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The primary objective of this supplemental report is to compile in a single
document a number of independent small-scale indoor air quality monitoring
studies. These studies are not directly related to the large-scale study that
is the subject of Volume II; however, they do provide additional anecdotal
information about indoor air quality at different times and locations throughout
the EPA headquarters’ buildings. The concept and contents of this supplement
have been discussed and approved by EPA management, the National Federation of
Federal Employees, and the American Federation of Government Employees.

The studies presented in this supplement were conducted during 1988 and
early 1989 both at the EPA headquarters’ buildings to evaluate indoor air quality
and off-site to evaluate potential emissions from EPA carpets and office
partitions. Several of these studies were not conducted by EPA’s Office of
Research and Development. Additionally, in some cases, the studies do not
contain enough information to support an evaluation of measurement data or an
interpretation of results. Therefore, the studies are compiled in this report

without analysis, interpretation, or a summary of results.
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Introduction

In recent years, employees at the three headquarters buildings of the U.S.
Environmental Protection Agency (EPA) have expressed concerns about indoor air
pollution and work environment discomforts. Because of the difficulties
encountered in determining the exact causes of these concerns, EPA’'s Office of
Research and Development/Atmospheric Research and Exposure Assessment Laboratory
has undertaken a systematic study of the nature and spatial distribution of
employee health symptoms and comfort concerns in an attempt to determine if
associations exist between employee responses and specific workplace conditions.

The report published with this supplement is the second of three volumes
that investigate the perceived and actual quality of indoor air at EPA
headquarters’ buildings. The first volume (published in November 1989) presents
a descriptive summary of the survey data returned by EPA employees from a
February 1989 questionnaire. The second volume presents the results of
environmental monitoring measurements. The third volume (planned for publication
in the fall of 1990) will present the results of multivariate analyses of both
sets of study results.

The research effort at EPA was coordinated and integrated with a parallel
study conducted at the Library of Congress Madison Building. Both the EPA and
Library of Congress studies used common study designs and survey instruments,
although separate reports have been prepared for each agency. While certain
features of these two studies are specific to the particular buildings involved,
the study design, survey design, monitoring, and data analysis have been designed
wherever possible to be applicable to the individuals and environments
encountered in both buildings.

Information continues to be obtained by both EPA employees and management
about the health of EPA employees and indoor air quality at headquarters’
buildings. This supplement contains a number of draft and final studies which
individually investigated headquarters’ buildings indoor air quality. The
studies were identified for inclusion by EPA managment, the National Federation
of Federal Employees Local 2050, and the American Federation of Government
Employees Local 3331. The studies are arranged in chronological order in the
seven appendices following this introduction.
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APPENDIX A

March 31, 1988, Technical Note

Report Summary: Indoor Air Analysis



March 31, 1988

MEMORANDUM

SUBJECT: Report Summary: Indocor Air Analysis

FROM: Sella M. Burchette, Envirommental Scxent_‘d‘“mm

Rajeshmal Singhvi, Chemist \ aqguh'\cn_
Envirconmental Response Branch

TO: Timothy Fields, Director
Emergency Response Division

THRU : Joseph P. Lafornara, Chief /;7/

Environmental Response Branc -

-
Rodney D. Turpin, Chief 0 A7u_!

Analytical Support Section
Emergency Response Brarnch

Attached please find a summarized format of the
methodologies, data review, data discussion, and
recommencations based on the findings of the air sampling
efforts of March & and S, 1988 at 401 M Street.
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I. SUMMARY OF METHODOLOGIES:

A. Real-time monitoring

B. Sampling
MEDIA TARGET COMPOUNDS METHOD
Carbon Aromatic Hydorcarbons 1501
150mg Halogenated Hydorcarbons 1003
2 Stage Aliphatic Amines 221
Silica Gel
3 Stage Aromatic Amines 2002
Silica Gel
Carbon Alcohols 1401
150 mg
Cassettes Diisocyanates OSHA 42
Poly Foanm Pesticides & PCBs Lewis & MacLeod
Pufs
2 Stage Inorganic Acids 7903
Silica Gel
Tenax/CMS Volatile Organics TO1l GC/MS
Carbon Napthas 1550
150 =g

II. DATA REVIEW

A. All dsta

B. Totals

C. Styrene

D. 1,1,1 TCA

E. Methylene Chloride

III. DATA DISCUSSION
A. Lov ppb concentrations

B. Control levels
C. QA/QC



IV. RECOMMENDATIONS

A. Based on data-
B. Resample: 1. Formaldehyde
2. Air Intake
3. Employee monitoring
C. Workplace Environment:
1. Increased air flow
2. Temperature
3. People per square foot
4, Building Maintenance- cleaning agents
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AIR ANALYSES AT EPA HQ, WASHINGTON,DC

TARGET COMPOUNDS:

AROMATIC HYDROCARBONS (NIOSH 1501),

1.
2.
3.
4.
S
6.
7.
8
9.
10.
11.
12.
‘3.
14.
15.
16.
17.
18.
19.
20.
2’.
22.
23.
24,
23.
26.
27.
28.
29.
30.
31.
32.

N-PENTANE
1, 1-DICHLOROE THENE
T-1,2-DICHLORDETHENE
1, 1~DICHLOROETHANE
N—-HEXANE
BROMOCHL OROME THANE
CHLOROFORM

1,1, 1-TRICHLOROETHANE
CYCLOMHEXANE

CARBON TETRACHLORIDE
BENZENE

CYCLOHEXENE
N-HEPTANE

1, 2-DI1CHLOROPROPANE
METHYL CYCLOHEXANE
TOLUENE

N-OCTANE
CHLOROBENZENE

ETHYL BENZENE

M, P~XYLENE

O-XYLENE

STYRENE

BROMOFORM

CUMENE

ALPHA-METHYL STYRENE
S-METHYLSTYRENE
4-METHYLSTYRENE

1,4, DICHLOROBENZENE
BENZYL CHLORIDE
HEXACHLOROETHANE
4-TERT-BUTYL TOLUENE
NAPTHALENE

Y

3/31/88

BP 36-126 C HYDROCARBONS
(NIOSH 1500) AND HALOGENATED HYDROCARBONS (NIOSH 1003)
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ALCOHOLS (NIOSH 1401)

47. N-BUTYL ALCOHOL

48. SEC-BUTYL ALCOHOL
49. 1S0-BUTYL ALCOHOL
S50. N-PROPYL ALCOHOL

DIISOCYANATES (OSHA 42)

S1. TOLUENE-2,4-DIISOCYANATE
S2. TOLUENE-2,6-DIISOCYANATE

PESTICIDES AND PCB (LEWIS AND MACLEAD)

S3. ALPHA BHC
4. BETA BHC

SS5. GAMMA BHC

S6. DELTA BHC

S7. HEPTACHLOR

S8. ALDRIN

S59. HEPTACHLOR EPOXIDE+ ENDOSULFAN I
60. DIELDRIN

&1. 4,4°'-DDE

62. ENDRIN

63. ENDOSULFAN Il

64. 4,4°DDD .

&5. ENDRIN ALDEHYDE

66. ENDOSULFAN SULFATE

67. 4,4°DDT

68. AROCHLOR 1016

&9. AROCHLOR 1232

70. AROCHLOR 1242

71. AROCHLOR 1248

72. AROCHLOR ' 1260

INORGANIC ACID (NIOSH 7903)

73. HYDROFLUORIC ACID
74. HYDROCHLORIC ACID
735. PHOSPHORIC ACID
76. HYDROBROMIC ACID
77. NITRIC ACID

78. SULFURIC ACID



VOLATILE ORGANICS (TO1 GC/MS)

79. VINYL CHLORIDE

80. 1,1-DICHLOROETHENE
81. TRICHLOROFLUOROME THANE
82. METHYLENE CHLORIDE

83. T-1,2-DICHLORDETHENE
84. 1,1-DICHLOROETHANE

835. 1,2-DICHLOROCETHANE
86. 1,1,1-TRICHLOROETHANE
87. CARBON TETRACHLORIDE
88. BENZENE

89. TRICHLOROETHENE

90. TOLUENE

91. TETRACHLOROCETHENE

92. ETHYL BENZIENE

93. M-XYLENE

4. O-XYLENE

95. STYRENE

96. M-ETHYLTOLUENE

NAPHTHAS ( N10SH 1350)

97. PETROLEUM ETHER
98. MINERAL SPIRITS



INDODR AIR AMALYSIS AT EPA HQ MAGHINGTON, OC.

INDOOR AIR ANALYSIS AT EPA HQ WASHINGTON,DC.

CONC. IN PPB

ROOM MO BLANK 0 0L 2709 210 2610
TA7 CONTROL  CONTROL

DATE SAMPLED 3/4 34 335 3/4 s

viNL OLIRIDE N 0 0 L) 0 L
1, 3-DICALOROETHEE ] 0.07 DL 0 0.05  BDL
TRICHLOROFLUDRDMETHANE L) 0.2 0.4 0.2 1.4 0.3

FETHYLEME OALORIDE L) 2.6 2.8 5.4 S.3 4

1-1,2-DICH.OROETHENE 0 L] 0 L 0.1 L

1, 1-DICHLOROETHANE 0 "0 0 L] 0 0

1, 2-DICHAORCETHANE 0 L 1 8 LY 0.08 W
1,3, 1-TRIOLORCETHANE 0 0.6 0.3 0.4 8.7 3.7
CARBON TETRADALORIDE 0 0.08 0.0 oL 0.0 WL
BENIDNE "L 0.8 i1 0.6 1.2 0.9
TRIOLORGETHENE L] 0.07 0.09 oL 0.4 o
TOLUEME s 8 4.1 3.5 2.4 4.9 3.0
TETRACHLOROETHENE /] 0.6 0.5 oo 0.6 0.3
ETHYL SENIENE .1 8 0.8 0.6 0.4 1.0 0.6
~INEE oL 2.2 1.9 1.1 2.4 1.8
0-IN.DE [ 8 6.9 0.8 0.4 1.1 0.7
STYRENE POL 08 0.4 0.4 1.0 0.8
N-ETHYLTOLLENE w0 1.1 1.0 0.6 1.2 0.9

3/31/08

0.8
0.09
1.0
8.2
4.0
0.4
007
1.9
0.8
0.4
1.1
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INDOOR AIR ANALYSIS AT EPA HQ WASHNINGTON, DC.

CONC. IN PPB
ROON NO 2656 2635(A0) 26361R0) 2710 2710 Z710(DUP) 3603 3603
CONTROL CONTROL CONTROL
DATE SAMPLED 3/5 34 373 3/4 33 375 3/4 375
VINYL CHLORIDE 0 ND N 0 L] LY L 0
1, 1~DICHLOROETHENE ND DL BMDL 0.05 ND N0 ND BMDL
TRICHLOROFLUOROME THANE 0.2 0.2 0.2 0.2 0.1 BOL 0.09 0.2
METHYLENE CHLORIDE 1.0 3.0 1.2 1.2 0.4 2.0 0.6 9.9
T-1,2-DICHLORCETHENE N N N N L1 N 0 L]
1, 1-DICH.ORJETHANE ND ND N0 ND N L L Y N
1,2-DICHLORDETHANE ND DL 0 BrDL L] o oL L)
Iy 1, 1-TRICHLORDETHANE 0.4 0.7 0.4 0.2 0.4 2.5 0.3 4.3
CARBON TETRACHLORIDE 0.1 0.05 BMDL 0.09 0.1 0.6 BoL oL
BENIENE 0.7 0.9 0.7 0.6 0.7 0.7 0.4 0.8
TRICH.ORCETHENE BOL 0.1 8 0.05 0 oL 0.05 0.2
TOLLENE 2.0 3.4 1.8 1.9 1.3 1.3 3.4 4.0
TETRACH. OROETHENE 0.2 0.4 0.2 0.2 0.2 0.3 0.3 0.4
ETHYL BENIENE 0.3 0.6 0.3 0.4. 0.3 0.3 0.8 0.6
M-IYLENE 1.3 1.7 0.9 1.1 0.9 0.9 2.0 1.8
0-IVLDE 0.4 0.8 0.3 o 0.4 0.4 0.9 0.7
STYRENE 0.3 0.4 0.2 0.2 0.2 0.2 0.9 1.2
M-ETHYLTOLUENE 0.3 1.0 0.3 0.3 0.9 0.7 1.1 1.0
3/21/88
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INCOOR AIR ANALYSIS AT EPA HQ WASHINGTON, OC.

INDOOR AIR ANALYSIS AT EPA HQ MASHINGTON,DC.

CONC. IN PPB

ROCM NO BLANK J70981 2709 210 2613 26135 5831

TaT CONTROL
DATE SAMPLED 3/4 375 374 3/4 3/5 3/4
ALKANES 0.13 15.4 3.7 9.5 2.8 2.7 14.9
ALKENES/CYCLOALKANES (TOTR ~ 0.04 0.9 0.7 2.5 9.4 N 3.3
ACETONE 0.04 2.4 2.6 4.3 2.8 1.4 1.4
FETHYL ETHYL KETONE 11 N N i1 N ND L]
ETHANOL N 2.0 0.8 3.3 4.4 2.6 3.4
2-BUTANOL D 2.5 N N D ND 0
2-PROPANOL ND L N N 0 o L]
CHLOROBENIENE ND ND LY Y LY 0 0
DICHLOROBENZENE ISOMER 0 ND oL 0.6 N ] 0
G5 ALXYLBENIENE N é.1 3.7 N 0.3 4.3 3.6
ACETIC ACID 0.09 L N L] N N L
OLOROMETHANE 0.06 o N N N N 0
BENIALDEHYDE oL N N ND N N ]
2, 3-BUTAEDIONE 0 N L] 0 ) 0 N
2-METHYLPROPANAL o N 0 0 -1 L) L)
TERPENE ISOMER ND i.1 0.8 4.6 LY N 0
PETROLELM ETHER NIOSHISSO 2
RINERAL SPIRIT NIOSH 1530 0 100

N-PROPYL ALCOHOL 1401
3/34/88
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APPENDIX B

June 22, 1988, Technical Note

Preliminary Data for Warehouse and Navy Yard (Revised)
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June 2, 1988

MEMORANDUM

SUBJELCT:: Preliminary Data for Warehouse
and Navy Yard (Revised)

FROM: Sella M. Burchette,Environmental Scienti \m .g-“\‘
—

Rajeshmal Sirghvi, Chemist \ HM\
Erivirormental Resporise Brarich a—

TO: Timothy Fields, Jvr.,Director
“” Emergency Response Division

THRU: Rodney D. Turpin, Chief ” .
Arialytical Support Section .

Environmertal Response Bran

Attached please find the preliminary analytical
results fcr VOCs, Formaldehyde, and 4 Phenylcyclohexene
f¢on the carpeting and Harter wall partitions sampled in
401 M Street Warehouse and Navy Yard storage facility
respectively. AS———

Attachment
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Warehouse Analysis Results

Carpet Off Gases Collected

in the Warehouse at 401 M Street, S.W.

Washington, DC

5/6/88
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TABLE 1

Analysis Results

Carpet Off Gases Collected in the Warehouse at 401 M Street, S.W.

Compounds
Identified

Toluene

Ethylbenzene

M and P Xylene
O-xylene =

Styrene#

Cumene

Dichlorobenzene isomer
4 Phenyl cyclohexened,b
Propyl benzene
Trimethylbenzene isomer
Ethyl toluene isomer
n-decane

Cll Alkane

Total other VOC

* Average of triplicate

Washington, DC

- 5/6/88

Results are reported in PPB

Charcoal Tubes

GC/FID Results*

w
o0 H» - HHeN
. L] . L] L .
——0 oo

o

N/A
N/A
N/A
N/A

analysis

Tenax/CMS
GC/MS Results

Wwwooww
OO OMNO

33.
6.9¢€
18.0¢
Presence confirmed
2.5¢C
3.6¢€
5.1¢C
4.3C
6.9¢

14.7¢

a - Calculated with respect to 1-Phenyl-1-Cyclohexene

b - The compound presence was confirmed by GC/MS analysis

c- Calculated with respect to toluene

#- Indicate coeluting compounds (GC/FID)

* N/A - Not analyzed
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TABLE 11

Analysis Results

Carpet Off Gases Analysis
in the Warehouse for Formaldehyde

(EPA Method TO-5)

Compound Conc (PP8B)
Formaldehyde 9.9+
* Average of 4 separate sample analysis (5/6/88)

(4/29/88)
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Navy Yard Analysis Results
‘!
"
Paneling Off Gases Collected

in the Navy Yard, Washington, DC

5/6/88

B-6



TABLE 111
Analysis Results

Harter Partition off gases collected in the Navy Yard on 5/6/88

Results are reported in PPB

Washington, DC - 5/6/88

Compound Identified Tenax GC/MS Charcoal Tube
GC/FID
Toluene 2.0 3.2
Ethyl benzene 0.6 ND
M and P Xylene 1.9 ND
0-Xylene 0.6 ND
Acetic Acid? 6.6 NA
Methyl benzoated 1.9 NA
Dichlorobenzene isomers? 0.3 ND
Total other VOC 5.0 -

"a = Calculated with respect to Toluene
ND = Not Detected
NA = Not Analyzed
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TABLE 1V

Analysis Results

Harter Partition Off Gases Collec:ed in the Navy Yard

Washington, DC

(EPA Method TO0-5)

5/6/88
Compound Conc (PPB)*
Formaldehyde 26.0*

*Average of duplicate samples

B-8



APPENDIX C

June 27, 1988, Technical Memorandum

Preliminary Results Summary:
Indoor Air Monitoring Phase I1I
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ce. 27 88 C2:33PM wEPA—-ERD Edison: NJ PO2
oo, |
l g % UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
w EDISON, NEW JERSEY 00037
‘u-o"g

June 27, 1988

MEMORANDUM

SUBJECT: Preliminary Results Summary: Indoor Air Monitoring

Phase Il .
. o .3.0.." LA
FROM: Rajeshmal Singhvi, Chemist - \ \ﬁ-jm\ ’_—&
Environmental Response Branch
Sella M, Burchette, Environmental Scienﬁswmw

Environmental Response Branch
T0: Timothy Fields Jr., Director

Emergency Response Diviston :f'
THRU: Joseph P. Lafornara, Chief ’Z::?
Environmental Response Branch

Rodney D, Turpin, Chief . ',tﬁ:7 .
Analytical Support Branch ‘f
Brang!

Environmental Response

On May 24-25, 1988, the Environmental Response Team, assisted by the Re-
sponse Engineering Analytical Contractor (REAC), and coordinated with
Research Triangle Park, collected indoor air samples in several offices
listed in Table 1, at EPA HQ, 401 M Street, Washington, DC. This was a
fo1low-up study of the previous indoor air study conducted on March 4.5,
1988 by the Environmental Response Team.

The target compounds were selected based on a previous study (Phase 1), Ware-
house carpet off gases analyses results and the inputs from various experts
around the country. The selected organic Compounds (volatile organic com-
pounds, 4- Phenylcyclohexene and formaldehyde) are listed in Table 2,

Also, carbon monoxide, carbon dioxide temperature and relative humidity

was measured.

Two sets of 12-16 hours time weight average air samples were collected and
analyzed by REAC using modified standard methods at the EPA/ERT Analytical
Laboratories in Edison, N.J. The methodologies and results ere included in

Appendix A.
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0. 27. 88 D2:33PM wEPA-—ERB Edisony NJ

.2.

4-Phenylcyclohexene(4PC), one of the compounds traced to carpet off gases
constituents was found in almost a1l the offices monitored including
control rooms (2710,3304 and 1015), with the old carpeting. dpc data are
presented in the Bar Graph 1. Also, total volatile organic compounds were
found in the indoor air, are summarfized in Bar Graph 2. 2

The afr analysis results show 150 ppb of 2.2-d1methy1he§phe in Room 2827
on May 25, 1988, and did not detect any on May 24, 1988. Investigation
is underway to determine the source of this compound.

The carbon diox{de, carbon monoxide, temperature, and relative humidity was
;gunfggg be normal for office environment during €:30 am to 3:35 pm on May
» ]

On May 24 and 25, 1988, approximately 400 ppb of formaldehyde was found in
Room 2632. A subsequent resampling was conducted on June 3, 1988 and found
less than 9 ppb of formaldehyde. The sampling train for formaldehye was
placed on the cardboard box on Masy 24 and 25, 1988, probably resulting in
higher results.

Day Care Center class # 5 air analyses results show 186 ppd of total alkanes.
The presence of several household products in the day care center contributed
the presence of 186 ppb of alkanes and 18 ppb of limonene. 4pc was not de-
tected in the day care center,

Table 3 contains typical values reported by several researchers for indoor
air concentration for toluene, benzene, ethyl benzene, xylenes, alkanes
(pentane and Tower), alkane (hexane and high molecular weight hydrocarbobs),
methylene chloride, trichloroethylene, tetrachloroethylene, and 1,1,1-tri-
chloroethane. Onlg in three cases, (day care center class # 5 on June 3,
1988 and Rooms 2827 and 3304 on May 25, 1988), the concentration of alkanes
exceeded the typical values reported in Table 3.
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O€6&. 2~. 88 02 :33PM wEPA—ERP Edison2 NJ

TABLE-1

INDOOR AIR MONITORING PHASE 1I

SAMPLING LOCATIONS (ROOM NUMBER)

S$-226 {(NEW ROOM)
§-274

§-216 (XEROX ROOM)
2811

2827

2807.5

2710 (CONTROL)
2632

ROOF

3241

3304 (CONTROL)

935 EAST TOWER
1015 EAST TOWER (CONTROL)

2632 RESAMPLED FOR FORMALDEHYDE ON 6/3/88
DAY CARE CENTER OUTSIDE FRONT ENTRANCE
DAY CARE CENTER CLASS#3

DAY CARE CENTER CLASS#5
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CE. 2. 88 D2:33PM

TABLE-2

INDOOR AIR MONITORING PAHSE II
LIST OF TARGET COMPOUNDS

vinylchloride
l1,1-4ichloroethene
trichlorofliuoromethane
methylenechloride
t-1,2-dichloroethens
l1,2=-dichloroethane
l,1,1-trichloroethane
carbon tetrachloride
benzene
trichloroethene
ethylbenzene
o,m,p-Xylene

styrene
m-ethyltoluene
4-PHENYLCYCLOHREXENE
4-ter-butyl toluene
FORMALDEHYDE

mwEPA—-ERB Edison NJ

n-pentane

n-hexane
chloroform
cyclohexane
n-heptane
1,2-dichloropropane
methyl cyclohexane
n-octane

bromoform

cumene

alpha-methyl styrene
m,p-methylstyrene
0,p-dichlorobenzene
bengzylchloride
hexachloroethane
napthalene



TABLE-2 (continued)

INDOOR AIR MONITERING PHASE II

LIST OF NON TARGET COMPOUNDS

n-hexane
2,2,6~trimethyloctane

Cl0 alkane

alkane,>»Cll

phenol + Cll alkane

alkane + Cl0 alkene/cycloalkane
octanal

C4 alkylbenzene

n-undecane

napthalene

Cé4 alkane

C9 alkane + C3 alkylbenzene
2,2 dimethyl decane

Cl0 terpene
N-nitro-N-phenyl-benzeneamine
Cé cycloalkane

Cl2 alkane

2-butoxyethanol
2,2,4,6,6-pentamethylheptane
Cl2 alkane + limonene
2-dbutoxyethanol + styrene
Cll alkane + C3 alkyldbenzene
alkane + ethyltoluene
2-methylbutane

n-pentane + trichlorofluoromethane
2-oxy-propancic acia

C7 alkane

alkane + trimethylbenzene
2-furancarboxaldehyde
2=furanethanol

benzaldehyde

phenol

chloromethane
2-furanmethanol
decahydronapthalene

Cl2H2403 ester (1)

C12H2403 ester (2)

acetic acid + C8 alkxane
acetic acid butyl ester
dichlorobenzene isomer

4é-methyl-2,6bis(l,l-dimethylethyl)phencl

c-6
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acetaldehyde

C8 alkene/cycloalkane
hexanal

n-nonane

heptanal
2-butoxyethaneol

alkane

2-methylpropane
n-butane

benzaldehyde

C8 alkene/cycloalkane
C8 alkane

siloxane

C9 alkane

n-octane

limonene

n-butane + CO2
n-tridecane

Cl3 alkane + siloxane
n-butylether
2-butyltetrahydrofuran
Cll alkane

n-decane

Cll alkane
3-methyl-S5-propylnonane
siloxane + C3 alkylbenzene
alkane + C3 alkylbenzene
nonanal

C5 alkylbenzene
n-heptane

C3 alkylbenzene
2-(2-butoxyethoxy)-ethanol
acetone

2-propanol
2,2-dimethylhexane
octanal

decanal

pentadecane

acetic acid

CléBlOpah

Cé6 alkane



*~w WwWwWNG IN PPB

BAR GRAPH -1

INDOOR AIR MONITORING, PHASE I

4 PC (MODIFIED EPA METHOD TO—1)
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216 226 274 2811 2827 2708.22710C 2632 3241 3304C 935 1015CROOF DC3 0DC4

VZ] s/24/88

SAMPLE LOCATION (ROOM_NUMBERY)

NNl 5/25/88
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SCNC N PP3

240

220

200

180

160

140

120

100

80

60

40 -

20

BAR GRAPR -2

INDOOR AIR MONITORING, PHASE. |

TOTAL VOC (MODIHIED EPA METHOD TO -1)

4

SSNNNNC N N N N
-7 7 2 L L L

' - - ' -

T 7 7 27 777 L L Ll L Ll L

AL

A

Ll 1

T

NN N N NN N N NN NN

-7 7 7 JZ L 2 L [Z L L L L L Ll L L L L

SO N N NN S SSANNN S SSIN T S SSSOA OOOOSOS NSIISSSSSSSS

T T 1 ! T

216 226 274 28112816 28272708.2710 2632 ROOI 3241 3304 9358 1015 N(1) N(2) N(3)

V] s/24/88

SAMPLE LOCATION (ROOM NUMBCR)
5/25/88
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TABLE !—3

TYPICAL INDOOR CONCENTRATIONS OF SELECTED COMPOUNDS

Compound

Toluene

Benzene

Ethyl benzene

Xylenes

Alkanes (pentane and
lowver)

Concentration Comon Sources
(ppb)
3 - 160 (1) Petroleum based cleaning solvents, Paints &
33.7 (3), 14.6 (4) paint removers, spray deodorints, Nail base-
2.4 (S) coat & polish, Furniture polish; silicon
caulking e
3 -16 (1) Same sources as toluene with exception of nail
9.4 (2) basecoat and polish; cigeratte smokers in house-
16.3 (3), 3.1 (4) hold; Additional source -parti:le board
4.7 (6a & 64), 1.4 (6e & 6f)
3.4 (6g)
1 -9 (1) Same sources as benzene vith ec«ception of
1.5 (2 & 6a), 9.3 (3) particle board
1.2 (4 & 6c), 1.1 {6D)
1.8 (6d), 0.6 (6e & 6h)
0.4 (6f), 0.5(69)
3 - 29 (1) Same sources as ethyl benzene

1.2 - 3.7 (2)
2.0 - 28.8 (6)
28.8 (3), 4.8 (4)

no data in ppdb Same sources as toluene plus general cleaning
solvents, floor waxes, lover NW alkanes also
occassionally used  as spray propellents

[N 'uos 1 PX QUAI-VLA= ¥MIECE:20 88 ‘2 '90
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TABLE 3 .cont.)

TYPICAL INDOOR CONCENTRATIONS OF SELECTED COMPOUNDS

Compound Concentration
(ppb)
Alkane (hexane and 1.4 - 122 (1)

higher molecular weight
hydrocarbons)

Common Sources

Some glass cleaners, room deodorizers, floor
polishes, wood stains, and furniture polish

(basically pentane and hexane will be found in any substance
containing petroleum distillates or kerosene)

Methylene Chloride 372 (3)
6 (~)

Tar removers & tire patch, paint strippers,
some mothballs, car engine cleaners & common
spray can propellant

(* value found in detached table w/ no reference)

.4 - 13 (1)
(2), 3.5 {3)

Trichloroethylene

0.5
0.3
0.5
0.1
0.6 - 29 (1)
0.3 - 1.2 (6)
2.5 (3), 0.6 (4)
0.9 (%)

Tetrachloroethane

1,1,1-Trichloroethane 1
(Methyl Chloroform)

General cleaning solvents, metal cleaners,
tire patches, & degreasers

(4 & 6¢c), 0.4 (6a)
(6b), 0.2 (6d & 69)
(6e & 6), <0.1 (6f)

Latex paints, residual dry cleaning solvents
in clothing, metal degreasers, dewvaxing and
stripping solvents, upholstery cleaners,
general household cleaning solvents.

General cleaning solvents, dry cleaning solvents,
non-caustic drain cleaners, carpet & upholstery
cleaners, metal cleaners, auto engine cleaners,
and degreaser compounds.

c-10

‘30

‘L2

‘Mo 1 PR EAIT~-VILIA= INLEE :20 a8

N

T



(L)

(2)

(3)

(4)

(5)

(6)

TABLE 3 (contT)
TYPICAL INDOOR CONCENTRATIONS OF SELECTED COMPOUNDS (REFERENCES)

*Indoor Air and Human Health"; R.B. Gammage & S.V. Kaye, ed.; Lewis Publishers, Inc.,
1985; "Volatile Organic Compounds in Indoor Air: An Overview of Sources, Concentrations,
and Health Effects", Sterling, D.A.; pp. 387-402.

Environment Interpational, Vol. 12, 369, 1986; "Total Exposure Assessment Methodology
(TEAM) Study: Personal Exposures, Indoor-Outdoor Relationships, and Breath Levels of
Volatile Organic Compounds in New Jersey®"; Wallace, L.A., et. al. (concentrations are the
reported Geometric Mean of overnight personal air values) .

*"Proceedings of the 3rd International Conference on Indoor Air Quality and Climate”;

B. Berglund, T. Lindvall, & J. Sundell, ed.; Liber Tryck AB, Stockholm, 1984;: *Integrating
'Real Life' Measurements of Organic Pollution in Indoor and Outdoor Air of Homes in
Northern 1ltaly”, M. De Bortoli et. al.; pp. 21-26.

*Proceedings of the 3rd International Conference on Indoor Air Quality and Climate";
B. Berglund, T. Lindvall, & J. Sundell, ed.; Liber Tryck AB, Stockholm, 1984; *"Volatile
Hiydrocarbons in Dutch Homes", E. Lebret, et. al.; pp. 169-174.

*proceedings of the 3rd International Conference on Indoor Air Quality and Climate";

B. Berglund, T. Lindvall, & J. Sundell, ed.; Liber Tryck AB, Stockholm, 1984; "Sources and
Characterization of Organic Air Contaminants Inside Manufactured Housing®, D.K. Monteith,
T.H. Stock, & W.E. Seifert, Jr.; pp. 285-290.

*The Total Exposure Assessment Methodology (TEAM) Study: Summary and Analysis: Volume 1°;
L.A. Wallace, U.S. EPA Report & EPA/600/6-87/002a, June 1987. Concentration data used

vere mean values from Tables 25, 26 & 46. Reference suffices indicate the location and
times for the collected data: 6a — New Jersy, Fall 1981; 6b - New Jersey, Summer 1982;

6c - Ne} Jersey, Winter 1983; 64 - Los Angeles, CA, Jan. 1984; 6e - Los Angeles CA, May 1984;
6f - Contra Costa County CA, June 1984; 6g — Greensboro NC, May 1982; and 6h - Devils Lake
ND, October 1982.
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0o6. 2. 868 02:33FPM

“EPA—ERDB Edi1 s o0 n,

SAMPLING AND ANALYSES PROCEDURES:

MEDIA

CHARCOAL
600MG

TENAX/CMS

SODIUM
BISULFITE
SOLUTION

TARGET COMPOUNDS

VOC AND 4PC

VOC AND 4PC

FORMALDEHYDE

TOTAL SAMPLE VOLUME

1000L (1.1 L/MIN)

18L (25ML/MIN)

100L (140ML/MIN)

C-13

NJI

P13

METHOD

GC/FID

NIOSH METHODS
CONFIRMED

BY GC/Ms

MODIFIED
TO-1
GC/MS

NIOSH
3500



CE€. 2. 88 D2:33PM ~EPA-ERB Ed: son NJ

P14
Table 1A
Analysis Results
Room

Room No. CO_(PPM) CO0» (PPM £ RH Temp (°F Time
S-216 7 400 61 75.7 4:30 pm
§-226 8 400 69 74.8 4:35
S-274 8 400 59 74.9 4:37 ¢
2811 7 400 51 71.4 4:42 *
2827 8 400 68 69.9 4:45 v
2708 1/2 ? 400 60 77.8 4:50 *
2710 C 7 375 61 72.0 4:55 ¢
2632 7 400 61 72.8 4:59 °
3241 7 400 50 78.0 §:10 *
3304 C 7 350 60 74.0 §:15 ¢
938 7 400 52 77.0 §:25 *
1015 C 8 400 4s 76.7 5:30
Roof 8 300 71 85.0 §:12 "

C-14



OE. 27. 88 02:33PM =EPA-—ERB Edi1son, NJ

Room No.

§-216
§-226
$-274
2811
2827
2708 1/2
2710 C
2632
3241

3304 C

Table 2

Analysis Results

C0o (PPM)

O (PPM)

St SO it orovn e ororon MUTON POy YN TNy

250
275
500

300
300
350

325
300
375

300
275
275

275
375
275

275
300
425

275
275
450

275
275
525

350
300
375

300
275
375

C-15

% RH

59
63
67

60
60
62

52
3
)

59
55
59

65
60
6l

61
6l
€0

69
69
65

60
59
67

50
§9
52

61
61
§2

Room

Tem

79.0
77.0
76.5

78.5
75.0
73.9

77.0
75.0
72.2

72.0
73.0
70.0

71.0
68.1
72.0

72.0
74.0
1.7

69.0
68.0
70.0

73.0
71.0
73.0

76.0
77.0
75.0

73.0
73.0
72.0

Time

8:40
11:15
2:30

8:27
11:00
2:35

8:34
11:54
2:40

8:45
11:09
2:50

8:48
11:13
3:00

8:53
11:18
3:05

8:52
11:20
3:08

9:04
11:24
3:17

9:20
11:30
3:54

9:30
11:40
3:26

388

5585

58S 388



O&e. 2~7. B8 02:33PM

{Cont'd) Table 2A

Room No.

935

1018 C

Roof

Co_(PPM)

W S oo o O N

w“EPA—ERB Ediso0on, MNJ

co

350
325
350

350
350

200
275
300

PPM

C-16

X RH

60
43

60
59
56

79
84
86

Pi1s
Room
Temp (°F) Time

76.0 9:36 am
75.0 11:55 am
74.0 3:45 pm
77.0 9:45 am
77.0 11:50 am
76.0 3:50 pm
59.0 9:07 am
62.0 11:08 am
65.5 3:25 pm



os. 27,

Location

New Room ($-226)
Se274
2811
2818
2827
2708.5
2710
2632
Roof
3241
3304
935
1015

868 0D2:33P2M

Table 3A

Formaldehyde Analysis Results

Conc. Units ppb

5/24/88

<4.1
‘8.9
9.0
NA
46.4
<4.1
58.7
429.0
<4.1
58.7
<4.1
<4.1
<4,1

c-17
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2~. 88 C2:33PM =«FPA—EERB Edison, NJ P18

Table 4A

Formaldehyde Analysis Results
Conc. Units ppd

Day Care Center (Outside)
Day Care Center §C1ass #3)
Class #5)

-

Location 6/3/88
2632.1 2.4
2632-2 <2.4
2532'3 204
2632-4 <.4
2632-5 3.3
2632-6 9.0
2710 2.4
9.0
2.4
4.8

Day Care Center

-

c-18
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TABLE 5A

sie ot 8 UATERSIOE MALL, VASEINGYON, OC.
S.226 S-226
SANPLE LOCAY IR s $-216 8-244 W ADON NEM AOOW s-2n s-2r 11 . )] BWe)
SNPLE SR/ RSNIR s - Se7-01 ar-e ser-e2 2 $07-03 ar- 507-0¢ se7-03
SN SAFLD T WS NS/ /88 Y/B/B N/ /M WM B WL/
SAN AN YD t ONT/M  WNER N/ WO S/AEE  MM/SS N /B/M WS o8
™~ 1 sec0e sso%e L] 90100 o2 sotot #0043 00102 sota3
o e e ®
paramster b [ o wh pob o pobd’ wh ped
PSSO
vigt ehloride - 0.0 » - » w» » »
1, 3-dichlercsthone - 0.0 » - » - 0. ®
tricherel lusrensthens - 2.1 100 0.53 » o.» 1.0 »
astbytens chieride 0.0 .5 4.8 .12 - » “n 0.15
tramn-1,2-dichisresthans - .08 » o » » » -
¥,9-dichlaresthone » (X » » » » - -
1, 2-dishiorasthare » - » o » - » »
0,1, 3-trichloresthane 0.% % 1.9 o.53 X on X ] 2.5
carbuen tetrachioride e.1 (X ] » .15 » o2 0.5
Bensene o.09 .5 0.6 (. 0.51 (% (R, .20
trichiaresthylens » (X 0.8 0.0 » » 0.8 »
tolausse .20 2.% n.1n .9 42 r.» 3.33 2.52
cotrachlerasthylons .15 0.52 e oM. en 0.6 0.5 2.8
othyt hesseme (X" P X f 0.4 o.n el  om 0.% .9
o sytee (o.u . , .y .0 X 3.8 0.7% 1.6
o-ylew 9 .3 ____ 4% o8 0.8 o.» o .33
styrene .20 (X ) "o .61 (X 1.50 .42 0.40
sate ethylcelume o.12 (R LT 1.0 oy 1.8 on "
4-ghanylcyct choname 0.04 0.% .15 (X 0.0 2.5 0.7 A
- .- etesetes .
(a). Only sasplad an $/25/88.

M. Dot Amelyzed fer; scen terminsted before conpound elutien.
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wE-1Aatt COPRENe
S0aassssatessncs

NBINR AR ANALTEIS BV LA
oe

SPLE LODATION
MONE RANE/NLINER
GAVE SLED
BAIE ARALYZED
ron

“w % 8 M4 e

TAﬁLE SA (cont'd)

VATERSIE MR, WmSuiNGYOR, OC.

s-2%
2r-0n

v

-2

N ooN
nr-o
S/
S/
pORSY

GEY 8o
r-e2
/37

*-n
nr-o
Sravm
S/20708

-n
-3
/235008

»1
0nr-Nn

11
507-%4
/85108
Wos/e8
0R

Niéle)
%7-6
S5/

SOAABSAMLOAN
parmmter

/88
00090
prb

SROMSneatedhd
olkanss
othensa/fcycionibanse
sltylbeneense, €3-S
polyerenctic inatrecarbens (PON)
anetaldairyds

Sansaldahyde

other alduhydes

sleshels

phasnie

{fasrarn

dlchlordhonacne tommmrs
chleramthane

ol lanane

apstans

exatie acid

acstic acld byl ester
#-altre-i-phanyt -banzersanine
CNMNES aster (V)

1203 enter (D)

other ergmnics

b red prb b pob [ b pob
o 0000 _ - .

.68 4.48 1u.% (W, ] 20.9%0 2.5 5.00 5. 1.0
.20 R - 1.% cene .
vone LY 1 13 oAge Soon -oBbw tane 2.” "~ '.‘
.58 sane P TN “won enve seee ’.” LYY 2.5
.20 z.’ sena neee ance saan enew cfoee 0.0
PPN ccvas '_“ vevs 2.48 essow 1.8 eoew l."
aee- 2.0 S - 5.0 ®.60 w0 2.% 2.9
woue 1.68 —oaa anma Py come coce '.. PP
.0 2.0 “.. 9.0 11.00 5.00 ( 1.2 ceas
.60 4.9 0.0 16.00 .m r.e 5.8 1.9 woen

2.50

41) Wrepeaic acld, 2 asthyl-2,2-dimnthyl- - (2-bydreny-1-mthylethyl)propyt ester.
(1) Prepassic acld, 2 astiyt-I-bydramy-2,4,4-trlanthyipantyl ester.
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“TABLE SA (cont'

“Yansst covanss

e

SITESIOR AIR MMLVSIS OV 6T

ARV ONS0S0ER00D

1N aNE 3 WATERSIOE MM, ARSRINSTEN, OC.

SNULE LOCATIGN ' »zr b= 4 s 7085 e e 232 432
PLE NANEARARER ' 218 S67-08 217-08 s07-07 nr-or Se7-08 nr-» ser-e»

SATE SUTLS 1 WNMR WB/R YN/ B/ N/ YB/ WM VB

SATE ARMVIED 8 A WOIRS M/ W/ 33/ RIS SV WOI/M

[ ] 90044 20113 8009 ;| 80838 20115 L] | 4414

. 90 DONOON:

peremster o wh b o o o »h e

S0 ALSRRALLLORREA 000D *od
vingt chloride » -» » - » » » w»
1, 3-dichleresthens - o9 - LSHe » - » -
trlchitorefiumrennthons 0.43¢(s) a.» 0.2¢») 1.32(e) 0.84{s) 1.9 0. -
asthytene chieride L% 62  1.9s) 2.0%e)  0.3Xe) *% » 0.2
trens-1,2-dichioreathare » » - = » - - »
1, t-dichlorsnthan » » .2 o » » » »
1,2-dichieresthans » » » ") L - » »
1,1.0-trichisresthane 0.47 3.00 (X1 1.0 0.3 2.7 0.3 1.55
carhan Cotrechloride 0.0 [ ] » 0. » » » »
Sensame (%) o.m e.13 =) 0.% 0.03
tricMaresthylens » - » (X1 » »
oolumne e.13 s.» en 2.» .. .0
tatrachioresthylens s X, ] s.28. 1.3 'R
othyl bemmene .0 % (W e.27 1.8 .5
oaylee ( PR ] K 2.8 “n 3.3 .2
> mton Y S X o.n) .29 o.m
styvew .8 .5 X*) .2 .5 on
sota ethyltelusne (W (X ) 0.50 o.n 0.9 0.60
4-phonylcyci chanane 0.5 1.1 2.2 1.2 (X 0.

SOSANOANNSAND S0
€9). Split pesk, adkied integration peskhs.

(1). Capaurt suybe present, epectrun was evershadoued by e hydrocerbon pesk,
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SOR-TARGET COHUCADE
See0netsstttste

SUTERIOR AW ADALYVEIS BV GCAN
-

b 1
27-0

peremter b

TABLE SA (cont'd)

mer
50708

SN/ B/
/e eI/

27003
217-88
N/
Sr2aree
80039

.3
eT-r
/e
er/m
L] )

ane
”r-w
v/
33708
80050

we
S07-08
b =T,
wer/es
]} ]

2R
217-8
s
V3.
0051

M52
S07-09
S/5/708
&/o7/08
oty

wh

s

Py

Py

b

 d

o

SO0 ASRARNE atdd
otasnas (U .79
olbemns/cycionlborms cave
aliylbansenne, C3-CS 1.60
polyurenstic Sydrecarbons (PAR) roce
sootal deiryde coae
Sonsaldeivyte onoce
other aléabnydan 2.48
oleshele 1.1
ghensls weee
Llasnene 1.0
dichiercharnane {oamare cvnn
el eresthere aeaa
slitonans cone
stetens 3.0
ocetie ecid ceen
asetiec acid byl ester wcee
8-aitre-8-pharyt -bermencanias ceoe
A8 eater (1) .39
QAMMAS esver (D) 2.8
other organice eece

153.50%W7 20

sese
ssse
ooee

2.4
3.8
!o”

snew
snes
ases

ansa

7.
2.5

eawas
sses
asas
cwas
swes

ssse

2.3»
2.9
L

LY T
case
wans
0.9
wsew
eases
eovw
cane
1.9
sewe

| % ]
\ X

cawe

esve
smse
LT T
o=se
ecce
nowe
even
eoes

scsae

2.9
1.9
.9
2.530

(1) tvapmeic acid, 2 mathyl-2,2-diasthyl-1-(2-bydrony-t-methylethyl Jprapyt ester,
(D) Prepasnis ecid, 2 mothyl-S-bydreny-2,4,4-trianthyipentyl ester.

P

## 150 ppb of 2,2-dimethylhexane
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woew
asae
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1.5
.5
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.4
1.9
1.

waee

.
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1.5
csew
LY T
sese
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weee

sean
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1.9
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1.00
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evae
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 TABLE

SA (cor;;‘

L]
NITERIME AIR ANMLVELS BY SCAB
]
uN & VAVERSIDE WALL, \ASRINGION, BC.
MMPAE LOCATIGN 3 fa0or foos k-3 b v} 304 04 e ”3e
ANILE IANE/ANSIER s 207-09 -1 nr-1 S07-1% n1r-1 07T-12 ar-12 38r-13
SATE SMURLES t vaym L 727 ] S//m syB/% Sraye 2508 wvaN/. S/25/8
SATE ARMLYEED ] 38 o8 S/31 /788 yon/s s/m &eises S/31/08 o
(] 2 0852 0118 00853 0922 »esss o812 sess 01
SOOI RN o00e
paremeter "h b b > red red ol |
_ SOOI SN0 R0Nd > o
viayl chioride - » » -» » » » -
1, $-Sichierastheme - » » » 0.33 5.0 » ®
erichieref lusramsthans .0 .» 0.%2(s) R ] 4.09 .21 o.97 (1)
mthylow dMerid .00 °.29 1.28 .4 .38 286 .50 (L)
trane- 1,2 -dichiereathans -» -» » » -» » » -
1, $-dichiorasthaw » » » » o.08 » » -»
1,2-dichleresthans » - » » » 0.08 » =
1,1, 1-trichioresthens . o2 3.0 e.2r e . _te. [ K} 0.0
carbun totrechloride - » 1.0 » 0.08 0.1 ‘» »
[ .90 .00
wrichiorestiylione - »
oalannn 5.9 e.13
setrechioreathylons e.n W/ 4
othyl bornane .1 °.
ryleow .58 .8
ornylew 1.08 .2
styves - .02
mte othyltatuane .9 ( K]
4-pharyicycichemens - » 9.7 .3 ow .48

§. East Yowsr sanple.
(o). Split posk, adind integration peskhs.
). Gantitetion Repert resvits inconclusive, amuml lntegration and

qutitation te be prefermed ardd reported.

c-23

T N ‘S o3 't pX ST~ VIiHEm w‘ce:zo g9 L2 ‘3.0

€e2cd



TABLE SA (cont'‘'d)

L
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] 3 2 M| oS3 mn 004 e oSS "
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oldanse 1.4 2. %. 0 % %.» 9.5 n.4 3.6
cAbensafeyeiosthares o L2 eee cees 2.0 eeee eene —eee
siiytbemenns, €3-C3 4“0 ---- -~ emee ceen -eee —e--
potyssanntic hydrecarbane CORR) (W ) (W) —e-- e cone —-- -ee- .ee-
seatalduhyde - ees eese sees eeen eee o
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July 15, 1988

AN INDOOR AIR QUALITY MEASUREMENT STUDY
AT THE EPA HEADQUARTERS FACILITY IN WASHINGTON, DC

V.R. Highsmith, C.E. Rodes, A.J. Hoffman, and J.D. Pleil
Environmental Monitoring Systems laboratory
Research Triangle Park, North Carolina, 27711

JNTRODUCTION

The United States Environmental Protection Agency (EPA) headquarters is
located in the Waterside Mall office complex at 401 M Street SW, Washington,
DC. Approximately 5000 personnel work in this facility performing
administrative, technical, and office related tasks. The facility is
structurally complex with an integral parking garage and two high rise
sections (the East and West towers) interconnected by an office section
located over a shopping mall. The heating, ventilation, and air conditioning
(HVAC) system is equally complex, incorporating more than 20 independent air
handling systems.

In October 1987, the EPA Office of Administration at headquarters
initiated an office renovation program for the Waterside Mall complex which
included the installation of new carpeting, divider partitions, and office
furnishings. In most areas, a nylon pile carpet and fibrous padding were
scheduled for installation without the use of adhesives. In high traffic
areas, a similar nylon pile carpet manufactured with a latex backing was to be
installed with adhesives. Other facility improvements, e.g. painting,
cleaning, waxing, etc, were also ongoing. An increase was noted in
complaints, illnesses, and absences from employees working in and near the
refurbished offices. These complaints were tentatively linked by the
employees and management with the implementation of the refurbishment program.
The complaints of personal discomfort included eye and nasal area irritations,
nausea, headaches, and skin rashes. Several employees experiencing
significant irritations were advised by health personnel not to return to the
nevly renovated office areas until the problem could be rectified.

An EPA Task Force was formed during February, 1988 to review the employee
complaints and determine if a direct relationship existed between these
disconmfort symptoms and the renovation program and provide recommendations for
any necessary corrective actions. The personnel in the newly refurbished
offices were temporarily relocated, pending problem identification. The EPA
Environmental Response Team (ERT) from Edison, N.J. was asked to collect a
limited number of samples during March, 1988 to determine the concentrations
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of possible irritants, primarily Volatile Organic Compounds (VOC’s), present
in the office environment. The ERT's initial tests identified no compounds at
levels of concern based on previous indoor or ambient air quality studies. A
concurrent literature search by the Office of Toxic Substances revealed the
recent identification by Van Ert, et al. (1987) of 4-phenyl-cyclohexene
(referred to as 4-PC) as a possible causative agent in buildings with indoor
air quality problems. This compound is an extremely odorous organic by-
product of the reaction of 1,3-butadiene and styrene inherent in the latex
manufacturing process used to bond the fibers to the carpet backing. The
presence of this compound, according to the Van Ert, et al. report (also
discussed by Vogelmann, et al. (1988) at the 1988 American Industrial
Hyglenist Association meeting in May and Van Ert at a program review for the
EPA Indoor Air program held at RTP on June 7, 1988) in concentrations
exceeding approximately 1 ppdb produces personal discomfort symptoms in
sensitive individuals similar to those reported by the EPA employees. He also
noted that the odor threshold for 4-PC appears to be below 0.5 ppdb.

In order to further investigate the possible link between the indoor air
quality and carpeting, samples were taken directly from a new roll and from
carpeting installed 2 months previously. They were forwarded to the
Environmental Monitoring Systems Laboratory (EMSL) at RTP on May 11, 1988 for
evaluation. Gas chromatography/mass spectrometry (GC/MS) analyses of both the
headspace gases being emitted from the carpet samples and methylene chloride
extracts of the carpet revealed that 4-PC was present in both samples in
concentrations well above the background level. The chromatograms from the
headspace analysis of the new and 2 month old samples are shown in Figure 1.
The non-availability at that time of high purity 4-PC from which to develop
analytical standards prevented accurate quantification; however, the
concentration of 4-PC was estimated to be in the range of 90 ppb for the new
sanple and approximately 50 ppb for the older sample. The large peak to the
right of the 4-PC peak was identified as 2,6-bis(l,1-dimethylethyl)s-
methylphenol, also know as butylated hydroxy toluene or BHT, an anti-oxidant
preservative commonly found in foods and medicines. In this case it appears
to be a constituent of the latex used in the carpeting. The new carpet sample
was also examined under simulated chamber conditions (at room temperature
only) to estimate the decay rate at 1 air change per hour for selected organic
constituents. The results of this test (see Figure 2) suggest that 4-PC does
not diminish at either the same rate or in the same manner as styrene, which
also outgasses from carpeting. An extrapolation of these data suggests that
4-PC has an estimated half life under the conditions of the test of about 8
days. The latter result is consistent with the findings of Van Ert, et al.
(1987), who also noted that a period of approximately 2 months was required to
decrease to the 1 ppb level in a room situation.

The EPA Task Force, in concert with employee and employee union
Tepresentatives, recommended that a second, more extensive problen
fdentification program be conducted to better characterize the existing
Uaterside Mall indoor sir environment and propose mitigation strategies. It
was recognized that this effort would only be partially representative of the
conditions present during the initial round of employee complaints. The RTP
laboratories conducting studies under the Indoor Air Program were contacted
and requested to assist the Task Force by: 1) collecting and analyzing
samples at the EPA facility to determine the presence and concentration of
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possible irritants and 2) conducting chamber studies to better characterize
selected enission sources and to assist in developing appropriate mitigation
strategies. The Environmental Monitoring Systems Laboratory took the lead at
RTP in the monitoring activities, while the Air and Energy Engineering
Laboratory (AEERL) planned the chamber studies. The ERT was also requested to
conduct a parallel investigation on & slightly @ifferent scale. The present
report i{s primarily concerned with the EMSL monitoring activities and

analytical results.

RRELIMINARY TESTS

A tean of RTP scientists from EMSL and AEERL visited the EPA
headquarters complex on May 13, 1988 to survey the Waterside Mall facility,
informally interview affected employees, evaluate nevwly renovated as well as
non-renovated areas by collecting some air samples, inspect the air handling
systems, and meet with the EPA Headquarters Indoor Air and Task Force
Tepresentatives. Areas carpeted within the past six months were noted to have
a sharp distinguishing odor attributed to the new carpet. Some refurbished
areas also included new partitions and office furniture. A damaged new
partition wvas examined and found to contain a center of compressed hardboard
covered by a fibrous material with cloth exterior. In several areas visited,
attempts to measure the flowrates from the HVAC vents into the office work
areas yielded minimal (and often unmeasurable) flow into the rooms.
Instantaneous grab samples were collected from the air in two nevly
refurbished rooms into evacuated canisters. These samples, stored at ambient
conditions, were analyzed on May 17, 1988 by GC/MS. The presence of the
suspected 4-PC compound was confirmed in these samples. Accurate
quantification vas still not possible because standard materials had not yet
been developed, but the levels vere sstimated to be substantially less than
the earlier carpet head space analysis.

EQLIOV-UP STUDY

A wore extensive monitoring study was planned and conducted in the
headquarters facility from May 23 thru the 25, 1988 by EMSL/RTP personnel.
Samples for particulate, semi-volatile organic compound (SVOC), VOC, and
aldehyde analyses were collected during two daytime (7AM to 7PM) and one
nighttime (7PM to 7AM) 12 hour sampling periods. Samples were collected
simultaneously in two newly refurbished offices representing different parts
of the Waterside complex, two nearby but unrefurbished offices, and one
outdoor (roof) location. Carbon dioxide (CO,), temperature, and relative
hunidity were monitored and air exchange ratzs (AER's) estimated. Bulk
particle and senmi-volatile organic samples were collected over the entire
period to assist in target compound f{dentification. The ERT monitoring study
was conducted in a broader range of office locations for VOC’'s, aldehydes and
€0, concurrently with the EMSL measurements using different monitoring
ts ques.
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Limitations

Several factors had an impact on the design and implementation of this
study. The time between the EPA Task Force’s request for assistance and
EMSL/RTP's response was extremely short and provided minimal preparation time.
The time constraints limited to some degree the number and type of samples
that could be collected. The chemical and physical characteristics of 4-PC
wvere relstively unknown in the indoor air community prior to this study. It
had not been routinely included in prior EMSL indoor monitoring programs and
the methodologies needed for analytical analysis had not been previously
attempted. A sample of high purity &4-PC from wvhich to prepare standards was
only located immediately prior to the initiation of the first sampling period.
The retention and removal characteristics of 4-PC from the evacuated canisters
and SVOC collection substrates had to be determined in parallel with the
sazpling study.

Experimental

On May 23, 1988 the EMSL/RTP team arrived at the Waterside Mall facility
and set-up the particulate and gaseous monitors. Sampled areas included two
nevly renovated office areas, room 3241 in the Mall area (designated Mall
3241) and East Tower 935 and two existing office areas, Mall 3304 and East
Tower 1015. Monitors were also setup on the Mall roof to represent an outdoor
location. The Mall 3241 refurbished office area included newly installed
carpet, panels, and furniture while the East Tower area included only newly
installed carpet. The Mall 3304 and East Tower 1015 offices served as paired
control areas. These offices had not been refurbished, had experienced no or
fev incidences of employee illnesses that could be directly related to the
facility renovations, were in close proximity to the newly refurbished
offices, and were supplied by the same air handling system as the newly
refurbished areas. The outdoor monitors on the Mall roof were placed in close
proximity to the fresh air intake of the HVAC system affecting the Mall
offices sampled. Three consecutive 12 hour sampling periods (changeover at 7AM
and 7PM) were conducted from 7AM on Tuesday, May 24 through 7PM on
Wednesday, May 25.

PMIO dichotomous samplers (0.0167 la/hin) were operated at each location
to collect FINE (less than 2.5 um, serodynamic diameter) and COARSE (2.5 to
10.0 un) particles on pre-weighed Teflon 37mm diameter filters. Particle
samples collected on Teflon media were conditioned at 20 deg C and 408 RH for
24 hours prior to pre- and post- gravimetric analyses. PUF/XAD-2 cartridges
vere installed immedistely below the dichotomous FINE particle filter for
collection of SVOC'’s.

VOC'’s were collected by integrating collection over the entire sampling
period using flov controlled passive samplers as described in the EPA Indoor
Alr Methods compendium (1988). The identification of 4-PC as a target
compound required a significant amount of methods evaluation to qualify and
optimize the collection and analysis schemes. Additional instantaneous VOC
sazples were collected at selected times by opening an evacuated csnister in
the office environment as a grab sample.
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All evacuated VOC canisters (12-hour and grad) were analyzed by GC/MS for
selected target compounds (4-PC, styrene, toluene, and o-xylene). Other
organic species routinely detected by the EMSL/EPA lab were mot quantified for
most of the samples, as the GC/MS operating systen was calibrated and setup
specifically to provide maximum sensitivity for 4-PC. The target compounds
1isted eluted in the 4-PC maximized operating range. Detailed GC/MS VOC
analyses were conducted on the two May 13 grab samples and the May 25 7aM
Mall 3241 and East Tower 935 12-hour samples.

Estinates of the Air Exchange Rate (AER) were made in each office area
using the S§F, (an inert tracer) active decay technique and sequential syringe
samplers. Prior to the initiation of each 7AM sample period, the newly
refurbished office areas were closed off from the other office areas and a
known volume of SF, released. The amount was based on the calculated office
air volume -- without considering exchange rates between offices, HVAC system
inputs/mixtures, or building exchanges with outdoor air. The SF, was allowed
to mix in the area for 1 hour before the doors were opened and sampling
initiated. Syringe samplers were operated in both newly refurbished and
control office areas to estimate mixing and the transfer of pollutants within
the building. The SF6 syringes were analyzed by gas chromatography.

Instantaneous CO, concentrations were monitored at each sampling location
at spproximately houzly intervals using a portable CO, monitor borrowed from
NIOSH. The monitor was calibrated by NIOSH 1umedinte2y prior to shipment, but
was not recalibrated at Waterside, since a standard CO, mixture was not
available. The CO, data are expected to provide a relative pattern of
concentrations vitﬁ the accuracy estimated to be +/- 50 ppm. Indoor humidity
and temperature were monitored at each location using recording
hygrothermographs that had been calibrated prior to the initiation of

sampling.

Integrated bulk particle and associated vapor phase SVOC samples were
cqllected from 5PM on Monday through 7AM on Thursday using medium flow (0.113
n" /min) samplers. The particle samples were collected on 102mm quartz fiber
filters while the SVOC samples were collected on XAD-2 adsorbent filled
canisters installed immediately below the particle filter. One medium flow
sampler was operated in Mall 3241 while a second sampler was operated in the
carpet storage area located in the Mall basement. Upon completion of
sampling, these samples were frozen (-4 deg C) until extracted and analyzed
for SVOC target compound {dentification.

The bulk medium flow particle and XAD-2 cartridges were separately
extracted with methylene chloride. The extracts were concentrated and each
analyzed for the target compounds by GC/MS. The PUF/XAD-2 samples were
independently extracted with an ethyl sther/hexane mixture. Each extract was
concentrated and analyzed for 4-PC, para-dichlorobenzene, styrene, o-xylene,
and toluene.

Aldehydes were collected on 2,4-dinitrophenylhydrazine (DNPH) coated

silica gel cartridges. The DNPH tubes were analyzed by liquid chromatography
for selected aldehydes using the method of Tejada (1986).
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Quality Assurance

Laboratory prepared sampling filters and substrates were stored in an
area avay from suspected or confounding sources prior to sampling. Teflon
filter media, VOC canisters, and SF, syringes were stored at ambient
conditions. PUF/XAD-2 cartridges were individually stored in sealed Teflon
bags. DNPH tubes were stored in individual vials in a refrigerator.
Folloving completion of the sample period, Teflon and VOC samples were stored
at ambient conditions until returned to the laboratory for analysis. PUF/XAD-
2 samples wvere frozen (-15 deg C) until shipped to the laboratory for
extraction/analysis. Field blank Teflon, VOC, PUF/XAD-2, and aldehyde samples
were also collected during the monitoring program. With the exception of the
VOC sampler, a collocated set of monitors was set up and operated in the
refurbished Mall 3241 office to obtain estimates of sampling precision. Based
on the collocated measurements the coefficients of variation for the particle
concentrations were +/- 17, 14 and 18 & for the FINE, COARSE and PM
fractions, respectively. The precision for the 4-PC measurements in the 1 ppd
range using evacuated canisters was estimated to be +/- 13 8. The precision
for analysis (only) was estimated to be +/- 3 8. The precision of the 4-PC
measurements using the SVOC approach was estimated to be approximately +/-
208, or better.

RESULTS

Several observations were made during the sampling that may have had an
impact on the results being reported. A very noticeable increase in office
air movement was observed by the RTP team members on Monday, May 23rd.
Comments to the same effect were made by headquarters employees working near
the sampling locations, noting that the air quality seemed much improved.
Significant increases in supply vent outputs were recorded in most locations
by late Tuesday, May 24. An inspection of the mechanical fan rooms servicing
the areas being monitored revealed that these areas had apparently just been
cleaned and that new filters had recently been placed into the system.
Although confirmation has not yet been obtained, it is surmised that
substantial changes were made to the HVAC systems in the affected areas prior
to and shortly after sampling was initiated.

The indoor temperature remained relatively constant in all areas during
the study, ranging from 23 to 27 deg C. A significant decrease in overall
indoor relative humidity (RH) was observed at all locations during the second
day as shown in Figures 3 and 4. Generally the humidity levels were in the
comnfort zone. The general downward trend possibly indicates that changes were
being made in the HVAC systen operation or the outdoor RH (not recorded) was
affecting the system.

The AER measured in Mall 3241 during the daytime sampling period on
May 24 was very lov and estimated to be 0.2 air changes/hour (ACH). SF, was
observed in Mall 3304 during this test, indicating some transfer of air from
Mall 3241 by the HVAC system. The AER for East Tower 935 for the same time
period was much higher, 1.5 ACH. Concurrently SF, was observed in East Tower
1015. Attempts to measure the AER on May 25 were nearly negated by the
changes that were being made to the air handling systems. Although the
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procedure used on the previous day was duplicated, only the first tvo syringes
(out of 12) in both Mall 3241 and East Tower 935 contained quantities of SF6
above the detection level. None of the Mall 3304 or East Tower 1015 syringes
contained measurable SF, levels. The AER for both areas are estimated to have
been improved by at loagt a factor of 10 from Tuesday to Wednesday to a level
well above 2.0 ACH. This supports the physical observations recorded during

the sampling program.

Figures 5 and 6 summarize the 602 levels observed during the study for
the Mall and East Tower offices, respectively. The CO, generally increased
from slightly above the normal outdoor background levei to a maximum of 700-
800 ppm around noon or early in the afternoon. Even the peak levels are
relatively lov and suggest that occupant density was the only source of 602
(no tobacco smoking was observed during sampling).

The results of analyses on the particulate samples collected are
summarized in Table 1. Indoor particle concentrations are quite low for both
size fractions at all locations and the size distributions are nearly
identical for the office areas monitored. Nighttime indoor particulate
concentrations were generally lower than daytime values. Increased COARSE
particle concentrations, which are normally associated with human and
mechanical activity, were observed during the daytime sampling periods. The
indoor and outdoor FINE particle concentrations are essentially identical,
within the range of experimental error.

Analysis of the 12-hour VOC samples as shovn in Table 2 yielded lovw (as
compared to those reported by Vogelmann, et al. for a newly carpeted home) but
detectable 4-PC values in both Mall 3241 and East Tower 935. The newly
renovated Mall office averaged 1.5 ppb of 4-PC, which is approximately 10
times the values observed in Mall 3304. The 4-PC concentrations in East Tower
935 averaged 0.9 ppb which was significantly higher than the East Tower 1015
concentrations. The poorer AER in the Mall locations during sampling accounts
at least in part for the difference in levels. No 4-PC was observed in the
outdoor samples.

Unlike the 4-PC, the levels of toluene, o-xylene, and styrene values in
the Mall offices were slightly higher than the concentrations i{n the East
Tower. No significant differences were observed between nevwly carpeted and
existing areas for these three VOC’'s. This suggests that there are sources
present for these compounds other than the carpeting. The grab VOC sample
concentrations were comparable to the corresponding 12-hour values. No
appreciable differences were observed in VOC concentrations between the
preliminary grab samples collected on May 13 and those collected on May 24
in Mall 324]1 and East Tower 935.

The results of more detailed VOC analyses carried out on 4 selected
samples reveal typical concentrations of various organic compounds found in
the indoor and outdoor environment. Data from the canisters collected on
May 13 and 25 are given in Table 3. The only notable results (but probably
of no real concern) are those showing elevated levels of Freon 11 on both days
and slightly elevated levels of dichloromethane and 1,1,1-trichloroethane on
May 25 in East Tower 935. The source of the Freon 11 has not been determined.
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Unlike many of the other Freons, it is not used as a refrigerant, but often in
the manufacture of foam rubber. The other two organics are solvents,
zreflecting some maintenance or personal activities that occurred between the
sanpling dates. In general the VOC data in the extended speciations did not
indicate significant changes in concentrations over the 11 day period between
the preliminary grab sampling on May 13 and the more extensive tests on the 24
and 25,

Analysis of the bulk mediun flow particle sample extracts indicated that
4-PC was not detected in the particle phase. &4-PC was, however, the most
significant compound identified in the Mall 3241 and storage area bulk vapor
phase SVOC samples. The 4-PC concentration in the basement sample was
relatively large and masked all other potentially present compounds. This
sample was collected immediately adjacent to the ends of a large number of new
carpet roles, and could be considered similar to a headspace collection. All
of the target organic compounds -- 4-PC, toluene, styrene and o,m,p-Xylenes --
vere {dentified in the Mall 3241 bulk SVOC sample. In addition p-
dichlorobenzene (commonly found in air fresheners and pesticides), 2-
butoxyethanol (found in cleaning solvents), and methyl benzoate (a perfume
constituent) were also identified along with a series of alkanes and branched
alkanes (CB to Cl4). For Mall 3241 and East Tower 935 the alkane levels
increased significantly in the daytime, as a result of sources associated with
increased office worker activities.

Analysis of the dichotomous sampler PUF/XAD-2 vapor phases SVOC extracts
ylelded 4-PC concentrations as shown in Table 4, comparing very favorably with
those determined through the VOC collection and analysis scheme. This
suggests that even though more analytical development work is needed, both
procedures can be used to quantify this compound. Two additional peaks
eluting soon after 4-PC were not positively identified. Based on peak area,
the concentration of these two unknowns approximates the 4-PC concentration.
Mass and infrared spectra indicate the two hydrocarbons are similar with both
containing hydroxyl as well as carbonyl functional groups. The PUF/XAD-2
background masked out the quantification of the other target SVOC compounds.

Analysis of the DNPH cartridges showed no significant differences in the
carbonyl concentrations (see Table 5) in any of the office areas with the
exception of formaldehyde. The formaldehyde levels in Mall 3241 were slightly
higher than Mall 3304 concentrations, vhile the levels in East Tower 1015 were
somevhat higher than East Tower 935. The single (slightly) elevated East
Tover nighttime value of 51.1 ppb on May 24 is probably an outlier, but
should be cross-checked with the ERT results. None of the formaldehyde levels
could be considered as unusually high and the levels do not appear to
correlate with the renovation activities. Nighttime formaldehyde measurements
were higher (by 4-5 ppb) than the daytime concentrations, which is consistent
with turning the HVAC system off at night.
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RISCUSSION/CONCLUSIONS

The primary objective of this study was to better characterize the
Waterside Mall envirommental situation in an expedient manner. In order to
accommodate time constraints some compromises were made in the study design,
but none that affected our ability to estimate the quality of the data. The
data set i{s recognized to be very limited and, most importantly, mot
necessarily representative of the prior conditions, but reasonable inferences
can be made as to the conditions that may have existed vwhen the health
complaints were the most prevalent. The initial lov AER, measured at the
outset of the experiment, may have been typical of many of the offices in the
Vaterside facility prior to readjustments of the HVAC systems. Based on the
subjective comments of the office occupants and sampling teanm members, the
significant air movement at the end of the experiment was atypical and
refreshing. The low AER’s during work hours, combined with turning the HVAC
systens completely off over the weekend and back on just prior to the Monday
workday, could have resulted in uncomfortable environmental conditions for
many employees, even without the presence of irritating pollutants. Uneven air
distribution and resulting stagnant areas would make localized situations even
worse. The AER measurements attempted after the first study day indicate that
if the number and strength of indoor pollutant sources can be limited,
improvements can be made to make the Waterside HVAC systems acceptable (up to
ASHRAE standards) in the areas studied for at least significant portions of
year. The proposed HVAC system evaluation should be implemented to identify
and rectify any ventilation problenms.

The pollutant measurements made during the study indicate that based on
the Waterside locations sampled, there are currently only a limited number of
pollutant sources and concentrations present that have been identified in
previous studies as causing problems. Even assuming that the current air
exchange rates have been adjusted artificially high as a safety measure, the
carbon dioxide levels, used as a surrogate for other pollutants, should pose
no comfort problems at proper AER levels with the current occupant density.
The indoor particulate levels were very low, reflecting primarily outdoor FINE
particle loadings and indicating no real inside sources of concern. No
biological measurements were made, but should be considered on a limited
scale if satisfactory explanations for the employee health complaints cannot
be found. However, it is not anticipated that biological contamination would
be associated with the renovation activities. ~

The organic compounds outgassing from the carpeting, including 4-PC and
styrene, were positively identified in the vapor phase (only) and quantified
by two independent techniques. The relatively low concentration levels at the
time of the measurements on May 24 and 25 indicate that significant
outgassing has already occurred. Based on consideration of a) our headspace
testing of samples of the new carpet, b) the May 24 levels in Mall 3241,
¢) the single room levels reported by Van Ert, et al. (1987) and Vogelmann,
ot al. (1988) - admittedly for different brands of carpet, and 8) their
‘outgassing decay rate studies in residential experiments, the 4-PC levels
could easily have been in the 5 to 15 ppb range prior to the study in the
nevly renovated Waterside offices. The chamber experiments planned to be
conducted by AEERL/RTP should help to estimate the maximum levels under
various conditions, the rate of outgassing decay, and the best strategies to
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reduce the 4-PC concentration levels. Observations by our lab personnel while
mixing the 4-PC standards suggest that the odor threshold may be below the
0.5 ppd level. This may be important in dealing with some of the responses to
the presence of the 4-PC odor. Based on the discussions lead by Mark Van Ert
at the EPA Indoor Air program review, 1 ppb was mentioned as a target
zeduction level to eliminate health responses for a majority of individuals.
With the appropriate HVAC adjustments at the Waterside facilities and
appropriately outgassing the carpeting prior to installation, the office level
of 4-PC can be reduced below the 1 ppb level.

The other organic compounds identified as VOC’s or SVOC’s after
preliminary review do not appear to be at concentration levels reported to be
of concern {n previous studies. A more detailed review of the VOC data
comparing them to previous Total Exposure Assessment Monitoring (TEAM) study
results should be conducted. The identification in the SVOC samples of the
anti-oxidant BHT was surprising, but probably of little consequence, given its
long history as an additive in foods and drugs. The formaldehyde levels were
also below expected levels of concern, and did not appear to correlate with
the renovation activities.

Even though this has been a very limited study, some positive
contributions were made in characterizing the indoor environment in portions
of the Waterside facilities and in the area of methods development for 4-PC.
I1f continued health work shows that this compound i{s a significant contributor
to indoor air quality problems, the monitoring methods developed will be very
useful. Mark Van Ert noted that their health response tests for 4-PC were
very preliminary and need to be followed by more definitive tests to better
establish threshold levels for sensitive populations. The experiences gained
in the process of collecting the study data will contribute to developing
better indoor air quality investigation protocols.
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fadle 1. Particle Muss Concentrations by Size Praction

CONCENTRATIONS, nicrograss/cebic meter

ssegsnsessnnsennesn/24/2322zensennnnnsenne * 22925/25/88:222
A8 to TN P to 7N TAN to 7PN

LOCATION Size collocated col located collocated WEARS
000000000000 0000C0RSRRENORENRE0R0R02000CRRN0T0000R0000000000800000000000000800008000S8R00300RT0808000003000000100

me 12.2 16.3 13.1 12.5 10.7 1.1 12.0

mil 24 COARSE 15.9 08 4.7 6.2 Q.4 N0 16.0

TOTAL 2.1 »1 17.8 18.7 ni a1 %0

m 1.2 11.0 LK) 10.3

Wit 3% CoARSE 19.0 2.9 30 8.3

L N2 13.9 11.8 10.6

me 9.6 L 6.2 8.2

Dast Tower 935 OoaRst 194 kN | 12.5 1.6

T0TAL 2.7 11.9 1.7 19.8

nm 9.3 1n 5.2 8.7

Last Tower 935 ooaRst S.¢ 2.0 10.8 8.6

ToTAL 18,3 13.7 n.2 17.1

e 15.4 L X 10.1 11.5

11 foof COARSE .9 2.6 8.8 6.8

T0TAL 204 11.6 18.9 18.3

MEARS do not include collocated date

FINE = «2.5 nicroseters
COARSE = 2.5 to 10 microweters
TOTAL = ¢10 sicrometers
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fidle 2. Wolstile Organic Cospounds (VOC's) by the SPPR Canister Method

CONCENTRATIONS, perts per billion (ppd) by voluwe
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Tadle 3. Rxtended WX Specfation of Selected Canisters
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fadle 4. Collection ond Analysis for 4-PC ss 3 Seei-Volatile Orgaric Compound (SVOC)

CONCENTRATIONS, parts per dillion (ppd) by voluee

srssrensznerreereess$ /20 /snsnsssssnerasearnsas 22225/25 /082222 .
M8 to ™™ P to 7AN TR to 7PN NEARS

LOCATION collocated collocated collocated
800080008 0080008008000000000008000800000880000808000000080088T000010000e0erettontaneoesrenntsennensnssnssosssnesneitsestenteseeeseessseetesensss
mi 24 1.0 1.1 1.1 1.1 n 0.8 IR R
il B 0.2 X .1 .1
Dast Tower 935 0.5 .7 1.2 0 (09
Tast Tower 1018 0.3 0.3 0.2 03 (0
i1 Roof 0.0 0.0 " e (0.9

Conversion factor (Multiply ppb values to get vg/wd): factor WEARS in perentheses sre VOC resuits

. &-rC 6.07 fron Table 2
™M = pot amelyzed

MRS do not inclede collocated date

D-17



Tedle S. Porsadeiyde and other Carbonyls by the Tejada Method

CONCENTRATIONS, perts per billion (ppd) by woluse
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APPENDIX E

August 23, 1988, Technical Memorandum

Evaluation of Organic Emissions from
Waterside Mall Carpets and Office Partitions
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

AIR AND ENERGY ENGINEERING RESEARCH LABORATORY
RESEARCH TRIANGLE PARK
NORTH CAROLINA 27711

DATE: August 25, 1988

SUBJECT: Evaluation of Organic Emissions from Waterside Mall

Carpets 7&? ice gPartitions
M— ™
FROM: Eruce A. Tichehor

Indoor Air Branch (MD-54)

'
H

TO: David J. Weitzman
Direc .or, Occupational Health and Safety Staff (PM-273)

The purpose of this memorandum is to present the resul:s of
the study conducted by the Indcor Air Branch to evaluate the
emissions from samples of carpet and partitions received from
vyour office.

Please call me (FTS 629-2991) if you have any questions or
need additional details concerning our study.

N : N

As part of the Agency's effort to deal with indoor air
quality complaints in the Waterside Mall EPA Headquarters
facility, the Indoor Air Branch, Air and Energy Engineering
Research Laboratory (AEERL), was asked to evaluate the emission
characteristics of carpeting and office partitions being used in
:77i1ce rencvaticn activitias and to investigate pcssibi2 means
fs- reducing or eliminating these emissions.

DCOR._CONCENTRATICNS

A number of factors may affect the rate of emissions of
orzanic compounds from carpets and partitions, including:

Composition of Materials - The materials used in the carpet
v2nd parrtitisnsi ecbkuiouzly afiect the potential for emizsiznc.
For erampla, the stvrene-butadiene rubber (S2R) latex adhesive
used to bind the carpet pile tc the back is suggested as the
source of 4-ghenrlcyclchexene (4-PC) emissions. The carpet
padding mav also act as an organic source. For the partition,
the fatric, insulation material, and the p-2332d wood core csould

all k= sonrzes of organis emissicas.
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Methods of Installation - Sclvent emissions from carpe:

adhesives are known sources of indoor organics.

Material Age - The age of the carpet (and partition) and the
time since installation are important in de?ermining emission
rates, since new materials generally have higher emission rates

than aged materials.

vironmental Variables - Temperature, humidity, air
exchange, and the concentration of organics in the air may affect
the rate at which organics are emitted from the carpets or
partitions.

Finally, several additional factors may affect the jndoor
organjc concentratjons:

Building Air Exchange Rate - The building's air exchange

rate (amount of outside air infiltration) determines the dilution
and flushing in the building. For a given organic emission rate,
the higher the air exchange rate, the lower the indoor organic
concentration. The air exchange rate is expressed in air changes
per hour (ACH or hr-!),

EVAC Svstem - The operation of the HVAC (Heating,
Ventilating, Air Conditioning) system in the building affects the
mixing and movement of air. Buildings are generally well-mixed whe:
the HVAC fan (air handling unit) is operating. This would cause
the organic concentrations to be fairly consistent from rcom to
room. Inadequate mixing can cause higher concentrations to occur
in some rooms.

Sink Effects - Materials in the building may adsorb
orzanics and gradually release them over time. Such an effect
would lower initial concentrations but extend the exposure time.

STLDY OBJEZCTIV
A short term study was conducted to answer two questions:
1) wWhat are the emission factors (e.g., ug/m*-hr) and decar
ratas for the carpet and partitizn? The organic compounds cf
interest are J4-phenvlcyclohexene (4-PC) and aldehydes.

2) Would airing out the carget prior to installation be
effective in reducing the orzani- emissions?

STUDY PLAN

A modest experimental prcgram was daveloped to meet the
study objectives. The approach included: a) emission
characterization usinz small environmental test chamters ani b)
[2¢ medeling ts evaluate indour cuncentraticnz az ~ functizn of
enizzion rates and bujilling vonsilani.e patwvisters.
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A study consisting of two phases was conducted:

Phase ] - An initial screening evaluation to develop sampling and
analysis strategies.

Phase 1T - a) Tests to provide estimates of emission factors and
decay rates; b) Estimate, using simple IAQ models, the effect of
air exchange on indoor concentrations; c) Estimate the
effectiveness of airing out the carpet prior to installation.

RESULTS
hase T - Initia creeni valuatio

The small chamber test facility at AEERL uses gas
chromatography (GC) with flame ionization detection (FID) to
measure the levels of organics emitted from indoor materials.
Sampling is conducted by adsorption on Tenax/charcoal followed by
thermal desorption and concentration in a purge and trap device.
This methodology has proven successful in evaluating a large
variety of indoor materials. In some cases, high boiling point
compounds (such as 4-PC) may be incompatible with Tenax/charcoal
sampling, and other adsorbents may be reguired.

The preliminary screening study involved: 1) evaluation of
our standard Tenax/charcoa! sampling strategy; 2) investigaticn
of a "graphitized carbon” sorbent; 3) investigation of cryo-
trapping as an alternative to thermal purge and trap.

Under “"normal” circumstances, the Tenax/charcoal
cartridges are desorbed at about 220°C. At this temperature, the
4-PC was nct effectively removed from the sorbent. Thus,
desorption at 300°C was used. At this temperature, the Tenax
"breaks down” and a number of artifacts are produced. However, a
rezsonable calibration curve for 4-PC was produced at this
el2vazad tamperu-ura.,. Howevas, reszults using this techniqus whan
sampling the chanber effluent were less encouraging. Sufficient
data were generated using this method to produce estimates of the
enission factor and decav rate for 4-PC, but overall the method
lacksd reliability.

The investigations of a “graphitized carbon” and crve-
trapping showed that both apreared to be improvements over the
high temperature Tenax/charcoal desorption. Unfortunately,
insufficient time was available to fully explore these

- 1.

technisiues as arplied to 4-F°. 3nv fature werk on 4-P7 emiszions

wonld involve these alternatives.

Aldehsde seompling was ccnducted using DNPH cartridges
followed by HPLC.
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Small chamber studies were conducted under a single set of

environmental conditions (i.e., T = 20°, RH = 50%, ACH = 1) on
the following materials:

- New carpet
- "01d" carpet (6 month old sample removed from a Waterside

Mall office) g Sl
- Office partition Q~1§o~;\4'ﬂ

Testing was conducted in 53 liter chambers; each material was
tested in two chambers. The loading (m?/m?®) for the carpet
samples was 0.4; for the partition material, the loading was 1.8.

The concentrations of 4-PC and aldehydes were determined as
discussed above. Based cn the measured concentrations, the
emissions rates of these compounds for the three materials were
determined:

4-PC Emission Factors - Concentrations of 4-PC = :re measured

over time for a period of two weeks. Neither the "oid" carpet
nor the partition material emitted measurable quantities of 4-PC.
The concentrations of 4-PC for the new carpet ranged from 75
ug/m?® to 15 ug/m) over the sampling period. A simple first order
emission rate equation was used to analyze the chamber data:

EF = EFo(e-kt)

where: EF = emission factor (ug/m2-hr), EFs = initial emission
factor (ug/m?-hr), k = first order rate constant (hr-!), and t =
time (hr). Using this equation, one can also determine the
emission rate half-life (i.e., the time required for the emission
factecr to be reduced by 50%):

t{1/2) = (1ln2)/k

wher2: t!1,/2° = emission rata half-1ifa (hr) 2nd 1lna2 = natural
log of 2.

Based on the chamber data, the following 4-PC emissicn
factors and decay rates (plus hali-lives) were determined:

New Carpet - EFo

= 15C ug/m?-hr, k = 0.0036 hr-:,
t(1/2) =

132 hrs (8 days).

"Cld"” Carpet - Nc measurable 4-PC emissions.

Office Partiticn - No measurable 4-PC emis=zions.

Ncte that the 4-PC emiszion rate half-1lifs of 8 davs for the

new carpet is consistent with results obtained by headspace
analyses conducted by EMSL and with the data reported by VanErt.
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Aldehvde Emission Faczors - Only one set of samples was

collected for analysis of aldehydes. A total of 22 compounds
were analyzed for; only three were detected: formaldehyde,
acetaldehyde, and acetone.

The emission factors were calculated based on an assumed
constant emission rate (i.e., no decay):

EF = (N/L)C

where: EF = emission factor (ug/m?-hr), N = air exchange rate
(hr-1), L = material loading (m?/m?). and C = concentration
(ug/md ).

The Table 1 shows the measured concentrations and calculated
emission factors for the three compounds for the three materials
tested:

Table 1. Aldehyde Emission Factors

Chamber
Material Compound Concentration Emission Factor
(ug/md ) (ug/m2 -hr)
New Carpet Formaldehyde 3.8 9.5
Acetaldehyde 4.0 10.0
Acetone 17.7 44.3
"Cld" Carpet Formaldehyde 3.3 8.3
Acetaldehyde 2.7 6.8
Acetone 3.4 8.5
Office "Formaldehyde 23.4 13.0
Farzizlon Acetaldenyce Not Letected -———-
Acetone 5.1 2.8

The formaldehyde emission factorz shown in Table 1 are well below
the values normally expected fcr particleboard and plyvwood.

b) ti S O mpact of Carpets and rtitjons or
Indocr Concentratjons - Based or the calculated emission
factors, a simple one compartmen:z, well-mixed TAQ model was be
uses te estimat2 the contrsitutizn af the new carget ts the
conceatration of 4-PC inside Wa-srside Mall based on several
assumed air exchanze rates. Fizure 1 shows the results of these
caloulations. As would be exzpected, increasing the air exthanze
rate will lower the estimated indcor concentration of 4-PC. \Note
that the ASHRAE ventilation gui<zrnne for TAGQ ccrresponds ts an
air exchange rate of apprzuimatai- 1 koot
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Table 2 shows similar estimates for the aldehyde emissions.
Note that these calculations were made assuming no decay in
emission rates over time. The loadings were assumed to be 0.3
m2 /m? for the carpets and 0.4 m?/m® for the partitions.

Table 2. Estimated Indoor Concentrations of Aldehydes (ppb)

Air Exchange Rate (hr-1!)

Material Compound
0.1 0.5 1.0 2.0
New Carpet Formaldehyde 22 4.3 2.2 1.0
Acetaldehyde 15 3.1 1.5 0.8
Acetone 51 10 5.0 2.5
"0ld" Carpet Formaldehyde 19 3.7 1.9 0.9
Acetaldehyde 10 2.1 1.0 0.5
Acetone 10 2.0 1.0 0.5
Office Formaldehyde 39 7.5 3.9 1.9
Partition Acetone 4.3 0.8 0.4 0.2

Again, the low concentrations are associated with the high air
exchange rates. Note that at the ASHRAE recommended air exchange
rate of 1 hr-! none of concentration exceed 5 ppb.

c) Estimates of the Effectiveness of Carpet Airing Qut -

Based on the estimated emission factor and decay rate, the simple
IAQ model was used to determine how the indoor conceatration
wculd be effected by airing out the new carpet prior to
installation. Figure 2 shows the results of these calculations
for an air exchange rate ¢f 1 hr-!. These calculations indicate
that kv airing the carget for cne month prior t: ins+allation the
maximum indoor concentration of 4-PC due to the carpet would be
less than 1 ppb.

SCLUSSION

In evaluating the results presented above the reader is
urged to consider the followinz factors:

l. Tie experimental dat2 uzed to make the calculations are
based on a very limited study. The 4-FC data were collected
using ncn-standard Tenax descrption, and only one set of aldehyvde
samples were collected.
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2. The calculations of indoor concentrations used a very
simple IAG model which did not include consideration of the
complexities of the true Waterside Mall HVAC system nor the true
configuration of the many office layouts at the EPA Headquarters
facility. 8Sink effects were also not considered.

Given the limited experimental program and the many
simplifying assumptions, the reader is cautioned against
rigorously applying the quantitative results to a specific
situation at Waterside Mall. It is felt that the results
provide a reasonable gqualitative "picture" and can be used to
compare the impacts of the various materials on the indoor air
quality at EPA Headquarters.

Enclosures

cc: Kevin Teichman (RD-672)
Mike Berry (MD-52)
Ross Highsmith (MD-56)
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INTRODUCTION:

The Waterside Mall is an H-shaped structure which houses more than
6000 employees of the United States Environmental Protection Agency
(USEPA), plus & shopping mall at street level, and parking garage. In
October 1987, the renovation program was initiated in the EPA offices,
After new carpeting and partitions were installed in some of the offices,
geveral employees complained of nausea, headaches, skin rashes, eye
irritation, and respiratory problems associated with the chemical odors.
The employees suspected that the odors were coming from the newly installed
carpet/partitions or the adhesive used in laying down the carpet. The
USEPA Environmental Response Team (ERT), Analytical Support Section,
performed a variety of sampling and analytical work for Superfund and
environmental emergencies was called upon to evaluate the sources and
the nature of chemicals causing these complaints.

The 1nitial indoor air monitoring studyl conducted in March 1988, .
showed the presence of low ppb level of volatile organic compounds in the
EPA offices monitored. The detected volatile organic compounds normally
found in cleaning products, paints, adhesives and dbuilding products. A
literature search conducted by Office of Toxic Substance ?OTS) revealed
a recently 1d§nt1f1ed compound 4-Phenylcyclohexene in the carpets by Or.

M. D. Van Ert¢ and his group at University of Arizona. According to Or.
M.D. Van Ert, 4-Phenylcyclohexene has 3 noxious odor with a threshold odor
of 0.5ppb. In May 1988 ERT Ydentified> the presence of 4-Phenylcyclohexene
in the carpets stored in the warehouse at EPA headquarters by three

different techniques.

In order to further investigate the presence of chemical contaminates
in the EPA office building, ERT conducted extensive sampling during May
1988 at the request of the Indoor Air Task Force. The ERT coordinated
sampling efforts with the Office of Administration and Resources Management
(OARM), Office of Solid Waste and Emergency Response (OSWER), Environmental
Health Safety Division (EHSD), Environmental Monitoring System Laboratory
at Research Triangle Park and facility staff.

SAMPLING:

The sampling locations were selected at the request of EPA Headquarters
employees and information available from various sources. A total of 13
sampling locations (including outside the building on the roof top, Tadle 1)
were selected to monitor low levels of volatile organic compounds, 4-Phenylcyclo-
hexene, and formaldehyde. Also carbon monoxide, carbon dioxide, temperature

and relative humidity were measured.



Two sets of 12-16 hours time average air samples were collected in
conformance with EPA and NIOSH specified methods with some modification
to meet the objective of this study. The sampling instruments were fitted
with a variety of absorbent material in order to trap many different types
of contaminants, such as: volatile organic compounds, 4-Phenylcyclohexene
and formaldehyde. The target and non-target compounds are listed in

Tadle 2.
AnaIinca1:

Volatile Organic compounds and 4-Phenylcyclohexene:

Indoor air samples were collected on Tenax/Carbon molecular sieves
(CMS) for volatile organic compounds and 4=Phenylcyclohexene. The Tenax/CMS
tubes were analyzed by thermal desorption on to a cryogenic trap, followed
by G6C/MS analyses. A Tekmar model 5010 and Hewlett Packard 5996 G6C/MS were
used. These samples were spiked with bromofluorobenzene and brochloromethane
as surrogate compounds prior to analysis. The Tekmar desorbing unit and BC/MS
temperatures were maximize to detect volatile organic compounds and
4-Phenylcyclohexene a semi-volatile organic compound.

4-Phenylcyclohexene:

Indoor air samples were collected on SKC charcoal tube (600mg) for 4-
Phenylcyclohexene for quantitation and confirmation analyses. The organic
compounds absorbed on charcoal were desorbed using carbon sulfide. The
carbon disulfide extract were analyzed for 4-Phenylcyclohexene using
HP-5890 GC equipped with flame {fonization detector (FID) and intigrator
for data recording. The carbon disulfide extracts were also analyzed by
GC/MS to confirm the presence of 4-Phenylcyclohexene.

Formaldehyde:
Indoor air samples were collected and analyzed using NIOSH 3500 method.

Other Parameters:

Relative humidity was measured using a sling psychometer. Levels of
carbon monoxide were measured using Monotox Carbon monoxide monitor,
This 1s passive monitor which employs an fon solution chamber and membrane
with specificity for carbon monoxide. The carbon dioxide levels were.
measured using a portable CO2 monitor (Gastech model 4776).



Summary of Results:

The analyses results of Tenax/CMS and charcoal are summarized in
Tables 3 and 4. The Tenax/CMS analyses results showed the presence of
volatile organic compounds and 4-Phenylcyclohexene at low ppb levels in the
EPA offices monitored. The Tenax/CMS analyses results for 4-Phenycyclohexene
were estimated using toluene response, due to diffculties experienced in
preparing 4-Phenylcyclohexene standard in gas phase. However, The results
were quantified and confirmed using charcoal tube analyses.

The air analyses results show 150 ppb of 2,2-dimethylhexane in Room
2827 on May 25, 1988 and was not detected on May 24, 1988.

The formaldehyde analyses results are summarized in Table 5. On
May 24 and 25, 1988, 430 and 280 ppb of formaldehyde was detected in
the Room 2632. A subsequent re-sampling was conducted on June 3, 1988
found less than 10 ppb of formaldehyde. The higher results on May 24
and 25 could be due to new furniture and/or from the cardboard boxes
where sampling trains were placed.

The carbon dioxide, carbon monoxide, temperature and relative humidity
were measured and are listed {n Table 6.

Discusston:

The objective of this study was to determine the chemical contaminants
present in the indoor air at EPA Headquarters offices. The results of this
study shows the presence of low ppd levels of several volatile organic compounds
and 4-Phenylcyclohexene. The highest concentration of &4-Phenylcyclohexene
was 6.6 ppdb 1n Room S-226 on May 24, 1988, which was reduced to 4 ppb on

May 25, 1988.

In two cases (Room 2827 and 3304 on May 25, 1988), the concentration
of alkanes exceeded the values reported in Table 7. Table 7 contains
values reported by several researcher for indoor air concentration® for
toluene, benzene, ethyl benzene, xylene, alkanes (pentane and lower),
alkane (hexane and high molecular weight hydrocarbon), methylene chloride,
trichloroethylene, tetrachloroethylene, and 1,1,l-trichloroethane.

Relative humidity, carbon dioxide, and temperature found to be normal
for the office enviromment. The carbon dioxide levels in indoor offices
(250 to 375 ppm) was slightly above the outside carbon dioxide level
taken at the roof top (200 to 300 ppm) during this study.

The results from the Day Care Center air sampling showed the absence
of 4-Phenylcyclohexene but the presence of low ppb levels of organic

compounds .
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TABLE-1

Indoor Air Monitoring Phase II

Sampling Locations (Room Number)

§-226 (New Room)
$-274

S-216 (Xerox Room)
2811

2816

2827

2807.5

2710 (Control)
2632

Roof

3241

3304 (Control)

935 East Tower)
1015 East Tower (Control)

2632 Resampled for Formaldehyde on 6/3/88
Day Care Center Outside front entrance
Day Care Center Class #3

Day Care Center Class ¢S5
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TABLE-2

INDOOR AIR MONITORING PAHSE II
LIST OF TARGET COMPOUNDS

vinylchloride
1,1-dichloroethene
trichlorofluoromethane
methylenechloride
t-1,2-dichloroethene
1,2=4ichloroethane
1,1,1-trichloroethane
carbon tetrachloride
bensene
trichloroethene
ethylbenzene
o,R,p-xylene

styrene
a-ethyltoluene
4-PHENYLCYCLOREXENE
4-ter-butyl toluene
FORMALDENYDE

n-pentane
n-hexane
chloroform
cyclohexane
n-heptane
1,2=@ichloropropane
sethyl Cyclohexane
n-octane

broacfora

cumene
alpha-methyl styrene
a,p~methylstyrene
o,p~dichlorodbensene
bengylchloride
hexachloroethane

napthalene



TABLE=2 (continued)

INDOOR AIR MONITERING PHASE II

LIST OF NON TARGET COMPOUNDS

n-hexane
2,2,6-trimethyloctane

C1l0 alkane

alkane,>Cll

phenol + Cll alkane

alkane ¢+ Cl0 alkene/Cycloalkane
© octanal

C4 alkylbenzene

n-undecane

napthalene

Cé alkane

C9 alkane + CJ alkyldbensene
2,2 Gimnethyl decane

Cl0 terpene
N-nitro-N-phenyl-bensensamine
C6 cycloalkane

C12 alkane

2=-butoxyethanol

Cl2 alkane ¢ limonene
2-butoxyethanol + styrene

Cll alkane + C3 alkylbenszene
alkane ¢ ethyltoluene
2-methylbutane

n-pentane 4 trichlorofluoromethane
2-oxy-propanoic acid

C?7 alkane

alkane ¢+ trisethyldensens
2-furancarbdboxaldehyde
2-furanethanol

benzaldehyde -
phenol

chloromethans

2-furanmethanol
decahydronapthalene

C12H2403 ester (1)

C12H2403 ester (2)

acetic acid + Cs alkane
acetic acid butyl ester
dichlorodbenzene isomer
4-methyl-2,6dis(1,1-dimethylethyl)phenocl

F-8

acetaldehyde

C8 alkene/cycloalkane
hexanal

n-nonane

heptanal
2=butoxyethanol

alkane

2-pethylpropane
n-hutane

bensaldehyde

C8 alkene/cycloalkane
CS alkane

siloxane

C9 alkane

n-octane

limonene

n-butane ¢+ CO2
n-tridecane

Cl3 alkane ¢ gsiloxane
n-butylether
2=-butyltetranhydrofuran
Cll alkane

n-decane

Cll alkane
J-methyl-S-propylnonane
siloxane ¢« C3 alkyldbenzene
alkane ¢ CJ alkylbenzene
nonanal

C5 alkylbenzene
n-heptane

C3 alkylbenzene
2-(2-butoxyethoxy)-ethancl
acetone

2=propanol
2,2-dipethylhexane
octanal

decanal

pentadecane

acetic acid

CléRlO0pan

Cé alkane



TARCET COOUDS

TARLE-3

siITe e t VATERSISE WAL, MASHINGTON, OC.

SAWLE LOCATION ' s-2% s-216 8-22¢ 8-22¢ s-21 s-2m 211 21 2o

SHPLE NUE/MINER ' a20r-01 so7-01 27r-a2 se7-02 amr-e so7-03 217-04 se7-0¢ so7-08

SATE SHPLED S M B/ N/ B/ SN/ SIB/M S/A/M8 S B/ S/25/08

PATE ANALYZED S /21788  G/08/88  3/28/88  G/08/88  S/28/88  G/06/88  3/28/88  6/08/88  6/08/88

) : 00030 s00%8 90041 20100 80042 20101 90043 80102 0103
pargmeter "d wh [ b (] wb rd b pobd

a0 o

viryt chleride » » » » » » » » »
1,1-dichiersethene » » - MM - " » .21 )
teichioref luoramethane » 2.9 1Lowm® »  03m » 0.9 1.0 »
methytene chioride 0.8¢°(s) R 4.0 2.13 .92 " » 8.2 .13
trane-1,2-dichioreethens » » » » - ® » ® »
1,1-dichieresthane » » » » » » » ® »
1,2-dichioresthane » » - L J » - - » »
1,1, 1-trichterssthane 0.%(0) 6.% 106 S.76 0538 2.98(M 0.21(8)  0.05(8)  2.34(™)
corben tetrachieride » .10 .03 o2 » .13 - .. 12 0.08
bergere . 0%®) 0.00 0.6 .55 .3 0.5UM .5 .’ 0.20m)
trichleresthylens » » 0.08 0.0 0.08 » » 0.08 »
toluane .20 2.% " 4.9 .9 6.2 7.3 .53 2.52
tetrachiersethylons 0.3 0.52 0.9 0.57 o.r o.n 0.63 X 2.8
ethyt benzene e.18 053 0.4 0.3 o.n 0.8 0.9 .30 (R}
a-xytens 0.5 .42 L .31 2.0 1.5 3.06 o.r 1.03
o-nylene 0.20 0.53 0.38 .58 0.01 0.63 .. o .38
styrene 0.29) 0.9¢ 0.2um 0.34 0.6 0.43 1.58 0.42 0.¢0
aste ethyltoluare 0.12 0.10 0.4 o .04 0.5 1.08 .23 0.1
4-ghenylcycichanene ** .06 0.1 s.13 2.68 X 0.48 2.58 °.n ™
total ' TR 18.86 .37 10.60

3.02 18.18 27.54 20.23 13.43

* Pe

Ca). Only sampled on $/25/88.

NA. Wot Anatyred for; scan terminated before cospound elution.
o: gatimated concentration below limit of quantitation.

ee: mot » terget campound; results sre estimates,

(8)1 Amounts were not significantly sbove background fevels,
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COMINED NON-TARGET CONPOLADS

TNTERIOR AIR ANALYSIS BY GCS

TABLE-3

SI17¢ nwe : VATERSIOE NALL, WMSHINGTON, OC.
SNPLE LOCATION ' s-2% s-21¢ s-22¢ $-226 $-278 s-n 2811 B 200
SHPLE RAE/MINER ' anr-0 So7-01 ar-02 S07-02 217-03 s07-03 27-08 $07-04 $07-0%
DATE SNPLED : S/MN/8  S/XS/08  S/M/88  S/XS/88  S/N/88  S/23/88  S/A/88 S 2/88  S/25/88
SATE ARALTIED : S/21/88 /06788  3/28/88  6/06/88  S/20/88  6/08/88  3/28/88  6/06/88  6/06/88
) : 900% 800% 90041 20100 80042 90101 80043 0102 00103
poramter ) peb peb peb [ b red pebd b pebd
olkenes o7 () n.e 9.10 2r.00 n.» s.30 7.0 2.1
olkenes/cyelenthanes 0.20 (X1 1.00 1.9 ceee 0.50 .50
oltylbenzenes, €3-C3 0.1 cece 2.90 .00 0.9 4.0 1.00 2.30
polysrametic hydrecarbers (PAN) eeee ceee eeue cere cece eeee eeee ceee coee
scetaldehyde § .2 o.n coce 0.9
benzatdehyde o.10 0.50 2.9 0.60
other atdehydes .50 3.10 0.% 2.m aeoe 1.50 0.9
stcohels .20 1.10 ceee 0.90 .50 .20
phenols . - - ceae ceee
tisorene ceee .0 een 2.0 1.9 2.60 0.5¢ 2.70
dichiorchenzene (scmers ceee veee
sttonsre 0.20 3.0 2.40 (X 10.70 12.90 11.60 5. 2.9
scetens 0.00 1.60 ecae soce eoee sese seee 1.10 sooe
scetic ecid esee g soee aoee bl aeee neee eoee e
acetic scid anyt ester .10 ceee eeee omn
#-nitre-u-pheny!-banzensenine
CIZn2403 ester (1) 0.20 2.0 18.00 .00 11.00 s.00 s.20 .20
CI2N2403 ester (2) 1.60 .90 20.00 16.00 K] 7.00 .40 1.0
other erganics 0.80 2.20 1.40 cese
totat .55 .20 n.n 48.90 7.3 $0.30 36.10 20.38 13.20

(a) Only sespled on 3/25/88.

(1) Propsnoic scid, 2 methyl-2,2-dimethyt - 1-(2-hydrony- 1-methylethyl )propyl ester.
(2) Propanoic scid, 2 methyl-3-hydroxy-2,4,48-trimethylpentyl ester. o
# Known Tenax contasinant. F-10 0r1224



TARCET COPOLADS TABLE-S(CONT*D)

INTERIOR AIR ARALYSIS OV aC/ms

ST e 3 MATERSIOE MALL, UASRINGTON, BC.

SAPLE LOCATION s t 4 mr 2708.3 27083 e ano 2632 2432

SAPLE SANEfmaEER 3 nr-e 587-08 217-08 sor-o7 ”nr-or sor-08 217-08 sor-ov

BATE SNPLED ] Sy/e8 S/25/08 S/24708 S/23/08 Ss24/08 S/5/ S/24/08 S/

GATE ANALYIED ] Srae os07/08 S/28/08 4707788 S/3v/s &/07/88 $/31/08 6/07/08

ma s 00044 e0113 0009 80114 90038 90113 90051 | 1314
poramter [ b o prb ) o pob o
vioytl chileride » » » - - » » »
1, 1-dichloreethars » 0.95¢8) » 1.5 » » » »
trichierefiusremsthane  0.43(e)(8) 2.2 8.20¢9) 1.32(e) O.64¢a)(D) 1.0 0. 7" »
mathylens chteride 1.16¢0) 6.26 1.9 2.09(s) 0.32(s)(W) L B Y » .
trane-1,2-dichlersethone -» » » - » » » »
1, 1-dichieresthans » » 0.82* » » » » ]
1,2-dichloreethans » » -» - » » » »
1,1, 1-trichlorssthare 0.47(0) 3.0m 0.97t®» 1.01(9) 0.3¢8) 2.21¢®) .33, 155
corben teotrechieride 9.06 » » .0 » » » »
bergere . . .93 m(n 0.3 0.08¢0) 0.10 0.05(®)
trichiereethylone - - » .18 » » ™ »
tolunne 8.13 3.0 4.72 2.9 10.48 .27 14.08 .08
tetrachlorsethylens 0.60 0.46 0.93 s.2 .% .00 .19 6.3
othyl banzene .80 0.38 0.67 .27 .75 9.38 1.03 0.63
a-xytene 2.33 1.13 2.08 . 1.9 1.23 . 2.12
o-nylene .84 0.4 e.68 0.2 .54 0.40 .29 | 74
styrere 0.43 0.358 8.52 .22 0.20(8) 0.47 0.9 on
arts ethylteluene 0.4 0.99 0.59 .2 0.08(8) 0.30 0.93 0.80
&-phenylcyclohenern ** .84 1.10 2.20 1.2 .87 6.03 0.19 o.18
» L o o
totel 16.06 2.0 16.09 17.43 16.90 1.9 23,53 18.21

(). Split peek, edded Integration peaks.
(1). Cospound maybe present, spectrum was overshadowed by o hydrocerbon pesk.
®; gstimated concentration belou limit of quantitetion.

#0; got & target compound; results ere astimates,
€831 Ammntes usrs nnt ainnilicentiv shnve hackeround levels.
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CONDINED NON-TARCET CONPOLADS

INTERION AIR ANALYSIS BY GCNES

TARLE-3(oONT*D)

SIte mve ] VATERSIOE MALL, UASRINGTON, OC.
SHPLE LOCATION 2 = 22 2r08.3 21083 Fa ) ane 2632 2632
SNPLE WNE/RISER ' nr-e ser-08 217-08 s07-07 2r-07 se7-08 217-08- So7-09
GATE SAHPLED 1 S/N/M  3/B/88  S/N/08 3 5/08  S/N/8 B/ YN/ 35/%8
DATE ANALYIED ' S/2/88  W07/88  S/2M/88  6/07/88  S/31/88  /01/88  S/31/88  6/07/88
e s 20844 s0113 80039 00114 00039 s011S 90051 90117
peraseter wh b rrd b b b b peb
olhenes 1.0 wus.* 5.0 .10 5.10 8.20 10.90 .
stherws/cyclonlionss even ccee cnee cnon coas cave a.ee cons
slkylbensenes, C3-C3 1.0 .0 0.00 .40 1.5 3.80
polysromatic hydrecarbens (PAR) 2.9
scetetdevyde § cene 2. eeee eeee 140
benzelduhyde ceee 2.40 1.60 0.60 cone
other a\dehydes 2.0 “16.60 ceee .50 1.80
slcohols 2.00 4.9 cene .50 0.5 cece
gherots 0.90 veee (N ] ..
t {monene 1.00 0.9 0.60 1.50 0.60 .7 2.30
dichierchonzene locaers ceee .50 0.80 1.10 1.60
chioremethane cose ases seee eeee weee ceee
sitonane 3.20 9.90 3.19 4.00 2.50 2.9 6.00 6.7
scetone 3.60 2.50 ceee om=e seee sees s sese
scetic scid eeee 1.3 0.60 .00 0.50
scetie ocid tutyl ester 0.90 .10 0.40 1.00
w-nitre-N-pheryt -bencensenine seoe 2.3 sees sees e .30 sene s
CIM24a3 ester (1) 1.3 6.20 1.5 .9 .7 3.40 3.9
C1202403 ester (2) 2.20 9.00 2.%0 1.90 1.00 s.10 $.50
.‘M ﬂm't' ‘.” sone seast eses b sees i bk
total 240 204.40 $1.10 $4.80 17.08 17.60 36.20 .70
(1) Propancic scid, 2 methyl-2,2-disethyl-1-(2-hydrony-1-methylethylpropyl ester.

(2) Propanoic acid, 2 methyl-3-hydroay-2,4,4-trimethylipentyl ester.

* Includes 150 ppb of 2,2 dimethylhexane, 07/22/88

’ Kn.’tenax contaminant,



TARCEY CONPOUDS

TABLE-3(CONT*D)

S1TE W 8 VATERSIOE WALL, WMSHINGTON, OC.

SHAE LOCATION ’ aeee f00¢ 3244 324 3304 3304 9”93 LT

SHPLE WS /MSNER ' nr-» Se7-10 277-%0 307-14 270 so7-12 27-2 So7-13

BATE SLED ) S/ S/23/08 Ss2 /08 S50 S/¢/08 S/5/%% Srase8 S/25108

PATE ARALYZED 1 S/31/88  G/0T/88 3731788  6/08/88  3/31/88  6/08/88  3/31/88  4/08/88

] s 00052 20118 80033 ”122 80034 0128 90053 90124
poramster wh b ped ] b pobd b b
vit chleride » » » » » » » »
1,1-dichiercethene » » » » .33  0.18) » »
trichioref luorensthane 0.05() 1.9 0.92¢s)(9) .93 4.0 220 oM  0.05(m)
asthylene chieride 0.08(0) 0.2 .2 0.4 .38 2.% 0.58 »
trans-1,2-dichleresthens » » » » » » » »
1,1-dichioresthare - » » » 0.03° » » »
1,2-dichlorestharne - -» » » » .08 » »
1,1,9-trichieresthane 0.8 - 0.20(P) s.10  0.27™ n.» LI 034 0.24(m)
carben tetrachloride » » 1.08 » 0.08 % » »
benzens 0.1%(9) 0.08(8) 019  0.05(0) .33 0.7 007  0.02%(9)
trichieresthylone » - .03 [ J .08 0.3 » )
tolusne 5.9 e.13 e.”n 0.a3 0.6 (X .69 .
tetrachioresthylons o.”m .27 0.10 .43 12.52 L 0.83 (X ]
ethyl benzene .”n .2 0.00 0.57 0.5 0.4 0.8 0.50
o-sylens 2.58 o.a3 2.0 1.8 .54 1.6 2.4 1.43
o-nylens 1.08 0.3 o.72 0.60 0.5 .5 o.%8 0.4
styrens [ ] 0.12 o.s8 038  0.2(9) 0.3 0.51 o.i8
mste ethyltolume 1.9 0.02 e.00 0.41 X 0.2¢ 0.48 0.20
4-phanyicyciochenans ** o ) 2.10 1.10 .7 e.03 0.87 0.63
totet 12.58 3.08 2.2 9.86 2.n 17.33 14.39 10.61

. Cast Touer sample.
(s). Split pesk, edded integration pesks.
®; Estimsted concentration below timit of quantitation,

*8; mot & target cospound; resulls ere estimates,
(8): Amounts were not significently ebove beckground levels.
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OOWINES NON-TARCET? CONPOADS TABLE-3(CONT *p)

INTERIOR AIR AMMALTYSIS BY 6L

SITE e ] VATERSISE MLL, VASNINGTON, DC.
SAPLE LOCATION 1 e 2006 240 3249 3304 304 330 338
SNPLE W /MIEER s 2nr-» Ser-10 217-10 507-11 27-1 sor-12 21712 $07-13
sAlTE LML DD ] S/ /23708 $724/88 $/23708 S/24/08 S/25/08 $/24/08 S/25/08
BATE ARALYIED ) s/’ e &o7/88 S/31/08 6/08/88 S/31/88 &/00/88 S/31/88 4/08/88
(] ] 0052 o118 90033 20122 90034 00124 * 90053 0124
porameter rd red red b red ] b b
olkanee 2.0 4.0 2.00 17.60 n.”n 213.9 30.00 60.10
olheres/cyclositanes 0.% .20 ceee 2.00 eece .eee coee
slkylbenseres, C3-C3 S.68 0.0 2.% esee osee case ceee
polysramtic hydrecarbare (PAD) 0.80 1.60 ceee cees acen sece eoes seee
sceteldehyde §§ ccee coee ecee ceee case enan esee
benzaldehyde eeee 2.10 ccee ceer cees coce coee
other oldehydes 2.0 4.19 3.% cees coee coce cece
alcchets seee 0.40 4.00 1.2 2.9 16.00 7.60 2.0
phenole eeae cees 2.9 0.9 2.00 cnee 1.5 ooee
tinonene coce cees 1.5 4.20 caee esee 1.5 2.30
dichiershanzene {somers oves .59 1.40 1.2 2.0 4.90 9.90 1.70
chioremethane enes ceee cece ceva
silonsne 2.1 3.2 $.30 2.9 ccee 3.90 s. 2.9
scetenn ceee coes coee ecee eece cese voen ccen
scetic acld 1.2 csee seee .eee seee eose 1.30 ceee
scetic acid eyl oster seee enee seee scee oo s s ceee
u-nitre-0-phenyl -bDenzersanine eece ceee seee 1.0 sose sece see
CI2n2403 ester (1) . eeee 0.60 4.50 8.30 2.80 cece 2.3 1.7
CI2n2403 ester (2) eaee 7.40 6.40 8.3 cene .0 ceee
other mk. ecee i hda i seee sees ee=s bt
total 15.900 19.10 61.40 £0.30 104.79 238.%0 $4.80 70.90

8 tast Yower sasple,

(1) Propsnoic acid, 2 methyl-2,2-dimethyl-1-(2-hydrony- 1-sethylethyl jpropyl ester,

(2) Propancic acid, 2 methyl-3-hydrony-2,4,4-trimethyipentyl ester.

”" Km Tenax contaminant., 07/22/88
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TABLE-3(CONT*D)

811t e 8 UATERSIDE MALL, WnsHiucTON, BC.
SAPLE LOCATION t 9150 0158 MARMRY(1) WMMSERV(2) MMSERY(S)
SAPLE WVE/MANER t any-13 S07-14 $14-01 $14-02 -
DATE SALED i S/ S/5/08 6/03/%8 6/03/08 03/
OATE ABALYZED ] $/31 /00 &/00/%8 4s00/08 6/08/88 6/08/08
([ ] ] 20036 00128 90128 00129 o013
‘ur-nor R b (] b red b
viwt chtoride » » » » »
1, 1-dichioresthane » 0.92¢(») -» e.1 e.21
trichlerefivoramathans » 4.5 - 7.3 135.4
msthylone chleride 0.30¢») 9.2 » 0.8 »
trans- 1,2-dichlercethens ] » » » -
1, V-dichterestham L J » -» » »
1,2-dichloresthare » » w » »
1,9, Y-trichioresthans 0.5(m 3.» 0.07 0.52 0.48
corbon tetrechlerids - .13 » e.% .1
bertere 0.08(9) . e.10 | R e.63
trichlorsethylens » 0.32 » .12 0.%
toluane 0.63 L.67 . 2.87 2.3
tetrachloreethylone L X4 [ R, .36 . 0.42
othyl bergene 0.0 [ B9 .7 e.13 .20
a-aylene 1.7 .87 2.3 0.7 0.33
o-nyleme R (4 e. 0.92 .07 0.19
styrene 0.44 0.13 wm 8.05%e) 0.13
aste ethyltelusne ..73 0.03* 0.50 o .10
&-pherwylicyclchensne ** .23 0.03 [ ] [ [ ]
tetal 6'.63 26.9% 1M.% 12.87 1.2

. a

@#. tast Touwer sample.

€1). Outside. (2). Class Mo.3. (3). Class ¥o.5.

o: gstimated concentration below {imit of quantitation.
*0; Not » tergel compound; results are estimates,

(8): Amounts were not atgnificently sbove background levels,



CPBINED NOR-TARGEY CONPOIDS

INVERION AR ANALYSIS A7 CCAS

TABLE-3(COMT'D)

SITE N ] UATERSIOE MALL, VASHINGTON, OC.

SMNPLE LOCATION ] wrne 10158 MARSERV(1) WURSERY(2) WMMSERV(S)
SAPLE UNE/MIBER ] ar-13 So7-14 s1e-00 $14-02 $1-08
OATE SMPLED 1] Srn/m S/ 08 6703/ 4/03/88 /03/08
SATE ANALYZED H] S/ é/08/88 4/08/88 4/08/88 6/08/88
an ] 90034 90123 00128 20129 e0130
_poramster A red md [ ped peb
oltanee 3.0 16.10 2.9 .00 n.20
stierws/cyctosttorns eees cese caee .30 ceee
sliylbensenes, €3-C3 ecce ccce 7.0 eees coss
pelyeremntic hydrecerbens (PAR) seee esce sece eeee sees
scotaldehyde g o oeee sees | X 1.2 .9
benzaldehyde eee amee ceee oee
other aldehydes eses ease 0.60 coce soee
alcohols osee eece voee opm socs
ghenols eeee ceee ceee caee ceee
{ isonene 1.0 cves .50 .30 3.2
dichlorsbenzens loemers aene ceee .7 ceee oo
chioramethane ceee asae soae ceea coee
silonare 3.9 .60 1.3 o 2.00
scetong ecee 1.19 voce . .7
scotic ocid seee ecoe eone 0.60 oo
acetic ecid aryl ester enee 1.2 eooe et eves
8- nitre-u-pherwyl -banzersanine eeee esen voas ecee cosa
CIMUCS ester (4) .m0 “eee aeee seee
C12n2403 ester (5) 3.5 seoe eoee saee R
other erganics ceee o.70 sone .60 -t

?

totel 64.10 19.70 38.40 17.90 42.40
(1) Outside.

(2) Cless wo. 3.

(3) Class wo. $

() Pr acid, 2 sethyl-2,2-dimethyl-1-(2-hydrony- 1 -methylethyl )propyt ester,

€S Mo artd D maehul -Chudrave-? & R-trianrhvirentvl eacves



TARCET? CONPOUDS TABLE-3(0ONTY *9)

INTERIOR AIR ABMLYSIS BY GC/8

s1T¢ wee 8 VATERSIOE RALL, WASHINGTON, DC.
SNPLE LOCATION g (WOVOLA TRIPDLAMKE TRIP SLAMK (OFT LA TRIP BLAMK
SAPLE WNE /EER g8 2NT-AMY  27-78(1) SOT-TRA(Y) SOT-LBA(Y) S14-TR(D)
SATE S DD ] S724/80 Sr24/08 S/15/m8 S/25/08 6/03/88
GATE ARMLYZED ] Ss2v/08 $/31/08 6708708 6/8/08 /08708
(4] ] 90020 0049 90096 90007 00127
poramter [ b eed red md
virgl chleride » » [ » -»
1, 9-dichloresthane » » 1.42 » -
trichioreflusremetharne » 0.83 0.1 w 1.2
sethytens chleride .1 0.13 » e.% 0.%
trans-1,2-dichiorcethene » » » » »
1,-dichioreethane » » [ » »
1,2-dichlorcathane - " w ] »
1.1, 9-trichlieresthars - .29 1.42 o )
corben tetrachleride » » » » »
benzens - 0.040 0.23 0.3 0.0
trichioresthylens » » » » »
tolusne -» 0.20 0.0% 9.09 2.0
tetrachioreethylere - 0.02¢ » » »
ethyl bemzene » 0.04¢ 0.01* » 0.43*
o-nylene » 0.12 0.03* -» 0.03*
o-nylens » 0.03 » » »
styrerne - 0.1 0.03° » 0.02¢
aete ethyltoluame » 0.04¢ » » -»
4-gheryicyctchonsne ** » » w e d
- v ' J ®
totol .:" .92 ’.,7 0.28 2.29

(1)t Concentrations equivelent to o 18.0 liter sasple volum
€2): Concentrations «plnlom' to s 1.7 liter sasple.

o3 Eotimeted concentration below timit of quantitstion.

0;: Not s terget compound; results ere estimates,



INTERIOR ATR ANALYSIS OV GC/MS

TABLE-3(CONT D)

SITe v ] UATERSIOE MALL, UASHINGTON, OC.
SAPLE LOCATION ] OV BLASE TRIP BLANK TRIP DLAMK 10T BLANK TRIP SLANK
SHPLE RAE/MPEBER 1 2IP-AB() 217-TBCY) SO7-TBA(1) SO7-LBA(Y) S14-T8(D)
SATE SMPLED ] Sran/m S/2¢/08 S/25/08 /25708 /03708
BATE ARALYIED (] SN S/31/%8 4/06/08 ds6/08 4/08/08
e t S0028 80049 S00% 90097 |27
porameter b ] ] (] e
olkames 0.20 .10 (R, ] 0.16 o.78
olkerwne/cycloalkanse 0.07 cese 0.7 0.07 0.9
stiylbanzense, €3-C3 csee .3 o.rn .9 0.2
pelyaramatic hydrecorbons (PAN) seon cees .07 eooe .20
scetoldehyde g9 0.08 0.2 .20 0.% 0.68
barzaldebryde ssece cece .20 0.1 .9
other atdevydes eoee 0.40 2.2 0.8 .39
slcahote coce csee .19 0.40 .10
pherols ceee 2.2 0.20 0.10 .08
| imonene coee seee 0.08 coee eose
dichterchantens {semare ecee .9 vooe eses .09
chloramthene csee cone asce cone 0.0
sitonane 0.1 2.20 .4 on 0.4
scetone osee ceee 0.30 0.07 0.0
scetic ocid coe- coee seee seee .30
scetic ecid butyl ester sese coee ecee cose seee
#-nitre-8-phery! -benzensenine enee 0.20 0.4 0.10 coee
C1202¢03 ester (3) eoee 0.10 .10
CI2M2403 ester (L) ecee eoo. ecee ceee soee
other organics cnce 0.30 ecee e.10 ----‘
total ..'LS 4.10 8.3 3.0 3.0

(1) Concentrations equivalent to a 18.0 titer sasple volume.
(2) Corncentrations equivatent to o 4.7 Liter sample.
t3) Propancic scid, 2 methyl-2,2-dimethyl-1-(2-hydrony-1-methylethyl )propyl ester.
(¢) Propanoic acid, 2 methyl-3-hydroay-2,4,4-trimethylpentyl ester.

#¢ xn@ Tenax contaminant.

P-1A

-Em



TABLE-4

ANALYSIS RESULTS

4-PHENYLCYCLOHEXENE

SAMPLE LOCATIONS §/24/88 5/25/88
$=226 (NEW ROOM) 6.65 3.70
S-274 1.30 0.67
281 2.78 1.70
2827 0.44 0.4
2708.5 3.86 2.63
2710 0.13J ND
2632 0.37 0.26J
3241 1.86 1.69
3304 0.219 ND
935 1.19 1.27
1015 0.44 NA
ROOF ND ND
2816 . 0.28)

CONC. UNITS PPB,

ND: NOT DETECTED

NA: NOT ANALYZED

* SAMPLE WAS NOT COLLECTED ON 5/24/88
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Table § ‘Cont'dl

Formaldehyde Analysis Results
Conc. Units ppd

Location 6/3/88
2632-1 ND
2632-2 ND
26323 ND
2632-4 ND
2632-5 ND
2632-6 9.0
2710 ND
Day Care Center 50utside) 9.0
Day Care Center (Class #3) ND
Day Care Center (Class #5) ND

ND - Not Detected (Detection Limit 10 ppbd)
J = Detected Below Detection Limits

F-20



Location

New Room (S=-226)
S$-274
2811
2816
2827
2708.5
2710
2632
Roof
3241
3304
935
1015

Table 5

Formaldehyde Analysis Results
Conc. Units ppb

5/24/88 5/25/88
ND : ND
48.9 7.3
9.0 J ND
NS ND
46.4 ND
ND 36.6
58.7 ND
429.0 284.0
ND 9.0 J
58.7 5.7
ND ND
ND ND
ND ND

ND - Not Detected (Detection Limit 10 ppb)
J <« Detected Below Detection Limits
NS - Not sampled on 5/24/88

F=21



Room No.

S-216
$-226
S-274
2811
2827
2708 1/2
2710 C
2632
J24l
3304 C
935
1015 C
Roof

CO_(PPM)

COONNNNINONOO O

Table 6
May 24, 1988

Analysis Results

¢o

400
400
400
400
400
400
375
400
400
350
400
400
300

PPM

F-22

75.7
74.8
74.9
71.4
69.9
77.8
72.0
72.8
78.0
74.0
77.0
76.7
8s.0

Time

4:30
4:35
4:37
4:32
4:45
4:50
4:55
4:59
5:10
5:15
5:25
5:30
§:12

T E R ENEE]



Room No.

§-216

§-226

$-274

2811

2827

2708 1/2

2710 C

2632

3241

3304 C

CO_(PPM)

B HIYYF LYY LYYW LYILYWY YO YUV Oh Ve o'y U'aaw

co

250
275
500

300
300

Table 6

Cont'd

May 25, 1988
Anglysis Results

PPM

350"

325
300
375

300
275
275

275
375
275

275
300
425

275
275
450

275
275
525

350
300
375

300
275
375

F-23

% RH

89
63
67

60
60
62

52
61
51

89
55
89

65
60
61

61
61
60

69
69
65

60
59
67

$0
59
82

61
61
§2

Room

Temp (°F) Time
79.0 8:40
77.0 11:15
76.5 2:30
78.5 8:27
75.0 11:00
73.9 2:35
77.0 8:34
75.0 11:54
72.2 2:40
72.0 8:45
73.0 11:09
70,0 2:50
71.0 8:48
68.1 11:13
72.0 3:00
72.0 8:53
74.0 11:18
n.7 3:05
69.0 8:52
68.0 11:20
70.0 3:08
73.0 9:04
71.0 11:24
73.0 3:17
76.0  ° 9:20
77.0 11:30
75.0 3:54
73.0 9:30
73.0 11:40
72.0 3:26

388

5585 %58 3585 3§58

388

3858 355 338 388



(Cont'd) - Table 6 (May 25, 1988)

F=24

Room
Room No. CO (PPM)  CO» (PPM) % RH Temp (°F) Time
935 5 350 60 76.0 9:36
6 325 65 75.0 11:85
4 350 43 74.0 3:45
1015 C 5 350 60 77.0 9:45
-] 350 59 77.0 11:50
5 - 56 76.0 3:50
Roof 5 200 79 59.0 9:07
4 275 84 62.0 11:08
3 300 86 65.5 3:25

38§

pm

am

pm
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TABLE 7.
TYPICAL INDOOR CONCENTRATIONS OF SELECTED COMPOUNDS

Compound Concentration Common Sources
(ppb)
Toluene 3 -160 (1) Petroleum based cleaning solvents, Paints ¢
. 33.7 (3), 14.6 (@) paint resovers, spray deodorants, Nail base-
2.4 (s) coat & polish, Furniture polish; silicon
caulking
Bengene . 3 -16 (1) Same sources as toluene with exception of nail
9.4 (2) basecoat and polish; cigeratte smokers in house-
16.3 (3), 3.1 (4) hold; Additional source -particle board
4.7 (6a & 64), 1.4 (6o & 62)
] 3.4 t6g)
Ethyl benszene 1 -9 (1) Same sources as bengene with exception of
1.5 (2 ¢ ¢6a), 9.3 (3) particle board
1.2 (4 & 6c), 1.1 (6D)
‘1.8 (64), 0.6 (68 & 6h)
0.4 (61), 0.5(69)
Xylenes . 3~-29 (1) Same sources as ethyl benzene

1.2 - 301 ‘2’
2.0 - 28.8 (6)
28.8 (3), 4.8 {4)

kanes (pen and no data in ppd Same sources as toluene plus general cleaning
?;uor). ( tane solvents, floor wvaxes, lover MW alkanes also
occassionally used as spray propellents
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TABLE 7 {cont.)
TYPICAL INDOOR CONCENTRATIONS OF SELECTED COMPOUNDS

Compound Concentration

(ppd)

Alkane (hexane and 1.4 - 122 (1)
higher molecular wveight

hydrocarbons)

Common Sources

Some glass cleaners, room deodorizers, floor
polishes, wvood stains, and furniture polish

(basically pentane and hexane vwill be found in any substance
containing petroleum distillates or kerosene)

Methylene Chiloride 372 (3)
3 (»)

Tar removers & tire patch, paint strippers,
some mothballs, car engine cleaners & common
spray can propsllant

(®* value found in detached table v/ no reference)

Trichloroethylene 4 -1 (1)

0.8
0.3
0.5
0.1

Tetrachloroethane 0.6 - 29 (1)
0.3 -1.2 (6)
2.5 (3), 0.6 (@)

0.9 JS5)

1,1,1-Trichloroethane 1.7 (2)
(Methyl Chloroform) 2.7 - 83 (1)
4.0 (3), 3.1 (6a)
2.2 (6b), 3.3 (6c)

4.8 (64), 1.3 (6e)
’ 0.8 (6f), 4.8 (6g)

{
(
(6b), 0.2 (64 & 6g)
(6o & 6), <0.1 (6f)

General cleaning solvents, metal cleaners,
tire patches, & degreasers

Latex paints, residual dry cleaning solvents
in clothing, metal degreasers, devaxing and
stripping solvents, upholstery cleaners,
general household cleaning solvents.

GCeneral cleaning solvents, dry cleaning solvents,
non-caustic drain cleaners, carpet & upholstery
cleaners, metal cleaners, auto engine cleaners,
and degreaser compounds.



L2-a

1)

(2)

(3)

(s)

TABLE 7 (cont.)
TYPICAL INDOOR CONCENTRATIONS OF SELECTED COMPOUNDS (REFERENCES)

*Indoor Air and Human Health"; R.B. Gasmage & S.V. Kaye, ed.; Levis Publishers, Inc.,

1985; "Volatile Organic Compounds in Indoor Air: An Overview of Sources, Concentrations,
and Health Effects®, Sterling, D.A.; pp. 387-402.

Environment Intarnational, Vol. 12, 369, 1986; "Total Exposure Assessment Methodology
(TEAM) Study: Personal Exposures, Indoor-Outdoor Relationships, and Breath Levels of

Volatile Organic Compounds in Nev Jersey®"; Wallace, L.A., et. al. (concentrations are the
reported Geometric Mean of overnight personal air values)

*Proceedings of the 3rd International Conference on Indoor Air Quality and Climate®;

B. Berglund, ¥. Lindvall, ¢ J. Sundell, ed.; Liber Tryck AB, Stockholm, 1984; "Integrating
‘Real Life®’ NMeasurements of Organic Pollution in Indoor and Outdoor Air of Homes in
Northern Italy®, M. De Bortoli et. al.; pp. 21-26.

|
spProceedings of the 3rd International Conference on Indoor Air Quality and Climate*;
B. Berglund, T. Lindvall, & J. Sundell, ed.; Liber Tryck AB, Stockholm, 1984; *Volatile
Hydrocarbons in Dutch Homes®, E. Lebret, et. al.; pp. 169-174.

*proceedings of the 3rd International Conference on Indoor Air Quality and Climate";

B. Berglund, T. Lindvall, & J. Sundell, ed.; Liber Tryck AB, Stockholm, 1984; "Sources and
Characterization of Organic Air Contaminants Inside Manufactured Housing®”, D.K. Monteith,
T.H. Stock, & W.E. Seifert, Jr.; pp. 285-290. .

*The Total Exposure Assessaent Methodology (TEAM) Study: Summary and Analysis: Volume 1°*;
L.A. Wallace, U.S. EPA Report § EPA/600/6-87/002a, June 1987. Concentration data used

vere mean values from Tables 25, 26 & 46. Reference suffices indicate the location and
times for the collected data: 6éa - Nev Jersy, Fall 1981; éb - Nev Jersey, Summer 1982;

6Cc - Ne} Jersey, MWinter 1983; 64 - Los Angeles, CA, Jan. 1984; 66 - Los Angeles CA, May 1984;
6f - Contra Costa County CA, June 1984; 6ég - Greensboro NC, May 1982; and ¢h - Devils Lake
ND, October 1982. .
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Indoor Air Quality Monitoring
U.S. EPA Headquaters, Washington, DC.

Introduction:

During November 6 through November 8, 1988, the Environmental
Response Team (ERT), assisted by the Response Engineering
Analytical Contract (REAC), conducted an Indoor Air Quality

(IAQ) Survey at EPA Headquarters in Waterside Mall. This survey
was undertaken at the request of the Director, Hazardous

Site Control Division (HSCD), to determine whether indoor airborne
contaminants were present, since a number of employee health
complaints had been received, from the South East section of the
Mall. In addition, concerns were still being expressed over the
air quality in the day care center, and it too was resampled.

Sampling:

The sampling locations were selected in consultation with
several concerned employees and in consideration of the
operating schedule of the ventilation system and the real-time
carbon dioxide concentrations, which indicate areas of low air
circulation. The sampling locations in the day care center were
selected based on a previous study (l). The eight locations
selected for the IAQ Survey were Offices 2123, SE-274D, 2827,
2710, day care center classrooms 2 and 5, and the south entrance
of the day care center, and the Roof for outdoor ambient air.

Indoor air samples were collected on November 6 and 7. 1988, for
volatile organic compounds, formaldehyde/acrolein and
4-Phenylcyclohexene (4PC). The purpose of the Sunday (November
6) monitoring was to collect data when the ventilation system
was off and poential off-gasing products could accumulate in the
offices. The Monday (November 7) monitoring was conducted to
determine the level of various compounds during normal office
activities (ventilation turned on)..The air supply vents were
operating in the day care center on both days of the indoor air
monitoring.

On November 7, 1988, indoor air samples were also collected for
volatile organic compounds in the evening in the absence of
normal office work activities. Microbial monitoring was
conducted by the Environmental Health and Saftey Division (EHSD)
and performed on November 8, 1988, by EHSD'S contract (Science
Applications International Corporation (SAIC), Virginia).



ANALXTICAL:

The volatile organic compounds were collected on Tenax/CMS tubes
for a five hour period and analyzed by Gas Chromatography/Mass
Spectroscopy (GC/MS) quantitatively for several target compounds
and semiquantitatively (relative to the toluene response) for
the non-target compounds. The 4PC samples were collected on 600
mg charcoal tubes for ten hours and analyzed using Gas
Chromatography/Flame Ionization Detector (GC/FID). Selected
samples were confirmed by GC/MS. The details of these
collection procedures are shown in Table 1. Also, GC/F1D
results were used for fingerprinting purposes. The
formaldehyde/acrolein samples were collected on Orbo tubes
supplied by Galson Laboratories and analyzed by Gas
Chromatography/Nitrogen Phosphrous Detector (GC/NPD) using OSHA
Method 52.

Quality Assurance/Quality Control:

Each type of analysis conformed with standard methods with some
modification to meet the objective of this study. In almost all
cases, the quality control checks were within the accepted
limits for the particular analysis performed.

Summary of Results:

The analytical results of the IAQ Survey are summarized in
Appendix A. Low ppb levels of organic compounds were found in
all the offices monitored and in the day care center on all two
days. The concentration of trichlorofluoromethane was in the
range of 6.72 to 43.19 ppb, with an average of 19 ppb and a
standard deviation of 12.9 ppb. In the previous studies, the
highest concentration of trichlorofluoromethane found was 4 ppb.
This compound, however, is a common laboratory contaminant, and
the results are suspect. Formaldehyde was detected at 40 ppdb in
the outside air. This value is significantly above the normal
ambient level found in the U.S., and the data are questionable.
Also, on Sunday (November 6) in office S-274D, 20 ppb of
formaldehyde vas detected, but it was not detected on Monday
(November 7). Acrolein was not detected at any location. The
4PC, one of the main off-gas components 0f the carpets was
detected on Sunday in two offices at the 0.1 ppb level. No
significant aifferences were observed between this study and the
previous ERT studies (1-3) conducted at Waterside Mall for
volatile organic compounds.

Indoor air samples collected for a ten-hour period on charcoal
tubes and analyzed by GC/FID were used to compare the indoor air
quality for Sunday and Monday monitoring. The day care center
fingerprinting comparisons are presented in appendix B Figures
1, 2 and 3. The estimated organic concentration in the day care
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1NDOOR AIR MONITORING, USEPA, WQ.

SAMPLING AND ANALYSES 3

PARAMETER

VOLATILE ORGANIC COMPOUNDS
& -PHENYLCYCLOHEXENE
FORMALDENYDE/ACROLEIN *

¢ ANALYSES BY GALSON LABORATORIES.

(Nov. & through Nov, 8, 1988.)

TABLE-Y
ANALYTICAL TOTAL
HETHOD SAMPLE

voiLue
LITERS

MODIFIED EPA TO-1 6
ErRT-10 1200
OSHA 52 30

G-5

SANPLING SAMPLING REDIA

Tine
nouRs

10

TENAX/CNS
CHARCOAL
ORBO TUBE

INSTRUMENTS USED

GC/ms
GC/F1D CONFIRMED BY GC/MS
GC/upPD



center on Sunday (November 6) was in the range 2 to 5 ppb and on
Monday (November 7) 10 to 36 ppb. The GC/MS analyses shows the
presence of hydrocarbons at low ppb levels. The hydrocarbon
presence could be ‘attributed to the parking garage. Further
investigation would be necessary to identify the source. The EPA
Headquarters fingerprinting comparison are presented in appendix
B Figures 4, 5, 6, 7 and 8. The fingerprinting pattern in
office 2710 is similiar to the day care center, 3 ppb on Sunday,
and 10 ppb on Monday. In other offices, there were no
significant differences in volatile organic compound
concentrations between the two days.

There was not enough information available on the ventilation
system to evaluate its contribution to the problem. However,
the following observations were made: Office 2123 air supply
vents were disconnected; Day care center air supply vents were
operating on both days; air supply vents were Off on Sunday and
were operating on Monday in Offices 2710, 2827 and SE-274D. The
carbon dioxide, carbon monoxide, percent relative humdity and
temperatures wvere found to be normal for office environments.

conclusions:

The low ppb levels of organic compounds found in this study are
the same as those found in the Waterside Mall, EPA offices
indoor air in the previous EPA studies (1-3). The only compound
that was found at different concentrations during the last ten
month period was 4PC. In general 4PC decreased from 6.65 ppb
(May 24, 88) to 0.12 ppb (November 6, 88). The results are
listed in Table 2.
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TABLE-2

ANALYSES RESULTS

&-Phenyleycichexens
(Conc. in ppb)
Sample Location $/24/88 $/25/88 6/29/88 8/11/88 1176788 11/7/88
$E-274 1.30 0.67 us us 0.07 40 (0.07)
$£-226 6.65 3.7 0.76 0.22 us [ H
2708.8 3.8 2.83 0.56 us us [ H
7o u0(0.30) w0(0.30) 0.21 * MD(0.20) MD(0.06) WD(D.08)
32419 1.84 1.60 w(0.15) nus us s
827 0.44 0.61 us s 0.12 w0(0.10)

® GC/NS analysis does not confirm the presence of 4PC.
H0: mot detected.

€ ): denotes sample conc. below Limit of quentification.
NS: not saspled.
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THDOOR AIR MONITORING,

USEPA, W0

TABLE- 1A
&-Phenylcycichexene

(Conc. in ppd)
Semple Location 11/76/88
Roof(outside air) D (0.064)
2123 ) 0(¢0.064)

USE-2700 8 0.07¢

vesr ’ 0.122
270 ’ MD(0.064)
South Entrence(Day Care) W0 (0.064)
Oay Care Class #2* w0(0.064)
Day Care Class #5* %0(0.064)

¥0: denotes not detected.
( ): denotes sasple conc. below Limft of quantificetion.
* gir supply vents on both deys.

# sir supply vents OFF on 11/6/88 snd ON on 11/7/88.

$ air supply vents disconnected.

1171768

40(0.075)
W0(0.064)
¥D(0.087)
#0(¢0.100)
WD(0.064)
w(0.120)
#D(0.090)
MD(0.064)
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JNDOOR AIR MONITORING, USEPA, MO,

TASLE-2A
Acrolein
(Conc. in ppd)

Sample Location 11/6/88 11/7/88
Roof(outside air) D (20) w(20)
2123 ) w(20) %0(20)
SE-2740 # w(20) w(20)
2827 ] w0 (20) w(20)
2710 s w(20) w(20)
South Entrance(Day Care) * w0 (20) w(20)
Oay Core Class #2° N0(20) w(20)
Oay Care Class #5°* u(20) w(20)

ND: denotes not detected.

( ): denotes sample detection timits.

* ofr supply vents on both deys

# air supply vents OFF on 11/6/88 and ON 11/7/88.
$ air supply vents disconnected.
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JUOOOR AIR MONITORING USEPA, NG,

TABLE-3A
forms | dehyde

(Conc. in ppb)
Sanple Location 11/76/88 1M/7/88
Roof (outside ofr) 40 30
123 s w(s) w(s)
SE-274D # 20 u(8)
8|27 8 w(e) w(s)
2T 8 w(8) w(8s)
South Entrance(Day Care) * w(8) u(s)
Day Core Closs #2°* ND(8) MD(8)
Day Care Class #5* (8> w(s)

¥0: denotes not detected.

( ): denotes sanple detection limits.

* air supply vents on both days

€ air supply vents OFF on 11/6/88 and Ol on 11/7/88
$ afr supply vents disconnected.
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TARGET CONPOUNDS

INDOOR AIR ANALYSIS SY GC/NS

TABLE-4A-1

SITE WAE IMATERSIOE MALL - 11/6/88
o
SHPLE NANE/MNDER TRAVEL 7322-A T322- . . . oup o
ThoLive Louation :“'“ m: u: n2 m: Mm: mem; mz:z;: n:;‘: 12:;‘: rz:;‘: 7205-C B412-A 3412-8 3412-8 3412-C TI2-A TM2-A TI2-8 TS2-C
M0 AB 2B 1B 2B s - . .
::: Anu:n :::;:a 1:::: W W30 W21 WS W29 W2\ W W W2 W2 WS WB W e :12/: :uma :t"z:
o o ’. s 6 WP W8 W6 WT W8 W WT W W8 W6 1T WT B We W6 Wt 1:
: 021 B1051 B1087 91023 BI04 81075 81025 BI0K3 BI04 81067 81026 81049 1050 81072 82006 01027  SINT m,r:
peremster ped pebd b peb pod ped ped prd ped pob prb ppb (] peb prb ped pebd md g
vinyl chioride ) o » » » " w w w o
[ ] [ ] o [ ] ] w »n
trichlorofluoromethene ® 6.72 11.34 16.29 28.08 32.77 41.19 1.82 .70 43.19 26.28 2.47 30.03 10.72 26.17 7.88 14.16 25.16 1% 3 om
1,l-dldulm » w w w w [ ] w [ ] w w [ ] w w [ ] .ﬂ I;m .” s "o
sethylens chioride 056 2.29 152 S.06 8.92 7.53 150 1.27 804 431 0.85 7.41 139 5.8 3.26 2.2 .45 » o
trens-1,2-dichlorosthens WD w w o w w w W W W W w w w w 9w oW
'.""d‘l“‘h.‘ w [ ] w w w [ ] w w [ J (] w w [ ] w w [ ] : - oy
1.9,0-trichloroethane .46 ©0.8¢ 000 1.87 1.67 033 090 101 09 09 056 1.09 034 035 1.78 1.87 177 o ; n
corbon tetrachloride ® s ® 03 027 oo W o 0.1 0.2 o 0.2 o 0.8 w N 028 s
benzene $.27 059 043 1.67 0S5 067 0.7 067 0.7 062 1.12 055 0.5 0.7 1.62 097 049 o : by
1,2-dichloroethons o 0.1 o 0.6 0.7 0.47 W 800 0.62 0.58 o 0.66 045 0.5 S0 035 026 g
trichloroethylene o o o 041 037 0.2 0 o 028 0.27 W 032 0.2 0.2 me 02 047 : oo
toluene 0.2¢ 1.05 095 665 297 279 1.8 130 297 270 2.0 &3 3.9 3.7 S435 432 218 .0 ;‘ :
tetrachloroethylens sL00 o 800 041 09 028 800 026 036 0355 $00 1.18 N9 0.2 041 1.16 O 029
ethyl benzene 200 0.8 500 0.9 055 035 026 8100 041 040 032 0.49 036 0.46 066 0.7 038 0.2 o :
a-xylene M00 042 032 1.49 098 067 08 043 075 060 1.05 09 0.7 105 195 17 0.9% o7 o.%
o-xylene w 025 SW00 0.68 0350 037 028 019 038 041 040 043 035 051 076 0.7 0.20 031 03
styrens oo w sL00 [T ] w L00 stoo [ 1T ] 0.30 0.28 0.18 0.30 s o0 0.33 0.33 0.87 0.3 ...ﬂ 0.8
mete-othyltolusne o 0.2 w 032 032 02 032 s00 032 020 052 025 0.8 043 0.8 0.8 0.3 0.20 0.2
totel (tarpets) 3.3 1.6 175 8.6 SIS S50 85 W8 S 383 96 (82 1L 08 26 03 W 203 13
totel non tergets @ 99 208 S0 234 409 339 135 126 367 9.2 32 224 3.0 8.2 83 6.6 N7 50 RS
foTAL vOC 52 384 25 TR0 2.4 00 2.0 26 %2 6.5 08 Te 3.6 090 829 w29 N3 s W
Linit of ouentitation 0.167 O.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.17 0.167 0.167 0.187

C(in ppb) 8

WD. Wot Detected.

8L00. Below Limit of Ouentitation.

* possible tsb contamination

# Non target total from page 2 of Teble A1,

9 Colculsted Limit of Quentitetion =

c-13

(Lowest Calibration Volumelx(Stendard Concentration)

Sample Volume

Page | of fable 4A-?



COMBINED N0N-TARGET COMPOLNDS TABLE-LA-1

INDOOR AR ANALYSIS BY GC/WS

SITE NANE SUATERSIOE WALL - 1178/88
oue oup o

SAHPLE NANE/MBER tTRAVEL 7322-A T322-0 T322-C 7334-A 7336-8 7336-C 7205-A 7203-8 7205-8 7208-C 3412-A 3412-0 3412-8 3412-C 7342-A 7T342-A T342-8 7342-C
SAMPLING LOCATION 1K ROOF  ROOP  ROOF 2827 2827 2827 2790 2710 2710 2710 2123 2123 2123 2123 $-276  $-2T% $-27% 8-2M%
OATE ANALYZED 8 WY /B W W2 W2 W29 W21 W 2 129 120 WS WS W9 W8 W WS W
DATE SAWPLED t1tV/6 Wwe Wr w8 Wwe WT w8 w8 WP W W8 W6 WT T W8 w6 1We W v
(1L 91005 91029 81057 01087 81023 81048 B1075S 81025 S1043 1044 81067 91026 B1049 81050 91072 52008 81027  SI0LT 81077
peremster ppb ped b peb peb peb ped peb ped peb phb peb ped peb peb peb peb b ped
olkenes 1.3 1.8 1.1 9.0 9.9 T4 4.6 5.6 17.0 214 16.1 11.0 719 24 1.9 5.9 WU 8.6 18.2
slkenes/cycloathkanes » 0.3 ® 2.4 w 0.3 ] w w0 0.3 w 0.4 0.6 0.8 0.8 w0 0.3 1.3 |
olkybenzenss,C3-CS L 0.2 w 0.7 0.5 w0 1.3 w0 0.4 » 0.8 w w0 0.5 1.3 0.9 1.5 1.1 0.
polysromstic hydrocerbons WD » " 0.4 0.7 0.4 w w w 0.4 w w w t.8 o 1.4 o » o
sceteldehyde # 1.1 1.2 0.6 w0 1.0 0.7 0.8 0.6 1.2 0.9 6.8 1.3 1.3 1.3 0.7 1.8 0.9 0.7 1.3
benzeldehyds 0.3 S.1 0.2 0 1.4 1.3 0 0.8 w w 1.3 w w0 2.8 w 2.1 L J w0 »
other aldehydes 0.4 1.0 L 0.4 1.4 0.3 L 0.3 0.3 0.3 0.6 0.5 1.2 w0 w 2.8 0.7 w 0.3
alcohote 0.6 0.6 1.0 » 8.0 9.1 0.3 w 2.6 10,4 0.7 o 2.7 2.3 2.8 12.1 4.1 0.9 »
phenols (] 0.4 (] o 0.8 0.7 ) 0.3 o o ) o w 0.6 [ w » » =)
{ {monene w w L L J 0.5 o L) w 0.5 0 0.6 "0 0 » 1.5 L 1.0 0.2 0.5
dichlorcbenzene isomers " 1.9 w w0 1.0 0.4 L) L 0.7 0.7 w L wo 1.0 » 1.4 0.8 L L J
chloromethane w L 0.2 1.2 0.6 0.3 o w0 0.4 w0 w 3.5 0.3 w w w w ] w
silonane * 4.4 4.2 e.7 3.3 8.9 9.3 5.1 3.1 10.1 1.0 8.4 3.7 3.9 9.4 r.2 10.3 T.4 8.7 103
scetone 0.4 3.7 1.2 » 3.2 2.7 1.1 w 3.1 3.8 1.9 5.8 1.1 3.8 2.1 4.2 3.7 1.3 1.2
scetic ectd 0.7 o4& o » 1.0 08 03 16 0.4 » w 0.2 w 15 » » 1.2 m 0.2
scetic ecid butyl ester L] w w w " » L L ] o L o o L w " » o ]
N.P.8.A. (D) L ) L L w» wo ) o L wo w0 w o " w w0 o w w0
CI1202403 ester (1) w " w w0 w w0 "0 [ o w0 w ] n o w0 w ] o o
CI202403 ester (2) 0.3 L] w ] w o L w L w o L] o L] w0 "o w L J "o
other orgenice 0.4 0.8 w ] L) o ] 0.3 L] ] L] w0 ] ] w0 o ® » w
totel 99 208 S0 23.4 409 33.9 135 126 367 49.2 3.2 264 5.0 48.2 8.3 626 .7 230 NS

WD: Not Detected

(1) Properoic scid, 2 methyl-2,2-dimethyl-1-(2-hydroxy-1-methylethyl)propyl ester.
(2) Propencic acid, 2 methyl-3-hydroxy-2,4,4-trimsthylpentyl ester.
(3) N-nitro-N-phenyl -bentencanine

* gystem contaminstion
# known il contamination

Page 2 of Table 4A-Y
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TARGEY CONPOUNDS TABLE-4R-2

INDOOR AIR ANALYSIS BY CC/MS

SITE NN t WATERSIDE MALL - 11/6/88

SAPLE RANE/MUNBER t TRAVEL TI2-A T32-8 T32-C T327-A T327-8 8 n27-¢ 3413-A M13-8 3413-¢ l;:u-c T67-A Ter-s TI8Y:
SANPLING LOCATION g K Koor anoe ROOF  S.ENTRANCE S.ENTRANCE S.ENTRANCE DAYCARE §2 DAVCARE §2 DAYCARE #2 DAYCARE #2 DAYCARE £S5 DAYCARE #3 )
OATE ANALYZED s 118 wn w83 W 121 1174} 1w "wa 123 1929 129 1718 "wa .Mt:l‘! o
OATE SAWPLED s 1176 iwe w18 1176 1"sr 11/8 1176 mwr 11/8 1M/8 1176 02124 "
m‘ A: 81003 81021 91037 #1087 81022 81052 81068 81024 01043 1089 sto7y 81007 1048 l:l'l;:
peramster ) ped pebd peb ped pob pob pob prb prb ppb ped peb [ pebd
vinyt chioride ) () () » (] L] w ] » w " [ L]
teichiorofluoromethene ® 6.72 11,54 .29 28.08 41.2% 7.3 9.7 10.30 "2 38.18 37.1% 1.07 3.2 20 :
1,1-dichlercethene w w0 o L o stoe ) w0 ) w w l;oo .n |
aathylene chloride 0.% 2.9 1352 S.06 6.98 .73 3.2 .75 2.68 1.5¢ 9.81 2.40 1.00 2 :
trang- 1,2-dichloroethere » » w w w0 " w w0 ) w w .n .n .D
1,1-dichiorosthane L] w0 wo w L ] no (] (] w ] [ w0 »
1,1, 1-trichlorocethane 0.4 0.4 BtOO 187 0.7 eLo0 2.43 0.8 0.5¢ 1.2 118 0.80 0.33 .80
corbon tetrechioride W oo w 0.33 0.22 w w o0 otLoe 0.33 0.3% oe .n .n
benzene $.27 0.39 0.43 1.67 0.51 2.67 1.90 0.29 0.68 1.33 1.33 0.87 0.51 1.10
1,2-dichlorosthene o 0.1 o 0. 0.54 sLoQ w0 o 0.26 0.84 0.81 0.22 ® ®
trichlorosthylene o o w0 0.4 0.30 w w L " 0.40 0.39 sLo0 L o
toluene 0.26 1.05 093 4.8 2.7 0.20 4.6 1.06 2.9% 4.13 4.88 197 2.4 2.48
tetrechloroethylene sL00 m o 0.4 0.67 noo sL00 0.26 0.43 0.38 0.5¢ 0.33 0.30 0.2‘
ethyl benzens Sloa 0.1 @®o08 0.9 0.37 sLo0 oo noo 0.33 oLoo o.n 0.37 0.7 0.36
- nylene sto0 042 0.32 .49 0.68 BLOR 1.98 0.43 0.83 sL00 1.5 1.00 0.54 1:00
o-xylene m 0.3 0w 0.6 0.36 otoa Lo sLoa 0.40 w0 o.n 0.4 0.23 0.4
styrene noe W oo SLo0 0.30 sL00 oL00 o 0.23 [ 0.31 0.27 »n 0.18
aste-ethyttotueme w 0.27 w 0.3 0.25 w w w 0.38 w 0.43 0.29 0.2 0.3
totel (tergets) 153 17,6 1173 488 %6.0 1.9 33.8 1.9 2.0 5.3 60.1 2.6 .0 3.4
totel non tergets # 9.9 0.0 5.0 3.4 30.% 5.6 26.9 9.3 129.5 13.8 “w.7 1.8 - 30.8 20.0
TOTAL VOC 3.2 BL 23 o 8.5 7.5 60.0 24.2 153.3 8.3 104.8 42.4 30.8 $0.4
Linit of Ousntitetion 0.167 0.167 0.167 0.167 0.187 0.167 1.04 0.187 0.167 0.167 0.187 0.167 0.167 0.167

(In ppb) 8

WO. Wot Datected.

$L00. Selow Linit of Guantitation.
* possibie isb contamination 8 Catculated Limit of Cuentitetion =

S low surrogate recoveries, data rejected. e
”~ o

(Lowest Catlbration Volume(Standerd Concentration)

Semple Volume



COMBINED NON-TARGEY CONPOUNDS TABLE-4A-2

1NDODR AIR ANALYSIS 8V GC/NS

SITE nAne t VATERSIOE MALL - 1176/88
.1 4

SAIPLE NANE/MMSER t TRAVEL T322-A T32-8 7T322-C 7327-A 73278 8 n2r-¢ 3413-A 413-8 3413-C 3413-C TI67-A T167-8 T87-C
SAWPLING LOCATION st MK R00F a0or ROOF S.ENTRANCE S.ENTRANCE S.ENTRANCE DAYCARE #2 DAVCARE #2 DAYCARE #2 DAYCARE #2 DAVCARE 3 DATCARE #3 OAVCARE #3
DATE ANALYZED s 19718 Wy W 1W/3 721 1M/723 129 121 1w 1729 1w 1718 "W 179
DATE SAPLED s 178 iw7e W Y 1178 "n 1/78 1"e wwr 1178 M8 1976 "wr 18
1] T 91003 81029 91051 81087 81022 01052 21088 1024 01043 21069 81071 81007 91048 01073
parmmeter pebd Ped b ped peb prb rob prb peb prb prb b b prd
oikanes 1.3 .8 1.9 9.0 6.2 1.0 %.3 1.6 9.9 7.4 7.3 6.2 20.2 1.9
olkenes/cyclonlkanes » 0.3 » 2.4 w w [ ] w » 0.4 0.9 "w ] -»
slkybenzenes,C3-C3 w 0.2 w 0.7 0.3 w ] w w w w0 0.2 w 0.6
polyesromstic hydrocerbore w0 [ [ 0.4 0.3 [ ] [ w0 3.6 w0 [ J w0 ] L
ecetsldehyds @ 1.1 1.2 0.6 w 0.8 0.4 1.3 0.3 1.7 0.7 0.6 1.3 0.9 0.7
benzeldehyde 0.3 3.1 0.2 ) 1.4 w ] 0.8 w w w w » o
other aldeivydes 0.4 1.0 w 0.4 1.0 ] w 0.3 w w w 2.4 w» w»
sleohols 0.6 0.6 1.0 w 9.6 0.9 3.8 1.1 7.6 0.3 7.4 3.6 1.4 1.1
pherols [ 0.4 w C o w ] ] L] ] w0 w [ ) w »
{ imonene L w o w 0.3 [ ) w w w0 ) w w0 0.8 )
dichlorobenzens (somers w0 1.1 [ w 0.6 w ) w ] ) w 0.4 ) w0
chloromethare w » 0.2 1.2 0.4 w w w w w w0 » w w
sitonene ¢ 4.4 4.2 0.7 3.3 6.0 1.8 5.7 2.9 1.3 0.7 4.3 4.3 s.1 3.8
ascetone 0.4 3.7 1.2 w 3.6 1.2 1.2 0.8 6.0 4.3 4.2 3.2 1.8 1.3
scetic acld 0.7 0.4 ] w L 0.3 ] 0.? w w o L] [ o
acetic acld butyl ester L w w L) w w w w 2.4 w w w0 0.6 )
0.P.0.A. () ] w0 ] o o w w0 w " w0 w0 ] [ ] [ ]
C12n2403 ester (1) o ) ) w0 w w0 L w w0 w L J L w» »
CI2n2403 ester (2) 0.3 w ] w o " ] w %0 w L] [ »n ]
other organice 0.4 0.8 w " [ w ] 0.0 w w w0 w [ ] w

9.9 2.8 s0 .4 30.% $.6 26.3 9.3 129.3 13.8 4.7 21.8 30.8 20.0

totel

WO: Not Detected
(1) Propenoic ecid, 2 meti,1-2,2-dimethyl-1-(2-hydrony-1-methylethyl)propyl ester.
€2) Propenoic ecid, 2 methyl-3-hydrony-2,4,4-trimethylpentyl ester.
(3) N-nitro-N-phenyl-benzensanine
* gystem contemination
# vnown o contemination 16

Pama P al Torta 2a 1
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INDOOR AIR WONITORING, USEPA, NQ.
. TABLE-18

TOTAL VOLATILE ORGANIC ESTIMATED CONC. IN PPB®*

SANPLING LOCATIONS SUNDAY(11.6.88) MONDAY(11,7.88)
DAY CARE CENTER #2 * H 33
DAY CARE CENTER #5 © e 10
DAY CARE CENTER SOUTM ENTRANCE * 3 36
2o s 3 10
2123 8 12 16
2827 ¢ 7 $
$E-274D @ 10 8
ROOF e &

® air supply vents on both days.
¥ air supply vents OFf on 11/6/88 and ON 11/7/88.
$ afr supply vents disconnected.

@¢ CHARCOAL TUBE ANALYSES (ORGANIC COMPOLAND FOLMD ARE JNCLUDED 1IN TABLE-4)

Calculated with respect to 4PC GC/FID response.
Results used for comperison purpose only.
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"~
.

Eun @ ~d nOY 9. 1938 ¢
$Tub?
1,238
Day Care Center Class £ 2
Sunday (11.6.88)
GC/FID Parameters:
Initial Temp. : 100°C.
Initial Time : 4 Min,
Temp.rate ¢ 10°C./Min.
Final Temp. : 160°C.
Final Time : 5 Min.
Injection Temp.: 270°c.
stor Detector Temp. : 225°C.
DB-624 Megabore column
Closineg s19mna) (1le A107662731.0KC 3
PUNS Y NOV 10, 1980 os:as:;o'
SANPLE NARE: 73248 FRONT samPLES 31 '
METHOD NaNE: MIPCM.@.MEY = S -t
RUN 0 @7-003
RUN & <8 NOY 9. 1988 21N
_ START
" ——1
1.2
2.798
e,.30)
e.723
3732¢° 133
6. 4853 Day Care Center Class# 2
2. 603 Mopday (11.7.88)
9.047
9.020
10,833
12.449 .
st0P

o *

Closine sienal ¢i{les A3IG263CC4.BNC

fUNS 49 HOV 9, 1988 232109102
SANPLE NANES 232489 FRONTY SANPLES L B |
RETHOD NANES NIPCH.¢.RET .

OAY CARE 82 G-19

SIGHAL FILE! A18763CC94¢.BNC -

. -
PN



suyn
yTmé

sT0P

Closin® sienal

PUNS

[
4

°d

IS 1d. L1Péd WéL

r1g.-2

e

P 0.934

P 18.9%21
P 11.340

P 12,623

NOV 18,

SuMPLE MNaNE! 34094 FRONTY
BETHOD WamE: RIPCH_C.RETY

Oav Cutt 093

1.238

tile #10744303D0.0NC

Day Care Center Class ¢ 5
Sunday (11.6.88)

1980 06314:20

sanPLES 33

sUN @ 60 HOV {0, 1988 03101112
sTarv
L 9
1.240
Day Care Center Class # 5
. Monday (11.7.88)

10.8328 .

12.438
st0P

Closing sional (ile R10726402F9,.BNC

60

SANPLE Nang:

RETHOO

OAY CARE 03

S$IGHNaAL

FILE:

HOV 568,

34098 FRONTY
NIPCH 4. NETY

N31076402F9.0NC

SARPLES

G-20



South entrance to Day Care Center
Sunday (11.6.88)

P ~. 35
P 18,220
b 1:.429%

STOP
Closirs s1unel 1316 HIGTeddBiS.ENC

sune b NioY 8. 1964 95319318
SwlPLE NuRE: 178w FRONT fumfLES 39 -

BETNOD MumE: wtPCw_o.uET
. ENTERWNCE

PUN o $7-082

PUN ¢ Ss NOV 16,
STaRY
-1
1.237
2,787
4.316
South entrance to Day Care Center
Monday (11.7.88)
svor

Closine stons) file AIG76IFIED.ONC G-21.



—_— .
1.232
Office 2710 (control)
Sunday (11.6.88)
sTOP

Closine siensl file AI1Q7640CO6.BNC
RUNS 62 HOV 180, 1988 @$3139:49
SANPLE MAREsS ?73° %A FRONT SARPLEYS 23

RETHOD NARMEY ° -CH_6,.MET
T. FIELD O c 2710

LATL I $3-003

fUN ¢ S4 NOV 18, 1900 0110301)
STARY

1.230

Office 2710 (control)
Monday (11.7.88)

12.438

sto?P

Clozing zianal file AIGPEIETCA.BNC

RUNKS 4 noY 19: 1988 €1:03:13
SANPLE HanEtL P3I338 FRONY sanrLEt 1Y
SETHAD HONESL HIPCH.4.8EY G~-22 )

FiELQs



dyn @ ad wid 1. 133§ CXXEY IDL)
E'."

) .44
1.2:%
1.97¢
Office 2123
Sunday (11.6.88)
$:4%%
1é.628
13.1&3
13.889
$TOF
Closing s10nsl v1le w10 84181¢.8N( .
Sune od w0V 10, 1968 4118129
SnnuPLE NARE: 73404 FRONT SunPLE0 a7
METHOD wulf: BIPCH_ e .REY
81GS OFFICE
PUN ¢ St1-00) .
PUN O S$2 MOV 18, 1908 00:126:21
STRRTY
ﬂ 14 —

1.240

Office 2123
Monday (11.7.88)

JR 1

12,436

13.908
svoP

Closine sional Cile A18763DED00.0NC
QUNS 82 HOV 10, 1988 00126131

SANPLE NARE! 23408 FRONT sanPLES 1S
WETHOD NANES WIPCH.G.NET c-23



rig.-o

oUAd 8 13 NOV 10. 1988 O1:163:131
stTat?t
L
1.23?
3.1720
4?5‘:‘
) s.310 Office 2827°
6.478 . Sunday (11.6.88)

7.39%6

9.041

10.928

12.423

stor

Closing sisnal .file AIG763FODY.BNC

RUNS -1 NOV 10, 1988 0134318}
SANPLE NaNE: 23388 FRONT SANPLES 19
NETHOD NANE! RIPCH.4.NET
tOoOn 2822
oy 8 bl nGes 19, 1933 QBe:1%21%8
itab?
—_— -

1.257

Office 2827
- Monday (11.7.88)

9
‘% s20
IpPS)e
12.022

13.122
13.9899

stor

Closing 31903l éi1le 98Q7663949.8NC

4

eyNe 2?2 MOV 10. 1988 @613%2:98

SwuPLE NaRE: 7338u FRONT SanPLES 38

NETHOD NanEs WIPLn.4.RET
e0on 2827 G-24 )



St 8 ne MO 10. 1933 @

$Tab T \ Y
—_— .
1.23° —
Office SE-274D
Sunday (11.6.88)
stor
Closine s13nsl rfi1le R1QT6EI1E21.8NC .
PUNS 66 NOV 10. 1988 06187106
SARPLE NaNE: 2173 FRONT < gameles 29
WMETHOD NANE: NIPCH_4.MET
PUSS UYER Pa $276¢
PUN @ @S-003
. Q
RUN ¢ 46 NOV 9, 1988 22130128
,8TART .
L4 ﬁ - pem——— |
1.262 - -

g4 Office SE-274D

6. 480 Monday (11.7.88)

?.400
-~

oi!’a

= 19,880

12,489

arar

Closing sional file AI@763CI7E.BNC

-

' suNs ~ e " way. 9., 19me 2drserag; _
SANPLE NANE! 71728 FRONY sanPLEY. @
N\ METHOO WARE: WIPCM_4.METY G-25

5' RUSS UYER 8274

b



Roof
Sunday (11.6.88)

r 15,199

Closine 310nal 11ld wiIUTg448238,BNC

$TLF

suus ~a neyY 19. 1938 7:131:38
SuMPLE NuME: ~32%4 FRONT SunPLES 32
METMOD waRE: WiFCH.d.RET )

sUGF

KUK ¢ 49-002

UM ¢ S0 MOV 9. 1988 231473149
. srTary
1

1,248

Roof
Monday (11.7.88)

stor

Closine stenal file A1876303A6.0NC

2UNS s HOV 9. 1960 231671649
SANPLE MANE: 23258 FRONT sSARPLES 13

WETHOD NANES NiPCH_4.NET

go0f G-26



