' united States

ﬂifi‘?EnvironmentaFProt‘ectién' S

~Agency .

Environmental. Mqﬁitoring
Systems Laboratory .~

* Research Triangle Park NC‘127711

“Research and Development

EPA/G00/S6-88/009b Sept. 1988

Project Summary

Indoor Air Quality in Public

PR

" This report documents the second of
two studies of indoor air quality in public .
buildings carried out by the U.S. En-
vironmental Protection ‘Agency in- re- .

sponse to-public and Congressional con-
cern. A total of 10 buildings were studied

_ . in the program. A report on the first four
- puildings is being published simuitane- -
- ously with this report, which deals with
. the last six buildings investigated. - .
This Project Summary was developed by
EPA’'s Environmental Monitoring Systems -
" L aboratory, Research Triangle Park, NC, to

anncunce key findings of the research
project that is fully documented -in a

separate report of the same title (see Proj-
. ect Report ordering rinfon'nation at back). -

Introduction

" in FY 1982 and again in FY 1983, Con- -
_gress mandated that the U.S. Environmen-

tal Protection' Agency (EPA) carry out studies
of indoor air quality. The studies wére focus-
ed on volatile organic compounds (VOCs) for

* several reasons: 1) VOCs include a number .~
~ of carcinogenic and ‘mutagenic species

(benzene, chioroform, tetrachloroethylene,

etc); 2) littie was known at the time about

human exposure to these compounds; and
3). methodology. had recently been developed

to ‘measure these. compounds at en-

vironmental levels. Because these com-
pounds were being: extensively studied in

private. homes in EPA's ongoing Total Ex-

posure Assessment’ Methodology (TEAM)
Study (Wallace 1987; Pellizzari 1987a,b; Han-

- dy 1987), the study concentrated on buildings

rather than homes. Buildings where people

> spend long periods of time were selected for

study: schools, homes for the elderly,
hospitals, and office buildings. These

" buildings also contain populations (children,
the sick and the elderly) that may be more -
~ sensitive to air poliutants.

Buildings: Volume Il

,' . L. Sheldon, H. Zelon, J. Siékles, C. éaton, T Hériwe’ll, and‘ L Walllaqe,

Two separate but closely related studies
were carried out. The first included -
measurements in four buildings (one school,

_one office building, and two homes for the

elderly). The final report of that study, an EPA
Research Report entitied indoor Air Quality -
in Four Buildings, is now available (Sheldon -
et al., 1988).-A separate Project Summary
has been written for that report. :
" The second- study included six buildings
{a hospital, two office buildings, two homes
for the elderly, and an institute for govern-
mental studies). The final report for that study
is entitled Indoor Air Quality in’ Six Buildings.
This .Project Summary refers to this second
study only. - B

‘Study Design © = " - !

The goals of the study were the folowing:

1) Quantify a set of target VOCs, selected

.on the basis of their potential health ef-

- fects, production volume, and amena-
bility ' to- collection "on -Tenax, in -all .
samples. LT

.2) Determine. the effect of aging on the
concentrations of VOCs within three
newly constructed_ buildings.:

3) Measure emissions of VOCs from

" building material collected from one of
the new buildings. ' -

‘4) Measure concentrations of other

* chemicals or mixtures including radon, -
formaldehyde, particles, pesticides,

. 'PCBs, polynuclear aromatic hydrocar-
bons (PAHs), metals, carbon monoxide,

" nitrogen dioxide, and asbestos.

Six buildings were selected for study: a
hospital and an associated nursing home in-
Martinsburg, WV; a home for the elderly in
‘Worcester, MA; . an -office building in

- Washington, DC; another office building in

Fairfax, VA; and an institute for governmen-.
tal studies in'Cambridge, MA. The hospital,

I r?‘_,{, Printed on Recycled Paper -




"thé Worcester home for the elderly, and the
airfax office building were new buildings,
uled to be monitored immediately after
letion but before occupancy, and then
again a few months after occupancy. (Unfor-
{unately, the new hospital was not actually
Giiltdred Gntil almost one year after it had
been hnlshed dtherefore only two buildings

“outdoor site (nearw‘the air intake for the
" building) was monitored over consecitive

theywwefe new) The o

‘12~hour ‘periods. Air exchange rates were

aliowed to equilibrate overnight at 25°C and

48% relative humidity, and their organic

emissions were then collected on three con-
secutive Tenax cartndges and analyzed by
GC-MS.

Results .

Quality Assurance
- Fifty performance evaluation audit samples

- supplied by EPA .showed recovery efficien-

cies ranging from ¥2+19% to 95+34% for

- nine target VOCs. Forty-one blank Tenax car-

tridges had nondetectable levels for 24 of the

32 target VOCs and levels.under 10 ng/car-

tridge for seven of the remaining eight VOCs.
Precision for most VOCs was excellent, with

-- medi~n relative standard deviations ranging

between 11% and 24% for 26 of the 29 com-

- pounds with measureable levels (Table 1).

One exception was the cresols, which ap-

R peared to be unrehably collected.

g
proVide 10, 15, and 20 liters of
uasorpuon was foliowed by GC-MS

ysis.

2) Particles. Inhalable particlés including
the fine (<25p) and coarse (25-10y)
ions were collected on samplers de-

Standards, An 8u Nuclepore filter was used

. Tefton filter for the fine particles. The filters
" ware welghed by microbalance following ex-
" [ charge

. 3) Emissions from materials. A total of 31
materials (22 solid and 9 solvent-based sur-
) were collected from the new

H‘éadspace vapors from gently heated (30 -
°C) solid materials in 70-mi glass jars were
rmight (or over 30 minutes for

analyzed by GC-MS for the target com-

. preliminary headspace experiments, nine
... materials (vinyl and rubber molding, cove
+. v adhesive, particle board, etc.,) were selected

" "chdmbeérs.” Solid materials were aged for

. 14-25 weeks, solvent-based materials for orie”

. .week. Materials were placed in the chamber,

ovar the 12-hour collection period. Ther-

igned for EPA by the National Bureau of
for the coarse particles and'a 3y Ghia Zefiuor ™

posure to an ionizing source to reduce static

'of purchased from the manufacturer.

potinds. Based on the resulls of these

for detalied emission studies using 12-L glass” ™"

"All Tenax .samples were collected in
. triplicate at widely ranging flow rates (sam-

pling volumes of 10, 15, and 20L) as a means
of detecting possible artifact formation or

.other problems occurring during sampling

that would not be detected using normal

...quality control techniques. Concentrations
.. that vary with changing flow rate would be
_evidence that such problems were indeed oc-

curring. However, the geometric means of the

.. different sampling volumes were within 10%
of each other for 25 of the 29 compounds

(Table 2). Thus no evidence of significant
samphng problems emerged from this exten-

. sive effort at using - “dlstnbuted volume”
“sampllng

'Quantltatlve Results
‘ indoor concentrations of VOCs were ~
higher than outdoor concentrations at all six

buildings (T ables 3 and 4). However, for the
two new buildings monitored within one

““mionth after construction, certain chemicals

were at extemely elevated concentrations:
the straight-chain aliphatic hydrocarbons (n-
decane, n-undecane, n-dodecane) and the
aromatics (xylene isomers, ethylbenzene,
ethyltoluene isomers, and trimethylbenzene
isomers). Indoor levels of these compounds

shortly after the bunldmgs construction -

ranged from 10-400 ug/m> while outdoor
concentrations ranged from O-1 ug/me,

“"After several months, the indoor levels

dropped to a range of about 3-30pg/m*—
still well above the outdoor concentrations.
Emission rates from 31 materials collected
from the new office building are summarized
in Table 5. Although some solvent-based
misgterials were the highest emitters, as might

be expected, other solvent-based materials. .
"suich as linoleum tile cement and joint com-
pound "emitted none of the target VOCs

(Figure 1). Some solid matenals, particuiarly
rubber and vinyl molding; linoleum tile, ana
telephone cable, "also emitted significant
quantities of the target VOCs (Figure 2).
Common emissions included xylenes.
ethylbenzene, trimethylbenzenes. ethyito-
luenes. decane. undecane, and dodecane
24 of the 32 target chemicals were emitted
by at least one material: and 24 of the 31
materials emitted at least one target
chemical. Some chemicais such as xyienes

" and trimethylbenzenes were emitted by as

many as 18, or 19 materials., while some
materials such as latex caulk and cove
adhesive emitted as many as 17 of the target -
chemicals.

-Fine particle mass averaged over 12-hour
periods by the EPA-NBS sampler ranged
from 14-55 pg/m? in smoking areas, com- .
pared to 3-38 ug/m3 in nonsmoking areas.

Air exchange measurements for the ten
'‘monitoring visits ranged from 0.14 to 0.94 air
changes per hour, (ach), with both extreme
values occurring during different visits to the

~ new hospital (Table 6). If the rates are aver-

aged across all visits to each building, the
range is unusually small—043-054 ach.

Discussion

The extensive effort at “distributed volume
sampling (over 200 triplicate samples) in-
dicated no significant problems occurred dur-
ing sampling of enner indo- or outdoor air

"using Tenax. This result confirms and ex-

tends the results of a study of indoor air -
undér controlled conditions, which concluded

that no differences could be observed among -
10 compounds measured simultaneously on
Tenax and ‘in evacuated canisters (Spicer,

"1086)

Indoor concentrations of VOCs in the six
buildings studied exceeded outdoor concen-
trations for all of the prevalent target chem-
icals except benzene, indicating the presence

~ of indoor sources in ail buildings. The two
new buildings had high concentrations of

aromatic and aliphatic hydrocarbons im-
mediately after completion, with concentra-
tions declining by an order of magnitude over

. the next few months. This is further cor-

roboration of the finding from the earlier EPA
study (Wallace 1987c) that half-lives of the
chemicals involved may be measured in
weeks or months and that therefore the time
required for these new buildings to approach
outdoor concentrations may be measured in
months or even up to one year.

The measurement of emissions from 31
building materials collected from one building
shows that the same chemicals found at
-elevated levels in that building are emitted
at high rates from some of those building
materials and surface coatings. These




1.2-dichioroethane . ) - 43

Table 1. Precision for V;)Iagilg Organic Analysis -
' c v B % RSD
o . -, 25TH - " 50TH 75TH 90TH
Compound NE ‘Mean " Percentile Percentile - Percentile Percentile
Aromatic H_ydrocarbons . . L
Benzene 233 .25 11 21 . 34 © a7
m, p-Xylene 231 17 9 15 : o227 - 29
o-Xylene 222 18 10 15 ) 24 35
Styrene 226 ‘28 - 12 T21 37 ’ 57
Ethylbenzene . - 229 . 17 9 15 .22 ) 32
Isopropylbenzene 128 17 10 16 22 30
n-Propylbenzene 104 15 8- 3 21 29
m-Ethyltoluene 218 16 -8 14. . 21 29
'o-Ethyltoluene 144 16 7 14 23 . 31
1,2,3-Trimethylbenzene . 218 23 10 17 27 - 40 -
1,2,4-Trimethylbenzene + 224 17 8 14 21 - 31
1,2,5-Trimethylbenzene. . 179 16 7 ~13 22 32
Aliphatic Hydrdcarbo’ns; -
-Pinene Lo 69 22 12 . ~20 . 28 . .44
- n-Decane - S R 1 20 11, 16 .28 35
n-Undecane ' : 151 -21 11 18 .- .27 - 39
n-Dodecane 73 18 10 15 . - 22 B - 32
“Chlorinated Hydrocarbons ‘
1.270ichloroéthane;' 52 .. 18 .8 15 23 .3
1.1,1-Trichloroethane 229 21 11 18 . 25 ) -2
Trichloroethylene -113 26 - 12 227 T34 . 49 -
Tetrachloroethylene 123 16 - 8 14, .21 ' . 30
p-Dichlorobenzene 77 14 . § 11 i 18 . 23
- Chlorobenzene 7 15 12 6 . 17 18
Carbon-tetrachloride’ 12 29 7 14 C .49 106
o-Dichlorabenzene 6 . 37 4 13 - - . 56 171
Oxygenated Hydrocarbons ‘
n-Butylacetate - 73 28 15 24 : 36 47
2-Ethoxyethy! acetate 40 23 - 12 22 - 317 . ) 39
2Number of samples. b '
Table 2: hesu?té of Distributed Volumeé Sampling . chemicals—a set of 10 aromatic anfd aliphatic
' : . e - ’ 5 e .. . VOCs—were identical in both of the new
7 . \C
Chemicai = __N Mear? st ASD(%)° . puildings studied, indicating that the findings
n-butylacetate - o : _ 65 [ 225 '0.03 1 may be generally true for many buildings.
n-dodecane o . T 63 2284 - -0.32 1 “The materials emitting these chemicals at the
n-propylbenzen. ' v. 95 © 155 - 002 1.  highest rates were surface coatings such as
1,3.5-tnmethylbenzene o : 108 2"./3,7 ‘g'g‘; ; adhesives, caulking, and paints; wall and
‘*d:f’gge"’be”ze"e - gg ;‘ 7(7) 0.29 3 floor coverings such as molding, linoleum tile,
ap A . ¥ ; o and carpet; and miscellaneous other mater-
ethylbenzene . , 210 - - 2.59 0.08 .. 3 N i s |
tetrachioroethylene - . 112 “ 174, - 005 3 ials such as telephone cables. Structura
- tnchloroethylene —~ 94 1.85. - 0.05 .3 materials such as brick and ‘mineral board
o-xylene . - 197 2.80 0.075 3 ‘had few organic emissions. ..Surpns.mgly
1.1, 1-tnchloroethane - 207 4.45 012 - 3 -however, some solvent-based materials suct
isopropylbenzene 119 0.76 0.03 .4 as linoleum tile-cement and joint compound
m-xylene 1216 .. 656 0.24 4 and some other materials siich.as ceiling tile |
n:undecane o1z 11.25 ‘ 0-3;5 "j _ and plastic laminates also had no detectable
?'emy”f”"’e”el i , géﬁ 'vg'gg g‘ 04 4 . ‘emissions of the target compounds. These
1%3;: :Z‘;;:{/ ,2222222-‘ 500 300 0.11 4 findings confirm the findings of the eariie
‘n-cecane . - 130 10.27 '0.49 5 EPA study (Sheldon 1988; Wallace 1985) o
m-ethyltoluene 196 2.58 0.16 6 emissions from 19 building mater;:als.
o-cresol S o 14 1.07. 0.06 6 Because building renovations utilize many
2.58 0.17 7

of the same materials: (adhesives, paints

v




centrations 'in new buildings, it appears possi-

" some of these compounds. Chloroform,
ichloroethylene, tetrachloroethylene, carbon

animal carcinogens and therefore possible
human carcinogens. The elevated particle

Cambridge,

rpets, etc.) that cause elevated VOC con-

0/n ¢
e ———————— RSD(/D) - ble that similar elevated concentrations will
203 . 126 011 - 9 occur in buildings that are being renovated
7 1.16 012 10 or refurbished.

4 1.71 - 0.025 10 Two types of health effects may be
50 3.53 0.36 10 associated with the elevated concentrations

215 2.68 0.35 13 A . e
v Sy g 15 . of organic gases and particles reported here.
o : "0 24 First, chronic health effects, including cancer.

31 may be caused by longderm exposure to

tetrachloride, and p-dichlorobenzene are

MA " Martinsburg, WV
School Nursing
(Old) Home (Old)
Trip 1’ Tnp2 Trip'3" "Tip 1" tip? T T , Trip 1 Trip 1
(7/84) (10/84) (8/85) (1/85) (4/85)- (4 (8/84) {2/85) (7/84)
4.50 ‘ 313
8.72 2.95
3.43 0.99
1.32 1.19
2.69 . 0.97
0.36 - ND
0.56 : ND
2.62 ' 0.90
' 0.74 ' ND-
1.06 0.79
2.80 0.98
1.14 ND
1 2.65 ND
5.98 1.87
6.77 ND
223 ND
ar . ) . .
"ND ND
10.69 3.09
10.89 " ND
4.11 © 099,
ND ND
i i ' T i
"
S Y
1.48 ND
. ND ND

md ~34 weeks before first momtonng Inp
ted ~ 1 week before first monitoring trip.

Buwding complated ~4 weaeks belore first monitoring trip.
‘Bﬂow zha quequﬁub!e kemit
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table 4. Concentration Data for Volatile Organics Summarized by Compound ,CIESS

Concentration (ng/L}

" Aromatic : - Aliphatic™ ) * . Chiorinated ' Oxygenated-

Time Sih&e Hydrocarbons . Hydrocarbons . * Hydrocarbons Hydrocarbons L+ Total
. Completion . B . .o S T : ; . B
! {Weeks)  Indoor Outdoor InfQut iIndoor Outdoor In/Out’ Indeor Outdoor In/Out . Indoor Qutdoor InfOut  Indoor Qutdoor In/Out
: . . Rato - - Ratio < v Ratio : © Ratio . Ratio

Hospitals ] '

Hospital (Néw) . R ' - . ‘ s :

Trip 1 (7/84) ~34 18 54 .33 70 ND? P 8: 37 22 13 ND - 34 9.1 3.7

Trip 2 (10/84) | ~48 on 8.1 22 47 ND - . 6.0 53 - 11 ND . ND — 21 10 2T

Trip 3'(8/85) ~15y 26 6.2 4.2 51 ND - 26 32 81 ND ND — 87 . 94 6.1
of‘ﬁCeAS-— Vv”_r_ : Con T ' e ""’“: A f— e LT C P -

Office (New) B T L - o : T .
Trip.1 (1/85) -1 270 16 17 810 ND - . 13 1.0 13 ND  ND — 1100 . 17 ~ 65,
Trip.2 (4/85) . 14 © o, 6413 42 98 ND - 56 30 19 . 85 ND - 220 -16 14

Office (Oid) . R o - - . A '

Trip 1 (8/84). -1y . © 74 .50 . 15 51 ND . — @ 46 81 56 43 ND  — 130 58 22 A

Office/School (Old) e o T S : L

. Trip 1 (2/85) ~2y . . 3 12 25 18 ND. T~ 26 3.7 70 .15 ND . — 75 16 - 4.6

Hom__eé

Nursing Home (Néw) : . . . o s a - o . - ST ‘ ot

! Trip 1 (4/85) =4 93 . 85 .11 173 ND ~.—. 99 28, 35 96 ..-ND — 286 11 26
Trip 2 (8/85) T ~23: 22 17 . 13 .. 73 ND - 39 .25 16 -t2 -ND — 34 20 T LT
* Nursing Home (Old) . - o . . R . I : » '
o “Trp ;. 7584 - ~8y - 12 7.8 1.5° 19 ND - 41 1.3 - 32 ND ND - 18 © 9.1 2.0

_*Below the quantifiable fimit. . ' . o S : AR : ‘ )
- "®Not calculated . ) ’

S ‘ b : loadings associated with the smoking areas.
Table 5.  Summary of Emission Results b o ‘ of these buildings supplements earlier work
' s Emmission Rate (ugim?) - " (Repace 1980, Spengler 1985) indicating in-

. . - . “creased exposure to environmental tobacco
‘ : . " smoke (ETS), a probable human carcinogen,

" Aliphatic and

- O;};l%i’;";’_'gd . Aroméric " Halogenated - 1 ;get in these buildings, which house children, the
. ’ Coc e ) . sick and the elderly. Risk assessments have
Sample” : Hy dmca'bons. Hy! dr’ocarpons Hyarocarbons . ,cququs been carried out for VOCs (Wallace, 1986;
Cove adhesive L 8 I - . >5000 - Tancrede, 1987) and for ETS (Repace and
Latex caulk - 252 . 380 - .52 637 Lowrey, 1985; NAS, 1986) in the home en-
Latex paint (Glidden) 111 Co82 ., . 86 .- ‘249 © . vironment and have concluded that risks are
Carpet adhesive 136 e by 234 " -considerably. greater for these chemicals in
Black rubber molding . . 24 : LU . 088 ' 103 _indoor air than in outdoor air or (except for
Small diameter telephone g ya 60 chloroform) - 'in drinking water. The risks
* vin ylcggl,‘ee molding - ¥ o oe2 . - 46 " associated with the type-of buildings studied
Linoleum tile - 60 R 35.- . 40 45 . :rer:: :’g:r"‘t‘ g‘et%f:n?‘onmna' to the amount 9f
i Largcacg/:,rgeter 'e‘fphone 14 . 20.- 4.3 . 38 " " The second type of heaith effect is acute,
Carpet . . 27 : T 9.4 , - . 36  consisting of eye, nose and throat irritation,
Vinyl edge molding - 18, o120 041 -, 30 - headaches, neurotoxic symptoms such as
. Partcle board. . 27 St . 014 28  depression, irritability, and forgetfulness, and
Polystyrene foam - E . L o © general malaise—a group of symptoms often
T mnsulation EOR A o "201 v 14 i '7223' " described as “Sick Building - Syndrome”
Tar paner ve J3z o R 61 '(SBS). Although the cause or causes of SBS
ngir:aim (’Bruning) - : - 3.2 C - o322 .are unknown, several hypotheses implicate
" water repellant . - : - SO 7 % {owlevel concentrations of VOCs as a possi-
" mineral board 1.1 .. 043 L. : S ble cause (Berglund, 1982; Molhave, 1984).
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Concluscons

The measurément method emp\ovec !
. * VOCs tsampling on Tenax sorbent followed

able 5. ({Continued)

Emm:sszon Rale rug'm-m

Alrphanc and e Lt by GC-MS analysis) was shown to have goad
Oxygenated o - An . precision for nearly all target compoungs
Ahphanc = Aromatc Halogenatea Jarget . . Sampung at .three different tiow rates

" Hydrocarbons Hydrocarbons Hydrocarbons Compounds

R e o s mees

(“distributed volume” sampiing) detectea nc
" artifact formation or other samphng provlems
‘o053 7 Many volatle organic compounds are at
"'028 ~  higher concentrations in builldings than out-
'0.25 ' doors. The sources of these elevated mdoor
.air concentrations include surface_coatings.
wall and floor coverings, and other building
materials. Emission rates.. ranged up 10
several thousand ug/m2/h.

Concentrations of individual aromatic and
aliphatic compounds such as xylenes and
decane were elevated over outdoor levels by

factors of 100 or more ‘in the two new
‘ gs studied. The time to reach concen-
s comparable with outdoor levels was
. estimated 10 be several months. . -
Concentrations of respirable particulates
. were elevated in smoking areas of some

015
PVC poe. ]
Dugct nsuiation

-
W’

A N

R ommendations ‘

s study of six buildings and its earlier
compamon study of four buildings has -
. dicated that concentrations of certain target
. VOCs are elevated in buildings due to emis-
Linoleum sions from certain building materials. Only
Tile ten buildings were monitored and only 50
building materiais were tested for emissions.
Many more buildings of various types
(hospitals, enclosed shopping malis. etc.)
where people spend a considerable fraction .
of their time should be monitored before 1
will be, possible to estimate the frequency
distribution of VOC concentrations in such
‘buildings. Many more building materials
should be tested to determine their rates of
+ emission of chemicals of concern before a
; trustworthy estimate of the range of emission
" rates can be achieved."

Carpet

) ) Future studies need not employ
| ) . i L' ZZ’V’ “distributed volume™ sampling on all
\ l ﬁ;"l‘;. . ! T glfﬁn samples, although limited distributed volume

i olaing i 9 sampling could be employed to assure that
! ,11 o ‘ sampling problems were not occurring.
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Table 6 Average Air. Exchange Measurements ‘for Field Monitoring Trips
_ ' - Air Exchange: Rate (Changes/h) + S.D
Location "Trip " Overall " Day “Night *
New Buddmgs' s ‘ A
Hospital 1., - 0943073 0.93 + 0.86 0.95 + 0.64
2 014 x 0.12 . | 019 % 0.14 0.08 + 0.08
3 . 044 0.12, 0.50 + 0.12. 0.37 + 0.08"
Office g 060 + 0.08 " 0.58 + 0.08 0.61 + 0.08
"2 0:30 + 0.10 0.38 + 0.07. 0.21 + 0.03
-Nursing Home ;) 054014 065 + 0.10 - 0.43 + 0.08
‘ : 2 . NeTo NC = NC
Old Buidings , , -
office 1 0443019 0.49 + 0.14° 0.39 + 0.23
-Office/School =N 0.50.+ 1.10 0.57 + 0.08 045 + 0.08
Nursing Home ' 1 043 + .27 054 % 0.33 0.35 +

0.19 -

aNot c‘a{culaled.'

_L.'Sheldor), H. Zelon J. Slckles, c Eatan, and T. Hartwel/ are with Research
Triangle Insmute, Research Triangle Park, NC.27708.
R. H. Jungers'is the EPA Project Officer (see below). .
The complete report, entitled “'Indoor Air Quality in Public Buildings: Volume
* {Order No. PB 89- 102 \51 17/AS; Cost: $56 95, sub/ect to change) w:II '
be available only from:
National Technical Inlormatlon Serwce
5285 Port Royal Road .
Springfield, VA 22161 -
Telephone: 703- 487-4650
The EPA Project Officer can ‘be contacted at:
" Environmental Monitoring Systems Laboratory
U.S. Environmental Protection Agency .
Research Trldngle Park NC 27711 : -
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