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1. PURPOSE. The primary purpose of t i i s  project was to determine whether construction 
workers can perform demolition and remodeling activities and future occupants can work in the 
Phase I construction area at the Walter Reed .4my Institute of Research's (WRAIR's) Forest 
Glen Building 500 without an unsafe exposure to residual chemicals on or in the building 
materials. This project generated the necessLy data to perform human health risk assessments 
based on the worker scenarios identified above. The secondary purpose of this project was to 
use the Phase I construction area as a Pilot Project to determine the best and most efficient 
methods of sampling for the chemical decommissioning of the rest of the WRAIR laboratory 
facilities. This pilot project also identified areas of possible economies in future sample 
collection that will reduce the overall cost of the chemical decommissioning. The biological 
and radiological decommissioning were not covered in this effort, but will be covered by 
separate documents produced by WRAIR and the U.S, Army Center for Health Promotion and 
Preventive Medicine's (USACHPPM) Medical Health Physics Program, respectively. 

2. CONCLUSIONS. 

a. The demolition and renovation of the Phase T. Area of Building 500 is safe as shown in 
the human health risk assessment (HRA). The HR4 used extremely conservative assumptions; 
e.g . , that the maximum contaminant level detected was present at uniform concentrations on all 
interior surfaces and that all of the risk was additive to produce an upper bound estimate of 
risk. Provided that workers wear standard safety gear (such as shirts, gloves, and dust masks 
as deemed appropriate by a trained Industrial Hygienist), there is virtually no increased risk 
from the demolition and remodeling of the WRAIR facilities. Since there is minimal risk to 
the construction workers, and the surfaces responsible for that slight risk will be removed 
during the demolition, there will be no adverse risks to future occupants of the Phase I Area. 
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b. Assuming the remainder of the WRAIR laboratory spaces in Building 500 are similar to 
the Phase I area, the level of sampling that was conducted in the Phase I Area will not be 
required in the rest of Building 500. Some sampling could be conducted for verification 
purposes at the rate of one sample per 700 - 800 square feet of floor space. However, these 
data would be of limited use. The data could be used to locally verify the previous findings; 
but, the data could not be used for additional risk assessment since it would be too limited and 
not representative enough. This is because the distribution of the contamhation throughout the 
building is not normal (equally distributed). Finally, the evaluation of the remainder of the 
WRAIR facilities for "hot spots" is infeasible. The level of effort and high number of samples 
that would be required would make this approach cost prohibitive and cannot be justified based 4 

on the results of the Phase I sampling. 

c. Based on the results from Building 500, there are several alternatives that may be 
considered for the chemical decommissioning of WRAIR. The least conservative approach 
would be to assume that additional sampling at Building 500 may not be required. This 
assumption would be appropriate if the same types of activities were conducted in all of the 
WRAIR labs. If WRAIR would like to be more conservative and assume that laboratories in 
different buildings (Buildings 500 and 40) are dissimilar, another sampling event could be 
conducted in a wing of Building 40 in a manner similar to the Phase I Area of Building 500. 
This would determine the level of contamination present in a representative section of Building 
40 and possibly verify that laboratory facilities at the WRAIR are similar irrespective of the 
actual building that they are located. The assumption that the laboratories in the same building 
or in different buildings that belong to the same command are similar is based on the length of 
time that research activities have been conducted. Over the years, some type of normalization 
should occur as different activities are conducted in different labs until, over time, many 
different activities have been conducted in the same lab. 

d. If there is evidence of persistent chemical contarnination/spills in a particular area, 
samples could be collected to establish the level of chemical contamination at that location. If 
this evidence exists, these samples could be collected to determine if chemical decontamination 
will be required. An example of an area that would be suited to this type of sampling would be 
the "Blob Room, " where unknown materials were stored for an indefinite period prior to being 
disposed. 

e. The costs of these different options are also variable. They would range from no 
additional cost by taking no more samples to over an additional $250,000 to perform 
verification sampling at the rate of one sample every 800 to 850 square feet of floor space. 
Sampling the rest of the WRAIR facilities in the same manner as the Pilot Project would cost 
over $1 million; and the benefits gained from the additional sampling do not justify this level 
of effort in order to complete the chemical decommissioning. An additional round of sampling 
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at Building 40 with a level of effort similar to the Pilot Project. This is a reasonable approach 
since the information gathered would be worth the additional cost of between $55,000 and 
$65,000 depending on the area involved. 

f. No additional chemical decommissioning samples will be collected by USACHPPM 
personnel until the biological decontamination of the WRAIR facilities are accomplished. If no 
biological decontamination is necessary, this should be stated in writing with justification. The 
USACHPPM personnel are not familiar with the aspects of biological research that are being 
conducted, and neither are the construction personnel performing demolition and renovation. 
Exposure to biological pathogens or toxins cannot be risked as the demolition and remodeling 
progress to laboratories with more hazardous pathogens or toxins. This decontamination is 
necessary whether or not any additional sampling is conducted in order to avoid future liability 
to WRAIR from real or perceived exposures. 

g. Weighting factors were used in determining the number of samples to collect in each 
type of surface found in Building 500 Phase I Area. The weighting factors shifted sampling 
emphasis to areas with more potential for spills and splashes. The weighting factors that were 
assigned were oversimplified, and the population polled to determine if the factors should be 
expanded to include at least two laboratory personnel in the future. A more sophisticated 
method of determining the weighting factors than assigning integers between 11 and 1 will be 
applied in any future sampling to allow for better representation of actual preferences. 

3. RECOMMENDATIONS. 

a. Proceed with the Phase I demolition and renovation of Building 500 as planned. 

b. Conduct and document biological decontamination after laboratory spaces have been 
completely emptied. 

c. Conduct a second round of sampling in the first wing of Building 40 to be emptied in a 
manner similar to the Pilot Project to determine if another wing of laboratories has as little 
future risk as Building 500. Further sampling in Building 500 is not recommended. 
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1. REFERENCES. Appendix A contains a list of references used while preparing this report. 

2. AUTHORITY. Scope of Work Approval Meeting, 20 May 1997, between COL Martin 
Crumrine, Walter Reed Army Institute of Research (WMIR) Deputy Commander; COL Jeff 
Davies, WRAIR Executive Officer; Mr. 'Thomas Runyon, U.S. Army Center for Health 
Promotion and Preventive Medicine (USACHPPM) Hazardous and Medical Waste Program 
(HMWP); and Mr. James Sheehy, USACHPPM HMWP. 

0 3. PURPOSE. The primary purpose of ths project was to determine whether construction 
workers can perform demolition and remodeling activities and future occupants can work in the 
Phase I construction area at the WRAIR's Forest Glen Building 500 without an unsafe 
exposure to residual chemicals on or in the building materials, This project generated the 
necessary data to perform human health risk assessments based on the worker scenarios 
identified above. The secor~dary purpose of this project was to use the Phase I construction 
area as a Pilot Project to determine the best and most efficient methods of sampling for the 
chemical decommissioning of the rest of the W I R  laboratory facilities. This pilot project 
also identified areas of possible economies in future sample collection that will reduce the 
overall cost of the chemical decommissioning. The biological and radiological 
decommissioning were not covered in this effort, but will be covered by separate documents 
produced by WRAIR and the USACHPPM Medical Health Physics Program, respectively. 

4. GENERAL. 

a. Personnel. The Project Officer for this study is Mr. James Sheehy of the USACHPPM, 
HMWP. Mr. Charles Pitrat, USACHPPM, Environmental Health Risk Assessment and Risk 
Communication hogram, conducted the Health Risk Assessment portion of the study and 
assisted with the sampling. Mr. Mark Pippen, USACHPPM, Ground Water and Solid Waste 

- Program, also assisted with the sampling. 

Redness t h  HeuItb 
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b. Personnel Contacted. The following personnel were contacted during this study: 
COL Martin C m i n e ,  Commander, WRAIR; COL Robert Gifford, Executive Officer, 
WRAIR; CPT Morford and Mr. Edward Keiper, WRAIR Facilities; Mr. Bert Mueck and 
SSG Tim Mensing, WRAIR Safety; COL Scovil and Mr. Me1 Heiffer, WRAlR Building 500; 
LTC Rick Bond and 1LT James Goetschius, U.S. Army Health Facilities Project Ofice; and 
Ms. Tracy Porter and Dr. Winston Williams, Walter Reed Army Medical Center (WRAMC) 
Department of Public Works. 

c. Background. 

(1) Walter Reed Army Institute of Research. The mission of WRAIR is biomedical 
research focused on soldier health and readiness. The Institute fulfills its mission by • 

conducting innovative research in naturally occurring infectious diseases, combat casualty care, 
operational health hazards, and medical biological and chemical warfare defense. The WRAIR 
is the largest laboratory within the U.S. Army Medical Research and Materiel Command. It is 
currently in the process of constructing a new research facility at the WRAMC Forest Glenn 
Campus that will allow it to consolidate research activities. 

(2) Chemical Decommissioning. The WRAIR intends to ensure the safety of both 
construction workers and future occupants from the effects of chemical exposures by 
performing chemical decommissioning of all WRAlR buildings that have housed research 
laboratories or chemical storage before any construction begins or new occupants move into 
these buildings. This chemical decommissioning involves the sampling of WRAIR facilities 
with past laboratory chemical usage, analyzing the data, determining the potential risks to 
construction workers and future occupants, and identifying any decontamination that must be 
performed in order to mitigate excessive risks as determined in the human health risk 
assessment (HRA). 

(3) Building 500. Building 500 is one of the many small buildings other than the main 
WRAIR building (Building 40 at WRAMC) occupied by WRAIR personnel. Some of the 
research groups currently in the building include the Departments of Pharmacology, 
Parasitology, Medical Chemistry, and Biology. Building 500 is being renovated concurrently 
with the construction of the new WRAIR facility to house the WRAIR Biometries Division. 
The renovations in Building 500 will change the primary use of the building from laboratory 
space to administrative/office space. The research facilities currently in the building will 
ultimately be relocated to the new WRAIR building currently being constructed near Building 
500, These renovations to Building 500 are being completed in two phases: Phase I, the west 
wing of the building; and Phase 11, the remainder of the building (see Figure 1). 
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PHASE I STUDY AREA 

Figure 1. WRAIR Building 500. 

5. DISCUSSION OF FINDINGS. 

a. Evaluation Framework. There are no specific standards associated with determining 
acce~table levels of chemical contamination in research laboratories. Therefore, the decision 
of whether the Phase I area of Building 500 requires decontamination has been based on a 
HRA. This was accomplished through data collection, data evaluation, and the HRA (See 
Appendix B) as discussed in the follawing sections. 

b. Data Collection. Samples were collected to determine if contamination was present and, 
if so, at what levels. The protocol for the sampling effort is described in the Sampling 
Protocol (Appendix C). Modifications to the Sampling Protocol are discussed in paragraph 5e 
below. The Site Safety and Health Plan for this project is located in Appendix D. 

(1) Number of Samples. A total of 72 samples was collected and analyzed for metals 
and semivolatile organic compounds. This was the maximum number of samples that could be 
collected with the budget available for the study. The samples were collected from the 13 
different surface types identified in the Phase I area, shown in Table 1 below. The number of 
samples collected from each surface type was based on two considerations. First, all 
(100 percent) of the 10 sinks and 2 ventilation hoods in the area were to be sampled due to the 
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Table 1. Surface Types, Weighting Factors, and Number of Samples Collected by Surface 
Type 

Surface Type 
sink 
hood 
type la - uncovered floor (lab) 
type 1 b - uncovered floor 

- - 
cabinetry or shelving units. 

4 

high probability of chemical contact. Second, the surface areas of the remaining 11 surface 
types were measured in all of the rooms in the Phase I area, tabulated, and weighted, since 
some surfaces have more potential to have received leaks and spills than others. The weighting 
factors were assigned by ranking the surfaces, from highest leaklspill potential to lowest. The 
rank was then multiplied by the measured areas to yield a weighted surface area. The number 
of samples to be collected in each media was then determined by multiplying the total number a 

of samples available (60) by the percentage of the weighted surface area to the total weighted 
surface area (see Table 1). 

Rank 
NIA 
NIA 
T4 
6 

type 7b - exposed wall area 
(officelhall) 
type 8a - covered wall area (lab) 
type 8b - covered wall area 
(officelhall) 

(2) Sample Types. Two types of samples were collected during the study: wipe 
samples and bulk samples. Wipe samples were collected from nan-porous swfaces, and bulk 
samples were collected from porous surfaces. Of the 72 samples, 64 were wipe samples and 
8 were bulk samples. An additional four samples were collected for quality assurance/quality 

Weighting 
Factor 
NIA 
NIA 
6.5 
3 

Note: NIA - Not Applicable. 
T3, T4, and T5 - Surface types that were ranked equally, and tied for third, fourth, and 

fifth respectively. 
Covered floor and wall areas were those areas obscured by permanently installed 

7 

T5 
8 

Surface 
Area (ft2) 
NI A 
NIA 
2549 
1209 

2 

4.5 
1 

Total 

Weighted Surface 
Area (ft2) 
NIA 
N/A 
16567 
3626 

2786 

1136 
38 

17817 

% of Total 
Area 
NIA 
N/ A 
17% 
4% 

5573 

5111 
38 

98442 

Number of 
Samples 
10 
2 
10 
2 

6% 

5% 
0% 

100.00% 

3 

3 
0 

72 
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control (QAIQC) purposes. These four QAIQC samples consisted of two duplicate wipe 
samples and two split bulk samples. Their use is discussed in the data evaluation portion of 
this report. 

(3) Sample Location. After the number of samples to be collected by each surface type 
was determined, specific rooms in which to sample each type of surface and the location of 
each sample within that room had to be selected. To determine which samples were to be 
collected in each room, the rooms were first divided by type: laboratory or officelhallway, 
and any surfaces that did not exist in a particular room were removed from consideration. A 
random number generator was then used for each sample type as shown in Table 2. The 
rooms in which specific swnples of a surface type were to be sampled were determined by 

a selecting the room with the lowest number first, then additional rooms in ascending order. If 
there were more samples than rooms with eligible surfaces, the order for room selection was 
repeated from lowest to highest. Table 2 shows which rooms were selected for a sample by 
room and surface type. The number in the table is the number of samples to be collected from 
that room and surface type. Rooms 62, 63A, 64, and the hallway were considered to be 
officelhallway space, and the remainder of the rooms were considered to by laboratories. 
Figure 2 shows the sample locations for this project. The only modification to this process 
was to move one exposed wall (type 7b) sample from Room 64 to Room 63A so that there 
would be at least one sample in every room. Sample locations in the rooms were selected by 
the sampler. Samples were collected from various places in the room in an effort to make the 
samples representative of the whole laboratory space. Samples were collected from areas 
where spills and occupation were likely to bias the sampling towards worst-case exposure 
scenarios. 

(4) Analytical Results. 

(a) Semivolatile Organic Compounds. Both wipe and bulk samples were analyzed for 
the standard U.S. Environmental Protection Agency (USEPA) suite of semivolatile organic 
compounds (SVOCs) (reference 1). In the wipe samples, the only detected SVOCs were 
phthalate compounds. Phthalates are used as plasticizers and are very common in the 
environment due to the amounts of plastics and tile used. The same phthalates were also 
detected in the bulk samples collected. One of the eight bulk samples, WR-621, collected Erom 
Room 62 also contained phenol and two polynuclear aromatic hydrocarbons (PAHs) at low 
levels. This sample was collected in a wall constructed of drywall and covered with a 
wallpaper of some sort. The phenol and the PAHs could have come from either the wallpaper 
or the adhesive used to attach it to the wall. Since Room 62 was an office, it does not seem 
likely that the phenol or the PAHs were the result of laboratory contamination. Table 3 shows 
the maximum detected of concentration of the SVOCs in both the wipe and bulk samples and 
the surfaces on which they were detected. 
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Table 2. Sample Location Determination Table 

Note: "--" denotes those room that did not have that surface type. 
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Figure 2. Building 500 Phase I Area, Sarnp!e Locations, and Surface Types. 

7 
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Table 3. Maximum Detected Concentration of SVOCs 

Wipe samples 
Concentration ( Surface 

Compound 
phenol 

@g/ 1 00cm2) 
nd 

exposed 
laboratory floor 

-- 

diethy lphthalate 

phenanthrene 
I 1 

I Bulk Samples 

Sampled 
*- 

10 

nd 

fluoranthene I nd 

Concentration 
(mg/kg) 

5.7 

0.85 

0.45 

-- 

Surface 
Sampled 

exposed office 
wall 

exposed office 
wall 

exposed office 

0.40 

Note: nd - contarninant not detected in any sample. 

wall 
exposed office 

di-n-butylphthalate 

butylbenzylphthalate 

bis/2-E~v1hexvl)~hthalate 

@) Metals. Wipe and bulk samples were analyzed for eight different metals. The eight 
metals were those with the potential to be regulated as hazardous waste by the Resource 
Conservation and Recovery Act: arsenic, barium, cadmium, chromium, lead, mercury, 
selenium, and silver. Analysis of the metals samples revealed the presence of seven of the 
eight metals that were of concern. Selenium was not detected in any of the wipe or bulk 
samples. Additionally, arsenic was not detected in any of the wipe samples, and silver was not 
detected in any of the bulk samples. The presence of these metals in trace amounts on surfaces 
and in construction materials is not unexpected, because some are commonly used in 
laboratory settings (barium, mercury, lead, siiver), and the others are either may have been 
used in research or are often present in building materials. Table 4 shows the maximum i 

detected concentration of the metals in both the wipe and bulk samples and the surfaces on 
which they were detected. 

14 

310 

210 

exposed 
laboratory floor 

exposed 
laboratory floor 

sink 

12 

3,300 

1.7 

exposed office 
wall 

exposed office 
wall 

laboratorv wall 



Hazardous Waste Study No. 37-EF-6209-98, 1-5 Dec 97 

Table 4. Maximum Detected Concentration of metals 

I shelf/drawer I I laboratory wall I 

Compound 
arsenic 

barium 

cadmium 
chromium 

Note: nd - contaminant not detectedin any sample. 

Wipe samples 

mercury 

lead 

silver 

(c) Tentatively Identified Compounds. A screen was run on all of the SVOC samples 
for tentatively identified compounds (TICs). The software used by the analytical equipment 
has a larger database of compounds than are commonly ~ s e d  and will tentatively identify 
compounds in addition to the standard list of analytes. These TICs are compounds that the 
analytical equipment identified and reported as being present in the samples. The TICs cannot 
be positively identified since the analytical equipment is not calibrated for them, and standards 
of the TICs have not been run through the equipment. By screening the samples for TICS, the 
presence of other organic chemicals could be looked for without the additional cost of adding 
suites of analytes such as polychlorinated biphenols or pesticides. These compounds would 
manifest themselves in a TIC screen, and if detected in significant quantities, additional 
sampling could have been conducted to verify their presence and concentration. Table 5 shows 
the maximum detected concentration of the TICs used in the HRA in both the wipe and bulk 
samples and the surfaces on which they were detected. Not all of the TICs that were identified 
were used in the HRA, since the required toxicity data does not exist for every compound, or 
the amount of risk posed by the TIC did not contribute a significant amount to the risk posed to 
construction workers and future occupants. A complete listing of the TICs detected in the 
analysis are contained in Volume I1 of this report. 

Bulk Samples 
Concentration 
(pg/ 1 OOcm2) 

nd 

170 

40 
10 

Concentration 
(mgfkg) 

3.3 

61 

Surface 
Sampled 

-- 

lower cabinet 

170 

290 

40 

Surface 
Sampled 
covered 

laboratory wall 
exposed 

sink 
sink 

hood 

covered 
laboratory floor 

counter  to^ 

5.5 
17 

office wall 
covered 

0.66 

20 

nd 

laboratory wall 
exposed 

laboratory wall 
exposed 

laboratory wall 
-- 
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Table 5. Maximum Detected Concentration of HRA Evaluated TICS 

Wipe samples Bulk Samples 1 
Compound 
phosphoric acid 

ethanol; 2-2 butoxy ethoxy 

0-p' DDE 

0-p' DDT 

DDT 

Note: nd - contaminant not 

butyl ester butanoic acid 

c. Data Evaluation. 

Concentration 
(pgl 1 OOcm2) 

nd 

ietected in any sample. 

nd 
laboratory wall 

exposed 
laboratory wall 

exposed 
laboratory wall 

exposed 
laboratory wall 

covered 
laboratory wall 

Surface 
Sampled 

-- 

(1) Statistical Evaluation. A statistical evaluation was used to assess the quality of the 
data collected as related to the number and location of samples collected. The data were 
grouped by sample type (wipefbulk) and surface type. The results of the statistical analysis 
revealed little about the data however. One result of the statistical evaluation was that, with 

-- 

very few exceptions, the chemical contamination that was detected was not normally 
distributed for any surface type. This shows that the distribution of the contarrhants is not 
classifiable. Neither was the contamination spread normally throughout the building when all 
of the surface types were combined for analysis. This may be a result of two factors. First, 
the weighting of the surface areas skewed the proportion of surface areas from their actual 
distributions. Second, contamination might be present as a result of spills and splashes and 
would result in "hot spots" of contamination, not a normally distributed level of A 

contambation. The results of the statistical evaluation are contained in Appendix E. The data 
sets with very few samples numbers were combined with other similar surfaces for analysis, 

Concentration 
(mgfkg) 

43 

and there was no attempt to statistically analyze several of the data sets due to the extrehely 
low frequency of detection of analytes in those samples. 

Surface 
Sampled 

exposed office 

50 
wall 

exposed 



(b) Laboratory QAIQC Samples. The laboratories also perform internal QAIQC 
checks as part of the standard analytical methods used, Most of the laboratory QC checks 
were within the acceptable limits. While some of the QC results were outside of the methods 
limits, the laboratories reported that they had minimal impact on the data since they were just 
outside of the acceptable limits, and olher QAIQC data for the same samples were within 
acceptable limits. Specific QAIQC narratives are contained with the analytical data in Volume 
11. 
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(2) Quality Assurance/Quality Control. There were two types of QAIQC samples 
evaluated during this project. These were field and laboratory QAIQC samples. Both are 
discussed below. 

(a) Field QAIQC Samples. Field QAIQC samples consisted of two each field split and 
field duplicate. Field split samples of bulk samples were collected by gathering two times the 
quantity of necessary bulk sample, mixing thoroughly, placing in two different containers, and 
submitted as independent samples. This is a blind QAIQC check of the laboratory. The 
results of the two samples should be similar since they were two aliquots from the sample 
original sample. Field duplicate samples of wipe samples were collected by taking two wipe 
samples adjacent to each other. This provides a QAIQC check of the sampling methods, since 
the surface contamination on adjacent surfaces should be relatively similar. A review of the 
relative percent difference (RPD) for the field split samples showed that the results were 
acceptable (less than 50 percent) (references 2 and 3) for all of the parameters in all of the 
samples except bis (2-Ethylhexyl) phthalate in sample WR-713 and WR-716. The results for 
that parameter and sample were 53 percent, which is not significantly greater than 50 percent 
and, when combined with the results of the other field splits, is acceptable. There is no 
specific guidance on the acceptable RPD for field duplicates, but all of the field duplicates 
were within 100 percent of each other and this is acceptable. A greater RPD is acceptable on 
field duplicates, since the samples are taken adjacent to one another and the variability due to 
varying levels of contamination on the surfaces should be taken into account due to a localized, 
random pattern of contaminant distribution (use, storage, settlement, etc). The calculations 
showing the RPD are located in Appendix E. 

d. Human Health Risk Assessment. There are two groups of people with the potential to 
be exposed to any chemical coatamination in Euilding 500. These are the construction 
workers performing the demolition and remodeling and the office workers that will occupy 
Building 500 after the renovation. There will be no remaining areas of the original Building 
500 for office workers to be exposed to follov~ing the renovation. Therefore, this pathway 
may be bypassed at this time. Since the renovation of Building 500 involves extensive 
demolition of the building down to tlie ztmcturzl members, the construction workers would 
have the greatest exposures of any current or future workers and the greatest risk from any 
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chemical contamhation present in the building. The BRA concentrated on determining the 
risk faced by construction workers during the demolition and renovation as the most 
conservative exposure. The HRA accounted for three types of potential risk: dermal risk, or 
risk from skin contact; ingestion risk, or risk from the incidental ingestion of dust; and the 
occupational inhalation risk, or the risk from breathing the dust. As a conservative, 
preliminary screen, the maximum level of con taminant detected in any sample was assumed to 
be present in a uniform concentration on all of the surfaces in the Phase I Area. The dermal 
risk and ingestion risk were calculated and compared to the USEPA standard for risk 
assessment (reference 4). The additional risk presented by exposure to these levels of 
contamination were within the acceptable levels of risk established by the USEPA for the 
dermal and ingestion exposures (reference 5). This is represented by a Hazard Index (HI) of 
less than 1 for noncarcinogenic risk or a carcinogenic risk of between lx104 and 1x10~. For 
the inhalation exposure, the calculated risk is below the maximum allowable limits for the 
inhalation exposure by the American Conference of Governmental Industrial Hygienists 
(reference 6). This is also represented by a HI. Again, a HI of less than 1 is considered 
acceptable. The total noncarcinogenic risk for all pathways (dermal, inhalation, and ingestion) 
was 0.1, and the total carcinogenic risk for all pathways was 2x10~'. These are both well 
within the limits of acceptable risk. Since the risk levels calculated in the HRA using the most 
conservative assumptions were acceptable, no further modifications to the assumptions used 
were made. The entire HRA, to include the assumptions, calculations, and narrative, is 
contained in Appendix B. 

The calculated risk from exposures to the surfaces in Building 500, Phase I Area were 
almost equally divided between the SVOCs and metals that were detected. The TICS did not 
contribute a significant amount to the negligible risks that were detected. 

e. Data Analysis. 

(1) Additional Sampling of Building 500. Assuming the remainder of the WRAIR 
laboratory spaces are similar to the Building 500 Phase I area, further sampling of Building 
500 may not be necessary. The risk to construction workers is almost negligible, and the costs 

' of additional sampling are not justified from the benefits provided. Some sampling could be 
conducted for verification purposes at the rate of one sample per 700 - 800 square feet of floor 
space within the cost estimates origir~lly provided to WRAIR by USACHPPM. However, 
these data would be of limited use. The &ta could not be used for additional risk assessment 
since it would be too limited and not representative enough. This is because the distribution of 
the contamination throughout the building is not normal. The only likely source of chemical 
contarnination would be spill sites with highly concentrated amounts of chemicals or 
"hot spots." The evaluation of the remainder of the Building 500 or of any of the other 
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WRAIR facilities for hot spots would be infeasible. The level of effort and high number of 
samples that would be required would make this approach cost prohibitive and cannot be 
justified based on the results of the Phase I area sampling. 

(2) Additional Sampling of WRAIR Facilities. If the research activities that were 
conducted in different WRAIR facilities was similar in terms of the chemicals used over the 
years, it may be possible to apply the results of the Phase I area to the remainder of the 
WRAIR facilities. A more conservative approach would be to assume that laboratories in 
different buildings (Buildings 500 and 40) are dissimilar. Based on this assumption, another 
sampling event could be conducted in a wing of Building 40 in a manner similar to the Phase I 
Area of Building 500. This would determine the level of contamination present in a 
representative section of Building 40. It m y  also demonstrate that laboratory facilities at the 
WRAIR are similar irrespective of the actual building in which they are located. The 
assumption that the laboratories in the same building or in different buildings that belong to the 
same command are similar is based on the length of time that research activities have been 
conducted. Over the years, some type of normalization should occur as different activities are 
conducted in different labs until, over time, many different activities have been conducted in 
the same lab. 

(3) "Hot Spots". The data evaluation and HRA are based on the worst-case scenarios 
that were discovered during the Phase I area sampling. The HRA uses the assumption that the 
level of contamination is uniform throughout the area at the highest concentration discovered. 
None of the samples found an area with high levels of contamination that would significantly 
increase the level of risk encountered by construction workers. As discussed previously, 
sampling to determine the presence of "hot spots" is ngt feasible. However, if there is 
evidence of persistent chemial contaminaljon/spiIls in a particular area, additional samples 
could be collected to establish the level of chemical contamination at that location as needed. 
The assumption that all research areas are similar due to normalized usage may not be 
appropriate in areas like the "Blob Room" where unknown materials were stored for an 
indefinite period prior to being disposed. If areas like this are identified, they can be sampled 
on a case-by-case basis. 

(4) Costs of Additional Sampling. The costs of the different options are variable. 
They would range from no additional cost by taking no m9re samples to over an additional 
$250,000 to perform verification sunplhg at the rate of one sample every 800 to 850 square 
feet of floor space. Sampling the rest of the WRAIR facilities in the same manner as the Pilot 
Project would cost over $1 million; and the benefits gained from the additional sampling do not 
justify this level of effort in order to complete the chemical decommissioning. Sampling the 
rest of Building 500 at a rate similar to this Pilot Project would cost an additional $120,000, 
which was not included in the original cost estimate. The best alternative for continued 
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sampling is an additional round of sampling at Building 40 with a level of sampling similar to 
the Pilot Project. This additional effort is a reasonable amount of additional sampling and 
would be worth the cost of between $55,000 and $65,000, depending on the area involved. 

f. Modifications to the Sampling Protocol. 

(1) Location of Samples. As the study personnel moved throughout the Phase I Area of 
Building 500, obvious staining and discoloration of surfaces was observed. Instead of 
selecting a totally random sample location on surface areas to be sampled, biased sampling was 
performed to collect some samples in these areas of staining or discoloration. This was 
appropriate since the HRA was to be based on the worst-case exposure scenarios. Staining 
seemed to indicate that spills may have occurred in that location. For data evaluation purposes I 

it was desirable to have samples collected from both stained and unstained areas. 

(2) Types of Surfaces. The Sampling Plan listed a slightly different series of surface 
areas than were sampled and evaluated during data collection. Return air vents were not 
sampled since they do not exist in Building 500. The air used in the heating system is 
100 percent outside air. Differentiating between laboratory spaces and office/hall spaces was 
not discussed in the Sampling Plan. This differentiation was added prior to sampling, after the 
weighting factors were added. In this report, wall shelves were separated from floor cabinets, 
since it was determined that they may have had differing usage patterns. Finally, floor shelves 
and drawers, and cabinet doors and drawer fronts were combined due to usage similarities. 

(3) Weighting Factors. When the initial determination of surface-area ratios was 
calculated without the weighting factors, floors and walls would have received most of the 
samples. This was determined to be unacceptable since one of the purposes of this report was 
to determine the actual level of sampling that would be necessary throughout all of the WRAIR 
facilities. In order to determine which surfaces may have significant levels of contamination 
present, additional samples would have to be collected in surface areas other than walls and 
floors. This was accomplished by applying weighting factors. The weighting factors were 
determined by ranking the potential of surface areas to have been involved in spills and 
splashes using a poll of USACHPPM study personnel (reference 7). The weighting factors 
assigned are explained in paragraph 5b(l) above. Weighting factors from 11 to 1 were 
selected for their ease of use on the site; however, they did not allow for enough accentuation I 

on the more significant surface areas. In the future, a more sophisticated ranking system will 
be used to allow more discrimination between surface type variation. 

(4) Sampling Delays. Sample collection was delayed at the start of the Pilot Project 
when it was discovered that many of the laboratories had not been emptied. This resulted in 
12 man hours (over $300) being spent in identifying the owners of the materials still remaining 
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and supervising the removal of the materials. In addition to this delay, there had been no 
evidence of any type of biological decommissioning prior to the start of the chemical 
decommissioning. 

6 .  PILOT STUDY. 

a. Study Cost, The primary driver of costs in a study such as this one is the cost of the 
sample analysis. The cost of analyzing the 76 samples for this project was $5 1,000 at an 
approximate cost of $671 per sample for metals and SVOCs. In addition, the TIC analysis by 
the laboratory on this project will cost an additional $64/sample. There are two ways of 
reducing this cost. One would be to reduce the number of samples analyzed and the other 
would be to reduce the parameters that are sampled. The only parameter that could be dropped 
in any continued sampling would be the TICs, since they did not substantially contribute to the 
negligible risk that was compiled. The SVOC and metals samples will still have to be 
collected. That leaves reducing the number of samples collected as the only method for 
reducing the study cost. 

b. Sample Locations. The samples that were collected are representative of both 
laboratories, as a whole. Since they are weighted, they are considered representative of the 
sites in the laboratories that may have had the most potential for splashes and spills. The 
methods developed to determine the sample locations for the Pilot Study will also be used in 
any further sampling along with modified weighting factors. 

c. Sample Parameters. As discussed in the section above for study costs, the only sample 
parameter that can be dropped completely is the analysis for TICs. Additionally, selenium will 
no longer need to be analyzed for since it was not detected in any of the wipe or bulk samples 
collected, This will result in a total cost for any future samples of $652. 

d. Number of Samples. Selecting the actual number of samples will be determined by any 
future objectives of the chemical decommissioning. The number of samples is determined by 
two factors: objective of the sampling and the allowable budget. If the desire of any future 
sampling is just to do some minor verification sampling, a very small number of samples 
would need to be collected. However, if the objective of future sampling is similar to the Pilot 
Study by being able to determine the potential risk faced by construction workers, a large 
number of samples will need to be collected. Since determining the number of samples based 
on a statistical analysis of the data already collected would result in a very large number of 
samples, the budget would actually regulate the number of samples that could be collected. 
Something similar to the Pilot Project would have to be done where the maximum number of 
sample allowed by the budget would be collected. 
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7. CONCLUSIONS. 

a. The demolition and renovation of the Phase I Area of Building 500 is safe as shown in 
the HRA. The HRA used extremely conservative assumptions; e.g., that the maximum 
con tarninant level detected was present at uniform concentrations on all interior surfaces and 
that all of the risk was additive to produce an upper bound estimate of risk. Provided that 
workers wear standard safety gear (such as shirts, gloves, and dust masks as deemed 
appropriate by a trained Industrial Hygienist), there is virtually no increased risk from the 
demolition and remodeling of the WRAIR facilities. Since there is minimal risk to the 
construction workers, and the surfaces responsible for that slight risk will be removed during 
the demolition, there will be no adverse risks to future occupants of the Phase I Area. 

4 

b. Assuming the remainder of the WRAIR laboratory spaces in Building 500 are similar to 
the Phase I area, the level of sampling that was conducted in the Phase I Area will not be 
required in the rest of Building 500. Some sampling could be conducted for verification 
purposes at the rate of one sample per 700 - 800 square feet of floor space. However, these 
data would be of limited use. The data could be used to locally verify the previous fmdings, 
but the data could not be used for additional risk assessment since it would be too limited and 
not representative enough. This is because the distribution of the contamination throughout the 
building is not normal (equally distributed). Finally, the evaluation of the remainder of the 
WRAIR facilities for "hot spots" is infeasible. The level of effort and high number of samples 
that would be required would make this approach cost prohibitive and cannot be justified based 
on the results of the Phase I sampling. 

c. Based on the results from Building 500, there are several alternatives that may be 
considered for the chemical decommissioning of WRAIR. The least conservative approach 
would be to assurne that additional sampling at Building 500 may not be required, This 
assumption would be appropriate if the same types of activities were conducted in all of the 
WRAIR labs. If WRAIR would like to be more conservative, and assume that laboratories in 
different buildings (Buildings 500 and 40) are dissimilar, another sampling event could be 
conducted in a wing of Building 40 in a manner similar to the Phase I Area of Building 500. 
This would determine the level of contamination present in a representative section of Building 
40 and possibly verify that laboratory facilities at the WRAIR are similar irrespective of the 
actual building that they are located. The assumption that the laboratories in the same building 
or in different buildings that belong to the same command are similar is based on the length of 
time that research activities have been conducted. Over the years, some type of normalization 
should occur as different activities are conducted in different labs until, over time, many 
different activities have been conducted in the same lab. 
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d. If there is evidence of persistent chemical contaminationlspills in a particular area, 
samples could be collected to establish the level of chemical contamination at that location. If 
this evidence exists, these samples could be collected to determine if chemical decontamination 
will be required. An example of an area that would be suited to this type of sampling would be 
the "Blob Room" where unknown materials were stored for an indefinite period prior to being 
disposed. 

e. The costs of these different options are also variable. They would range from no 
additional cost by taking no more samples to over an additional $250,000 to perform 
verification sampling at the rate of one sample every 800 to 850 square feet of floor space. 
Sampling the rest of the WRAIR facilities in the same manner as the Pilot Project would cost 
over $1 million; and the benefits gained from the additional sampling do not justify this level 
of effort in order to complete the chemical decommissioning. An additional round of sampling 
at Building 40 with a level of sampling similar to the Pilot Project. This is a reasonable 
approach since the information gathered would be worth the additional cost of between 
$55,000 and $65,000 depending on the area involved. 

f. No additional chemical decommissioning samples will be collected by USACHPPM 
personnel until the biological decontamination of the WRAIR facilities are accomplished. If no 
biological decontamination is necessary, this should be stated in writing with justification. The 
USACHPPM personnel are not familiar with the aspects of biological research that are being 
conducted, and neither are the construction personnel performing demolition and renovation. 
Exposure to biological pathogens or toxins cannot be risked as the construction and demolition 
progress to laboratories with more hazardous pathogens or toxins. This decontamination is 
necessary whether or not any addition21 sampling is conducted in order to avoid future liability 
to WRAIR from real or perceived exposures. 

g. Weighting factors were used in determiniiig the number of samples to collect in each 
type of surface found in Building 500 Phase 1 Area. The weighting factors shifted sampling 
emphasis to areas with more potential for spills and splashes. The weighting factors that were 
assigned were oversimplified, and the population polled to determine if the factors should be 
expanded to include at least two laboratory personnel in the future. A more sophisticated 
method of determining the weighting factors than assigning integers between 11 and 1 will be 
applied in any future sampling to allovr for better representation of actual preferences. 
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8. RECOMMENDATIONS. 

a. Proceed with the Phase I demolition and renovation of Building 500 as planned. 

b. Conduct and document biological decontamination after laboratory spaces have been 
completely emptied. 

c. Conduct a second round of sampling in the first wing of Building 40 to be emptied in a 
manner similar to the Pilot Project to determine if another wing of laboratories has as little 
future risk as Building 500. Further sampling in Building 500 is not recommended. 

9. TECHNICAL ASSISTANCEIFURTHER INFORMATION. Any questions or comments 
related to this study may be directed to any of the undersigned at commercial (410) 671-3652. 

Hazardous and ~ e d i c a l  Waste Program 

REVIEWED BY: 

&M&* HOMAS R. RUNY I 

Team Leader, Special Studies & Technologies 
Hazardous and Medical Waste Program 

APPROVED BY: 

#d&#dT I DA L. BAETZ 

Program Manager 
Hazardous and Medical 
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APPENDIX B 

HUMAN HEALTH RISK ASSESSMENT 



1. PURPOSE. The purpose of this evaluation is to determine if significant health risks exist 
for future demolition workers from the presence of residual chemicals in Building 500. 

2. BACKGROUND. 

a. This evaluation was performed to support the USACHPPM report 37-E-6209-98 and is 
the quantitative risk assessment performed for demolition workers working at Building 500 at 
WRAIR. It specifically calculates the human heath risks to demolition workers from chemicals 
that may be present in laboratory materials that will be demolished prior to renovation of the 

- building. 

b. The WRAIR plans to completely renovate the building into space for office and 
administrative workers. Only the floor, load-bearing structures, and exterior walls will remain 
of the original structure. Since the building was a laboratory, WRAIR requested that 
USACHPPM determine if workers performing the renovation would be at significant health I 

risk from the presence of residual chemicals. 

3. CONCEPTUAL SITE MODEL. 

a. Building Characterization. 

(1) Figure 2 of the basic report shows the floor plan for Building 500 as is it existed 
1-5 December 1997. The building is approximately 4,500 square feet. Most of the space was 
laboratory space, with about a fifth of the space used as offices. A hallway ran the entire 
length of the building. Most of the laboratory interior spaces were walled with painted 
drywall. The interior and exterior laboratory walls facing the length of the hallway were a 
laminate of painted stainless steel and insulation. The walls facing the exterior of the buildings 
were windowed above bench level (34 inches) and contained the service chase. 

(2) The general layout of each laboratory is shown in Figure 2. The laboratories 
contained metal cabinets covered with laminated countertop polymer composite bench tops. 
The floor was a concrete base covered with industrial tile. Offices had concrete floors with 
covered carpet, and the walls were papered drywall. Room 63 is a cold room, with a bare, 
sealed concrete floor and ceramic tile walls and ceiling. The walls for the cold room are 
insulated with cork. The floor in the hallway is concrete covered with tile. 

(3) At the time of sampling, laboratories had been emptied of all chemicals and 
equipment and had been cleaned somewhat. There were noticeable stains in many places, 
generally around sinks, refrigerators, and chemical storage areas. Following the exit of 
researchers, the sampled portion of the building was isolated from the Heating, Ventilation, 
and Air Conditioning (HVAC) system and sealed, which will significantly reduce the 
ventilation rate of the building. 



b. Development of Exposure Pathways. 

(1) During this operation chemicals which are present can be contacted several ways. 
Table B-1, Annex B, shows the pathways that were considered in this analysis. The three 
direct primary pathways by which chemicals can enter a receptor are: inhalation of chemicals 
from the air; either as dust or vapor, dermal absorption after direct contact, or contact with 
generated dust which contains residual chemicals, or ingestion of soil from poor hygienic 
practices. 

(2) A significant amount of dust is generated during renovation operations 
(reference 1). This dust may contact receptors through all three mechanisms. As this 
generated dust is inhaled, any chemicals present in the dust will enter the body. In addition, 
the free dust on the surface of non-destructible materials, which may contain some chemicals, 
will be resuspended because of mechanical agitation or through air movement (reference 2). 
The chemical present in this resuspended dust will then be inhaled. Chemicals with 
appreciable volatility will evaporate from the surface of these materials and then be inhaled by 
receptors. 

(3) Dermal absorption can result as generated dust contacts the skin (analogously to soil 
loading) and upon direct contact with material on which chemicals are present. As with soil 
loading, chemicals in the dust may be transferred from the dust to the skin, then consequently 
absorbed. On surfaces where chemicals are present (e.g., on a bench top), if a receptor 
contacts this material as it is being carried, then the chemicals present on that material will 
pass through the skin and into the body. Since the amount of dust generated will be much 
greater than the amount of resuspended dust, the chemical intake due to loading of resuspended 
dust will not be considered. 

(4) Dermal absorption of a chemical through the skin from free airborne concentrations 
was not considered because none of the chemicals detected on surfaces have a "skin" notation 
according to the American Conference of Governmental Industrial Hygienists (reference 3). 
Phenol, the only chemical considered that did have a skin notation, was found only in bulk 
samples, and thus only considered in the dermal absorption pathway for contaminated dust. 

4. SAMPLING AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 
(COPC) . 

a. The detailed sampling and analysis plan is contained in the basic report. A summary of 
sampling results is shown in Table B-2. The basic report also discusses quality control and 
sample location selection. Sampling locations were selected to create a representative sample 
of surface types for the building. 



b. This assessment is based on wipe and bulk sampling. There is currently no accepted 
method to screen chemicals detected with these types of sampling. As a result, no chemicals 
were screened out of the assessment based on acceptable surface concentrations (no risk based 
screening occurred). However, several of the chemicals that were detected did not have 
toxicity reference data - either in the documentation of the ACGIH TLV's (reference 3) or in 
the USEPA's Integrated Risk Information System (reference 4). These were excluded from 
further due to the lack of adequate toxicity data. The final list of COPC is shown in Table 
B-3, 

5. EXPOSURE ASSESSMENT. 

a. Identification of Receptor. The receptor of interest is a demolition worker. Based on a 
conversation with the primary contractor, the demolition phase of the renovation of Building 
500 is expected to take no longer than to 30 days. For purposes of this assessment, workers 
will be assumed to be present for all 30 of those days and will work 8 hours per day. 

b. Use of Sampling Data for the Risk Assessment. 

(1) Cost and feasibility limited the amount of sampling data. As a result, concentration 
distributions were not always available. Where multiple samples were taken from a surface or 
material type, the maximum concentration was used. Since this is a screening assessment, the 
result of this assumption will bias the results of the risk to higher values. 

(2) Dust will be generated as friable materials (e.g., concrete block and drywall) are 
destroyed during demolition of the interior of Building 500. The chemical concentration in 
generated dust will be assumed to be the same as the chemical concentration in this material. 
Materials that are not expected to produce dust are steellmetal structures (cabinets and shelves) 
and ceramic materials (bench tops). For these, surface chemical concentrations will be used to 
estimate exposures. 

c. Calculation of Intake. 

(1) Inhalation. 

(a) Estimation Of Airborne Chemical Concentrations. 

- Airborne chemical concentrations result from three mechanisms. Chemicals will: be 
generated in dust as materials are destroyed; resuspended as surface dust containing chemicals 
becomes airborne through mechanical disturbance or air movement over the surface; and they 



will evaporate directly into the air. Receptors take chemicals into the lungs as either a 
chemical in the resuspended dust or as vapor. Equation 1 is the general equation for 
calculating the inhaled dose resulting from airborne contaminates. 

Equation 1 

Where: 
ADIair = average daily intake of airborne chemicals 
IR = inhalation rate (20 m3/day) 
BW = body weight (70 kg) 
AT = averaging time (25,550 days for carcinogenic risk, 30 days for noncancer risk) 
ED = Exposure duration 
Cair  = chemical concentration in air 

- The total airborne chemical concentration is the sum of the three sources mentioned 
above. To calculate the total intake from these sources, average daily intakes were calculated 
for each term in equation 2. In this equation: ADIair is the total average daily intake from 
airborne contaminates, ADIgen is the average daily intake from generated dust, A D L  is the 
average daily intake from resuspended dust, and ADIevap is the average daily intake from direct 
evaporation. 

ADIair = ADI, + ADI,,+ ADI, Equation 2 

- The estimation of chemical intake due to the inhalation of generated dust will be 
calculated differently than for the intake due to the inhalation of resuspended dust or 
evaporated chemicals. Because the bulk sampling was limited, a weighted airborne 
concentration (based on the amount and type of material that is present) was determined. The 
details of this calculation are presented in paragraph 5c(l)(b). 

- The estimation of the average airborne concentration due to resuspended dust or direct 
evaporation is slightly different. The general equation for estimating these values is based on 
the general dilution ventilation equation (equation 3, reference 5), which relates the steady 
state concentration of a chemical in a room to ventilation rate and the emission rate of the 
chemical in the room. 

Equation 3 



where: 
G = generation (emission) rate of a chemical 
Q = ventilation rate 
Vmm = volume of the room 
Q' = air changes per hour 

In equation 3, the concentration is related to the room volume, and to calculate the 
concentration the room volume must be known. However, as the demolition of the interior of 
the building progresses, the room volume will change as walls are removed. How this affects 
the concentration resulting from chemicals on a surface is hard to determine. What is lmown is 
that as the walls are removed, the volume of the building will increase and thus decrease the 
concentration. As a result, the concentration will be highest at the point when each room is 
smallest (all the walls are intact). As a conservative estimate of exposure, the concentration 
used to determine intake will be this maximum concentration. 

- Receptors are assumed to be exposed at this concentration as long as they are in the 
room, which will be some fraction of the project duration. To calculate the average daily dose 
for a chemical present in a room, the daily intake equation must be modified to reflect the 
amount of tirne spent in a room. It will be assumed that the proportion of time spent in a room 
during the project will be the same as the proportional size of the room in the building (less 
tirne in smaller rooms, more time in larger rooms). 

Equation 4 

Where: 
EDmm = Estimated time spent in a room during the project 
SAroorn = floor surface area of the room 
SA~otal = total building surface area 
EDrota~ = project duration (30 days) 

Equation 4 will be used to determine the adjusted exposure duration for each room. It 
calculates the proportional exposure duration for a specific room. This will effectively time- 
weight the chemical concentration over the project duration. Substituting this equation into 
equation will result in the average dose for the duration of the project. 

a 

- The dose calculation for all three mechanisms relies on a time-weighted average (TWA) 
over the duration of the project. It does not evaluate for elevated single exposures. As a 
result, the maximum airborne concentration for each chemical (irrespective of where or when 
that concentration occurred) was added to determine the maximum concentration of a chemical 



that might exist in the building. These values were compared to the ACGIH Threshold Limit 
Values (TLVs) (reference 3). The results are shown with the risk assessment results for the 
inhalation pathway (Table B-8) , 

(b) Intake from Generated Dust. 

- Dust will result from friable material that has been destroyed during renovation. 
Estimates of the amount of dust generated during building renovation were sought in the 
industrial hygiene literature. One study (reference 1) reported an 8-hour TWA range of 6.0 to 
15.6 mg/m3 for total dust during the "demolition of interior walls, elevated floors and 
mechanical work" in an office building. The mean of this range (10 mg/m3) was selected to 
represent the worst-case dust exposure experienced by the receptors that will be present. This 
value is the "total particulate not otherwise classified" exposure limit established by 
Occupational Safety and Health Administration (OSHA) and recommended by the ACGIH 
(reference 3), and it is expected that at an exposure level above this workers would wear some 
form of breathing protection. 

- This value will be assumed to be the average dust exposure over the entire exposure 
period. It must be noted, however, that because the activities performed by these receptors 
will vary as the project progresses, this may represent a significant overestimate of the average 
exposure for the period of the project. 

- All the dust that is generated will be assumed to result from the friable material in all of 
the rooms in the building. The amount of dust generated for each room will be dependent on 
the amount of friable material in each room, To estimate the contribution to the concentration 
that results from each room, the concentration term is modified to reflect the contribution for 
the amount of material in each room. Equation 5 is used to calculate the average airborne 
chemical concentration for a chemical resulting from the destruction of a particular material 
within a room. It represents (for each chemical) the average airborne chemical concentration 
(weighted by material type and bulk concentration within an individual room) resulting from 
the destruction of material during renovation. 

Equation 5 

Where: 
Cgen = airborne chemical concentration in the generated dust 
Cpart = airborne dust concentration (10 mg/m3) 
PDSA = proportion of the total destructible material originating in a particular room 
PDST = proportion of a particular destructible material type in the room (see Table B-5) 
Cburk = bulk chemical concentration in a particular material in a particular room 



(c) Resuspended Dust. 

- Mechanical agitation or air movement can resuspend chemicals bound to dust located on 
a surface (reference 2). Resuspension factors have been developed to which can be used to 
estimate the amount of chemical that will become airborne for various indoor activities. This 
factor, when multiplied by the surface concentration, will give an emission rate that can be 
used to determine the concentration in air. 

- Equation 6 (reference 6) relates the resuspension factor (Fmnsion) to the airborne 
concentration due to resuspension of the surface bound chemicals, and can be sued to estimate 
the resulting airborne concentration. 

Equation 6 

Where: 
CRsp = airborne concentration of a chemical due to resuspension 
Csurface = surface concentration 
Fresu-ion = resuspension factor 
A = total area of the contaminated surface 
V = room volume, and 
Q' = air exchange rate for the room 

Sanstone (reference 6) summarized resuspension factors for several activities. The range of 
these factors spans 8 orders of magnitude (1 .OE-9 to 1.5E-2). The most applicable 
resuspension factor (4.3E-5) to this scenario was for active work in a confined space. 
However, because this value was not derived specifically for demolition work, it was roughly 
doubled to 1E-4. 

- Portions of Building 500 will continue to be used during renovation. To prevent dust 
from contaminating nearby research labs, the building was sealed. As a result, the air 
exchange rate was assumed to be much lower than would be expected in normal industrial 
operations. Normally, air exchange rates of 0.5 air changes per hour are assumed (reference 
6) for poorly ventilated areas. However, because the building is sealed, an air exchange rate 
of 0.1 air changes per hour was used. 

(d) Evaporation. 

- There is limited information on calculating an emission rate &om a contaminated 
surface indoors. In soil, this rate is generally modeled as a first order process that is 
dependent on a first order rate constant and the surface concentration. Researchers at DOW 



(reference 7) developed equation 7, which relates a soil surface concentration change with time 
to a first order rate constant (k) that is a function of the vapor pressure (PvP), the soil 
adsorption coefficient 6) and the water solubility (S). 

C(t )  = ~,,e-' where Equation 7 

In this equation: 
C(t) = the time dependant surface concentration 
C, = the initial surface concentration 
PVP = Vapor pressure 
Koc = Soil adsorption constant 
S = Water solubility of the chemical 

- Although the emission rate varies with time (dC/dt is not constant), the average 
emission rate during a short time period can be approximated as the change in concentration 
during the project divided by the project duration, in days. Equation 8 follows from equation 
7 and can be used to estimate the emission rate of a chemical from a contaminated surface. 
The airborne concentration can then be calculated using equation 9. Where Cevap is the 
airborne chemical concentration due to evaporation, and Gsllrf is the surface emission rate from 
equation 8. 

Equation 8 

Equation 9 

Equation 9, used with equation 4 in equation 1, will estimate the weighted average dose over 
the period of the project. 

(2) Soil Ingestion. 

- An average daily ingestion rate for industrial workers of 480 mg/&y (reference 7) was 
assumed for this assessment. This value was reported for outdoor workers performing heavy 
physical activity. This number was selected due to the nature of the work and the amount of 



dust that will be generated. The dust will result primarily from the destruction of construction 
materials and, as a result, only the chemicals contained in the bulk sampling will be 
considered. 

- As with the airborne concentrations of chemicals in generated dust, the proportional 
intake was assumed to originate from each material as in equation 5 ,  where the average 
particulate concentration (Cpart) can be replace by the ingestion rate. The resulting intake 
equation is analogous to equation 4 and is shown in equation 10, below. 

Equation 10 

Where: 
AD1 = average daily intake 
IR = ingestion rate (480 mglday) (reference 7) 
ED = exposure duration (30 days) 
BW = body weight, (70 kg) 
AT = averaging time, (25,550 days for carcinogenic risk, 30 days for noncancer risk) 
PDSA = proportion of the total destructible material originating in a particular room 
Posr = proportion of a particular destructible material type in the room 

(3) Dermal Absorption. Two types of dermal exposures were evaluated: derhal 
contact from soil loading and direct contact with contaminated surfaces. 

(a) Soil Loading. A dermal soil loading value of 0.06 mg/crn2 was assumed. This 
number was measured on the arms of farmers performing outdoor work while wearing heavy 
clothing. The available surface area used was the 95" percentile default available surface are 
recommended for outdoor work. As with equation 9 above, the average daily intake was 
calculated using proportionate dust concentrations based on the amount of destructible material 
in the building. (Equation 1 1) 

ADImil loading = 
B WxA T 

R 

Equation 11 

Where: 
SA = surface area available for contact (5800 cm2)(reference 7) 
AF = Adherence factor (0.06 mg/cm2) (reference 7) 



ABS = absorption factor [0.01 for inorganics, 0.1 for organics (reference 8)] 
ED = exposure duration (30 days) 
BW = body weight, (70 kg) 
AT = averaging time, (25,550 days for carcinogenic risk, 30 days for noncancer risk) 
Cbu~k = bulk contamination concentration 
PDSA = proportion of the total destructible material originating in a particular room 
PDST = proportion of a particular destructible material type in the room 

(b) Direct Contact. 

- This measure is the most difficult to assess. To estimate the contact rate each type of 
material, the potential for contact for each material was evaluated and a contact proportion was 
assigned. This was an arbitrary assignment approximately based on the ratio of the sum of the 
surface area of the chest, arms, and hands for an adult male to the surface area available for 
contact on the material. These values are presented in Table B-6. 

- Workers will be assumed to contact all nonfriable material in the building, However, 
since there will be several workers performing the demolition, each worker will only contact a 
fraction of the material. In conversations with the primary contractor, it was estimated that six 
to eight personnel will work during the demolition. As a result, the total dose will be 
calculated using equation 11, and then divided by the number of workers. To estimate the 
worst case, six workers will be assumed. 

The average daily intake will be calculated using equation 12. This equation will 
estimate the dose for one worker who contacts all materials in the buildings. As above, 
materials will be segregated within a room, and chemical surface concentrations will be 
uniform on the materials within the room. The exposure is then be summed over all materials 
in a room and then over all rooms. 

Equation 12 

Where: 
W = number of workers 
BW = body weight (70 kg) 
AT = averaging time, (25,550 days for carcinogenic risk, 30 days for noncancer risk) 
ABS = absorption factor [0.01 for inorganics, 0.1 for organics (reference 8) 1 
TF = transfer factor (unitless, 0.1) (reference 9) 
Csurf = surface concentration 
SAsurf = contaminated surface area in room i. 
CFsurf = contacted fraction of surface (Table B-6), 



6. TOXICITY ASSESSMENT. 

a. The toxicity information used in this analysis was collected for each chemical from 
USEPA'S Integrated Risk Information System (reference 4). Table B-3 is the list of the 
chemicals considered in the analysis, along with the carcinogenic classification and confidence 
in the reference dose. These are standard reference doses provided by the USEPA and are 
designed to provide a method to relate exposure and risk for the general population. 

b, Table B-8 contains the results of the risk assessment for airborne chemicals. This table 
also compares the standard occupational reference values (reference 3) with the modeled 
airborne concentrations that may be present during demolition. The ACGIH TLVs are derived 
for occupational exposures are not applicable to the general population. They are universally 
recognized as the "gold standard" for evaluating occupational exposure and for use as guides 
in controlling potential exposure. However, in conditions where exposures other than 
inhalation are present, they are difficult to apply without some modification. 

c. For general environmental exposures, standard methods have been developed to 
estimate chemical intake from other types of exposures - primarily derrnal (reference 8 and 9). 
These methods are based on estimating a chemical intake, and then using that dose to estimate 
the risk to an individual. The toxicity data used to estimate this risk are, by necessity, 
protective of the general population - including sensitive populations (children etc.). As a 
result, their use in assessing occupational risks may significantly overestimate health risks for 
the general working population. 

d. On one hand the occupational reference doses (TLVs) are designed to be protective of 
workers but are not conducive to quantitative use with dermal and ingestion exposure 
assessments. On the other hand, the toxicity data used with standard dermal and ingestion 
exposure models are not specific to occupational exposures and greatly overestimate risk to 
workers. However, if the risks calculated using the USEPA toxicity values are safe by 
USEPA standards, then the risks to the average worker should also be considered safe. 
Because the dose estimation will be more appropriate within the context of the USEPA risk 
assessment, the risks will be calculated using the USEPA toxicity data. In addition, the TLVs 
will be reported with the modeled airborne concentrations and the estimated risks for airborne 
chemicals. 

e. For the calculation of dermal reference doses, the oral reference dose was used with an 
adjustment factor. Initially, IRIS was consulted to determine if the oral absorption efficiency 
was used in the calculation of the RfDo or CSFo. If this was not used, the oral absorption 
efficiency was found in the Agencey for Toxic Substance Disease Registry (ATSDR) 
toxicological profile for the specific chemical. The RfDo was adjusted by dividing by the oral 



absorption efficiency, The CSFo was adjusted by multiplying by the absorption efficiency (see 
Table B-9). The adjusted reference doses and adjustment factors are shown in Table B-6. 
These values were used in the dermal portion of the risk assessment. 

7. RISK CHARACTERIZATION. 

a, The USEPA recommended a safe range of carcinogenic risk to be 1 in 10,000 (103 to 
1 in 1,000,000 (lo4) for humans. The acceptable noncarcinogenic risk to humans is a hazard 
quotient below 1. The carcinogenic risk is calculated for each chemical by determining the 
chemical intake and then multiplying by the appropriate cancer slope factor. The cancer risk is 
then summed across all chemicals for each pathway and then across all pathways within an 
exposure scenario. The noncarcinogenic risk is determined by dividing the average daily 
intake for each chemical by the appropriate reference dose. These are also summed across all 
chemicals and pathways within an exposure scenario. 

b. Table B-7 contains the results of the risk assessment, Both the carcinogenic and 
noncarcinogenic risks are in the range that the USEPA has determined is acceptable. The 
highest contributor to the carcinogenic risk is the dermal pathway, which is primarily driven 
by cadmium exposure. The noncarcinogenic risk is also primarily a result of the dermal 
exposure pathway, although about a third of the risk is due to incidental ingestion of dust. The 
inhalation pathway did not contribute significantly to either the carcinogenic or noncancer risk. 
In addition, from Table B-7, estimated airborne chemical concentrations are well below the 

ACGIH recommended TLV for each chemical. The TLV for the mixture of chemicals present 
is also below ACGIH's recommended TLVmix of 1. 

c. Based on the results of this risk assessment, there is not a discernible risk to the 
demolition workers performing demolition of Building 500. These risks were calculated with 
very conservative assumptions and should represent an upper bound of the risk that may exist 
due to the presence of residual chemicals. 

8. DISCUSSION OF UNCERTAINTY, 

a. Characterization of human exposure to chemicals based on wipe and bulk sampling data 
is a difficult task. Airborne concentrations were estimated both from direct evaporation of 
chemicals and resuspension of dust containing these chemicals. The science used to estimate 
these exposure parameters is uncertain. The equation used to estimate the airborne 
concentration resulting from surface evaporation was developed for surface applied pesticides 
and was accurate to within an order of magnitude for the chemicals considered (reference 7). 
Although pesticides were not found at Building 500, the chemical properties of the residual 
chemicals were not dissimilar to these pesticides. As a result, the estimated exposures should 
be similarly accurate. 



b. The equation used to estimate the airborne chemical concentrations resulting from 
resuspended dust were based on early studies to estimate radioactivity resuspension during 
rescue operations following a nuclear accident (reference 2). The resuspension factor selected 
for this assessment was similar to that measured during heavy activity (digging etc.) indoors 
and is appropriate for this scenario. However, this factor has been shown to consistently vary 
by an order of magnitude, which will introduce significant uncertainty inta the results. . The 
direction of this bias cannot be determined. 

c. Estimated dust concentrations used to estimate the amount of dust generated during 
renovation were based on a very limited study. The measured dust exposure was near the TLV 
for total dust and may represent an overestimate of the average exposures experienced by 
workers. This would result in an overestimate of the resulting airborne chemical 
concentration. 

d. The soil ingestion rate used in this study is based on estimates of soil intake during 
heavy outdoor work. This number represents the highest estimated intake by an adult and 
significantly higher than the default adult soil intake used by the EPA (EPA, 1997). As a 
result, this should be a conservative estimate of exposure and represent an intake that would 
not be found under normal circumstances. 

e. The dermal soil loading factor used was the maximum soil loading found for farmers 
performing manual work (shoveling, moving equipment etc.) while wearing heavy clothing. 
Of the soil loading studies discussed in reference 7, this scenario represented the most similar 
type of exposure to the demolition workers. As a result, significant difference between these 
two groups will result in a proportional difference in risk. Again, the bias would be 
indeterminate. 

f. Since limited sampling data was obtained, the maximum surface and bulk concentration 
were used to determine exposure concentrations. In addition, sampling was performed in areas 
where contamination was suspected to occur. The combination of these two factors will tend 
to bias exposure estimates significantly higher. This will also result in an overestimate of risk. 
However, contamination that was ngt detected will not be characterized, and the risk from 
these chemicals will not be estimated. This will result in an underestimate in the risk. 

9. CONCLUSIONS. Based on a health risk assessment conducted using the data collected 
from 1-5 December 1997, both carcinogenic and non-carcinogenic risks for construction 
personnel during demolition and construction from any chemicals found in the Phase I area are 



considered safe using the assumptions outlined in this report. It is expected that this work will 
be performed under applicable OSHA and DAIDoD regulations, and under the guidance of a 
qualified safety professional. n 
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ANNEX B 

TABLES 



Table B-1 . Exposure Pathways Considered 

a NE = pathway not evaluated (see text) 

Table B-2. Summary of Sarnpling Results (WIPE) 

Inhalation 
Resuspended Chemical X 
Generated Dust X 
Eva~orated Chemical X 

Dermal Absorption 
NEa --- 
X 

NEa 

Ingestion 
NEa 
X 
--- 

Detection Type 
TIC 
TIC 

Norm 
Norm 
TIC 

Norm 

Norm 
Norm 
Norm 
Norm 
TIC 

Norm 
TIC 
TIC 

Norm 

TIC 

TIC 

TIC 
TIC 

Norm 
TIC 
TIC 

TIC 

(1 -Butyloctyl)-Benzene 
( 1-Pentylhepty1)-Benzene 

Ag 
Ba 

Benzotriazole 
Bis (ZEthylhexyl) 

Phthalate 
Butylbenzyl Phthalate 

Cd 
Cr 

Diethyl Phthalate 
Diisononyl Phthalate 
Di-N-Butyl Phthalate 

Dodecmoic Acid 
Ethanol 

Hg 
Mono(2-Ethylhexyl) 

Hexanedioate 
Napthalene, CASN 

26137-53-1 
N-Dotriacontane 

Palmitic Acid 
Pb 

Stearic Acid 
Triphenyl Phosphate 
Tris(2-Butoxyethyl) 

Phosphate 

Number 
Detected 

2 
2 
4 
30 
1 

30 

14 
2 
12 
1 
1 
2 
2 
4 
29 

1 

1 
1 

42 
1 
1 

3 

Number Sampled 
64 
64 
64 
64 
64 

64 

64 
64 
64 
64 
64 
64 
64 
64 
64 

64 

64 

64 
64 
64 
64 
64 

64 

Detection 
Frequency 

0.06 
0.47 

0.47 

0.22 
0.03 
0.19 
0.02 

0.03 

0.45 

0.66 

Maximum 
Concentration 

Detected 
59 
20 
290 
210 
16 

3 10 

310 
170 
40 
10 
9 
14 
19 

550 
170 

20 

550 

15 
29 
290 
29 
16 

40 



Table B-2 (Cont). Summary of Sampling Results (Bulk) 

Ethanol, 2-2 Butoxy 
Ethoxy 

Fluoranthene 

Hg 
Octicizer 

0-p' DDE 
o-p' DDT 

Pb 
Phenanthrene 

Phenol 
Phosphoric Acid 

1 
4 
1 
2 
2 
8 
1 
1 
1 

1 

8 
8 
1 
2 

2 
8 
8 
8 
1 

0.12 
0.50 

1 
0.13 
0.13 

1 4000 

400 
660 

29000 
5900 
4900 
20000 
450 

5700 
43000 

TIC 

Norm 
Norm 
TIC 
TIC 
TIC 

Norm 
Norm 
Norm 
TIC 



Table B-3. Chemicals of Potential Concern and USEPA's Evaluation of Toxicity Data 

Chemical 

Ag 
As 
Ba 

Bis(2-EthyIhexy1) 
Phthalate 
Butylbenzyl Phthalate 
Cd .". 
Cr -as Cr(V1) 
DDT 
Diethyl Phthalate 
* 

Di-N-Butyl Phthalate 
Fluoranthene 

Hg 
o-p' DDE 
o-p' DDT 
Pb 
Phenathrene 
Phenol 
Phosphoric Acid 

Carcinogenicity Assessment 
D - Not Classifiable 

A - Human Carcinogen 
NE - Not Evaluated 

B2- Suspected Human Carcinogen 

C- Possible Human Carcinogen 
B 1 - Probable Human Carcinogen 

A - Human Carcinogen 
B2- Suspected Human Carcinogen 

D - Not Classifiable 
D - Not Classifiable 
D - Not Classifiable 
D - Not Classifiable 

B2- Suspected Human Carcinogen 
132- Suspected Human Carcinogen 
B2- Suspected Human Carcinogen 

D - Not Classifiable 
D - Not Classifiable 
NE - Not Evaluated 

Confidence In RfDo 
Low 
Med 
Med 

Med 

Low 
High 
Low 
Med 
Low 
Low 
Low 

High (RfDi) 

Med 

No Data 
Low 

Med (RfCi) 



Table B- 4. Room Surface Areas 



Table B-5. Destructible Material Proportions; Total Building and Room 

Room 62 
Room 63 
Room 63A 
Room 64 
Room 66 
Room 67 
Room 69 
Room 69A 
Room 71 
Room 72 
Room 72A 
Room 74 
Room 76 
Hallway 
Cold Room 
Total 
Proportion 

PST A 

Total Proportion of 
Destructible Surface 

Type 
0.05 
0.07 
0.03 
0.10 
0.05 
0.06 
0.07 
0.03 
0.06 
0.07 
0.05 
0.09 
0.11 
0.13 
0.03 

PDST 
Proportion of Destructible Surface Type In 

exposed 
wall (lab) 

0 
0.09 
0 
0 

0.07 
0.08 
0.12 
0.04 
0.07 
0.08 
0.07 
0.13 
0.19 
0 
0.05 
0.70 

Room 
Exposed wall 
(officelhall) 

0.15 
0 

0.09 
0.33 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.43 
0 

0.29 

covered wall 
(lab) 
0 

0.09 
0 
0 

0.12 
0.07 
0.04 
0.07 
0.14 
0.14 
0.12 
0.13 
0.05 
0 

0.01 
0.01 



Table B-6. Fraction Of Material Contacted, By Surface Type 



Table B-7. Risk Assessment Results 

Summary of Risk 
Demolition Worker Scenario, Walter Reed Army Institute For Research 

Chemical Ingestion 

Carc. 

Inhalation 
Non- 

Dermal 
Non- 

cancer Carcinogenic 

TOTAL 1 Non- 
Non-cancer Carcinogenic cancer Carcinogenic cancer Carcinogenic 

Risk I Risk 1 Risk I Risk I 
8.2E-07 8.2E-07 

1 .7E-04 

~ s s m t  . ( Risk Risk 
Phos~horic Acid I N E ~  I 

3utylbenzyI Phthalate I C 1 4.8E-03 I I 1 
IDT B2 6.E-13 2. E-09 
liethy1 Phthalate D 1.9E-05 1.2E-06 
>i-N-Buty1 Phthalate D 1.6E-04 6.5E-05 
:luoranthene D 2.OE-07 4.OE-06 
1-P' DDE 

1 Phenol I D I l.lE-07 I 1 3.8E-06 1 

NE = Not evaluated 



Table B-8. Risk Assessment Results, Inhalation Pathway 

Inhalation Risk Assessment, Combined Sources 

Comparison with ACGIH TLVs 

Airborne TLV 

l~otal  TLVmin = 2.47E-03 1 ] 7.70E-03 1 I 2.13E-11 1 



Table B-9. Risk Assessment Results; Dermal Pathway 

Dermal Exposure (Both Direct Contact and Dust Loading) 

Average 
Daily 

Contact 
Rate 

mg/kg/&y 

Ag 
Ba 
Cd 
Cr 
Hg 
PO 
Bis (2-Ethyhexyl) Phthalate 
Butylbenzyl Phthalate 
Diethyl Phthalate 

4.35E-04 
2.20E-03 
8.55E-05 
2.26E-04 
5.29E-03 
5.01E-03 
1 .39E-02 
1.76E-02 
2.75E-04 

Di-N-Butyl Phthalate 
Total 

Chronic 
Dermal Average Dose 

Absorption Daily Adjustment Non- 
Factor Dose RfDo Fact cancer risk 
Unitless mgkglday mgkglday Unitless 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.1 

Life Ave. 
Daily 

Absorbed Carcinogenic. 
Dose CSFo Risk 

mglkg/day (rng/kg/day)-I 

0.1 
0.1 

5.1 1 E-09 
2.58E-08 
1 .00E-09 
2.65E-09 

3.11E-04 

1.768-03 [ 0.2 

4.35E-06 
2.20E-05 
8.55E-07 
2.26E-06 
5.29E-05 
7.01E-05 
1.39E-03 

6.30E + 00 

0.1 

0.005 
0.07 

0.0005 
0.005 
0.0003 
0.037 
0.02 

0.2 
0.05 
0.046 
0.005 

1.79E-07 - 

1 .38E-07 

3.11E-05 ) 0.1 1 0.5 
1 

1.74E-04 
1.57E-05 
7.87E-05 
2.26E-06 

4.14E-08 

6.21B-08 ' 

1.55E-04 1 3.65E-08 
5.85E-02 1 

0.55 

8.23E-08 
1 .63E-06 

4.84E-03 1 2.06E-06 
2.758-05 1 0.8 I 0.55 

1 .40E-02 
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SAMPLING PROTOCOL 
HAZARDOUS WASTE STUDY NO. 3'7-33-6209-98 

WIiATR CHEMICAL DECOMMISSIONING 
BUILDING 500 PHASE I PILOT PROJECT 
WALTER REED ARMY MEDICAL CENTER 

FOREST GLEN CAMPUS 
1-5 DECEMBER 1997 

1. Purpose. The primary purpose of this project is to determine whether the 
buildings from which Walter Reed Amy Institute of Research (WRAIR) are moving 
are safe for both construction workers to perform demolition and remodeling 
activities and future occupants of the buildings to work in without an unsafe 
exposure to residual chemicals on or in the building materials. To determine 
the best and most appropriate method of sampling to achieve this purpose, the 
Phase I construction area at Forest Glen Building 500 will be extensively 
sampled.   his sampling will generate the necessary data to perform human 
health risk assessments based on various worker scenarios, A secondary 
objective of this pilot project will be to identify areas of possible 
economies in future-sample collection that will reduce the overall cost of the 
decommissioning. The biological and radiological decommissioning will not be 
covered in this effort, but will be covered by separate documents. 

2. References. 

a. Walter Reed Army Institute of Research, Hazardous Chemical Inventory, 
6 January 1997. 

b. Soil Sampling Quality Assurance User's Guide, EPA/600/8-89/046, March 
1989. 

3. General. 

a. Background. The WRAIR occupies a series of buildings at the Walter 
Reed Army Medical Center (WRAMC) at both the Main and Forest Glen campuses. 
At the present time a new building to house all of the research being 
conducted at many separate locations is being constructed with a completion 
date of January of 1999 projected. As soon as this facility is completed, 
WRAIR activities will begin to move. WRATR intends to limit liability from 
the effects of chemical exposures to both construction workers and future 
occupants by performing a chemical decommissioning of these buildings before 
any construction begins or new occupants move into these buildings. Since 
there are no specific standards associated with determining acceptable levels 
o f  chemical contamination in research laboratories, the decision criteria for 
determining whether a facility is contaminated and needs decontamination will 
be based on a human health risk assessment. The chemical decommissioning 
involves the sampling of WRAIR facilities with past laboratory chemical usage, 
analyzing the data, determining the potential risks to construction workers 
and future occupants, and identifying any decontamination that must be 
performed in order to mitigate excessive risks as determined in the health 
risk assessment. 

b. Building 500. Building 500 is one of the many small buildings other 
than Building 40 occupied by small groups of WRAIR personnel. Some of the 
research groups currently in the building include the Departments of 
Pharmacology, Parasitology, Medical Chemistry, and Biology. ~uilding 500 will 
be renovated concurrently with the construction of the new WRAIR facility and 
will be used by WRAIR personnel when remodeling is completed. This renovation 
allows for the sampling to be completed in the Phase I area prior to any 



4. Data Quality Objectives. 

a. Overview. The cost of sampling every surface in every laboratory 
would be prohibitively expensive. In order to keep the overall cost of the 
chemical decommissioning of WRAIR within the proposed budget, a sample 
population will be selected from the total area of the Phase I construction at 
Building 500. This sample population will have to be small enough to control 
costs, but large enough to provide statistically significant data. 

b. Sample Parameters. The parameters to be evaluated during the sampling 
include semi-volatile organic compounds (SVOCs) and the 8 heavy metals listed 
as characteristic hazardous wastes in the Resource Conservation and Recovery 
Act since these comprise the predominant chemicals used by the laboratories at 
WRAIR (reference a). There is also significant usage of volatile organic 
compounds (VOCs) at WRAIR, but these compounds will not persist in the 
materials to be sampled. The conditions in the laboratories are such that the 
VOCs will evaporate readily and be removed by the air handling system. The 
usage of other classes of chemicals by research activities such as herbicides, 
pesticides, or explosives is unlikely because herbicides and pesticides are 
incompatible with the type of research being conducted (i.e., would prove 
deleterious to the organisms being studied), and explosives are not part of 
the research mission. The specific analytes, analytical detection limits, and 
analytical methods are listed in Annex A. While many of the chemicals used at 
WRAIR are not included in the standard SVOC Listing, they may be identified as 
Tentatively Identified Compounds (TICs). The top five TICs, as identified in 
the spectrogram will be identified by the USACHPPM Laboratories. They can not 
be positively quantified since the equipment is not calibrated for the TICs, 
and it would be cost prohibitive to do so. 

c. Number of Samples. The number of samples to be collected during this 
sampling is affected by the available funding. A total of 76 samples will be 
collected including 5% split samples and 5% duplicate samples ( 4  of each). 
The sample locations will be detailed below. 

d. Quality Assurance/Quality Control. Quality Assurance/Quality Control 
(QA/QC) will be assured in two ways during this project. There will be f i e l d  
split and duplicate samples (4 of each) collected during the sampling. This 
is within the 5-10% required by the U.S. Environmental Protection Agency 
during environmental sampling (reference b). The splits will be used as a 
field control of the Laboratories, and the duplicates will be used as a field 
control of the field sampling techniques. In addition to the field QA/QC, the 
USACHPPM Laboratories will conduct different QA/QC checks during their 
analysis. The QA/QC package from the laboratory will be provided in the final 
report. 

e. Statistical Analysis. After the data are returned, a statistical 
analysis will be performed for each type of surface area described below. 
This statistical analysis will perform two functions. First, the data and the 
amount of statistical variation in the sample population will be used in the 
health risk assessment. During this process the confidence level and power of 
the data will be determined. Second, the amount of variance and the minimum 
relative detectable difference in the sample populations will show where it 
will be possible to reduce the number of samples collected to further reduce 
costs in the rest of the chemical decommissioning. 



5. Sampling Strategies 

a. Sampling Techniques. 

(1) Overview. There are two possible methods of sampling for the WRAIR 
buildings: destructive and non-destructive. Destructive sampling involves 
actually destroying the material to be sampled using one of several means to 
include scarification or scraping, taking a core sample with a drill, or 
removing material with a hammer and chisel. Non-destructive sampling is 
accompLished by the wipe sampling of surfaces. The type of sampling used will 
be determined by the material to be sampled. 

(2) Destructive Sampling. Destructive sampling is performed on materials 
such as concrete, drywall, or wood that are porous and have the potential to 
absorb contaminants. In drywall or wood materials this sampling will be 
conducted by removing a bulk sample of the material using an electric drill 
and a one inch spade bit. The sample will be collected into a clean plastic 

m 

bag with a.clean paper funnel device. Enough aliquots will be collected in 
the sample location to give the proper mass of sample. If the material is 
concrete, the sample will be collected using an electric hammer-drill and a I 

one inch masonry bit. For samples to be analyzed for semivolatile organic 
compounds, the sample will be transferred from the plastic bag to a glass jar 
for shipment to the USACHPPM Laboratory. 

(3) Non-Destructive Sampling. Non-destructive sampling is performed on 
non-porous materials such as lab benches or sheet metal that are unlikely to 
absorb contaminants. The contaminants remain on the surface of the material 
where a wipe sample will remove them. The wipe sample solvent facilitates 
this removal. The non-destructive sampling will be conducted by collecting 
wipe samples using 8 wipe with the specified solvents for each parameter in a 
10 crn by 10 cm square. The templates used to perform this sampling have been 
fabricated from thin stainless steel stock. A clean template will be used for 
each sample location. The wipes will then be placed into clean glass jars for 
shipment to the USACHPPM Laboratories. The solvents to be used to collect 
each parameter are listed in Annex A. 

b. Material Sampling Methodology. 

(1) Overview, As stated in paragraph 4.a. above, the type of sample 
collected will depend on the material. A destructive sample of an impermeable 
material or a wipe sample of a very permeable material will not generate 
appropriate data for this project. The type of sample for each identified 
building material is listed below. 

(2) Painted Gypsum Board/Plaster/Drywall or Concrete Walls. These types 
of walls will be sampled using destructive sampling. Due to the thinness (<1 
inch) of these walls, multiple aliquots will need to be collected for each 
analyzed sample. These will be collected within a 12-inch diameter of the 
identified sample location. 

( 3 )  Wooden Cabinets/Cabinet Dooss/Drawer Fronts/Walls. These types of 
materials will be sampled using destructive sampling. If these materials are 
thinner that I inch, multiple aliguots will be collected in a manner similar 
to painted gypsum board walls. 15 these materials are thicker than 1 inch, 
the depth of each sample hole will be limited to 1.5 inches and multiple 
aliquots will be coilected as in the thinner material. 

(4) Laboratory Benches. These lab benches (counter tops) are constructed 
o f  a durable, impermeable material designed to resist the damaging affects of 
laboratory chemicals. For this reason, wipe samples will be collected from 
these benches. 



(5) Metal Cabinets/Cabinet Doors/Drawer ~ronts/WalLs/Hoods/Sinks. These 
materials have been used in some places instead of the more permeable 
materials. Due to the impermeable nature of these metal objects, they will 
generally resist penetration by laboratory chemicals. For this reason, wipe 
samples will be collected from these objects. 

(6) Floors. The floors in the buildings are usually constructed of some 
type of floor tile with carpet over the tile in some places. This tile will 
be treated as an impermeable surface, if intact. If the flooring is intact 
wipe samples will be taken. If the flooring is loose or damaged, or if the 
flooring is bare concrete, a destructive sample will be collected in a manner 
similar to concrete walls. If the flooring is carpet over another material, 
the carpet will be cut out of the way, and the material below the carpet will 
be sampled. This is because none of the active laboratories so far identified 
have had carpet on the floors. The carpet is apparently added to the floors 
when spaces have been converted to office space. 

(7) Installed Cabinetry. There is the potential for permanently 
installed cabinetry to have had contamination migrate around the backs or down 
to the floor under the cabinets. To account for the potential exposures to 
these surfaces during the demolition, the surface area of the backs of the 
cabinets and the floors under the cabinets will be recorded and sampled as 
separate materials. This will ensure that a representative number of sample 
will be collected from these surfaces. This sampling will be done by removing 
fasteners if possible to remove cabinetry and expose obscured surfaces, 
otherwise the materials will be demolished to remove them as necessary using 
hand or power tools. 

( 8 )  Other. If materials other than those described are identified, they 
will be classified as a permeable or impermeable material, and then sampled 
using the appropriate technique. 

c. Sample Location. 

(1) General. Since there are as many potential configurations of 
laboratories as there are laboratories at WRAIR, and many of the rooms being 
used as offices have been laboratories in the past, the entire Phase I Area 
will be considered during the sampling. This space is currently all 
laboratories with the exception of rooms 62 and 64. Since the exact history 
of the different spaces is not known, any room in the Phase I Area could have 
been a laboratory at one time; however, the walls and floors in rooms 62 and 
64 will be the only surfaces considered for sampling. This is because the 
current furnishings in the rooms are office furniture, not laboratory 
equipment, and are unlikely to have been used in for any chemical processes or 
storage and should not be contaminated. 

(2) Surface Area Determination. The areas of all identified surfaces 
will be measured and recorded on a Physical Data Collection Sheet (see Annex 
B). The ratio of these surface areas will be compared to the total surface 
area, and the number of samples to be collected in each surface will be 
determined by these ratios. For example, if floor space is 15% of the total 
surface area then 15% of the available samples will be collected at random 
from the floors. The method used to randomly distribute these samples will be 
determined on site, and then described in the final report. In addition to 
these randomly distributed samples, every fume hood interior and every sink 
interior will be sampled since these are areas with a high probability of 
chemical contamination; however, the location of the sample will be determined 
randomly. The surfaces that will be sampled are listed in Table 1 below. 



Table 1. Laboratory Surfaces to be Sampled. 

d .  Decontamination Procedures. Decontamination will be performed to 
protect workers and offsite personnel from chemical exposure, and to limit the 
spread of contamination in the study areas. Personnel will decontaminate 
equipment and themselves. Personal protective equipment will be properly 
removed and disposed. Personnel will further decontaminate themselves by 
cleaning and washing their hands. Personnel will be advised to shower at the 
end of each work day and properly segregate contaminated clothing (if any). 

Surface Type 
Floor Cabinet Doors ' 
Floor and Wall Cabinet 
Interiors 
Drawer Fronts 
Drawer Interiors 

Sinks 

(1) Excess dirt/dust will be brushed off equipment and clothing. 

Surf ace Type 
Floors 
Exposed Walls , 

Bench Tops - 
Interior of Hood Ventilation 
Duc twork 
Return Air Vent Grates ' 

(2) Reusable equipment will then be rinsed and scrubbed using soapy 
water followed by rinses with tap water and deionized water. 

Chemical Ventilation Hoods Walls Covered with Cabinets" 
Cabinet Backs Floors Covered with Cabinets - - 

e. Record Keeping. Detailed notes will be maintained by the project 
officer to record the exact location, sample number, date and time for each 
sample collected as well as any appropriate observations. An inventory o f  
samples will accompany each cooler of samples delivered to the USACHPPM 
laboratories identifying sample numbers, date and time of collection, analyses 
to be performed, and any other appropriate instructions. 

f. Safety. A site safety and health plan has been prepared for this 
study under separate cover. 

6. SCHEDULE. This study is planned to occur between 1 and 5 December 1997. 
Analytical results should be received by the project officer not later than 
thirty days after their submission to the laboratory. A preliminary report 
determining the level of chemical decontamination, if any, will be prepared by 
26 January 1998. 



7 .  TECHNICAL ASSISTANCE/FURTHER INFORMATION. Any questions or comments 
related to this study may be directed to any of the undersigned at commercial 
(410) 671-3652. 

J hlq ES R .  SHEEHY 
E n v i r o n m e n t a l  Engineer 

Project Officer 
Hazardous and Medical Waste 

Reviewed By: 

/A8RT 
THOMAS R .  RUNY N 
Team Leader 
Special Studies and Technologies 
Hazardous and Medical Waste 

Approved By: 

Acting Program ~anager 
Hazardous and Medical Waste 



ANNEX A 

ANALYTICAL PARAMETERS AND WIPE SAMPLE SOLVENTS 



TABLE A - 1 .  METALS. 

Wipe sample media for metals are standard baby wipes with no alcohol, aloe, or 
lanolin added (the lanolin will degrade the sample containers). The media are 
provided by the USACHPPM Laboratories with no on-site preparation. 

TABLE A-2.  SEMI-VOLATILE ORGANIC COMPOUNDS. 

~exachlorobenzene 
Hexachlosobutadiene 
Nexachloropentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
Isophorone 
2-Chloronaphthalene 
2-Chlorophenol 
Chrysene 

340 
3 4 0 
340 
340  
340 
340 
340  
340 
340 

EPA 8270B 
EPA 8270B 
EPA 8270B 
EPA 8270B 
EPA 8270B 
EPA 8270B 
EPA 8270B 
EPA 8270B 
EPA 8270B 



TABLE A-2. SEMI-VOLATILE ORGANIC COMPOUNDS, CONTINUED. 

Wipe sample media will be provided by the USACHPPM Laboratories. Equal parts 
hexane and acetone solvent will be added to the media on site immediately 
prior to the sample being collected. 



ANNEX B 

PHYSICAL DATA COLLECTION SHEET 



Room Number 

Room Sketch. 

8 of Total 

- 

Surface Type 
Floor Cabinet Doors 
Floor and Wall Cabinet Interiors 
Drawer Fronts 
Drawer Interiors 
Sinks 
Chemical Ventilation Hoods 
Cabinet Backs 
Floors 
Exposed Walls 
Bench Tops 
Return Air Vent Grates 
Walls Covered with Cabinets 
Floors Covered with Cabinets 
Other (specify) 
Other (specify) 
Other (specify) 
Other (specify) 

Total Area 100 

surface Area ( inL) 

(Y/N) Quantity 
(Y/N) Quantity 

(Y/N) Quantity 



Hazardous Waste Study No. 37-EF-6209-98, 1-5 Dec 97 

APPENDIX D 

SITE SAFETY AND HEALTH PLAN 



SITE SAFETY AND HEALTH PLAN 
HAZARDOUS WASTE STUDY NO. 37-33-6209-98 

WRAPR CHEMICAL DECOMMISSIONING 
BUILDING 500 PHASE I PILOT PROJECT 
WALTER REED ARMY MEDICAL CENTER 

FOREST GLEN CAMPUS 
1-5 DECEMBER 1997 

1. Introduction. 

a. Plan Purpose. The purpose of this site safety and health plan (SSHP) 
is to identify the activities to be performed during the study and to identify 
the necessary precautions and activities to protect study personnel. 

b. Study Purpose. The primary purpose of this project is to determine 
whether the buildings from which Walter Reed Army Institute of Research 
(WRATR) are moving are safe for both construction workers to perform 
demolition and remodeling activities and future occupants of the buildings to 
work in without an unsafe exposure to residual chemicals on or in the building 
materials. To determine the best and most appropriate method of sampling to 
achieve this purpose, the Phase I construction area at Forest Glen Building 
500 will be extensively sampled. This sampling will generate the necessary 
data to perform human health risk assessments based on various worker 
scenarios. A secondary objective of this pilot project will be to identify 
areas of possible economies in future sample collection that will reduce the 
overall cost of the decommissioning. 

c -  Summary of Proposed Activities. 

(1) Destructive Sampling. Destructive sampling will be performed on 
materials such as concrete, drywall, or wood that are porous and have the 
potential to absorb contaminants. In drywall or wood materials this sampling 
will be conducted by removing a bulk sample of the material using an electric 
drill and a one inch spade bit. The sample will be collected into a clean 
plastic bag with a clean paper funnel device. Enough aliquots will be 
collected in the sample location to give the proper mass o f  sample. If the 
material is concrete, the sample will be collected using an electric hammer- 
drill and a one inch masonry bit. 

(2) Non-Destructive Sampling. Non-destructive sampling is performed on 
impermeable materials such as lab benches or sheet metal that are unlikely to 
absorb contaminants. The contaminants remain on the surface of the material 
where a wipe sample will remove them. The wipe sample solvent facilitates 
this removal. The non-destructive wipe sampling will be conducted by using a 
wipe with the specified solvents for each parameter in a 10 cm by 10 cm 
square. The templates used to perform this sampling have been fabricated from 
thin stainless steel stock. A clean template will be used for each sample 
location. The wipes will then be placed into clean glass jars for shipment to 
the USACWPPM Laboratories. 

( 3 )  Building Demolition. In order to collect samples on some of the 
surfaces, some installed cabinetry will have to be removed. This will include 
removing any fasteners that are holding the cabinetry in place, breaking the 
cabinets away from the wall or floor if they are glued down, and possibly 
cutting cabinets into smaller pieces to ease removal. 

2. Personnel and Responsibilities. 

a. Creighton Jacobson, U.S. Army Center for Health Promotion and 
Preventive Medicine (USACHPPM) Safety and Occupational Health Manager. 
Ensures all USACHPPM personnel are aware of the safety concerns related to 



their specific duties and are enrolled in an appropriate medical surveillance 
program. 

b. Linda Baetz, Acting Program Manager, Hazardous and Medical Waste 
Program (HMWP), USACHPPM. Provides Program oversight including assurance that 
all legal and safety issues are addressed. 

C. Thomas Runyon, Team Leader, Special Studies and Technologies Team 
(SSTT), HMWP. Ensures all SSTT personnel are covered by the medical 
surveillance program and receive all safety training required for job 
performance. Ensures team personnel prepare and staff project specific SSHPs. 

d. James Sheehy, Project Officer and Site Safety Manager, SSTT, HMWP. 
Identifies project safety hazards and prepares a comprehensive plan to 
preclude hazardous exposures and physical accidents. Ensures that all study 
team members are aware of the potential hazards, follow established protocols, 
and are familiar with emergency procedures. Stops work in the event of 
exposures or increased work site hazards. 

e. Charles Pitrat, Environmental Scientist, Health Risk Assessment and 
Risk Communication Program, USACHPPM. Conducts Health Risk Assessment on 
data, helps determine appropriate sample locations and techniques, provides 
sampling assistance. 

f .  Mark Pippen, Engineering Technician, Ground Water and Solid Waste 
Program, USACHPPM. Provides sampling assistance. 

g. Bert J. Mueck, Safety Manager, WRAIR. Is aware of USACHPPM 
activities on site and ensures all site specific safety threats and procedures 
are considered prior to site activities. 

3 .  Personnel Training. 

a. All study personnel have successfulLy completed an accredited 40-hour 
hazardous waste operations and emergency response (HAZWOPER) course, along 
with requisite 8-hour annual refresher training. Each individual should carry 
a copy of  their current certification during site operations. All site 
visitors must have completed appropriate training to be on the study site. In 
addition, the Project Safety Manager has completed the 8-hour basic HAZWOPER 
supervisor's course. 

b. A minimum of two onsite personnel will have received first aid and 
cardiopulmonary resuscitation (CPR) training. Current certification from an 
accredited organization/program will be available. 

c. Safety meetings will be conducted prior to each day's activities. 
These meetings are mandatory for all study personnel. Topics will include, 
but are not limited to, study activities and procedures, associated health and 
safety issues, and required personnel protective equipment ( P P E ) .  

4. Medical Surveillance. All USACHPPM personnel involved in field activities 
participate in the medical surveillance program operated through the U.S. Army 
Health Clinic, Aberdeen Proving Ground-Edgewood Area. Personnel are re- 
assessed on an annual basis. 



5. Hazard Assessment. 

a. Chemical Hazards. 

(1) The most significant chemical hazard associated with this study is 
associated with solvents used on the wipe sample media to collect the 
semivolatile organic compounds (SVOCs). The two solvents used to collect the 
SVOC samples are acetone and hexane. Material Safety Data Sheets for these 
two chemicals are at Annex A. 

(2) The other contaminants of concern for this study - SVOCs and heavy 
metals - are not expected to be present in sufficient quantities to create an 
air-borne/inhalation hazard. To prevent dermal contact, incidental ingestion, 
and removal of site contaminants to other areas, TyvekO1 suits and latex 
gloves will be worn during sampling activities. Gloves will be changed 
between sampling locations; Tyvekm will be changed between each site and at 
the end o f  each day. There will be no smoking and no food will be consumed 
onsite. 

b. Physical Hazards. Numerous physical hazards are associated with 
this sampling project. The most significant will be from the operation of the 
power tools necessary for collecting destructive samples or for assisting in 
building demolition. Care will be taken to avoid potentially dangerous 
situations. In addition, steel-toed boots will be worn at all times. Hearing 
protection, safety glasses, leather gloves, and hard hats will be worn during 
power tool operation, Safety glasses, leather gloves, and hard hats will be 
worn when doing any building demolition. All utilities that may be 
encountered during the destructive sampling or demolition will be identified 
by WRAIR Facilities Engineers so they will not be damaged. Electricity will 
be shut off and tagged out in the Phase I area, and electric power will be 
supplied by generator. If tag out is impossible without shutting power off to 
all of Building 500, the circuit breakers will still be deactivated and 
labeled to alleviate the possibility of someone reactivating the circuit. 

c. Biological Hazards. WRAIR laboratories have been used extensively 
in research with Biosafety Level 1 and 2 etiological agents. WRAIR is 
responsible for all biological decommissioning of the laboratory facilities. 
The level of decommissioning is dependent on the agent used and will vary from 
laboratory to laboratory. To prevent exposure from any residual biological 
materials, dust masks will be worn during destructive sampling. The latex 
gloves worn during all sampling will also provide a barrier to dermal 
exposure. There will be no smoking or food consumed on the site, and all 
personnel will wash their hands after sampling. 

6. Personal Protective Equipment. Based on site history and the hazard 
assessment completed above, the level of personal protective equipment (PPE) 
to be worn is a modified level D. The PPE to be worn by all personnel while 
conducting this study (as described in the hazard assessment) follows: 
disposable, Tyvek@ coveralls; steel-toed work boots; hearing protection; 
safety glasses; and latex gloves. 

'Tyvek8 is a Registered Trademark of E. I. DuPont de Nemours & Co., Lnc., 
Wilmington, Delaware. 



7. Site Control Measures. The study sites to be sampled during this 
investigation are not "uncontrolled hazardous waste sites" as defined by 
relevant regulations. Therefore, exclusionary zones will not be established 
nor maintained during site activities. However, no personnel, beyond those 
listed in the SSHP, will be permitted to handle sampling equipment or the 
samples themselves, and a Log will be kept of all personnel that enter the 
Phase I area during the sampling. 

8. Decontamination Procedures. 

a. Decontamination involves the controlled removal of chemical 
contamination from equipment and PPE. It is an essential step to protect 
worker health, prevent the spread of contamination offsite, and to preclude 
the cross-contamination of equipment and samples onsite. 

b. Latex gloves will be changed between sample collection locations 
using care not to touch the glove exteriors during doffing and placed in a 
plastic bag. Tyvek@ suits will be discarded at lunch, at the end of each 
day, and any time personnel are leaving Building 500 using care not to touch 
the suit exterior during doffing and placed in a plastic bag. Sampling 
equipment will be decontaminated by rinsing with potable water, scrubbing with 
~lconox@~ soap, and finally rinsing with distilled water. 

c. The determination had been made that the potential for exposure to 
contamination by study personnel is low. Therefore, the protection offered to 
work boots by the TyvekB suit is deemed sufficient to prevent contamination 
of upper surfaces of the boot. Shoe soles will be brushed off as each site is 
exited. Finally, hands will be washed prior to eating and at the end of each 
day. Disposable cups will be used for drinking during study activities. 

9. Emergency Procedures. Emergency notification procedures will be obtained 
from installation personnel before site activities. These procedures will 
include the proper responses to emergencies. A map showing the directions to 
the site of the nearest medical facility will be obtained from installation 
personnel at the time of arrival. Emergency notification procedures and a map 
to the medical facility will. be attached to this plan and available to 
personnel at the site. Since the Phase II areas of Building 500 are still 
occupied with workers, telephones will be available. 

10. Personnel Certification. A pre-entry briefing will be held prior to all 
sampling activities. This briefing will consist of the familiarization o f  
project personnel with the sample locations and methodologies, site safety 
procedures, and emergency response procedures. The following individuals 
acknowledge that they have been notified of the contents o f  this SSHP, 

2 AlconoxB is a Registered Trademark of Alconox Incorporated, New York, 
New York. 





ANNEX A 
MATERIAL SAFETY DATA SHEETS 



NOU-24-1997 09:30 FROM USQEHR-OECD 

MANUFACTURER: Available from many sources. I 

f MATERIAL SAFETY DATA SHEET 
CORPORATE RESEARCH 8 bEVElOPMENT 

120 ERIE BOULEVARD . .. 
SCHENECYADY, N.Y. 12305 . hRMATTCH4 

SECTION 11. INGREDIENTS AND HAZARDS----- I % HATARD DATA 
Typical Compos~tlon: 

n-Hcxane (me jor cmponenc) \ 8-hr TUA 50 ppm* or 
&her Hexanes (minor component or n i l ) ]  >98 180 m g / d  

NO. 

n,,,, 

39 7 

- .  
Revision B - 

DATE Au-use 1983 

other $a tura t~I  ~ ~ d r a a r b o n s  (C t o  c7 j 
Olcfinic Hydros@rbona (C ro $3 5 Aromatic-Hydrocarbons 

*hCGXH (1983) TLV. Level s e t  t o  prevent possible nerve cell 
damage (perZphera1 neuropathy).. Current OSHA 8-hr TWA 
i s  500 ppm. 

I::::: I 
4.1 Human Inhalat ion I 1- 

SECTION 111. PHYSICAL DATA 
Boiling point ,  1 atm, deg F --- ca 152-156* SpecXfSe gravi ty  ( 2 0 / 4 ~ )  - ca 0.66* 
Vapor pressure a t  60 F, rmn Yg - ca lOO* Volariles, X ------------ 100 
Vapor density (Air-1) ------- 3 Meltfng point, deg F ---- -139 
Water S o l u b i l i t y  ---------- Insoluble Molecular weight ----- 86.20 

Appearance & Odor: A clear, colorless, mobile f lu id .  Mild hydrocarbon odor. I - . . 

,*Precise values depend on the grade of the hexane. 
SECTION tV. FIRE AND EXPLOSION DATA 

Floah palet end Method I E ~ ~ W U C I ~  Tmmp. I 6lummabill~ ~trnirr in Alr 
5 

<.a F ('ECC) . . , . ,  I 500 F Approx. X by volume . 1 1 . 2 '  1 7 . 5  
!&tlnguishing hedi~: Use carbon dioxide, dry chcmical,or foam. Uacer may be'ineffectSve, 

i n  p u t t h e  out f i r e  and a ,water stream w i l l  spread flames; but a water spray should be 
used t o  cool fire-exposed contahers t o  prevent pressure build-up and rupture. 

This flammable l i q u i d  i s  a d;engerous fire hazard, and a dangerous explos ibn hazard when 
heated. Fight f ire from a safe dlstanca. (Hexane burns like gasoline.) 

firefighters should wear self-contained breathing apparatus and proper eye and s u n  
protection. . , 

SECT ION V. REACTlVlW DbTA 
This is a stable l fquid in s closed container at rwm temperature. It does not P Q ~ Y - ,  
meriae . 

This highly  flawnsble l i q u i d  (OSHA Class 18) must be kept away from heat ,  and sources of 
ignition. It is incompatible wich oXLd%%tfig agents. 

rheml-oxidative decomposition products in a52 can include carbon monoxide- 

C 

Copy~ighl 983 br Gamrol EWtirr Co. 
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SEffION VI. HULTH HAZARD INFORMATION . 

kcere ivb  exposure t o  m-hexane vapors can cause upper respiratvry txac t irrita ti 
CNS deuression. SvmEtoms can include d tzzfness . numbness of extremities, ~ i d d  

I intoxikat ion,  de &din on exposure level and time. Ln the body n-hexane can be ~ t 9 b 3 l b  
ed ( p a r t i a l l y  oxgdizedf to (4  5 - hexanedlone) neuratoxan vhlch Taust=$ newe d-ge 
(perivheral ~olvneurouathv) in individual* repeatedly exposed above 1000 ppa aver a 
Griad of month;. ( ~ & e  N:. Engl. J. Ned 2 8 5 : ~ ~ - 8 5 ,  1971. j The liquid is a defatt*ng 
a ent. Eye contact can be irritating,  skin contact can cause i r r i t a t i o n  and d e r m a t i t i s  
&en re eared or prolonged. Ingestion may cause OI tract discmufort. $piratio. hazard 
if vomi?inp occurs- . - - - - - - 

FIRST AID ;--" I E Y E  CmLacC: Flush eyes well with running rater f ~ r  13 minuter. G e t  medical h e l p  .if - I - 
irr3Xatfvn persists. 

Skin Contact: Wash contact area w i t h  soap and water. Remove conramhated clothing ' 
promptly. Replace skLn of18 with Lotims or creams. 

Inhalation: Removt to fresh s i r .  Restore breathing If required. Gec m e d i d  help. 
Ln estion: Get medical he lp  imediatel  !  spireti ti on hazard! Do not induce vomitingf K *taorous vomitinl occurs lwer errd to  knee level.) Give several ounces of 

P- ail rn 

SECTION V11, SPILL, LEAK, AND DISPOSAL PROCEDURES 
Esrabl4sh plans and provide training prior to any emergency situatzon, khen spills occur 
exclude workers from area except those assi ned ta clean-up who must have proper rotec- 
tion tigalost Inhalatioft of  vapor. or eon:ae@ w i t h  l i q u i d  (see Sect.  VIII). ~ r 0 V d e  
maximum explosion-proof vent i la t ion .  Eliminate igni t ion sources. Flush hcxene away 
from sens i t iqe  areas w i t h  a cold water cpra . (Flush t o  round net t o  the sewer!) 
Small amounts of liquid (or ==bed liquid! can be allow&l to evaporate v l th  good 
ventilation o r  I n  a hood or open area; large % p i l l s  should be picked up Ln a safe and 

b 
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- .  

appropriate manner for disposal. 
DISPOSAL: Scrap material can be burned w i t h  skill ,  and caution in an approved incinerator 

l n  accordance w i t h  Federal, Sta te  and local  regulations. 
Aquatic ToxSc%ty: ' f tm 96: 1000 ppm - 
SECTION VIII. SPECIAL PROTECTION INFORMATION 
Provide general a i d  local exhaust ventila~ion which Ls exPloslon proof and adequate t o  
meet the act ion l e v e l  or TLV requirements. For emergency or nonroutine exposures above 
the T L V  use an approved cr organic vapor cartridge respftator or self-contained breath- 
ing apparatus (SCBA) below 1000 ppm. Higher levels require a SCBA with f u l l  facepiece. 

Prevent skin contacr by use of impermeable gloves, aprons,-boots, suits, e t c  as needed by 
the circumstances of use. Prevent eye contact b use o f  safety glasses, goggle6, OX 
face skied with googles or glasses as the uorkpIa,ce eirclmstances I..). require. 

Eyewasash starions a id  safety showers should be readi ly  available to areas of handling and 
We.  

Subneurwtoxic levc3 of hexarie can be potentlared t o  ne~rotoxicity by the presence of 
C r l t . - R e r  . o f F o ~ ;  2 ,  -279 f f  -(1960)-- - -- -- - -- - - - - -  " - 
Pre:mployment and periodic medical cxaminatf.vns should emphasize ths_ skin_ +d the  nervous 

ct e r o m  

SECTION IX. SPECIAL PRECAUTIONS ;AND COMMENTS 
Store in tightly closed containers i u  a cool, well-ventilated area, away from oxidiz ing 

agents and sources of heat and Ignition. Protect containers from physical damage, 
Ground and bond containers for transfers t o  prevent s t a t i c  sparks. Use non-sparking 

' 

tools. Use metal safety cans for handlin srp 11 amounts. Storage and handling must.be 
suleable for  an OSHn Class 1B f la -b le  No smolcin i n  arcas of storage or use.  

Avoid breathing vapors! Prevent contact 4 t h  r g n  4 no mt mgesr! 
Exposure monitoring and recordkeeping requirements which have been proposed by HXOSH for 
alkanes should be i n s t l t u ~ a d .  

DOT Classification: ]FUIPiN4BLE LlQUID X.D. No. T J N  1208 Label: m L E  LIQUID 

DA7ASOUfiCEfS)CoDg: 1-12 ,14 .19 ,23 ,25 ,26 ,31 .37 .18 ,43 .45 ,49  c - ..& rrr .;ud.v .I --- r wmm. - - C*,. 
-I -.k 1-9. .MIWq* M- w- kn *In m mo + * @- h - m w k  * - - wym-. m*m k.rsr.-).r* OW 
. r r ~ b r r m - n r l m ~ ~ ~ * o n m r w & v a r h ~ w w ~ s 4 * 1 m ~ ~  
nm.mrw-r.*-~~k.~. 

APPROVALS: MIS/CRD 1, 
INDMT. HYGIENE/SAFETY . 
MEDICAL REVIEW: 1 August 1983 
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NEW YOAX.  NEW W I A K  16125 
tBBBl 4UJ-HSDS . (2121 0&7-1108 
------I-------*I-----C---------L------I-----*------------- -- ..----------- 

. . . . 
. . . . 

I,. .. SUBB<~~IYCE ICIEHTIPICATLON 
.._I 

COtU'ONEM C ACETONE:. . , . PEACENr t I 0 0  

SBBB POUNfiS CER[XR SECTICW 1@3 Ri?PDRTI\BLE (IURNTlTY 
SUBJECT r0 SARA 6ECT10N 313 RNNURL rOXIC CHEHICPIL AEFhhSE AEPcRTIPIG , 

. , . ,  . . - .  . - . - 

DE~~R~PTXONI  CLEAR, CWMKKSS,  WLafILE LIOtllD WITH A CHaWClERISTtC .  
SNEBTISH. ~ u f f i u n ~ t ,  HIHI-LIKE mm AHD WMEERI, SHEET tw TRSIE. 

uOCl\t \C ITY t IDBY, SOLUBtLtlY I D  UII~ERI 'IEEAY SOLUBLE 

OTHER S(ILVEHT8 - IMILVENT - SOLU8FCITYll 
SOLUBLE 1U EfMNOL. ETHEA, CCILqROFOAM. DEHZel(E, HOST 
OILS .  O t t l E i H Y t F O R ~ t l l l K  

FIRE AHO EXPLL)SlOt4 DATA 

FIRE ntUl EYPLOS I N  IIRZRRO ' 
DANGEROUS FIRE HAZWD W#4 EXPOSE0 TII HEnT W FLAME. 

V W D A S  ARE REfNIEtl THRN AIR &NO I lRY VRllVhL II CUNSIWRIIDLE 0 18TtlNCE TO A BOLIIICE 
OF I[iHlTrDIP AND FLhStI BllCK. 

VRPOA-CIIR n t x n m E s  ARE EXPLOSIVE. 

.-. 
FLASH P O I E ~ ~ ~  - Q P  ( -2ect ' . a  ~ P E R E K P L Q S I ~ N L ~ H ~ T ~  LSX . , 
LOGIER fXPLOStDH LfHl'C1 2.9% . . W T P S O l l t l l O N  1 M P . I  BbV F 1465 C )  

'Ft~nn~ertrrv E L A S S ' ( ; O S H ~ I ~  ID - . '  

FIREFIPmlWBi 
KOVE CO~~)~AINER mon FIRE ~ R E A  IF POSSIBLE. cam P IRE-EXPOSED tot+rrr~t~~as Y I 114 
WATER FRW SIDE UNrlL UEU AFTER P l R a  16 W?. STaY M R Y  FRW STOnfiliE lAFlK 
ENDS. FOR naSsIM FlAE tU S70RRPE RREA, USE U W R W R  HDSE HOLDER OW MWITOA 
HOIZLEB. EWE UIMIPAI\V FRoH IIRER &ND L 1 T  FtRE BUW. UI'IHDRIIW InMEUIfilEL'tY I N  
ChEE O f  R l SIN0 SWNn FRtW VEMIINB 8aFETY =VICE OR AMY 015GOLORl\llOPL OF 

I STORhGh TANK WE 10 FIRE LlPa? E W B R C Y  RFISPDWBB OUIDEBODK. 00E P 5 5 ~ ~ . 9 ,  
' OUlDE PAOE Z b ) .  . - -.. . 

E I l W 1 S H  OHLY IF FLOW CAM BE GTDPPED. U9E FLllODINO RCIOWTS OF W T E A  n3 P 
POUS S D L l D  6lREdhS t3AY BE IMFFECrlW. CWL CONTAINERS U l l H  R O O D I W  firlOuNlS 

MATE A f RL)n AS FfW A DISTAHCC fi8 P06BtOLE. AVO1 D BREArHING QRPOA6 1 KEEP 
WwlHD. tF P t R E  I S  UNCOHlTtOUISBLE OR CDNTAIHERS Wlf EKPOSEO r0 DIRECI F L P W .  
EVRCUA r E  fa  il RhDIIIS OF 1 S01 FEET. CMB IPEA EVIICUAl IW OF OUPmWlND fiAEn IF 
tiAfERIfiC I5 LEMING.  . . 

I ALCOHOL F O W  4NFPfi F I R E  PROrECTiON WIDE 01 HRIRROOUS HRTEftlAL, € l t ~ T #  . 
ED1 r 1 p I .  



nut INCI~EFI s~a tmt  ~PNE . . . . - - . . , . - !.B'; , . 
. . 

ACETOM IS II BKtN, BYE AHD nUUIW MnBtlRNE SRRlTlWT CWD CEM7Rk FERW~B ." . ' . 
VSrEH OEPRESSM7. THE USE OF ALCDHtXIC BEVERRUE8 HAY ENWftli THE W X l C  - - 
=FECTS. PERIDME wrn C W I ~ I C  RE* IAITQRY MI U K ~ H  tllBEa6EB WVIY BP: 41 

, . '. ; '', 
YCREaSEV RISK FRM EXPOBW,  . ,  . _? . . . 

. . .  - . - , - - 4 1  

HEWW EFFCGTI AND F IRET  all) , : 
. . 

I I lHNATiZINf ., . 9 CE7WEb 
ItAI TANrlNIIRCOTIC. n , B B B  Pm I W D f A T E L Y  DrYllEROVB TD L IFE SIR HELlLlH, 8 acute EXPDStAE- VnPOA EONCENTAATIMS AROUND 1006 ?Pn.MRY CAUSE 6LtOHf 

3 tRRW8lEWT lAA2TRI1ON I1F THE UP- RE6PIRnXORY FAACT. SXPOSuRE TO 12,618 
PPH Ha6 CIKIBEO lHRDllT I A R I T t l t I  W l l l lD  CEHTAa HERVWB BYSfhtl DEPRES6ION 
WrlH UEnKMEIIB OF WE LEGS* MhDWE, DlLZlH685, DROUSfthEBS. M U S E *  AND CI 

0 BeNEAW FEELIHO OF tlFLLfiiS6. OTHER POSB88LE EFFEtTS FROH EXPQSUAE I0 H l W  
CONCEt4TRhTlONS SNCLUDE OAYFl@88 W THE W ? H  lIHD TIWORT, IHCUWlOINCLTlOFl PF 
HOIIDW I I W D  SPEECH, RE37LEBSNEBS4 WLNOREXlA, V l m t T ~ l r @ ,  ~OHETtl-tES FQLLWED Bv 
HEHR?EMStS, HYPOII fERMlA,  DYSPEIEII, SLOW, IRREOUfiR RISPIRII I t(W1, SLOU. H E M  
PM-SE. PRPLlAEBSIVE CDLLRPSE UiW 81W0Rt WD IN SEVERE CRSES. COMfi. L I N R  
DnnROE Play BE INDICATED BY HlaH UROBltlH LEVELS llN0 JCILYIDICE. KtDNEY - -  aAnneE HRY ws I N D I W ~ E D  BY ~ B U F I I N  MD RED PHD WITE BLMO CELL8 I ~ P  mc 
URINE. Btom DLUCOBE LEVELS nw s WFECTED WD FArm. KCTOBIG IS POBSI~LE.  

C H A W  t C  EXPaSWIE- WURKEAS EXPOSED 10 300 P P H l b  HOURBlL DbVS EXPER1CtKED 
flUWUS HEt48RANE [ARITRTIOM. AN WLQRSIY IT  StlELL, HERVY EYES, DVLRIIIWT 
HEADRCHE, ~ N D  DBHER~~L WEPIKWBS  PAHI HIED BY muwaLosrc CH~~HGES. 
RECOWRY O C C ~ R ~ T D  I" SNLIIU D ~ S .  wnrCns hxrwm TO wse PPU FOR 

, 5 HOURB/DAY M A  7-19 YEARS REPDAfED CWONIC INFLllHH&ItOIP W THE 

- . .  - ,  . .. - 
EYEDCNTKTI'~ " " '  I . . ' .  - . - : . ,;.... '"".it - . . , "  -. . . . .  . . . . 
&E?OnE 1 , - I - .:. . ' 

I A A l l ~ H t .  . . 
&CUTE ~m~atwwi- *H MWAHS, vwtm PRDDUCE ON~Y .SLIOH~ IRRITR~ION THE 

CDNC6HT-T ION 19 I\T OR BELW l @ l B  PPH. HPWEER, HJDH V W O R  CMICEHTAAr IONS 
HnUE CaUSBD COFlMEll EP1THEL tRL I W D  CDWJWCTIVIIL IUJWIY if4 RNIPfALS. L lOUlD  
~ P L A S ~ I E D  IH wiw EYES C I I ~ S S  IIN tnnrolnrr, srlmtm a u a ~ ~ r o n  nMo, IF 
WRSMO PRIR(PTLY, DAMAGE ONLY TO THE WRWIIL EP1TMLXUfi CHlRACTLRl ZED OY 
HlCROSCOPlC Wi&Y SYW WAHD 1 FOnElGN 3DDY 9ENSAT ION, WHICH HEALS COHPLE~ELY 
1H 1-2 DhYP. . . . . , . .  t - .  

CWIONIC EIPDBURB- PROLOHBED W1 AEPEClTBD EXPDWRC TO ?HE VWlER6 WY CWSE 
t R R l r n T l o u  on cmrJuNcrtvr t im:  - . . ... ., 

. _ .  . 

I 
. . .  

PlRBr RID- URSM EYES IHM€O~ATEL< WITH ~ R R D D  A ~ ~ M T ~ ~ ~ ~ F ~ ) ~ A ; E R - o R  MIIIIW 9f iLINf ,  
W * S  IOIRLLY LIFTTHO UFPER AMD LUU€fl LtDS, Ut4TlL NO EVIDRWL DF CHEUICM; 
HEHfiZMS (fiPPROX tnrvlELY 43-20 8LNLnE91. GET MDlCruL MTENTfOM IHHEDLATE&V. 

I . . ' $ '  ' '..- - 
INOESTiOHt . . . -  . -  
AtErOME I . . -  ._ . . . , , .  L 

HIRCOT1C. - .I. -x ' I .  . !  . - .. 

( RCUIE EXPOWRE- H ~ Y  CWSE a TRUITV L~WA b~ tw B R E ~ W  PNI) m~ HEHBR~HE 
H g D  OOSTAOEHTERfC IRRITATIOH. I H  ACUTE CfiSES, & LnTEPl PERlOD M Y -  BE 
FOLLWED OY RESrLESSNESS AND UOMlnh PROCPEDtHD' TO MSWTBlSS1S IHD 
PROllRLS9 1 W e  COLLWSE W l  lM STUPOR. WPR'IOREWU, LEStONS MU€ BEEN REPORTED. 
THE BLOOD QLUEOSE LEVEL MaY' IE  M F E M E O  RHD KETOSES HAY BE FRTl\t, l0-20 
n l u  ILITERS HRUE BOW T ~ E R ~ T S D  WITWT ILL EFFCicra. 268 HILL~LIIEAS wnuL 
CAUSED BTUPOn W t  lH1N Ir WLP HOUR. FLUSSO CHEEKS. SHPlLLOW AESPIURllDH. AHD 
C M r \  MSCH LStSlED FtHl I? )rOURS. neNLIL bLUCOSUR14 P€f?SlBIfD FOR I MONTHS. 

C H R a l  I C EXPOSURE- NO DMls AU h lUIBLE.  i; . .  
, ' * , . - ; '  ' . . . - . 2 . '  
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ANNEX B 

INSTALLATION EMERGENCY PHONE NUMBERS 
AND MAP TO NEAREST MEDICAL TREATMEXT 

FACILITY 



WALTER REED ARMY 1NSTITUTE OF RESEARCH 
WRAMC Wash DC Area Code (202) (DSN 662) 
Forest Glen Aiea Code 1301)(DSN 295) 

{FOREST GLEN) 

h 
A. AIM afb ibs ol Are 
S- SPUEUE tha b.lggar 
S- SWEEP'rlde l o l l &  to cover arsm 

1. USE proper PPE 
2. SMALL SPILL: USE ABSOABEHT &CLEAN 
3. LARGE SPILL: EVACUATE & SECURE AREA 

FOR HELP CALL: 

FIRE O E P A R ~ ~ E N T  295.756311544 
WRAIR SAFElY 782-301910955 
OCC HEALTH CLlN 782-361113668 
INOUST. HYGIENE 3 5 6 ~ 7 2  v 
HEALTH PHYSICS 3560158 3197 

WALTER REED ARMY INSTITUTE OF RESEARCH 

1. 'UNIVERSAL PRECAWIONS" "Ons9: 
Treat all Moal and body t luidsar if 
inlected wlh HQVMlV or olher pathogen 
2. Wear proper PPE 
3, Use Sharp  containers 

Noeating, ddnking or makeup i n  labs. 

WAAlR Director 
WRAIA HO's & CO 782.71090333 
WRA1R Safety '182-301910955 
WRAlR ORDERLY RM 782-7696(4110 

mim 
flRE DEPARTMENT 
AMBULANCE 
MlUTARY POLlCE 
INDUSJA. HYGIENE 
HEALTH PHYSICS 
RED CROSS 
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APPENDIX E 

STATISTICAL ANALYSIS OF SAMPLING DATA 



DATA ANALYSIS FORMULAS AND SUMMARY TABLES 

1.  FORMULAS. 

a. - Mean. The mean is an estimate of the central tendency of a data set. The mean of a 
data set is represented by the symbol ; and is the sum of all values divided by the number of 
data points (n). 

b. Variance. The variance is the most fundamental way of expressing data spread; 
however, it is not very easily interpreted. The variance of a data set is represented by s2 and it 
is calculated by the following formula. 

c.  Standard Deviation. The standard deviation is represented by the square root of the 
variance, termed the standard deviation (s). 

d. The Shapiro-Wilk W test for Normality. For the W test, the null hypothesis is that the 
population has a normal distribution; the alternative hypothesis is that the population does not 
have a normal distribution, To conduct the test, the data set is first ordered from smallest to 
largest, so that XI  is the smallest value and xn is the largest value. The test statistic (WC~~C) is 
then computed as follows: 



where: 

n = the number of data values (sampling points) 
n 

2 
('-') i fn  is odd k = - ifnisevenor - 

2 
2 = a summation of all values where the index i ranges from 1 to k 
ai = W test coefficients (reference 4, Table 2) 
s2 = the variance of the data set. 

(1) To determine whether to accept or reject the null hypothesis, Wc& is compared to 

8 
the value in reference 4, Table 3 which matches the n and the a of the study (where a is the 
type I error rate equal to 0.05 for this test). If Wcnlc is greater than W,, the null hypothesis is 
accepted and it is concluded that the data are normally distributed with 1- a confidence. If 
Wcnrc is less than W, , the null hypothesis is rejected and it is concluded that the data are not 
normally distributed with 1- a confidence. 

(2) If the data set is not normal, the next step is to determine if the data are lognormally 
distributed. This same W test is applied. However, instead of using the data values Xi ,  each 
datum is transformed as yi = ln(xi) and the mean, variance and standard deviation are 
recalculated. Now, the null hypothesis is that the data are lognormally distributed and the 
alternative hypothesis is that the data are not lognormally distributed. The decision to accept 
or reject the null hypothesis is exactly the same as described above. 

(3) If the data set does not pass either test, it should be considered lognormal. This is 
because the EPA has stated that environmental data are usually lognomally distributed in their 
Supplemental Guidance to RAGS: Calculating the Concentration Term. 

e. The 95th Percentile. The 95th percentile of a set of data, which has been sorted from 
smallest to largest, is the value that has 95 percent of all data below it and 5 percent of all data 
above it. For normally distributed data, the mean plus 1.645 times the standard deviation 
gives the 95th percentile for the data set, as shown below. For lognormally distributed data, 
the same calculation is completed on the transformed data statistics, followed by taking the 

b exponential of the result. This provides the 95th percentile in original units. 

95th percentile = ; + (1.645 * s) 

f. The 80 percent Upper Confidence Limit. The 80 percent Upper Confidence Limit 
(UCL) on the mean is computed as follows for normal data. The value of to.20 is found in 
reference 4, Table 1. 



For lognormal data, the 80% UCL on the mean is calculated as 
where and SY are the mean and standard deviation of the transformed data and Hu-o.zo1 is 
determined from reference 4, Table 4, based on the values of sy and n. 

g. Relative Percent Difference. The Relative Percent Difference (RPD) is an estimate of 
the variability between split or co-located (duplicate) samples and is used to determine the 
extent to which heterogeneous media, field and laboratory techniques contribute to data 
variation beyond that seen on the site as a whole. The RPD is calculated as the difference 
between the two results divided by their average and expressed as a percentage. With xi and xz 
as the results from an original and duplicate sample respectively, the RPD is calculated as 
shown below. 

h. Summary Tables. Summary tables are contained on the following pages. 



Surface Types l a  and 2: Covered and Uncovered Floor Areas, Laboratory 
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Surface Types 4 and 5: Wall Shelves and Lower Cabinet Shelves and Drawers 







Relative Percent Difference Calculations 

Sample Sample 

WR-713 
WR-716 

WR-CR6 
WR-CR8 

WR-763 
WR-7610 

WR-CR2 
WR-CR9 

split 

-- 
-- 

split 

duplicate 

duplicate 

diethylphthalate 

di-n-butyl phthalate ------ 
butylbenqlphthalate 
bis(2-Ethylhexy1)phthalate 

570 

990 
160 
1000 

arsenic 
barium 
chromium 
mercury 
lead 
bis(2-Ethylhexy1)phthalate 

arsenic 
barium ------ 
chromium 
lead 
barium 

mercury 
lead 
mercury 

- 

lead 

600 

940 
170 --- 
580 

-5 

5 
-6 
53 

1100 
32000 

7500 
130 

3900 
240 

2700 
61000 

17000 
1.5 

0.3 
2.6 

0.24 

1.4 

1300 
33000 
8700 
120 

4200 
170 

2900 
55000 

1600015000 
17000 

0.75 

0.1 
3.2 

0.55 

0.5 

-17 
-3 

-15 
8 
-7 
34 

-7 
10 
6 
0 
67 

100 
-21 
-78 

95 




