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Figure 4: Human epidemiological data on radon induced lung cancer. Each

point (e) denotes a population of min
d ers from the USA, C
Czec@oslovak1a or Sweden, respectively. Risk factors frém :fsg:é
:lil;\ili;:rs Cc();;))iimg f;om Anxylosing spondylitits patients (@) are
. e rom Arch
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BEIR I (20) 6.5 x 10E-6/WLM-a (as used in this paper)
32321 rectfeivgc?i over 30 years in an indoor environment with a Rn
o 0 Bq/m3 (10 pCi/1l) (based on UNSCEAR82 (10)

assumptions for breathing rate, 1 i
t un i i
spent indoors, equilibrium factori 4 Bepeedlon e
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PREVALENCE OF FORMALIEHYDE (UNCENTRATIONS IN
RESIDENTIAL SETTINGS

g

Samuel Syrotynski, P.E.

Indoor Air Quality Section

Bureau of Toxic Substance Assessment
N.Y.S. Department of Bealth

Albany, New York 12237

During the past five years, the New York State Health Department as with other
Federal/State agencies received an extraordinary number of public inguiries and
complaints expressing concern for residential indoor air exposure to
formaldehyde gas. In New York State 20,000 residential hames have been foamed
with Urea-Formaldehyde Foam Insulation UFFI. In accordance with the 1980 U.S.
Census, there are 119,417 mobile homes statewide. This represents an estimated
population of 358,251 persons. While the population of UFFI hames is not
expected to increase (current estimate 70,000) , mobile hame populations between
1970 and 1980 increased 39% and continued growth is expected. The department
established services for the collection and analysis of indoor air samples for
formaldehyde gas concentrations. Such services were provided if, (1) a
household occupant (patient) was under the care of a physician and (2) the
physician's written report indicated that formaldehyde exposure may be related
to the personal health condition of the patient. Reports of indoor air
analysis were provided to both individuals upon completion.

Concentrations of formaldehyde were measured for 2,318 indoor air samples and
represent 2,272 separate residential settings. The freguency distribution of
formaldehyde concentrations are given for the following categories of
residential settings, (1) Complaint Mobile Hames, (2) Permanent Residential
UFFI Hames with Camplaints, (3) Pemmanent Residential Complaint Haomes without
UFFI, (4) Permanent Residential Non—Complaint Hames without UFFI. For all
categories 83.5% of all indoor air samples analyzed for formaldehyde
concentrations were less than 0.10 ppm and 6.3% were less than the detection

limit of 0.02 ppm.

The purpose of this presentation is to review and compare by category the
indoor air concentrations of formaldehyde gas present at the time of sample
collection within residential settings in New York State.
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FORMALDEHYDE AND RESIDENTIAL INDOOR ATR QUALITY

A large number and variety of sources may contribute to the presence of
formaldehyde gas within residential hames. Much of the information to date is
limited for both permanent and mobile hames. Even less information is
available which validates specifically a direct relationship between symptams
reported and the presence of airborne formaldehyde at various concentrations.
Most studies available are not statistically designed and therefore may not
oconstitute a representative evaluation.

Table I summarizes the relative average concentration of formaldehyde for
the household settings evaluated for both permanent and residential mobile home
settings, A comparison of the Wisconsin mobile home studies suggests a
reduction in average concentrations when statistical methods are applied. The
number of units having valuves less than 0.10 ppm significantly increased fram
4.4% (complaint) to 15.5% (random). For these studies the range of average

oconcentrations for mobile hames was found to be 0.24 to 0.65 for all three
studies.

The Washington study of urea-formaldehyde insulated households showed an
average concentration of 0.39 pom of formaldehyde gas at 39 homes. Of these
36.4% had concentrations of less than 0.10 ppm. The remaining six studies
relates to non—foamed residences where construction materials, adhesives and/or
furnishings were the primary sources of formaldehyde.

For the Lawrence Berkeley Laboratory study, four hame sample analyses
showed (13) concentrations less than 0.10 ppm and an average of 0.05 ppm. A
Geamet study of one home having an average concentration of 0.05 ppm showed the

presence of formaldehyde in all 17 samples and all concentrations were less
than 0.10 ppm.

In New York State a considerable number of indoor air measurement for
formaldehyde has been accumulated since September, 1979. Analyses performed
represent the following categories of residential settings:

A. Permarent Residences

Complaint with UFFI
Camplaint without UFFI
Non—Complaint without UFFI

B. Mobile Hames
Camplaint without UFFI

All samples were ocollected and analyzed by Department of Health personnel.
Indoor air sample oollection and analysis procedures were in accordance with
the following:-

An air sample is passed through an absorbing solution

of distilled, deionized water in a single bubbler at a
minimum rate of one liter per minute for a minimum of

one hour. Actual collection time ranged form 60 to 120
minutes for a range of total volume collected of 67 to

130 liters. The absorbing solution is returned to the
laboratory and analyzed using the chramotropic acid method.
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This procedure was validated by Department of uggalth %abo::qa}gg:y persggnn;:s
to a detection limit of 0.02 ;_pno?tg:lrfomingsstby p:f'alrs ng'line Emdc}jmaun
lel analysis sampl osani
g?mmtr?;i?g@ﬁrithods. (YNote: The NIOSH P and CAM 12.;: method has been only
validated to a detectable 1imit of 0.1 ppm formaldehyde

hold were adopted and
Standa ocedures for preparation of the house!

m:e:;d wgtth the coope:agion of the occupant. Every effort wail?&deedto =
gtandarmmdize the condition under which the indoor air sample was col. 3 m;nner
is, however, doubtful that all samples were colle¢_ed at a}l_tm?s in
:s;xsistent v’n'.t.h all of the following site preparation conditions:

mini i i ed fram each
inimum of one indoor air samgle is cqllect
e ﬁousehold. The choice of location within a home should be

qualified as;

ini llar.
ivi ce, €.g., not unfinished attic or cella
ta:. ﬁ:ﬁg :?ea z:f repc'nrted concern and/or symptamatic
’ complaint, e.g., bedroom, or southside of dwelling
or location of known and visible deterioration.
c. at floor level and roam center.

i 1lection,
o or a minimum of 12 hours prior to air sample €O
2 l:t':he following preparation procedure was requested of the
householder:

DO NOT:

a. open any windows, fireplace opening or vents
b. operate ventilation fans .
c. produce smoke by frying or broiling
d. smoke in the house
s int . ]
§. gge gas stoves, fireplace g; egny combustion equipment
- ate autamobile in atta rages
g. gggsce air temperature below 2 (preferably set
higher) . .
i. opg;ate furnace during sample c:?llecnon pen.od15
j. make measurements if windspeed is greater than
miles/hour (25 Em/hr)
k. operate air conditioners with less than 100%
recirculation

i i jod, additional
i oourse of each air sample collection period, nal
infommatlru}gntsgs oollected related to the'genera]: physmal characteristics of
the residence, air temperature and relative humidity.

Concentrations of formaldehyde were measured for 2,318 mdt;g;t a%z;azmples
(approximately 2% of the sampies a;ge rgpeat ;y-mpl;i r?:ivt ;ggrif ~a P s
i i holds. regquency : rmal_
:ﬁggﬁiagso:\? rix:xalm}nu; category of resideogt:;al seg:hymgsae ;o Tnaog}tiralnil ?n:.toh
i t was made to reduce the range -o:mal
ﬁcigegftfgiac:ial increments and to establ ish the numbe ;lzfm ampls wergssﬁjég:ed
the detectable limit of 0.02 ppm. In addition, these mc;dw et
to show the number and percentage of';}ailhyzxzf which p‘;;‘ielity for.' g
ion sometimes used as a acce f indoo
:anﬁgty:gtxltoﬁelated only to the 1$ of irritation, below which most persons
would not be affected.
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CQOMPLAINT MOBILE BOMES

Table II representing complaint mobile hames shows the hightest prevalence
and concentrations of formaldehyde of all compared residential categories. The
average ooncentration was found to be 0.18 ppm and is lower than the average
reported for studies in Wisconsin and Washington. Forty-one percent of the
mobile hames evaluated contained less than 0.10 ppm. A maximum value of 1.61
pon is indicated.

It is known that emissions or out-gassing of formaldehyde fram a particular
product containing urea-formaldehyde may decrease as a function of time. For
this reason, the age of the mobile home data was compared to the range of
formaldehyde concentrations for 161 samples as shown in Table III. The average
of the concentration decreases with age interval. However, the range of
concentrations for the same interval indicates that values greater than 0.10
ppm may be experienced regardless of age interval.

PERMANENT RESIDENTIAL UFFI HOMES WITH COMPLAINTS

The results of analysis of 1954 air samples in Table IV shows a lower
distribution of formaldehyde concentrations to a maximum of 0.49 ppm. While
95% showed the presence of formaldehyde, 86.1 percent were less than 0.10 pmm.
The average value for all samples was 0.06 ppm. A preliminary evaluation of
foam age versus concentration has shown that reduction of concentration in time
is inconsistent, While there is a general overall decrease in average
concentrations less than detectable levels (less than 0.02 ppm), values greater
than 0.15 ppm may still be experienced in the total range of age available,
e.g., less than one year to seven years. It cannot be concluded, however, that
this is directly related to degradation of the foam material. Additional
sources of formaldehyde since the original installation of urea-formaldehyde
foam may be a factor. In addition, structural deterioration resulting in water
damage may be a factor in foam degradation.

PERMANENT RESIDENTIAL COMPLAINT HOMES WITHOUT UFFI

The establishment of an indoor air quality program by the department
provides for centralized management of reported indoor air problems
particularly in residential settings. When complaints could be suspected of
being associated with formaldehyde in residential air as related to man-made
wood products or other significant consumer products, assistance was provided
to the occupant. To January 1, 1984, measurements were made and 153 household
air samples were analyzed for formaldehyde. The results of these analyses are
shown in Table V. Eleven percent of these residences contained concentrations
of less than 0.02 ppm and 89.6% experienced concentrations of 0.10 ppm or
less. The maximum value of 2.60 ppm was an extraordinary concentration. This
sample was collected at normal temperature (720F) with no ventilation in a
single roam enclosed on six sides by interior particle board sheeting within a
residential basement area. Generally, this category of residential hames
indicates the prevalence of formaldehyde gas in complaint hames without
urea—-formaldehyde foam.
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PERMANENT RESIDENTIAL NON-COMPLAINT HCMES WITHOUT UFFL " . o
i imi sampl i am was initiated to erming
stmif;ﬁoigg:"f'fzr}nﬁehgﬁe oanoem;rtg;:gfms in ﬁ%ﬂ?g;&gﬁ _—
dai '-'holds. Fifty department employees were sosngn A s m:.u: %lt)_r-
of these households showed no detectable mncentiat;on of fo %
el i indicated the presence of foma}dehyde gas to T
o et o of all concentrations were less than

H'!e (:Iﬂgﬁr 1S0NsS II'B(E in Iable VII are not ]."tellkd to pl‘OVlCe chclm‘:'lonS

ined i i i In the absence of

i i residential cir ces. : i
fappror dlfng:gngt?:ii@lly designed studies, the mm‘;sod:f:a o;lrg,; éﬁgtgg
extent 11:0 which formaldehyde gas may be prevalent.

- be cted to
complaint residences mobile hames can expe :
- [;‘:216 higﬁgtaverage oont':entratxons of formaldehyde gas in
indoor air than any other categorye.

jated with indoor air may be related to

2. Complaints assocC g e Ty

esidences with and w::Lt.hout
;ave been a contribution.
formaldehyde gas fram other

: £ :
> Detei:brlneayc?ae enxgitt;gn?nonon-complaint residences without
sour

UFFI.
s of formaldehyde may be e:‘(pected to
if not consistently in 1_:e51denoes

a mobile hame or UFFL insulated

. Detectable concentration:

4 be found intermittently

regardless of the age of
residence.

sampl jes 83.5% were
analyzed for all categories :
> iggsalt%lale'glgo ppm :sxd 6.3§zwere jess than the detection

1imit of 0.02 ppm.

SUMMARY

i i number of
It is evident that formaldehyde is wideljé u;srz;gl?;veg :;Ehm aﬂl}:;geas e
industri oducts. Numerous Sur 7 / = -
?#ﬁﬁamﬂ?gxrg&mntradm in a variety of indoor air environme!
it is

at commercial, residential and industrial settings.

ional assessed the

al reports nationally and intema;tu : ly, have 'I’nzseevaluation &

i epomal hyde gas within residential places. & : ol

S - % indicates that for residential se i

o ‘ in its occurrence. Tt may be expect
than outdoors. Indoor

that concentr

i to be less
concentrations found in New York State housing has been observed
than concentrations found by other studies.

: = e leted
Until properly designed statistical studies are jnitiated and comple

addr noge tions
i ici irritant effects at low mx)oentra

i rci nicity and n.cntan C

it 1;?;&’:2?@?511& within residential places, issues a;egardmg

‘f’éﬂ)unalpgghyde gas exposure will continue to be controversial.
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"Formaldehyde: Evidence of Carcinogenicity,®™ NIOSH

Current Intelligence Bulletin #34, Cincinnati, Ohio,
April 15, 1985

"Formaldehyde - An Assessment of Its Health Effects,”

Committee on Toxicology, National Academy of Sciences,
Washington, D.C., March 1980

"Release of Formaldehyde from Consumer Products,”
Insulation Toxicology Research Institute, Lovelace
Biomedical and Environmental Research Institute,
Albuquerque, N.M., Feburary, 1982.

"Population Exposures to Atmospheric Formaldehyde Inside
Residences," SRI International, Project No. EGU-5794,
Washington, D.C., January, 1980

Unpublished Data, Concentrations of Formaldehyde Gas
Within Households in New York State, NYS Department of
Health, Albany, 1979-1982.

This presentation entitled, "Prevalence of Formaldehyde

Concentrations in Residential Settings" has been based upon a

review of the above publications.

Any conclusions based on

these publications and an evaluation of the analytical results
representing household settings are not necessarily the views
of the New York State Department of Health.
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RIC PORMALDEHYDE
E 1. SUMMARY OF ATMOSPHE
CONCE:;;ATIONS FOUND IN MOBILE AND CONVENTIONAL EBOMES

Average
Concentration
a
Monitoring Program No. of Homes
Wisconsin mobile homes, ran- - NN
dom sample
Wisconsin mobile homes, com— i b
plaint sample o
Washington mobile homes 334
Wisconsin foam—insulated con- ; o S
ventional houses
Wisconsin 'particleboard‘ " —
conventional houses .
0.
Washington UF-insulated 39
Lawrence Berkeley Laboratory . 6.05
energy-efficient houses
Geomet conventional house-17 5 5. gsb
samples .
Danish conventional houses 25
0.58
swedish conventional houses 319
0.06
Swiss conventional houses 3 "
0.
German conventional houses 3

oncentrations.
a ppm = 1.24 mg/m3 for atmospheric formaldehyde ¢

the
b Assumes that the indoor formaldehyde constitutes 608 of
total indoor aldehydes.

ide
Source: SRI International for USEPA, January 1980
Residences:
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GAS IN INDOOR AIR
TABLE II. FREQUENCY DISTRIBUTION oF FORMALDERYDE GAS IN INDOOR ArR FREQUENCY DISTRIBUTION OF FORMALDEHYDE D

RESIDENTIAL COMPLAINT* MOBILE BOMBe WITHOUT UFFI TABLE V. CERWANENT RESIDENTIAL UPFI Toie . et
SAMFLING PERIOD, SEPTEMBER 1979 - JANUARY 1984 SAMPLING PERIOD, SEPTEMBER
Cumulative
Range of Pormaldehyde No. of Homes Percent of S
Range of Formaldehyde No. of Mobile Percent of Total Cumulative g
¥ A —Concentration p
5.1
o o 00 L1 {
0.06 - 0.09 23 14.3 4100 ey 568 202 253
0.10 - .14 23 14.3 55.3 e = e 192 9.8 98.0
0.15 - o0.19 31 19.3 746 ety - B 41 2.3 99.3
0.20 - o0.24 6 3.7 78.3 s = 519 25 1.3 99.7
0.25 - .29 9 5.6 83.9 Sl -~ D4 7 0% 99.9
0.30 - .39 8 5.0 88.9 Sl = ey 4 0 100.0
0.40 - 0.39 7 a8 93.7 gelb ~ 2= 2 o )
0.50 - o0.59 2 1.2 94.9 SPl = Qi
0.60 - 0.9 1 2.5 97.4 =
0.70 - o0.79 1 0.6 98.0 1954 1000
0.80 - o0.89 1 0.6 98.6 TOTAL
0.90 - o0.89 3 1.9 100.s
\ Maximmm = 0.49 ppm Average = 0.06 ppm
TOTAL 161 100.5 -
. . i ldehyde gas
Wsdan = gl - Wkbage = gl = *Complaint means assumed association with forma Y

exposure

i - two at less than 0.0l ppm
g des the following values
+i:zi:des (2) values of less than 0.05 ppm

'Complaint means assumes association with formaldehyde exposure,
€.9., man-made wood products, carpeting, fabrics, furnishings,etc.

**Includes (2) values of 0.01 ppm

* Includes (1) value of less than 0.03 ppm

IR
FREQUENCY DISTRIBUTION OF FORMALDEEYDE GAS IN INDOOR A

TABLE V.. LAINT* BOMES WITHOUT UFFI
T RESIDENTIAL COMP
PR AMELING PERIOD MAY, 1961 ~ JANDARY 1984
t of Cumulative
TABLE IXI. DISTRIBUTION OF PORMALDEHYDE GAS IN INDOOR AIR Range of Pormaldehyde No. of Homes  Percen
FOR COMPLAINT MOBILE HOMES BY AGE Op STRUCTURE
SAMPLING PERIOD, SEPTEMBER 1979 - JANUARY 1984 17 11.1 11.1
Less than 0.02 91 59.5 :g'g
T B i 0:08 - 005 29 152 94.8
Age Range No. of Air Average Range No./Percent of Samples 0.10 - 0.14 g 2.0 96.8
U0S.)  sawples  Concentration Concentration LT 0.02 LT 0.10 0.10 OR GREATR 0.15 - 0.19 1 0.7 e
m——— B 0:25 - 0.29 1 0.7 9.9
1-12 35 0.28 0.02-0.92 0/0% 3/98 32/918 0.30 - 0.39 é 1.3 100.2
13-24 21 0.31 0.31-0.83 /0% 3/14 la/86 Greater than 0.9
25-36 14 0.20 0.11-0.43 0/08 0/0 14/100
37-48 13 0.13 0.02-0.29 0/08 EVp) 177 153 100.2 =
49-60 7 0.15 0.04-0.43 Vo 229 5/71 TOTAL
61-72 7 0.08 0.01-0.22 2/29% 57 /43
73-84 5 0.06 0.04-0.09 0/08 5/100 0/0
0.05

GT-84 a6 0.01-0.17 6/13 40787 813 Maximum = 2.60 ppm Average = 0.)8 ppm
ldehyde exposure,
umed association with fot@a g -
= 3 o v " fo S .C;mplzizfmggzn:ogssproducts, carpeting, fabrics, furnishings, etc
€.g..,

URNOWN 2GE 13 0.29 0.02-1.61 0/0 - /54
**Includes one value of 0.01 ppm

MOS. - Months
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TABLE VI. ;gggg;ggg %g?gIBUTION OF FORMALDEHYDE GAS IN INDOOR AIR
ENTIAL NON-COMPLAINT® BOMES
UFFI SAMPLING PERIOD FEBRUARY THROUGH APRI{?Pﬁzgzwts SRS

Range of No. of
. P
CFozmaldehgde Household ecl;(f:ent
oncentration Samples Total Cumulative
S —Percenk
Less than 0.02 22
hi 44.0
0.02 - 0.03 22 4.0 3.0
0.0 - o 5 10.0 98.
. 114 1 2.0 100.0
TOTAL 50 100.0 -

Non-Complaint consisted of NYS Dept. of Health Employees' Households

Maximum V;
um Value 0.11 ppm Average Value 0.03 ppm

TABLE VII. COMPARISON OF INDOOR AIR SAMPLES ANALY
ZED FOR FORMALDEHYDE GAS

BY BOUSEHOLD SETTING FOR CONCENTRATIONS
D & Snay 0.10 BBN LESS THAN 0.02 PPM AND

Total No % L)

Household of Samples in No. of Samples of No. of Samples of
Complaint with UFFI 1954 100 5.1
4 1683 5

Complaint without UFFI 153 17 i3 137 :g é
Non-Complaint without UFFT 50 2 4.0 It 98.0
Mbile Eanes

Camplaint without UFFI 161 8 5.0 66 41.0
TOTAL 2318 147 6.3 1935 83.5
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IRRITANCY LEVELS AND FORMALDEHYDE
EXPOSURES IN U.S. MOBILE HOMES

Lamm, S.H.
Consultants in Epidemiology

& Occupational Health, Inc.,
Washington, D.C. 20007

Abstract

Residents of mobile homes in Wisconsin, Minnesota, and
Washington states complaining of wformaldehyde” problems in their
homes participated in health studies conducted by state personnel.
The formaldehyde levels in the homes were determined using impinger
collection tubes and the NIOSH approved chemical analysis method.
The residents completed questionnaires detailing the spectrum of
their symptoms. Data analysis was performed by classifying
residents by the level of formaldehyde detected in their homes
(grouped in 0.5 ppm intervals) . For each symptom, the proportion of
residents in each exposure group reporting that symptom was
calculated. No pattern of increasing prevalence of symptoms with
increasing level of formaldehyde was observed over the range of O to
more than 2 ppm, with the possible exception of an increased
prevalence of eye complaints in the Minnesota study. Symptom
prevalences at exposures of greater than 1.5 ppm were generally no
different than prevalences at 0-0.5 ppm. Further, exposure levels in
mobile homes of complainants did not differ from those in randomly
chosen mobile homes, after adjusting the data for the age of the
home, based on data from a Wisconsin study. Symptoms appear to be no
more frequent among residents with higher levels of formaldehyde
exposure than among those with lower levels, and residents
complaining of symptoms appear to have no greater level of exposure
than do residents not complaining. Thus, it is not clear that mobile
Home residents with upper respiratory symptoms have those symptoms
from these levels of formaldehyde exposure.
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