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: H~:~~ epidemiological data . on radon induced lung cancer. Each t h i•) ~enotes a populat1on of miners from the USA Canada 
zec_os ovak1a or Sweden, respectively. Risk factors fr~m A bomb 

=~~r~:~rs C(o)_alndd ffrom Ankylosing spondylitits patients (a) are 
· omp1 e rom Archer (16) BEIR II ( 

Radford (17) and Snihs (lS). • I 6), Cohen (7), 

BEIR I (20) 6 •5 x IOE-6/WLM-a (as used in this paper) 

dose received over 30 y . . 
level of 370 B /m3 (igrs 1~ an indoor environment with a Rn 
assumptions for ~r . pC1/l) (based on UNSCEAR82 (10) 
spent indoors, equil~~;~~~gfa~~~;) lung deposition pattern, time 
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lREVl\La.ICE OF EORMALIEHYrE CDNCENI'RM'IONS IN 
RESDENrIAL SETI'INGS 

Sanuel Syrotynski, P.E. 
Indoor Air Quality Section 
Buteau of Toxic Substance Assessment 
N.Y.S. Department of Beal.th 
Albany, New York 12237 

During the past five years,. the New York state Health Department as with other 
Federal/state agencies received an extraordinary nunber of public irquiries and 
complaints expressing concern for residential indoor air exposure to 
foII!"lldehyde gas. In New York State 20,000 residential banes hilll'e been foamed 
with Urea-Focnaldehyde Foam Insulation OFFI. In accordance with the 1980 U.S. 
Census, there are 119,417 irobile banes statewide. This represents an estimated 
population of 358,251 persons. While the population of OFF! hones is not 
el!pected to increase (current estimate 70,000), roobile hane populations between 
i970 and 1980 increased 39% and continued gr:o.rth is el!pected. The deparbnent 
established services for the collection and an.llysis of indoor air samples for 
formaldehyde gas a:mcentr:ations. Suell services were prO'lided if, Cll a 
household occupant Cpatientl was under the care of a ?tysician and C2l the 
?tysician's written report indicated that formaldehyde exposure may be related 
to the personal health a:>ndition of the ,patient. Reports of in:X>or air 
analysis were provided to l:x>th individuals upon canpletion. 

concentrations of foonaldehyde were measured for 2,318 indoor air Sllllples and 
represent 2,272 se~rate residential settings. The frequency distribltion of 
formaldehyde concentrations are given for the follOiiing categories of 
residential settings, Cl) Cmpl.aint Mobile Hanes, (2) Peonanent Resi.dential 
OFF.I Hanes with Canplaints, CJ> Pemianent Residential Canplaint Banes without 
UFF1, C4) Pez:manent Residential Non-<:anplaint Banes without UFFI. For all 
categories 83.5% of all imoor air samples an.llyzed for formaldehyde 
concentrations were less than 0.10 ppn an:1 6.3% were less than the detection 
limit of 0.02 ppn. 

'lhe purpose of this presentation is to review an:1 canpare by category the 
indoor air conoentrations of formaldehyde gas present at the tiire of sample 
a:>llection within residential settings in New York state. 
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FORMMJEHYIE AND R&SIIENTIAL INOOOR AIR QUALITY 

A large nunber and variety of sources may contribute to the presence crf 
formaldehyde gas within residential hanes. !ohlch of the information to date is 
limited for both :i;ermanent and mobile hanes. Even less information is 
available which validates specifically a direct relationship between synp:ans 
reported and the presence of airborne fODnaldehyde at various concentrations. 
fok>st studies available are not statistically desi<;11ed and therefore may not 
oonstitute a representative evaluation. 

Table I Sllll!laiizes the relative average oonoentration of formaldehyde for 
the household settings evaluated for l::oth l'.Ermanent and residential mobile hane 
settings. A canp:irison of the Wisoonsin mobile bane studies suggests a 
reduction in average oonoentrations when statistical rrethods are applied. Tbe 
nunber of l.Jlits having vali.es less than 0.10 ppn significantly increased fran 
4.4% Ccanplaint) to 15.5% (random). For these studies the range of average 
concentrations for mobile hanes was found to be O .24 to 0 .65 for all three 
studies. 

The Washington study of urea-formaldehyde insulated households showed an 
average concentration of 0.39 ppn of formaldehyde gas at 39 hanes. Of these 
36.4% had concentrations of less than 0.10 ppn. '!be ranaining six studies 
relates to non-foamed residences where construction mater1als, adhesives and/or 
furnishings were the primary sources of formaldehyde. 

For the Lawrence Berkeley laboratory study, four bane sample analyses 
showed (13) concentrations less than 0.10 ppn and an average of 0.05 ppn. A 
Geanet study of ooe bane having an average conoentration of 0.05 ppn showed the 
presence of formaldehyde in all 17 samples and all oonoentrations were less 
than o .10 ppn. 

In New York State a considerable nunber of indoor air neasurenent for 
formaldehyde has been acc1E1ulated since September, 1979. Analyses :i;erformed 
represent the following categories of residential settings: 

A. Permanent .Residenoes 

Canplaint with UFFI 
Canplaint without UFFI 
Non-Canplaint without UFFI 

B. fok>bile Hanes 

Canplaint without UFFI 

All samples were oollected and analyzed by Depirbnent of Health :i;ersonnel. 
Indoor air sample collection and analysis procedures were in accordance with 
the following: 

An air sample is i:assed through an absorbing solution 
of distilled, deionized water in a single rutbler at a 
minimlJll rate of ore liter :i;er minute for a minimllll of 
one hour. Actual collection time ranged foan 60 to 120 
minutes for a range of total vollJl\E! collected of 67 to 
130 liters. '!be absorbing solution is returned to the 
laboratory and analyzed using the chranotropic acid method. 
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. rtment of Health laboratory :i;ersonnel 
'Ibis pr:ooedure was validated by De~ . studies using known dynamic gas 

to a detection limit of 0•02 ~ by pe omung s by rarosaniline and 
standards and i;:arallel analysis of ~~o:mf :00 ~ 125 method has been only 
chranotopic aciddemet-~~e· ~;::= ~ O 1 PP" formaldehyde) 
validated to a ~ • 

· of the household were adopted and 
stari!ard procedures for ~eparation t Every effort was made to 

iqllemi!nted with the . ~:i;eration °~ th~~r.air sample was oollected. It 
stilndardize the condition mdeallrsamplwhicbes were oollected at all times in a manner 
. holll'eYer doubtful that . . na•t• ns· is, . , . th all of the follQo/ing site prei;:aration oo i io • 
o:msistent wi 

. . f indoor air sample is collected fran each 
1. ~==· o 'lb~ choice of location within a hane should be 

qualified as; 

2. 

1
. . pace e g not unfinished attic or cellar. 

a. iving s ' • ·' and/ synp:anatic 
b. living are.a of reported concern . or of dwelling 

oompl.aint, e.9.' bedroan, or soutbs1de . . . 
or location of known and visible detenoration. 
at floor level and roan center. c. 

. . of 12 hours prior to air sarrpl.e oollection, 
For a minlJIUll . sted of the 
the following preparation pr:ooeduce was reque 
householder: 

l:Q...Wl': 

. .,, ......... _,s fireplace o:i;ening or vents a. o:i;en any w.u..,.,.. , 
b. operate ventilation fans . . 
c. produce smoke by frying or broihng 
d. snok.e in the house 
e. i;:aint canbust·on equipnent 
f. use gas stoves, fireplace or any 1 

0 rate autanobile in attached garages 6: r~uce air ten:i;erature below 200 <preferably set 
higher> · ·oa 
o rate furnace during sample collect1on :i;en 

i. ma~e measurenents if winds:i;eed is greater than 15 
j. ) 

miles/hour (25 Km/hr 
k. o:i;erate air conditioners with less than 100% 

recirculation 

h . sarrpI.e collection :i;eriod, additional 
During the course of eac aiedr t the general '(ilysical characteristics of 

information was collected relat o . . 
the residence, air temperature and relative h1I111dity. 

ed for 2,318 indo<>r air samples 
concentrations of formal<1;hyde were ~~es) and represent 2,272 

(approximately 2% of the sampJ.es are r~:i;ea distribution of fo:analdehyde 
separate residential households. Thef r~ial settings - Table II-VII. A 
concentrations is shown by catego~ 0 resi of formaldehyde concentrations to 
SP'!Cial effort w~ ~ to reduce e r~sh the nunber of samples below 
the lo.rest pract~~ lJ\Cr~ and ~oaddition, these increments were selected 
the detectable lJ.ITUt of 0.0 PP"· · hich were below o 10 ppn - a 
to show th~ nunber ~ :i;ercentage of . ~~1~w acoe?:ability for. indoor air 
concentration sanet.iJDes usedtheas ~ gu~ of irritation below which most l'.Ersons 
quality but related only to ev - ' 
would not be affected. 
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CDMPLAINT KIBILE HGlES 

Table II representing oomplaint mobile banes shows the hightest prevalence 
and ooncentrations of formaldehyde of all CXllllpl.red residential categories. '1'he 
average concentration was found to be 0.18 ppn and is lower than the average 
reported for studies in Wisconsin and Washington. Forty~ne percent of the 
mobile banes evaluated contained less than 0.10 EPO· A maximun value of 1.61 
ppn is indicated. 

It is known that emissions or out-gassing of formaldehyde fran a p;irticular 
product containing urea-formaldehyde may decrease as a function of time. For 
this reason, the age of the mobile bane data was CXllllpl.red to the range of 
formaldehyde concentrations for 161 samples as shown in Table III. The average 
of the concentration decreases with age interval. Hoiiever, the range of 
concentrations for the same interval indicates that values greater than 0.10 
EPO may be experienced regardless of age interval. 

IBRMl\NENT RESIIENl'IAL UFFI HCM::S WI'IH CDMa.AINTS 

The results of analysis of 1954 air samples in Table r.v shows a lOW'er 
distribution of formaldehyde concentrations to a maximun of 0.49 EPO· While 
95% showed the presence of formaldehyde, 86.1 percent were less than 0.10 ppn. 
The average value for all samples was 0.06 ppn. A preliminary evaluation of 
foam age versus concentration has shown that redu~ion of concentration in time 
is inconsistent. While there is a general 01Terall decrease in average 
concentrations less than detectable levels (less than 0.02 ppnl, values greater 
than 0.15 ppn 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. l\dditional 
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. 

IBRMANENT RESIDENI'IAL CDMPLA1NI' IDlES wrmcur UFFI 

The establishment of an indoor air quality program by the dep;irbnent 
provides for centralized management of reported indoor air problems 
particularly in residential settings. When oomplaints could be suspected of 
being associated with formaldehyde in residential air as related to man-made 
wood products or other significant consl.IDer products, assistance was pr011ided 
to the oceup;1nt. 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 ppn and 89.6% experienced concentrations of 0.10 ppn or 
less. The maximun value of 2 .60 ppn was an extraordinary ooncentration. This 
sample was collected at normal temperature C720F) with no ventilation in a 
single roan enclosed on six sides by interior p;irticle board sheeting within a 
residential basement area. Generally, this category of residential banes 
indicates the prevalence of formaldehyde gas in oomplaint banes without 
urea-formaldehyde foam. 
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• .,....., ~....,. "n.71' Ba!ES wrl'HClJT UFF1 
re~ RESJIENJ'IAL .. ...,.,.........,..........,......,~ 

. .. . · tiated to detecnine the 
During 1983, a lilllited sampll.Il9 pr~: :-S :J'K(111plaint, non-foaJn7d . 

disti:ibution of formaldehyde concentrati solicited to p;irticipate in this 
oouseholds . Fifty department employees ~r:re shown in Table VI . While forty­
evali:ation. The results of these ~ no detectable concentration of formal­
four ~ rcent of th7se . households si: .sence of formaldehyde gas t o a maximun of 
debyder aver half ~cated the ~e aii a:moentrations were less than 0.10 ppn. 
0.11 ppn. Ninety-(!ight percent 

~ CF roRM1\L[£HYIE !INAL'iSIS BY B<;lJSffiCLD SETI'!OO . 

t int 
__ _,_. to provide co11clusions 

. --~ · Table VII are no to11UCY · of 
The ronransons .11~ lll _ . cirCllllStances. ID the absence 

for differently def~ re:~ntignedal studies, the comparisons only suggeedst the st 
appropriate statistically si be pre11alent . The &ta present sugge 
extent to which formaldehyde gas may 
that: 

1. 
·1 banes can be expected to 

FOr canplaint residences, mob1 ~ ns of formaldehyde gas in 
yield higher average conoentra o 

2. 

3 . 

4. 

5. 

i ndoor air than any other category. 
. . indoOr air may be related to 

c.anplaints associated _with UFFI and formaldehyde gas may 
residences with ai;id w~thout 
have been a contribution. 

. formaldehyde gas fi::an other 
Detectable concentratioll7 of n-<:OOJPlaint residences without 
sources may be expected in no 
UFFI. 

rmaldeh de may be expected to 
Detectabl7 oona:ntra:~on~ o~o consist~ntly in residences 
be found intermittent y mob' le bane or UFFI insulated 
regardless of the age of a i 
residence. 

ed foe all categories 83.5% were 
For all 2,318 sampl:ia ~f were less than the aetection 
less than 0 .10 ppn • 
limit of 0.02 ppn. 

OOMMARY . 1 ge nunbe r of . 'del associated with a ar · 
It is evident that formaldehyde is wi Y urveys have shown that as a gas, 

industrial and oonsmier products._. ~rous ~riety of indoOr air emironnents 
1 . concentrations in a v ...... 

it is prev~ent at. deow t . al and iwustrial settings· 
at cxmurerClal, resi n i 

. u· onallY have assessed the 
· nally and interna ' u· of several reports natio . . .dent ' al places. The evalua on. 

rmaldehyde gas w1th1n res1 1 ·de tial set'";"""' occurrence of fo . . k State indicates that for resi n ~·,..-ed 
similar information l.ll New Yor . in its occurrence. It rrey be expect 
formalde.hyde is prevalent and 12rsiste:r indoOrs than outdoors. Indoor 
that concentrations are gererally grea ho . has been observed to be less 

noent ations found in NEM York State . usuig 
:an co~ntrations found by other studies. 

. . cal studies are initiated and OO!llpleted 
until properly des~gned ~c1tist~ irritant effects at la.i coi:ioentrations 

which address the carC1~~ ~sidential places, issoos regarding 
with prolonged exposUJ:e wi wil~ continue to be oontr011ersial. 
foDDaldehyde gas exposure 
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y OF ATMOSPHERIC FORMALDEHYDE 
TABLE I. SUMMAR N l'IOBILE AND CONVENTIONAL HOMES 

CONCENTRATIONS FOUND I 

Monitoring Program No of Homes 

Wisconsin mobile homes, 
dom sample 

ran-

Wisconsin mobile homes, com­
plaint sample 

Washington mobile homes 

Wisconsin foam-insulated con­
ventional houses 

Wisconsin •particleboard• 
conventional houses 

Washington UF-insulated 

Lawrence Berkeley Laboratory 
energy-efficient houses 

Geomet conventional house-17 
samples 

Danish conventional houses 

Swedish conventional houses 

Swiss conventional houses 

German conventional houses 

65 

45 

334 

7 

8 

39 

4 

25 

319 

3 

3 

Average 
concentration 

Cppml a_ 

0.24 

0.65 

0.40 

0.11 

0.13 

0.39 

o.os 

o.osb 

0.52 

0.58 

0.06 

0.12 

3 atmospheric formaldehyde concentrations. 
a ppm • 1.24 mg/m for 
b that the indoor formaldehyde constitutes 60\ of the 

As~~~=~ indoor aldehydes. 
. s to Atmos· bgric fOCJD!ldebyde rnslde. 

Source: pppnlat! on E1pos11rg_ -- pl foe OSEPA, Janua r_y 1980 
Sestdences: SRl Intetnationa 
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TABLE II. 
FREQUENCY DISTRIBUTION OF FORMALDEBYDE GAS IN INDOOR AIR 
RESIDENTIAL COMPLAINT* MOBILE HOMES WITHOUT UFFI 
SAMPLING PERIOD, SEPTEMBER 1979 - JANUARY 1984 

Range Of Formaldehyde No. of Mobile Percent of Total Cumulative Concentration CppmL Homes Sampled Mohjle Home3 Percent Less than 0.02•• 8 s.o 5.0 0.02 o.os+ 
35 21. 7 26.7 0.06 0.09 23 14 .3 41.0 0.10 0.14 23 H.3 55.3 0.15 0.19 31 19.3 74.6 0.20 0.24 6 3.7 78.3 0.25 0.29 9 5.6 83 .9 0.)0 0.39 
8 s.o 88.9 0.40 0.49 7 4 . 8 93. 7 0.50 0.59 2 1.2 94.9 0.60 0.69 4 2.5 97.4 0.70 0.79 
l 0.6 98.0 0.80 0.89 1 0.6 98.6 

0.90 0.89 ) 
1. 9 100.5 

TOTAL 
161 100.5 

Maximum 1.61 ppm Average 0.18 ppm 

*complaint means assumes association vith formaldehyde exposure, 
e.g., man-made wood products, carpeting, fabrics, furnishings,etc. 

**Includes (2) values of 0.01 ppm 

+ Includes Cl) value of less than 0.03 ppm 

TABLE III. DISTRIBUTION OF FORMALDEHYDE GAS IN INDOOR AIR 
FOR COMPLAINT MOB ILE HOMES BY AGE OF STRUCTO RE 
SAMPLING PERIOD, SEPl'EMBER 1979 - JANUARY 1984 

/'qe Range No. Of Air 
(M:JS. l 5anpl es Average Range 

Concentration Concentration No./Pera.nt Of 5arnples 
(RJ!!! (RJ!!! LT 0.02 I!r 0.10 0.10 OR GREllCrt;R 

<wn1 Cn;rn! (Wo! 1-12 JS 0.28 0.02-0.92 0/01 319' 32191\ 
13-24 21 O.Jl 0.31-0.83 O/Ot 3/14 18186 
25-36 14 0.20 0.11-0.0 0/0t Q/O 141100 
37-48 13 0.13 0.02-0.29 0/0t 3123 lQ/77 
49~0 7 0.15 0.04-0.43 Q/Ot 2129 5171 
61-72 7 0. 08 0.01-0.22 2129' 4157 3/43 
73~4 5 0.06 0.04-0.09 0/01 51100 Q/O 
Gr-84 46 o.os 0.01-0.17 6113 40/87 6113 

'lU!'l'L 148 0.17 0.01-0.92 815 60/41 88159 !Jli:NGIN 1GE 13 0.29 0.02-1.61 0/0 6/46 7/54 
LT - Less Than 

M:JS. - Months 
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TABLE IV. MALDEHYDE GAS IN INDOOR AIR FREQUENCY DISTRIBUTION OF FOR WITB COMPLAINTS* 
PERllANENT RESIDENTSEI~E:~~ ~~~S _ JANUARY 1984 SAMPLING PERIOD, 

Range of rormaldehyde No. of Homes Percent of Cumul.ltive 
Concentca.tigo pcm> samples Il:!tAl Bgms:s ~'"Ct!Dt 

Less than 0.02** 100 5.1 5.1 
0.02 o.os+ 1015 51.9 57.0 
0.06 0.09 568 29.1 86.l 
0.10 0.14 192 9.8 95.9 
0.15 0.19 41 2.l 98.0 
0.20 0.24 25 1.3 99.3 
0 .2 5 0.29 7 0.4 99.7 
0.30 0.39 4 0.2 99.9 
0 . 40 0.49 2 0.1 100.0 

TOTAL 1954 100.0 

Maximum 0.49 ppm Average 0.06 ppm 

as sumed association vith formaldehyde gas •complaint tneans 
exposure 

values - tvo at less than 0.01 ppm **Includes the following 0 OS 
+includes (2) values of less than • ppm 

TABLE V. FREQUENCY DISTRIBUTION OF FO~Di~~~ ~~~H~Tl~~~R 
PERMANENT RESIDENETRIIOALO ~~PL~;:r - JANUARY 1984 SAMPLING P ' 

AIR 

Range Of Formaldehyde No. of Homes Percent of Clll!lulative 
concentration pgnl samplea :ts;itAl B12me:s cecce:ot 

Less tllan 0.02 l7 11.l ll.l 
0.02 o.os 91 59.S 70.6 
0.06 0.09 29 19.0 89 . 6 
0. 10 0 . 14 8 5.2 94 . 8 
0 .15 0.19 3 2 . 0 96.8 
0.20 0.24 l 0.7 97.5 
0.25 0.29 l 0.7 98.2 
0.30 0.39 1 0.7 98.9 
Greater than 0.9 2 1.3 100.2 

TOTAL 153 100.2 

Maximum 2.60 ppm Average 0.;)8 ppm 

. ti n vith formaldehyde exposure, *complaint means assumed associa ot. fabrics furnishings, etc. e.g., man-made wood products, carpe ing, , 

••rncludes one value of 0.01 ppm 
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TABLE VI. FREQUENCY DISTRIBUTION OF FORM.a.I. E 
PERMANENT RESIDENTIAL NON-COMPLA~N~ID~O~~/~~~NDOOR AIR 
UFFI SAMPLING PERIOD FEBRUARY THROUGH APRIL, 19i~NTS WITHOUT 

Range of No. of Percent 
Formaldehyde Household of 

Concentration Samples Total Cumulative 
Cppml Households Percent 

Less than 0.02 22 44 .0 44.0 
0.02 - o.os 22 44 .0 88.0 
0.06 - 0.09 5 10.0 98.0 
0.10 - 0.14 l 2 .0 100.0 

TOTAL 50 100.0 

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

Maximum Value 0.11 ppm Average Value 0.03 ppm 

TABLE VII. COMPARISON OF INDOOR AIR SAMPLES ANALY%ED FOR FORMALDEHYDE GAS 
BY BOOSEHOLD SETTING FOR CONCENTRATIONS LESS THAN 0 .02 PPM AND 
LESS THAN 0.10 PPM 

Household 
semw 

Ef:Cll&'"O:Dt Be:si~oces 

Total No. 
of Samples in 
'h1sebolds 

1954 QJnpl aint vi th tlf'FI 
Q:q>J.aint vithout um 153 

ltJno-Ocmpl.aint "i thout UFfl 50 

ltt)j 1 e Hgnes 
canplaint vithout UFFI 161 

'lUrH. 2318 

' No. of Samples of 
ress Than o o 2 TptaI 

100 5.1 
17 3.3 
22 44.0 

8 5.0 

147 6.3 
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' No. of 55npl~s of 
ress 1bAn o. 1 g Total 

1683 86.1 
137 89.5 

49 98.0 

66 41.0 

1935 83.5 

IRRITANCY LEVELS AND FORMALDEHYDE 
EXPOSURES IN U.S. MOBILE HOMES 

Lamm, S.H. 
Consultants in Epidemiology 

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

Abstract 

Resldents of mobile homes in Wisconsin, Minnesota, and 
Washington states complaining of "formaldehyde" probleTIS 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 t ose symptoms 
from these le.ve 1 s of forma lc:lehyde exposure. 
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