber, 13 F, as own 5 x 1.5-min
30 m? "healthy controls  exposures
students” at B-min
intervals

Fxperiment

Reference

Effects and Rating
When exposure was through the Reuzetti and
hoods, moderate Lo severe eye Schuck
irritation ocenrred. When (1961)

exposure was through the ports, C-8
even more severe icritation
occurred, with laccimation in

> 50% of the subjects.

Threshold of irritation. Isachenko
(1940);
cited in
Melekhina
(1960)
A-9

9 positive responses (of 37) Stephens et al.

indicating moderate to severe (1961)
eye irritation. A-9
Irritant indexes* ranged from Weber-
almost none to strong; values Tschopp
above those for intermittent et al.
exposures to lower levels and (1977)
continuous exposure to all A-15

levels (S 4.0 mg/m?). Icritation
of nose and throat more marked
and eye irritation less marked
than in exposure to a similar
level during conlinuously rising
exposure,

% " Trritant indexes included eye irritation, frequency of blinking, nasal irritation, irritation of the throat, and

distress (e.g., "desire to leave the room").

(continued)
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TABLE {V-1 (continued)

Compound(s) and

s roipa o 2

Duration and Total
Concentration(s) Hode of No. of No. of Frequency of  Length of Refereunce
in mg/m} (ppm) Exposure Test Subjects Controls Exposure Experiment Effects and Rating
IneKo 2.5 Not k] Not Not Not No changes were noted in the Melekhina
given given given given frequency aad rhythm of respir- (1964)
ation at NCNO levels below this. A-9
Helekhina
(1960)
A-9
neuo 2.0 Inhala- 16 Served 5 h 7-8 h; Slight, statistically in- Andersen
tion as own 2-h pre- significant changes in air- (1979)
chamber controls exposure way resistance parameters: A-14
pertod FEV. , FEF,. ..y, VC, and nasal
prelsure a§o$§% Increased
odor threshold for ethyl-
valeriate after 2 and 4 h
of exposure. Nasal mucus
flow rate was decreased in
the firat third of the nose,
more so after 4 then after 2 h
of exposure. Slight subjective
discomfort (1-18 on a scale
of 100), increasing to 18 by 2-3 h,
then decreasing to 11 by 3-5 h of
exposure. This deccease indi-~
cates that accliwatization occurred.
15/15 complained of comjunctival
irritation and dryness in the
nose and Lhroat. No symptoms the
following worning. No change in
various performance tests (arithme-
tic and card punching).
HClo 1.71 Not 3 Served 4.5 win 15 min Caused a sharp decrease iun Melekhina
given as own sensitivity to light in all (1964)
controls subjects. A-9
Melekhina
(1960)
A-Y

(cont inued)
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Compound(s) and

Concentration(s) Mode of
in mg/m3 (ppm) Exposure
HCHO 1.25 Eye
§)) goggles,
static
flow
condi-~
tions
HCHO 1.25 Climatic
(n chamber,
30 n?
HCHo 1.25 Odor
(1.0) test
room

TABLE 1V-1 (continued)

No. of

Test Subjects  Controls

13-20, for a
total of 75
exposures

S M
13 F,
"healthy
students"

4 vrained

odor analysts

Duration and Total

No. of Frequency of  Leagth of
Exposure Experiment
Served 5 min Not
as own {up to 8 given
controls differeat
exposures)
Served 7.5 min; 39.5 min
as own 5 x 1.5-min
controls  exposures
at B-min
intervals
Served
ag own
controls

Effects

6 positive responses (of 75)
indicating moderate to severe
eye irritation.

Irritant indexes® ranged from
almost none Lo moderate; values
betow all those for intermit-
tent exposure to higher levels
(2.5-5.0 mg/m?) and above some

Reference
and Rating

Stephens el al.
(1961)
A-9

Weber-

Tschopp
et al.

(1977)

A-15

of those for continuous exposures

(< 4 mg/m?).
geueral distress were greater,
throat irritation equal to,
and eye irritation less than
that for exposure Lo a similar
level during a continuously
rising exposure,

Lowest concentration at which
all the subjects positively
recognized the odor.

1]

* Trritant indexes included eye irrilalion, frequency of blinking, nasal irritation, irritation of Lhe throat, and

distress (e.g.,

"desire Lo leave Lhe room").

(continued)

Nasal irritation und

Leonardos
el al.
(1969)
A-11
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TABLE IV~1 (continued)

Compound(s) and

Duration and

C9ncentrntinn(s) Hode of No. of No. of Fregueacy of
in mgfw? (ppm) Exposure Tesl Subjects Controls Exposure
Hewo 1.0 Iuhala- 16 Served 5h
tion as own
chamber controls
fCHo 1.0 Exposure 8 8 10 min

chamber
with
respir-
ator
helmet

HCRO 0.95-1.0

(continued)

Total
Leagth of

Experiment

7-8 h;
2-h pre-
exposure
period

Not given

Reference
Effects and Rating
Slight, statistically in- Andersen
significant changes in ajr- (1979)
way resistance parameters: A-14

FEV , FEF, , VC, and

nashl preé?ﬂléxdrop: No

change in the odor threshold

for ethylvaleriate, or nasal

mucus flow rate. Slight sub-
jective discomfort (1-10 on a
scale of 100), generally in-
creasing for 3 h then remain-

ing steady. Below the discom-
fort reported for 2.0 mg/m3, and
above that for 0.3 and 0.5 mg/m3,
15/15 complained of conjunctival
irritation and dryness of the nose
throat. No complaints the follow-
iug morning. No chaage in various
performance tests (arithmetic and
card punching).

Odor perception in all individ- Sgibnev
uvals. Two experienced upper (1968)
respiratory tract irritation. A-7
Majority experienced distor~-

tions of the breathing rhythm,
skin-galvanic reaction, heart

action, and EEG changes in

a-rhythms indicating possible
development of a cortical fn-

hibition process. There was

also some involuntary muscle

and eye movement. Author rec-
omnended a maximum permissible
concentration of 1 mg/m3.

Slight irritating effect Lo
the mucous membrane of the

Shifman;
cited in

eye and to the mucosa of the Melekhina
upper respiralory tract. (1960)
A-9Y
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mrmsize

TABLE 1V-1 (continued)

Compound(s) and
Concentration(s)
in mg/m? (ppm)

HCHO 0.53

ficio 0.5

HCHO 0.3-0.4

Hode of No. of No. of Frequency of  Length of
Exposure Test Subjects loutrols Exposure Experiment

5 M,

18-32 y;

persons most

sensitive to

odor of the

HCHO from

previous

testing with

larger group
Inhala- 16 Served 5h 7-8 h,
tion as own 2-h pre-
chamber controls exposure

period

Exposure 6 6 10 min Not given
chamber
with
respir-
ator
helmet

Duration and Total

Effects

Caused a statistically signifi-
cant lowering of the amplitude

of the total EEG and the theta

rhythm in most of the subjects.
Considered the threshold value

for effect on electrical activ-
ity of the human brain.

Slight, statistically insig~
nificant changes in airway
resistance paramelers:

FEV, , VC, FEF , and
nasll prcssurgSazgi. No
change in the odor threshold
for ethylvaleriate. Nasal
mucus [low rate was de-
creased in the first third of
the nose, more so after 4 than
after 2 b of exposure. Very
slight subjective discomfort

(1-5 on scale of 100), generally

increasing with time. Below
the discomfort reported for
exposure to 0.3, 1.0, and 2.0
mg/md. 5/15 complained of
conjunctival irritation and
dryness in the nose and throat.
No complaints the following
morning. No change in various
performance tests (arithmetic
and card punching).

Three subjects perceived the
odor. A change in bioelectric
skin potentijal appeared in the
majority of tesL subjects.
"Oriented reaction® appeared
in these subjects. No other
significant changes noted.

Reference
and Rating

Fel 'dman
(1972)
B-7

Aundersen
(1979)
A-14

Sgibnev
(1968)
A-7

¥ Appears to be the physiological responses to the introduction of a novel sensory element into one's immediate environment.
y

(continued)
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TABLE IV-1 (continued)

Compound(s) and Ducation and Total
Concentration(s) Mode of No. of No. of Frequency of  length of Relerence
in mg/m? (ppm) Exposure Test Subjects Controls Exposure Experiment Effects and Rating
HCHO 0.3 Inhala- 16 Served 5h 7-8 I Slight, statislically iusig- Andersen
tion as own 2-h pre-~ nificaut changes in sirway (1979)
chamber controls exposure parameters: FEV ., VC, A-14
period FEF 5 , and n&sal pres-
snrg dlga. No change in
the odor threshold for
ethylvaleriate. Nasal mucus
flow rate was decreased in
the first third of the nose,
more so after & than after 2 h
of exposure. Only slight sub-
jective discomfort was reported
(1-9 on a scale of 100), gen-
erally increasing with time.
Above that reported for ex-
posure to 0.5 mg/m®, and be-
low that for 1 or 2 mg/md.
3/15 complained of conjunctival
irritation and dryness in Lhe
nose and Lhroat. No complaiunts
the following morning. No
change in various performance
tests (arithmetic and card
punching).
NeNno 0.3 Not 3 Served 4.5 min 15 min Caused a delay in adaptation Melekhina
given as own to darkuness in 2/3. (1964)
controls . A-9
Melekhina
(1960)
A-9
HCHO 0.25 Eye ex- 10-22, Not 300 s, Not given Threshold for eye jrritatjon. Okawada et al.
(0.2) posure, 19-32-y-o0ld given once (1979)
bhag with A-11
controlled ‘
flow rate

(continued)
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TABLE 1V-1 (continued)

Compound{8) aad
Concentration(s)
in mg/m? (ppm)

Mode of No. of No. of
Exposure  Test Subjects  Controls

neno 0.2 Not 3 Served
given as own
controls
HCHO 0.098 3 Served
as own
controls
Hneno 0,090 Not 15, Served
given 17-44 y ag own
controls
HCHO 0.084 k] Served
a8 own
controls
NCHO 0.080 Not 15, Served
given 17-44 y as own
controls
1ICHO 0.077 Not 28, Not
given 20-30 y, given
“"practically
healthy'
HCHO Not 3 Served
0.068-0.075 given as own
controls
-

Duration and
Frequency of
Exposure

4.5 min

4.5 min

Not givea

15 min

Not given

Not
given

15 min

Total
Length of

15 min

15 win

Not given

Not given

Not given

Not
given

Not
given

stimulus just double the rheobase™* will excite contraction of a muscle.
% Fhe rheobase is the minimum potential of electric curvent necessary to produce stimulation of a nerve.

(continued)

Experiment

Effects

Increased sensitivity to light
in 3/3.

Threshold of formaldehyde vapor
reflex effect on the functional
state of the cerebral cortex,
as determined by dark adapta-
Lion (no effect on 3/3).

Hinimum detectable odor con-
centration for 4/15.

Threshold for eliciting reflex
activity in optical chropaxy.*

Only 11/15 could smell this
level, and it was the minimum
detectalbile concentration for
4 of them.

Odor threshold for persons
who are most sensitive to
HCHO.

Subthreshold concentration for
effect on optical chronaxy® or
on the rheobase.*%

* " The chronaxy is Lhe Lime required for the excitation of a nervous element by a stimulus; minimum time at which a

Relerence

and Rating

Melekhina
(1964)
A-Y
Helekhina
(1960)
A-9

Melekhina
(1964)
A-9
Melekhina
(1960)
A-9

Fel'dman and
Bonashevskaya
(1971)

A-10

Helekhina
(1964)

A-9

Melekhina
(1960)

A-9

Fel'dman and
Bonashevskaya
(1871)

A-10

Makeicheva
(1978)
B-9

Melekhina
(1964)
A-9
Melekhina
(1960)
A-9
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Compound(s) and

TABLE 1V-1 (continued)

Concentration(s) Hode of No. of No. of
in mg/m® (ppm) Exposure Test Subjects Controls
HCHO 0.074 Not 15, Served
given 17-44 y as own
controls
HCHO 0.073 Not 15, Served
given 17-44 y as own
controls
HCIIO 0.073 Not 28, Not
given "clinically given
healthy,"
17-48 y.
HCeHo 0.07 Inhala- 12,
tion 19-64 y
HCHO 0.065 I8 M,
17-35 y
HCIO 0.062 Not 28, Not
giveu 20-30 y, given
"practically
healthy"
HCIO 0.054 18 M,
17-35 y

Duration and Total
Frequeacy of  Length of
Exposure Experiment

Not given Not given

Not Nol

given givea

Not Not

given given

Not Not given;

given was re-
peated on
3 succes-
sive days

Not Nob

given given

(continued)

Etfects

Only 7/15 could smell) this
level. .

This was the minimum detect-
able level for 7/15.

Olfactory threshold (minimum
perceived concentration) for

persons most sensitive to NCHO.

Odor threshold for persons
most sensitive to HCHO (7/12).

Odor thireshold for the
4 persons most sensitive
to HCHO.

Subthreshold level for odor
detection even for persons
most sensitive to NCHO,

Subthreshold value for odor
perception even for the 4 per-
sons most seasitive to HCHO.

Reference
and Raling

Fel'dman and
Bonashevskaya
(1971)

A-10

Fel'dman and
Bonashevskaya
(197)

A-10

Fel'dman
(1974)
A-9
Fel'dman
(1972)
B-17

Helekhina
(1964)
A-9
Melekhina
(1960)
A-9

Takhirov
(1974)
B-8

Makeicheva
(1978)
B-9

Takhirov
(1974)
-8
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Compound(s) and
Concentration(s)
in mg/m3 (ppm)

HCINO 0.054

HCHO 0.054

HCHO 0.053

HeHo 0.05

HCHO 0.05

HCHO 0.046

Hode of
Exposure

Not
given

Not
given

Not
given

Inhala-
tion

Inhala-
Lion

No. of
Test Subjects

28,
"clinically
healthy,”
17-48 y

15,
17-44 y

5

{of most
sensitive
from ol-
factory
testis)

12,
19-64 y

64,
17-63-
y-old

5,
with dis-
tinct o-
rhythm

TABLE 1V-1 (continucd)

Duration and

No. aof Frequency of
Controls Exposure
Not Not
given given
Sexrved Not
as own given
controls
Served 20 min
as own
controls

Not

given
Not Not
given given

(continuch)

Total
Length of
Experiment

Not
given

Not
given

35 min;

5 min
before and
10 min
after ex-
posure for
comparison,

repcated 3-4
times at un-

Effects

Haximum undcelectable odor con-
centration for the subjects
most seasitive to HCHO.

None could detect HCHO at this
level. 7/15 subjects found
this level to be the maximum
undetectable odor concen-
tration.

Threshold concentration for
EEG changes after stimulation
by flashing light.

known intervals

Nol given;
was re-

peated on
3 succes-
sive days

Not
given

Subthreshold concentration for
olfactory recognition even in
the subjects most sensitive to
newo (7/12).

Odor threshold.

Elicited significant desynchro-
nization of the o-rhythm of

all subjects in the electro-
cortical conditioned reflex
study.

Rederence
amd Rating

- Fel'dman

(1974)
A-9

Fel'dmaa and
Bonashevskaya
(1971)

A-10

Fel'dman
(1974)

A-9

Fel'dman aod
Bonashevskaya
(1971)

A-10

Melekhina
(1964)
A-9
Melekhiua
(1960)
A-9

Petterson
and Rehn
(1977);
cited in
Andersen
(1979)
A-14

Makeicheva
(1978)
B-9
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Compound(s) and
Concentration(s)
in mg/m® (ppm)

BCHO 0.04

NCHo 0.035

Heuo 0.029

neno 0.023
NO, 0.08
Hlexsne 40,0

HCNO 0.016

TABLE V-1 (cont inved)

Duration and
Frequency of

Exposure

Hode of No. of No. of
Exposure  Test Subjects Controls
Not 5 M, Served
given 18-32 y as own
(wost sen- countrols
sitive from
olfactory
tests)
5, Not
with dis- given
tinct a-~
vhythm
Not 23, Not
given 14-48 y glven

20 min

Not
given

Perhaps
18

(cont inmied)

Total
Leugth of
Experiment Eftects
35 win; Subthreshold concentration for

S min FEG changes after stimulation
hefore and by flashing light.

10 min af-

ter expos-

ure for

comparison;

repeated 3-4

times at wn-

kaown intervals

Not Apparently inactive in the

given clectrocortical conditioned
reflex study. Proposed one-
time MAC in almospheric air
should be at inactive level.

Threshold of salivary action.

Not 17/23 detected an odor. A sub-
given threshold mixture for the re-
maining 6.

Threshold of irritation of
the nervous system.

RReference
and Raling

Fel'dman
(1974)

A-9

Fel'dman and
Bonashevskaya
(1971)

A-10
Fel'dman
(1972)

B-7

Hakeicheva
(1978)
B-9

Van Ven'-yan'
(1956);
cited in
Zaeva el al.
(1968)

R-5

Fel'dman
(1974)
A-9

Van Ven'-yan'
(1956);
cited in
Zaeva et al.
(1968)

B-5
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TABLE 1V-1 (cont inued)

Compound(s) and Duration and Total
Concentration(s) Hode of No. of No. of Frequency of  Length of Reference
in mg/m3 (ppm) Exposure  Test Subjects Controls Exposure Experiment Effects and Rating

HCHO 0.016 Kot 23, Not Perhaps Not No odor was detected by any of  Fel'dman
NO, 0.05 given 14-48 y given ls given the subjects. (1974)
Nexane 29.0 A-9
HCHO 0.014 Not 5 (most Served 20 min 35 win; Significant changes in EEGC fol- Fel'dman
€O 1.4 given sensitive as own S min be- lowing stimulation by flashiag (1974)
NO, 0.046 from ol- controls fore and light were observed in 4/5 sub- A-9
exane 23.0 factory 10 min jects. Exact nature of the

tests) after ex- changes varied between indi-

posure for viduals. The effect of this
comparison; mixture appears to be simply
repeated additive,

3-4 times

al unknown

intervals

HCHo 0.01 Not 5 (most Served 20 min 35 min; No effect on EEG following Fel ' dman
Co 1.1 givea sensitive as own 5 min stimulation by flashing light (1974)
NO, 0.029 from ol- controls before was noted in any subject. A-9
Hexane 18.3 factory and 10 min

tests) after ex-

posure for
comparison;
repeated

3-4 times at
unknown in-
lervals.

{continued)
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TABLE 1V-1 (continued)

Compound(s) and
Concentration(s)

Duration and

Icito 0.01

. 0.052
Acetone 0.22
Phenol 0.004
lcl1 0.07

A Hode of No. of No. of Frequency of
in mg/wd (ppm) Exposure Test Subjects Controls Exposure
Inhala- 18 M,
Acetic acid 0.006 tion 17-35 y
Acetic anhydride
3H

HCHO 0.0085

Acetone 0.075

Phenol 0.0027

Acelic acid 0.046

Acetic anhydride
0.031

Ncl 0.072

HcHo 0.0075

HCHO 0.0075

Phenol 0.0025

Acetic acid 0.038

Acetic anhydride
0.025

HEl 0.055

Acetone 0.063

KN

(continued)

Effects

Odor of mixture imperceptible.
The index of total concentra-
Lions (the sum of the fraction
of each compound preseant rela-
tive to its isolated threshold
value) was < 0.90. Mix-~

tures of these substances were
imperceptible by odor when the
index of total concentration
was cqual or near to 0.97-1.08,
which attests to the simple
summation effect, where the
simultancous presence of dif-
ferent atmospheric contaminants
is caused by their nonspecific
action at low concentrations.

The index of total coucentra-
tion was 1.04. Caused a sta-
tistically significant change
in the desynchronization of

the a-rhythms of the hrain cor-
tex in all subjects.

Threshold of respiratory
irritation.

The index of total concentra-
tion was 0.86. llad no effect
on the electrical activity of
the brain cortex (electrocor-

tical conditioned reflex study).

Reference

and Rating

Takhirov
(1974)
B-8

Takhirov
(1974)
B-8

Vau Ven'-yan'
(1956);
cited In
Zacva et al.
(1968)

B-5

Takhirov
(1974)
B-8



TABLE LV-1 (concluded)

Compound(s) and Duration and Total
Concentration(s) Hode of No. of No. of Frequeancy of Lenglh of Reference
in mg/m? (ppm) Exposure  Test Subjects  Coutrols Exposure Experiment Effects and Rating

HCHO 0.0024 Threshold of effect on the Van Ven'-yan'
mood of human subjects. (1956);
cited in
Laeva et al.
(1968)
B-5

[
[




SECTION V

EPIDEMIOLOGY AND RELATED HUMAN EXPOSURES

Chapter VI contains a discussion of the epidemiological studies. The
Summary contains a table, S-3, condensing the better data. A discussion
of on-going epidemiological studies is given in Appendix A. Studies tabu-
lated herein are classified according to whether the exposures were occupa-
tional or of the general public.

OCCUPATIONAL EXPOSURES

Data for the occupational exposures to HCHO are given in Table V-1.
The information is ordered by decreasing HCHO concentration. Maximum values
determine the place in the table where ranges are given. Studies with no
HCHO concentrations reported were generally placed at the end of the table.
However, as with the mortician studies, when a similar study was tabulated
that did report HCHO levels, the no-concentration entry immediately followed
it.

The usefulness of the studies is limited by the frequent presence of
confounding factors (especially dusts and phenol), the one-time measurement
of HCHO levels during chronic exposure, the probable variations in HCHO level
with time, and the usual lack of an adequate control or comparison group.

The general system for assigning applicability ratings to the documents
as described in Figure I-1 was modified to accommodate the kinds of occupa-
tional exposures described. Studies describing long-term, nonconfounded
exposure, with symptoms correlated to HCHO concentration, were rated A.
Similar long-term studies, but with slightly confounded exposure or non-
respiratory endpoints and symptoms measured, received B ratings. Short-
term exposure studies, those with more serious confounding, those which
lacked correlation with HCHO level, or those which provided no concentra-
tions were rated C. D-ratings were given to studies which had multiple
problems, or were badly confounded.

EXPOSURES OF THE GENERAL PUBLIC

Data from epidemiological studies of exposure of the general public
are given in Table V-2, listed in order of decreasing HCHO concentration.
The maximum concentration was used to decide placement in the table when
ranges were given. Again, the studies were of limited usefulness due to

’
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lack of proper control groups, no reasonable estimates of HCHO exposure,

and severe selection bias. No study received an A-rating, because they
lacked chronic (in terms of the human lifespan) exposure and had only one-
time HCHO measurements during an exposure in which the HCHO levels probably
continuously decreased with time. Thus, dose-response relationships could
not be determined. Lack of concentration information resulted in a C-rating,
and combined with a lack of formal study design resulted in a D-rating.

112
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TABLE V-1,

STUDIES OF OCCUPATIONAL EXPOSURE TO FORMALDENYDE

Compound(s) aund
Concentration(s)

_...Population Group

Eftects

in mg/m? (ppm) ‘ription “Exposed  Contrals
HCHO Workers in the for- 99 F; B4 F
5-78 walin dept. of s 25-40- in other
Hethanol sheepskin dyeing y-old; shops,
2.1-7.5 factory worked free of
Ethanol for 5- HcHO
47.5-110 20y vapors

Complaints of persistent head-
ache, vertigo, irritability,
and tendency to weep. Skin
temperature was mcasured ou
the forehcad, chest, and fore-
arm, and the variations be-
tween the left and right sides
of the body reported. The in~
cidence of physiological Lher-
mal asymmetry (a difference of
0.1-0.5 °C) before work was
43.3% in the exposed group and

(HCHO)

Rewmarks

Essentially a prospective de-
sign. The exposure was con-
founded by the presence of
ethanol and methanol vapors,
and monochloroacetic acid.
Comparability of the controls
is not discussed.

27.2% in the controls. The

incidence of pathological ther-
mal asymmetry (0.6-2.2 °C) be-
fore work was 48.4% in the test
group and 3.0% in the controls.

After work, the physiological
asymmelry was about equal in
both groups (33% vs. 34.5% in
the controls), and the path-
ological asymsetry increased
to 60% in the test group, com-
pared to 8.6% in the control
group. The authors consider
this evidence of adverse ef-
fects on the CNS, including
the thermoregulatory ceater.

(continued)

fleference
atd
Rating

Kamchatnov
and Gayazova
(1971)

c-8
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Compound(s) and
Concentration(s)
in mg/m? (ppw)

Working chamber:
HCHO, avg. 0.56;
12-35 °C; rela-
tive humidity,
20-92%.
Antechamber

of the dis-
infection
chamber:
0.33-42.0.
Mcan concen-
tration at &
sites: 2.25-
12.4

Heno,

Description Exposed Controls
Workers servicing 93 Not
formalin vapor dis- (1967) given
infection chambers.

Various construction
defects and incorrectly
followed procedures
allowed contamination
of the air with HCHO.
Most HCIO evolved while
pouring the formalin.
lligher HCHO concentra-
tions were found at
the ceiling than at 223 Not
the breathing zone (from given
and the floor. total of
llogpital examina- 285
tions were performed  workers
in 1967 and 1969. in same
depart-
ment )
(1969)

_Populatjon Group

TABLE V-1 (cont inued)

Fifects

Discases of the autonomic ner-
vous syslem were observed in
24 persons; pneumosclerosis,
emphysema of the luugs, and
chironic bronchitis in 17;
chronic sub- and atrophic
pharyngitis in 13; hyper-
thyroidism in 5; bronchial
asLhma in 3; dyskinesia of
the bile ducts in 5; and
thrombocytopenia in 41.

Diseases of Lhe heart and ves-
sels were observed in 41; auto-
nomic dystonia and autonomic
neuwroses in 29; diseases of the
liver and bile ducts, in 14;
subatrophic rhinotracheolaryn-
gitis, in 20; cerebroscleruvsis,
in 18; prneumosclerosis, emphy-
sema of the lungs, chronic bron-
chitis, and bronchial asthma, in
5; hyperthyroidism in 2; chronic
tonsillitis, in 9; chronic con-
junctivitis, in 2; neuritis of
the auditory mnerve in 2; chronic
eczema, in 2; and facial dermati-
tis in 1. The percent of acetyl-
choline decomposition was lowered
to 27-35% in 23 persons and was
found at the low-normal limit
(36-37%) in yet another 20. 1In
1969, the cholinesterase aclivity
appeared inhibited in 30.4% ot
the subjects with another 29.6%
on the lower-normal boundary.

(continued)

Remarks

Descriptive, uncontrolled
study of HCHO exposure. A
wide range of exposure con-
centrations are reported, butl
symploms ace not correlated
to exposure levels.

Retervence
and

Rating

Prave et al
(1972)
C-17
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TABLE V~1 (continued)

Campound(s) and Reference
Conceatration(s) Population Group and
in wg/m? (ppm) Description Exposed  Conlrols Effects Remarks Rating

HCHO, 0.5-16.3 Acrylic-wool filter 40 pro- 15 All present-line groups showed Cross-sectional study. The Schoenberg
(Levels of department workers duction never- an cxcess of chronic cough or deficiencies include: and Hitchell
10.6-16.3 engaged in felting Yine on-line cough and phlegm. All groups (a) small numbers of exposed (1975)
HCHNO not and impregnating workers workers, (even controls, though some- and coatrol subjects. €-9
typical)* processes. and 41.8 ¢ what lower %) complained of (b) exposure measurements not
Phenol, 7-10 super- 3.2 y old irritation of the eyes, nose, wmade during study.

visors throat, lower respiratory (¢} control subjects were ex-

<1y tract, and skin. No signifi- posed to resin fumes which

22.9 ¢ cant differences in FVC (forced would tend to diminish dif-

1.1 y; vital capacity) or FEV; (one- ferences.

1-5 y: second forced expiratory vol- Advantages of the study are the

29.3 ¢ ume) among any of Lhe groups evaluation of pulmonary function

6 y old; though the 2 1 y groups tended by objective measures (FEV, etc.)

>S5 y: to have higher FVC values. and adjustment for smoking history.

38.6 ¢ After adjustment for smoking According to the authors, the sim-

3.0 y old. habits, the group on the pre- tlarity between controls and pre-

8 former sent line > 5 y had signifi- vious-on-line workers suggests

production~ cantly lower lung function that the chronic effects are re-

line work- values, the 1-5 y group . versible. The controls were oc-

ers and had somewhat lower values, casionally exposed, explaining

supervisors and the < 1 y group was very the high prevalence of acule mucous

38.0 £ 4.3 similar to the controls. membrane irritation in that group

y old. Above values were for Mon. (47-80%).

Preseat-line work- a.m. By Fri., only decreased

ers had smoked FEV,; occurred in the exposcd

much less than the groups.

never-on-line
group; but all were
similar in propor-
tions of cigarette
smokers, ex-smokers
and non-smokers at
the time of this
survey.

* “None of the measurements was made during this survey. They were made (in the same mouth) by sn insurance company industrial hygienist.

{(continued)



TABLF. V-1 {continued)

Compound(s) and Reference

Concentration(s) _ ~~  Population Group ) and
in mg/m3 (ppm) Description Exposed Countrols Effects Remarks Rating

HCHO s 37.5 Workers employed 2 5 25 M, None Four had shown a mild dermati- A descriptive summary of case ltarris
(s 30) y in a factory en- ages tis that cleaved afteg a few reports: (1953)
mostly < 12.5 gaged mainly in mak-  24-61 y, days' treatment. Six showed (a) no controls or comparison C-1
(mostly < 10) ing urea-NCHIO resin 5.5-18 y blood counts with a temporary group

and molding powders employ- reversal of Lhe polymorphouu- (b) dermatological problems

and some phenol-HCHO  ment clear-lymphocyte vatio. In 5 improved when the workers

resin. Some of the cases, the ralio returned to were removed from that

men had spent some normal a few weeks later. Four setting, stroagly tmpli-

years of servicc away men experienced dyspnea on ex- cating HCHO exposure.

from JICHO exposure. ertion; one had hypertension,

cardiac enlargement,* and al-
buminuria; the other, bronchial
astlma®* for several years.

HCHO Workers using a gas Not None Imnedjate icritation of the Anecdotal account. Barnes and
25 (20) chamber to check the given eyes and upper respiratory Speicher
efficiency of a NCHO tract: lacrimation within (1942)
sampler (impinger- 15-30 s, nose and throat c-3
type) irritation within 20-30 s,

sneezing within 1-2 min.
Exposure could continue "for
some Jength of time" but was
distinctly nncomfortable.

# Ounly 12 of the mens' blood counts are listed as "normal." Abnormalities in white cell count were most frequent: counts of 10,000-14,900
in 10 workers and 4,500 and 4,100 in 2 others.

In the tabulated results, it can be seen that 3 of the 25 men showed cardiac enlargement, but the one who suffered from dyspnea is not
identified.

*%* This worker is not jdentified from the tabulated results either. Two workers had emphysema.

N

(cont inued)
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TABLE V-) (conlinued)

Compound(s) and

Concentration(s)

in mg/m? (ppm)

HCHO
1.25-13.75
(1-11)

HCHO
2.5~12.5
(2-10)

Heasurements
made an un-
specified
length of time
after Lhe in-
cident

_._Population Group

Description Exposed Controis Effects

Garment industry Not None Eye, nose, and throat irrita-

workers using ny- given Lion.

lon treated with

formaldehyde-con~

taining flame re-

tardantas

Employees of an in- 10 F None Loss of consclousness shortly

dustrial garment (6 em- after stacting work, 4/10 hav-

company ployed ing jerking limb movements.
in areas They were immediately hospi-
giving talized. After regaining
repeated consciounsness, complained of
values headache, nausea, dizziness,
of 10-11 and vomiting. 1/10 continued

to have Lremors of the feet
and legs. One required con-
tinued hospitalization. Engi-
neer measuring the HCHO levels
felt burning sensations of the
eyes and nose along with a
feeling of sulfocation. Work-
ers in Lhe room at that time
didu't demonstrate any

ag HCHO/m?)

detectable dislike or discomfort,

iadicatiug possible decreased
susceptibility following re-
peated exposures.

{continued)

Remarks

Historical review of an
industry-side problem asso-
ciated with the manufacture
of [lameproof fabrics. Not
a formal study.

Description of apparent acute
exposure to formaldehyde fumes
(3 locations gave 10-11 mg/m?).
Physiologic measurements (blood
or urine HCHO or formate) were
not performed. The uniformity
of complaints and short time
period suggest a common exposuce.
Tateresting thal no one com-
plained of eye irritation or
nasal stuffiness except the en-
vironmental engineer taking

the measurements. The evideace
is highly suggestive for HCIO,
but not causal. CO was ruled
out .

Relerence
and
Raling

Ettinger and
Jerewias
(195%5)

C-4

Almad and
Whitson
(1913)
c-4



8T1

Compound(s) and
Concentration(s)
in mg/m3 (ppm)

HCHO 26-8Y

Phienol (CghgOll)

12-43;
avg. 28.3

HCHO avg.

Phenol
0.9-6.0;
avg. 2.8

ncno

0.9-11.5
avg. 3.9
30-35°C

Plienol
avg. 1.7
HClo
avg. 6.7

Phicnot
avg. 1.3
Heno
avg. 2.4

5.

3

Population Growp

Description Exposed
Workers in a phenol-  Total:
HCNO plastics fac- ~ 344N
tory. ~ 66% F

> 55%
Formalin depot (re- 20-39 y

quired gas masks)

Hax. concentration to
which melters of phenol
were exposed 2-5 times
per shift for 4-6 min
each time.

Same general area.
HCNO escaped from
formalin metering
Lank.

Worker beside the
antoclave during load-
ing of Lhe hardened
articles.

Area where articles
were removed from the
molds.

Washing department.

TABLE V-1 (cont inued)

Cuntrols

Hine
workers
and met-
allurg-
ical
workers

Effects

lLoss of work capacity on the
average significantly exceeded
the sick rates of mine and me-
The sick rate

was even wore elevated in 196t
1962, and 1969--years of grippe
epidemics. Avg. length of ill-
ness in these years was 6.5-

tal workervs.

10.3 d.

Sickness rate per 100 workers

per year:

Respiratory organ illness:
77 cases (93% due to grippe)
386 d lost (84% due to

grippe).

{Nos. of cases and days lost
due to grippe were 1.7-1.9
and 1.8-2.2 vLimes higher,
respectively, than in met-

tallurgical workers.)

Illness of alimentary
organs (gastritis,
stomach or duodenal
ulcers, hepatitis,
cholecystitis):

18 cases

149 d lost

Retevence
andl
Remarks Rating

The authors concluded that the  Nagorayi
complex of volatile products  (1977)
found in the air of workplaces C-5
using phenal-HCNO resins was
sigaificantly more toxic than

the separate actions of phenol

and HCHO. Note that the sick

rates were not related Lo the
specific exposure levels, or

to duration of exposure.

A descriptive study, with the
exposure confounded by the pre-
sence of phenol, lead, and resin’
dust. No controls, only a broad
comparison to wmine and metallur-
gical workers. Comparability for
social factors that influence work
absence is not established. No
baseline measuremenls that would
allow workers pre-employwment to
serve controls. The main advan-
tage of the study is the use of
objective outcome measures, i.e.,
days absent, etc. Also fairly
detailed description of symptoms

and illness.

Diseases of blood-forming organs:

15 cases
285 d lost

Skin diseases:

10 cases
61 d lost

(continued)
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TABLE

Compound(a) and
Concentration(s)

Population Grou
in mg/m? (ppm) T P St

i “ﬁgzéi]ption Expouziimw

Controls

Phenolt Curing department
avg. 1.8 foreman,

HCHO

avg. 2.5

Plienol Pouring of resin into
avg. 1.5 tank.

neno

avg. 1.3

Acrosols of lead
and resin dusts
also contaminated
the workplace air,
e.g.,
b 0.006-0.06 Casting lead molds.
Resin 2.
MAC =

1-9.0; Turning articles on
6 lathes

Study conducted
for 12 y (1958-
1969)

V-1 (continued)

Effects

In addition, women showed com-
plications ol pregnancy, labor,
and the postnatal period.

Various illnesses were diagnosed
in 43% of the workers:
Asthenic syndrome, neurosis,

or neurasthenia 9.5%
Autonomic polyncuralgia 5.4%
Radiculitis 4%
Hepatocholecystitis

and cholecystitis 5.4%
Chronjc gastritis 4%

Occupatjonal dermatosis 2.7%

Changes in blood pressure and
pulse rate were observed prin-
cipally in workers with diff-
erent illnesses. Changes in
erythrocyte sedimentation rate
and in the no. of leukocytes
were nearly identical in prac-
tically healthy and sick work-
ers. Practically healthy work-
crs complained most often of
headaches (9.5%), pains in the
heart region (4%), and pains
in the right subcostal region.
They showed dullness of the
heart tones (361), animation,
lowering or inequality of

the reflexes (15%), aniso-
chorea, and tremor of the eye-
lids and fingers of the ex-
teaded haads (2.7%).

(continuved)

Remarks

Reference
and

Raling
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Compound(s) and

Concentration(s)

HCHO:
5.1-8.8;
avg. 6.86
4-6
4-5
3.17-4.6;
avg. 3.76

TABLE. V-1 (continued)

Population Group

o ‘hééé}]ﬁiﬁon
.

Workers involved in
finishing textiles,
in storing them in
warchouses, and in
selling them in
shops.

Breathing zone of
preparers of chem-
ical reactants while
dissolving urea-HCHO
resin. Workers had

S 150 mg HCUHO on skin
of hands.

Working zone of ten-
ter (drying-stretch-
ing machine). Workers
had S 75 mg HCHO on
hands.

Warehouses

Specific jobs not
ideantified.

Exposed "7 "Controls
BO in 18 who
skin con~ dida't
tamina- contact
tion HCHO in
study; their
100 (77 F, work
23 M) in
blood study
20-49 y:
17

1

5

)

5

1
23

3

9

5

4

2

Effects

Finger blood samples were

taken at the end of the work
day (5 15-20 min after leaving
workplace) and, for 51 workers,
before the start of work. The
skin was carefully washed be-

fore the blood was drawn. The

HCIO concentration in the
bloud of the controls was not
detectable in 15 and 0.06-0.09
mg%h in 3.

HCHO concentrations in workers'
blood in mg¥%:
< 0.06

< 0.06
0.06-0.10
0.11-0.20
0.21-0.40
0.41-0.70

(continued)

Remarks

Descriptive study. The con-
centrations of NCHO in the
blood are positively correla-
ted with ionhalation and skin
exposure.  No health effects

ol exposed persons were recor-
ded.  Only limited coutrols
were wtilized and insufficient
information is available oa the
duration of exposure and specific
Job descriptjons. Skin and in-

Reference
and
Raling

Volkova anid
Sidorova
(1971)

c-9

hatation exposures are confounded.
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TABLE V-1 (cont inued)

AT S e Pl LTI LT SN AL ST ST A B E LT S TR SAT T L R S L ST e I R LTS v A D

Compound(s) and Reference

Concentration(s) oo _Population Group annd
in '"8/"" (l'l"‘) Descrlpti;ﬁ-‘ - -"l'f;fu;;efl«'" Effecls Remarks Rating
(Conr'q)
3-4 Finisher's working - Volkova aud
zone Sidocova
(cont'd)
1.83-2.99; Specific jobs not 32
avg. 2.622 identified. 4 < 0.06
9 0.06-0.10
1 0.11-0.20
5 0.21-0.40
3 0.41-0.70
1-3 Zone of service of -
the thermal ager
and the calendar.
0.55-1.3; Specific jobs not 10
avg. 1.065 identified 5 0.06-0.10
4 0.11-0.20
1 0.21-0.40
0.31-0.42; Commercial shops 18
avg. 0.384 5 < 0.06
7 0.06-0.10
6 0.11-0.20
Workers before dafly 51 Range 0.05-0.44
exposure. Four of the 45 Not detected.
6 workers with HCIO 1 < 0.06
in the blood worked at 1 0.06-0.10
the tenter machine. 1 0.11-0.20
Perhaps Lhey carried 1 0.21-0.40
urea-NCHO resin home 2 0.41-0.70

on theirv clothes.

The correlations between HCHO
in the blood and in the air
were signiticant. lowever,
the workers exposed to the
highest air concentrations

of HCHO were wost cont am-
inated on the skin with HCHO.

Within 18 b after exposore,
HCHO was wsually not presont
in the blood.

{(cont inved)



A4

Componnd{s) and
Concentration(s)
in mg/m? (ppm)

HEHo

2.6-5.3

(Kazan factory
no. 1)

5.4-1.5

(Kazau factory
wo. 2)

2.0-3.5

(Belka factory)

Formic

acid, MeOli,

and ELON (all

at values < HAC)

Dust particles
0 cmd; 8%

6 jun in diameter
and 3,420/cm?

< 0.25 pm; 53%
charged (31.4%

TABLE V-1 (cantinuved)

Population Group

"Description Exposed  Controls
"Smoothers"” in the 4t F; 14 ¥
formalin shops of ) 19- to not having

USSR fur production 49-y-~ contact

plants who treated old with HCHO
the hair coat of the 3-18 y
liides on roller ma- of

chines, regulated service
the heating temper-

ature of the smooth-

ing roller, and ob-

served the quality.

The work was monoto-

nous, of average
strenuousness, and

was performed in a

standing position.

positive and 21.6%

negative)

Temperature 16.3-

21.6°C in the cold

and transitional

{weather) periods.

Relative humidity

47-50%

Effects Remavks

Decreased 0, saturation ot the
blood occurved in 64-66% of

the cases, which indicated
distinct insufficiency of

tissue respiration. The de-
creases from the control

values increased with in-
creasing HCHO concentration

in the workplace: 6% at the
Belka factory, 17% at factory
no. 1, and 23% aL factory

no. 2. The 0, saturation deficil
was not recovered by the fol)ow-
ing work day.

Workers also showed a decrease in
the pulse rate by 4-10 beats/min,
and lowering of the coefficients
of efficiency of the blood supply
in 25-48% of the cases and also
of the systotlic and diastolic
blood pressure.

Complaints of vertigo, stimulalion
and noise in the ears became
especially pronousnced at the end
of the shift.

Chronoreflexometry revealed an in-
crease in the time of reflex action
in 5B8-66% of the cases.

At the end of the shift, 66-80%
of Lhe smoothers showed a lower-
ing of endurance by 18.4~38.6%
that attested Lo Lheir fatigue.

{continued)

Confounded exposure.

Kelerence
and
Rating

Samitova el al.
(1973)
C-10
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Componnd(8) and
Concentiation(s) o Fopulation Group
fn mg/md (ppm) Description”  Exposed  Controls

(ConL'd)
110 F; 124 F
20- to aot having
40-y-~ contact
old; with NHCHO
e3y
of
service

TABLE V-t (coat inned)

Reference

anl

FifecLs Remasrks Rating

Body temperatuce was norwal, bat Samitova
the skin became drier during the et al,
work day and its temperature (on (1973)

the face, chest, and back) was (cont'd)
lowered by the end of the day.

In 59.3% of the smoothers vs.

27.2% of the controls, the temp-

erature was higher on the right

side of the body.

The smoolhers showed a devialion
from normal menstrual funclion in
63.08 £ 3% of the cases; 35.4 ¢ 9.6%
of the controls showed similar
changes. The incidences of algo-
hypomenorirhea, hyperpolymenorrhea,
algodysmenorrhea, and acrylic

blood flow were 5.0 £ 4.4, 21.0 % 8,
34.0 £ 9.6, and 2.7 £ 1% compared to
0.8 £0, 16,1 2 7.2, 16.1 % 7.2, and
24.0 £ 0 %, respectively, in the
controls.

During pregnancy, early and late
toxicoses were more frequent in
the smoothers. Pregnancies were
interrupted in 37.43 £ 6.1% of the
smoothers and 22 1 10% of the con-
trols.

(continued)
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Compound(s) and
Concentration(s)

_Population Group
in mg/m? (ppm)

" Description

Exposed  Contlrols

(Cont'd)

TABLE V-1 (continued)

Gynecological morbidity compris-
ing profapse, foldiug and devi-
ation of the uterus, and benrign
tumors of the sex organs (no sig-
nificant difference for the lat-
ter) occurred in 64.8  9.6% of
the smoothers and 26.6 * 8.7% of
the controls. Prolapse ol the
uterus and appendages occurred
with similar frequency in
smoothers and controls with
length of service < 5y (~ 3%),
but the frequency was 12.0 t 7%
for the smoothers and 2.32 t 0%
for the coatrols with > 15 y

of service. Prolapse of the
internal sex organs occurred
with ~ 9-10% frequency in
smoothers and controls with

<5 y of service, but

smoothers showed an incidence

of 4B8.0 % 1.2% compared to 6.97 ¢
3.7% for the controls when

both groups had > 15 y ser-
vice.

Varicose dilations of the
leg veins were observed in
32.0 £ 1.7% of the smoothers
having > 15 y of service

and 2.32% of the controls
with service > 15 y.

(continued)

Effects Remacks

Reference
anid
Rating

Samitova
et al.
(1913)
(cont'd)
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TABLE V-1 (continucd)

Compound(s) and Reference
Concentration(s) _ Population Group and
in mg/m® (ppm) Description Exposed Controla Effects Remarks Rating
RCio Embaimers in 6 AN ] None Eye and nose burns, sneezing, The environmental weasures of Kerloot and
rauge in tLhe Detroit-area coughing, and headaches. HCHO vapors at 6 funeral homes  Hooney
6 homes: funeral homes. Those who spenL more time em- were compared. 187 samples (1975)
0.11-6.58 balming experienced more ir- ranged from 0.09 Lo 5.26 ppm B4
(0.09-5.26); ritation. 3/7 had siaus or and were higher where there

range of the
avg. concns.
of each of the
homes :
0.31-1.74
(0.25-1.39)

asthma problems. 2/7 suf-
fered from dermatitis,

(continued)

was no ventilation (mean 1.34)
than in well-vealilaled areas
{mcan 0.74). Seven (7) morti-
cians were given a questionnaire
on "known toxic effects of NCNO."
Hore attention is given Lo Lhe
envicroumental measures Lthan the
recording and analyzing of health
effects. There are no conlrols,
insufficient mumbers for meaning-
ful analysis, no correlation of
symptoms to varying MCHO concea-
trations, and a strong likelihood
of interview bias (i.e., using a
questionnaire listing the major
known side-effacts of HCHO).
Symptoms recorded, however, are
consistent with known acute ef-
fects of HCHO exposure.
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TABLE V-1 (continued)

Compound(s) and
Concentration(s) e
in mg/m? (ppm) Description

ICHO Not given Deceased embalwers
licensed to practice
embaliming in New York
State between 1902
and 1979, and for
whom death certifi-
cates have been

found.

___Population Growp

Effects

50% died before the age of 65.
Deaths in white males showed:

to all malignant neoplasms and
cirrhogis of the liver, signi-
ficant increase due to arteria-
sclerotic heart disease, and

Sim-

Distribution of
malignant neoplasms in white

Exposed ~ Controls
67 non- Cause-
white H specific
and 1,010 propor- insignificant increases due
white M; tiomate
exact mortality
length for the
of em- U.5. gen-
ploy- eral pop- significant deficits due to
ment or ulation pneumonia and accidents.
licen- by age, ilar results were found for
sure sex, race, non-whites.
unkaown aad calen-

dar year males showed:

significant
excess skin cancer, insignifi-
caint excess of colon, kidney,
brain, CNS, and lung cancer
and leukemia, slight deficits
of rectal and prostate cancer,
and expected level of deaths
due to neoplasms of the buccal
cavity and pharynx. Those
licensed < 35 y (time from

Ist licensure to death) showed
excess kidney cancer mortality.
Those licensed 2 35 y showed
excess skin cancer. Those
licensed only as embalmers

had significantly higher kid-
ney and brain cancer deaths.
Those also licensed as fun-
eral directors (presumably
less HCHO exposure) had wo
unusual mortality.

(continned)

Remarks

Proportionate mortality rate
(PMR) analysis of morticians
designed as a preliminary in-
vestigation of the chronic
effects of Lthe exposure to

HCNO.  The main deficiency

is inherent to the use of

the PHR method which ignores

the population at risk. Ex-

cess proportion of deaths

(i.e., from skin cancer) may
only reflect a deficit in pro-
portion of deaths from other
causes. In addition, length

of employment information was

not available to measure or
estimate exposure (length of
exposure is estimaled only on

the basis of the 1st year 1i-
censed). No environmental mea-
sures of NCNO could be wmade,

and embalming fluids contain a
mixture of other chewicals (anti-
septic solutious, dyes, deodor-
izers, etc.) that would further
confound this study. It is in-
teresting that skin cancer is
found in embalmers only (vs. em-
balmers and funeral directors)
and in those with > 35 y from fst
licensure to death. No stratifi-
catjon by birth coliort or by year
of licensure was carried out to
judge if significant changes had
occurred over time (since study
spans 1902-1979).

Reference
and
Rating

Walrath and
Fraumeni
(unpubl.)
c-9
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TABLE V-1 (contiaucd)

Compound(s) and
Concentration(s)
in wg/m> (ppm)

Population Group

Description

Exposed  Controls

Effects

HCHO

A mail survey of em-
balmers in 20 fun-
eral howes in Los
Angeles.

57 M; None
avg. age
of dif-~
ferent
groups

was 35~

40 y;

avg. length
of work

for dif-
ferent
groups

was

11-18 y.

Reported symptoms: eye, skin,
nose, and throat irritation,
chest tightnesa, shortness of
breath, cough, and wheezing.
From resplratosy question-
naires, 11/57 were in the diag~
nostic category of asymptoma~
tic, 9/57 had acute bronchitis,
and 17/57 had chronic bronchi-
tis., The asymptomatic group
reported a longer work history.

{cont inued)

Reference
and
Remarks Rating
Peficiencies include: Plunkett and
(1) 71% response rate (57/80). Barbela
(2) No control group. (1917)

(3) Opportunity for recall and C-4
questionnaire bias.

(&) No exposwre estimates or
measurements.

(5) Diagnosis of bronchitis
was made by symptoms on
the questionnaire.
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TABLE V-1 (continued)

Compound(s) and
Concentration(s)

Population Group

Effects

in mg/md (ppm) Description Exposed Controls
Hcko Trim shop finishers 130 F; 200 F
1.5-4.5 in 2 textile com- 64% (indus-
panies. Work was worked trial
light and done 2 10y goods
while standing, sales
with very little persons);
movement . 54.5%
worked
210 y.

Of all of the sub-
jects in Shumilina
(1975) study, 70%
were < 40-y old.

Dysmenorcrhea was greater in
the exposed group (24.3%)

than ia the controls (9.2%),
and most frequent in the 31 to
40-y-old womea (20.7% vs. 6.7%
in the controls). Hypomen-
strual syndrome predominated
and increased as occupational
experience increased. Myper-
polymenorrhea and monophasic
menstrual cycles occurred

more often in the exposed
group. Inflammatory genital
discase (38.2% vs. 25.1% for
lighter exposed group), pri-
mary sterility, and secondary
sterility (15.3% vs. 6.5% for
controls) were higher in Lhe
exposed group. No differeuces
in term births or artificial
abortions were reported. Dur-
ing pregnancy, increasgses in
anemia, late toxicosis, hypo-
tension, and symptoms of im-
pending abortion (31.1% va.
17.5 4 for controls) were re-
ported. There were increased
problems during delivery and
weight of neonales was lower
in the exposed group. Com-
pare with the results for ex-
posure to 0.05-0.7 mg HCHO/m?
(Shumilina, 1975).

(continued)

Reference

Rewarks

Comparison bias is likely,
i.e., study is confounded by (19
lack of information an com- n-8
parability of cases and con-

trols (socioeconomic status,

age, race, smoking history,

etc.):

(a) Differences in socioeconomic
status would be expected in
saleswomen vs. trim shop
workers

(b) Lack of information on work
enviroument of cases vs. con-
trols, and exposure (i.e.,
duration of employment vs.
symptoms).

(c) The gynecological disorders
referred to are much more com-
mon in women of lower socio-
economic status (i.e., pelvic
inflammatory disease).

(d) Hany of Lthe disorders are as-
sociated with personal habits
(smoking, alcohol use, etc.) and
nutritional status.

Although the wide spectrum of gyne-

cological disorders and complaints

suggest a major comparison differ~
erence between cases and controls

(i.e., socioeconomic status, etc.),

further studies would be indicated

to be certain of the role of HCHO.

and

Rating

Shumilina

15)
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TABLE V-1 {(cont inuecd)

Compound(s) and
Concentration(s)
in mg/m3 (ppm)

ficio 2 5.25

(5 4.2)
concenlrations
independent

of tempersture
(59-68°F) and
relative humid-
ity (36-70%).
Samples coliected
over "a number of
days .

icko
1.1-4,1
(0.9-3.3)

Population Group

Description

Workers in the glue
laminating business
using phenol-resor-

cinol-HCHO adhesives.

Employees of stores
in Pasadena, Calif.
where texiles and
synthietic fibers
were sold.

Effects

Exposed Controls
Not None
g&ven

Not Noane
given

Workers in the lay-up area felt

that the increased incidence
of accidents involving smashed
fingers or hurt toes and legs
was somchow partly due to the
HCIO odor which sometimes
bothered them in this area.

Formaldehyde odors were dis-
tinctly noticeable, and there
was wild eye irritation.
Thecre may have been some ad-
ditive effect with exisling
local amog.

(cont inued)

Remarks

Anecdotal account. No rates,
no controls or comparison
group. Exposure and lealth
effects not well correlated.
Not useful.

A health dept. report where
BCHO levels were measured in
response Lo customer com-
plaints. Symptoms of the em-
ployees and/or customers werc
not systematically recorded
and apparently were not even
surveyed. Sample size is not
given and no coutrols were
utilized. Possible additive
effect of smog is alluded to,

but no measurements are given.

Reference
P
Rationg

Freeman and
Grendon
(1971)

D-3

Miller and
Blejer
{1966)

C-3



Compound(s) and
Concenlration(s)
in mg/m3 (ppm)

_Population Group

'

Description Exposed

Controls

TABLE

V-1 {conlinned)

Eflccrs

Hnewo

1.1-3.4
(0.9-2.7)
Samples takea
from several
locations
where tLhe odor
was most in-
tense

0E1

Hcio

0-3.4 (0-2.7)
avg. < 1.25
(avg. < 1)

350
(~ 15% F)

Employees of a com-
pany manufacturing
permanently pressed
pants, using a cloth
pretreated with urea,
HCIO, and glyoxal.
The process had been
in use ~ 18 wmo.

’

Not
given;
~ 90% F

Workers in 8 cutting
and finishing plants
handling permanent
press fabrics treated
with HCHO resins.

None

None

The greatest irrvitation of the
nose and throat and tearing of
the eyes was felt in the areas
with the Jargest quantities of
partially completed garments.
The symploms were strougest at
the beginning of the work day
and after the lunch period.

The elfects, in their intense
phase, lasted 15-20 min, then
the irritation became toler-
able. No conjunctivitis was
found. Older workers felt
"light-headed” and had a

"heavy feeling” in their

chest by the end of the day,
lasting 1-2 h after work.
Greatest discomfort during fog-
gy, humid, or cold weather.
Employees in other areas (e.g.,
warehouse) were unaffected.
These levels were judged not to
be a systemic health hazard,
but changes were made to lower
the levels to avaid irritation
and nuisance,

Heavy tearing, wheezing, exces-
sive thirst, and poor sleep.
The incidence of respiratory
illness was ~ 10} higher than
prior to the initiation of the
permanent press process. Hin-
imal dermatologic effects. On
entering the plant, odor was im-
mediately perceived, decreasing
in intensity during the day,
but just as stromg al the be-
ginning of the next day.

(continued)

Reference
and

Remarks

Environmental survey of HCNO

concentrations accompanied by Miller
an "informal medical inter- (1966)
view." c-3

(a) The number actually inter-
viewed is not given ("at

leant one worker in each
operation was interviewed,"
not all 350 employees).

No quantification of symptoms
is given (no. of persons/dur~
ation of symptoms is not re-
corded).

Each person interviewed was
examined for the presence of
conjunctivitis, but not exam-
ined at the beginning of the
workday. None was found.
Concentrations of NCHO are not
correlated to symptoms (dif-
ferent areas’ of the plant had
different levels).

No control or comparison group
is present.

(b)

(c)

(d)

(e)

Heavily biased study. No
measurement or even good
description of health effects.
Simply a survey of complaints
and intermittent air measure-
ments.

C-5

Raling

Blejer and

Shipkovitz
(1968)
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TABLE V-1 (cont inued)

Compound(s) and
Concentration(s)

Population Group

RIS AWy TR R AN ST

in mg/u? (ppm) Description Exposed  Controls Effects

Hcho: Workers engaged in 50: Not Disturbances were seen more
start of the production of 30 press~ given often in the pressmen than in
shift, 0.6; articles from phenol- men the polishers, who were ex-
end of HCHO resins, either 20 pol- posed Lo a lower resin dust
shift, 3.1 from molding powdess ishers concentration.

or from plastics .

filled with wood char- Respiratory Organs

Phenal:
start of
shift around
the pressges,
S 2; end of
shift, 15.6

Resin dust:
concentration
not given;
however, dusti-
neas also in-
creaged as the
day wore on.

coal and cotton combings.

2-3 y employment except
for 1 who had worked

> 10 y. Young persous
predominated.

Five pressmen (molders) with
service § 2 y showed distur-
bance of the upper respiratory
tract--chronic rhinopharyngitis.

Reference
and
Rating

Remarks

HCHO expasure is confounded Shafaiziev and
by the presence of phenol and Shipovskikh
resin dust.® The importance (1972)

of this cvonfounding is noted €-b

as disturbances seen more fre-

quently in pressmen exposed to

higher resin dust concentrations.

V.P. Malinina-Putsenko (1962) was
cited as reporting lung pathology

in such exposures, but these au-

thors did not observe it, perhaps

because the workers studicd had
not had service time enough to
develop it.

Skin

Seventeen persons complained of
skin changes; 7 of them had skin
irritation in the forms of der-
matitis and eczema.

Heart

Compiaints of stabbing-constrict-~
ing pain in the heart region were
frequent (13). Theve was muffling
of the heart tones at the tip (in
17). Half of the subjects showed
a tendency toward hypotonia. Sig-
nificant shifts in Lhe EKG were
not observed. Changes appearved
to be counected with dysfunction
of the avtotomic nervous system,
and as a consequence of this,

with a disturbance of the bio-
chemistry of the heart suscle,
which {8 clinically most often
manifested by mulfling of tones.

(continued)
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TABLE V-1 (conlinued)

Compound(s) and
Concentration(s)
in mg/m? (ppm)

Population Group

Description Exposcd

(Cont'd)

Effects

Gastrofntestinal tract

Anacidic gastritis was observed

in 11 subjects; chronic colitis,
in &4; atrophic and hypertrophic
gastritis, in 3; spastic colitis,
in 5; disturbances in the protein-
forming and antioxidant functions
of the liver, in 8 (the liver pig-
ment formation function was dis-
turbed in only 1).

Nervous syslem

Disturbances were seen in 24 of
the 30 pressmen in the forms of
asthenic and neurotic syndromes
and sutonomic dystonia.

(continued)

Reference
aod
Rating

Shafaiziev and
Shipovskikh
(1972)
(cont'd)
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TABLE V-1 (continned)
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Compound(s) and A Reference
Concentration(s) _Population Group and
in mg/m® (ppw) Description Exposed Controis Effects Remarks Rating
uewo ~ 1.5-2.5 Practically lWealthy Not given None Resulls of physiological stud~ Descriptive, uncontrolled Avdeeva et al.
Wood dust > MAC  workers in a plywood- (13,000 ies (functional condition of study of morbidily and loss (1980)
by 1.5-2 times furniture plant up to cases of molor analyzer, cardiovascu- of work., Exposure not cor- D-4
50 y old with 2 5 y loss of lar system, hand resistance, related to actual work loss.
3~y study of service. Sorters work ca- snd pulge frequency) agreed Exposure was confounded by
(1972, 1974, worked in 3 shifts; pacity") with the indexes of the sub- wood dust. Physiologic studies
1975) 2 shifts glued ply- jective condition of the reflect the uature of the work
wood. MHeavy lifting working women in the 1st and more Lhan exposure to ICHO.
and hauling for sort- 2nd shifts. AL the end of
ers, more mechaniza~ wark, complaints increased
tion for gluers. about fatigue in the muscles

of the hands and feei, general
weakness, headache, and eye
fatigue.

The highest morbidity was die
to colds and flu (43.4% stated
in text, 46.6% in a figure).
The other illnesses were of
nerves and peripheral ganglia
(15.2%), cardiovascular (7.3%)
and skeletomuscular systems
(6.5%), fewmale reproductive
system (2.3%), snd miscella-
neocus (22.1%).

In plywood production, the

women shiowed a two-fold higher
frequency than the men in loss

of work capacity per 100 work-

ers (8.1-17.9/100 vs. 3.9-7.6/100).
The incidence of cardiovascular
ilinesses was 8.6/100 for the
women and 6.1/100 for the men.

(continued)
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TABLE V-1 (continued)

Compound(s) and
Concentration(s)

Population Group

Reference
and
Rating

in mg/m? (ppm) Description Exposcd Controls Effects Remarks
1978 reference:
HeHo 2.0 Workers in a foundry 543 Not men- The lung-function results were Descriptive, essentially un-
(4 x HAC) plant that had begun M and F tioned, examined according to job, age controlled study. Outcome
3 y before producing but a group, length-of-service group, measures (respiration func-
Dust 10 x MAC molding cores frow range of and sex. tions and pathology) were
cold-hardening mixtures values is normal completely determined, but
Phewol, alde- based on a urea-iiCii0 referred Coremakers: exposure is confounded.
hydes, resin and W,P04 to for The inspiration volume was
CHOM, cyanides, certain somewhat lowered with age. Teplyakov et al. (1980)
CO, etc. @ < MAC Workers were engaged in luag func- The expiration volume was concluded that the ex-
core rod forming, mold- tion in- constant except for the 40- posure to the harmful
ing, pouring, knocking dexes, to 44-y-old group. gases from the use of the

out, or trimming.

1980 reference®:
Coremaking dept.:

HCHO 0.2-1.2

Cl;08 7.6-25.3
Casting dept.:

KO 0.1-0.4

Dust 5.6-18.5

Benzopyrene  _

2.4-9.9 x 107 5%

Knocking-out dept.:

HCHIO trace to 0.2

Dust 7.6-64.3

Beazopyrene 2.4-3.8

cold-hardening mixture
for 3-4 y prior to the
clinical examination in
1976 had not caused ex-
pressed pathological
changes. Time of lost
work capacity and

The vital capacity was 45% lower morbidity were not ex-
than normal in the 45- to 49-y- ceptional for any one
old group and was ~ 30% lower depariment .

in groups with length of ser-

vice 1, 6-10, 11-15, or 16-20 y.

The respiratory frequency in-
creased during lowering of the
respiratory volume with in-
creasing age and length of ser-
vice.

The minute volume was 26-69%
higher than the upper limits of
the age norm and 23-85% higher
in practically all lenglh-of-
service groups.

The maximum ventilation of the
lungs was 34-46% lower than the
lower limit of the age norm in
all age groups. The minimal
divergence from the proper value
was 25% in the length-of-service
group 6-10 y and the maximum was
64% in Lhe 5-y service group.

% Use of 4-5% free urca before resin hardening by H,P0, since the start of 1978 reduced Lhe evolution of NCHO.

¥ MAC = 15 x 1075 mg/m3.

(continued)

Chernomorskii
et al.

(1978)

D-9

Teplyakov et al.
(1980)
D-9
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TABLE V=1 (continued)

Compound(s) and
Concentration(s)
in mg/m* (ppm)

Population Group
Description Exposed Controls

(Cont'4d)

Remarks

Effects

fhe coremakers were judged to have
stage | respiratory insufficiency
characterized by changes of vent-
ilation without disturbance of the
arterial composition of the blood.
Lung pathology was observed in
90.5% of the men and 87.0% of the
women. Hen (23.8 t 9.3%) and wowen
(8.5 £ 3.3%) of the coremakers and
knocking out workers showed hyper-
trophy of the mucous membrane of
the rear wall of the throat and
hyperemia of the mucous membrane
of the vocal cords. Lacrimation
and sharp paiun in eyes were com-
plaints of 5.6 & 2.7% of the core-
makers.

Workexs in sections of pouring
and knocking out:

Respiratory insufficiency was
more expressed in these workers,
who directly contact the cold-
hiardening mixture and its de-
gradation producls.

Lung pathology was observed on
X-ray examination (see casting
wockers) in 85.7% and 91.7% of
the wen, respectively. Among
those engaged in knocking out,
11.1 £ 5.2% complained of lacri-
walion and sharp pain in eyes.
Hoarseness, dry cough, and dry-
ness in the nasopharynx were
complaints of 44.4 t B.3% of the
men in the knocking ont section
(and of 38.1% of the men and
25.4% of the women in the core-
making section).

(cont inued)

Reference
and

Rating

Checnomorskii
et al.

(1978)
(cont'd)
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TABLE V-1 (conlinued)

Compound(s) and
Coucentralion(s)

Populatjon Group

in mg/m3 (ppm)

Description

Exposed

Controls

(Cont'd)

Effects Remacks

Casting workers:

X-ray examination showed deforma-
tion of the lungs, thickening and
dilation of the radix pulmonis, and
the presence of coarse strands to
the diaphragm and periphery, etc.,
in 86.6% of the women and 85.3%

of the men.

Lung pathology was noted in 89.5%
of the women.

Overall:

Lung pathology was observed in 95%
of the cases in all production
sections even in those aged 30-40

y and with 1-5 y of service.

The following ailments were recor-
ded during clinical evaluatioas:
neuroscs (17.8 t 1.6%); diseases of
the nerves and peripheral ganglia
(9.1 £ 1.2%); hypertonic diseases
(7.0 £ 1.1%); gastritis and duodea-
itis (7.1 % 1.1%); and bronchitis,
emphysema, and bronchial asthma
(6.1 £ 1.0%).

Rank of the ailments according

Lo time of loss of work capa-
city: acute respiratory di-
scases (21.8 t 1,8%), diseases of
the nerves and peripheral ganglia
(5.2 £ 0.9%), hypertonic disease
(4.2 £ 0.8%), and chronic respir-
atory diseases (2.5 t 0.7%).

(continued)

Reference
and
Rating

Chernomorskii
et al.

(1978)
(contL'd)
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TABLE V-1 (comt inued)

Compound(s) and
Concentration(s)
in mg/m® (ppm)

TR HE AT S AT IS T TS T § SR T R IARY 2 I SR R LSS U L s

NCHO 1.1-2.0
(0.9-1.6)
Ammonia, "a
trace"

. Population Group ——
Description Exposed Controls Effects
Two workers outside 22 None Workers complained of ttching

of a booth where a
wood pulp paper for
map-making, which
had been pre-treated
with urea-HCHO or
melamine-HCHO resin,
was trested for
shecinkage control.
Contaminated air
leaked from the
booth into the
workers' breathing
zone. Early 1959;
the U.S8. Army Map
Service, Far East,
in Tokyo, Japan.

eyes, dry and sore throats,
disturbed sleep, and unusual
thirst upon awakening in the
morniang shortly after the
process was placed in oper-
ation.

{(conl inued)

Kemarks

Case report of acute exposure.
A question of confounded ex-
posure (ammonia), probably not
significant.

Reference
and
Rating

Morrill
(1961)
C-4
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TABLE V-1 (continued)

. emgit i mA L T ST L LA T

Compound(s) and
Concentration(s)

Population Group

in mg/m? (ppm) Description

Exposed Controls

Effects

Wood dust, etc. Weyerhauser Company
manufacturiog com~

plex in Springfield,

HCHO 0.04-1.76; Oregon. A total of
avg. 0.5 ~ 175 workers were
(0.03-1.41; exposed to HCHO.
avg. 0.40)*

Avg. exposures
before curtail-

ment of operations
of particleboard
plant due Lo an
explosion on Octaober
6 (entire study
period was fall
1974-spring 1975)
were:

Pacticleboard
plant, (0.66)

20-25 workers over

all shifts (mainly
two); avg. length of
service on job, 5.9 y.

.
%

“Average before October 6 (0.57); after October 6 (0.19).
Visual function tests were on central visual acuity, visual acuity under glare, dynamic visual activity, depth perception,

Personnel exposure
evaluations:

50 None.

(13 High ex-

twice) posure
compared
to low-
exposure
groups.

Visual function

tests: %

50 Included
those
workers
exposed to
S 0.44 mg
HCNHO/m?

Subjects exposed to higher
HCHO concentrations did not
pecform visual tasks signifi-
cantly differeatly from sub-
jects exposed to lower concen-
trations. The change in per-
formance hetween pre-wock and
post-work tests did nol signi-
ficantly differ according to
HCHO exposure. Post-work per-
formance was more accurate
than pre-work performance

for all tests and most sub-
jects, but the difference

was significant at the 5%
level for only the depth
perception test.

The high-exposure group, how-
ever, performed less accurately
and less quickly in the visual
tests both before and after work
than did the low-exposure group.
The post-work improvement in per-
formance was greater for the
high-exposure group. Pre-work
responses were faster. than post-
work responses in only Lhe eye
movement and fixation test.

Reference
and
Rating

Remacks

Concentrations of other sub- Wayne. el al.
stances (particulates, wood (1976)

dust, resin, etc.) to which i-9

Lhe workers were exposed were

not measured.

Comparability of Lhe workers in
various sections of the plant is
not described. Low exposures to
HCIO may be slight compared to
other substances in the air.

The performance tests may nol
have been sensitive enough to
discern difference in HCHO
exposure level.

These are results of personal samplers.

peciphecal vision, accommodation, eye movement and fixalion, divided attestion, and color vision.

{(contlinued)
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TABLE V=1 (cont inued)

Cowpound(s) and
Concentration(s)
in mg/m? (ppm)

" Description

(Cont'd)

Joint finishing
area (0.59)
Plywood Plant

service on job,

4.6 y.

Green end* (HICHO Other 50 workers were
not specifically employed in finishing
or as maintensnce

used here),

(0.19) men, fork-1ift oper-
ators, laborers,

Avg. exposure etc.

after October 6

(s 0.04)

~ 50 workers in each
(0.50) shify; avg. length of

. ___Population Geoup

Exposed Controls

Eftects

Synchronized behav-
ioral and environ-
mental study:

17 part- 21 green

icle- end work-

board ers
workers;

30 joimt

finishing

dept. work-

ers; and

16 from

plywood

plant

The 21- to 64-y-old
workers included 4
F. Length of ser-
vice on current
jobs 5 mo-18 y;
avg. 3.4 y.

% Area where logs and undried veneer are manipulated.

The general trend toward improved
visual performance after work was
significant at the 1% level.

The subgroup of subjects who ex-
perienced eye irritation or eye
discomfort during work did aot
perform significantly diftferently
from the remaining subjects.

On Lheir medical histories, the
particleboard workers reported

a significantly higher previous
incidence than the other sub-
jects of the following eye
symptoms: "burning or itching,”
"gritty or saady sensation,” and
“pain or discomfort.”

Of the workers in the green end
of the plywood plant, a signifi-
cantly smaller fraction reported
eye sympltoms that they fell were
work related.

The frequency of eye symptoms on
the days of the visual function
tesls was no greater among the
more exposed than in the less
exposed workers.

The lowest frequency of positive
responders to complaints of bhod-
ily fatigue, headache, eye dis-
comfort, air unsatistactory, eye
fatigue, and odor were the 25% of
the workers who had the highest
HCHO exposures.

(continued)

Remarks

o O

Relerence
and
Rating

Wayne
et al.
(1976)
(cont'd)
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TABLE V-1 (continued)

Compound(s) and
Concentration(s)

Population Group

A1l but 373 salespersons com-
plained in 8 questionnaire of

A total of
6,181 complaints showed Lhat

group employed 3 10 y; 2,190

For example,
the no. of complaints on the

in mg/m® (ppm) “Pescription Exposed  Coatrols Effects

Shops:

HCHO Chiefly, salespersons 1,000 Persous

0.17-0.85; in fabric shops; ~ 5% (30 in working

avg. § 0.5 of the air sampling ware- with worsening of their feelings
was in warehouses. houses) linen- of well being.

Warehouses: Nighest NCHO levels fabrics,

ncuo were by the fabric which 3,237 (52.4%) were from the

avg. 1.69 cutter, the sales are not
counter, and the finished (35.4%), 11-20 y; and 754
stand with the by chem- (12.2%), > 20 y.
fabric samples. ical com-
Warehouse workers pounds .

were not exposed
continunously.

skin-irritating actioa of the
HCNO-resin-finished fabrics
was 1.8 x lower in those em-
ployed 11-20 y and almost 6 x
lower in those employed > 20 y
than in those salespersons em-
ployed < 10 y.

With increased length of ser-
vice, the complaints also
changed character. Persons
working in the shops longer
complained less of head pain,
dizziness, irritation, nose
bleeds, and stomach pains bul
were more often troubled by
cough, tickling in the naso-
pharynx, catarrh, poor appe-
tite, pains in the joints and
the small of the back, and de-
crease or Increase in arterial
pressure.

Complaints independent of length

of service were pains in the

heart, mucus discharge, sleep
disturbance, dyspnea, angina,
and anausea.

(continued)

Remarks

The authors recognize that the
aging factor with iucreasing
lenglh of service of the sales-
persons may have influcnced

the results. It would have
been useful to show the changes
in complaints with increasing
length of service in the con-
trol group.

(1) Proportionate ratios (not

Retfevence
and
Rating

Markova and
Sautin
(1975)

A-7

(2)

)

(4)
(5)

rates) are used to compare
complaints by duration of
employment. Rales are
necessary to make the above
interences (i.e., no. of com-
plaints/no. of persons < 10 y;
not no. of complaints among
those working < 10 y/total
complaints). Fewer complaints
may be present among those em-
ployed > 20 y because there
are fewer persons in this cate-
gory.

Poorly controlled. No compar-
ability of comparison group
working with other fabrics is
given (i.e., age, race, years
of employment, etc.).
Environmental measures are not
correlated with symptomology
of employees, although indirect
association is present., Other
irritants were not examined.
Standard epidemiologic mca~
surcs are not used.

Mainly acute symploms are
examined. Duration of
symptoms is not stated.

This is especially impor-
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P g rases

TABLE V-1 (conlinued)

Compound(s) and

Concentration(s) Papulation Group

Elfects

in mg/m? (ppm) Description Exposed”  Controls
(Cont'd)
HCIHO avg. 1.28; Employees in a 5, None
range 1.12~1.43  chip board plant 46 to
50-~y-old
HCHO avg. 0.78; Medical 13 None
range 0.37-1.31 students (12 medical
and a students,
laboratory 21-25 y;
assistant 1 laboratory
preparation
assistant,
50 y)

Remarks

From 5,105 complaints of sales-
persons contacting diffcrent
kinds of fabrics, only 141
(2.8%) were from those sales-
pecrsons in countact with liaen,
A very significant increase

was noted in complaints of skin
frritation from staple and vis-
cose fabrics (33.2% and 21.9%
ve. 1.9% (or linen fabrics).

Levels in the urine after expo-
sure were:

HCHO 0.16-0.35 wg %

HCOOM 0.68-21.83 mg %
Levels in the urine after a
144-h elimination period were:

HCHO  0.15-0.43 wg %

NCOON 1.02-3.62 wg %

(authoras state that this

is a “normal" level)
Compare with the results for
exposure to 0.78 mg/w
(Binbrodt et al., 1976).

After a 3-h exposure, avg.
levels were:

blood NCHO 0.85 mg %

blood HCOOH 9.4 mg %

urine HCHO 0.10 wmg %

urine HCOOH 3.5 mg %
After a 21-h elimination period,
the avg. levels wvere:

blood HCNO ©0.7) mg %

blood HCOON 7.0 mg %

urine NCHD 0.25 mg %

urine HCOON 5.2 mg %
Compare Lhese values with those
for exposure Lo 1.28 mg/m
(Einbrodt ev al., 1976).

(cont iaued)

taul when examining the
length of ewmployment.

Authors state that the
results support the theory
that detoxification occurs
immediately after the blood
absorbs the JICHO, by oxida-
tion to fICOOH,

mmet A BRI

Reference
and

Rating

Einbrodt
et al.
(1976)
Cc-6

Einbrodt
et al.
(1976)
c-16
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TABLE V-1 (coat inued)

Compound(s) aud . Reterence
Concentration(s) _  Population Growp and
in mg/m3 (ppm) Description Exposed Controls Etfects Remarks Rating
Hneno Warehouse inspectors 316 F; 200 F Various menstrual disorders See the 1.5-4.5 mg/m? entry Shumilina
0.05-0.7 in a textile compauy. 56.2% {indus~- were higher in the exposed (Shumilina, 1975). (197%)
Work was light and worked trial group: dysmenorrhea (20.2% -8
done while standing, for goods va. 9.2% for controls), hy-
with very little 2 10y sales perpolymenorrhea, and mono-
movement . persons); phasic wmeustlrual cycles.
54.5% Increased incidence of in-
worked flammatory genital discase
for and primary sterility was
210y reported. No differences
in Lhe number of Lerm births
70% of all the sub- and artificial abortions. Dur-
jects in Shumilina ing pregnancy, increases ia
(1975) study were anemia, late loxicosis, and
< 40-y-old. hypotension were noted. No

correlation between work ex-
pecience and pregnancy dis-
order incidence was found.

There were increased problems
during birth and lower neonatal
weights in the exposed group.
Compare with the results for
exposure to 1.5-4.5 mg NCHO/m?
(Shumilina, 1975).

{(continued)
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TABLE V-1 (continued)

Compound(s) and Reference
Concenlrgtion(n) Population Group and
\:iu ng/a’ (ppm) Description ~ Exposed  Contirols Effects Remarks Rating
\ s e - U o
1cHo Customers and em- Not None If the curing is not complete Anecdotal account of customer Bourne and
0.16-0.56 ployees of dress given during the treatment process, and cmployee complalnts. Seferian
(0.13-0.45) stores which con- uncombined NHCNO can be left Loosely assoclated with air (1959)
tain fabrics treated in the cloth, and later given samples and samples of wearing C-3
with HCHO-containing off by the finished garment. appare) containing measurable
compounds for flame Symptoms reported were: burn- levels of HCINO. No quantifi-
retardancy and ing and stinging eyes, head- cation of complainls or no. of
wrinkle~-proofing. aches, an intolerable, suffo- persons with symptoms. No con-
cating odor, and irritation trols or comparison group. Not
of the nose and throat. lr- a formal study.
ritant effects sometimes repor-
ted to be stronger in the spring,
perhaps due to the increased
shipment of treated clothing
(cotton and rayon) for the
summer.
During injec- Workers fin coal mines Not Workers in Workers examiuned in the course The exposure is confounded, Gadzhiev et al.
tion, at whose air content of given untreated of 1-3 mo after the treatment The number of persons and (1927)
pump: dust and wmethane was mines and 4 mo later did unot show symptoms are not quantified D-4
HCIO 0.4-0.5 controlled by inject- any differences from Lhe norms
(MAC=0.5) ing a urea-HCHO cresin or from the control group in

MeOl 2.6-10.3
(MAC=5.0)

During clean-up
work:

HCHO 0.2-0.13
HeOlt 0.14-0.8

into the cosl-bearing
strata.

Donets Coal Basin.
1973-~19715

(The major effect of
the tLreatment was the
lowering of the dusti-
ness by 32%, but the
particles 2.5-5 pm in
size sLill comprised
70-75% of the total
dust particles.)

the following indexes: arterial
pressure, pulse rate, CO, content
in air exhaled at rest, vitsl
capacity of Lhe lungs, muscular
work capacity, rate of processing
information, and blood snalysis
values.

{continued)
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Componnd(s) and

Concentration(s)

in mg/m? (ppm)

ncHo

< 0.5 (the
MAC) except
where the
resin is pro-
duced

Plienol usually
> § (the MAC)

Cresol > MAC
only in 1 case

36.4°C
2 70-85%

relative
humidity

TABLE V-1 (continued)

Population Growp

Effects

Exposed women generally showed
significantly more morbidity
than did Lhe exposed men or

the controls, especially in
respiratory disease, musculo-
skeletal afflictions (atiribu-
ted to the common cold and
physical exertion), and diseas-
es of the urogenital tract.

frequency of illnesses and
also the percent of wultiple
illnesses was higher (2.3 x
higher than the controls and
1.5 x higher than the exposed
The no. of cases (140.6)
and days of lost work capacity
(1,013.4) among the exposed

Description Exposed Controls
Workers in a USSR 662, 25T M
phenol-HCHO resin 59.1% F;  in the
plant: male aad since iastru-
female apparatus the ment
workers, male re- women plant
pairmen, female lab. were and 216 F
workers, and female older in plant
preparers of the raw than the manage-
materiala. Most of men, a ment
the women were standard- In the exposed women, the
molders. ization
was done
Lost work capacity to elim-
studied for the inate the
period 1973-1975. effect of
the age men).
difference
on the
morbidity

indexes.

women exceeded those of the
controls by 1.5-1.6 x. The
exposed men did not show sig-
nificant differences from the
controls.

(continued)

Remarks

According to Lhe authors, Lhe
questionnaires showed that

the domestic sitwations of

the women in both Lhe exposed
and control groups were similar.
Mowever, the possibility of cow-
parison bias (especially socio-
economic status and nulrition)
between those who work in the
plant aad those ia management
would seem likely. ‘The wide
spectrum of problems in the ex-
posed group suggests major dif-
ference in Vife-style and socio-
economic status between cases
and controls. Griesemer et al.
(1980) made the observations
that no description of the
methods used to determine mor-
bidity was given apd that con-
trolled social factors may play
a role, so that increases in
lost workdays and evideunce of
respiratory and urogenital
diseases do not provide defin-
itive evidence concerning the
rofe of HCHO, although it is
suggestive.

Rating

Reference
anmd

Ischenko and
Pushkina
(1978)

Cc-8
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TABLE V-1 (continned)

Compoumi(s) and
Coucentration(s)

Population Group

In mg/wm® (ppm) Description Exposed  Controls Effects Remacks Rating
Aubient 1CHO Garment factory 3,034 No actual Cutuneous and mucous membrane Descriptive 2-time-period study Granali et al.
0.035~0.48. workers studied control freitations in 1,044 (30.3%1) of of symptoms in workers exposed (1978)
Highest level during Feb. 1 to group. Com- the workers. 1lrritations were: to NCHO. No exposure measure- 8-9
reported at Sept. 30, 1977, parisons erythema of the exposed parts acnts had been made during the
same Lime as made to of the body, 29%; hypercmia “control" period. Also a
peak symptom workers of the conjunctiva, 25%; question of bias in the ascer-
period. Free in same pharyngeal hyperemia and tainment of symptoms and signs
HCHO in fabric factory dysphonia, 20%; conjunctival of irritation during the exposure
rainged from during hyperemia and erythema of period.
~ 1.4-2.8 same the exposed parts of the
(1.100-1.977). time body, 14%; pruritus with
Vapor discharge period undefined cause, 12%. Ap-
from fabrics of 1976 prox. 25% of workers re-
reached max. of when porting irritations had mor-
~ 2.9 (2.345). differ- bid associations that were

erent presumed to have triggered the
lot of occurrence of the above symp-
fabric toms, These were: prior con-
was being tact sensibilization, 15%;
uged. neuroses and hyperthyroidism,

12%; pharyngeal tonsillitis and
chronic laryngitis, 5%; gastro-
hepatitis and metabolic disor-

ders, 4%; chronic conjuctivitis

or refractive defects, 4%; mycosis

and paoriasis, 1%. During study
period 7% of workers were diag-

nosed with illnesses unrelated to

HICHO exposure.

Compared to the year

before, there was ~ 8-fold increase
in iancidence, frequency, and ser-

tousness of incidences of irrita-

tion during the first 2 mo the

new fabrics were used; iacidences

decreased but remsined consis-
teatly higher through the rest
of the study period compared to
the previous year.
symptoms occurred when the lot
of fabric used during the study
was replaced by other fabric,

(continued)

A remisgion of

Reference
and
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TABLE V-1 (continued)

Compound(s) aml
Concentration(s)
in wg/m? (ppm)

liclio

0.116 t 0.007 to
0.324 £ 0.02 in
workplaces;
0.007 £ 0.001 to
0.046 & 0.002 in
the living
quarters

cuo 0.2
(£ 0.16)
S0,

(5 0.4)

__Poputation Group

Effects

gases in the kiln
room of a company
making ceramic cookie
stamps. Employees
did not "usually work
in the kiln room on a
regular basis during
the ficing of the kilns."

given

During the sampling, most of
Lhe workers complained upon
interrogation of coustaal
headaches and irritation of
the mucons membranes of ULhe
There were statistically
significant changes in sowe
indexes of the morphological
composition of the blood. In
3 stores, the specific action
of agglomeration of the leu-
kocytes was 823, 50%, and 61%
compared to 12% for the con-

Upon interrogation, the in-
habilLants of the living
quarters noted a sharp

Both adults
and childcen noted dif-
ficulty of breathing and
irritation of the mucous
membranes of the eyes with
the most expression in the
night time and early morning
hours (when the store ventila-

Nose and throal irritatjon.
The investigator who euntered
the room during firing to
check the sampling equipment
"felt an immediate irritation
of the nose and throat; but
it went away upon leaving the
room."

" Description Exposed ~ Coutrols
Furniture store work- Not given Nol given
ers and persons liv- (6 apart- (2 apart-
ing in aparlments meuts ments
above them. were were
above not above
furn- furniture eyes.
iture stores.)
stores.)
trol group.
strange odor.
tion was off).
Employees exposed to  Not None

{continued)

Remarks

Descriplive study of furniture
store workers and 6 apartments
above the store. Suspect a
relatively small sample size
since only 8 apartments in-
volved. Mealth survey appears
biased (i.e., both inter-
viewer and interviewce blas).
No measurements of health ef-
fects given. Percentages

are of very small numbers.
Possible confounding with
phenol.

Although the author did not
consider the exposures detri-
mental, he recommended a
focal exhaust ventilation
system. After its installa-
tion, the owner reported a

"t remendous improvement.”

Note:

(a) exposure was confounded by
the presence of S0, and
phenols

(b) documentation of persons
exposed is not given

(¢} no controls or comparison
group, except that people
improved after increased
ventilation.

Reference
and
Rating

Trubitskaya
(1978)
c-5

Apol
(1976)
D--
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TABLE V-1 (continned)

Compound(s) and
Conceatration(a) Population Group o
in ng/m® (ppm) Deacription Exposed  Conlrols Eifects
HCHO Workers in the Run 90 M Resulta of Workers and some of the mean
0.019-0.09 and Service Building in this a study of taking air samples complained
(< 0.014- < 0.04) of the Union Pacific building; 10,000 in- of burning eyes. 31/114 were
Acrolein Rsilroad in Pocatello, 27 M dustrial classified as having sympLoms
< 0,033~ <0.09 Idsho. Alr measure- in other workers of bronchitis, a8 determined
(< 0.014~ < 0.04) ments done on April srcas used for by questionnaire. 12/114 ab-
co 9-10, 1972, HMedical  (ex- - compac- normal spirograms (compared
(< 1-15) evaluation done on posure ison to to expected 7.2), not sta-
NOX April 19-20, 1972. levels the tiastically significant. No
(0703-0.26) of these spiro- pneumoconiotic lesions were
80, men not netry identified oa chest x-ray.
(< 0.01) given) test The conclusion was that ex-~
Total partic- cessive chronic respiratory
ulates disease probably does not exist.
0.09-0.26 :

(continued)

A RN DT VEITIET Tt TRTMRAIT IRNSTIIT S VTR LTNS I T

Reference
and
Remarks Rating

Primarily a study of Lhe occur- Apol (1973)
repce of the gasea, not a n--

health effects survey. For

the purposes of this study,

the effect of HCHO is con- .

founded by Lhe presence of

several other gases.
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Compound(s) and
Concentration(s)
in mg/m® (ppn)

Populatioa Group

TABLE V-1 (continued)

HICHO, Ee 0.061
En 0.025
Ca 0.046

~Total mcan 0.047

Nlij, Ee 0.038
En 0.089
Ca 0.057
Total mean 0.052

Resorcinol,

Ee 0.15)

En 0.215

Ca 0.295
Total mean 0.213

Respirable par-
ticulates, < 0.5

No statistically
significant dif-
ferences between
exposure groups
for any of these
pollulants.

Effects

Description Exposed Controls
Workers in a tire 52 50
manufacturing plant Group Ee: Group C:
using a resiu system 19 given matched
(HR) of hexamethylene- breath- with all

tetranine (a cyclic ing
condensation product tests
of HCIO and Nli,) and before
resorcinol. and af-
ter 6 h
of work
with NR
slock.
Group
En: 16
given
these
tests
hefore
and af-
ter the
shift
on days
they
did not
work
with HR
stock
but at
Jobs
similar
to their
normal
Jobs.

workers in
Group E for
race, shifl,
sex, age,
and job.
Given same
question-
naire and
breathing
tests as
Group E.
Group Ca
comprised
the 19 who
were given
lung func-
tion tests
before and
after work.
55

Group O:
same age,
sex, and
race dis-
tribution
as Group

E. Se-
lected at
random

fxom total
plant pop-
ulation

and tested
the same as
Groups E
and C.

No statistically siguificant
difference in chronic respir-
atory and cardiovascular symp-
toms among the groups.

Self-reported symploms were
greater in Group E:  itch,
rash, cough, dyspuea at work,
chest tightness, burning eyes,
running nose, burning sensa-
tion in heart region, persis-
tent cough and phlegm. The
excess of symptoms persisted
after accounting for the ef-
fects of smoking and drinking.
Baseline lung function tests
in Groups E, C, and O showed
no differences.

Group Fe showed significant
decrements in lung function
tests measuriog “small air-
ways" effects. These are the
first effects to be observed
in a "hostile" atmosphere and
are reversible.

No lung function decrement

occurred in Group En omn "uon-
exposure" days.

(continned)

Remarks

Exposure is conlounded by Nil;,
resorcinol, HCN, and partic-
vlates. Furthermore, duration
of employment may not be com-
pacrable in these groups. Meau
exposure concentrations of

HHCHO between HR-exposed, unex-
posed, and control groups were
similar and it is not surprising
that no differences in objective
measures were anoted.

The authors point out the lack
of difference in the baseline
function tests may be due to
too short an exposure time for
the appearance of chronic ef-
fects, the IR system produces
no chronic effect, or suscept-
ible workers choose not to work

in the IR exposed jobs.

Reference
and
Rating

Gamble et al.
(1976)
c-9
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TABLE V-1 (continned)

Compound(s) and
Concentration(a) Populatioa Group
in wg/m? (ppm) Description Exposed  Controis Effects Remarks

(Cont'd)
Migher Respirable particulate was re-
percent- lated to functional losses in
age of the R-exposed workers.
light
frequent Functional losses occurring over
and lower a shifL were greater in the older
consump- liR-exposed workers. These workers
tion were also classified as smokers and/
ethyl or drinkers; they had acute symploms
alcohol of cough, running nose, and hoarseness.
drinkers
than in
the con-
trols.

(coutinued)

Reference
and
Ratiung

Gamble et al.
(1976)
(cont*d)
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TABLE V-1 (continued)

Compound(s) and
Concentration(s)

Population Group

Effects

in mg/m? (ppw) Description Exposed  Controls
HCho Workers in a plastics Not
factory producing given
phenol-HCHO resin
comprised:
0.025-0.0136 Maldera

(betler vent-
ilation; but
0.22 in March
when ventilation
was not used).

0.012-0.04
(bust 3)

0.11 (poor
ventilation;
dust 1.6 |28
in March])

0.09 (dust con-
tent 28 in
March)

21-26°C in
sumine r
R.If. 36-56%

Preparing plant workers

Preforming plant workers

Mechanical treatment
plant workers

Workers were 21 to
45 y old, half with
4-5 y of service and
half > 5 y.

Direct conlact with phenol-$iCHO
powders and HUCHO vapors led to
simultancous action via the
respiratory tract, gastroiu-
testinal tract, and skin.

in 8% of the workers, clin-
ical changes of the skin were
_characterized by lichenifica-
tions, erythema, cracking, and
peeling.

Skin tests with standard al-
lergens and 0.25% aqueous

solution of HCHO showed that
22% were sensitized to NCNO.

Application of graduated doses
to the skin gave not only local
but in some cases within 2-3 d

a general reaction in the form
of headache, general weakness,
poor health, and exacerbation

of clinical signs of allergosis.
Signs of a geneyal reaction were
observed twice as often as local
changes. It appeared in persons
with 5 y of service.

In 40% of the subjects, there wer
noted in the blood serum some in-
dexes characteriziag Lhe patho-
chemical stage of the allergic
process.

{continued)

Remarks

Apparent descriptive stuildy of
the seasitizing characteris-

tics of HCHG. Lack of coutrols
greatly reduces the uwsefulness
of Lhese data. Exposure levels
are not well correlated to oul-
come, although duration of ex-
posure of > 5 y correlates with
the frequency of “general reac-
tions" to MCHO. Standard epidem-
iologic mecasures (i.e., rates
among exposed and unexposed) are
missing. There is a question of
possible confounding with phenol.

e

Referenve
and
Rating

Kuz'menko et al.
(1975)
Cc-4
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TABLE. V-1 (continued)

3 T == fremImEebe  GRAAT AT IR, G SRR Y NS

Compound(s) and Reference
Concentration(s) Population Group and
in mg/m® (ppm) Description Exposed Controls Effects Remarks : Rating

icno, Workers from 2 wood- 278: 200 age- The prevalence of diseases of Efremov concluded that the Efcemov
generally processing concerns 102 # matched, the upper respiratory tract occupational exposure to NCHO (1970)
< the MAC using urea-HCHO 176 F; not hav- was 28.2-58.3% in the workers played an important role in A-10
(0.5 mg/m? resins; 71.2% had 24y ing NCHO compared to 13.0% in the con- causing functional dis-
according to worked § 5 y; 26.6%, < 40-y- exposure trol growp. This pathology turbances of the nasal mucous
Geiesemer, 6-10 y; and 2.2}, old was mosL prevalent in workers membrane and the marked
et al., 1980; >10y of the hot pressing plaat catarrhal condition of the
5.0 mg/m? ac- where the HCHO concentration upper respiratory tract.
cording to was 2.5 x that in the cold
Zaeva et al., pressing plant (although still
1968). less than the HMAC).

Host workers complained The Formaldehyde Panel (Gries-

of lowering of the emer et al., 1980) concluded

sense of smell and dry- ' "this report supports the

ness of the nose and hypothesis that exposure to

Lhroat. formaldehyde may lead to

chronic respiratory diseases"
Subatrophic changes of the nasal if it is assumed that "the age-
mucous membrane predominated in matched controls represent an
the preparation plant (55.7%) appropriste comparison group
and in the hot pressing plant (uo mention was made of match-
(41.9% of the workers). ing on sex and smoking history).”

Hypertrophic changes of the
nasal mucous membrane occurred
in the cold pressing plant
(74.8%) and in the plant pro-
cessing wood-chip slals (91.5%).

The prevalence of upper respir-
atory Lract pathology was greater
in workers with slorter leagths

of service; e.g., the morbiditry

of chronic rhinitis was 15.2/100
for workers with $ 5 y of
experience compared to 2.6-5.2/100
for workers with & 6-10 y of exper-
ience. Presumably, the workers
with longer service had adapted

to the hszard.

(cout inued}
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PEIE SRS FAATEY P e

Compound(s) and
Coucentration(s)
in mg/m® (ppm)

cont'd

it
i

' "ﬁeacriblinn

50

_Population Growp
Exposed Controls

20 per-
sons
without
respir-
atory
tract
pathology

TABLE V-1 (continued)

Elfecls

The highest level of prevalence
of chronic rhinitis was anoted
in persons aged 30-59 y

and more (133.3-48.0/100). Sim-
ilarly, for chronic pharyngilis,
the prevalence was 33.3/100 for
persons 2 50 y.

The absorbing function of the
nasal mucous membrane was

judged according to the time of
appearauce of mydriasis (pupil-
lary reaction) after a plug wet
with a homotropine solution was
inserted in the nasal cavity.

In the control group this time
was 41.0 3 4.) min. This time
was shorter, indicating accel-
erated absorptive capacity, in
all the workers whether or not
they evinced any nasal pathology.
In the group of workers with
chironic rhinitis, it was 28.4
min (p < 0.001). In the heslthy
workers, the time was 33.3 t 6.6
min (p < 0.00) compared to the
control group). The acceleration
was especially intensive in the
36- to 39-y-old persons, the
workers with the highest level
of chronic rhinitis. In persons
with 3-5 y of service, the time
Lo the pupillary reaction was
30.0 £ 4.0 min.

(continned)

Remarks

Reference
and
Rating

Efremov
(1970)
(cont'd)
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TABLE V-1 (concluded)

Compound(s) and
Concentration(s)
in wg/m® (ppm)

Population Group

Description Exposed

““ntrols

Effects Remarks

cont'd

278

20

20

The motive function of Lhe nasal
mucous mewbranes of exposed work-
ers, even ia those with no ap-
parenL pathology, was significantly
retacded compared Lo that of the
persons of the control group. The
retardation was noted most in
workers with greater feagih of
service.

In the workers, the odor thresh-
olds for rosemary, thymol, camphor,
and tar were 2.3 x higher than those
of the control group. Anosmia was
obsecved in 19 workers. There was
an increase in odor threshoids in
172 of the workers, whereas path-
ological changes appeared in the
nasal mucous membrane of only 74.

Relerence
and
Rating

Efremov
(1970)
(contL'd)
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TABLE V-2.

EPI1DEMIOLOGICAL AND OTHER STUDIES RELEVANT TO FURMALDEHYDE

L LITREA .U D A TURE LU 5 AT ST TR, U T AR LS 5T S L T s ST T S R ARSI N T LR

Compound(s) and
Concentration(s)
in mg/m® (ppm)

" " Description

Connecticut residents
of houscs, mobile
tiomes, and small bus-
iness and public
buildings with urea-
formaldehyde foam in-
sulation installed 3
detectability wk - 4 y (avg. 11.7
for the method mo) earlier. Only
used persons making com-
plaints to the Dept.
of Health were
questioned.

HCHO avg. 2.0;
range < 0.8-42.5
(avg. 1.6;

range < 0.5-10)

0.5 ppm was the
lower limit of

Follow-up survey in-
volving 173 com-
plaints received

> 2 y previously,
and investigated
then for health
effects due to HCHO
exposure from urea-
formaldehyde foaw
insulation (Giulietti,
1980).

ICHO avg. 2.0;
range 0.8-12.5
(avg. 1.6;

range 0.5-10)

These were the
levels measured
~ 2 y earlier,
when the avg.
foam age was
11.7 mo.

__Population Group

Exposed Controls

847 None at
this time,
but may be
done in
the future

135/173 None
house-

holds

responded

to the new
survey

Effecls

Odor was always detected at

2 1.0 ppm. Odor could fre-
quently be detected at < 0.5
ppm.  70% of the cases involv-
ing health effects claimed to
have detected the odor. Oanly
one case was found in which
detectable levels of HCHO
(0.7-1 ppm) caused no reported
symptoms., 524/847 had symp-
toms: eye irritation and con-
junctivitis, nose and throat
irritation, respiratory symp-
toms, nausea, stomach problems,
dizziness, rash, skin growths,
fatigue, aches, and swollen
glonds. 52-66% of Lhe symptoms
were found in those exposed to
2 0.5 ppm, and 34-48% were
found in persons exposed to

< 0.5 ppm.

Of the 138 households which
were symptomatic in the orig-
inal study, 110 responded to
the new survey, and 72 (65%)
of those still complained of
irritation of the nose, head,
lungs, eyes, throat, skin,
and gastrointestinal tract.
They felt that the sywploms
had remained the same or
worsened in the ~ 2 y. The
avg. length of time that the
foam had been in place in
these houses was 2.3 £ 0.8 y.
38/110 (35%) were no longer
symplomatic, for a variety of
reasoas including moving and
removal of insulatijon.

(continued)

TNHALATEON EXPOSURE OF THE GENERAYL PUBLIC

Retoerence
and
Remarks Rating

A descriptive, uacontrolled Givlictti
study of persons complaining (1980)
to the State Health Dept. B-6
The sample was biased
(self-selection bhias),

The described symptoms are

crudely correlated to NCIO

levels measured. More

symptomalic pecsons al

nondetectable levels than

at levels betwecen 0.5-10 ppm.

Since the study was only con-

docted among those who com-

plained, the prevalence of

symploms cannot he estab-

lished. There was no real

atlempt to corrvelate dose

with symptoms. 1Tt is con-

sistent with other studies
suggesting irritation of the

eyes, nose, and throat at

> 0.1 ppm. For further

comments, see Appendix A.

A foltow-up of Giulietti's MostL et al.
1980 study in Connecticut. (1981)
Survey by self-administered B-5
questionnaire. No new HCHO
measurements were made. The

study suggests that Lhe orig-

inal symptoms persist in the

highly biased population. No

coutrols, but the study does

suggest the need for longer-

Lerm evaluation.



TABLE V-2 (continued)

€St

Compound(s) 'and . Refereace
Concentration(s) o Population Group and
in ng/m? (ppm) Description Exposed  Controls Effects Remarks Rating
ICilo 8.75 Residents of homes 4, None Upper respicatory tract irrita~ See entry for 1.13-1.9 mg/m? CPSC
(1.0) with urea-formslde-~ adults tion. Odor was detected, par-  (CPSC, 1978), in this table. (1978)
hyde foam insulation. and ticularly in humid weather. n-2
children
HCo 2 6.25 First through third Not None A "large aumber" of the child- A descriptive, cross-sectional lelwig
(z 5) grade students, in given ren complained of different study of suspected exposure to  (1977)
a prefabricated degrees of burning eyes, head- HCHO. No controls and limited B-4
A one-time school, for the 8 aches, pain in the eyes, sb- exposure measurements {one-time
measurement , mo after comstruc~ dowminal pains, nausea, vomit- levels when the school was
after the tion. ing, increased thirst, and closed). Detailed quantitative
school had apsthy, and wece unusually meagusements of symploms were
been closed pale. Odor and symptoms were ot taken. There appears Lo be less
for holidays. particularly strong after bias in this study since the
Building was weekends and holidays when children were having symptoms
~ 8 mo old. there was no ventilation, prior to the discovery and
snd when the heat was on.. wmeasurement of HCHO.  Symptoms
There was a degree of habit- resolved when they moved to
uation (tolerance) after remain- another school, bul careful,
ing in the building for some controlled documentation is
time. Children moved to not given.
another building had no wmore
symptoms.
HCHO 0-6.25 Residents of a home Not None Eye and upper respiratory See entry for 1.13-1.19 CcPsc
(0-5) with urea-formalde- given tract irritation. mg/m3 (CPSC, 1978). (1978)
hyde (oam insulation B-~2
HCHO 5.0 Residents of a home 3 None Residents complained of odor See entry for 1.13-1.19 CPSC
(4.0) with urea-formalde- and sulfered from eye and mg/m3 (CPSC, 1978). (1918)
hyde foam insulation. respiratory Lract irritation. B-2

(cont inued)
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TABLE V-2 (continned)

Compound(s) and

Concentration(s)
in mg/m? (ppm)

e Population Group e
Description Exposed Controls

HCNO 0.06-4.25
(0.05-3.40);
80% of the
samples were

< 0.63 mg/m3

e g o o o

Survey of 39 conven- 14 adult  None
tional homes which M, 18

had urea-formalde- adult F,

hyde foam janstalled, 12

with residents com- children
plaining of adverse

health effects.

Effects

Irritation of the eyes, nose,
and respiratory tract were the
most frequent complaints.
Drowsiness, memory lapse,
chronic headache, nauseca,
cold, cough, and sneezing
were also veported. Speci-
fic exposure levels and symp-
toms are given in Breysse
(1918).

(continued)

Remarks

A series of case reports of
persons complaining of 1ICHO
exposure. Exposures were
measured on an individual
basis. Symploms are quite
congistent, but there is no
control group and only acute
effects are reported. Sum-
maries of these data do not
permit an estimate or mea-
surement of the association
between HCHO exposure and
specific disease or symptom
syndromes.

Refecence
and
Rating

Breysse
(1978)
-6

Breysse
(1979a)
B-6
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TABLE V-2 (coatinued)

Compound(s) and
Concentration(s)
in mg/m? (ppm)

Population Group
Description Exposed

Controis

Effects

ncno
< 0.14-> 3.75
(< 0.11->3)

Twenty-gix
percent of the
"case-study"
homes exceeded
0.8 ppm; only
2% of the “ran-
dow" homes ex-
ceeded 0.8 ppm.

Residents of 105 mo- 191 None
bile homes in

Wiscousin which used

particle board in the

construction. Forty

wvere randomly se-

lected by the authors

and 65 were taken from

complajints received by

the health department.

¥When age of the homes was con-
sidered, both groups were fouad
to have the same distribution
of UCNO levels (levels decrecase
with increasing age). So the
two groups were analyzed as
one. Twenty-three different
adverse symptoms are reported.
The most common (> 25%) being:
eye and nose irritation, cough-
ing, dry/sore throat, headache,
and burning eyes. Prevalence
of symptoms was lower in the
random group, and the only
symptom which was significantly
associated with HCHO concentra-
tion was burning eyes. A wodel
is developed predicling that
20% of adults would experience
burning cyes st 0.2 ppm, which
the authors recommend ss the
indoor HCHO standard.

(cont inued)

Remarks

A mixed survey of 65 complain-
tug mobile home owners and an
altempted cross-sectional study
of 208 randomly selected mobile
homes. “Cowplaint cases” were
sdded to the cross-sectional
study when only 50% of those
contacted agrecd to participate:
- 65 allowed air measuremedats lo
be taken.

- 40765 (60%) of these allowed
clinical information to be
recorded.

Thus, a heavy self-selection

bias is present both for the

"complaint® cases and the

"random" series. There are

essentially no controls (whe-

ther or not the two groups are
lumped togethier or compared).

Twenty-eight percent or 16 of

the "random” group met the

clinical criteria of the “cowm-
plaint" series. 1t is diffi-
cult to interpret this in view
of the selection bias due to
the poor response rate. Only
acute symptoms are evaluated
and long-term exposures cannot
be estimated from this study.

The threshold recommended as a

standard from this study is

simply an “educated gucss."

The study does correlate HCHO

levels to age of construction

materials and this will be use-
iwl in more well-controlled
studies. For further comments,

see Appendix A.

Retlerence
and
Rating

Hanrahan
et al.
(19807)
B-6



TABLE V-2 (continued)

Compound(s) and Referonce

8¢ST

detected, especially on
humid days.

(continued)

Concentration(s) _ ~ Population Growp and
in mg/m? (ppm) Description Exposcd Controls Elfecis Remavks Rating
HCHO Tenants, employeces, Not given None Complaints of eye (wilh occa- An eavironmenta) survey of a Taft
avg. ~ 1.38; and customers of a sional lacrimation), nose, and shopping center requested by (1980)
range 0.18~3.88 shopping center which throat irritation. No skin ir- the tenants. No information c-2
(avg. ~ 1.1; used urea-formaldehyde ritation. These effects were on exposed persons. Only 3
range 0.3-3.1) foam insulation aad enhanced on hot-humid doys. sentences on subjective symp-
‘ had been open 6 mo. toms, which increased on hot-
bumid days. The survey was
performed 2 wk after the foam
was removed, so that the HNCHO
levels are not meaningful. A
new ion chromatographic system
for HCHO analysis was utilized
(charcoal-packed tubes).
neno 3.75 Residents of a home 6 None Complaints of eye and upper See eutry for 1.13-1.19 CPsc
(3.0) with urea-formalde- respiratory irritation, mg/md (CPSC, 1978). (1978)
hyde foam insulation, stomach cramps, fatigue, B-2
and odor were reported.
HCHO 3.75 Residents of apart- Not None Eye irritation. See entry for 1.13-1.19 Crse
3) ment complex where given mg/m3 (cpsc, 1978). (1978)
The maximum urea~-formaldehyde B8-2
level measured foam had been in-
stalled.
NCHO 2.5 Residents of homes 4 adults  None lleadaches and eye and upper See entry for 1.13-1.19 CPSC
(2.0) with urea-formalde- respiratory traclt irritation mg/m® (CPSC, 1978). (1978)
hyde foam insulation. were reported. Odor was B-2



TABLE V-2 (continued)

6S1

Compound(s) and Reference
Concentration(s) Population Group - and
in ng/m® (ppm) Description Exposed Controls Effects Rewarka Rating
ncno Survey of 334 mobile 523 (240 None 58% of the adults and 41% of Descriptive sumnary of a series Breysse
0.04-2.21 homes (built with adult F; the children experienced cye of case reports; complaints and (1979h)
(0.03-1.77) particle board or 184 adult irritation. 62% of the child- HCHO exposure measurements were B-7
chipboard) in which M; 99 ren and 66% of the adults re- recorded. Symptoms are consis-
Sixty-six one or more individ- children ported ircitation of the tent and will permit further Breysse
percent of uals have been exper- < 19-y-old) throat. 33% of the children evaluation. However, in the (19800)
the samples iencing health prob- complained of chronic cough absence of controls, or Lhe B-7
were between lems. or cold symploms. Chronic ability to alter exposure to
0.1 and 0.6} headache, wemory lapse, establish a dose-response re-
mg/md; 21% drowsiness, and chronic nau- lationship, only a crude asso-
were 2 0.63 sea were also veported. A few clation can be made. The self-
wng/wd elderly persons experienced selected study design further
chest pains and heart attacks complicates this problem (i.e.,
after moving into mobile random selection of mobile howe
homes. HMore detailed case owners was not done).
studies of some of the inci-
dents are given in Breysse
(1977).
HCHO S 1.88 Residents of homes 10 None Headache and eye and upper See entry for 1.13-1.19 cpse
(s 1.5) with urea-formalde- respiratory tract irritation wg/m? (CPSC, 1978). (1978)
hyde foam insulation reported. [In some homes, odor B-2
lasted oniy 1-3 wk. In
others, persistent intermit-
tent odor was reported. 2/10
had no symptoms (in a home
vwhere odor disappeared 1 wk
after installation).
El6 .
ICHO 1.25 Residents of homes ~ 2 None Upper respiratory tract ir- See eatry for 1.13-1.19 mg/m® CPSC
{1.0) with urea-formalde~ ritation. One did not com~ (cpsc, 1978). (1978)
hyde foam insulation. plain of any odor. The B-2

other complained of odor and
symploms immediately after
installation.

feont fonedd
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TABLE V-2 (conlinucd)

Compound(s) and
Concentration(s)

Population Group

Remarks

in mg/m3 (ppm) Description Exposed Controls Effects
HCHO Cases of possible 168 None Eye, nose, and throat irrita-
~ 0.25-~1.2% HCHO exposure in the 93 Lion was reported more often
(~ 0.2-~ 1.0) home, reported to + 15 F; in adults. Coughing, wheezing,
the Minuesota De- 36 new- and skin rash were reported
partmeat of Health. born to more often in the < 13-y-old
2-y-olds, groups. Diarrhea, nausea, and
30 3 to vomiting were reported more
13-y-olds, often in babies. Other symp-
102 > 13- toms included respiratory
y-olds) problems and headache. The

mean ICHO concentration in

the homes of persons reporting
the index symptoms (eye, nose,
and throat irritation) was
siguificantly higher than the
concentration in non-symptoma-
tic individuals’ homes. Per-
song with history of asthma
reported effects at a lower
dose.

(continued)

Descriptive survey of cow-
plaints of possible exposures
to HCID and in-howe ambient air
levels. No controls. Sywptoms
are nol correlated to exposure
levels, except to state that
mean Jevels were higher in
homes with a person reporting
index symptoms (eye, nose, and
throat irritation). Therefore
not uscful for deriving a range
of concern.
The most useful information is
the documentation of changes in
home HCUO with changing seasons
and age of home. Only acute
effects were examined, and a
potential for selection bias
exists.

Few data axe given.

Reference
and
Rating

Garry el al.
(1980)
B-7
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TABLE V-2 (continued)

SRR S 2 AT T ST ISR TS ARSI S ST SRS F M R SRR

Compound(s) and : Reference
Concentration(s) Population Group and
in mg/m? (ppm) Description Exposed Conirols fifects Remarks Rating
HCHO 0.10-1.21 Teachers and pupils 1,594 497, from Test group had significantly A poorly contrulled cross- Burdach and
(0.08-0.97) in 3 schools with achools higher frequency of complaints sectional study of the acute Wechselberg
HCHO-emitting chip- without for: headaches, disorders of eftects of low levels of HCHO. (1980)
board in the panel- chipboard concentration ability, dizzi- Controls comprised only 1/3 8-9
ing and acoustic - ness, nausea, frritation of the no. of cases. Compara-
ceilings. Ducrstion the mucosa of Lthe nose and bility of the groups is not
of exposure not throat, cough, and irritation described. Controls were
given of the conjunctiva. Ao in- not utilized in the follow-up
crease in recurrent upperc portion of the study. MCHO
respiratory tract infec- measurements were not wmade,
tions also reported. In The cases were heavily biased
a follow-up study of 328 by the complaints from teachers
people, 8 mo after chip- and students which initiated
boards had been removed the study. Subjective "func-
from the school, a de- tional" outcome would be
crease in all symptoms heavily influenced by this
was found (30-100%) : type of bias. This study

needs more objective mea-

sures (i.e., absenleeism).

Duration of exposure not

evaluated.

Strengths of the study include

the following:

(1) total pumber of cases

(2) diminished symptoms were
reported after the removal
of the chipboards (but
environmental measurements
of IICHO were not repeated)

(3) respiratory complaints at
low levels of HCHO were re-
ported, and 80 may be use-
ful for determining a range
of concera.

(continued)
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TABLE V-2 (cout inued)

Compound(s) and
Concentration(s)

Population Group

Reference
and

in mg/m? (ppm) Description Exposed Controls Effects Remacks Ratiang
HCHO 1.13-1.19 Residents and tenants > 4 None Eye and upper respiratory A series of case reports of crsc
(0.9-0.95) of buildings, imme- tract irritation. persous complaining of HCHO (1918)
The maximum diately after urea- exposure. Exposure measure- B-2
level measured formaldehyde foam ments were made, but:
insulation was in- (1) no controls
stalled (2) biased sample (of complain-
ing persons)
(3) symptoms only generally
described
(4) other irritants were notl
considered
The report is useful Lo yain an
appreciation of the woniformity
of complaints and the breadth
. of the problem.
NCHO 1.13 Resident of a home 1 adult None Eye and upper respiratory Sece entry for 1.13-1.19 mg/m? crsc
(0.09) with urea-formalde- tract irritation. No odor (cpsc, 1978). {1978)
hyde foam insulation after initial installation. B-2
1ICHO 1.0 Resident of a home 1F, None Eye irritation. See entry for 1.13-1.19 mg/m?3 cPsc
(0.8) with urea-formalde- Sly (crsc, 1978) (1978)
hyde foam insulation B-2

(continued)
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TABLE V-2 (continned)

Compound{a) and
Concentration(s)
in mg/m® (ppm)

Population Group

Description

Exposed

Controls

Effects

Heno 0-0.98
(0-0.78)

Residents of 55

homes wiLh urea-
formaldehyde foam
insulation, who
voluntarily reported
health problems to
the New Jersey State
Dept. of Health;

1-40 mo after instal-
lation

153

None

111/153 complained of some ad-
verse health effect. The main
complaints were burning or
Learing of eyes, sore tLhroat,
cough, runny nose, wheczing or
breathing difficulty, head-
aches, sleeping problems,

and skin rashes. Avg. HCHO
concentration generally de-
creased with increasing time
since foam installation. Of
the 15 homes sampled 2 4 mo
after installation, 9 (60%)
had HCHO levels 2 0.01 ppm.

(continued)

Remarks

Descriptive, uncontrolled nrur-
vey of persons complaining due
to recently iustalled urea-
formaldehyde foam insulation.
Only 22 of 55 homes had air
samples taken, and despite
reparted symptoms 5 were nega-
Live.
(1) only those who complained

Problems with these data:

were surveyed (biased sample)

{2) no controls (symptoms may
vary with age, sex, race,

socioeconomic status, smoking

history, season, etc.)

(3) limited, crude measurements
of exposure. No search for
other possible irritants

(4) only acute effects were
evaluated.

(5) symptoms not correlated to
exposure levels.

(6) in one of the cases where

Relerence
and
Rating

Marshall
(1980)
B-6

measurementa were made before,

air sampling showed 1.5 ppb
before and negative results
2 d after installation.

trols of these measurement
procedures.

This
highlights the need for con-

The report shows that JICHO levels

diminish with time, ventilation,

and the removal of foam. For

further comments, seec Appendix A.
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TABLE V-2 (continued)

Compound(s) and Reference
Concentration(s) Population Group _ . and
in mg/m? (ppm) Description Exposed Controls Effects Remarks ) Rating
HCHo s 0.88 Residents of build- 9 None Eye and upper respiratory See entry for 1.13-1.1Y crse
(s0.7) ings with urea- tract irritation and head- mg/md (CPSC, 1978) (1978)
formaldehyde foam aches. Some complained of B-2
insulation odor, lasting a few days or

a couple of months. Others
noticed no odor. 2/9 had no
symptoms (in a home with no

odor).
HCHO 0.75 Residents of a home Not None Eye irritation. See entry for 1.13-1.19 CPsC
(0.6) where urea-formalde- given wg/m3 (CPSC, 1978) (1978)
The maximum hyde foam insulation B-2
level measured had been installed
HcHo Residents of an 4 None Complained of burning of eyes, An experimental study where Einbrodt aund
0.25-0.75 apartment building adults tearing, and coughing. After subjects served as their own Prajsnar
(0.2-0.6) built with chipboard 7-h exposure to 0.78 mg/m3, controls to evaluate biologic (1978)
containing formalde- between 2.3 and 6.7 mg% measurement of NWCHO and formic B-6
liyde resins formic acid (HCOON) and acid excretion after varying ex-
between 0.06 and 0.07 mg% posures. The study design is
HCHO were found in the urine. weak and only limited conclu-

During a 17-h recovery period, sions can be drawn due to:
between 2.3 and 4.1 mg} 1COOIl (1) too few subjects to measure
and between 0.007 and 0.12 mg% individual variation.

HCHO were found im the urine. (2) 0o baseline measurements
were made when subjects were
totally unexposed.

(3) acute symptoms are not well
correlated to biologic mea-
surements.

(4) the proposed threshold level
(0.1-0.5) is derived on the
basis of the sensitivity of
the tests used, not on care-
ful measurements of health
or disease outcome.

(continued)
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TABLE V-2 (cout inued)

Compound{s) and
Concentration(s) Population Group
in mg/w* (ppm) Deacription Exposed Controls . Effects
HCHO § 0.6) Residents of build- 57 adults None Eye and upper respiratory
(s 0.5) ings with urea- and chil- tract irritation, headaches,
formaldehyde foam dren sore throat, muscle aches,
insulation lung congestion, skin rash,
and nausea. Each incident
generally caused only 1 or
2 of the symptoms. Some
noticed an odor only 1 d
after foam installation.
Others reported an inter-
mittent odor lasting 5 mo.
Some had complaints, but
smelled no odor. A few
family members had no
symploms. One family
was driven from the home
by the odor and aymptows.
The HCHO level at that
time was 18.8 ug/na.
lcio Regidents living 52 None 9/52 complained of irritation
avg. 0.211 ~ 250 m from a of the upper respiratory tract,
max. 0.578 plant producing eyes, aud throat. Odor was
formalin clearly perceived by the tech-
nicians taking the air samples.
MCHo Residents of a howe Not None Eye and upper respiratory
0.36-0.46 with urea-formalde- given tract irritation.
(0.29-0.37) hyde foam insulation
HCio Residents of an 4 None llad complained of e¢ye and
0.09-0.13 apartment building throat irritation at 0.25-0.15
(0.07-0.10) constructed of for- mg/m3 (see entry for those

maldehyde resin
chipboard.

levels, Einbrodt and Prajsnar,
1978). No symptoms al these
levels,

(cont inued)

Remarks

Sce entry for 1.13-1.19 mg/m?
(cpsc, 1978)

This account is just a
brief section in an
article on experimental
exposure.

See entry for 1.13-1.19 mg/m®
(CPsc, 1978)

Reference
awl
Rating

crsc
(1978)
B-2

Melekhina
(1964)
A-9

cprse
(1978)
B-2

Einbrodt and
Prajsnar
(1978)

B-6
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TABLE V-2 (continued)

Componnd(s) and
Concentration(s)
in mg/m* (ppm)

Population Group

Description Exposed

Controls

Eftects

Hneo
~ 0.08- ~ 0.13
(0.06-0.10)

Children in a school 37
built with chipboard
ceilings and some fur-
niture and walls pre-
sumably made of HCHO-
containing materials.
There was constant
ventilation.

None

No complaints were received,
and there was no increase in
absenteelsm compared to other
schools in the district.

17737 were exposed to ~ 0.13
mg/ms, and between 1.8 and 5.2
mg% NCOOIl and up to 0.05 mg%
HCNO were found in their wrine.
20/37 were exposed to ~ 0.07
mg/ma, and between 1.5 and

5.9 mg¥% HCOOH, and up to 0.07
mg%h UCHO were found in their
wrine. During 24-h elimina-
tion, both groups had similar
values: 17.8 mg HCOOH/24-h
urine for those exposed Lo
0.12 mg/m3, and 15.7 mg HCOON/
24-h urine for those exposed
to 0.07 mg/m®. Authors con-
clude that exposure to £ 0.1
ppm HCNO caunot be biologically
traced.

(continued)

Remarks

See comments for the 0.25-0.75
mg/m3 eatry (Einbrodt and
Prajsnar, 1978). This sludy
is uncontrolled, but the re-
port of similar absenteeism
rates suggests that few acute
problems may be present. This
descriptive study simply sets
the limits of sensitivity of

of the analyiLical measurements.

Reference
and
Ratiug

Einbrodt and
Prajsnar
(1978)

B-6
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TABLE V-2 (continned)

Compound(s) and

Concentration(s) Population Group

EffectLs

in wg/m? (ppm) Description Exposed Controls
HCHO not given Residents of howes 1,396 1,395
insulaLed with urea~ (395 (400
formaldehyde (UF) house- house-
foam in the year holds) holds
preceding the study, without
UF foam)

1247395 dctected an ador afler
the installation of the foam,
lasting < ) wk- > 1 wo. From
the prevalence data for the
entire study period, only
asthma, wheezing or hreath-
ing difficulty, and burning
skin were higher in the ex-
posed group. Only wheezing
was slatistically significant.
Incidence data for new symptoms
occurring in the study period
was significant for asthma,
breathing difficulty, and
burning skin. The rate of
acquisition of anev symptoms
in the post-UF installation
population was significantly
(slightly) aliove that of the
control poputation. There
was a dose-response effect
between the presence and
duration of odor and an in-
crease 1in the rate of new
symptom acquisition. Overall
rates of secking medical at-
tention were about the same
in both groups. The persis-
tent odor group was higher,
post-insulation. 64.3% of
the insulated households de-
nied any problems which they
asgsocialed with the foam.

(continued)

Tl 27 TERETLAET T EIAAL LN SR ST

Esseatially a crogs-sectional
study which correlates ex-
posure to urea-formaldehyde

foam insulation to the pre-
valence of symptoms deter-

mined by telephone interview.
Unfortunately, no eavironmental
measurements of NCHO were made
to correlate with odor percep-
tion and symptoms. Control
housecholds were well-matched by
geographic location and appeared
gimilar in socloeconomic status,
family size, and percentage of
smokers in the households. This
study could have been designed
and analyzed as a concurrent
prospective study and morbidity
rates determined. Uanfortunately,
this was not done and only
simple differences in proportion
of symploms were evalnated (i.e.,
there was no stratification by
smoking status vs. exposure to
HCNO). Selective recall bias
may be present in the cases due
to Lthe nature of the publicity
and the telephone interviews,
For further comments, see Appen-
dix A.

Reference
and

Rating

Than et al.
(1980)
c-13



TABLE V-2 (concluded)

Compound(s) and
Concentration(s)

Population Group

in mg/m3 (ppm) Description Exposed Controls Effects
HeHo Occupants of homes 24 N, None The major symptoms were: dys-
Not given insulated with urea- 24 F, pnea, headache, rhinitis, eye
formaldehyde foam. 6-mo to irritation, cough, and fre-
75-y-old quent colds.

Other symptoms
were: rash, malaise, sore
throat, and vowiting in in-
fanls < l-y-old. Symptoms
lasted at least 1 mo, and up
to 4 y. Only 38% could de-
tecL the odor of HCHO, indi-

cating olfactory accommodation.

Remarks

Descriptive survey of com-
plaints of persons contacting
the Rocky Mountain Poison
Center after homes had been
newly insulated with IICHO
foam. The lack of exposure
measuremcnts made, the brief
review of acute symptoms,
lack of controls, the limjted
nos., and the selection bias
all limit the usefulness of
this study. Mainly a review
of other studies.

Ref

Ra

Har

erence
and
Ling

ris et al.

(1981)

-3

89T



SECTION VI

SUMMARY OF HEALTH EFFYECTS INFORMATION

This chapter provides background information on the toxicity and metab-
olism of HCHO and reviews the most relevant studies that were described in
tabular format in Chapters II through V.

BACKGROUND

Toxicity

HCHO is a well-known toxic gas, covered in such standard works as Gosselin
et al. (1976). The generally acknowledged effects of gaseous HCHO are irrita-
tion of the eyes and upper respiratory tract with edema and/or laryngospasm
in severe cases. It is generally believed that the high reactivity of HCHO
with amines and formation of methylol adducts with nucleic acids, histones,
proteins, and amino acids account for many of the adverse effects of high
concentrations such as coagulation necrosis and mutagenicity.

Systemically, HCHO decreases blood pressure and causes irregular respir-
ation. Thus, i.v doses of < 5 mg HCHO/kg produce primarily pressor effects
in anesthetized rats; at 10 mg/kg, both pressor and depressor effects are
manifested about equally; but at 20 mg/kg, only depressor effects such as
marked bradycardia and occasional transient cardiac arrest are seen. The
pressor effect is thought to be due to the release of catecholamine from
the sympathetic nerve endings and the adrenal medulla (Kitchens et al.,
1976).

Metabolism

Although HCHO metabolically produced at the site of damage is generally
believed to be the cause of methanol-induced retinal lesiomns, the only eye
lesion reported from exogenous HCHO is superficial irritation and burns.

The metabolism of HCHO in mammals has been summarized by Akabane et al. (1970).
Kitchens et al. (1976), Griesemer et al. (1980), and, most recently, by Brooks
and Reinhart (1981) in the National Research CounC11/Nat10nal Academy of
Sciences publication Formaldehyde and Other Aldehydes.

Formaldehyde is a normal metabolite along with formic acid (HCO,H),
its metabolic oxidation product, in the tetrahydrofolic acid-dependent one-
carbon pool. This pool is a synthetic pathway for the addition of a single
carbon group to a substrate molecule. The interconversions of labile methyl
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(CH3) groups from degradation of O-, N-, and S-methyl compounds (primarily
amino acids), formic acid (as its sodium salt), and HCHO are depicted in
Figure VI-1.

HCHO may be utilized in the one-carbon pool (tetrahydrofolic acid path-
way), but to a greater extent is converted to S-formyl glutathionme, which
is oxidized by NAD. Cleavage by a thiol esterase releases formic acid and
glutathione. HCHO may also be oxidized to formic acid by a nonspecific alde-
hyde dehydrogenase (Griesemer et al., 1980). The major pathway for formate
oxidation to CO, is via the tetrahydrofolic acid pathway (at least in rats)
(Palese and Tephly, 1975; Makar and Tephly, 1977).

Proteins and <« Labile CH3 groups
nucleic acids and one - carbon
mefabolism

I

HCHO > HCO,H —>CO,

i

HCO2Na

in urine

Figure VI-1. Formaldehyde Metabolism by the Tetrahydrofolic Acid-
Dependent Pathway (adapted from Griesemer et al.,
1980; and Kitchens et al., 1976).

HCHO is so rapidly oxidized to formate that when measurements of the
two in blood and urine are attempted after intake of HCHO or methanol, for-
mate concentrations are always higher than those of HCHO. Sometimes HCHO
is not even detected, although this may be due to a problem of analytical
sensitivity. The blood half-life of HCHO in cynomolgus monkeys was esti-
mated to be 1.5 min by McMartin et al. (1979), which agrees well with values
observed in rats, guinea pigs, rabbits, and cats. However, the human data
of Einbrodt et al. (1976) leads to a half-life of HCHO in blood of ~ 85 h
(Dost, 1980). The plasma half-life of formate is 80-90 min (Griesemer et
al., 1980).
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In vitro, HCHO interferes with adenosine triphosphate (ATP) generation,
uncouples oxidative phosphorylation, and possibly inhibits anaerobic glycol~-
ysis. Because the retina has a greater oxygen consumption via aerobic gly-
colysis in proportion to its iron content than any other tissue, HCHO is
the generally accepted cause of the visual symptoms and signs observed in
methanol-poisoned primates (Schneck, 1979). Perhaps the reason ocular
toxicity has never been found in HCHO poisoning is because there have been
far fewer cases of HCHO ingestion, or, as Gosselin et al. (1976) suggest,
perhaps HCHO must be generated metabolically in the sensitive ganglion cells
of the retina from methanol, never being able to reach that site when taken
into the body as HCHO.

Martin-Amat et al. (cited as "to be published" by McMartin et al., 1979)
have shown that formate produces ocular toxicity in the intact monkey identi-
cal to that produced by methanol. This finding, coupled with the finding
that formic acid accumulation accounts for the metabolic acidosis seen in
methanol poisoning, suggests that HCHO is not a major factor in methanol
poisoning, at least in the monkey (McMartin et al., 1979).

The biochemical mechanisms for the differences in the toxicities of
HCHO and methanol are not completely clear due to species differences, other
metabolic pathways, and a variety of other complications. Regardless of
the reasons why, the retinal toxicity of methanol is irrelevant to the toxic-
ity of low levels of formaldehyde.

BIOASSAY TESTS

In vitro tests show that HCHO inhibits ciliary movement in respiratory
tissue and is a weak mutagen. Only studies on respiratory tissue effects

were tabulated in Chapter II. The mutagenicity of HCHO is briefly discussed
here.

In vitro tests on respiratory tissues

Most of the in vitro tests evaluated toxic affects of HCHO and cogeners
(acrolein was often compared) on respiratory tissues, the site of greatest
cellular toxicity in whole~animal exposure (see Table II-1). Ciliary activ-
ity of the rabbit trachea and the clam gill was often used to quantitate
effects of HCHO vapors (Cralley, 1942; Kensler and Battista, 1963; Kensler
and Battista, 1966; Wynder et al., 1965). Measures were made on either the
dose required to produce ciliary paralysis or on the transport rate of micro-
scopic particles by ciliary movement in the in vitro preparation, before
and after HCHO exposure. —_

Cilia of rabbit tracheas were paralyzed rapidly after HCHO exposure.
Some representative doses are: 50 ppm (Dalhamn and Rosengren, 1971); 30 ppm
in air or 60 ppm in buffer for 5 min (Cralley, 1942). HCHO given in eight
12-s doses, 150 mg/m3 in each duse, produced a 50% reduction of the movement
of particles in a rabbit trachea biocassay (Kensler and Battista, 1963).
Kensler and Battista (1966) found HCHO was inhibitory to ciliary transport
activity, but that (unlike acrolein and HCN) the effects of formaldehvde

»
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were rapidly reversible. Wynder et al. (1965) noted that HCHO had the most
rapid ciliostatic effect of several aldehydes tested in a clam gill bioassay--
stasis at 0.05% (500 ppm) in water--but that recovery of spontaneous activity
occurred. Dalhamn and Rosengren (1971) did not look at recovery in the rabbit
trachea bioassay; HCHO produced ciliostasis at 60 mg/m® (50 ppm). Other
aldehydes were less toxic; acrolein produced ciliostasis at five times the
HCHO level, and acetaldehyde effects were seen with 100 times the HCHO dose.

Other bioassayvs

The Formaldehyde Panel (Griesemer et al., 1980) summarized most of the
available literature on the mutagenicity of HCHO, usually in the form of
HCHO-food or aqueous -solutions. Auerbach et al. (1977) reviewed in-depth
tests with fruit flies (Drosophila), grasshoppers, fungi, and bacteria, and
possible mechanisms of HCHO's action on DNA. HCHO vapors have seldom been
tested for mutagenic effect. Drosophila adults exposed for £ 1 h and larvae
exposed for £ 2 h to sublethal concentrations of HCHO gas showed no mutations
(Auerbach, 1949; cited by Griesemer et al., 1980).

The DNA single-strand breaks and DNA-protein crosslinks in bacteria
and yeast cells are the only lesions found that have been rather well char-
acterized for HCHO. In yeast cells, the HCHO-induced single-strand breaks
seem to be reparable. In both bacteria and yeast, the excision-resynthesis
repair system appears to be involved in at least a fraction of formaldehyde-
induced lesions (Chanet et al., 1976). In yeast, HCHO induces mitotic re-
combinations and a cell-cycle dependence which was demonstrated for both
lethality and induction of recombination (Chanet and Von Borstel, 1979).

Effects found in cultured mammalian cells include an 8- to 10-fold in-
crease in forward mutation frequency at the thymidine kinase locus in mouse
lymphoma cells; a 1.5~ to 3-fold increase in the frequency of sister chromatid
exchanges in Chinese hamster ovary cells (however, Hsie et al., 1978, who
were not cited by the Formaldehyde Panel, reported in a brief abstract that
HCHO gave a possible false negative in the Chinese Hamster Ovary CHO/HGPRT
system); and induction of unscheduled DNA synthesis in HeLa (human cervical
cancer) cells by 10 8 to 10 ® M solutions of HCHO (Griesemer et al., 1980).

A current study is attempting to correlate blood levels of HCHO with changes
in human chromosomal material in cultured human lymphocytes (Anonymous, 1980c).

Griesemer et al. (1980) concluded that HCHO can be classified as a weak
mutagen. Although it causes gene mutations and chromosome aberrations such
as deficiencies, duplications, inversioms, and translocations, dose-response
relations have been poorly demonstrated. They suggested use of certain mam-
malian tests that would aid in the prediction of .possible human genetic
effects. These were the in vitro mammalian spot test to determine whether
HCHO vapors or solutions would cause gene mutations in somatic cells that
affect coat color, the heritable translocation test, and the morphological
specific locus test. The latter two tests detect genetic effects in male
germ cells.

Other in vitro test models of HCHO effects included the choriocallantoic
membrane of the hen's egg, where 0.625 to 10 pg HCHO/uL (625 - 10,000 ppm
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or 0.0625 - 1.0%) produced hyperplasia. Comber and Grasso (1973) measured
the effects of a series of chemicals on the 10-day incubated egg model, com-
paring toxic effects of the chemicals to that of croton 0il, a potent tumor
inducer. HCHO rated 3,000 on an arbitrary scale rating crotom oil at 6,500.
In comparison, cigarette smoke condensate rated 200; phenol, 50; and silica,
< 10. Gibson (as cited in Anonymous, 1981a) speculated on HCHO's role as s
promoter in his cited discussion of recent rat carcinogenicity data on the
chemical.

ANIMAL EXPOSURE STUDIES

Animal studies of the effects of HCHO are detailed in a seriés of tables
given in Chapter III and discussed below. A complete summary table is given
in Chapter III, and the portion of that table concerned with levels < 6 mg/m3
(which is twice the threshold limit value [TLV]) is reproduced in Table S-1
in the Summary of the whole report.

Practically all the acute mouse studies (Table III-1) were 10-min expo-
sures by Kane and Alarie (1977 and 1978). They used respiratory rate as a
measure of toxic effect. HCHO, even at the lowest dose (0.41 mg/m3), caused
a decrease in rate. However, there was a threshold of sorts, in that concen-
trations of < 1.54 mg/m3 caused rate decreases of only 14 to 30%, with poor
dose-response relationship, while doses of > 1.89 mg/m3 caused decreases of
41% or more in a dose-related fashion. Adding acrolein (another irritating
aldehyde) increased the effect in a more or less additive fashion.

Kane and Alarie (1977) also did most of the repeated dose mouse studies
(Table III-2). Repeated 10-min exposures (usually & consecutive days) pro-
duced no evidence of sensitization. However, longer exposures (3 h/d for
4 d) did provide evidence of accumulative effects. The peak decrease in
respiratory rate increased on successive days and the recovery toward pre-
exposure level (during the continued exposure) was slower each day.

Additional repeated dose and chromic studies (Table III-3) were done
by Horton et al. (1963). Mice tolerated 100 mg/m3 for 35 wk (given 1 h/d,
3 d/wk), and 35 wk at 50 mg/m3 followed by 33 wk at 150 mg/m3 (same schedule).
with no grossly apparent toxicity, such as decreased weight gain. However,
tracheobronchial epithelia showed numerous changes, especially hyperplasia
and metaplasia. These potentially cancerous changes with no grossly apparent
effects are disturbing. The Chemical Industry Institute of Technology (CIIT)
study of rats and mice has yielded no formal publication for mice data.
However, Anonymous (1981a) reported that after 24 mo at 15 ppm HCHO for 6 h/d
S d/wk, 2 of 85 mice had developed nasal squamous cell carcinomas.

Kilburn and McKenzie (1978) gave hamsters 4-h exposures to HCHO and
HCHO-coated carbon particles (Table III-4). They were looking for damage
to the airway cells and defense mechanisms. The lowest dose of HCHO alone
(8 mg/m3) was damaging to the cells. Interestingly, even 712 mg HCHp/m3
did not cause recruitment of polymorphonucleocytes, while 4 mg HCHO/m® with

131 mg C/m® did cause such a response. Apparently the particulates (e.g.,
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carbon soot) and the irritants activate distinct defense mechanisms. A
single exposure to 12.5 mg/m3 for 5 h caused little cell damage in nasal

turbinates, trachea, or lungs, as measured by 3H-thymidine incorporation
(Dalbey, 1981).

In repeated dose exposure of hamsters (Table III-5), Schreiber et al.
(1979) found that up to 15 1-h exposures to 312.5 mg HCHO/m® caused severe
cytologic changes in the tracheobronchial epithelium. These changes were
reversible with complete recovery within 2 to 6 weeks. A single exposure
to 31.2 mg/m® for 5 h caused cell damage in nasal turbinates and, to a lesser
degree the trachea. A second exposure a week later indicated some adaptation
to the irritant effects (Dalbey, 1981).

In the single chronic hamster exposure study, no adverse effects were
reported after 6-mo exposures to 0.25, 1.25, or 3.75 mg/m® (Clary, 1980).
There are more data from rats than from any other species. For acute expo-
sures (Table III-6) there were a number of more or less routine toxicology
studies. Skog (1950) found a 30-min LDsg¢ of 1,000 mg/m3, with deaths hours
to weeks after exposure due to excessive respiratory tract secretions and
pulmonary edema.

Nagornyi et al. (1979) considered 18 mg/m® for an unstated exposure
period the "acceptable limit" for pulmonary function (measured by oxygen
uptake). If one relied on standard clinical chemistry parameters (e.g.,
SGPT), then the much higher dose of 63 mg/m® would be defined as the "accept-
able limit." Zaeva et al. (1968) found some toxic effects (decreased blood
pressure, leukocyte effects, irritation) at 5 mg/m3, but no effects at
1-2 mg/mé.

Two groups studied more unusual end points. Katz and Laskin (1977)
studied the in vitro phagocytic activity of macrophages exposed to HCHO in
vivo; their results are difficult to interpret. Kulle and Copper (1975)
Tooked at nasal sensory response and found decreased response even at their
lowest doses, but partial recovery within an hour. The mechanism is not
known, but may involve the excessive secretions as well as direct effects
of HCHO on receptors.

There are many repeated dose studies on rats (Table III-7); only the
more significant are discussed.

Dubreuil et al. (1976) found that continuous exposure for 3 mo to 2 mg
HCHO/m3 caused only progressive yellowing of the fur. It is not known if
this represents dyeing (non-toxic effect) or a failure to groom (a toxic
effect). Higher doses produced decreased weight.gain, sneezing, nasal and
eye discharges, and other effects.

Fel'dman and Bonashevskaya (1971) studied electrophysiological effects
as well as the classical toxicological parameters. They found no effects
after 3 mo at 0.012 or 0.035 mg/m®. However, exposure to 1 mg/m® produced
electrophysiological effects by the end of the second month and a variety
of mild to moderate lesions, mostly pulmonary (desquamation of bronchial
epithelium, inflammatory reactions). A higher dose (3.0 mg/m3) produced
more severe effects faster.



Sheveleva (1971) did a teratology study. She found negligible effects
at 0.5 mg/m3 and definite maternal toxicity at 5 mg/m3. The study was not

a complete, standard protocol, so some possible effects may have been over-
looked.

The most significant study of the chronic exposures (Table I11-8) is
the excellent report of Swenberg et al. (1980)*, with rats exposed 6 h/d,
5 d/wk for 18 mo of a 24-mo study. The low dose (2.6 mg/m3) was toxic, with
decreased body weight, discolored hair, and epithelial dysplasia and/or
squamous metaplasia of the nasal turbinates. The middle dose (7.0 mg/m3)
was similar, with a small incidence of rhinitis. (At 24 mo, two rats had
developed squamous cell carcinomas of the nasal turbinates [NIOSH/OSHA, 1980]).
The high dose of 17.6 mg/m?® was much more toxic. Most rats had acute suppura-
tive or seropurulent rhinitis. Squamous cell carcinomas were found in 64%
of rats dying at unscheduled times (mostly after month 12) and 20% of those
killed at 18 mo. (By the end of 24 mo, 95 rats exposed to the highest dose
had developed nasal squamous cell carcinomas.) In recent brief reports, a
study at NYU has found nasal cancers in only 10% of rats exposed to 17.5 ng/m3
for 382 six-hour periods (Anonymous, 198lc; Anonymous, 1981d). In contrast
to these two studies, Dalbey (1981) found no evidence of carcinogenmicity in
hamsters exposed 5 times/wk to 12.5 mg/m® for a "lifetime" (10-26 mo).

Gibson (as cited in Anonymous, 198la) suggested that the nasal tumors
were promoted by the tremeadous cell death caused by HCHO irritation. The
nature of this reaction makes the "ome hit" linear model inmcorrect, according
to Dr. Gibson. Other risk estimation techniques postulate a2 1-2 ppm exposure
for a 1 in 100,000 risk.

After 6 mo exposure to 0.25, 1.25, or 3.75 mg/m3, the only adverse effect
reported in rats was decreased weight gain in the highest exposure group
(Clary, 1980). Nagornyi et al. (1979) found only minor (probably negligible)
adverse effects in rats exposed to 0.5 mg/m3, 5 h/d, 6 d/wk for 6 mo. Some
Russian studies found small changes in various biochemical parameters after
6 mo of 3 h/d exposure to 0.035 mg/m3 (Basmadzhieva et al., 1974), or 6 mo
of 8 h/d exposure to 0.035 mg/m3 (Davidkova and Basmadzhieva, 1979), or 4 mo
of 4 h/d exposure to 0.5 mg/m® (Pod''yacheva, 1977). Pod''yacheva (1977)
found that the effects of HCHO and phenol were additive, but the onset from
combined small doses was faster.

Amdur (1960) performed wmany acute studies of respiratory mechanical
parameters with guinea pigs breathing HCHO for 1 h (Table III-9). The low-
est dose (0.06 mg/m3) had no significant effects. The next dose (0.39 mg/m3)
caused increases in lung resistance and decreases in lung compliance with

o
~

The study, sponsored by the Chemical Industry Institute of Technology
(CIIT), was performed by Battelle Columbus Laboratories. An Inter-
agency Regulatory Liaison Group (IRLG) task force including patholo-
gists from CPSC, DOE, EPA, NCI, and NIEHS visited CIIT in January 1980
to verify the findings. The group ot pathologists in a February 1980
report concurred in general with the CIIT observations, diagnoses, and
interpretations (CPSC, 1981).
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recovery in 1 h. An increase to 1.43 mg/m® increased breathing work and

caused small, but statistically significant, increases in lung resistance
1 h after exposure. As even greater doses were used, additional parameters
were affected.

Repeated dose guinea pig studies (Table III-10) varied widely in quality
and relevance. Coon et al. (1970) found that 90-d continuous exposure to
4.6 mg HCHO/m® was toxic with interstitial inflammation of the lungs and
chronic inflammation of visceral organs. Nagornyi et al. (1979) dosed guinea

pigs 5 h/d, 6 d/wk for 1 mo at 0.5 mg/m® and found no toxicologically signifi-
cant effects.

A useful rabbit study was a repeated dose study by Coon et al. (1970)
(Table III-12). They found pulmonary interstitial inflammation, but no other
adverse effects, in rabbits continuously exposed to 4.6 mg HCHO/m® for 90 d.

In the large animal studies (Tables III-13 to III-16), the most notable
results were in the multi-species study of Coon et al. (1970). Beagle dogs
and squirrel monkeys exposed continuously for 90 d to 4.6 mg HCHO/m® had
varying degrees of pulmonary interstitial 1nflammation, like the other species
they tested. In the study by Clary (1980), 6-mo exposures (22 h/d) of monkeys
to 0.25, 1.25, or 3.75 mg/m® caused nasal discharge in the highest exposure
group.

There is good evidence that the animal organism can recover from moder-
ately irritating doses of inhaled HCHO. However, there is a limit to this
recovery as shown by the progressively increasing time to recovery in studies
like that of Kane and Alarie (1977) and the squamous cell carcinomas found
by Swenberg et al. (1980).

There were very few interspecies studies. Nevertheless, there is no
evidence of major differences.

There is a moderate amount of evidence for simple additivity with other
irritants and with air pollutants having different effects.

The minimal adverse effects seem to be local irritation and subsequent

tissue reactions, especially in the pulmonary system. From these studies,
it appears that adverse effects appear at levels at or above 1 mg/m3.

HUMAN EXPOSURE STUDIES

Experimental studies

Only acute inhalation studies have been reported. These are fully de-
scribed in Chapter IV, Table IV-1, and summarized in Table S-2 of the report
Summary.

The lowest dose at which effects have been reported is 0.0024 mg/m3.

Van Ven'-yan' as cited in Zaeva et al. (1968) stated that this level had an
effect on the mood of human subjects. The same source reported 0.0075 mg/m?
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as the threshold of respiratory irritation, 0.016 mg/m3 as the threshold of
nervous system irritation, and 0.029 mg/m® as the threshold of salivary
action. The value (if any) of these data is unknown. Other studies
(Fel'dman, 1974; Takhirov, 1974) have reported on the effects of mixtures
of formaldehyde with other chemicals, including nitrogen dioxide (NO,) and
hydrogen chloride (HCl). Results on odor threshold, etc., were simply addi-
tive.

- A number of studies found minimal effects at about 0.05-0.08 mg/m3 for
several minutes. Russian studies (Makeicheva, 1978; Fel'dman, 1974) found
that 0.046 or 0.053 mg/m? was sufficient to affect the electroencephalographic
(EEG) response to a flashing light.

Reported odor thresholds for the most sensitive individuals include
0.05 mg/m3 (Petterson and Rehn, 1977; as cited in Andersen, 1979), 0.065 mg/m3
(Takhirov, 1974), 0.07 mg/m3 (Melekhina, 1964), 0.073 mg/m® (Fel'dman, 1974),
0.077 mg/m® (Makeicheva, 1978), and 0.080 mg/m® (Fel'dman and Bonashevskaya,
1971). Sgibnev (1968), however, found that three of six subjects could not
perceive HCHO odor at 0.3-0.4 mg/m3.

Some electrophysiological effects have been seen at HCHO levels near
0.1 mg/m3. Specifically, Melekhina (1964) found the threshold for affecting
the optical chronaxy as 0.084 mg/m® and an increase in light sensitivity
at 0.2 mg/m3. However, these studies only involved 3 subjects.

Irritation thresholds are higher. Okawada et al. (1979) found an eye
irritation threshold of 0.25 mg/m3. Sgibnev (1968) found respiratory -tract
irritation, distortions in breathing rhythm, and other effects at 1.0 mg/m3.
Andersen (1979) reported slight discomfort and slight airway resistance
changes during 5-h exposures to 0.3, 0.5, 1.0, and 2.0 mg HCHO/m3. Irrita-
tion effects increase considerably in the range of 1 to 5 mg/m3 (Stephens
et al., 1961; Weber-Tschopp et al., 1977; Renzetti and Schuck, 1961). Con-
centrations of 5 mg/m® or more rapidly become unbearable, but recovery occurs
5-10 min after cessation of formaldehyde exposure (Sim and Pattle, 1957,
Weber-Tschopp et al., 1977). There is evidence (Einbrodt et al., 1976)

that this rapid recovery is due to rapid oxidation of the formaldehyde to
formic acid.

Environmental exposures

A discussion of completed studies follows. A discussion of on-going
studies is contained in Appendix A.

Occupational exposure--

Studies of occupational exposures to HCHO are fully described in Chap-
ter V, Table V-1. The A- and B-rated studies are summarized in Table S-3
of the Summary. As is often the case, many studies are confounded by expo-
sure to other agents, including acrolein and phenol (which have similar
irritating effects). Controls generally range from poor to non-existent.

In one of the better studies, Efremov (1970) found increased prevalence
of upper respiratory tract disease in workers exposed to urea-formaldehyde

3
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vapors, generally at less than the maximum allowable concentration, with
reasonable dose and duration of exposure effects. Parallel effects were
seen in respiratory physiology.

Because of recent reports of respiratory tumors in animals, a number
- of human occupational exposure studies are in progress (see Appendix A).
These include mortuary workers and histotechnologists, who can have cutane-

ous as well as inhalation exposure. No definitive results are yet avail-
. able.

Epidemiological studies--

‘ A pumber of epidemiological studies have been done, primarily on the
inhabitants of homes and schools with urea-HCHO insulation. These are
listed in Chapter V, Table V-2. Most studies listed are defective due to
no (or poor) controls, no reasonable estimates of HCHO exposure, and selec-
tion bias. Each study has been critically assessed in the Remarks column
of Table V-2. The results of the better studies are given in Table S-3 of
the Summary. Eye, nose, and upper respiratory tract irritation was observed
for exposures to 0.211 mg HCHO/m® (Melekhina, 1964), but no symptoms were
seen in adults or schoolchildren exposed to 0.08-0.13 mg/m3. The most tech-
nically acceptable methodology is that of Thun et al. (1980), who surveyed
homes with recently installed insulation. Although a majority of the test
homes had no problems, there was an increase in wheezing and other breathing
difficulties, especially in the homes and times where odors were noted.
Unfortunately, no envirommental measures of HCHO were made.
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SECTION VII

HUMAN EXPOSURES TO FORMALDEHYDE AND RECOMMENDATIONS
FOR A RANGE OF CONCERN

HUMAN EXPOSURES

Metabolic formaldehyde

Besides the normal endogenous metabolic sources of HCHO mentioned in
Chapter VI, formate and HCHO can arise as metabolic products of other exoge-
nous compounds such as acetone or methanol. In addition, N-demethylation
of drugs such as aminopyrine or ethylmorphine or metabolism of dihalo-
methanes can lead to in vivo formation of HCHO and formate. Enzymatic hydro-
lysis of S-methyltetrahydrofolate in the presence of biogenic amines and
the action of mixed function oxidases on the N-methyl groups of various
xenobiotics also produce HCHO (Griesemer et al., 1980).

Public exposures to HCHO

Many researchers have found HCHO at detectable levels in the atmosphere
both indoors and outdoors (see Table VII-1). Reported indoor levels range
from "not detected" to 8.7 mg HCHO/m®. The higher levels, > 1 mg/m3, gener-
ally are due to the use of urea-HCHO foam for insulation or polymeric mate-
rials and chipboard for construction. Energy-efficient construction
(0.035-0.261 mg/m3), use of gas stoves (0.035-0.4 mg/m3), nearness to heavy
traffic (0.051-0.106 mg/m3), and hot, humid weather conditions (0.155 mg/m3)
all contribute to elevated indoor HCHO levels.

The highest outdoor levels (~ 0.08-2.6 mg HCHO/m3®) were generally re-
ported near highways during rush-hour traffic (0.01-2.6) or in large cities
with heavg air pollution and traffic problems, such as Los Angeles (0.04-
0.16 mg/m®) and Tokyo (0.001-0.091 mg/m3). The lowest levels were usually
reported in small towns (< 0.009 mg/m*®) and during cold weather (0.008-
0.01 mg/m3).

The level of total aldehydes in human breath has been measured: '"not
detected" to 0.09 mg/m® in smokers; "not detected" to 0.12 mg/m3 in non-
smokers (Nefedov et al., 1969).
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Concentration

not detected-0.97
(not detected-0.78)

0.4
0.080-0.261
0.035-0.156
(0.028-0.125)
0.06-0.155
(0.048-0.124)
0.106
(0.085)
0.066

(0.053)

U.S. residences with urea-HCHO foam in-
stalled 1->24 mo previously.

Kitchen (in the U.S.) with a new gas
stove in use, no ventilation or hood

Inside an energy-efficient house in
Mission Viejo, California. Levels
varied with occupancy and presence
of furniture.

Inside an Energy Research Building in

Ames, ITowa (see Outdoor, < 0.009, below).

Living room in the summer.

First floor office, in a "traffic
canyon."

Suburban apartment.

Location in mg/m® (ppm) Description Reference
Indoor < 0.6 - 8.7 U.S. residences with urea-HCHO foam cPsc (1978)
(< 0.5-7.0) insulation
< 0.012-2.38 Interior of a new school building in West Deimel (1978)
(< 0.01-1.90) Germany, the higher levels during summer
, months.
0.08-2.24 23 Danish dwellings using chipboard Andersen et al. (1975)

Marshall (1980)

Ilollowell et al. (1979a)

Hollowell et al. (1980)

Hollowell et al. (1979b)

Berk et al. (1979)

Wanner (1978)

Wanner et al. (1977)

Wanner et al. (1977)



TABLE V11-1 (continued)

Concentration
Location in mg/m3 (ppm) Description Reference

0.051 A "store and dispatch" in a residential Wanner et al. (1977)

(0.041) area.

0.04 Living room in the winter. Wanner et al. (1977)

(0.032)

0.035 Kitchen (in the U.S.) with new gas Hollowell et al. (1979a)
stove and high-speed ventilation.

0.008-0.032 Interior of school in the USSR built Trubitskaya et al. (1978)
with polymeric materials.

0.006-0.016 School in the USSR built with non- Trubitskaya et al. (1978)
polymeric materials.

Outdoor avg. 2.6 Sic 1lk and 1-2 m from road in Moscow Melekhina (1964)

during maximum traffic, at twilight.

0.1 -1.2 Along two USSR highways. Prigoda (1973)

0-0.16 Downtown Los Angeles. Renzetti and Bryan (1961)

(0-0.13)

0.06-0.15 Urban polluted air. Stupfel (1976)

(0.05-0.12)

0.005 - 0.15 A distance of 10 to 15 m from two Prigoda (1973)
USSR highways.

0.001 - 0.091 Range of hourly values in Tokyo, during Matsumura and Higuchi

(0.001 - 0.073)

1968 to 1976. The mean for the 9-year
period was 0.009 mg/m3.

(1979)
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TABLE V1i~1 (concluded)

l.ocation

Concentration
in mg/m3 (ppm)

Description

Reference

0.01-0.09
(0.01-0.07)

0.04-0.08
(0.03-0.066)

0.004 - 0.025
(0.003-0.020)

0.016-0.019
(0.013-0.015)

0.009 - 0.018

0.012-0.015
(0.0093-0.012)

0.0062-0.0145

0.008-0.010
(0.006-0.008)

< 0.009
(< 0.007)

0.001-0.0068

South Pasadena, California.
Downtown Los Angeles and suburbs.
Range during the summers of 1972 to

1974 in four cities in New Jersey.

Summer air.

Ohtsu area of Japan in October 1976.

Near roads with varying traffic density.

Sofia, Bulgaria

Winter air.

Outdoor air in Ames, Iowa (see Indoor,
0.035-0.156, above)

Levels generally detected 7 to 8 m

from a road in Moscow with heavy
traffic at twilight. Max. of 0.017 mg/m3.

Renzetti and Bryan (1961)
Altshuller (1978)
Cleveland et al. (1977)
Wanoner (1978)

Suga et al. (1978)

Wanner et al. (1977)
Kalpazanov et al. (1976)
Wanner et al. (1978)
Hollowell et al. (1979b)

Berk et al. (1979)

Melekhina (1964)




Cigarette smoking

The level of HCHO found in cigarette smoke has varied with the investi-
gator and the type of cigarette. Stupfel (1976) reported 150 mg/m® (120 ppm’
in unspecified smoke. Newsome et al. (1965) reported 90 mg/m3 (3.6 ug/40 mL
puff) in the smoke of filtered cigarettes and 103 mg/m3 (4.1 pg/40 mL puff)
in the smoke of unfiltered cigarettes. NIOSH/OSHA (1980) reports < 50 mg/m*
(< 40 ppm). NIOSH uses this figure to calculate that an individual smoking
a pack of cigarettes a day would inhale 0.38 mg HCHO, whereas occupational
exposure to formaldehyde at 3 ppm could result in a daily intake of 29.0 mg
HCHO. From Stupfel's data it can be estimated that after each 40 mL puff
containing 3.6-4.1 yg HCHO, the lung will be exposed momentarily to air con-
taining ~ 5.1-5.8 mg HCHO/m (3.6-4.1 ug/0.7 L tidal volume). This is 170-
190% of the TLV (3 mg/m3).

INTERNATIONAL STANDARDS AND RECOMMENDATIONS

A summary of regulations and recommendations is given in Table VII-2.
Most of the recommendations were made by individual researchers, not regula-
tory or advisory agenc1es The standards for occupational exposure range
from 0.5 to 10 mg HCHO/m®, for 8-h to 30-min intervals. Standards for out-
door air ramnge from 0.01 to 0.075 mg/m The American Industrial Hygiene
Association (AIHA) recommended 0.12 mg/m® for the U.S. standard for outdoor
air. Recommendations for indoor air exposure range from 0.025 to 0.62 mg/mS.

The Committee on Toxicology of the National Research Council (NRC, 1980)
concluded that "there is no population threshold for the irritant effects
of formaldehyde in humans" and advised "maintaining formaldehyde at the low-
est practical concentration to minimize adverse effects on public health."

NIOSH/OSHA (1980), in a Current Intelligence Bulletin, recommended that
"formaldehyde be handled in the workplace as a potential occupational car-
cinogen." However, under orders from the Office of Health and Human Ser-
vices Secretary Richard Schweiker, NIOSH has halted further distribution of
that bulletin (Anonymous, 1981c).

RECOMMENDED RANGE OF CONCERN

The EPA Work Directive for this Task 6 suggested 0.03-3.0 mg HCHO/m?
as a preliminary range of uncertainty with regard to health effects of in-
haled HCHO. The threshold limit value in the United States for occupational
exposures is 3.0 mg/m3.

Experimental animals show obvious adverse effects at HCHO concentrations
> 1 mg/m?® whether acutely or chronically exposed. In chronic studies, bio-
chemical and inflammatory changes are seen at concentrations as low as 0.035;
and 8-12 wk exposures of rats to 0.012 mg HCHO/m® produced such changes.
Thus, a range of concern, based on animal studies would be from 0.012 to
about 1 mg/m3.
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TABLE VII-2.

SUMMARY OF REGULATIONS AND RECOMMENDATIONS FOR HUMAN FORMALDEHYDE EXPOSURE

lICHO Level

Type of Exposure

in Outdoor  Indoor Occupational
mg/m? (ppm) Recommendation/Regulation Air Air Air Reference
12.5% Promulgated ceiling exposure X NRC (1980)
(10) limit in Great Britain. Max. NIOSII/OSHA (1980)
acceptable peak level for a
total of no more than 30 min
during an 8-h shift in the U.S.
6.3 Promulgated ceiling exposure X NRC (1980)
(5) limit in Japan, Finland, and U.S. NIOSH/0SHA (1980)
5.9 Promulgated ceiling exposure X NRC (1980)
(4.7) limit in Italy and Poland
5 Promulgated ceiling exposure X NRC (1980)
(4) limit in Czechoslovakia (short, 1.0 (1970)
single exposure) and Bulgaria
3.8 Time-weighted avg. (TWA) X NRC (1980)
(3) . promulgated by OSHA; TLV in NIOSH/OSHA (1980)
Australia Howlett (1980)
3.1 Promulgated ceiling exposure X NRC (1980)
(2.5) limit in Sweden and Rumania
3. Ceiling threshold limit value X NRC (1980)
(2) (TLV) recommended by ACGIH; TLV ACGIH (1980)
in The Netherlands Howlett (1980)
2.5% Promulgated TLV (ceiling) in X Lynne (1979)
(2) Great Britain

A
0y

Note the discrepancy between the two entries.

(Continued)



c8T

TABLE V11-2 (continued)

HCHO Level
in

Type of Exposure

Outdoor Indoor Occupational
mg/m® (ppm) Recommendation/Regulation Air Air Air Reference
<2.5 Recommended a TLV X Weber-Tschopp et al.
(<2) below this level (1977)
2.1 Promulgated TWA (8-h) in X NRC (1980)
(1.7) Czechoslovakia and East Germany ILO0 (1970)
1.9 Proposed TLV in Italy X Howlett (1980)
(1.5)
1.2 Ceiling exposure limit recom- X NRC (1980)
(1) mended by NIOSH NIOSH/OSHA (1980)
1.2 Promulgated TWA (8-h) in Denmark X NRC (1980)
(1) and West Germany. MAC in West Helwig (1977)
Germany. TLV in Poland and Howlett (1980)
Yogoslavia
1.0 Promulgated ceiling exposure X NRC (1980)
(0.8) limit in Hungary
0.62 Recommended exposure limit X Timm and Smith
(0.5) in residences (1979)
0.62 Standard in The Netherlands X Rumack (1978)
(0.5) for levels 2 wk after in-
stallation of urea-lICHO foam
insulation
0.12-0.62 Recommended exposure limit X Einbrodt and Prajsnar
(0.1-0.5%) for schools and living areas (1978)
0.12-0.5 Recommended ceiling exposure X NRC (1980)
(0.1-0.4) limit in Sweden

(Continued)
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TABLE

VII—2 (continued)

HCHO Level

Type of Exposure

time exposure in populated
places in the USSR

(Continued)

in Outdoor Indoor  Occupational

mg/m3 (ppm) Recommendation/Regulation Air Air Air Reference
0.5 Promulgated ceiling exposure X NRC (1980)
(0.4) limit in the USSR USSR (1972)
0.4 Proposed preliminary standard Andersen

for continuous exposure, in (1979)

Denmark
0.038-0.38 Recommended TLV X Kane and Alarie
(0.03-0.3) (1977)
0.25 Recommended exposure limit X Hanrahan et al.
(0.2) (1980)
0.15 Recommended ceiling exposure X NRC (1980)
(0.12) limit in Denmark Andersen (1979)
0.12 Ceiling exposure limit recom- X NRC (1980)
(0.1) mended by the AIHA
0.12 Ceiling exposure limit prom- X NRC (1980)
(0.1) ulgated in The Netherlands Andersen (1979)

and recommended in West

Germany
0.075 Standard for the maximum X Helwig (]977)
(0.06) immission concentration (MIC) ;

for short-term exposures in

West Germany
0.035 Standard for maximum one- X USSR (1972)
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HCHO Level

Type of Exposure

in Outdoor Indoor Occupational
mg/m? (ppm) Recommendation/Regulation Air Air Air Reference
0.025 Standard for the MIC for X lelwig (1977)
(0.02) long-term exposure in NRC (1980)
West Germany
0.025 Standard in The Netherlands X Rumack (1978)
(0.02) for levels 2 mo after in-
stallation of urea-HCHO foam
insulation
0.012 Standard for maximum avg. X USSR {1972)
exposure in populated places
in the USSR
0.01 Promulgated ceiling exposure X NRC (1980)
(0.008) limit in the USSR
0.004 Recommended highest concen- X Kane et al. (1979)
(0.003) tration for Air Quality

Standard




The upper limit of a range of concern for nonoccupationally exposed
humans based on short-term experimental exposures should be 0.95-1.0 mg
HCHO/m3, where eye irritation is slight, the odor is perceived, and other
effects occur (changes in breathing rhythm and a-rhythms). The lower level
should be at least 0.2-0.25 mg/m3, which is the threshold for eye irritation.

Perhaps the lower level should be 0.05 mg/m3, the lowest reported odor thresh-
old.

From occupational, epidemiological, and similar public exposure reports,
a level of concern of 0.211 mg HCHO/m® may be recommended. This concentra-
tion produced eye and upper respiratory tract irritation in moderately long-

term exposures whereas no such symptoms were observed in adult or school
children exposed to 0.08-0.13 mg/m3.

Thus, the human studies indicate that the range of concern in long-term
or acute exposures to HCHO should be 0.06 or 0.2 to ~ 1 mg/m3. If animal
studies were directly extrapolatable to humans, it would aggear prudent to
make the lower limit of the range of concern 0.01-0.04 mg/m>.

The value of 0.2 mg/m3 may be the most defensible choice since both
nonsmoking and smoking humans sometimes contain aldehydes in the breath at
levels as high as ~ 0.1 mg/m3, HCHO being a normal metabolite and a metab-
olite of exogenous substances. This value is frequently the maximum value
reported for urban polluted air. However, various authorities have recom-
mended or promulgated standards for HCHO in outdoor air as low as 0.01 mg/m3.
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5-175% ACGIH, American Conference of Governmental Industrial Hygienists.
1971. Documentation of the Threshold Limit Values for Substances
in Workroom Air. ACGIH, Cincinnati, Ohio. pp. 118-119.

C--.** ACGIH recommended a ceiling limit for HCHO in workplace

air of 2 ppm; ANSI in 1967, 3; the USSR in 1966, 0.8; and Czechoslo-
vakia in 1969, 1.6 ppm. The ACGIH limit was set to avoid upper
respiratory tract irritation in most workers. A limit of 5 ppm
would be low enough to prevent respiratory injury.

5-421 ACGIH, American Conference of Governmental Industrial Hygienists
TLV Airborne Contaminants Committee. 1980. TLVs Threshold Limit
Values for Chemical Substances and Physical Agents in the Work-
room Environment with Intended Changes for 1980. ACGIH Cincinnati,
Ohio. p. 19.

A--. The time-weighted-average TLV for HCHO is 3 mg/m® (2 ppm).

5-179 Ahmad, I., and T. Whitson. 1973. Formaldehyde: How Much of a
Hazard? Ind. Med. Surg. 42(8):26-27.

C-4. Employees of an industrial garment company lost comscious-
ness after short exposure to at least 2.5-12.5 mg HCHO/m3. Con-
tinued headache, dizziness, nausea, and some tremors. Other em-
plovees seemed unaffected, when observed later in the day.

5-407 AIHA, American Industrial Hygiene Association. 1978. Hygiene
Guide Series; Formaldehyde. American Industrial Hygiene Asso-
ciation, Akron, Ohio. 5 pp.

C--. Review.

5-218 Alabert, N., J. Godin, C. Boudene, and A. Roussel. 1971. The
Effect of Aldehyde Atmospheric Pollutants on the NAD-NADH System
of the Liver, Lungs, and Encephalon in Rats. C. R. Hebd. Seances
Acad. Sci., Ser. D. 272(26):3363-3366 (Fre).

D-6. After 3-h exposure to 140 ppm HCHO, the rats were immediately
sacrificed and the levels of NAD and NADH in the brain, liver,

and lungs were determined. Only the level of NAD in the brain
decreased significantly. Few details of the methodology are given.
Other aldehydes were studied, leading to the suggestion that after
passing the respiratory barrier, aldehydes may have a specific
toxic action at the cellular level.

* Numbers in the left margin are MRI document acquisition numbers.
** MRI rating. See full explanation in Chapter I.
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5-219

5-217

'5-022

5-001

5-204

5-024

Alarie, Y. 1973. Sensory Irritation by Airborne Chemicals.
C.R.C. Crit. Rev. Toxicol. 2(3):299-363.

D--. Extensive review of respiratory tract sensory receptors,
the reflux reactions evoked following their stimulation by in-
haled chemicals, the nature of chemicals eliciting sensory irrita-
tion, and the mechanisms of their interactions with nerve endings.
Concerned primarily with acute exposures. Concludes that measure-
ments of decrease in respiration rate in animals is a reliable

predictor that an airborme chemical will evoke sensory irritation
in humans.

Akabane, J. 1970. Aldehydes and Related Compounds. Int. Encycl.
Pharmacol. Ther. Sect. 20, Vol. II, pp. 544-560.

C--. A review of the metabolism, toxicity, and pharmacological
effects of lower aliphatic aldehydes, especially formaldehyde and
acetaldehyde. 190 literature references.

Altshuller, A. P. 1978. Assessment of the Contribution of Chem-
ical Species to the Eye Irritation Potential of Photochemical Smog.
J. Air Pollut. Control Assoc. 28(6):594-598.

D-8. A review and discussion of the results of several studies

on atmospheric samples or irradiated auto exhaust and hydrocarbon-
nitrogen oxide mixtures. The eye irritation on a moderately smoggy
day may be due 40% to HCHO and 25% to acrolein. Atmospheric sam-
ples collected in California contained 30-66 ppb HCHO and 6-7 ppb
acrolein.

Amdur, M. 0. 1960. The Response of Guinea Pigs to Inhalation of
Formaldehyde and Formic Acid Alone and With a Sodium Chloride Aero-
sol. Intern. J. Air Pollut. 3(4):201-220.

B-13. Guinea pigs were exposed to HCHO at 0.05-50 ppm alone and
in combination with NaCl aerosol. Upper vs. lower respiratory

effects are compared through use of normal and tracheotomized

animals.

Amdur, M. 0. 1966. The Respiratory Response of Guinea Pigs to
Histamine Aerosol. Arch. Eaviron. Health 13(1):29-37.

D--. Study of guinea pigs' response to histamine aerosols com-
pared to responses to HCHO determined earlier. Same HCHO data as
in Amdur (1960).

Amdur, M. O. 1978. Respiratory Response to Iodine Vapor Alone
and with Sodium Chloride Aerosol. J. Toxicol. Environ. Health
4(4):619-630.

D--. Study of guinea pig responseé to I vapor and NaCl aerosol
as compared to responses to HCHO determined earlier. Same HCHO
data as in Amdur (1960).
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5-310

5-205

5-025

5-026

5-027

Andersen, I. 1979. Formaldehyde in the Indoor Environment--Health
Implications and the Setting of Standards. In: Indoor Climate,
Effects on Human Comfort, Performance, and Health in Residential,
Commercial, and Light-Industry Buildings., Proc. of the First Int.
Indoor Climate Symp., Copenhagen, Denmark. August 30-September 1,
1978. P. O. Fanger and O. Valbjorn, Eds. Danish Building Research
Institute, Copenhagen, Demmark. pp. 65-87.

A-14. Literature review with 16 references. Results of a human
experimental study exposing 16 people to 0.3, 0.5, 1.0, and 2.0 mg
HCHO/m3 for 5 h each on consecutive days. No changes in airway
resistance, small decrease in nasal mucus flow except at 1.0 mg/m3,
eye irritation and dryness in nose and throat at all levels, and
no change in performance tests were reported. Suggest a standard
for continuous exposure to HCHO of < 0.15 mg/m®. Panel discussion
of the paper included the information that the Netherlands recom-
mended and Germany published an indoor air standard of 0.12 mg/m?3.

Andersen, I., G. R. Lundqvist, and L. Molhave. 1975. Indoor Air
Pollution Due to Chipboard Used as a Construction Material. Atmos.
Eaviron. 9(12):1121-1127.

C--. HCHO concentrations in 25 rooms in 23 Danish homes using
chipboard construction materials were 0.08-2.24 mg/m3 (avg. 0.62
mg/m3). The West German limit for outdoor ambient air (0.03 mg/m3)
was exceeded in all cases. (The West German workplace limit is
1.2 mg/m3.)

Anderson, R., and Y. Alarie. 1978. Respiratory Toxicity of Ther-
al Decomposition Products of Urea Formaldehyde and Phenol Formal-
dehyde. Pharmacologist 20(3):197.

D--. Abstract of work completely described in Anderson et al.
(1979) (5-026].

Anderson, R. C., M. F. Stock, R. Sawin, and Y. Alarie. 1979.
Toxicity of Thermal Decomposition Products of Urea Formaldehyde
and Phenol Formaldehyde Foams. Toxicol. Appl. Pharmacol.
51(1):9-17.

D-7. Mice were exposed to thermal decomposition products of urea-
and phenol-formaldehyde foams. Study too confounded to be useful.
Authors stated HCHO was not the cause of acute mortality from
either foam.

Anonymous (Editorial). 1979. Formaldehyde Toxicity. Lancet
2(8143):620-621.
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5-415

5-416

5-422

5-414

C--. This editorial cites only a few references on the inhala-
tion toxicity of HCHO, yet one of its citations was one we were
not aware of. (Ozhiganova et al., 1977 [5-377]). Three mechanisms
are enumerated by which HCHO vapors may cause chest disease:
immunological reaction, direct histamine release from mast cells,
and stimulation of bronchial irritant receptors.

Anonymous. 1980a. Dr. Selikoff Expresses Reservations about Form-
aldehyde Study. Occup. Health Safety Lett. 10(11):2.

D--. The reservations were: no verification of the contention
that plants producing HCHO or HCHO-based resins are the most prom-
ising resources for cohort mortality studies; voluntary participa-
tion of workers and companies would introduce selection bias; con-
fidentiality of the data; the need for an "exemplary professional
input," a full-time epidemiologist; and the possible problem of a
cohort of insufficent size and duration from onset for meaningful
results.

Anonymous. 1980b. Westat Awarded Data Collection Contract for
Formaldehyde Study. Occup. Health Safety Lett. 10(12):2-3.

D--. A response to some of Dr. Selikoff's reservations (Anonymous,
1980a).

Anonymous. 1980c. Clinical Approach to Quantitating Formaldehyde
Effects in Human Blood. In: Workshop on Indoor Air Quality Re-
search Needs. Interagency Research Group on Indoor Air Quality.
Washington, D.C. p. H-15.

D--. Very brief description of a project attempting to correlate
blood levels of HCHO with changes in human chromasomal material
in cultured human lymphocytes.

Anonymous. 198la. Formaldehyde, Cadmium Highlighted in Toxicology
Forum Sessions. Pest. Toxic Chem. News 9(21):12-13.

C--. Article summarizes the 24-mo results of the CIIT-sponsored
study in rats and mice that found a high incidence of nasal car-
cinomas in rats exposed to 15 ppm HCHO.

Anonymous. 1981b. Support Services for a Mortality Study of
Workers Exposed to Formaldehyde. Commerce Bus. Dly. April 17.

p- L.

D--. Announcement of a request-for-proposal, the study sponsored
by the Formaldehyde Institute and the National Cancer Institute.
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-- Anonymous. 1981c. Formaldehyde Institute Disputes NYU's Dr. Upton
in Letter to OSHA. Occup. Health Safety Lett. 11(17)([September 8]:1-2.

C--. Includes a brief description of study by NYU, finding "grossly"
visible nasal tumors in 10% of rats exposed to 14 ppm HCHO for 382
6~h periods. Formaldehyde Institute contends that the animal data
are inconclusive, that what data there are suggest a possible
threshold for carcinogenicity, and that human data are negative.

-- Anonymous. 1981d. Study shows Formaldehyde is Carcinogenic.
Science 213(11):1232.

C--. Includes a brief mention of a study by NYU, finding nasal
cancers in 10% of rats exposed to 10.6 and 14.6 ppm HCHO.

6-116 Apol, A. G., 1973. Health Hazard Evaluation/Toxicity Determina-
tion Report 72-32-42; Union Pacific Railroad, Pocatello, Idaho.
PB 229 161, National Technical Information Service, U.S. Depart-
ment of Commerce, Springfield, VA. 23 pp.

D--. 117 workers were exposed to acrolein (0.014-0.04 ppm), HCHO
(0.015-0.07 ppm), CO (< 1-15 ppm), NO_ (0.03-0.26 ppm), SO2

(< 0.01 ppm), and particulates (0.09-0%26 mg/m3). No excess of
chronic respiratory disease. Eye irritation and headaches reported.

5-221 Apol, A. G. 1976. Health Hazard Evaluation Determination Report
Number 76-38-326, Rycraft, Inc., Corvallis, Oregon. PB-273748,
National Technical Informatiomn Service, U.S. Department of Commerce,
Springfield, VA. 11 pp.

D--. Although the metals Co, Pb, Mn, Sn, and V and phenols were
not detected in the workplace samples, the employees suffered

slight nose and throat irritation ("expected responses at the

concentrations found and are not considered detrimental™) from
exposure to £ 0.16 ppm HCHO and £ 0.4 ppm SO,.

5-002 Auerbach, C., M. Moutschen-Dahmen, and J. Moutschen. 1977. Gene-
tic and Cyto-genetical Effect of Formaldehyde and Related Compounds.
Mutat. Res. 39:317-362.

D--. Review. Pages 326-343 deal with the effects of a "formalde-
hyde food" - a Drosophila melanogaster diet of unknown composition
containing sublethal levels of formalin. The authors reviews the
speculations of other authors using this mixture as to the biochem-
ical mechanisms of effects seen in the test animals (fruit flies).
Respiratory exposures and effects on mammals are not discussed.

5-029 Avdeeva, I. A., V. P. Agudin, L. M. Barysheva, B. I. Karpunin,
and I. Ya. Saidasheva. 1980. Physiological-Hygienic Evaluation
of the Work of Women in Plywood Production. No. 2:30-32 (Russ).
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D-4. Workers exposed to ~ 1.5-2.5 mg HCHO/m3® and wood dust at
1.5-2% the MAC, and had > 5 y service. Complained of muscle
fatigue in the hands and feet, general weakness, headache, and
eye fatigue. The highest morbidity was due to colds and flu.
Women had higher frequency of loss of work capacity and cardio-
vascular illness. The results of this uncontrolled study probably

reflect the nature of the work {heavy labor) more than the HCHO
eXposure.

5-329 Barnes, E. C., and H. W. Speicher. 1942. The Determination of
Formaldehyde in Air. J. Ind. Hyg. 24:10-17.

C-3. Primarily a discussion of the methods for taking HCHO meas-
urements, and their efficiencies. Exposure to 20 ppm HCHO while
testing caused immediate and strong eye, nose, and throat irrita-
tion. Workers in industrial areas sampled didn't seem to object
to HCHO levels < 5 ppm.

5-322 Basmadzhieva, K., T. Burkova, M. Argirova, St. Milanov, and E.
Davidkova. 1974. Biological Effect of Threshold Concentrations-
of Hydrochloric Acid and Formaldehyde Inhaled into the Organism.
Khig. Zdraveopaz. 17(5):480-486 (Bulg).

B-3. Chronic exposure of rats to 0.035 mg/m3 of HCHO resulted in
20-30% decrease in bioenergetic metabolism processes in mitochondrial
fraction of liver from lst mo through 6 mo exposure.

5-336 Batulin, Yu M., A. L. Klyashchitskaya, and N. K. Kulagina. 1972.
Toxicology of an FM-1322 Organosilicon Heat-Transfer Agent. Gig.
Tr. Prof. Zabol. 16(3):56-38 (Russ).

D-9. Female rats exposed to the gases evolved from the heating
of poly(methylphenylsiloxane) (£ 20 mg CO/m3, £ 0.635 mg HCHO/m3,
0.005 vol. % CO,, and £ 20 mg CgHg/m®) did not show any signifi-
cant differences from the controls with respect to the summation
threshold, Oy consumption, morphological condition of the blood,
and growth dymamics.

5-031 Baur, X., and G. Fruhmann. 1979. Bronchial Asthma of Allergic
or Irritative Origin as an Occupational Disease. Prax. Klin.
Pneumol. 33(Suppl. 1):317-322 (Ger).

C-8. A 47-y-old female chemical plant worker complained of eye
watering, head cold, coughing, and asthma when exposed to formalin
vapors (no concentrations given). There was a slight decrease of
I1gG (0.8 g/L) and a negative reaction to skin tests with formalin
and the usual inhalation allergens. A 5-min provocation inhalation
test with vapors from a 25% formalin solution produced severe
bronchoconstriction, running nose, and watering eyes. Dry cough
appeared 3-5 h later. After being away from work for 2 wk, the
responses required a 25-min exposure and a slight bronchial reac-
tion occurred after 5 h.

195



6-005 Beckner, J.S., P. M. Hudgins, and J. L. Egle, Jr. 1974. Effects
of Acetaldehyde, Propionaldehyde, Formaldehyde, and Acrolein on
Contractility, Carbon-14-Labelled Norepinephrine and Calcium-45
Binding in Isolated Smooth Muscles. Res. Commun. Chem. Pathol.
Pharmacol. 9(3):471-488.

D-16. Good, well-done pharmacology. Mechanisms of structural
congeners on isolated rat vas deferens and rabbit aorta (smooga
muscle). Does not help define inhalation exposure levels. 10 "M
HCHO and 10 ™M acrolein gave similar responses.

5-032 Berk, J. V., C. D. Hollowell, and C. I. Lin. 1979. Indoor Air
Quality Measurements in Energy-Efficient Houses. LBL-8894, National

Technical Information Service, U.S. Dept. of Commerce, Springfield,
VA. 27 pp.

C--. An Energy Research House in Ames, Iowa, contained 28-61 ppb
HCHO (avg. 42 ppb) in the indoor air compared to < 7 ppb outdoors.

5~427 Blackwell, M., H. Kang, A. Thomas, and P. Infante. 1981. Formaldehvde:
Evidence of Carcinogenicity. Am. Ind. Hyg. Assoc. J. 42(7):434, A36,
A38, A40, A42, A44, A46; NIOSH Current Intelligence Bulletin #34.

C--. Review. NIOSH recommends that HCHO be handled as a potential
occupational carcinogen. Doesn't necessarily represent the official
evaluation of OSHA.

5-123 Blejer, H. P., and B. H. Miller. 1966. Occupational Health Report
of Formaldehyde Concentrations and Effects on Workers at the Bayly
Manufacturing Company, Visalia, California. Study Report No. S-1806
of California Health and Welfare Agency, Dept. of Public Health,
Bureau of Occupational Health, Los Angeles, California. 6 pp.

C-3. The manufacture of permanently pressed pants released HCHO
into the workplace atmosphere, causing levels of 1.1-3.4 mg/m3.

Eye, nose, and throat irritation was intense for ~ 20 min, then

some apparent habituation occurred. Wasn't considered a systemic
health hazard.

5-003 Bokina, A., and N. Eksler. 1973. Electrophysiological Analysis
of the Action of Certain Atmospheric Pollutants on the Central
Nervous System. Gig. Sanit. No. 12. 11-16 (Russ).

B-7. EEG's of rabbits exposed to HCHO in coancentrations from
0.035 to 6.5 mg/m* for 10 s to 1.5 mo showed detrimental effects
except for the lowest level used for 20 min. Stress such as noise
or flashing light accompanied some of the exposures.

5-222 Bokina, A. I., N. D. Eksler, A. D. Semenenko, and R. V.Merkur'yeva.
1976. Investigation of the Mechanisms of Action of Atmospheric
Pollutants on the Central Nervous System and Comparative Evalu-
ation of Methods of Study. Environ. Health Perspect. 13:37-42.
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5-223

5-126

B-2. There is little experimental detail on HCHO in this English-
language article, but it does give some of the results of the
studies by Bokina and Eksler (1973) [5-003] and Fel'dman and Eksler
(1975) [5-184] and helps in the translation of the Russian terms
used. The overall electrical activity of various brain structures
of rabbits was studied in response to 05, HCHO, and CS,. The brain
structures that account for the sensory respomse to olfactory stim-
uli are the olfactory bulb and piriform complex [the amygdaloid
nucleus ?]. Those that organize adaptive-behavioral reactions

are the hippocampus, amygdala, and reticular formation of the
brain stem.

Bonashevskaya, T. I. 1973. Amygdaloid Lesions after Exposure to
Formaldehyde. Arkh. Anat., Gistol. Embriol. 65(12):56-59 (Russ).

B-8. Rats exposed for 3 mo to 3 mg HCHO/m>® showed definite struc-
tural and cytological shifts in their amygdaloid complexes compared
to those of the controls. Changes in the relation of the chronaxy
of the muscles-antagonists were seen by the 2nd wk and 2nd mo in
rats exposed to 3 and 1 mg HCHO/m3, respectively. Cholinesterase
activity was lowered significantly in rats exposed to 3 but not

to 1, 0.035, or 0.012 mg HCHO/m3.

Bonashevskaya, T. I. 1975. Barrier Function of the Nasal Mucosa
During Action of Atmospheric Pollutioms. Gig. Sanit. No. 9:14-17
(Russ).

C-5. Rats exposed to 0.12 mg HCHO/m3 for 3 mo showed morphological
degenerative and proliferative changes in the nasal mucosa not
seen with 0.012 mg HCHO/m3® (the ambient air MAC). However, the
same changes were ascribed to benzene, toluene, xylene, m- and
p-chlorophenyl isocyanate, chlorophos, hexane, and pentane also

at 10 X their ambient air MAC's but not at the MAC levels.

Bourne, H. G., and S. Seferian. 1959. Formaldehyde in Wrinkle-
Proof Apparel Produces--Tears for Milady. Ind. Med. Surg. 28:
232-233.

C-3. Uncombined HCHO from the treatment process is emitted, re-
sulting in levels in dress stores of 0.16-0.56 mg HCHO/m®. Cus-
tomers and employees complained of strong odor and eye and throat
irritation.

Breysse, P. A. ed. 1977. Formaldehyde in Mobile and Conventional
Homes. Environ. Health Saf. News 25(1-6): 20 pp.

B-6. A review of HCHO toxicity, case reports of some HCHO exposure
incidents, and the early results of a mobile and conventional homes
study for HCHO exposure. More extensive results are discussed in
Breysse (1978) [5-357], Breysse (1979a) [5-355], Breysse (1979b)
[5-356], and Breysse (1980b) [5-354].
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5-357 Breysse, P. A. 1978. Formaldehyde Exposure Following Urea Formal-
dehyde Insulation. Eaviron. Health Saf. News. 26(1-12): 13 pp.

B-6. Several case reports, and the results of a study of HCHO
exposure. In 39 conventional homes with UF insulation, HCHO levels
ranged frem 0.05 to 3.40 ppm, with 80% of the samples < 0.5 ppm.
Eye, nose, and respiratory tract irritation and headaches were
the most frequent complaints.

5-355 Breysse, P. A. 1979a. Formaldehyde Exposure in Mobile Homes and
Conventional Homes. In: Proc. 43rd Ann. Educational Conference
of the National Environmental Health Association, June 23-28, 1979.
16 pp.

B-6. A less detailed discussion of the same study described in
Breysse (1978) [5-357], Breysse (1977) [5-311], Breysse (1979b)
[5-356], and Breysse (1980b) [5-354].

5-356 Breysse, P. A. 1979b. Formaldehyde Exposure In Mobile Homes.
In: Proc. 39th Ann. AMA Congress on Occupational Health, Uni-
versity of North Carolina, October, 1979. 17 pp.

B-7. The same report as Breysse (1980b) [5-354], and a continu-
ation of the study described in more detail (although of fewer
homes) in Breysse (1977) [5-311].

5-354 Breysse, P. A. 1980b. Small Plants and Their Medical Problems--
The Furniture Industry. The Environmental Problems of Urea-For-
maldehyde Structures--Formaldehyde Exposure In Mobile Homes. In:
Occupational Safety and Health Symposia, 1979. Publication No.
(NIOSH) 80-139. U.S. Dept. of Health and Human Services, Cincinnati,
Ohio. pp. 56-64.

B-7. The same report as Breysse (1979b) [5-356]. Residents of
334 mobile homes were exposed to HCHO levels from 0.04 to 2.21
mg/m3, with 66% between 0.13 and 0.61 mg/m3. Irritation of the
eyes, nose, and throat were the primary symptoms. Differences
between adults and children were considered. No control or com-
parison group.

5-425 Brooks, S. M., and C. F. Reinhart. 1981. Health Effects of For-
maldehyde. In: Formaldehyde and Other Aldehydes. Committee on
Aldehydes, National Research Council. National Academy Press.
Washington, D.C. pp. 175-220.

C--. This authoritative review of the health effects of HCHO is
organized by type of toxic effect rather than by route and dose.

5-128 Brunnthaler, J. 1913. The Toxic Effects of Formaldehyde. Aerztl.
Sachverstaendigen-Zeitung. 19(7):142-146 (Ger).
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5-035

5-374

5-225

5-129

6-118

C--. A good review of early reports on the toxic effects of oral
and inhalation exposures to formaldehyde.

Burdach, S., and K. Wechselberg. 1980. Damages to Health in
Schools. Complaints Caused by the Use of Formaldehyde-Emitting
Materials in School Buildings. Fortsch. Med. 98(11):379-384
(Ger).

B~9. Teachers and pupils in school buildings with atmospheric
levels of 0.1-1.21 mg HCHO/m?® complained of mucous membrane irri-
tation and loss of concentration. Fewer symptoms were reported
8 mo after the removal of the HCHO-emitting chipboard.

Burian, K. 1960. Histological Changes in the Nasal Mucosa After
Formalin Adaptation and Increased Crossed Resistance. Acta
Otolaryngol. 52:429-437 (Ger).

D--. Rats were exposed 1 h/d for < 7 wk to vapors from 2.3, 3.75,
or 5% formalin solutions. The HCHO concentration in the air was
not measured. Metaplastic epithelial cells were observed after
healing of the initial epithelial damage.

Cali, G. 1965. Modifications Induced by Irritating Vapors on
Mast Cells of Nasal Mucosa of the Rat. Clin. Otorinolaringoiatr.
17(2):117-128 (Ital).

D-5. Study of the effect of exposure of rats to 20% HCHO vapors
for 3-5 min/d for 2-20 exposures. Damage to epithelium and the
inflammation of nasal passages, more pronounced in rats exposed
10-20 times, but not present in rats restrained from rubbing their
noses. In rats with only 2 exposures, mast cells of nasal mucosa
were modified by increase in number, greater variety in shapes,
increased tint affinity, and pronounced degranulation tendency.
In rats exposed 10-20 times, same types of changes were reported,
but less pronounced, particularly those concerning the degranula-
tion phenomena. ‘

Carpenter, C. P., H. F. Smyth, and U. C. Pozzani. 1949. The Assay
of Acute Vapor Toxicity and the Grading and Interpretation of Re-
sults on 96 Chemical Compounds. J. Ind. Hyg. Toxicol. 31:343-346.

D-5. Study to develop a toxicity screening method. HCHO at 250
ppm or 8 ppm acrolein killed 2-4 of 6 albino rats exposed for 4 h.

Carson, S., R. Goldhamer, and M. S. Weinberg. 1966. Characterization
of Physical, Chemical, and Biological Properties of Mucus in the
Intact Animal. Ann. N.Y. Acad. Sci. 130:935-943.

D--. Primarily a discussion of the effects of cigarette smoke.
Brief mention of HCHO as an irritant. Acrolein was the most
effective in reducing mucus flow rates in cats after short-term
inhalation exposures.
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5-378 Chaigneau, M. 1980. Classification of Harmful Gases. Ann.
Anesthesiol. Fr. 21(6):683-688 (Fre.).

D--. Very brief reviews (with no references) of the toxicity of
several gases, including HCHO. Acrolein is mentioned as being
lethal in < 10 min at 30-100 ppm.

5-038 Chanet, R., and R. C. Von Borstel. 1979. Genetic Effects of
Formaldehyde in Yeast. 3. Nuclear and Cytoplasmic Mutagenic Ef-
fects. Mutat. Res. 62:239-253.

C-10. In yeast cells, Saccaromyces cerevisiae, HCHO was a weak
mutagen. (Much detail about strain/allele specificities/repair
processes that is probably relevant to genetic researchers but
not our task).

5-037 Chanet, R., C. Izard, and E. Moustacchi. 1976. Genetic Effects
of Formaldehyde in Yeast. II. Influence of Ploidy and of Muta-
tions Affecting Radiosensitivity on its Lethal Effect. [Mutat.
Res. 35:29-38. .

C-12. Important in that this assay demonstrates that the HCHO-
induced single strand DNA breaks appear to be repaired. This has
ramifications in overall long-term effects if these principles
apply to mammalian systems.

7-008 Chernomorskii, A. R., L. N. Zimont, R. A. Druz, L. N. Sigalova,
E. F. Drigo, and G. G. Antipova. 1978. Study of Respiratory
System Function in Workers Involved in a New Casting Process Us-
ing Cold-Hardening Molding Sands (based on the Resin BS-40).
Gig. Tr. Prof. Zabol. No. 5:47-49 (Russ).

D-9. Workers were exposed to 2 mg HCHO/m3, dust at 10x the MAC,
phenol, aldehydes, methanol, cyanides, and CO (the last 5 at
< MAC's) for up to 3 y. Respiratory pathology and functional
changes were reported. Teplyakov et al. (1980) reported on ap-
parently same group (1976 results), giving slightly lower HCHO
levels (0.1-1.2 mg/m3). They concluded that exposure had not
caused expressed pathological changes.

5-226 Chizhikov, V. A. 1970. On the Use of Animals with a Simulated
Disease in Studies of Hygienic Standards. Hyg. Sanit. 35(5):
182-186.

C-6. Exposure of hormonally deficient (castrated) male rats to
0.9 to 5 mg/L HCHO for 4 h. Test animals exhibited comsiderably
less resistance, their mortality was higher, and survival time

shorter than in controls.

5-428 Clary, J. J. 1980. A Review of the Health Effects of Formaldehyde.
In: Proc. l4th Wash. State Univ. Int. Symp. Particleboard. pp. 125-
136.
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5-419

5-319

5-359

5-116

B--. A review of animal and human data, pointing out problems in
protocol and interpretation. Argues that rats are not a

good model for human cancer, and that the carcinogenicity found
in the CIIT study may have been due to the severe irritation and
tissue damage, and that there is a threshold for this, and thus
for possible carcinogenicity. Includes a brief presentation of a
study conducted by the Formaldehyde Institute, in which monkeys,
rats, and hamsters were exposed to 0.2, 1, or 3 ppm HCHO for 6 mo.

No adverse effects were found at the lowest levels; slight effects,
at 3 ppm.

Cleveland, W. W., T. E. Graedel, and B. Kleiner. 1977. Urban
Formaldehyde: Observed Correlation with Source Emissions and Photo-
chemistry. Atmos. Environ. 11:357-360.

C--. HCHO levels were measured during the summer months of 1972,
1973, and 1974 in four different New Jersey cities: Bayonne, 3-12
ppb; Newark, 4~14 ppb; Camden, avg. 3.8 ppb; and Elizabeth, avg.
5.5 ppb. Levels varied during the day and the week with amount
of automobile traffic and photochemical formation.

Comber, R., and P. Grasso. 1973. The Effects of Chemical Irri-
tants and Tobacco Smoke Condensate on the Chorioallantoic Membrane
of the Fertile Hen's Egg. Chem.-Biol. Interactions. 6:25-34.

C--. Development of a test system. HCHO (0.625-10 pg/pl) was
applied to the choriocallantoic membrane of fertile hen's eggs.
After 72 h, a dose-related hyperplasia (increased thickening of
the membrane) was observed. Hyperplasia may be a necessary step
in tumor promotion.

CPSC, Consumer Product Safety Commission. 1978. Summary of
In-Depth Investigations: Urea-Formaldehyde Foam Home Insulation.
Directorate for Communication, U.S. Consumer Product Safety Com-
mission, Washington, D.C. 15 pp.

B-2. Brief summaries of 118 complaints and studies of adverse
health effects following the installation of urea-formaldehyde
foam insulation. HCHO levels ranged from < 0.5 to 7.0 ppm.
Symptoms were primarily headache, eye and upper respiratory
tract irritation, and nausea.

CPSC, Consumer Product Safety Commission. 1980a. Evaluation
of Health Risks of Formaldehyde by Government Scientists. Fed.
Regist. 45 (100):34031-34033. '

C--. This is the announcement of the formation of the Formalde-
hyde Panel and the questions to be addressed by their November
1980 report, which see: Griesemer et al. (1980). The bibliogra-
phy was consulted for additional references.
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5-309

5-420

5-176

5-365 -

CPSC, Consumer Product Safety Commission. 1980b. Urea-Formal-
dehyde Foam Insulation; Proposed Notice to Purchasers. Fed.
Regist. 45(113):39434-39444.

C--. The proposed written notice to prospective purchasers and
first purchasers of insulation products made of urea-formaldehyde
foam is to include the following statements: "This product may
release formaldehyde gas into your home over a long period of time.
Formaldehyde gas may cause eye, nose, and throat irritation, cough-
ing, shortness of breath, skin irritation, nausea, headaches and
dizziness. People with respiratory problems or allergies may suf-
fer more serious reactions, especially persons allergic to formal-
dehyde." This publication summarizes actions by state and local
governments and other federal agencies concerning urea-HCHO foam
insulation. It describes the agency's investigation of consumer
complaints and among symptoms of chronic impairment includes "loss
of visual acuity." Numerous medical and scientific literature
references cited were acquired for this task.

CPSC, Consumer Product Safety Commission. 1981. Urea-Formaldehyde
Foam Insulation; Proposed Ban. Fed. Regist. 46(24):11888-11211.

C--. The discusion supporting the proposal reviews the report of
the Formaldehyde Panel, the CIIT rat and mice studies showing nasal
cancers, and numerous other primary literature reports. The Com-
mission staff estimated that "any person living in a U.S5. foam
insulation home for seven years after the product is installed
would have, as an upper estimate, an 85 in a million additional
risk of developing cancer from the formaldehyde released by the
insulation. The Commission has concluded "Based on the report of
the Federal Panel as well as additional research by Mantel and
Schneiderman, the risks to laboratory rats of developing cancer
should be considered to apply directly to humans breathing the
same concentration of formaldehyde (in ppm) as the test animals.”
The Commission had requested the National Academy of Sciences
(NAS) to determine whether there is a tolerable level of HCHO in
residential indoor air. The NAS committee of expert toxicologists
concluded that "there is no population threshold for the acute
irritant effects of formaldehyde in humans."

Coon, R. A., R. A. Jones, L. J. Jenkins, Jr., and J. Siegel. 1970.
Animal Inhalation Studies on Ammonia, Ethylene Glycol, Formalde-
hyde, Dimethylamine, and Ethanol. Toxicol. Appl. Pharmacol. 16(3):
646-655.

B-12. Chronic exposure of 5 animal species to 4.6 mg HCHO/m? for
90 d produced one rat death and inflammatory changes in lungs,
heart, and kidneys.

Cooper, P. 1979. Genetic Effects of Formaldehyde. Food Cosmet.
Toxicol. 17:300-301.
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C--. A review with selective points of view presented from several
authors. These include: (1) action of HCHO on bacterial DNA is
through products of reaction of HCHO with amino-containing com-
pounds or the free amino acids present in the bacterial cells,
not directly by HCHO; (2) radiation and HCHO appear to share a
common step in damage/repair of the breaks which occur in
Saccharomyces cerevisiae (yeast) pyrimidine dimers.

5-333 Cralley, L. V. 1942. The Effect of Irritant Gases Upon the Rate
of Ciliary Activity. J. Ind. Hyg. Toxicol. 24:193-198.

C-10. Exposure of rabbit tracheal preparations to 30-60 ppm HCHO
for 10 min or 60-100 ppm for 5 min caused cessation of ciliary
activity without recovery in Ringer's solution. Exposure to 18-20
ppm for 10 min or 30 ppm for 5 min caused cessation of activity
without recovery in air.

5-220 Criteria for Community Air Quality Committee. 1968. Community
Air Quality Guides. Aldehydes. Am. Ind. Hyg. Assoc. J. 29(5):
505-512.

C--. The toxicology and ambient concentrations of specific alde-
hydes including HCHO and acrolein are reviewed. In automobile
exhaust, ~ 70 mol-% of the carbonyl compounds, which are mainly
aldehydes, is HCHO. Acrolein and acetaldehyde comprise 3-10 mol-%.
Avg. U.S. urban air concentrations are 0.06 ppm HCHO (~ 0.09 mg/m3)
and 0.006 ppm acrolein (~ 0.015 mg/m3). Recommended levels (caus-
ing no sensory irritation) are 0.1 ppm HCHO, 0.01 ppm acrolein,
and 0.2 ppm total aldehyde as HCHO.

5-429 Dalbey, W. E. 1981. Effects of Formaldehyde or Nitrogen Dioxide on
Tumors in Hamster Respiratory Trace. Submitted to Toxicology for
publication; draft copy sent to Midwest Research Institute by author.

B-12. Exposure of hamsters to 10 ppm HCHO five times/wk for lifetime
caused no tumors or adverse effects on nasal epithelium.

Concurrent exposure of 30 ppm HCHO and subcutaneous injuections of
diethylnitrosamine (DEN) increased the number of tumors per tumor-
bearing animal above that of DEN alome.

3-027 Dalhamn, T. 1956. Mucous Flow and Ciliary Activity in the Trachea
of Healthy Rats and Rats Exposed to Respiratory Irritant Gases
(SO, H3;N, HCHO). VIII. The Reaction of the Tracheal Ciliary
Activity to Single Exposure to Respiratory Irritant Gases and
Studies of the pH. Acta Physiol. Scand. 36(Suppl. 123):93-105.

C-6. Tracheal ciliary movement was observed in rats apparently
opened and exposed in situ to 0.5, 3, 10, or 22 ppm HCHO. Move-
ment was stopped in 2.5 min and 10 s for the lowest and highest
exposures, respectively. Recovery occurred in 30 s after the
lowest exposure stopped.
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5-228

5-229

5-044

5-230

5-131

5-302

Dalbhamn, T., and A. Rosengren. 1971. Effect of Different Alde-
hydes on Tracheal Mucosa. Arch. Otolaryngol. 93(5):496-500.

C-5. A study of rabbit tracheal tissue showed that formaldehyde
appeared to be the most ciliotoxic, followed by acetaldehyde and
acrolein. Their experiments largely confirmed the results of other
authors. Data for HCHO indicated that ciliotoxicity increased
rapidly for small increases in the concentration of vapor, 61.7
mg/m? causing immediate cessation of ciliary activity.

Danilin, V. A., and V. P. Meshcheriakov. 1968. On the Aspects
of Acute Formaldehyde and Dimethyldioxane Poisoning. Gig. Tr.
Prof. Zabol. 12(7):45-46 (Russ).

D-3. The course of acute HCHO poisoning in workers is described,
but no HCHO concentrations are given. Exposure is confounded by
the presence of dimethyldioxane. Respiratory and skin symptoms
disappeared in 2-3 d if there was no further contact with HCHO.

Davidkova, E., and E. Basmadzhieva. 1979. Changes in Protein
and Nucleic Acid Metabolism as a Method for Assessing Gonadotoxic
Effects. Probl. Khig. 4:101-109 (Bul).

B-7. Chronic exposure of male rats to 0.035 mg HCHO/m3 decreased
RNA content, deoxyribonuclease activity, and protein content in
testicular homogenate. DNA content was increased. Sperm mobil-
ity was decreased.

Davis, T. R. A., S. P. Battista, and C. J. Kensler. 1965. Effect
of Cigarette Smoke, Acrolein and Formaldehyde on Pulmonary Func-
tion. Fed. Proc. 24(2, Part I):518.

C-5. Exposure of both tracheotomized and intact guinea pigs with
effect on lung function only in intact animals.

Davis, T. R. A., S. P. Battista, and C. Kensler. 1967. Mechanism
of Respiratory Effects During Exposure of Guinea Pigs to Irritants.
Arch. Environ. Health 15:412-419.

C-6. Exposure of guinea pigs to HCHO and acrolein using both tra-
cheotomized and intact animals. Effect on lung function only in
intact animals.

Deimel, M. 1978. Experience on the Formaldehyde Concentrations
in Room Air of a New School Building. In: Urg. Verunreinig.
Umwelt: Erkennen, Bewerten, Vermidern, (Tag.]. K. Aurand, U.
Haesselbarth, E. Lahmann, G. Muller, and W. Niemitz, Eds. Erich
Schmidt Verlag, Berlin, Germany. pp. 416-427 (Ger).

C--. The ambient air of new school buildings contained < 0.01 to

1.90 ppm HCHO with concentrations 2 0.31 ppm in the hot summer
months.
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5-231 Diamant-Berger, 0. 1970. Forensic Evaluation of the Sequelae of
Toxic Pulmonary Aggressions. Poumon Coeur 26(9):1013-1016 (Fre).

D-6. Case histories of exposures to several different gases, only
two for HCHO. In one case an existing asthmatic condition was
aggravated. In the other, a one-time asthma-like attack occurred,
witn no sequelae. Following a second exposure 3 y later, a char-

acteristic, long-term asthma evolved. No HCHO levels or exposure
times given.

5-045 Dost, F. N. 1979. Assessment of Potential Toxic Hazards of For-
maldehyde. Proc. Wash. State Univ. Symp. Particleboard 13:317-327.
C--. A good review of the health effects of HCHO by a toxicologist.

5-341 Drobysheva, R. A., Y. V. Mitin, and A. M. Eskin. 1972. Experi-

mental Study of the Combined Effect of Dimethyldioxane and Formal-

dehyde on the Air Passages. Gig. Tr. Prof. Zabol. 16(6):52-53
(Russ).

D--. Rats (20 per group) were exposed to a mixture of dimethyl-
dioxane and HCHO in the concentrations 360 mg/m3 plus 23 mg/m3 or
544 mg/m* plus 29.7 mg/m3, respectively, for 2 h/d, 5 d/wk for 9
wk. These values were ~ 36-60x the MAC's. Destructive changes

were observed in the upper respiratory tract mucosa.

5-232 Dubreuil, A., G. Bouley, J. Godin, and C. Boudene. 1976. Contin-
uous Inhalation of Low Levels of Formaldehyde: Experimental Study
in Rats. Eur. J. Toxicol. Environ. Hyg. 9(4):245-250 (Fre); English
translation available from John Crerar Library, Chicago, Illinois.
Order No. 79-12804-06T.

B-10. Chronic expost e of rats to 3 levels of HCHO. No effect
from ~ 2 to 5.7 mg/n , respiratory effects seen at ~ 10 mg/m3
level.

5-234 Dubrovskaya, F. I., V. P. Levkin, and L. L. Zabudnyak. 1976a.
Effect of Low Concentrations of Formaldehyde in a Chronic Inhal-
ation Experiment. Gig. Aspekty Okhr. Okruzhayushchei Sredy.
pp. 115-122 (Russ).

B-8. Exposing rats for 98 d to 0.012 or 0.031 mg HCHO/m3 caused
a fine focal pneumonia in the lungs, heart changes such as an in-
crease of rhythm frequency and a decrease of electrical activity,
and lowering of the function of the nerve cells of the brain.

5-233 Dubrovskaya, F. I., M. S. Katsenelenbaum; Y. X. Yushko, S. A.
Ipatova, and P. P. Vlasov. 1976b. Hygienic Evaluation of Air
Protection Measures at the Volga Industrial Complex. Gig.
Aspekty Okhr. Ozkruzhayushchei Sredy. pp. 123-127 (Russ).
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5-005

5-183

5-301

D--. Exposure of children living in the vicinity of the Volga
industrial complex to HCHO, SO0,, aldehydes, H,S, and NH3 led to
increased morbidity. Effects were not ascribed to particular
substances and levels of the compounds were not stated except
that they exceeded their limits.

Efremov, G. G. 1970. State of the Upper Respiratory Tract in
Formaldehyde Production Workers. (Data of a Special Study). Zh.
Ushn. Nos. Gorl. Bolez 30(5):11-15 (Russ).

A-10. Diseases of the upper respiratory tract were at least twice
as prevalent in 278 workers of 2 wood-processing plants using urea-
HCHO resins as in 200 age-matched, unexposed controls. Besides
observable pathology, the nasal membranes showed functional dis-
turbances as judged from the motility of the cilia, the absorp-
tive capacity, and odor threshold measurements. Workers appar-
ently became inured to the hazard with increasing length of ser-
vice. Griesemer et al. (1980) [5-361}, p. 43, concluded that if
the controls were appropriate, the report supports the hypothesis
that HCHO exposure may lead to chronic respiratory disease.

Egle, J. L. 1972. Retention of Inhaled Formaldehyde, Propionalde-
hyde, and Acrolein in the Dog. Arch. Environ. Health 25:119-124.

D-9. Anesthetized dogs were exposed to 0.15 to 0.35 pg/mL of HCHO
or 0.4 to 0.6 pg/mL acrolein. Retention of HCHO in the total resp-
iratory tract was nearly 100%, upper tract retention alone exceeded
95%. Retention of acrolein in the total respiratory tract was 81
to 84%, upper tract retention was 75 to 80%. Variations in con-
centration, ventilatory rate, or tidal volume had little effect

on retention of the chemicals.

Egle, J. L., and P. M. Hudgins. 1974. Dose Dependent Sympatho-
mimetic and Cardioinhibitory Effect of Acrolein and Formaldehyde
in the Anesthetized Rat. Toxicol. Appl. Pharmacol. 28:358-366.

D-6. Primarily a study of i.v. exposure. Anesthetized rats were
exposed by inhalation for 1 min to 0.01 to 5.00 pg acrolein/mL.

As concentration increased a pressor effect of increasing magni-
tude was observed. Cardioinhibitory effect occurred at 2.50 and
5.00 pg/mL. HCHO concentrations up to 2.0 pg/mL did not produce
any significant cardiovascular effects.

Einbrodt, H. J., and D. Prajsnar. 1978. Effect of Formaldehyde
Exposure in School and Living Areas on People. In: Org. Verun-
reinig. Umwelt: Erkennen, Bewerten, Vermidern [Tag.]. K. Aurand,
U. Haesselbarth, and E. Lahmann, Eds. Erich Schmidt Verlag, Berlin,
Germany. pp. 428-435 (Ger).
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B-6. Studies of 2 groups exposed to HCHO: school children (0.08-
© 0.13 mg HCHO/m3®) and adults (0.25-0.75 mg HCHO/m3). Complaints
were reported only by adults exposed to the highest levels. By
measuring HCHO and HCOOH levels in the urine, the authors conclude
that exposure to £~0.01 mg HCHO/m?® cannot be traced biologically.
They recommend that the threshold value for schools and living

areas snould be between 0.1 and 0.5 ppm to avoid annoyance due to
HCHO.

5-006 Einbrodt, H. J., D. Prajsnar, and J. Erpenbeck. 1976. The Formal-
dehyde and Formic Acid Levels in Blood and Urine in Man After Ex-
posure to Formaldehyde. Zentralbl. Arbeitsmed. Arbeitsschultz
Prophyl. 26:154~158 (Ger).

C-6. Exposure of humans to 0.78 mg HCHO/m® or avg. 1.28 mg HCHO/m3
for 3 or 8 h, respectively. Levels of HCHO and HCOOH were mea-
sured in the blood and urine after exposure and after a recovery
period. Weak experimental design due to lack of appropriate controls
and smoking histories.

5-244 Elinek, R. 1974. Precancerous Laryngeal Diseases and Their Rela-
tion to Carcinoma. Acta Univ. Palacki. Olomuc. Fac. Med. 70:245-316
(Russ).

D-3. Exposure of 20 rats to formalin vapors (no HCHO concentra-
tions given) for from 0.5 h to 32 d. Preparation of larymx
histological sections from animals killed after 71 d from last
exposure showed hypersecretory changes in 17 rats, significant
chronic inflammatory infiltration in the membrane itself of 12 rats,
dilation of the channels of the serous-mucous glands in 8 rats,

and squamous cell metaplasia of the pseudostratified epithelia

in 4.

5-134 Ettinger, L., and M. Jeremias. 1955. A Study of the Health
Hazards Involved in Working with Flameproofed Fabrics. N. Y.
State Dep. Labor Div. Ind. Hyg. Mon. Rev. 34(7):25-27.

C-4. Garment industry workers exposed to 1.25-13.75 mg HCHO/m3
complained of eye, nose, and throat irritation. A brief, anecdotal
account of the toxicity. A longer discussion of the treatment
process, problems with it, and possible solutions.

5-174 Fassett, D. W. 1963. Aldehydes and Acetals. In: Industrial
Hygiene and Toxicology, 2nd revised ed., F. A. Patty, D. W. Fassett,
and D. D. Irish, Eds. Interscience Publishers, New York, New York.
Vol. 2, pp. 1959-1989.

C--. Includes a specific review of the toxicity of HCHO: very
mild eye and nose irritation at 2-3 ppm; increased irritation and
lacrimation at 4-5 ppm, tolerated for 10-30 min; profuse lacrima-
tion and barely tolerable irritation at 10 ppm; coughing, lacrima-
tion, and difficulty breathing at 10-20 ppm, irritation lasting
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5-236

5-007

5-008

5-048

5-184

up to 1 h after exposure stops; and very serious injury following
5-10 min exposure to 50-100 ppm. The 30-min LCsgo for acrolein in
rats is 130 ppm.

Fel'dman, Yu. G. 1971. An Answer to K. K. Sidorov, Medical
Science Candidate. Hyg. Sanit. 36(12):435-436.

D--. Reply to the criticisms of Sidorov (1971) [5-270]. Agrees
that the workplace MPC for HCHO is 0.5 mg/m but malntalns that
the one-time MPC for atmospheric air is 0. 035 mg/m® and the mean
diurnal MPC for atmospheric air is 0.012 mg/m®. These figures
are supported by U.S.S.R. (1972) [3-094].

Fel'dman, Yu. G. 1972. Biological Action of Certain Products
from Atmospheric Photochemical Reactions. Gig. Samit. 37(1):6~9
(Russ).

D-7 (animal). B-7 (human). For HCHO, the human odor threshold
was 0.073 mg/m® and the threshold for effect on brain electrical
activity was 0.053 mg/m3. The bulk of the report considers the
effect of mixtures of 03, NOs, and HCHO on humans and rats, the
results indicating simple summation effects.

Fel'dman, Yu. G. 1974. Combined Action on the Human Organism of
a Mixture of the Major Components of Automobile Exhaust Gases
(Carbon Monoxide, Nitrogen Dioxide, Formaldehyde, and Hexane).
Gig. Samit. No. 10: 7-10 (Russ); English tramslation by Joint
Publications Research Service, JPRS-65836, National Technical In-
formation Service, U.S. Department of Commerce, Springfield, Va.

A-9. For HCHO, the subthreshold odor value was 0.054 mg/m3 and
the subthreshold EEG activity value was 0.04 mg/m®. A good inter-
action study: a mixture of low concentratioms of HCHO, NOjp, CO,
and hexane was found to be simply additive in effect. The signi-
ficance of the EEG effects is dubious.

Fel'dman, Yu. G., and T. I. Bonashevskaya. 1971. On the Effects
of Low Concentrations of Formaldehyde. Hyg. Samit. 36(5):174-80.

A~10. The human odor threshold was found to be 0.073 mg/m EEG
changes were induced by 0.053 mg/m%. The recommended one-time
maximum permissible concentration for atmospherlc air was 0.04 mg/m3.
Chronic exposure of rats to 0.012-3 mg/m® caused mild functionmal

and morphologlcal changes at the hlgher levels, but no changes at
0.012 mg/m3.

Fel'dman, Yu. G., and N. D. Eksler. 1975. Assessment of the Action

of Atmospheric Pollution on the Electric Activity of the Brain.
Gig. Sanit. No. 9:11-14 (Russ).
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B-7. The EEG's of rabbits exposed to 0.65 mg HCHO/m® + flashing
light for 20 min showed detrimental effects such as deterioration
of the reactions of rearrangement of rhythm of all studied brain
structures. In the same conditions, rabbits exposed to 0.035 mg
HCHO/m® did not show any EEG changes. These tests are mentioned
in Bokina and Eksler (1973) [5-003].

5-330 Fischer, M. H. 1905. The Toxic Effects of Formaldehyde and Forma-
lin. J. Exp. Med. 6:487-518.

C-7. Inflammatory lung changes are described for animals (small
numbers of various small and medium-size laboratory species) ex-
posed to unquantitated HCHO levels (but apparently high; generated
by common methods used for disinfection). These results contradict
those of 9 earlier reports by workers who found no serious ill
effects upon exposure of animals to disinfection levels of HCHO.

5-325 Freeman, H. G., and W. C. Grendon. 1971. Formaldehyde Detection
and Control in the Wood Industry. For. Prod. J. 21(9):54-57.

D-3. A test for monitoring HCHO in the workplace and for checking
the relative amounts of HCHO given off by different adhesives,
was developed. Workers complained when levels were >1 ppm. HCHO
was felt to be a contributor to increased accidents.

5-049 Frey, G., K.-H. Bock, H. Meister, H.-U. Haug, J. Kilian, and
F. W. Ahnefeld. 1979. Effects of Ventilation with Defined For-
maldehyde Concentrations on Lung Function and Lung Structures:
Animal Experiments on the Noxiousness of Formaldehyde Residues
after Disinfection in the Aseptor. Anesthesist 28(6):271-278.

B-12. Exposure of pigs to 0.03 to 2.5 mg HCHO/m® for 6 h. Similar
respiratory effects at all three levels.

5-051 Gadzhiev, G. P., V. G. Deinega, V. V. Sukhanov, I. M. Levshina,
N. T. Yarym-Agaeva, and G. A. Petrenko. 1977. Hygienic Evalua-
tion of a New Technology of Methane and Dust Control in Coal Mines.

D-4. The physical conditions of miners in mines treated with urea-
HCHO resin did not differ after several months from that of miners

in untreated mines. In treated mines, the air contained 0.02-0.13 mg
HCHO/m3 and 0.14-0.8 mg MeOH/m3 during cleaning operations. Rats
given an intratracheal dose of treated or untreated dust showed

more severe bronchial changes if the dust was followed by a 6-mo
exposure to 0.5-0.6 mg HCHO/m3 and 5.0-6.0 mg MeOH/m3.

5-017 Galibin, G. P. 1963. Action of Hardened (meaning three-dimensional

or cured) Synthetic Resins on Animal Systems. Toksikol. Nov. Prom.
Khim. Veshchestv 5:45-50 (Russ).
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D-7. Rats were exposed for 2 h/d for 12 d to decomposition products
generated when various hardened synthetic resins were heated at
60°C; e.g., phenol-HCHO resin gave 0.5 mg phenol/m® and 0.2 mg
HCHO/m3. Behavior, threshold of excitability, and morphological
composition of the blood showed no differences from those of the
controls.

5-315 Gamble, J. F., A. J. McMichael, T. Williams, and M. Battigelli.
1976. Respiratory Function and Symptoms. An Environmental-Epidemi-
ological Study of Rubber Workers Exposed to Phenol-Formaldehyde
Type Resin. Am. Ind. Hyg. Assoc. J. 37:499-513.

C-9. The title workers were exposed to HCHO (mean 0.047 mg/m3),

NH, (mean 0.052 mg/m3), resorcinocl (mean 0.295 mg/m3), and respir-
able particulates (<0.5 mg/m3). There was an excess of self-reported
symptoms of eye and respiratory tract irritation, but no difference
in baseline lung function tests. Some acute, temporary "small
airways" effects occurred after the workday.

5-284 Garry, V. F., L. Oatman, R. Pleus, and D. Gray. 1980. Formalde-

hyde in the Home. Some Environmental Disease Perspectives. Minn.
Med. 63(2):107-111.

B-7. A study of 168 people exposed in their homes to 0.2-1.0 ppm
HCHO, with no control or comparisom group. Data are stratified
by age of subject. Symptoms include respiratory problems, mucous
membrane irritation, skin rash, and gastrointestinal complaints.

5-426 Geomet, Inc., and Technology and Economics, Inc. 1980. Mobile
Home Evaluation of Formaldehyde Problems in Residential Mobile
Home. Final Task 1 Report. PB81-175499, Nationmal Technical
Information Service, U.S. Department of Commerce, Springfield,
Virginia. 154 pp.

C--. Extensive review of HCHO properties, monitoring techniques,
sources and emissions in mobile homes (0-4.2 ppm), human health
effects, international standards, and abatement techniques.

5-295a Giulietti, M. A. 1980. Connecticut Department of Health Services,
Preventable Diseases Division, Toxic Hazards Section, July 14,
1980 Summary Report [Urea Formaldehyde Insulation Investigations];
transmitted to MRI by M. A. Giulietti, Product Safety, Department
of Consumer Protection, State of Connecticut. 5 pp-

B-6. The results of a study of 282 cases complaining of adverse
health effects and living in buildings with urea-formaldehyde in-
sulation (a total of 847 people questioned). Detectable HCHO
levels ranged from 0.5 to 10 ppm. Symptoms included eve, nose,
throat, and skin irritation, nausea, headache, and fatigue.
Symptoms were reported (including odor perception) in buildings
with nondetectable (<0.5 ppm) HCHO levels.
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5-237

5-185

5-238

5-054

5-239

Gofmekler, V. A. 1968. Effect on Embryonic Development of Benzene
and Formaldehyde in Inhalation Experiments. Hyg. Sanit 33(3):327-
332, - :

D-5. Same study as Pushkina et al. (1968) [5-012] and Gofmekler
et al. (1968) [5-238] on rats and progeny. Data on effect of
exposure on fetal organ weights.

Gofmekler, V. A. 1974. Embryotropic Action of Chemical Atmospheric
Pollution. Gig. Sanit. 39(9):7-10 (Russ); English tranmslation
available from John Crerar Library, Chicago, Illinois. Order No.
13535-06J.

D--. Review of teratology study of albino rats exposed continuously
during pregnancy to 0.01 and 1.0 mg HCHO/m3. Data tabulated from
original article for this report.

Gofmekler, V. A., and T. I. Bonashevskaya. 1969. Experimental
Studies of Teratogenic Properties of Formaldehyde, Based on Pathol-
ogical Investigations. Gig. Sanit. 34(5):92-94 (Russ); Hyg. Sanit.
34(5):266-268.

D-5. Same study as Pushkina et al. (1968) [5-012], Gofmekler et
al. (1968) [5-238], and Gofmekler (1968) [5-052] on rats and progeny.
Data on histological and histochemical changes.

Gofmekler, V. A., N. N. Pushkina, and G. N. Klevtsova. 1968. Some
Biochemical Aspects of the Embryotropic Effect of Benzene and For-
maldehyde. Gig. Sanit. 33(7):96-98 (Russ); Hyg. Sanit. 33(7):112-116.

D-6. Same data on effect of HCHO exposure on ascorbic and nucleic
acid levels in rats as Pushkina et al. (1968) [5-012].

Goloshchapov, 0. D. 1979. Protein Metabolism in Experimental
Formaldehyde Poisoning. Khim. Prom-st., Ser.: Toksikol. Sanit.
Khim. Plastmass. No. 3:11 (Russ).

C-5. Rats exposed to 20 mg HCHO/m3 for 6 wk were protected by a
diet with 32% protein from the ensuing disturbances of protein met-
abolism seen in rats fed a normal ration with 18% protein. Compare
Goloshchapov and Agranovskii (1976) ([5-239].

Goloshchapov, O. D., and M. Z. Agranovskii. 1976. Lipoamide as a
Component of a Prophylactic Diet in Exposure to Formaldehyde. Gig.
Sanit. No. 3:25-28 (Russ).

C-11. Rats exposed to 20 mg HCHO/m® for 3 h/d for 6 wk were protec-
ted by a diet containing 5 mg lipoamide/kg from the disturbances seen
in serum proteins and amino acids, ascorbic acid in the liver, behav-
ior changes, depression in weight gain, dystrophic and necrotic chan-
ges in the liver, etc., in rats fed a diet with 187 protein without
additional lipoamide.
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5-403 Gosselin, R. E., H. C. Hodge, R. P. Smith, and M. N. Gleason. 1976.
Formaldehyde. In: Clinical Toxicology of Commercial Products--Acute
Poisoning. Fourth Edition. The Williams and Wilkins Co., Baltimore,
Maryland. pp. 166-168.

D--. Brief review.

5-057 Granati, A., R. Lenzi, and E. Monaco. 1978. Environmental Health
Problems in the Clothing Industry in Relation to Formaldehyde-Treated
Fabrics. Riv. Med. Lav. Ig. Ind. 2(July-Sept.):221-232 (Ita).

B-9. Study of garment factory workers exposed to levels of HCHO up

to ~ 0.5 mg/m?. Of 3034 workers, 30.3% reported cutaneous and mucous
membrane irritations. During the exposure period, there was an ~ 800%
increase in symptoms and seriousnmess of irritation compared to pre-
vious period when different fabric (the source of the HCHO) was used.

5-240 Green, G. M., and D. Carolin. 1967. The Depressant Effect of Cig-
aret Smoke on the in vitro Antibacterial Activity of Alveolar Macro-
phages. N. Engl. J. Med. 276(8):421-427.

D--. HCHO at 1.6-163 pg/mL (levels above those found in cigarette
smoke) did not inhibit the in vitro phagocytic ability of rabbit
pulmonary alveolar macrophages. Whole cigarette smoke did.

5-361 Griesemer, R. A., A. G. Ulsamer, J. C. Arcos, J. R. Beall, et al.*
1980. Report of the Federal Panel on Formaldehyde. National Toxi-
cology Program, Public Health Service, Department of Health and Human
Services, Research Triangle Park, North Carolina. 64 pp.

A--. A very extensive and authoritative review and evaluation of
animal and human exposure to try to determine the potential health
risks to humans from chronic exposure to HCHO. The Panel concludes
that "..... it is prudent to regard formaldehyde as posing a carcino-
genic risk to humans." Conclusions on other topics such as terato-
genicity/reproductive effects and animal-to-man data extrapolation
are not made.

5-241 Guseva, V. A. 1972. Gonadotropic Effect of Formaldehyde on Male
Rats During Its Simultaneous Introduction with Air and Water. Gig.
Sapnit. No. 10: 102-103 (Russ).

B-6. Male rats exposed for 6 mo to 0.5 mg HCHO/m® air and 0.1 mg
HCRO/L orally for 4 h, 5x/wk produced normal nos. of normal off-
spring, but the content of nucleic acids in their testicles was sig-
nificantly reduced. ’

5-186 Guseva, V. A. 1973. Effect of Formaldehyde During its Joint Respir-
atory and Oral Administration. Gig.'Sanit. No. 5:7-11 (Russ).

¥ See page A-4 for a complete listing of the panel members and their
affiliations.
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5-394

5-363

5-360

C-8. Exgosure of rats simultaneously by inhalation (0.12, 0.25, or
0.5 mg/m°) and ingestiom (0.1, 0.01, or 0.005 mg/L) for 4 h/d, 5 d/wk,
for 7 mo. Effects on CNS, conditioned reflex, biochemistry, pathomor-
phology, and neurohistology were studied. No effects seen at the com-
bination of lowest doses.

Guzeev, Yu. M., and I. V. Bachinskii. 1980. Upper Airway Damage
and Methods for Reducing the Worker Morbidity in the Woodworking
Industry. Zh. Ushn., Nos. Gorl. Bolezn. No. 5:47-54 (Russ).

D--. Woodworking industry workers (512) were exposed to wood dusts,
HCHO, toluene, xylene, abrasive dusts, and/or electrowelding dusts.
Workers (185) exposed to the highest concentrations of HCHO (2.7 mg/m%)
but lower levels of wood dust (7.0 mg/m3), abrasive dust (11.8 mg/m3),
and electrowelding aerosols (0.46 mg/m3) had the lowest incidence of
upper respiratory tract problems (7.0%). Of these patients, 30.7%

- showed hypertrophy of the mucous membranes, a higher incidence than

in the other groups of workers exposed to less HCHO but more solvents
and dusts.

Hanrahan, L. P., K. A. Dally, and H. A. Anderson. 1980. A Random
Sample Survey of Wisconsin Mobile Homes: Formaldehyde Concentra-
tions and Health Effects. Wisconsin Division of Health, Department
of Health and Social Services, Madison, Wisconsin. 29 pp.

B-6. Two groups of mobile home residents (105 total) were studied.
23 different symptoms are reported, but only burning eyes was sta-
tistically associated with HCHO. Levels measured ranged from < 0.14
to 1.01 mg/m3. An indoor HCHO standard of 0.2 ppm is recommended.

Harper, C., and J. M. Patel. 1978. Inactivation of Pulmonary Cyto-
chrome P-450 by Aldehydes. Fed. Proc. 37(3):767.

D--. An abstract only, so no experimental details (levels and mode
of exposure) are given. Formaldehyde caused destruction of liver
microsomal P450 and pulmonarv cytochrome P450 with no requirement
for NADPH.

Harris, D. K. 1953. Health Problems in the Manufacture and Use of
Plastics. Br. J. Ind. Med. 10:255-268.

D-7. Clinical examination of 25 men exposed to HCHO in a factory
making urea-HCHO and phenol-HCHO resins and employed for > 5 y re-
vealed abnormalities in blood counts in 13 and dyspnea in 4. Only
4 had been affected by dermatitis.

Harris, J. C., B. H. Rumack, and F. D. Aldrich. 1981. Toxicology

of Urea Formaldehyde and Polyurethane Foam Insulation. J. Am. Med.
Assoc. 245(3):243-246.
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5-313

5-242

5-060

5-061

5-062

D-3. Review of the use and toxicity of urea-formaldehyde foam.

Includes the results of questionnaires filled out by occupants of
homes insulated with the foam, reporting dyspnea, headache, rhin-
itis, eye irritation, cough, and frequent colds. No HCHC levels
given.

Helwig, N. 1977. How Safe Is Formaldehyde. Dtsch. Med. Woch.
102:1612-1613 (Ger); English translation available from John Crerar
Library, Chicago, Illinois. Order No. 810412-06T.

C-4. Young school children exposed to ~ 5 ppm HCHO from HCHO-con-
taining fiberboard for ~ 8 mo complained of irritationm, nausea,
and apathy. Habituation and individual variability in sensitivity
were seen.

Hendrick, D. J., and D. J. Lane. 1975. Formalin Asthma in Hospital
Staff. Br. Med. J. 1:607-608.

C-8. Inhalation provocation tests confirmed that exposure to forma-
lin vapors was the cause of the delayed asthmatic symptoms in one
hospital staff member but not the cause of change in ventilatory
function of another member who had suffered from asthma as a child
and hay fever since age 19.

Hendrick, D. J., and D. J. Lane 1977. Occupational Formalin Asthma.
Br. J. Ind. Med. 34(1):11-18.

C-6. 8 cases of occupational asthma developed among 28 members

of nursing staff at Hemodialysis Unit in which formalin was used

to sterilize dialysis machine, over a 3-y period. 2 of 5 persons
had positive responses to formalin provocation tests. No air sample
measurements were requested, and no control or comparison group

was studied.

Hollowell, C. D., J. V. Berk, C. Lin, W. W. Nazaroff, and G. W.
Traynor. 1979a. Impact of Energy Conservation in Buildings on
Health. LBL-9379, National Technical Information Service, Spring-
field, VA. 11 pp.

C--. At low ventilation rates, HCHO concentrations in indoor air
are frequently > 0.1 mg/m? when outdoor concentrations are typically
0.02 mg/m3. Indoor and outdoor HCHO concentrations and the health
effects of HCHO are briefly reviewed.

Hollowell, C. G., J. V. Berk, C. I. Lin, and I. Turiel. 1979b.
Indoor Air Quality in Energy-Efficient Buildings. Conf. 790523-2,
National Technical Information Service, U.S. Dept. of Commerce,
Springfield, VA. 12 pp.

C--. HCHO concentrations in an Energy Research House in Ames, Iowa,
were 51-125 ppb indoors compared to < 5 ppb outdoors.
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5-140

Hollowell, C. D., J. V. Berk, M. L. Boegel, R. R. Miksch, W. W.
Nazaroff, and G. W. Traynor. 1980. Building Ventilation and In-
door Air Quality. Stud. Environ. Sci. 8(Atmos. Pollut.):387-396.

C--. Indoor air concentrations of HCHO reported from the Uu.s.,
Denmark, Sweden, and West Germany zre “-2quently > 0.120 mg/m3,
which is the limit set for indoor air by the Netherlands in July
1978. HCHO concentrations in a test kitchen with a new gas stove
ranged from 0.040 mg/m3® when a hood vent with a fan was used at
high speed to 0.460 mg/m3® when no stove vent or hood was used.
(The values reported for this study by Hollowell et al., 197%a
[S-061] were 0.035 and 0.400 mg/m3, respectively.) Typical out-
door HCHO concentration during the test was 0.005 mg/m3.

Horton, A. W., R. Tye, and K. Stemmer. 1963. Experimental Carcino-
genesis of the Lung. Inhalation of Gaseous Formaldehyde or an
Aerosol of Coal Tar by C3H Mice. J. Natl. Cancer Inst. 30:31-43.

B~10. Acute and chronic exposure of mice to 50-900 mg HCHO/m3
produced death and at lower levels tracheobronchial epithelium
changes but no carcinomas. No mention of effects on nasal cavity.

Hovding, G. 1969. Occupational Dermatitis from Pyrolysis Products
of Polythene. Acta Derm. Venereol. 49:147-149.

D-4. Case report of exposure to small amounts of smoke (presumably
containing HCHO and acrolein) from cutting polyethylene bags.
Symptoms of the skin and the mucous membranes of the eyes and upper
respiratory tract were described. No measurements and no follow-up
after changes in the ventilation system. All five workers gave a
positive response to a patch test with a 4% aqueous HCHO solution.

Howlett, C. T., Jr. 1980. An Assessment of the Regulation of
Indoor Air Quality. In: Proc. l4th Wash. State Univ. Int. Symp.
Particleboard, Pullman, Washington, April 1980. pp. 145-158.

D--. General review. Includes some international regulations
and recommendations for allowable HCHO levels.

Hsie, A. W., J. P. 0'Neill, J. R. San Sebastian, D. B. Couch, J. C.
Fusco, W. N. C. Sum, P. A. Brimer, R. Machanoff, J. C. Riddle,

N. L. Forbes, and M. H. Hsie. 1978. Mutagenicity of Carcinogens:
Study of 101 Agents in a Quantitative Mammalian Cell Mutation Sys-
tem, CHO/HGPRT. Fed. Proc. 37(6):1384.

B--. A standard Chinese hamser ovary bioassay for mutagenicity

(CHO/HGPT) showed formaldehyde negative. The abstract called the
result a "possible FALSE negative: with no data furnished.
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5-366

1-0172

5-141

5-066

5-067

Ikeda, A., Y. Horiguchi,‘and K. Koyoshi. 1980. Research on the
Effect of Air Pollution. 2. Studies on Biological Effects of
Carbohydrates. On Aldehydes. Kanagawa-ken Taiki Osen Chosa Kenkyu
Hokoku 22:193-196 (Japan).

C-7. Exposure of rabbits to 6.3 mg/m?® for 3-4 min caused decreased
heart rate and respiratory HCHO movement and changes in blood
pressure.

ILO. 1970. Permissible Levels of Toxic Substances in the Working
Environment. Occupational Safety and Health Series 20, International
Labour Office, Geneva. pp. 194-198.

C--. Maximum acceptable concentrations in Czechoslovakia:

Short
Normal Single Exposure
MAC (mg/m3) MAC (mg/m3)
Acrolein 0.5 1.0
NH; 40 : 80
HCHO 2 5
HCN 3 15

MeOH 100 500
H,S 30 -

ILO/WHO Committee. 1970. Permissible Levels of Toxic Substances
in the Working Environment--Sixth Session of the Joint ILO/WHO
Committee, Occupational Health and Safety Series, Title 20. Inter-
national Labor Office, Geneva. pp. 190, 201, 213, 242, 288, 290,
292, 295, 296, 306, 333, and 348.

C--. International values ranged from 0.5-20 ppm HCHO, with 5 ppm
the most frequent standard for occupational exposure.

Ionescu, J., D. Marinescu, V. Tapu, and A. Eskenasy. 1978. Experi-
mental Chronic Obstructive Lung Disease. I. Bronchopulmonary
Changes Induced in Rabbits by Prolonged Exposure to Formaldehyde.
Morphol. Embryol. (Bucur). 24(3):233-242. :

C-5. Male rabbits exposed to aerosol of 3% of HCHO for 3 h/d for
up to 50 d. No dose level given. In-depth discussion of changes
induced in the respiratory system by the exposure.

Ishchenko, V. N., and I. K. Pushkina. 1978. Evaluation of the
Working Conditions in the Manufacture and Processing of Phenol-For-
maldehyde Resins. Gig. Sanit. No. 11:98-100 (Russ).

C-8. The workers were exposed to < 0.5 mg HCHO/m3, phenol usually

at > 5 mg/m3 (its MAC), cresol (< MAC), high temperatures, and high
humidity, and were involved in strenuous physical activities. Only
the exposed women workers showed significant increases in morbidity,
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5-142

6-024

5-208

5-246

5-209

especially in respiratory diseases, musculoskeletal afflictions, and
diseases of the urogenital system compared to the exposed men or the
control men and women. Sleep disturbances were also more frequent
in the exposed women. Domestic burdens were probably a contributing
factor to the illnesses of the exposed women.

Iwanoff, N. 1911. On Some Aldehydes of Practical Importance. Arch.
Hyg. 73:307-340 (Ger).

C-8. Acute exposure of cats to HCHO and acrolein. Study is of
interest but of limited value because of high dose levels used
(2 260 mg HCHO/m3 and 2 25 mg acrolein/m3).

Jermini, C., and A. Weber. 1975. Air Pollution by Cigarette Smoke.
Soz.-Praeventivmed. 20(5):213 (Ger).

C--. Smoking 10 tobacco cigarettes in a 30 m3 room produced the
following concentrations of irritating substances: acrolein, 0.120
ppm; HCHO, 0.450 ppm; CO, 24 ppm; and NO, 0.678 ppm. The corres-
ponding MAC's are 0.1, 2, 50, and 25 ppm, respectively.

Jermini, C., A. Weber, and E. Grandjean. 1976. Quantitative Deter-
mination of Various Gas-Phase Components of the Side-Stream Smoke

of Cigarettes in the Room Air as a Contribution to the Problem of
Passive-Smoking. Int. Arch. Occup. Environ. Health 36(3):169-181
(Ger).

D--. An unventilated 30 m® room in which 30 cigarettes were smoked
contained 0.37 ppm acrolein. The unpolluted air in the room con-
tained 0.036 ppm HCHO, and 0.06 ppm HCHO after one cigarette was
smoked. Other components were also measured.

Jordeczka, S., B. Basa, and S. Basa. 1973. The Incidence of Chro-
nic Nonspecific Respiratory Disease Among the Workers of Furrier
Industry. Abstr. Congr. Pol. Phthisjopneumonol. Soc. 18:100-101.

D--. Occupational study is confounded by exposures to NHj, naph-
thalene, trichloroethylene, and acetic acid esters as well as HCHO
and smoking. The respiratory disease was significantly correlated
with duration of smoking habit but not with the number of cigarettes
smoked daily.

Kabe, J. 1971. Bronchial Asthma and Asthma-Like Dyspnea Caused
by Inhalation of Simple Chemicals. J. Allergol. 20(6) :444-450

(Jap).

D--. Kabe defined four types of allergologic patterns caused by
inhalation of low-molecular-weight compounds--immediate type, de-
layed type, non-allergic, and irritative type, as well as undeter-
mined type reactions. When Kabe (1969) [Shonikagaku 10:513] ad-
ministered dilute solutions of formalin to guinea pigs over long
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5-247

5-143

5-010

6-069

3-134

periods, a delayed increase in respiratory frequency was not in-
duced as was observed when they inhaled other respiratory
antigens.

Kalpazanov, Y., M. Stamenova, and G. Kurchatova. 1976. Air Pollu-
tion and the 1974-1975 Influenza Epidemic in Sofia: A Statistical
Study. Environ. Res. 12(1):1-8.

D-5. Multiple regression analysis is used to study the influence
of meteoralogical conditions and air pollutants on the number of
influenza cases. Several pollutants were considered: dust, NO_,
oxidants, phenol, SO, and HCHO (0.0107-0.0145 mg/m®). A statis-
tically significant dependence was found between the number of ill
during a given day and the concentration of HCHO 2 days earlier.
Other relationships were seen for the other pollutants.

Kamchatonov, V. P., and S. S. Gayazova. 1971. Temperature Asymmetry
in Workers Exposed to Formaldehyde Vapor. Hyg. Sanit. 86(1):286-287.

C-8. Exposure to 5-78 mg HCHO/m® for 5-20 y caused a pathological
skin thermal asymmetry (0.6-2.2°C) which existed before a workday
began in 48.4% of the workers and increased to 60% by the end of
the workday. The authors consider this evidence of adverse CNS
effects. Headache, vertigo, and irritability were also reported.

Kane, L., and Y. Alarie. 1977. Sensory Irritation to Formaldehyde
and Acrolein During Single and Repeated Exposures in Mice. Am. Ind.
Hyg. Assoc. J. 38:509-522.

B-12. Mice exposed to low levels of HCHO and acrolein in single
and repeated acute exposures with decreases in respiration rate.
Kane and Alarie recommend a TLV of 0.03 to 0.3 ppm HCHO.

Kane, L. E., and Y. Alarie. 1978. Evaluation of Semsory Irrita-
tion from Acrolein-Formaldehyde Mixtures. Am. Ind. Hyg. Assoc. J.
39(4):270-274.

B-10. A mathematical model applied to the data on the effects of
acrolein and HCHO alone and in 11 combinations on the respiratory
rate of mice indicates that competitive agonism exists between
acrolein and HCHO when both are present.

Kane, L. E., C. S. Barrow, and Y. Alarie. 1979. A Short-Term Test
to Predict Acceptable Levels of Exposure to Airborne Sensory Irri-
tants. Am. Ind. Hyg. Assoc. J. 40(3):207-229.

D--. Review of short-term exposure studies with mice, involving

HCHO, acrolein, and 9 other chemicals. Recommended highest concen-
tration for an Air Quality Standard was 0.003 ppm HCHO.
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5-190

5-248

5-390

5-145

Katz, G. V., and S. Laskin. 1977. Effect of Irritant Atmospheres
on Macrophage Behavior. In: E.R.D.A. Symp. Ser. 43(Pulm. Macro-
phage Epithelial Cells):358-373. C. L. Sander, G. E. Dagle, and

H. A. Ragan, Eds. Order No. Conf. 760927, Energy Research and Devel-
opment Administration, National Technical Information Service, U.S.
Departmern* of Commerce, Springfield, VA.

C-7. Pulmonary alveolar macrophage activity of cells collected

from rats pre-exposed to ~ 12.5 and ~ 25 mg HCHO/m3. Higher level
only decreased phagocytic activity.

Kensler, C., and S. P. Battista. 1963. Components of Cigarette
Smoke with Ciliary-Depressant Activity. Their Selective Removal
by Filters Containing Activated Charcoal. New Engl. J. Med.
296:1161-1166.

B-13. Technique described in minute detail - controls include
points not addressed in other papers. Their 1966 article [5-248]
that discussed recovery is important addition to this line of bio-
assay tests. Method of quantitating effect is hard to follow:
what number of micrograms of gas per 1.2 liter "puff" of air (when
8 puffs are administered) is needed to produce 509% inhibition of
tracer particles' movement of 5 mm on isolated rabbit trachea.
For HCHO, this value was 6 pg, about three times the HCHO level
in each puff of cigarette smoke.

Kensler, C. J., and S. P. Battista. 1966. Chemical and Physical
Factors Affecting Mammalian Ciliary Activity. Amer. Rev. Resp.
Dis. 93(3):93-102.

C-12. HCHO tested on isolated rabbit tracheal preparations pro-
duced reversible inhibition of ciliary activity, following 12-s
exposures to unknown concentrations. The in vitro bioassay may
have applicability to in vivo mammalian ciliary transport.

Kerfoot, E. J. 1972. Formaldehyde Vapor Emission Study in Embalm-
ing Rooms. The Director 42:6-7.

. C-4. A summary of the information given in Kerfoot and Mooney

(1975) [5-145].

Kerfoot, E. J., and T. F. Mooney, Jr. 1975. Formaldehyde and
Paraformaldehyde Study in Funeral Homes. Am. Ind. Hyg. Assoc. J.
36:533-537.

B-4. Embalmers exposed to 0.11-6.58 mg HCHO/m3? complained of eye
and upper respiratory tract irritation. Some sinus problems and

asthma reported. The necessity for adequate ventilation is demon-
strated. No comparison group.
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5-367 Kettner, H. 1978. Indoor Contamination by Chemical Substances
and Their Hygienic Significance. In: Org. Verunreinig. Umwelt:
Erkennen, Bewerten, Vermindern. K. Aurand, V. Haesselbarth, E.
Lahmann, G. Muller, and W. Niemitz, Eds. Erich Schmidt Verlag,
Berlin, Germany. pp. 448-453 (Ger).

C--. Maximum allowable indoor air concentrations in the USSR:
Acrolein 0.1 mg/m3
NH;, 0.2
HCN 0.002
HCHO 0.01
MeOH 0.5
5-072 Kilburn, K. H., and W. N. McKenzie. 1978. Leukocyte Recruitment

to Airways by Aldehyde-Carbon Combinations that Mimic Cigarette
Smoke. Lab. Invest. 38(2):134-142.

B-11. Exposure of hamsters to HCHO and acrolein alone and with
carbon particles. Effect only from combination of two and very
high level HCHO. Significant in relation to exhaust mixture,
especially diesel.

5-249 Kilburn, K. H., W. N. McKenzie, and R. J. Thurston. 1976. Effects
of Formaldehyde, as Vapor and Absorbed [sic] on Carbon on Hamster
Airways. Am. Rev. Respir. Dis. 113(4):238.

D--. Appears to be preliminary data on effect of HCHO alone and
with carbon particle. Full study reported in Kilburn and McKenzie
(1978) [5-072].

5-250 Kitchens, J. F., R. E. Casner, G. S. Edwards, W. E. Harward, II,
and B. J. Macri. 1976. Investigation of Selected Potential Envir-
onmental Contaminants: Formaldehyde. PB-256839, National Tech-
pnical Information Service, U.S. Dept. of Commerce, Springfield,
VA. 217 pp.

C--. The authors review the potential environmental hazards of
HCHO resulting from its manufacture, use, inadvertent production
from combustion and other sources, and nascent sources such as
paraformaldehyde, trioxane, and hexamethylenetetramine. Early
literature on aldehyde (as HCHO) emissions from mobile sources
reported values for automobiles of 3.3 to 18.7 1b/1,000 gal.
(6,250 1b) gasoline. Diesel engines emit aldehydes at approx.
the same rate and aircraft engines at about half their rate.
This report pointed out that the automobile is the primary source
of outdoor air pollution but that stationary combustion is also a
main source of atmospheric HCHO. Irradiating the hydrocarbon-
nitrogea oxide mixtures in auto exhaust leads to a threefold in-
crease in the HCHO content.
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5-433

5-075

5-147

5-343

Koivusalo, M. 1956. Studies on the Metabolism of Methanol and
Formaldehyde in the Animal Organism. Acta. Physiol. Scand.
Suppl. 131.39:1-103. )

D--.. A review of early literature plus several in vivo and in vitro
experiments on the metabolism of MeOH and HCHO. So much work has
been done in the past 25 years on the topic, it was not used as

a reference.

Kok, G. L. 1979. Analytical Instrumentation for the Determina-
tion of Formaldehyde in the Ambient Atmosphere. Abstract No. 9.0672.
Toxicology Research Projects Directory 4(9):1-75.

C--. Since current methods for determining HCHO in ambient air
at its usual concentrations (~ 10 ppb, which is ~ 0.015 mg/m3)

are not sensitive enough, this research project is developing a
new method based on the chemiluminescent reaction of gallic acid
with HCHO.

Kopylova, L. S., S. E. Gle'iberman, T. V. Likhtman, T. F. Semenova,
and M. I. Alekseeva. 1980. Safety Study of a Method for Disinfect-
ing Artificial Pulmonary Ventilation Apparatus with Aerosols Con-
taining Formaldehyde. Anesteziol. Reanimatol. No. 2:33-37 (Russ) .

D--. Aerosols of a sterilizing mixture containing 20% HCHO, 30%
ethanol, and 50% chaladone-12 (CC1,F,) at concentrations 2-74 g/m3
irritated the mucosae of the upper respiratory tract of albino
rats exposed for 45-90 min. Guinea pigs exposed to the mixture
at 2 mg/m® for 2 mo were sensitized to HCHO. Rats were exposed
to the residual gases (+ NH;) [£ 0.2 mg/m 3] in the artificial
ventilation apparatus for up to 30 d, but no hematological or mor-
phological changes were observed compared to the controls.

Krans, E. W. 1935. Effects of Fumes during the Moulding of Cer-
tain Types of Plastics. Ind. Med. Surg. 4:10-11.

D-6. A 29-y-old workman exposed to fumes in the unmolding of art-
icles produced from a formaldehyde-based resin developed a typical
bronchial cough after a few mo. Three years later, he developed
pneumonia, from which he recovered within ~ 3 mo. Krans suggested
that lung infections are likely when the membranes have been har-
dened due to continual HCHO inhalation exposure.

Krasevac, J. 1972. Influence of Anatomical and Occupational Fac-
tors on Respiratory Allergy of the Upper Respiratory Organs. Med.
Glas. 26(6):138-141 (Serbo-Croat).

D--. Workers in the wood-forming industry were exposed to wood

dust, lye, and nitro dyes as well as HCHO. No exposure levels
given.
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5-148

5-252

5-321

5-353

5-149

Kratochvil, I. 1971. The Effect of Formaldehyde on the Health
of Workers Employed in the Production of Crease Resistant Ready
Made Dresses. Pr. Lek. 23:374-375. (Cze).

D-5. A description of symptoms following suspected exposure to
HCHO (no measurements were made) for up to 7 y: light conjunctiv-
itis in 72%, rhinopharyngitis in 28%, and chronic bronchitis in
22%. The small number of workers (18) further limits the useful-
ness of this study.

Kulle, T. J., and G. P. Copper. 1975. Effects of Formaldehyde
and Ozone on the Trigeminal Nasal Sensory System. Arch. Environ.
Health 30(5):237-243.

C-11. Study of nasal sensory response in guinea pigs exposed to
~ 0.6 to 3.2 mg/m® HCHO. Sensory response decreased with HCHO
exposure and only partially recovered after exposure.

Kuz'menko, N. M., A. I. Buslenko, S. E. Kataeva, T. I. Kravchenko,
and R. S. Asatryan. 1975. Sensitizing Effect of Formaldehyde
During Production of Plastics. Vrach. Delo No. 6:131-134 (Russ).

C-4. Workers were exposed to 0.025-0.22 mg HCHO/m3? and dust and
had direct contact with phenol-HCHO powders. Half had 4-5 y and
half > 5 y of service. 8% had clinical changes in the skin. 22%
were sensitized by skin applications of aqueous HCHO. Some cases
had a general reaction of headaches, weakness, and poor health
2-3 d following HCHO application to the skin. Lack of controls
greatly reduces the usefulness of this study.

LaBelle, C. W., J. E. Long, and E. E. Christofano. 1955. Syner-
gistic Effects of Aerosols. Particulates as Carriers of Toxic
Vapors. A.M.A. Arch. Ind. Health 11:297-304.

C-6. Acute exposure of mice to HCHO and acrolein in combination
with various aerosols. In general, aerosols increased the toxic-
ity of HCHO and had no effect on acrolein.

Leonardos, G., D. Kendall, and N. Barnard. 1969. Odor Threshold
Determinations of 53 Odorant Chemicals. J. Air Pollut. Control
Assoc. 19(2): 91-95. Data also appear in A.D. Little, Inc.,
Research on Chemical Odors, Manufacturing Chemists Association,
Washington, D.C. 1968.

A-11. Definitive paper. The odor recognition thresholds for
various compounds were:

NH, 46.8 ppm
H,S 0.00047 ppm
H,S (from Na,S) 0.0047 ppm
HCHO 1.0 ppm
Acrolein 0.21 ppm
Methanol 100 ppm
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5-400 Lin, C., R. N. Anaclerio, D. W. Anthon, L. Z. Fanning, and C. D.
Hollowell. 1979. Indoor/Outdoor Measuremtns of Formaldehyde and
Total Aldehydes. LBL-9397, Conf-790917-10, or EEB-Vent-79-7, Na-
tional Technical Information Service, U.S. Department of Commerce,
Springfield, VA. 14 pp.

C--. Analytical methods are described, and information given in
earlier report of this series is repeated.

5-382 Long, K. 1979. Problems Associated with the Use of Urea-Formal-
dehyde Foam for Residential Use. Department of Energy Publication
No. ORNL/SUB-7559/1, U.S. Department of Energy Information Center
Complex, U.S. Department of Energy, Oak Ridge, Tennessee. 86 pp.

D--. Foams samples were tested in chambers for HCHO emissionms.
Increases were found for higher temperatures (7°C vs. 33°C) and
higher humidities (> 80% vs. < 75%). Emission decreased with time
(1-43 d). The entire range of values detected was 0.15-13.69 ppm.

5-078 Loomis, T. A. 1979. . Formaldehyde Toxicity. Arch. Pathol. Lab.
Med. 103(7):321-324.

C-~. Good basic review of acute actions (primary irritant effect
and the immunogenic-mediated response). The authors suggest that,
based on the insufficient data available, exposure to £ 0.5 ppm
for several hours is a dose without detectable toxic effects.

5-316 Ludwig, H. 1935. Acute Formaldehyde Bronchiolitis in Workman
Handling Artificial Resin. Samml. Vergiftungsfallen. 6:227-230
(Ger).

C-4. This paper describes the onset and course of the acute bronchi-
olitis (asthma, slimy sputum, etc.) with eczema and fever observed
in a 38-y-old chemically sensitive workman who had been exposed to
urea~HCHO resin powder while unloading drums containing the resin.
The inhaled resin particles may have released HCHO in the lungs and
probably exacerbated the response due to HCHO by producing mechanical
irritation of the bronchi.

5-079 Lyne, A. R. 1979. Inhalation of Formaldehyde Vapor (letter). Br.
Med. J. 2(6204):1589.
C--. The TLV (ceiling) for HCHO in workplace air in Great Britain
is 2 ppm (same as that of the ACGIH in the U.S.A.).

7-071 Makar, A. B., and T. R. Tephly. 1977. Methanol Poisoning VI:
Role of Folic Acid in the Production of Methanol Poisoning in the
Rat. J. Toxicol. Environ. Health. 2(5):1201-1209.

D--. Rats placed on a folate-deficient diet for 10-12 wk showed
a marked sensitivity to methanol poisoning. Formate oxidation
was inhibited so that high blood formate and acidosis occurred.
HCHO did not accumulate appreciably, however, in the acidotic rats.
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5-080

5-253

5-327

5-290

5-082

Makeicheva, N. A. 1978. Data for the Hyvgienic Standardization
of a Mixture of Furfural, Formaldehyde, Phenol and Acteone, in the
Atmosphere. Gig. Sanit. No. 9:3-7 (Russ).

B-9. Human odor threshold (0.077 mg/m?®) and electrocortical condi-
tioned reflex threshold (0.034 mg/m3) for HCHO were determined.
Recommended a one-time MAC of 0.035 mg HCHO/m® in the atmospheric
air.

Markova, Z. S., and A. I. Sautin. 1975. Hygienic Evaluation of
Textile Products According to Questionnaire Data. Gig. Sanit.
7:118-119 (Russ).

A-7. The numbers of complaints decreased and their character changed
in 627 of 1,000 salespersons exposed to fabrics finished with HCHO
resins with increasing length of service. The aging factor may

have influenced the results. Complaints independent of length of
service were pains in the heart, mucus discharge, sleep disturbance,
dyspnea, angina, and nausea. Sales persons contacting unfinished
linen fabrics registered far fewer complaints.

Marshall, F. J. 1980. New Jersey State Department of Health.
Special Epidemiology Project. Health Investigations of Urea-For-
maldehyde Foam December 1977 to January 1980. New Jersey State
Health Department, Trenton, New Jersey. 11 pp.

B-6. Residents of homes with urea-formaldehyde foam installed
1-40 mo earlier complained of odor, mucous membrane and skin-irrita-
tion, and problems sleeping. Ambient air levels ranged from 0 to
0.98 mg HCHO/m3.

Matanoski, G. M. 1980. Epidemiologic Study of Mortality im Pathol-
ogists. From an annotated list of epidemiologic and formaldehyde
monitoring studies prepared by the Epidemiology Branch, Health
Review Division, Environmental Protection Agency.

D--. Very brief description of a current research project. Data
to date show increased mortality due to kidney and liver cancer,
and decreased oral pharyngeal carcinomas. No HCHO levels.

Matsumura, T., and E. Higuchi. 1979. Concentration of Formaldehyde
in Urban Air. Kogai To Taisaku. 15(12):1547-1550 (Japan).

C-9. Levels of HCHO in air over Tokyo were measured continuously
for 9 y. Reports incident on June 28, 1971, in which HCHO levels
ranged from ~ 10 to ~ 40 ppb with ~ 12 h above 20 ppb. (Mean value
of 9~y period was 7.1 ppb). Thousands reported eye irritation
that day. The hourly values over the 9 y ranged from 1 to 73 ppb,
with 45.8% of the total hourly measurements < 5 ppb. Fluctuations
during the day, wk, mo, and year are discussed.
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7-074

5-085

5-192

5-193

Matsushima, T., D. Mizoguchi, and R. Socejima. 1978. Experimental

Mouse Pneumonia Following Lung Injury with One Percent Formaldehyde.
Kawasaki Med. J. 4(1):35-46.

C-11. Study of bacterial pneumonia, caused by Serratia marcescens,
in albino mice. HCHO was used to injure the respiratory tract to
make the mice susceptible to infection. All mice exposed to 1%
(10,000 ppm) HCHO developed pneumonia when exposed to bacteria
whereas few mice unexposed to HCHO did.

McMartin, K. E., G. Martin-Amat, P. E. Noker, and T. R. Tephly.
1979. Lack of a Role for Formaldehyde in Methanol Poisoning in
the Monkey. Biochem. Pharmacol. 28(5):645-650.

D--. Formic acid appears to be the major metabolic agent respons-
ible for methanol toxicity in the monkey since formic acid accounts
for the acidosis and the ocular symptoms.

Mecler, F. J. 1978. Biochemical Changes Seen in Guinea Pigs after
Inhalation of Formaldehyde and Nitrogen Dioxide. Toxicol. Appl.
Pharmacol. 45(1):298-299.

D-4. Repeated dose study of effect of ~ 12.5 mg HCHO/m3® exposure
on lung, liver, and kidney glutathione and glutathione reductase
levels.

Melekhina, V. P. 1960. Maximum Permissible Concentration of For-
maldehyde in Atmospheric Air. USSR Literature on Air Pollution and
Related Occupational Diseases 3:135-140.

A-9. Same data as Melekhina (1964) [5-193] in a more condensed
form, with some of the experimental details not given, but also
containing some not in the other article.

Melekhina, V. P. 1964. Hygienic Evaluation of Formaldehyde as

an Atmospheric Air Pollutant. In: USSR Literature on Air Pollu-
tion and Related Occupational Diseases-A Survey. NTIS TT64-11574,
National Technical Information Service, U.S. Department of Commerce,
Springfield, VA. 9 pp.

A-9. Human odor threshold (0.07 mg/m3), light sensitivity threshold
(0.098 mg/m3), and respiratory frequency threshold (< 2.5 mg/m3)
were determined. Atmospheric levels near a formalin production
plant were 0.0055-1.5 mg HCHO/m3 and caused some irritation. The
exhaust gases of gasoline engines contained 6-9 mg HCHO/m3. Air
samples collected 1-2 m from street during max. evening traffic
contained 2-10 mg HCHO/m,3? avg. 2.6 mg/m3. 24-h samples collected
7-8 m from heavily travelled streets generally contained 0.001-
0.0068 mg HCHO/m®, with a max. of 0.017 mg/m3.
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5-155 Miller, B. H., and H. P. Blejer. 1966. Report of an Occupational
Health Study of Formaldehyde Concentrations at Maximes, 400 E.
Colorado Street, Pasadena, Califormia. Report No. S-1838, State
of California Health and Welfare Agency, Dept. of Public Health,
Bureau of Occupational Health, Los Angeles, California. 5 pp.

C-3. HCHO levels in a dress store, due to treated fabrics, ranged
from 1.1 to 4.1 mg/m3. Odor and mild eye irritation reported.
Possible additive effect with smog.

5-086 Misiakiewicz, Z., G. Szulinska, A. Chyba, and E. Czyz. 1977.
Effect of Formaldehyde on the Development of Rats During Long-Term
Continuous Exposure. Rocz. Panstw. Zakl. Hig. 28(1):99-106 (Pol).

C-7. Two-generation study on effects of 1.0 mg HCHO/m3 on rats
exposed continuously for 8 mo (including during pregnancy) and on
offspring also exposed continuously for 8 mo. No changes in blood
parameters, smaller increase in body wt. increase in second gener-
ation and of relative liver wt. Upper respiratory tract morpholog-
ical changes in exposed rats.

5-156 Morrill, E. E. 1961. Formaldehyde Exposure from Paper Process
Solved by Air Sampling and Current Studies. Air Cond. Heat Vent.
58(7):94-95.

C-4. Workers exposed to 0.9-1.6 ppm HCHO and a trace of NH; com-
plained of itching eyes, dry and sore throats, disturbed sleep,
and unusual thirst upon first awakening.

5-388 Most, R. S., G. R. Curry, A. V. Sardinas, and J. S. Marks. 1981.
Persistence of Symptoms Associated with Urea-Formaldehyde Foam
Insulation. J. Environ. Health 43(5):251-253.

B-5. A follow-up to the study by Giuletti (1980). Of the house-
holds originally complaining of adverse health effects, 72 still
had symptoms at least as severe as ~ 2 y earlier. The avg. foam-age
in these homes was 2.3 y. No new HCHO measurements were made.

38 no longer had any symptoms, for a variety of reasons. No con-
trol group.

5-158 Murphy, S.D., and C. E. Ulrich. 1964. Multi-Animal Test System
for Measuring Effects of Irritant Gases and Vapors on Respiratory
Function of Guinea Pigs. Am. Ind. Hyg. Assoc. J. 25:28-36.

D-5. Methods development study reporting limited data on effect
of 5.9 and 18.8 mg HCHO/m® on guinea pig respirationm.

5-157 Murphy, S. D., H. V. Davis, and V. L. Zaratzian. 1964. Bio~

chemical Effects in Rats from Irritating Air Contaminants. Toxicol.
Appl. Pharmacol. 6:520-528.
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5-213

5-254

5-091

5-090

5-089

C-8. Study of effect of acrolein (1-4 ppm, 20-81 h) and 18-h, 35
ppm HCHO exposure on rat organ weights and alkaline phosphatase
activity. The same values for concentration x time for acrolein
had different effects, the continuous exposures to the higher con-
centrations causing increased liver wt. and enzyme activity.

Nagornyi, P. A. 1971. Evaluation of a Combined Effect Exerted
by Several Factors by the Method of Multiple Regre551on Farmakol.
Toksikol. 34(3):366-369 (Russ).

D-8. Nagornyi used multiple regression to process the results of
2-h lethality studies in mice with 13 different mixtures of phenol,
toluene, anthracene, and HCHO (resulting from thermo-oxidative
decomposition of a resin based on the constituents). The results
indicated that the mixture was synergistic, the mixture being many
times more toxic than the separate components. By eliminating
HCHO from the mixture, N. calculated that its LCsp in mice would
be 91 mg/m3.

Nagornyi, P. A. 1973. Combined Action of Several Factors Studied
by Regression Analysis. Gig. Sanit. No. 7:76-82 (Russ).

D-8. Nagornyi (1973) continues the work of Nagornyi (1971) with
tests of 20 new mixtures with and without HCHO. The results here
from its elimination from mixtures indicate that the LCsq of HCHO
is 155 mg/m3.

Nagornyi, P. A. 1977. Hygienic Evaluation of Working Conditions
and Health Status of Workers in the Production of Phenol-Formalde-
hyde Polymers. Gig. Tr. Resp. Mezhved. Sb. No. 13:48-52 (Russ).

C-5. Workers were exposed to phenol and HCHO in concentrations

of 0.9-43 mg/m3 and 0.9-11.5 mg/m3 respectively, as well as to
aerosols of lead (0.006-0.06 mg/m3) and resin dust (2.1-9.0; MAC

= 6 mg/m3) Morbidity among the plant workers, studied for 12 vy,
was mostly due to respiratory illnesses, which was significantly
more elevated in years of grippe epidemics and was higher than
the sick rate seen in mine and metal workers. The incidences of
women showing complications of pregnancy, labor, and the post-natal
period were not reported although incidences were reported for
practically every other sickness or symptom.

Nagornyi, P. A. 1978. Harmful Action of Formaldehyde in Low Con-
centrations (a Review of the Literature). Gig. Tr. Prof. Zabol.
No. 6:42-44 (Russ).

C--. Review of Russian human and animal'studies.
Nagornyi, P. A. 1979. Comparative Evaluation of Some Methods
for Studying the Characteristics of the Combined Effect of Mix-

tures of Chemical Substances in Critical Tests. Deposited Doc.
VINITI 836-79. 15 pp (Russ).
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5-092

5-323

5-376

C-8. Two mathematical treatments were used to process data obtained
from acute exposures of mice to 53 mixtures of phenol plus HCHO.
Pure HCHO at $ 120 mg/m® and pure phenol at £ 75 mg/m® did not
kill any mice during a 2-h dynamic poisoning test. Calculated
LCsp's and LCygp's were 505 + 64 and 1,030 mg/m® for HCHO and 177

+ 11 and 278 mg/m® for phenol. The mixtures had a synergistic
action being 1.03-2.2x more toxic tham equal concentrations of
phenol or HCHO alone.

Nagornyi, P. A., R. K. Mel'nichenko, Zh. A. Sudakova, and L. L.
Filipchenko. 1975. Toxicity and Maximum Permissible Concentra-
tion of a Complex Set of the Neoleucorite (Phenol-Formaldehyde)
Resin Volatile Products. Gig. Tr. Prof. Zabol: No. *:from TOXLINE
abstract.

D--. Animals exposed to 0.75 mg HCH/m® plus 0.26 mg phenol/m?
and to 0.13 mg HCHO/m3® plus 0.11 mg phenol/m?® showed functional
and morphological changes in the internal organs and systems, some
of which had not been reversed after a l-mo recovery period. A

- mixture of 0.05 mg HCHO/m3 plus 0.06 mg phenol/w3 produced insig-

nificant, fully reversible changes in the test animals. N. recom-
mends 0.01 mg/m3 each HCHO and phemol as the MACs when present
together in the workplace.

Nagornyi, P. A., Z. A. Sudakova, and S. M. Shchablenko. -1979.
General Toxic and Allergenic Action of Formaldehyde. Gig. Tr.
Prof. Zabol. No. 1:27-30 (Russ); English translation available
from John Crerar Library, Chicago, Illinois. Order No. 79-127-
93-06J.

B-9. Chronic exposure of albino rats and guinea pigs to 0.5 mg/m3
of HCHO. General health unaffected, some blood and urine para-
meters affected.

Nefedov, Yu. G., V. P. Savina, N. L. Sokolov, and V. E. Ryzhkova.
1969. Contaminants in the Air Exhaled by Man. Kosm. Biol. Med.
3(5):71-77 (Russ).

D--. Total aldehyde concentrations in exhaled breath of 10
smokers ranged from not detected to 0.09 mg/m® and in the breath
of 11 nonsmokers, from not detected to 0.12 mg/m3. The people
were healthy and were aged 25 to 35 years.

Nelson, N. 1979. Written Communication from New York University
Medical Center, Institute of Environmental Medicine to NIOSH,
Rockville, Maryland; cited in NIOSH/OSHA (1980). p. S.

B-7. Of 100 rats exposed for 6 h/d for 544 d to ~ 12.5 mg HCHO/m?
along with 10.6 ppm HC1l, 25% developed squamous cell carcinomas
of the nasal cavity within 814 d of the lst exposure. These can-
cers are not typically produced by bis(chloromethyl) ether, the
reaction product of HCHO and HC1.
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5-255 Neshkov, N. S., and A. M. Nosko. 1976. Effect of Toxic Components
of Fiber Glass-Reinforced Plastics on the Higher Nervous Activity
and Sexual Function of Males. Gig. Tr. 12:92-94 (Russ).

D--. Fifty-eight of 143 workers exposed to phenol, HCHO, aniline,
styrene, and other contaminants at 1.5x the MAC complained of
sexual and pyschoneurological disorders. See the discussion of
this paper by Griesemer et al. (1980), p. 44. They concluded,
"It is impossible to determine how much of the sexual dysfunction
might be attributable to formaldehyde since appropriate control
groups were not included and these workers were exposed to a vari-
ety of toxic chemicals in addition to formaldehyde."

6-124 Newsome, J. R., V. Norman, and V. L. Zaratzian. 1965. Vapor Phase
Analysis of Cigarette Smoke. Tob. Sci. 9:102-110; or Tobacco 161(4):
24-32.

D--. Levels in tobacco smoke (ug/40 ml puff):

Unfiltered Filtered

methanol 13 10
HCHO 4.1 3.6
acrolein 8.2 7.9
HCN 32 29
H,S 3.4 3.1
NH, 12 13
5-375 NIOSH/OSHA, National Institute for Occupational Safety and Health/

Occupational Safety and Health Administration. 1980. Current Intel-
ligence Bulletin 34. Formaldehyde: Evidence of Carcinogenicity.
National Institute for Occupational Safety and Health, U.S. Depart-
ment of Health and Human Services, and Occupational Safety and Health
Administration, U.S. Department of Labor.

C--. Recent animal work on the carcinogenicity of HCHO is reviewed
with 27 references, some of them unpublished. NIOSH and OSHA recom-
mend that HCHO be handled as a potential occupational carcinogen.

5-318 Nova, M. M., and R. G. Touraine. 1957. Asthma from Formalde-
: hyde. Arch. Mal. Prof. 18:293-294 (Fre).

D-7. Case history of a North African man working for 2 y in a
factory handling fatty acids, HCHO, and various other aldehydes.
After 1 y, he had skin eruptions attributed to the acids. After
1-2 mo working in a room with HCHO vapors, he suffered from vomit-
ing, headache, and respiratory difficulty typical of pulmonary
edema lasting ~ 1 wk. In the following days, he developed dyspnea,
and then the characteristics of chronic, recurrent asthma. No
HCHO levels given. Includes a brief review of other occupational
exposures, distinguishing between those causing irritation and
edema, isolated asthma crises after each exposure, and chronic
asthma even after all exposure stops.
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5-352 NRC, National Research Council Panel on Vapor-Phase Organic Pol-
lutants. 1976. Vapor-Phase Organic Pollutants. Volatile Hydro-
carbons and Oxidation Products. Printing and Publishing Office,
National Academy of Sciences, Washingtom, D.C. 417 pp

C--. An authoritative, but brief, review of various aspects of
acrolein and HCHO health effects literature is included in appro-
priate chapters of this book, which was used as a source of addi-
tional pertinent original papers.

5-331 NRC, National Research Council; Committee on Toxicology. 1980.
Formaldehyde - An Assessment of Its Health Effects. AD-A087854,
National Technical Information Service, U.S. Department of Com-
merce, Springfield, VA. 45 pp.

A--. Extensive review of animal and human exposure to HCHO, through
all routes. From the results of 2 controlled human experimental
studies, the Committee predicts that at < 0.25 ppm HCHO, < 20% of
the population will experience minimal to slight eye, nose, and
throat irritation, and recommends "...maintaining formaldehyde at
the lowest practical concentration to minimize adverse effects on
public health." Includes a list of world-wide recommended and
promulgated HCHO exposure limits for outdoor ambient air (0.008-0.1
ppm), indoor air (0.1-0.4 ppm), and occupational air (0.4-10 ppm).

5-093 Okawada, N., I. Mizoguchi, and T. Ishiguro. 1979. Effects of
Photochemical Air Pollution on the Human Eye - Concerning Eye Irri-
tation, Tear Lysozyme and Tear pH. Nagoya J. Med. Sci. 41(1-4):9-20.

A-11. 0.2 ppm HCHO was the threshold for eye irritation during
300 s exposures. Moderate to severe irritation was caused by 0.5-1.0

ppm.

5-194 Ostapovich, I. K. 1975. Characteristics of the Sensitizing Action
of Sulfur Dioxide and Formaldehyde in Various Regimes of Their
Inhalation. Gig. Sanit. No. 2:9-13 (Russ).

B-6. Rats and guinea pigs were continuously exposed to HCHO at

2, 7, and 15 mg/m3. Guinea pigs were also exposed intermittently
to 7 mg/m3. The time to toxic effects and to allergic effects,

if any, increased with decreasing concentration. At higher levels,
the toxic effects superceded the allergic effects, but allergic
effects appeared soonmer at a continuous level of 2 mg HCHO/m3 or
when the avg. concn. was 2.3 mg/m® due to the intermittency of
the 7 mg/m® exposures.

5-391 Ostapovich, I. K. 1978. Some Methodical Approaches to Regula-

ting the Content of Chemical Allergens in the Air. Gig. Aspekty
Okhrany Okruzh. Sredy, (Moskva) No. 6:84-85 (Russ).
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5-257

5-377

7-076

5-314

B-6. The experimental results presumably of Ostapovich (1975)
[5-199] (although another, lower concentration--0.5 mg HCHO/m3--
is mentioned here) with respect to the allergic effects on rats
and guinea pigs gave a straight line on a log scale grid. By ex-
trapolation and the use of a nomogram (no figures given), Ostapo-
vich calculated an inactive concentration for HCHO of 0.003 mg/m3.

Otte, W., and K. Kroepelin. 1973. Histological Changes in Guinea
Pig Lungs after Formaldehyde Inhalation and x-Radiation and the

Effect of Dexamethasone 21-isonicotinate Thereon. Arzneim.-Forsch.
23(3):420-424 (Ger).

D-6. Study of guinea pigs exposed to HCHO and x-radiation to irri-
tate the lungs. Dexamethasone 21-isonicotinate reduced inflamma-
tion of lungs

Ozhiganova, V. N., L. A. Dueva, and N. G. Popova. 1976. C(linical
Picture and Diagnosis of Occupational Bronchial Asthma Caused by
Formaldehyde-Containing Polymers. Gig. Tr. Prof. Zabol. No. 11:17-
20 (Russ).

C-10. The incidence of bronchial asthma, 34 of 972, in workers
engaged in the production and processing of HCHO-containing poly-
mers, was no higher than that in the general population. Various
diagnostic methods differentiated those whose bronchial asthma
was and was not due to HCHO. Most appeared to be sensitized in
varying degrees to HCHO as were those showing disorders of bron-
chial potency (9). All should be removed from HCHO contact.

Ozhiganova, V. N., I. S. Ivanova, and L. A. Deuva. 1977. Bronchial
Asthma in Radio Equipment Assemblers. Sov. Med. (Moscow) No. 4:
139-141 (Russ).

C-8. Bronchial asthma in radio equipment assemblers was usually
due to the occupationmal exposure to HCHO (no concentration deter-
mined), a thermal destruction product of the rosin used in the
lead soldering process. Methods are described to distinguish occu-
pational from nonmoccupational bronchial asthma.

Palese, M., and T. R. Tephly. 1975. Metabolism of Formate in
the Rat. J. Toxicol. Environ. Health 1(1):13-24.

D--. The folate-dependent one-carbon pool plays a major role in
the metabolism of formate to CO,. Folate-deficient rats rely on
the catalase-peroxidative system. : :

Paliard, F., L. Roche, C. Exbrayat, and E. Sprunck. 1949. Chronic
Asthma Due to Formaldehyde. Arch. Mal. Prof. 10:528-530 (Fre).

D--. Case history of a man developing severe asthma-like symptoms
after working 25 y in a tannery, which included continuous exposure
to formaldehyde vapors. Irritation of the upper airways and con-
junctiva, coughing, tramitis, loss of sense of smell, and dyspnea
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and cyanosis even at rest were observed. Some symptoms were not
characteristic of asthma, and the authors attribute the problems
to formaldehyde. Other facts, such as an apparent lack of sensi-
tivity to HCHO, argue against this. No levels were given.

5-258 Pankova, V. B. 1976. C(Cytological Profile of the Lower Nasal
Cavity Mucosa Under the Effect of Different Chemical Allergens.
Deposited Doc. No. VINITI 2969-76:20-22 (Russ).

D--. Formalin was directly applied to the mucosa of the lower
nasal cavity.

5-259 Patterson, R. M., M. I. Bornstein, and E. Garshick. 1976. Assess-
ment of Formaldehyde as a Potential Air Pollution Problem. PB-258360,
National Technical Information Service, Springfield, VA. 29 pp.

D--. The document contains a S5-page uncritical review of health
effects literature on HCHO.

5-260 Pavlienko, S. M., and V. A. Guseva. 1973a. Dynamics of the De-
velopment of Adaptive Reactions Under the Long-Term Effect of In-
dustrial Poisons Entering an Organism by Different Means. Itogi
Nauki Tekh. Farmakol., Khimioter. Sredstva, Toksikol., Probl.
Toksikol. 5:110-119 (Russ).

D--. The elaborate set of tests performed on rats exposed to low
levels of HCHO, C,HsOH, CH30H, CCly, or cyclohexanone given by
inhalation and/or by mouth does not distinguish the effects caused
by each poison, i.e., they each elicit the same responses at nearly
the same times.

7-042 Pavlenko, S. M., and V. A. Guseva. 1973b. Development of Adap-
tive Shifts after Complex Administrations of Nonelectrolyte Poisons.
Gig. Sanit. No. 1:15-20 (Russ).

D--. This is a slightly different version of Pavlenko and Guseva
(1973a) [5-260].

5-261 Pavlenko, S. M., T. V. Yudina, and V. A. Guseva. 1975. Methodolo-
gical Approaches to an Evaluation of Latent Reactions of Certain
Regulatory Systems of the Body in the Case of Different Ways of
Intake of Toxic Substances. Gig. Sanit. No. 10:55-60 (Russ).

D--. Another abstruse study much like Pavlenko and Guseva (1973a)
[5-260], wherein the effects of oral or inhaled HCHO are not espe-
cially different from those seen from low levels of C,Hs0H, CH;0H,
CCl4, or cyclohexanone.
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5-095

5-096

5-159

5-262

Pendergast, H. 1979. Formaldehyde. A Basic Building Block of
Industry. Formaldehyde Institute, Scarsdale, New York. 13 pp.

C--. This brief report summarizes work on HCHO recently done or
begun by OSHA, NIOSH, EPA, the Dept. of Housing and Development,
CPSC, and DOE and summarizes that '"no valid scientific evidence
was found to suggest that HCHO poses significant risk to human
health or the environment."” The report also describes the com-
mittees of the Formaldehyde Institute (Medical, Technical, Regu-
latory Action, and Information Resources and Communications) as
well as the initiation of the HCHO inhalation carcinogenicity test-
ing with rats and mice by the Chemical Industry Institute of Toxi-
cology (CIIT).

Plunkett, E. R., and T. Barbela. 1977. Are Embalmer's at Risk?
Am. J. Hyg. 38(1):61-62.

C-4. Embalmers exposed to unknown levels of HCHO reported eye,
skin, and upper respiratory tract irritation. Some had acute bron-
chitis and others chronic bronchitis. Those without bronchitis
had longer work histories. No control group.

Pod"yacheva, N. A. 1977. Generally Toxic Effect of Low Concentra-
tions of Phenol and Formaldehyde During their Separate and Combined
Effect on Experimental Animals. Gig. Aspekty Okhr. Zdorov'ya Nasel-
eniya. p. 131 (Russ).

C-9. Exposing female rats to either HCHO or phenol at 0.5 mg/m3
for 4 h/d for &4 mo increased the activities of cholinesterase,
oxidase, and glutaminoaspartic aminotransferase and lowered the
nucleic acid and total protein content of the serum while increas-
ing SGOT and lowering the activities of cholinesterase and aspartic
transferase in liver homogenates. These changes apparent within
2-3.4 mo, but when a mixture of 0.25 mg/m® of each compound was
used, the changes appeared within 15-30 d.

Porter, J. A. H. 1975. Acute Respiratory Distress Following For-
malin Inhalation. Lancet 2(7935):603-604.

C-8. A 27-y-old neurology resident during his second stint of

preparing brain specimens using formalin noted irritation of the
conjunctiva and nasal mucosa and became progressively dyspneic

even at rest within 15 h after the exposure to a "high concentra-
tion of formaldehyde vapor." Chest x-ray showed increased inter-
stitial markings with early edema. The clinical picture was that
of acute pneumonitis that required treatmenmt by aminophylline and
steroids before recovery by 5 wk after the onset. The reaction
may have been due to hypersensitivity, since the man experienced
allergic rhinitis on exposure to common inhalation allergens.

Prave, V. E., M. M. Prupis, L. G. Cherniakova, B. L. Litvak, and
A. P. Beliaeva. 1972. Health Evaluation of the Atmosphere in
Working Premises of Disinfection Chambers. Gig. Sanit. 37(1):96-98
(Russ).
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C-7. The subjects were exposed only to HCHO at concentrations of
0.33-42.0 mg/m®. The incidences of various diseases of the respir-
atory system, skin, nervous system, liver, etc., as well as of
cholinesterase inhibition are given but not compared to exposure
levels or to the corresponding incidences among a control group.

5-404 Prigoda, Yu. G. 1973. Hygienic Characteristics of Air Conditions
on Some Types of Automobile Highways. Aktual. Vopr. Gig. Naselennykh
Mest, Mater. Vses. Konf. Molodykh Uchenykh. pp. 108-110 (Russ);
Chem. Abstr. 1975. 82:076650a.

C--. HCHO concentrations along two USSR highways were 0.1-1.2
mg/m3, whereas at a distance of 10-15 m from the highways the val-
ues were 0.005-0.15 mg/m3.

6-115 Protsenko, G. A., V. I. Danilov, A. N. Timchenko, A. V. Nenartovich,
V. I. Trubilko, and V. A. Sauchenkov. 1973. Working Conditions
When Metals to which Primer has been Applied are Welded Evaluated
from the Health and Hygiene Aspect. Avt. Svarka 26(2):65-68.

D--. Levels of many gases were determined under several different
weld%ng conditions: acrolein, 0.11-1.04 mg/m3; and HCHO, 0.31-0.83
mg/m”.

5-098 Pruett, J. J., H. Scheuenstuhl, D. Michaeli, and Z. Nevo. 1980.
The Incorporation and Localization of Aldehydes (Highly Reactive
Cigarette Smoke Components) into Cellular Fractions of Cultured
Human Lung Cells. Arch. Environ. Health 35(1):15-20.

C--. Human fetal lung fibroblasts were incubated with trace amounts
of 14C-labeled HCHO for 10 min. The HCHO migrated into the nucleus,
where the RNA fraction had the highest amount of HCHO.

5-012 Pushkina, N. N., V. A. Gofmekler, and G. N. Klevtsova. 1968.
Changes in Content of Ascorbic Acid and Nucleic Acids Produced
by Benzene and Formaldehyde. Bull. Exp. Biol. Med. 66:868-870.

D-6. Study of exposure of 0.012 and 1.0 mg/m3 of HCHO on female
rats and their fetuses caused decreased ascorbic acid levels.

5-195 Renzetti, N., and R. Bryan. 1961. Atmospheric Sampling for Alde-
hydes and Eye Irritation in Los Angeles Smog. J. Air Pollut. Con-
trol Assoc. 11(9):421-424 and 427.

D-10. An attempt at correlating eye irritation and aldehyde levels
in smog. Total aldehydes ranged from 0.02 to 0.40 ppm; formaldehyde
from 0 to 0.13 ppm. Good correlation was found for a log-probit
relationship with total aldehydes, but the fit for HCHO wasn't as
good.
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5-099

5-333

5-344

5-160

Renzetti, N., and E. A. Schuck. 1961. Preliminary Observations
on the Relationship Between Eye Irritation in Synthetic Systems and
in the Atmosphere. J. Air Pollut. Control Assoc. 11(3):121-124.

C-8. Moderate to very severe (lacrimation in > 50% of the subjects)
eye irritation was caused by S5-min exposure to 3 ppm HCHO. Compar-
isons are made to irritation caused by irradiated hydrocarbon/NO,
mixtures and to outdoor smog conditions, in an attempt to show
that HCHO and acrolein are the primary irritants in smog.

Rosenkranz, H. S. 1972. Formaldehyde as a Possible Carcinogen.
Bull. Environ. Contam. Toxicol. 8(4):242-244.

C-2. In addition to the fact that formaldehyde has been known,
from literature citations, to be a mutagen, the author now believes
it to be a potential carcinogen. He used a microbial assay method
with an E. coli strain that lacks DNA polymerase (involved in DNA
repair). After the addition of an unknown amount of HCHO, to cul-
tures grown in petri dishes, the zone of growth inhibition was 62
mm vs. 59 mm for the normal strain. Article lacks details, numbers
of tests, ranges of results, and control information.

Rumack, B. H. 1978. Position Paper: Urea-Formaldehyde Foam.
Rocky Mountain Poison Center, Denver, Colorado. 30 pp.

C--. This paper reviews toxicity problems, and consumer complaints
related to urea-HCHO foam insulation as well as current standards
and criteria for HCHO in workplace and ambient air. Other domestic
sources of HCHO are enumerated: particle board, chipboard, wood
panels, curtain and rug backings, auto exhaust, wood preservatives,
smoking, fireplaces, possibly gas furnaces and appliances, glues,
and permanent press fabrics. The Netherlands has promulgated a
standard for homes insulated with urea-HCHO foam products == £
0.5 ppm at 2 wk after foaming and 0.02 ppm after 2 mo. -

Ryzhik, L. A. 1970. Hygienic Characterization of Foliated
Hetinax Production. Gig. Tr. Prof. Zabol. 14(5):12-15 (Russ).

D--. Workers were exposed to cresol and HCHO in concentrations
less than the maximum allowable concentration (MAC) as well as
acetone (£ 20 x > MAC), NH; (£ 3 mg/m3; MAC = 20 mg/m3), and phenol
(£ 3 x > MAC). The health of the workers was not discussed.

Sachs, 0. 1921. On Acute Dermatitis Caused by Vapors of Carbolic
Acid, Formaldehyde and Ammonia in the Production of Synthetic Resins.
Wien. Klin. Wochenschr. No. 29:356 (Ger).

D-3. Case reports of 8 workers with acute dermatitis of the face,
forearms, and hands. Some conjunctivitis, bronchitis, and irrita-
tion of the nose. Problems are attributed to carbolic acid, NHj,
and HCHO, 3 of several compounds used in production. No air samp-
ling done, or concentrations reported.
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5-264 Saindelle, A., F. Ruff, N. Flavian, and J. L. Parrot. 1968. His-~
tamine Release by Short-Chain Aldehydes. C. R. Hebd. Seances Acad.
Sci., Ser. D. 266(2):139-140 (Fre).

D-3. Guinea pig lung fragments were incubated for 15 min in a

solution containing 0.1 mg HCHO/mL, and 0-2.3 pg histamine/g was
released. Other short-chain aldehydes were studied, with acetal-
dehyde being the most active in causing the release of histamine.

5-265 Sakula, A. 1975. Formalin Asthma in Hospital Laboratory Staff.
Lancet 2:816.

D-6. Formalin vapor caused bronchial asthma in a 57-y-old hospital
laboratory technician who prepared pathological specimens and hist-
ological sections.

5-161 Salem, H., and H. Cullumbine. 1960. Inhalation Toxicities
of Some Aldehydes. Toxicol. Appl. Pharmacol. 2:183-187.

C-6. Exposure of mice, guinea pigs and rabbits to HCHO and acrolein
in both vapor and aerosol form for up to 10 h HCHO concentrations

of 19-20.mg/m3 caused few deaths during exposure but a number of
the animals died later. Acrolein at mean concentration of 4,624

to 5,225 mg/m? was lethal to all the animals in < 1 h. Mice were
more susceptible to both HCHO and acrolein than other animals.

5-389 Samitova, R. Sh., Yu. P. Gracheva, and F. M. Gaynutdinov. 1973.
Physiological-Hygienic Evaluation of Work Conditions and Gynecol-
ogical Morbidity of Polishers of Formalin Departments of Fur Pro-
duction. Nauchn. Trudy Kazansk. Med. In-ta. 42:37-42 (Russ).

C-10. By the end of the shifts, workers exposed to 2.0-7.5 mg
HCHO/m3, dust, methanol, ethanol, and formic acid (the last 3 at

< MAC's) had complaints of vertigo, stimulation, noise in the ears,
and decreased endurance. Small increases in some gynecological
complaints were reported.

5-266 Sanotskii, I. V., V. N. Fomenko, G. A. Sheveleva, L. §. Sal'nikova,
M. V. Nakoryakova, and T. E. Pavlova. 1976. A Study on the Effects
of Pregnancy on the Sensitivity of Animals to Chemical Agents.

Gig. Tr. Prof. Zabol No. 1:25-28 (Russ); English translation avail-
able from John Crerar Library, Chicago, Illimeis. Order No.
80-11975-06J.

B-8. Study of the effect of pregnancy on the sensitivity of rats
to HCHO. Levels of 0.4 to 6 mg/m® effected blood hemoglobin and
liver and kidney functioning.

5-100 Sanotskii, I. V., V. N. Fomenko, L. S. Sal'nikova, and G. A.
Sheveleva. 1977. Some Problems Related to Experimental Research
of the Embryotropic Action of Industrial Chemical Compounds. Gig.
Tr. Prof. Zabol. No. 2:27-30 (Russ).
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C--. A review without full citations of work done at the Institute
of Industrial Hygiene and Occupational Diseases of the Academy of
Medical Science of the USSR. It is reported here without attribu-
tion that HCHO at levels up to and at the MAC were without effect
on. human embryogenesis of pregnancy whether exposure was at the
lst or 2nd month or the entire course.

Sardinas, A. V., R. S. Most, M. A. Giulietti, and P. Honchar.
1979. Health Effects Associated with Urea-Formaldehyde Foam In-
sulation in Comnecticut. J. Environ. Health 41:270-272.

C-6. A preliminary report {(of 69 complaints) of the full study
discussed in Giulietti (1980) [5-295a]. Attempted to show dif-
ferences in symptoms between those exposed to < 0.5 ppm and those
exposed to 0.5-10 ppm: skin and miscellaneous symptoms were higher
in the less exposed group, eye irritation and headache were higher
in the high exposure group, and nose, throat, lung, and gastroin-
testinal tract irritation were about equal. These ratios changed
in the full report, with the high exposure group reporting slightly
higher symptoms in all categories.

Saury, A., M. P. Ravault, and V. Vincent. 1965. Optic Atrophy
Due to Exposure to Formol Vapors. Bull. Med. Tox. Med. Leg. 8:
466-469 (Fre).

D--. Case history of a man suffering from optical neuritis, in-
cluding blurriness and loss of vision. Because of the lack of
any other findings, the authors attribute it to the man's exposure
on the job while handling fabrics treated with a formaldehyde-
containing mixture to prevent wrinkling. No levels are given and
the cause-effect relationship is not definitely established.

Schneck, S. A. 1979. Methyl Aclohol. 1In: Handbook of Clinical
Neurology, Vol. 36, Intoxications of the Nervous System, Part I.
P. J. Vinken, and C. W. Bruyn, Eds. Elsevier/North-Holland, Inc.
New York, New York. pp. 351-360.

D--. A good review of methanol poisoning and the presumed role of
HCHO.

Schoenberg, J. B., and C. A. Mitchell. 1975. Airway Disease
Caused by Phenolic (Phenol-Formaldehyde) Resin Exposure. Arch.
Environ. Health 30:574-577.

C-9. Employees were exposed to phenol (7-10 mg/m3) and HCHO (0.5-
16.3 mg/m3). A high proportion reported acute respiratory symptoms,
but only small decreases in pulmonary functions during the work
week were found. Employment for > 5 y caused lower pulmonary func-
tions than shorter employment but those employees also had greater
cigarette consumption (in pack-years).
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Schreiber, H., M. Bibbo, G. L. Wied, G. Saccomanno, and P. Nettesheim.
1979. Bronchial Metaplasia as a Benign or Premalignant Lesion.

I. Cytologic and Ultrastructural Discrimination Between Acute
Carcinogen Effects and Toxin-Induced Changes. Acta Cytol. (Baltimore)
23(6):496-503.

C-8. Study of cytologic and histologic changes in tracheobrom-
chial epithelium of hamster exposure to 312.5 mg/m3. HCHO effects
compared to changes in hamsters exposed to known carcinogens.
Results indicated that HCHO is non-carcinogenic.

Schuck, E. A., and G. J. Doyle. 1959. Photooxidation of Hydro-
carbons in Mixtures Containing Oxides of Nitrogen and Sulfur Dio-
xide. Report No. 29. Air Pollution Foundation. San Marino,
California. pp. 41-46.

C-8. Same data as Schuck and Renzetti (1960) [5-307].

Schuck, E., and N. Renzetti. 1960. Eye Irritants Formed During
Photooxidation of Hydrocarbons in the Presence of Oxides of Nitro-
gen. Air Pollut. Control Assoc. J. 10:389-392.

C-8. Moderate to severe eye irritation was caused by 5-min ex-
posure to 1.5 ppm acrolein or 4 ppm HCHO. These 2 irritants ac-
counted for most of the observed eye irritation caused by the prod-
ucts of the photooxidation of hydrocarbons with oxides of nitrogen.
3 ppm propionaldehyde and 10 ppm acetaldehyde caused no eye irri-
tation.

Schuck, E. A., E. R. Stephens, and J. T. Middleton. 1966. Eye
Irritation Response at Low Concentrations of Irritants. Arch.
Environ. Health 13:570-575.

D-10. Exposure to the products of the irradiation of hydrocarbons/
NO, mixtures caused eye irritation. Good correlation was seen
with HCHO when it was present at 2 0.3 ppm, but not when it was <
0.3 ppm.

Selikoff, I. J., and E. C. Hammond. 1981. Carcinogenicity of
Formaldehyde. Final Report. Report to the American Cancer Society
by the Environmental Cancer Information Unit, Environmental Sciences
Laboratory, Mt. Sinai School of Medicine, City University of New
York, New York, New York.

C--. This 9-page report is bound with full copies of Griesemer

et al. (1980) [Report of the Federal Panel on Formaldehyde] and
NIOSH/OSHA (1980) [Formaldehyde: Evidence of Carcinogenicity].

In an earlier report the authors had raised the question of whether
the nasal cancers seen in the CIIT study (Swenberg et al., 1980)
were due to the combined effects of a viral infection and HCHO.

In this report, they decide on the basis of the 24-mo results that
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"HCHO exposure and not the viral infection appears to be the cru-
cial factor in development of nasal carcinomas in the CIIT study."
They recommend that since '"cancer occurred in animals at levels
not unlike those which can be found in some human exposures that
"effective controls should be initiated to reduce or eliminate
human exposures to HCHO." '

Sgibnev, A. K. 1968. Influence of Small Concentrations of Formal-
dehyde Vapors on the Human Organism. Gig. Tr. Prof. Zabol. 12(7):
20-25 (Russ); English translation available from John Crerar Li-
brary, Chicago, Illinois. Order No. 74~13624-06J.

A-7. Exposure of humans to 0.3-0.4 or 1.0 mg/m3 for 10 min caused
slight respiratory and skin changes at the lower level and more
extensive changes at the upper level. 1 mg/m3 is recommended as
the maximum permissible concentration.

Shafaiziev, U., and G. Shipovskikh. 1972. Working Conditions
and Health of Workers Employed in Processing of Plastic Resins in
Uzbekistan. Vop. Sanit. Gig. Usloviyakh Zharkaogo Klimata Usb.
1972:136-138 (Russ).

C-6. Workers were exposed to § 2-15.6 mg phenol/m® and 0.6-3.1

mg HCHO/m*® as well as phenol-HCHO resin dust. Disturbances were
seen more often in the pressmen, who were exposed to the higher
resin dust concentrations, than in the polishers. Disturbances
observed included chronic rhinopharyngitis (5 pressmen), skin ir-
ritations, stabbing-constricting pain in the heart region, muffling
of heart tones at the tip, a tendency toward hypotonia (50%), gas-
tritis and colitis, liver function disturbances, and nervous system
disturbances in 24 of the 30 pressmen.

Sheveleva, G. A. 1971. Specific Action of Formaldehyde on the
Embryogeny and Progeny of White Rats. Toksikol. Nov. Prom. Khim.
Veschestv. 12:78-86; English translation available from John Crerar
Library, Chicago, Illinois. Order No. 73-13539-06P.

B-11. Study of the effect of 0.5 to 5 mg HCHO/m3® on pregnant rats
and development and health of progeny.

Shipkovitz, H. D., 1968. Formaldehyde Vapor Emissioms in the
Permanent-Press Fabrics Industry. Report No. TR-52, Environmental
Control Administration, Consumer Protection and Environmental
Health Service, Public Health Service, U.S. Department of Health,
Education and Welfare, Cincinnati, Ohio. 20 pp.

C-5. Formaldehyde concentrations during cutting, sewing, pressing,
and storing of permanent press fabrics ranged in eight plants from
not detected to 2.7 ppm. In two plants with good ventilation and
two with fair ventilationm, 5-15% of the employees showed respiratory
and other complaints. In the four other plants with fair ventila-
tion, such complaints came from > 15% of the employees.
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5-178

Shumilina, A. V. 1975. Menstrual and Reproductive Functions in
Workers with Occupational Exposure to Formaldehyde. Gig. Tr. Prof.
Zabol. 75(12):18-21 (Russ); English translation available from
John Crerar Library, Chicago, Illinois. Order No. 78-12467-06J.

B-8. Chronic exposure to 1.5-4.5 mg HCHO/m3 or to 0.05-0.70 mg

HCHO/ m3® caused increased numbers of menstrual problems, genital
diseases, problems during pregnancy and birth, and lower neonatal
weights.

Sidorenko, G. I., F. F. Lampert, I. A. Pinigina, V. A. Klebanova,
V. P. Osintseva, and A. F. Nazarenko. 1972. Experimental Sub-
stantiation of Air Sanitation Measures in Gas Supplied Apartments.
Gig. Sanit. 37(7):24-28 (Russ).

D-8. Male rats exposed for 3 or 6 h/d for 125 d to 0.043 mg HCHO/
m®, 0.07 mg CgHg/m®, 0.44 mg NOy/m*, and 0.60 mg NO/m3 (products

of incomplete combustion of gas from a cooking stove) showed
absence of weight gain, leukocytosis, increase in carboxyhemoglobin,
CNS disturbance, and changes in the parenchymatous organs that
were probably due to chronic CO poisoning. The emphysematous
changes with atelectasis in the lungs were probably due to poisoning
by the N oxides.

Sidorov, K. K. 1971. Letter to the Editor: Effect of Low Con-

centrations of Formaldehyde on the Organism. Hyg. Sanit. 36(12):
435.

D--. Corrections of the official standards given in the text of
Fel'dman and Bonashevskaya (1971) [5-048]. The maximum permissible
concentration of HCHO in a work zone was 0.5 mg/m3.

Sim, V. M., and R. E. Pattle. 1957. Effect of Possible Smog Ir-
ritants on Human Subjects. J. Am. Med. Assoc. 165:1908-1913.

B-9. A study of acute (£ 30 min) human exposure to several com-
pounds of interest: HCHO at 17.3 mg/m3 was slightly irritating;
acrolein at 1.88 or 2.80 mg/m3 was extremely irritating; acetalde-
hyde at 240 mg/m® was mildly irritating; and propionaldehyde at
324 mg/m*® was mildly irritating. A more complex study of HySO4
exposure was done.

Skog, E. 1950. A Toxicological Investigation of Lower Aliphatic
Aldehydes--1. Toxicity of Formaldehyde, Acetaldehyde, Propional-
dehyde, and Butyraldehyde, as well as of Acrolein and Crotonalde-
hyde. Acta Pharmacol. Toxicol. 6:299-318.

B-10. Acute exposure of rats to 600-1,700 mg HCHO/m?® led to an
LDso of 1,000 mg/m3. Rats exposed to 100 to 700 mg acrolecin/m?
showed an LDgg of 300 mg/m3. This is a solid acute, lethal dose
study.
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5-104
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Skvortsova, R. I., V. M. Puznyakovskii, and S. A. Rudakov. 1980.
State of Some Metabolic Functions in Workers Manufacturing Phenol-
Formaldehyde Resins. Gig. Sanit. No. 8:69-71 (Russ).

C--. This appears to be a fairly good occupational study, but
because the end point studied (lowering of the acetylation of
sulfanilamide by CoA) is not clearly a toxic effect, it was not
rated by a pharmacologist or epidemiologist or tabulated. The
authors ascribe the effect to phenol's blocking of the SH

group of CoA (the site where the Ac group is attached), but the
blocking action could arguably be attributed more to HCHO on the
basis of their ordinary chemistry. Interestingly, the lowering of
acetylation activity was most marked im 25-30-y-old female imstrument
workers (female "apparatchiks" were the most sensitive of phenol-HCHO
resin workers in the study by Ishchenko and Pushkina, 1978 [5-067])
and press foremen.

Smirnova, N. A., and N. P. Granik. 1971. Remote After-Effects
of Acute Occupational Lesions of the Respiratory Tract Caused by
Irritating Gases. Gig. Tr. Prof. Zabol. 15(11):16-19 (Russ).

D--. Nothing specific is related about the four workers who were
acutely poisoned by HCHO. Pneumosclerosis, bronchitis, and emphysema
were seen as late effects in 35 of the 88 chemical plant workers,

who were variously exposed to Clp-(46), HC1 (2), COClp (9), NO

(11), Ni(CO)4 (14), HCHO (4), and NH3 (2). X

Sprince, H., C. M. Parker, and G. G. Smith. 1979. Comparison of

Protection by L-Ascorbic Acid, L-Cysteine, and Adrenergic-Blocking
Agents against Acetaldehyde, Acrolein, and Formaldehyde Toxicity:

Implications in Smoking. Agents Actioms 9(4):407-414.

D-12. Rats were orally intubated with ~ 90% of the 24-h LD5q of
HCHO or acrolein. Both groups gradually showed lethargy, tremors,
respiratory distress, and death, which suggested that the primary
toxic effect even through oral dosing was on the respiratory sys-
tem. Lung congestion and pulmonary edema at death, are mentioned
but there is no description of histopathology or even gross necropsy.

Stephens, E., E. Darley, 0. Taylor, and C. Scott. 1961. Photo-
chemical Reaction Products in Air Pollution. Int. J. Air Water
Pollut. 4:79-100.

A-9. Eye exposure only to 1-5 ppm HCHO for 5 or 12 min caused
moderate to severe irritation, the percentage of people affected
varying with concentration, exposure time, and exposure conditions.

Stofft, E., I. Nitsche, and A. Mayet. 1971. Formaldehyde Content
of the Air in Dissecting Rooms. Zentralbl. Bakteriol. Parasitenkd.
Infektionskr. Hyg. Erste. Abt. Orig. Reihe. B. Hyg. Praev. Med.
155(2):131-141 (Ger).
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D--. In dissection rooms, concentrations of HCHO over the fixed
dead bodies were as high as 20 mg/m3. Concentrations of § 10-100
mg/m3 were typical in the area where the dead bodies were stored
in conserving tubs.

Stupfel, M. 1976. Recent Advances in Investigations of Toxicity
of Automotive Exhaust. Environ. Health Perspect. 17:253-285.

D--. Summary of levels of various components of exhaust: HCHO

in gasoline exhaust (10-300 ppm), HCHO in diesel exhaust (5-30
ppm), HCHO in urban polluted air (0.05-0.12 ppm), HCHO in tobacco
smoke (120 ppm), acrolein in urban polluted air (0.01 ppm), acrolein
in tobacco smoke (60 ppm), and HCN in tobacco smoke (300-1,500
ppm). Extensive review of epidemiology and human and animal ex-
perimental results of exposure to exhaust.

Styazhkin, V. M., G. M. Kuznetsova, and T. P. Soldatchenkova.
1976. Hygienic-Chemical Study of an Experimental Mobile Home
Made with the Extensive Use of Plastics. Gig. Aspekty Okhr.
Okruzhayushchei Sredy. pp. 62-64 (Russ); Chem. Abstr. 1978.
89:203319w.

C--. The interior air concentrations of HCHO, NH3, phthalate
esters, and phenmol (0.3, 1.1, 3.8, and 0.03 mg/m?, respectively)
in this mobile home made it unsuitable for human habitation.

Suga, K., S. Aoki, Y. Yasufuku, J. Nishikawa, and K. Yoshikawa.
1978. Survey of Ambient Air in Ohtsu Area in 1976. Shigakenritsu
Eisei Kenkyusho Ho 12:162-173 (Japan).

C--. Ambient air samples in October 1976 from the Ohtsu area of
Japan contained 0.009-0.018 mg HCHO/m3, 0.0085 mg NH3/m3, and
0.0007-0.0015 mg HyS/m3.

Swenmberg, J. A., W. D. Kerns, R. I. Mitchell, E. J. Gralla, and
K. L. Pavkov. 1980. Induction of Squamous Cell Carcinoma of the
Rat Nasal Cavity by Inhalation Exposure to Formaldehyde Vapor.
Cancer Res. 40:3398-3402.

B~15. Rats were exposed to 2.1, 5.6, and 14.1 ppm HCHO for 6 h/d,
5 d/wk for 18 mo of a 24-mo study. Exposure to 14.1 ppm for up
to 18 mo resulted in nasal cavity carcinomas. No tumors at lower
levels. This is the experiment sponsored by the Chemical Industry
Institute of Toxicology.

Taft, R. M. 1980. Hazard Evaluation and Technical Assistance
Report No. TA 78-46, Potomac Village Shopping Center, Potomac,
Maryland. PB80-150717, National Technical Information Service,
U. S. Department of Commerce, Springfield, VA. 17 pp.
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C-2. The tenants, employees, and customers of the shopping center
complained of eye, nose, and throat irritation (no skin irritation)
during 7 mo. Formaldehyde levels averaged ~ 1.4 mg/m®, and probably
emanated from urea-formaldehyde foam insulation, which had been
removed 2 wk before.

Takhirov, M. T. 1974. Combined Action of Six Air Pollutants on

the Human Body. Gig. Sanit. No. 5:100-102 (Russ); Chem. Abstr.
1974. 81:110854.

B-8. The odor threshold of HCHO was 0.065 mg/m3. In studies of
mixtures of HCHO, AcOH, Acp0, HCl, acetone, and phenol, simple

summation effect was observed at low concentration, suggesting

that during their simultaneous presence their total concentra-

tions expressed in fractions of existing standards of each iso-
lated substance should not exceed 1.

Teplyakov, S. D., V. A. Sokolova, G. G. Antipova, L. N. Zimont

and R. A. Druz. 1980. Complex Assessment of Working Conditions
in the Use of Cold-Setting Mixes with Urea-Furan Binder BS-40.

Liteinoe Proizvod. No. 6:27-28 (Russ).

D-9. Workers were exposed to 0.1-1.2 mg HCHO/m?, dust, and benzo-
pyrene. Clinical examination in 1976 did not reveal any expressed
pathological changes. A study published earlier of presumably
the same workers by Chernomorskii et al. (1978) found respiratory
pathology and functional changes. That study found slightly higher
HCHO levels (2 mg/m3), dust (10x the MAC), phenol, methanol, alde-
hydes, cyanides, and CO.

Thun, M. J., M. F. Lakat, and R. Altman. 1980. New Jersey Urea
Formaldehyde Foam Insulation Study. New Jersey State Health De-
partment, Trenton, New Jersey (currently undergoing revisions for
publication).

C-13. A study of 395 households with recently installed urea-form-
aldehyde foam insulation. There was no excess of increased overall
morbidity, although there was for 2 specific symptoms (skin burning
and wheezing or breathing difficulty). Those households reporting
persistent ‘odor problems also reported the most health problems.
Evidence of acute health effects is suggestive rather than conclusive.
No HCHO levels given.

Timm, W., and P. M. Smith. 1979. Formaldehyde Odor and Health
Problems Within Residences. Proc. Int. Conf. Therm. Iasul. 1:223-2438.

D--. A review attempting to refute the evidence that formaldehyde
from foam insulation and particle board causes adverse health ef-
fects. It considers: lack of methods given for HCHO testing,
the low incidence of complaints compared to the no. of homes in-
sulated, over-reaction by the media and the public, other sources
of HCHO exposure, and studies showing no evidence of toxicity at
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5-274

5-402 °

5-324

5-108

5-109

low HCHO levels. A threshold level for HCHO in residences of 0.5
ppm is recommended as being well below the safe toxic limit.

Tiunov, L. A., and V. A. Ivanova. 1976. The Effect of Some Indus-
trial Poisons on DNAse Activity. Gig. Tr. Prof. Zabol. No. 1:29-34
(Russ).

B-8. DNA-ase levels in the liver were significantly increased
when rats were exposed to 0.1, 0.7, or 3.9 mg HCHO/m3 for 60 d.
Levels in the spleen, however, were increased only for the highest
HCHO concentration and decreased at 0.1 or 0.7 mg/m3. ‘

Tremer, H. M., H. L. Falk, and P. Kotin. 1959. Effect of Air
Pollutants on Ciliated Mucous-Secreting Epithelium. J. Nat. Cancer
Inst. 23(5):979-997.

D-8. Methods developments for measuring effect of various atmos-
pheric contaminants on respiratory epithelium in vitro. Sections
of the ciliated epithelium of the esophageal tract of the leopard
frog were exposed to 1.1-3.3 mg HCHO or 0.4-1.4 mg MeOH in aerosols.
Mucus flow was inhibited by HCHO and accelerated by MeOH.

Trinkler, H. 1968. Working with Formaldehyde. Med. Lab. 21(12):
283-290 (Ger).

D-4. Medical technicians, cleaning personnel, and textile workers
having contact with HCHO (presumably formalin solutions as well

as vapors) reported eczema, throat paims, coughing, and asthma-like
diseases. No HCHO levels or length of employment given.

Trubitskaya, G. P. 1978. Chemical Air Pollution in Furniture
Stores. Kazan. Md. Zh. 59(1):81-82 (Russ).

C-5. Furniture store workers and the persons living in apartments
above the store were exposed to 0.116-0.324 mg HCHO/m?® and 0.007-
0.046 mg HCHO/m? respectively. Complained of headaches, difficulty
breathing, and irritation of the mucous membrane of the eye. Essen-
tially a small, uncontrolled, descriptive study.

Trubitskaya, G. P., A. N. Boiko, R. F. Komarova, and N. P.
Cherednichenko. 1978. Effect of a Low-Intensity Chemical Factor
on Children Under Conditions of the Use of Polymeric Materials in
Construction. Pediatriya (Moscow) No. 8:26-29.

D--. Children, 2- to 7-y-old, in a school constructed of nonpoly-
meric materials where the concentratioms of HCHO, phthalates, and
NH3 were 0.006-0.016 (avg. 0.010), trace, and 0.046-0.129 (avg.
0.092) mg/m3, respectively, suffered significantly fewer cases of
allergic reactions and sicknesses such as exudative diathesis,
pettle rash, and reactions to medicine than similarly aged chil-
dren in two schools comstructed of polymeric materials. In the
latter two schools, the concentrations were HCHO, 0.008-0.027
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5-110

5-424

5-167

5-304

3-094

(avg. 0.010) and 0.009-0.032 (avg. 0.017) mg/m3; phthalates, trace
and 0.048-0.079 (avg. 0.055) mg/m?; and NH3, 0.046-0.268 (avg.
0.124) and 0.057-0.224 (avg. 0.134) mg/m3.

Tuazon, E. C., R. A. Graham, A. M. Winer, R. R. Eastom, J. N.
Pitts, Jr., and P. L. Hanst. 1978. A Kilometer Pathlength Fourier-
Transform Infrared System for the Study of Trace Pollutants in
Ambient and Synthetic Atmospheres. Atmos. Environ. 12(4):865-876.

C--. Ambient air at Riverside, California, during August-October
1976 contained ppb concentrations of HCHO, HCOoH, NHz, and other
trace contaminants.

Urban, C. M., and R. J. Garbe. 1980. Exhaust Emissions from Mal-
functioning Three-way Catalyst-equipped Automobiles. SAE Tech.
Pap. Ser. 800511. 11 pp.

C--. Maximum emission rates (mg/m3) in 4 malfunctioning, 3-way
catalyst-equipped automobiles:

NH, 254
CN- 67
H,S 8
HCHO 3

USA Standards Committee on Acceptable Concentrations of Toxic Dusts
and Gases, Z237. 1967. USA Standard Acceptable Concentrations
of Formaldehyde. USAS 237.16-1967, United States of America
Standards Institute, New York, New York. 8 pp.

C--. The acceptable workplace concentration selected to avoid
discomfort is 3 ppm (TWA) with 5 ppm as an acceptable ceiling limit.

USDA, U.S. Department of Agriculture, Forest Service. 1977. The
Formaldehyde Problem in Wood-Based Products--An Annotated Bibli-
ography. USDA Forest Service Gen. Tech. Rep. FPL-8, Forest Pro-
ducts Laboratory, Madison, Wiscomsin. pp. 47-57.

C--. The section on the toxicology of HCHO contains ~ 45 cita-
tions, not all of which are annotated.

U.S.S.R. State Committee of the Council of Ministers for Construc-
tion. 1972. Sanitary Norms for Industrial Enterprise Design.
Publishing House of Literature on Constructionm, Moscow. 96 pp.
(Russ) .

C--. 1In the U.S.S.R., the MAC for HCHO in workplaces was 0.5 mg/m3,

and in populated places was 0.035 mg/m3 for a one-time and 0.012
mg/m3 for a mean diurnal level.
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5-413 Van Gemert, L. J., and A. H. Nettenbreijer. 1977. Compilation
of Odour Threshould Values in Air and Water. National Institute
for Water Supply. Leidschendam, The Netherlands, and Central In-
stitute for Nutrition and Food Research, TNO, Zeist, The Netherlands.

A--. Compilation of odor threshold values reported by different
researchers, for many compounds, including:

NH, 0.03 - 37 mg/m?

HCN <1.1-6

H,S 0.001 - 2

HCHO 0.033 - 2.2

Methanol 4.3 - 11,700

Acrolein 0.05 - 4.1

5-384 Vernon, T. M., S. W. Ferguson, and T. A. Edell. 1978. Formaldehyde
Vapors Create Health Problems. Colorado Bull. 6(51):1.

C--. This bulletin recommends that elderly persons and those with
chronic respiratory disease be warned that HCHO vapors may be haz-
ardous to their health, that persons with allergies should be warned
that HCHO exposure may aggravate existing symptoms and/or precipitate
new allergies. Avoidance of HCHO exposure is recommended for pregnant
women, infants, and children. The report states that chronic nausea,
vomiting, and diarrhea in infants and young children living in

homes insulated with urea-HCHO have been reported.

5-276 Vinogradov, G. I., and M. I. Rudnev. 1976. Immunological Reactiv-
ity to the Effect of Carbon Monoxide and Formaldehyde in the Air.
Gig. Sanit. No. 9:9-12 (Russ).

B-7. HCHO poisoning (0.011 mg/m* for 21 d) led to an increase in
the immunobiological reactivity of the exposed guinea pigs. However,
subsequent stress, in the form of hypoxia, caused a sharp depression
of all the studied indexes in contrast to the controls, revealing
the inferior resistance of the test animals.

5-275 Vinogradov, G. I., I. A. Chernichenko, and E. M. Makarenko. 1974.
Allergic Activity of the Motor Traffic Exhaust Gas. Gig. Sanit.
No. 8:10-13 (Russ).

B-7. Exposure of guinea pigs to HCHO at 0.011, 0.038, or 0.38
mg/m? for 21 d was accompanied by injury to the neutrophils, degran-
ulation of the basophiles, and increase in the titer of antibodies
in bound complement. The results confirm the sensitizing action

of HCHO.

5-015 Volkova, 2., and E. Sidorova. 1971. Formaldehyde Content in Blood

of Persons Working in Contact with Urea-Formaldehyde Resins. Gig.
Tr. Prof. Zabol. 15:44-46 (Russ).
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C-9. Concentrations of HCHO in the blood of workers was positively
correlated with the degree of exposure via inhalation and skin
contact. By the start of the next day, only the most heavily ex-
posed workers contained HCHO in the blood, and this may have been
due to contamination of the clothing they wore home. HCHO con-
centrations in the workplace air ranged from 0.31 to 8.8 mg/m3;

in the clood of exposed workers at the end of the day, from
< 0.06 to 0.70 mg %.

Von QOettingen, W. F. 1958. Poisoning. A Guide to Clinical Diag-
nosis and Treatment. 2nd ed., W. B. Saunders Co., Philadelphia,
Pennsylvania. p. 365.

C--. This very brief summary of HCHO toxicity by iphalation, der-
mal, or oral routes mentions that following ingestion of HCHO and
its expected direct action on the gastrointestimal tract, there
may be diarrhea, tenesmus, anuria, and injury of the liver.

Wallenstein, G., and E. Rebohle. 1971. Results of Experiments
on Allergic and Irritative Effects of Formaldehyde on the Resp-
iratory Tract. Z. Erkr. Atmungsorgane 135(3):359 (Ger).

C-7. Of 78 patients exposed to HCHO-containing resins on their
jobs who exhibited respiratory semsitivity to HCHO--vasomotor
rhinitis, chronic bronchitis, and obstructive respiratory problems--
only 17% showed a positive reaction to epicutaneous exposure and

5% showed a positive late reaction to the intracutaneous test.
Sixty-two percent showed a nonspecific bronchial hyperactivity
(positive acetylcholine test). No inhalation provocation tests
were done. There were workplace exposure values for only 7
cases--5-25 mg/m3, which exceeded the MAC of 3 mg/m3.

Wallenstein, G., and E. Rebohle. 1976. Sensitization to Formaldehyde
in Occupational Exposure by Inhalation. Allerg. Immunol. 22(3):287-290
(Ger).

D-5. Determinations of skin test sensitivity to HCHO of workers
in various industries with HCHO exposure. 22/180 (12.2%) showed
positive sensitization. Of these, none showed a clear positive
response to provocative tests (nasal and inhalation application).
No environmental sampling was done to correlate exposure to test
results.

Wanner, H. U. 1978. Hygienic Evaluation of the Pollutants from
Living Room Air. In: Org. Veruareinig. Umwelt: Erkennen, Bewerten,
Vermidern, [Tag.]. K. Aurand, V. Haesselbarth, E. Labmann, G.
Muller, and W. Niemitz, Eds. Erich Schmidt Verlag, Berlin, Germany.
pp. 405-415 (Ger).

C--. A review of CO, HCHO, acrolein, and N oxides in indoor air.
In 1978, Satish and Wanner found HCHO concentrations of 32-46 ppb
in indoor air in the winter (6-8 ppb outdoors) and 48-124 ppb in
indoor air in the summer (13-15 ppb outdoors).
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Wanner, H. U., A. Deuber, J. Satish, M. Meier, and H. Sommer. 1977.
Evaluation of Air Quality in Streets. Proc. Int. Clean Air Congr.,
4th, Tokyo, Japan. pp. 551-554.

C--. HCHO concentrations in ambient air at outdoor sites varied
little with wide differences in traffic demsity (9.3-12 ppb), but
indoor air concentrations were considerably higher: traffic canyon
first floor office, 85 ppb; suburban apartment, 53 ppb; and resi-
dential area "store and dispatch," 41 ppb.

Wayne, L. G., R. J. Bryan, and K. Ziedman. 1976. Irritant Effects
of Industrial Chemicals: Formaldehyde. Publ. No. 77-117. National
Institute for Occupational Safety and Health, Center for Disease
Control, Public Health Service, U.S. Dept. of Health, Education,
and Welfare, Cincipnnati, Ohio. 135 pp.

B-9. HCHO levels were determined in garment apparel workshops

and wood products plants, but health effects were evaluated in

only one--a large wood products plant. No significant relations
between HCHO exposure and eye disorders, irritation symptoms, or
visual function were observed.

Weber, A., C. Jermini, and E. Grandjean. 1976a. Irritating Ef-
fects on Man of Air Pollution Due to Cigarette Smoke. Am. J.
Public Health 66(7):672-676.

‘D-11. Exposure is confounded for the purposes of this task, but

worth a mention as an interaction study with HCHO and acrolein as
probably the primary irritants. The sidestream smoke from 30
cigarettes added to a 30 m® room for 26 min resulted in ~ 71 ppm
CO, ~ 1.32 ppm HCHO, and ~ 0.30 ppm acrolein. The results of self-
rated intensity of eye irritationm paralleled the increases in ir-
ritants with time. Nose and throat irritatation, respiratory and
general complaints, and poor air quality judgements also increased
with time, although weaker and less obviously paralleling irritant
concentration. Nonsmokers were slightly more sensitive.

Weber, A., T. Fischer, E. Sancin, and E. Grandjean. 1976b. Air
Pollution Due to Cigarette Smoke: Physiological and Irritating
Effects. Soz.-Praeventivmed. 21(4):130-132 (Fre.).

D-4. A group of 33 subjects was exposed to an increasing concen-
tration of cigarette sidestream smoke for 28 min. (containing 0.03-
0.64 ppm HCHO, 1-43 ppm CO, 0.08-1.5 ppm NO, and 0-0.2 ppm acrolein).
Eye irritation and subjective annoyance (the more sensitive cri-
terion) increased with time, smokers and nonsmokers apparently
equally sensitive. No significant differences in lung function
were observed.

Weber-Tschopp, A., C. Jermini, and E. Grandjean. 1976c. Air Pol-

lution and Irritation Due to Cigarette Smoke. Soz.-Praeventivmed.
21(2-3):101-106 (Ger).
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D-11. The same data are reported in Weber et al. (1976a) [5-348].

Weber-Tschopp, A., T. Fischer, and E. Grandjean. 1976d. Physiolog-
ical and Psychological Effects of Passive Smoking. Int. Arch.
Occup. Environ. Health 37(4):277-288.

D-11. Apparently the same study as Weber et al. (1976b) [5-280],
but with more experimental detail given. Superseded by Weber et
al. (1976a) [5-348], 2 larger study with more subjects.

Weber-Tschopp, A., T. Fischer, and E. Grandjean. 1977. Irritating
Effects of Formaldehyde (HCHO) on Men. Int. Arch. Occup. Environ.
Health 39(4):207-218 (Ger); English translation by M. Tandy, Health
and Safety Executive Library and Information Service.

A-15. Comparison of exposure to continuously increasing HCHO levels
(0-3.2 ppm) for 37 min and repeated 1.5-min exposures to 1, 2, 3,

or 4 ppm. Adaptation occurred in the lst instance, and all values
of irritation and distress were lower than those for repeated expo-
sures to 2-4 ppm. Overall, the avg. threshold of irritation for
HCHO was 1-2 ppm. Therefore, the authors recommend a TLV of < 2
ppm.

Weiss, H., M. A. Woodbury, and W. Taylor. 1981. Risk Factors
and Infant Mortality; A County Study with an Emphasis on Dwelling
Type. Abstract of Paper Submitted March 5, 1981, to the American
Public Health Association 109th Annual Meeting, Los Angeles,
California, November 1981; and personal communication from H. Weiss
to B. L. Carson, March 19, 1981.

D-6. This study, based on analysis of death certificates, confirms
a preliminary report that there is an increased risk of infant
mortality among mobile home residents (23.4% mortality) vs. non-
mobile home residents (13.3%) in Eau Clair County, Wisconsin.
However, the results tend to show only that mothers living in
mobile homes are younger and less educated so that the twofold
greater incidence of infant mortality is merely that expected from
mothers of a lower sociceconomic class. The study does not look
specifically at newer mobile homes where HCHO emanations would be
expected. In fact, there are no HCHO measurements at all.

Williams, J. E., and C. D. Gordon. 1970. The Hatchability of
Chicken Eggs Fumigated With Increasing Levels of Formaldehyde Gas
Before Incubaton. Poultry Sci. 49(2):560-564.

D-11. Exposure of eggs before incubation to ~ 0.5 to 2.5 mg HCHO/m3
for 20 min. Number of chicks hatched was reduced slightly, more
so in brown eggs and eggs from older hens.

Wynder, E. L., D. A. Goodman, and D. Hoffmann. 1965. Ciliatoxic

Components in Cigarette Smoke. II. Carboxylic Acids and Aldehydes.
Cancer (Philadelphia) 18(4):505-509.
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C-8. The methods of this clam gill cilia study are not fully des-
cribed. The lowest level of HCHO tested was 0.05% (500 ppm) and
this produced almost immediate complete stasis of ciliary activity
with eventual recovery. 0.1-1.0% (1,000-10,000 ppm) acrolein caused
immediate and complete ciliastasis, while 0.05% (500 ppm) caused
immediate loss of metachronic wave in the lateral cilia and partial
stasis at ~ 1 min with no further effect.

Yamate, N., T. Matsumura, T. Inoue, and E. Higuchi. 1978. Summary
of Air Pollutant Levels at Three National Auto Exhaust Monitoring
Stations in Tokyo in 1977. Eisei Shikensho Hokoku No. 96, 119-123
(Japan); Chem. Abstr. 1979. 91:111832w.

C--. HCHO concentrations measured at the gas monitoring stations
declined from 0.01 ppm in 1969 to 0.006 ppm in 1977.

Zaeva, G. N., I. P. Ulanova, and L. A. Dueva. 1968. Materials
[Information] for Revision of the Maximal Permissible Concentra-
tions of Formaldehyde in the Interior Atmosphere of Industrial
Premises. Gig. Tr. Prof. Zabol. 12(7):16-20 (Russ); English trans-
lation available from John Crerar Library, Chicago, Illinois.
Order No. 74-13625-06J.

B-5. A review of the Russian literature, the authors recommend-

ing a maximum permissible concentration in the air of workplaces
of 0.5 mg HCHO/m3.

Zannini, D., and L. Russo. 1957. Consequences of Acute Intoxi-
cations Due to Gaseous Irritants of the Respiratory System. Lav.
Um. 9:241-253 (Ita); English translation available from John Crerar
Library, Chicago, Illinois. Order No. 75-21078.

C-5. Of 18 persons acutely poisoned by gaseous irritants, only

one had been exposed to HCHO (no concentrations given). This 40-y-
old person complained of dyspnea on exertion, asthma attacks, weight
loss, and nervousness. Chest showed harsh respiration and dissem-
inated rhonchii. The left side of the heart was enlarged. There
was accentuation of the 2nd pulmonary tone on the pulmonary focus,
and the thyroid was hypertrophic. Vital capacity and max. pulmonary
ventilation had decreased 40 and 45%, respectively. The decrease

in diaphragm motility may have been attributable to loss of gen-
eral condition due to rest at home as well as to bronchopulmonary
lesions.

Zitting, A., and H. Savolainen. 1979. Neurotoxic Effects of the
Oxidative Thermal Degradation Products from Low Density Polyethylene.
Fire Mater. 3(2):80-83.

C-10. Repeated exposure of rats to polyethylene combustion products

containing 1.4 ppm HCHO, 0.5 ppm acrolein, ash, CO, and mixed alde-
hydes for 6 h/d, 5 d/wk for 2-5 wk led to undesirable neural effects.
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APPENDIX A

HUMAN STUDIES IN PROGRESS

A "Review of Planned and On-Going Epidemiological Studies of
Formaldehyde," excerpted from the Report of the Federal Panel on Formalde-
hyde (Griesemer et. al., 1980) is included in this Appendix.

MRI contacted by letter many of the principal investigators of
these on-going studies, and those complete or near-complete reports received
in reply were included in the preceding chapters. To correlate the informa-
tion received with the remarks concerning each study by Griesemer et al.

(1980), we have identified each study by the numbering system used in the
excerpt.

"II.a)" This is presumably the report by Giulietti (1980), which is in-
cluded in Table V-2.

"II.b)" The report of Marshall (1980) is included in Table V-2.

"II.c)" No response.

"III.a)" Following written and telephone inquiries, MRI was told that infor-
mation on Dr. Levine's studies was not available.

"III.b)" The report of Thun et al. (1980) is included in Table V-2.

"III.c)" No data are available yet for Woodbury and Zenz's study of new
mobile home owners. The last samples were to have been col-
lected in May 1981 (personal communication to B. L. Carson from
Mary Ann Woodbury of the Wiscomsin Department of Health and
Social Services, January 1981). The results on the retrospec-
tive study of 65 mobile home residents are discussed in Hanrahan
et al. (19807?) and the data given in Table V-2.

"II1.4)" Dr. Williams' study, '"Survey of Mobile Home Residents in Two Dif-
ferent Coastal Regions: Coastal and Inland," had obtained an-
swered questionnaires but no funding for data analysis. Formal-
dehyde measurements were not made (personal communication to
Dr. H. V. Ellis, III, from Dr. L. P. Williams of the Office
of State Health Division, Department of Disease Monitoring and
Control, Oregon, December 1980).

"IV.a)" No letter sent.
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"IV.b)" Data collection for Dr. Grauman's study of medical technologists
was not scheduled to begin until March 1981. The report was
estimated to be completed in mid-1982. Dr. Graumann is work-
ing on a similar study of 5,000 histotechnologists, with
greater exposure levels. A preliminary report may be ready by
October 1981, to be given at the National Histotechnologists
meeting (personal communication to Dr. Ellis from Dr. Dan
Grauman, National Cancer Institute, December 1980).

"IV.c)1)" Results of Dr. Walrath's study are given in a paper presented at
the C.I.I.T. Conference on Toxicology: Formaldehyde Toxicity

(received from Dr. Walrath in January 1981), and described in
Table V-1.

"IV.c)2)" A protocol for the California embalmers study was received from
Dr. Walrath in January 1981, but no data have been collected.

"IV.c)3)" Following written and telephone inquiries, MRI was told that in-
formation on Dr. Levine's studies was not available.

"Iv.d)" The first phase of finding a suitable cohort has apparently been
undertaken by Westat, Inc. (Anonymous 1980b). Several reserva-
tions about the proposed course of study have been made by
Dr. Irving Selikoff of Mt. Sinai Medical Center (Anonymous,

1980a). A request-for-proposal has been issued for a mor-
tality study of the 5,000-10,000 worker cohort (Anonymous,
1981b).

Two additional on-going studies were found which are not discussed
in Griesemer et al. (1980). Dr. Genevieve M. Matanoski is conducting a study
of pathologists, originally investigating the virological risk but later
broadened to consider the possible influence of past formaldehyde exposure
on mortality. To date, the data indicate a significant increase in mortality
due to liver cancer, some excess of kidney cancer, and a lower relative risk
of oral pharyngeal carcinoma (Matanoski, 1980). Richard Dailey is the pro-
ject officer for a study entitled, "Integrated Risk Assessment of Formaldehyde,"
sponsored by the Interagency Regulatory Liaison Group.



The following pages

in this Appendix were copied directly

from the Report of the Federal Panel on Formaldehyde (Griesemer et. al.,

1980).

This page lists all of the panel members and their affiliations.

Panel Members
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National Institute for Occupational
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National Institute for Environmental
Health Sciences
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National Cancer Institute
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¥ Now at the Oak Ridge National Laboratory.



Review of Planned and On-Going Exidemiological Studies of Formaldanvde

Planned and on-going investigations related to formaldehyde exposure include
one study of a new technique of zeasuriag formaldehyde, three studies investigatincg
compiaints, four epidemiological studies of morbidity (cross-sectiomal and prospective)
and six mortaliity studies (cohort, proportionate mortality, and case-comtrol). The
questions being addressed and an evaluation of each group of studies foliows.

I. Measuremeunt Technigque

The use of solid absorbent surfaces for collecting personal samples of
73por and particulate for:aldehyde {s deing examined. This method shoul
be more sensitive and efficient than the present i{mpinger method, thereby
perritting more accurate assessment of anvironmental a2xposures. AR ocsu-
sational study (cross-sectiomal morbidity) is plamned, but details have 1ot
ver beea provided.

--

TI. Investigation of Complaints Relating to For=aldehyde

The cesults from three statas are deing compiled:

a) In Connecticut persons compiaining of health problams due 20 urea-
formaldenvde insulation complated a guestionnaire comcerailg thelirl
svaptoms and air levels of formalidehyde were measured in their homes.
Occupants 489/79& of 262 residencss presented complaints, the zost
ccmmon symptoms being eye, nose, and throat irrvitzactionm, and headaches.
Tormaidehyde concentrations ranged from 0 to 10 2pom (zeam of 1.5 poz).
About 1/2 of cthe compiaints were associated with levels of 1L/ o 10 pzrm.

3) F. Marshall of the New Jersey Deparizment of Zeal:th cbtained zedical
aistories, al. aval iiable inforzatiom on iasulation, and paitaras of
hea.th effeczs ‘rom resideats with recently instalilad urea-{orzaldehrce
foam insulation who comp.ained of forsmaldenvde odor, irtizatisn, or
izereased pre-existing illness pazterms. In 10/53 homes iavestizated,
the DOS:T comzom svTpioms were t2ariag of the ayes, sors thrsas, sough,
and Tunany nose. ALT samples were collacted i3 22 homes. In ~ozes
where forma’.dehvda was detacted, levels ranged Itcm 0L o O. 20T,

£,
--A
-
by

¢) Ia Vew Bappshizé, the 3ureau of Cccupational Zeal:zd (M. Eilgereiar)
adzinistered a standarsi questionaire 2o residents <ith complalats
associated wizh ‘srmaldenvde exposure. Standard NICSE technicues
were used %0 collec: formaldenvde samples. Apout $0% of the samples
were below 0.3 ppm; 10/77 dwellings were zcoile Romes.

~we above studias on ‘orzaldenvde ccmplaiats are all similar ancd
#<ar =he same deficiancies. None of them can e used 0 estimace
srevalence of symptoms 20T c2n they Te used 0 establish docse-r2sto

e ations. These shortcemiags include: 1. The surveys are condu
oniv ameng those who complaiz, and a.:tzough the prevalenca cf s
T2

2
"w
N

" ﬂ

w
2]
n K0

d
U
i
n

shoulid Se =izh, it is 3 Siased sample; . There2 are o con
<0 —easurezent of other irTizants

Thus, =hese studias are Jnily sugge
themselvres provide 1itila evidence

=3¢ ceould cause heal:il como
stive af sessilz
2% cause and 2%

ARHEE
.
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4]
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I

1

Horbidicty
The foilowing studies are underway:

a) R. Levine of the Chemical Industry Iastitute of Toxicology studied

soproximately 100 West Virginia morticiams in a cross~seciional study

c¢f lung function (spirometry) and respiratory symptoms. Zmplovwent

and smoking histories wers alsoc obtained. Industrial hygiene zeasurements
made in the morzality study of Ontario embalimers along with symptoms
during embalming, number of bodies embalmed, subjective assessment of
severity of fumes, and length of employment will be used 20 assist in the
estimation of exposure Za this study. Spircmetry will e comparad ¢
pradicted values from Xaudsoun, and intarnal cowparisons will be related
to exposure after age, heizht, and smokiag adiustxments.

[« ]

Data from this study are being analyzed ia terms of the prevalance cf
respiratory syamptoms (csugh, pnlegm, dyspnea) and the relatiom of percent-
age of opredicrtasd pulzcnarv func:zion o emplovment (for=aldehyde exposure
aftar adjustment for czonfoundiag variables. Thera is 20 assessmeat af
skin effects, Iz is not clzar if acute svmptoms related to exposurz ars
to be evaluacted.

Although there is a good zationals for studying this cccupactional
group, an inability o detact a3 significant response in this study could
be due %o low cumulative axposure (probably less cthat 8 hours/day).

Lang=h of exposure (years workad or lactanacy) should be adequate. IZ
we assume 30 persons each (smoking groups combined) in a high and low
axposure group (the optimal situation) there is am 33X chance of
corTeczly rejecting the null hvpothesis of no difference in FEIV

bSetwean axposure groups, iI the tTue diflerence is 0.3 litars and4d
‘evel is 5X. I1f the svmptom rate is 207 in the low exzcsure group,

thera is lass than a 30% chance of correctly reiacting the avpothesis

of a0 difference if the true diflerence is 207 at the 553 level (two=-
tailed test). As in all cross-sectional studies, sas>imates of exposure2
are only a crude indicator of actual axposure., This is, however, one

of the few studias 20 attempt to assess lcng tare efle of ZIcrmalienvda
on lung functiomn. Alcthough embalizing Iluid contains 1 forzaidenvde,
otker pulmonary irTitants are also present (e.gz., shenol) Sut these zay
e at low enough concentrations to nave a ainimal 2ffect., A comparison
group (e=.g., funeral diraczers) would have provided more conficdencs iz
the cTesulzs and zore power in the analvsis.

"y

The remaining thrsze pordidicty studiss ares ¢
v

wish urea=-formaidenvée (UF) Zoam insulaction.

residents in Scmes

M, Thun of the New Jersev Department of Healch identilied abocut 400 tomes
«mnatr had beaen insulated with UT foam and an =qual numder of conlIol hcmes.
Informaticn gathered Sy telepnone interview iancluded tvpe of ncme and in-

sulation, forma.denvde odor, nealth svmptems and cther zedical daza,
demcerarphic daza on <he cecupants, and the feriod prevalance of astizatic
attacks, wheezing, chest zaiz, stiagizg or burning skin,
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Surming or teariag evs. Ixcept Ior wheezing, Re g¢ontTsls Teported

a higher prevalsnce of symptoms tham did U7 £3am housenolds., Taers was
a0 detac=abla diifarance in the cverall incidence of zew symptoams duriag
the year. Thers -was, lovever, am assaciation of izcraased symptoms ind
formaldenyde cder; the incidence of new svaptims Icllowing ingzallaiion
of the ‘asulation was 2.7 tizes wigher than ia the 3Ionils JTacedizg le
{asulation. sbous 5437 of the residanrs of the TF foam homes reporsad 20
sroblems at all velatad to the Ioam iasulactien. There is the Jossibilicy
of selsccive Tecail in the remaining 36Z% of the study group decause of Ile
Jossible publicity velating to mobile homes and le specilic guestis
relating 0 izsglation. Despite :kis potamtial dias, thers tas Liztla
sveral! diffaremce Jerwesn study and ccmparison jopulaticus. Therz RS

nwowever, a cose-raspouse T2lation {dose was Sasad on sdor). Tafsoiuzataly,
shgre wer:s 20 anvirsgmental Teasursmenzs 0 IJTTelats wiss 249r terssption

and syaptcms, and apparareatly o <ImeIol 3f other jpotenriaillr zoafoumdiz
iseicants other than Sarzaldeavde. The added insulaticm say rave a.s0
increased other cespizacary iTTitants that souli lave raisad Ne sympiom
-ats. o LS 20T claar 10w the Zarmaiienyde odor was descIiled I3 le
sub‘ecss. This sTtudy Ras Seen Iomplatad sacently and should Te Fvallabkl

2

far ceview shorTliy. Tue summary given the Panmel suggzesIs iIt.2 difiaramca

“etyeen tha insulactsd and comtTsl icmes axcepc when odor scIurTad.

-~

[{)

M, wgodburr and C. Zacz of the Wiscomsia Ceparczeacl of SZealzl and Sccial
Studias are jrepasiag 23 study 120 cew oobila Tcme swmerls. Ixscsur:
-gasycements ars =0 e 3ada cwice zoashly Iso 3 Toreds.
Te i3 4433iculz to evaluata this jraspective 3ludy tecause 3 ke
cack of dezail provided, Some of the gquestions that zeed snswariag ara:

- %hat are the healty saramecterss cthat will Se Zezarzined od how
sfcan ares they Seizg zoniicred?
- irs =here ‘ar—aldenvde csuniTols for the —opila “omesg? 2
. .

-

$9, ~ow are chev selacted? II 20 s9ntTTSis ar
Tudy will have lLimizad valuia.

-~ Are sther =espizatary I-=iiants leizg -sssured ‘2.3., JC, 7

- atad

About 30%0f the Icmes ira lewer “cwes Viil llglher Z3rmallenvde lavels
-=an ==e S.ier 20Tes which are servizg 2S 2oaITIS ind 2ave zeasuzinla Tul LW
“arels of Isrma’ienvde. assuminzg 3 10X sympeom I3t2 and -80 jesnl2 iz ascl
axsosure zozoue (hiza and Low lor= tienyde), :ere i3 abouz in 357 chance 23
ssrrecsly ssiecting tDe rrotlesis af =0 iiiZarances ia svmpisms when e
=@ iifiarsnce is .37 at ine 3T & Lavel, 2zd aZout 2 387 shamce 3I oTTecI_ 7
seieczizg the t7rotiesis of 3¢ d43%arance ia TTT7. when 1ne tTue iiifsrance i3
200 =i 3t the 3 T ol _avei (Two-cailed tast). Thd allec:s a3 Lomge-c2r= chrsgic
axposuTe sannot te ascimated v IRis study.

“-ese isvestizascrs also serisrTed a -ar=asteszive silst study o 33
~c=ila =cme rcasiienss. ~-=e Zata will e saialr useful iz he 3lanning 3nc
ayecuzisa 2f the Tospective STUCT.
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d)

a)

c)

L. Williams of the Oregon Department of Disease Monitoring

and Countrol is plamning to study 300 mobile home residents who
responded to a health questionmmaire. The volunteers were from

two regions, coastal and inland. The purpose of the study is

to ascertain the effect of humidity, temperature, and wind
ventilation. on "health effects to potential formaldehyde exposure.”

Inasmuch as the participants in the study are voluntaers, however,
iz i{s not a random sample. Apparently, environmential measures .
are planned, but it is not known what other information om insulationm,
demography, other pulmonary irritants, humidity, temperature, ets., will
be collected. Although the details are unknowa, thds study design does
not premise to add very much to our imowledge, The power in this study
is similar to the study by Woodbury and Zenz whea the following assumptions
are made:

1) the two exposure groups to low and high formaldehyde
are of equal size (- 150);

2) the prevalences of symptoms is abcut 30T in low exposure
group.

Mortality

H. Weiss of the Wisconsin Department of Zealth and Social Sciences
conducted a casa—control study of infant mortality by type of residence
and found an increased risk for mobile home residents. Socloeconocmic
status is only ome of mamy sources of potential bias in this study. The
completed study should be reviewed, but the short description available
suggests that the data will provide lictle, if any, useful information on
the effect of formaldenyde.

D. Grauman of the Natiomal Cancer Ianstitute proposes to evaluate the
mortality experience (using standardized mortality ragios [SMR] of a
cohort of about 11,000 sedical technologists. This group is exposed
to other chemicals in additiom to formaldehyde (e.g., chloroform and
bvenzidine). No environmental data are available, so there cannot be
a zood estimate of exposure-response relationships. A positive
association will not e conclusive because of the aixed exposure.

A negative association will not be conclusive because of ‘the lack

of exposure inforzation and the possibilicy of low exposures. TIne
control group is to be the U.S. popularion. If 15X of the conors
are dead (n = 1530 cases) and 1f 20 % of the deaths in the comtIol
population were from cancer, there would de better than a 95X chance
of correctly rejecting the hypochesis of ao difference between
exposed and comtrols if the true differences were ST at the 534 level.
Assuming 1/4 of all cancers were lung cancer, thera is about an 80%
chance of correctly rejecting the hypothesis of no difference 1% the
crue diffarences wera 5% at the 107« level (two-tailed test).

There are three mortality studies of empalzers.
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1) J. Walrath is condueting a propersicmats zorzalicy
ratic analysis of apour 1500 morzicians Izom New York. The
purposa is is 0 detarmine vhether there is an excass groporsion
of deaths due o speciiic zaligrant neoplasms compazed o the
general gopuliation. 3esides having the problams inperent in
1 PMR analysis where che populatiomn—-at-risk is zot availadle
there is lirgtle exposurs dacta (Lamgth of exposure is astisacad
on the basis of cthe year Zirst licemsed)., Assunming the rate
of lung cancer is 3%, thers is better than a 992 chance of
correctly rajeciing the hypothesis of ao diSference iz lung
cancer rates shen the true diffavence {s 5% at the 1T ok ’
Zevel (Two—caiied ctest).

2) Dr. Walrath is couducting anotier IR study cm aaou 200
ambalzers from Califormia., This study is very similar o the ome i
Yew Tork, except zherm will “e =ore izformactiom on Langth cf axzposure
which can Le avaluated. Thers (3, howaver, 2o disscs astizate of axTosure
or smokizg history or other confoundiag exposurss. 12 210% of <he ;eaths
wurs {rom cancsr, there would be a Sectzar than 30T chance of corvec:ly
rejecting e 1ypotlesis of ao dilferemcs in cancer rates Deteen axposed
and contzols I the tTue differmces sers 53 32 the 102 A\ lavel (two-
tailed test).

3) 2. Llevize of the Chemical Iadustry Izstitute of Toxicalogy is
2150 studying embaizers usiag an SMR rerraospective mortalicy Zasign., The
cohort is composed of Cutario's Sumeral service jrofassionals licemsad
during 1914-1967. Date of bHisth, date of first licensure, type of lLicense,
Fears _lceunsed, and jlace of employment ars avallable Ior sach person.
Cbsarved mor=ality rates will Se compared 23 Canadian national ind provizeial
zorzalicy data. Mortalicty will also be analvzed as a Suncsion af axposurs
(vears worked ?). A ratrospective industrial hygiene assessuent will comsist
of izquiriag about changes iz funeral pricticas with :ize, surveyiaog several
selacted fureral establishments. The survey will include air samoliazg for
agents of rotantial heal:l concara (e.z., formaliehyde, shenoi) and exam~-
ation of jurchase reacords 2 determine amount and ad of chemicals usad.
?Teasumably these data are to be used in avaluatiag dose—-vasgounse relatiou-
siiips. Assuming the study sopulation comprises 180 deaths (13X of zhe
estizated conorz) and a 205 cancer Tata clere I3 about 3 30T chanecas of
corTecily raiecting the hypothesis of ac dilference if the tTue diZfarance
is 0% at 3T & egvel (or am 35% ckance LI the tTue diifarencs is 5I ac
the 53 & Level).

As a zToun, thesa thTes studies of 2qgpaiers shoculld provide a goocd
estizate 3f potential Tisk I Zor=aldennyde axTosure.

d) a. 3lair at NCI and che Torma.denyde Iastitute ars 2oilageractiag
on a jroposed cafort TOTrality study %0 <evelop age, Tace, and sex-gpeciiic
sortalicy rates gmoung forzaldanyde—exvosed workars., Iazas will be comparad
7izh zhose ia the T.3. zoodulation amd “ccal or Tagicnal jsopulilations wihers
apurepriatca.

The 3irst cnase of the izvestizaticn is zo detarmine I tlers Iis a

suiz3idle conorz Jor study. Suitapilisy will Se 3ased 2a reorasentatives
3f :he jarticisatizg ccmpanias, range of exposure, svailibiiicT of 3 csaor
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of at least 3,000 workers with a =minimum 15-year latent period, suitable
age distzibution, and sufficient information for adequate follow-up. IZ
the requirements for a scientzifically sound study are met, the study vill
proceed. TFormaldehyde exposure for each individual will be estizazad
using job titles, work locations, past envirommental measurements, years
cf employment, and the presence of potentially confounding exposurss. The
exposed group will be stratified’by intensity and duratiom of exposure,
age and year of first exposure, susceptibil{ty, and lateuncy.

The cohort should be large enough o engender cornfidence in the

differencss in mortality experiesnce of study aad comparison populations.

lthough axposures ars unlikely to be to pure formaldehyde, because of the
varied occupational exposures and size of the eohort, it may be possible
to assess the individual contribution of formaldehyde. Although the
assessment of axposure is retrospective, it can still be at least semi-
quantitative. This is a very important part of this study and should
employ a full-time industrial hygieanist following methods similar to
those of Emsden at the University of Pittsburgh. It i{s important that all
companies participate in the study, as the rasults zmay be seriously
biased if some do not.

Conclusicns

Of all the mor:ality studies proposed, those examining the medical techno-
logists, embalwers, and formaldenyde workers are the only omes that can assess
the carcinogenic risk among those individuals axposed. Alithough single epidem-
iologic studies usually cannot adequately assess an occupatiomal risk, or the
risk of exposure to a chemical agent, taken together these studies should help
clarify the situation. There are, however, a zumber of concerns about these
studies including:

a) Are exposuress to formaldenhyde hizh enough in these populations

to assess possible effscts? For example, are 2mbalmers exposed
8 hours/day, 5 days/week, or is their exposurs mucl less?

b) Can exposure history be adequately documented?

- Are individuals with little or no embalming experience
distinguishable from those with considerable exposure?

- Siace few if any of the workers are exposed ouly o
formaldenyde, what is the effact of exposure o these
other agents?

c) 13 exposure to formaldehyde in the same range as for ocher
populations?

The coufidence we place in the findings from these studies depends largely
on the ability to retTospectively estimate axposure. 1Z axposures in these
occupational groups is represeatative of other exposad populatiomns, the
conclusions may Se imdicative of potential risk to all axposed populaticus.
I these studies do oot adequately address the above questions, then further
‘{gvestigation may de required. Such Iavestigation zay e pursued within th
exis:i:‘ data set, or 1ew populiations may aeed to be inovestigated.
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lacoumendations Zor Zoidemiologic asearch

There is a need for carsafully designed apidemiologic studies %o avaliuats
cthe roia Zormaldehyde may lay iz che origia of csrwaia chronic diseases.
Specific research areas identified Sy the Panmel include:

L. addizional studies of chromic vespiratory system disorders chat
izciude snvirsomentil Teasurements 0 allow a sSore precise astimacta
of risk at varigus eaxposure levels. These should include iadustrial,
as well as =ooils home zopulations.

2. ?rojects desigmed o comfirm or deny the assaociation of zmascr
and ceproductive disorders and formaldenyde axposure remortad by
Stumiliaa (1975).

3. More complete epidemiocliogic studias zo avaluvate the carsisogenigisy of
loraaldenyde iz buman zopulations. AlzRkough sevaral jroiec:s are
under way, zhare is a ceed 0 bSe alert Zor rascurces Iorv addiciounal
resaarzh. The widespresad use of Zformaidehyde iz industT? and its
ocsurTence in a variery af consumer producis ray Jroviie cpnortunities
for ocher studies. The zany uses 3f farzaldenyde are summarized in che
YIOSE Crizaria Document (1375) and wi.. 20t Ye izamized ere. Iz is
sufiicient o say that the chemical is 9f Izporsance i1 adhesives
ior sarzicle bdoard and plywood graductiocn; c=sins 0 mold 2 variecty
of alastic parts Ior automobiles, appilamces and hardwara; wrizilis-
resistance in Sextile zmanufaccuring; stTsegthening of rarisus paper
sroducts (grocary bags, vax paper, 2apkians and cissues, amd Iilzar
cager); specizen yresarvation; nildaw preveantion; iInsulstion;
and protective coatiags.

iz zay %e possiblae 23 ‘decciiy other Zforzmaldenyde—exposed conorzs Ior
studv. The zajor difffculcty (s that, for most occupations or industiries,
Jnly 3 small pregortion of the workars have actial comtac: with formal-
denyde. This is clearly demonstrated from the NIOSEZ Occupational Fazard
Survey, *hase I, 1372-1974, wherse 4,536 plants weres studlied in cver
300 diffarent Iadustry Cypes (according =o S.I.C. codes). These plants
amploved 395,725 workers in 433 different occupazioms. ?roduqts cortaliaing
ormaidenyde were 2ncounczersd iz 396 separate 3.2.0.-caded Industries.
The folilowing lisc gives the percantage of warkars axposed I Iormaldenvde
in she industsies with che larger work forces, and those af jarsicular
iaterest,

~adussT % of ~orkers Ixsosad

Medical

Tezerinarian and anima’l hospicals
funera’ Servicas
Medical laboratories

84
.
COo

lous<truction
ToregIIT sarvices 2.3
seneral Huilding <onTlacIars 2.3
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Zeavy constructicn 3.7
Plastarizg and lathinzg 5.4

Taxtiles
Tiaishing slants (synthetics)
Coated fabrics
Zats and zaps
Tabricated zaxzila produces

-
“

[ 33
u\a&\‘
.
W ooao

“oad and Paper

Taneer and 2iywcod
“ood products
Jphoistared Zurmicurs

9 Qo )4
. .

..

e

]

2.2

7aper aills 3.8
?aper coating and glazes 3.0
3ags (excapt za2xuilss) .2
Paiats and ailied products 5.9
Tabricated rubber psroduc:s 29.0
Abrasive products 2.0

This survey confirms an Ilaprassion ziven DY sudlished r2porss cthat
axsosure o formaidehvde is more commor i3 zedical and laperatory aavirsa-~
zents and iz cer<ain jarss of the texzilz, wood, and saper industzias.

Za cerzaiz industriss, nowever, the zumber of work places and wworkers
studisd was small and the survey 1ay not have included those whers
signilicant axposure to Sorzaldenvde cecurs (e.z., the chemical zanu-
facturing indusztTy).

Thae lodustry-wide Studies 3ramck of YIOSH is carrz7icg out am indusiTial
avgiene study of Zormaldabyde 2xposure iz several Izdustrias in search of
a suiczable cohore for a4 =grzality study of Iormaldehyde axposed workers.
Magguraments will Se aade i iadustriss concermed wiih forzaldanvyde zanufacturs,
taxtile and cilethizg sroduction, wood Iurziture and ‘wed and zager jrocuct zan-
ufacsura. Tiftzen site wvisizs are plaoned and these will e complacad aver the
2ex% six zountis.

The malor 4ifficulzy of zhe acraliity studiss of individuals axposad

to formaidenyde is the Limized abilicty of such studies o dacect 2xgess tisk

ot rare causes of death. Since the @mown carcincgenic actica of Isrzaldeayde

‘{8 imized =5 che masali sinuses in rats, there is a zeed o avaluata ke risik

for this size i3 =am, aithough it is cligzar thac carcinogenms =zay 20t aflzct the
same tissues ia humans as i3 laboratory amizmals. It is unlikely that 3 conors

3f susficieat size can e assemplad 2 zczomplisn this task; iowever, a carefully
desizned case—contTol study aignct. The Panel suggests cthat tae feasibilicy af
serformiag 2 case-control study of camcer of ke agsal siauses in iraas uner2
ttere is meavy croduction or use of Isrmaldenyde as 3 vapor should e axplorad.
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