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 EXECUTIVE SUMMARY 
 

An engineering evaluation was conducted at selected locations on the 19th, 21st and 22nd floors of the 
Department of General Services (DGS) building located in Sacramento, California on May 2, 2011.  
The testing was conducted in support of building remodeling activities in order to assist in 
identifying potential sources of odors detected and reported from different parts of the building.  The 
primary test objectives were to: 
 
o Conduct source (USEAP flux chamber) testing on locations representative of the candidate odor 
sources including decomposing VCT adhesive and inner-wall mold, identifying the odor source(s) 
and quantifying the odor/odor related compounds emitted to the indoor building air; 
 
o Conduct ambient air testing in the areas where source testing is conducted in order to relate 
ambient odor/odor relate compounds to suspected odor sources, and 
 
o Provide a valid data set of odor and odor related compounds, including source flux and ambient 
concentration data, that can be used to predict odor/compound levels throughout the building 
(using CIH ventilation modeling) and estimate exposure to compounds as related to these sources. 
 
A site survey was conducted on April 28, 2011 and two potential sources of odors were identified: 
decomposing VCT and adhesive that may have been compromised as related to high pH cement 
slab, and mold in the interstitial wall spaces in selected locations in the core of the building.  
Although VCT locations and mold in the interstitial wall spaces was originally a target of the 
investigation, no suitable inner-wall surfaces with mold present could be found on the day of testing 
(four areas in the core wall were opened and inspected and mold was not found).  As such, 
preselected VCT areas were tested and, in place of the mold source test, a surface of importance was 
identified and tested instead. Testing was conducted on undisturbed VCT which was used to 
represent air emissions from VCT showing signs of decomposition.  Locations were selected for 
testing the decomposing VCT and adhesive on these floors, including: 
 
o floor slab with the VCT removed and the adhesive scraped off; 
o on decomposing VCT as found (tile not removed); and 
o on locations with the decomposing VCT removed exposing adhesive. 
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Project study compounds were detected using ASTM Method E679-94 for olfactory odor, USEPA 
Method TO-15 full scan for volatile organic compounds (VOCs) including tentatively identified 
compounds (TICs), USEPA Method TO-15 selective ion mode (SIM) for microbial volatile organic 
compounds (MVOCs), and USEPA Method TO-11 for aldehyde compounds (limited use only).  The 
scope of work completed is provided in Table 1.   
 
In addition, ambient air was collected in these selected rooms in the DGS building for the list of 
project compounds (odor, VOCs, MVOCs but not aldehydes).  The work that was completed is show 
below with the reason for collecting the data at these locations: 
 
Room 21B- VCT Removed and Adhesive scraped off:  Flux chamber testing was conducted at two 
locations on bare slab post scraping, and one ambient air sample set was collected in Room 21B.  
The purpose of the testing was to assess the off-gassing of odors and odor related compounds from 
the slab post VCT and adhesive removal, demonstrating the effectiveness of the tile remedial 
activity. 
 
Room 19B- VCT Freshly Removed:  Flux chamber testing was conducted at two locations 
immediately after the removal of four VCT's exposing adhesive.  One ambient air sample was also 
collected.  The purpose of the testing was to assess the air emissions of odor and odor related 
compounds from the exposure of adhesive. 
 
Room 22B- VCT Surface as Found:  Flux chamber testing was conducted at two locations with VCT 
floor covering- locations selected had dark tile corners indicating tile decomposition.   One ambient 
air sample was also collected.  The purpose of the testing was to assess the air emissions of odor and 
odor related compounds from the tile in the undisturbed state. 
 
Room 22B- VCT Freshly Removed:  Flux chamber testing was conducted at two locations 
immediately after the removal of four VCT's exposing adhesive.  One ambient air sample was also 
collected.  The purpose of the testing was to assess the air emissions of odor and odor related 
compounds from the exposure of adhesive at the exact areas where undisturbed VCT testing had 
taken place.  This test was the same as the testing done in Room 19B, just at a different location and 
spatially identified with undisturbed VCT testing. 
 
The results of the ambient air testing in the rooms where flux chamber testing showed a total of three 
compounds detected above reporting limits for the TO-15 VOC full scan analysis: acetone, 2-
butanone, and benzene.  Levels of benzene and 2-butanone were elevated in the rooms with exposed 
adhesive as compared to the scrapped floor the testing with the VCT undisturbed.  The highest levels 
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of these compounds observed were: acetone at 29 ug/m3 (Room 22B, exposed adhesive), 2-butanone 
at 2.2 ug/m3 (Room 19B, exposed adhesive), and benzene at 5.7 ug/m3 (Room 22b, exposed 
adhesive).  Odor levels were about the same in all test cases with odor ranging from 11 D/T to 16 
D/T (method blank level at 10 D/T).  The highest odor (16 D/T) was observed in Room 22B prior to 
the VCT removal.  Note that this room was only infrequently used and the door was kept closed.  
Note that although the odor bag sample was not highest in this room post VCT removal, field 
personnel noted higher odor in Room 19 after the tile removal as compared to Room 22B.  This 
might be related to the ventilation or traffic in and out of the room and when in the tile removal 
process the odor sample was taken as compared to the odor flux, which was highest in Room 19B. 
 
The results of the flux chamber sampling showed at total of four compounds detected above 
reporting limits for the TO-15 VOC full scan analysis: acetone, carbon disulfide, 2-butanone, and 
benzene.  The VOCs found above reporting limits in the ambient air samples strongly correlated to 
these data.  Flux on freshly exposed adhesive surfaces were higher than on the scrapped surface and 
the undisturbed VCT surface.  The highest levels of these compounds in the flux samples were: 
acetone at 0.82 ug/m2,min-1 (Room 22B, adhesive), carbon disulfide at 0.072 ug/m2,min-1 (Room 
22 B, adhesive), 2-butanone at 0.41 ug/m2,min-1 (Room 19B, adhesive), and benzene at 2.1 
ug/m2,min-1 (Room 22B, adhesive).  Odor flux ranged from an average of 0.44 (D/T)/m2,min-1 on 
the undisturbed VCT and  0.64 (D/T)/m2,min-1 on the scraped slab surface to 3.7 (D/T)/m2,min-1 
on the adhesive surface (Room 19B, adhesive).   
 
Tentatively identified compound analysis showed a total of 14 TICs in the ambient air sample data 
set with acetonitrile the highest detected compound at 40 ppbv (estimated concentration), and 19 
TICs in the surface flux sample data set with the highest detected compound at 57 ppbv (estimated 
concentration). 
 
USEPA Method TO-11 was used to assess aldehyde compounds from two flux chamber tests 
conducted in Room 22B on freshly exposed adhesive.  Three compounds were detected at 
moderately low levels: acetone, butyraldehyde, and valeraldehyde.   
. 
A 'finger print' type TO-15 analysis by SIM was also performed in an attempt to identify a pattern of 
VOCs associated with microbial respiration.   No such patter was observed, with the exception of 
occasional and low level furnas and methyl furans as a class of organic compounds identified in 
some of the ambient air samples at low levels, and low level furnas and methyl furans as well as 
hexanones detected in some of the surface flux samples.  These data were inconclusive for microbial 
respiration and somewhat agreed with the full scan hydrocarbon speciation data.  A microbial source 
for odor and odorous compounds was not identified by the MVOC data.  
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These data can be used to assist in identifying odor sources in the DGS building and quantifying 
emissions potential from undisturbed, decomposing VCT (Room 22Bb), scrapped floor (Room 21B), 
and freshly exposed adhesive immediately after VCT removal (Room 19B and Room 22B).  These 
data indicated that a likely source of odor and odor compounds is the freshly exposed adhesive 
associated with decomposing tile and adhesive/high pH slab interactions.  It appears that VCT 
removal and floor scrapping removing visible signs of adhesive aside from a slab staining, greatly 
reduces odor and VOC compound emissions.  Predictions of potential impact to indoor air quality 
can be made using these flux data and surface area information along with ventilation data for: 
rooms with VCT removal and floor scraping to exposed slab, rooms with decomposing VCT 
(undisturbed VCT), and rooms with VCT removal and exposed adhesive as in a remedial activity. 
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I. INTRODUCTION 
 
This technical memorandum describes the field testing that was conducted in order to assess air 
emissions of odor and odor related compounds from various test surfaces in the DGS building and 
indoor air quality associated with potential sources of odor and odor related compounds.  Testing 
was conducted by Dr. C.E. Schmidt on May 2, 2011.  Site preparation conducted by LaCroix Davis 
LLC.  This testing effort is considered to be a 'detailed screening effort' since only a limited data set 
was collected for the purposes of engineering and potential exposure evaluation.     
 
This memorandum includes a discussion of the testing methodology, quality control procedures, 
results, discussion of the results, and summary statements. 
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II. TEST METHODOLOGY 
 
Testing for surface flux was conducted using the USEPA recommended Surface Isolation Flux 
Chamber technology (USEPA.  Radian Corporation, February 1986) and standard indoor air 
sampling methods .  Flux chamber sampling was performed on various test surfaces as per the 
testing protocol.   
 
The operation of the surface flux chamber is given below: 
 
1) Flux chamber, sweep air, sample collection equipment, and field documents were located on-

site.   
 
2) The site information, location information, equipment information, date, and proposed time 

of testing were documented on the Emissions Measurement Field Data Sheet. 
 
3) The exact test location was selected and placed on the source sealing the chamber to the 

surface using a fabricated collar.  
 
4) The sweep air flow our ultra high purity air was initiated and the rotometer, which regulates 

the flow rate to 5.0 liters per minute. A constant sweep air flow rate was maintained 
throughout the measurement for each sampling location. 

 
5) Flux chamber data were recorded every residence interval (6 minutes) for five intervals, or 

30 minutes.   
 
6) At steady-state (assumed to be greater than 5 residence intervals sample collection was 

performed by interfacing the sample container (canister or tedlar bag-decompression lung) to 
the purged, sample line and filling the container with sample gas or collecting the desired 
sample following sample collection protocols as per the workplan.   

 
7) After sample collection the sample collection information was documented on the data sheet.  
 
8) After sampling, the flux measurement was discontinued by shutting off the sweep air, 

removing the chamber, and securing the equipment.  The chamber was cleaned by dry wipe 
with a clean paper towel as needed and the sample lines were purged with UHP air.  

 
9)  Sampling locations were recorded on the field data sheet.  The equipment was then relocated 

to the next test location and steps 1) through 8) were repeated. 
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 Indoor air testing was performed by filling either a tedlar bag with room air, collected at 5' above the 

floor using a decompression lung, or by opening the valve on an evacuated canister  also held at 5' 
above the floor.  Indoor air samples were collected as grab samples. 
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III. QUALITY CONTROL 
 
Control procedures that were used to assure that data of sufficient quality resulted from the 
engineering evaluation are described below.  The application and frequency of these procedures 
were developed to meet the program data quality objectives as described in the prior project source 
test protocols or quality assurance project plans (Card, T. and Schmidt, C.E., July 2010).   
 
Field Documentation -- A field notebook containing data forms, including sample chain-of-custody 
(COC) forms, was maintained for the testing program.  Attachment A contains the Emission 
Measurement Data Sheets. 
 
Chain-of-Custody -- COC forms were not used for field data collection.  Field data were recorded on 
the Chain-of-Custody forms provided in Attachment B. 
 
ASTM E-679-04 for Olfactory Odors 
Field Blank Sample – One field blank sample was collected by filling a tedlar bag sample with high 
purity air and submitting the sample blind for analysis.  The odor concentration was 10 D/T, which 
is common for the method.  These data indicate acceptable method performance. 
 
Replicate Sample-  A second tedlar bag sample was collected from a flux chamber test and 
submitted for analysis as s replicate sample.  The replicate sample pair (OSE-108/OSE-109) had a 
relative percent difference (RPD) of 41 (criteria of 50 RPD).  These data indicate acceptable method 
performance. 
 
USEPA Method TO-15 GC/MS; Full Scan Analysis  
Laboratory Control Spike Recovery Analysis and Duplicate –Two control spike samples were  
analyzed using a standard containing sixteen of the study compounds.  All spike compounds were 
reported for all spike samples within the QC criteria of 70%-to-130%.  These data indicate 
acceptable method performance. 
 
These samples were also analyzed in duplicate, and similar results were observed.  All duplicate 
spike compound analyses were reported within QC criteria of 70%-to-130%.  These data represent 
acceptable method performance. 
 
Laboratory Duplicate QC Sample – Two laboratory control samples were analyzed in duplicate and 
all data were found within the precision criteria of 25 RPD.  These data indicate acceptable method 
performance. 
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Laboratory Method Blank – Two laboratory method blank samples were analyzed and no 
compounds were reported above method detection limits.  These data indicate acceptable method 
performance. 
 
Media Sample Blank – One media blank sample were collected by filling a canister sample with  
high purity air and submitting the sample blind for analysis.  No compounds were detected in the 
blank sample above reporting limits.  These data indicate acceptable method performance.   
 
Field Replicate QC Sample – One field replicate sample was collected and analyzed.   The precision 
criteria for field replicate samples is 50 RPD.  The sample/replicate pairs had three compounds 
detected common to both the sample and the replicate above the reporting limit, and all three pairs 
either met or slightly exceeded the QC criteria (acetone 51 RPD, 2-butanone 47 RPD, and benzene 
36 RPD).  Note that with so few detections above the reporting limit and these low levels of 
detection, poor precision in terms of meeting the QC criteria near the method detection limit is 
expected.  Note that the laboratory precision data demonstrated acceptable method performance.  As 
such, these data demonstrate acceptable method performance with two of three pairs meeting the QC 
criteria, and one pair only slightly exceeding criteria. 
 
USEPA Method TO-11 HPLC; Aldehyde Compounds  
Laboratory Control Spike Recovery Analysis and Duplicate –One control spike sample was  
analyzed using a standard containing seventeen of the study compounds.  All spike compounds were 
reported within the QC criteria of 70%-to-130%.  These data indicate acceptable method 
performance. 
 
This sample was also analyzed in duplicate, and similar results were observed.  All duplicate spike 
compound analyses were reported within QC criteria of 70%-to-130%.  These data represent 
acceptable method performance. 
 
Laboratory Duplicate QC Sample – One laboratory control sample was analyzed in duplicate and all 
data were found within the precision criteria of 30 RPD.  These data indicate acceptable method 
performance. 
 
Laboratory Method Blank – No compounds were reported above method detection limits in the 
method blank sample.  These data indicate acceptable method performance. 
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IV. RESULTS AND DISCUSSIONS 
 
A summary of the field sample collection activities is provided in Table 1.  All field data for the on 
site surface flux chamber and ambient air testing along with sample identification and sample ID 
data are presented in Table 1.  The results of the ambient air testing and analysis of VOCs are 
reported in Tables 2A, 2B, and 2C; all data are reported in Table 2A, and only those data found 
above the reporting limits are reported in Table 2B.  TIC data are reported in Table 2C.  Ambient air 
data are reported in the units of ppbv, ug/m3, and dilution-to-threshold (D/T) as appropriate.  The 
results of the flux chamber testing and analysis of VOCs are reported in Tables 3A, 3B, and 3C; all 
data are reported in Table 3A, and only those data found above the reporting limits are reported in 
Table 3B.  TIC data are reported in Table 3C.  Flux units are reported in units of ug/m2,min-1 for 
VOCs and Odor Units/m2,min-1 (Odor Units are D/T).  The results of the flux chamber testing and 
analysis of aldehyde compounds are reported in Table 4; only two samples were collected for 
aldehyde compounds by this method.  Flux units are reported in units of ug/m2,min-1 for aldehyde 
compounds.  The results of the ambient air testing and analysis for MVOCs are reported in Table 5, 
and for surface flux samples in Table 6.  The TO-15 SIM analysis for MVOCs is intended as a finger 
print analysis for reparable VOCs.   
 
One sample, SF-19B-02-C was inadvertently not collected and is indicated as such in the data tables 
(NS- not sampled). 
 
Surface flux data for a surface area source are calculated using measured target compound 
concentrations and flux chamber operating parameter data (sweep air flow rate of 5.0 liters per 
minute [or 0.005 m3/min] plus advective flow [m3/min], surface area of 0.13 square meters [m2]).  
The site emissions can be calculated by multiplying the flux by the surface area of the source.  The 
flux is calculated from the sweep air flow rate Q (cubic meters per minute [m3/min]), the species 
concentration Yi (micrograms per cubic meter [mg/m3)], and exposure to the chamber surface area A 
(square meters [m2]), as follows: 
 
 Fi = (Q) (Yi) / (A) 
 
Emission rate of from the test pile can be calculated by multiplying unit or average flux data per 
compound by surface area and reported as a function of area source. 
 
Photographs of the testing approach are provided. 
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V. SUMMARY 
 
An engineering evaluation was performed on selected test surfaces in the DGS building.  Testing 
was conducted for the purpose of: evaluating the sources of and emissions from potential odor 
sources.  The following is a summary of activities and results associated with this objective: 
 
 Surface flux measurements of study compounds were measured from multiple locations on 

test using the USEPA recommended surface flux chamber technology.  This technology 
quantitatively measures flux at the test surface of study compounds.   
 

 Indoor air quality was sampled using conventional indoor air sampling methods in the rooms 
where flux chamber testing occurred. 
 

 Field and laboratory quality control data indicate acceptable data quality for the methods 
used.  System blank levels were acceptable and precision between replicate field samples 
were all within quality control limits. 
   

 The results of the ambient air testing in the rooms where flux chamber testing showed a total 
of three compounds detected above reporting limits for the TO-15 VOC full scan analysis: 
acetone, 2-butanone, and benzene.  Levels of benzene and 2-butanone were elevated in the 
rooms with exposed adhesive as compared to the scrapped floor the testing with the VCT 
undisturbed.  The highest levels of these compounds observed were: acetone at 29 ug/m3 
(Room 22B, exposed adhesive), 2-butanone at 2.2 ug/m3 (Room 19B, exposed adhesive), 
and benzene at 5.7 ug/m3 (Room 22b, exposed adhesive).   
 

 Odor levels were about the same in all test cases with odor ranging from 11 D/T to 16 D/T 
(method blank level at 10 D/T).  The highest odor (16 D/T) was observed in Room 22B prior 
to the VCT removal.  Note that this room was only infrequently used and the door was kept 
closed.  Note that although the odor bag sample was not highest in this room post VCT 
removal, field personnel noted higher odor in Room 19 after the tile removal as compared to 
Room 22B.  This might be related to the ventilation or traffic in and out of the room and 
when in the tile removal process the odor sample was taken as compared to the odor flux, 
which was highest in Room 19B. 
 

 The results of the flux chamber sampling showed at total of four compounds detected above 
reporting limits for the TO-15 VOC full scan analysis: acetone, carbon disulfide, 2-butanone, 
and benzene.  The VOCs found above reporting limits in the ambient air samples strongly 
correlated to these data.  Flux on freshly exposed adhesive surfaces were higher than on the 
scrapped surface and the undisturbed VCT surface.  The highest levels of these compounds 
in the flux samples were: acetone at 0.82 ug/m2,min-1 (Room 22B, adhesive), carbon 
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disulfide at 0.072 ug/m2,min-1 (Room 22 B, adhesive), 2-butanone at 0.41 ug/m2,min-1 
(Room 19B, adhesive), and benzene at 2.1 ug/m2,min-1 (Room 22B, adhesive).  Odor flux 
ranged from an average of 0.44 (D/T)/m2,min-1 on the undisturbed VCT and  0.64 
(D/T)/m2,min-1 on the scraped slab surface to 3.7 (D/T)/m2,min-1 on the adhesive surface 
(Room 19B, adhesive).   
 

 Tentatively identified compound analysis (TO-15 full scan analysis) showed a total of 14 
TICs in the ambient air sample data set with acetonitrile the highest detected compound at 40 
ppbv (estimated concentration), and 19 TICs in the surface flux sample data set with the 
highest detected compound at 57 ppbv (estimated concentration). 
 

 USEPA Method TO-11 was used to assess aldehyde compounds from two flux chamber tests 
conducted in Room 22B on freshly exposed adhesive.  Three compounds were detected at 
moderately low levels: acetone, butyraldehyde, and valeraldehyde.   
 

 A 'finger print' type TO-15 analysis by SIM was performed in an attempt to identify a pattern 
of VOCs associated with microbial respiration.  No such patter was observed, with the 
exception of occasional and low level furnas and methyl furans as a class of organic 
compounds identified in some of the ambient air samples at low levels, and low level furnas 
and methyl furans as well as hexanones detected in some of the surface flux samples.  These 
data were inconclusive for microbial respiration and somewhat agreed with the full scan 
hydrocarbon speciation data.  A microbial source for odor and odorous compounds was not 
identified by the MVOC data.  
. 

 These data can be used to assist in identifying odor sources in the DGS building and 
quantifying emissions potential from undisturbed, decomposing VCT (Room 22Bb), 
scrapped floor (Room 21B), and freshly exposed adhesive immediately after VCT removal 
(Room 19B and Room 22B).   
 

 These data indicated that a likely source of odor and odor compounds is the freshly exposed 
adhesive associated with decomposing tile and adhesive/high pH slab interactions.  It 
appears that VCT removal and floor scrapping removing visible signs of adhesive aside from 
a slab staining, greatly reduces odor and VOC compound emissions.  Predictions of potential 
impact to indoor air quality can be made using these flux data and surface area information 
along with ventilation data for: rooms with VCT removal and floor scraping to exposed slab, 
rooms with decomposing VCT (undisturbed VCT), and rooms with VCT removal and 
exposed adhesive as in a remedial activity.  Note that because very little data were collected, 
these data many not be representative of other portions of the building. 
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 The limited indoor air quality data can be used to evaluate exposure by comparing these data 
to health-based criteria.  Note that this data set is very limited and certainly not meant to take 
the place of data from a detailed and robust air monitoring program. 
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Photo 1-  Flux chamber testing in Room 21B- VCT removed and floor scrapped leaving only a slight 
staining of adhesive.  Note- evacuated canister for TO-15 sample collection and decompression lung 
(white bucket) for odor bag sample collection. 
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Photo 2.  Flux chamber testing in Room 19B- freshly exposed adhesive.  Note canister sampling 
media for TO-15 and rolled-up tedlar bag for odor collection. 
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Photo 3.  Flux chamber testing on decomposing VCT in Room 22B. 
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Photo 4.  Flux chamber testing in Room 22B- freshly exposed adhesive. 
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