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Theﬁrst phaseofa comprehensweassessmerﬁof :

(PeBDPO), hexabromocyclododecane (HBCD), and tetrabromobisphenol A (TBBPA). Phase |

consisted of an evaluation of the extent to which existing data can be used to accurately charactenza ‘

end-user exposures. An exposure questionnaire: was designed and malled io 276 customers of -

BFRIP member companies. A short one-page questionnaire was developed to be used, with follow- '

up phone calls of customers who did not respond to the mailed questionnaire. Eighteen customers
that reported having exposure data were contacted and asked fo share the data. Of these eompanm
exposure data were received from nine. )

Most companies do not routinely collect exposure data directly relevant to this study. Total
dust samples are the most common type of exposure data collected. The mean and geometric mean
dust concentration based on 52 personal samples provided by seven companies are 1.67-and
0.63 mg/m’®, respectively. Interpretation of these resuits is limited, however, due to the lack of
information on sample duration and purpose of sampling. Based on a limited amount of data provided
primarily by a single company, antimony exposures may exceed the exposure standards and
guidelines with mean and geomemc means equal to 0.86 and 0.07 mglm based on 41 samples,
respecfively. Three companies reported hydrogen brumide concentration; all were non-detectable.

No direct airbome BFR exposures were reported. One company provided information termed
“% brominated product.” These data were subsequently used to estimate airbome BFR levels in the
absence of definitive data on the oompounds of interest. The estlmates indicate most (85%) airbome
exposures are less than 1 mg/m® and range from less than 0.001 mg/m® to greater than 50 mg/m?®.

The results of this survey indicate that the exposure data provided by end-users are of limited
utifity for risk-assessment purpcses and suggest that a more detailed end-user exposure assessment
is needed.

» ocwpaimnal exposures o selecled IR
brominated fiame retardanis (BFRs) has been completed. The BFRs inciuded in this assessment are

decabromodipheny! oxide (DBDPO), octabromodiphenyl oxide (OBDPO), pentabromo-diphenyl oxide - ’
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" flame retardants (BFRs) for the various industries that mporatethase substances into a |

“The purpose of thrs projectis to- evaluate o osure: i;wmammim
matrix (end-users). The BFRs included in this study are decabromodipheny! oxide: (DBDPO), 7
octabromodiphenyl oxide (OBDPO), pentabromodiphenyi oxide (PeBDPO), | :
dodecane (HBCD), and tetrabromobisphenol A (TBBPA).. This research was ‘supported by the
Brominated Flame Retardant Industry Panel (BFRIP) of mecmmnal Manm Association.

Exposures to the five selected BFRsambgngevaﬂgggdmaphasedappmam Phase I
consisted of an evaluation of the extent to which existing data can be used to accurately characterize
end-user exposures. Subsequent phases may encompass a variety of activitiss including developing
sampling and analytical methods, conducting a detailed exposure assessment, evaluating exposure
surrogates, and developing biomarkers of BFR exposure. This report summarizes the results of the
Phase | survey of existing end-user BFR exposure data. . This survey was conducted from October
1999 io April 2000.

il. Background

Flame retardant chemicals are used in a wide range of commercial product applications
inciuding construction materials such as paints and adhesives, as well as plastics, textiles, fabrics,
and other home furnishings. O In particular, BFRs are suitable for use in high performance
thermoplastic resins used in electrical and high temperature applications.® There is limited BFR
exposure information in the published literature, particularly for end-users.® One recent study
reported quantitative exposure estimates of polybrommated diphenyl ethers in an electronics
dismantling plant ranging from 0.08 to 200 ng/m*.¢

. Currently, the only occupational exposure standards or guidelines for BFRs other than DBDPO
is the total nuisance dust Permissible Exposure Limit (PEL) set by the U.S. Occupational Safety and
Health Administration (OSHA) at 15 mg/m® and the Threshold Limit Value (TLV) recommended by the
American Conference of Governmental Industrial Hygienists (ACGIH) at 10 mg/m®. The American
Industna! Hyguene Association (AIHA) Worker Environmental Exposure Level (WEEL) for DBDPQ is
5 mg/m®.® A few exposure standards might indirectly affect people using BFRs such as the hydrogen
bromide (HBr) and antimony standards. Hydrogen bromide gas is a byproduct of the combustion of
BFRs, and some companies that use neat to process BFRs will test for HBr to ensure that their
systems are not causing HBr off-gassing. The OSHA PEL for hydrogen bromide is 10 mg/m?®, and the
ACGIH Ceiling is 9.9 mg/m®. When added to polymers along with BFRs, antimony trioxide mduoes
synergistic effects on flame retardancy. Companies using antimony trioxide may have dust samples
analyzed for antimony content The OSHA PEL and ACGIH TLV for antimony are both equal to
0.5 mg/m®.

lil. Methods
Phase 1 included the following steps:

¢ A preliminary list of end-user companies, their addresses, and points of contact was obtained
from BFR manufacturing companies;

» A detailed exposure questionnaire (referred to as the long questionnaire) was developed and
mailed to end-user companies in order to catalogue the extent to which exposure data are
available (Appendix A);
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- : ' | Companiesthat did not respond to the long questionnaire were called and administered a
—short questionnaire over the telephone (Appendix B); '

e Oompanies that reported having exposure data were asked to share thé data in order to
~ ... develop an exposure information profile for the industry; and

. leexposuro data were statistically summarized.

.= . The long questionnaire that was mailed to all potential BFR end-users had five parts: 1)
.- company identification; 2) company description, including the types of BFRs used and the manner in
which they are handled; 3) workforce demographics; 4) personal protective equipment used while
ng with-BFRs; and 5) exposure information including the amount and types of dust sampies
whether they were analyzed for BFR content or for BFR additives (e.g., antimony trioxide).
his questionnaire was malled with a cover letter from BFRIP explaining the purpose of the study and
ncouraging companies to participate in the survey. To facilitate return, a return-address envelope
was included in each malling. Standard follow-up procedures, e.g., phone call reminders, emails, and

faxes, were ueedto achlmzas' high a response rate as possible in the time allotted.

Dueto tlmeeonstraints and concem about the amount of effort needed to complete the long

- " questionnaire, a short questionnaire that could be administered over the telephone during follow-up

- calis was developed. The short questionnaire asked what types of BFRs were used and how they
. ~were used; what products were being made with the BFRs, whether exposure samples were taken
if 0, how many; and whether the company would be willing to share the exposure data with us.
J questionnaire did not ask for the exposure data, but any company that reported having
exposure data was contacted and asked if they would be willing to send the data. Appendix C
- ‘contains a flow chart of the methods used to survey end-user companies.

+ . Lists of companies in North America who purchase BFRs were provided by three BFR
. - manufacturers: Great Lakes Chcmical Corporation, Albemarle Corporation, and Ameribrom, Inc. The
 thres lists were compiled, and companies with duplicate addresses were removed. Detailed
questionnaires were mailed to all of the contact addresses, of which fifteen were Canadian, one was
Mexican and the rest had U.S. addresses. Over the course of the survey a few companies were
~ ~uncontactable due to incorrect addresses; they were removed from the database (note that correct
addrassas \uara antisht Suntish indamet and ahanabaal, ) ﬁ a final end-user Jatabase

- that included.276 companies. The final list of companies has been kept confidential and has not been

shared with any BFRIP member companies.
IV. Results

Table 1 summarizes the resulis of survey response information. Twenty-seven and 68
companies responded to the long and short questionnaires, respectively. Of these 95 companies
(34% response rate), 18 reported having exposure data and nine provided exposure data for analysis.
Twenty-nine of the responding companies did not provide information either because they did not
‘have any exposure data, or for various other reasons including confidentiality issues, not using BFRs,
and not enough time or staff available to complete the questionnaires. Many company addresses in
the original database did not include a phone number. Attempts were made to locate telephone
numbers using phone directory and internet searches. All companies for which a phone number or
email address was available were contacted at least once and, in some cases, several times. Of the
remaining companies 140 were contacted at least once (many were contacted multiple times) and 41
companies could not be reached.




*~ ‘nine companies is presented in Table 2. Det:

- Nine companies supplied-exposure data
bromide, and (in one case) "brominated product.”

companies-that oompletedmebng juestionnaire. — - o S

of the nine companies reporting results. Table 3 summarizes total dust samples by company number

and whether they were personal or area samples.: These results are presented withoutregardto . =

sample time. Detailed information on each sample is contained in Appendix D, which indicates that

the sample times are highly variable. Some of the resulis were based on full-shift samples,some

were for a relatively short duration, and some results were provided with no sample time information.
A number of the results provided without sample times were referred to as “TWA” samples without
any other descriptor. Table 3 contains the results of 16 and 52 area and personal total dust samples,
respectively. The personal total dust samples averaged 1.67 mg/m” and ranged from lessthan - -
0.12 to 15.4 mg/m’. The area total dust sampies averaged 1.81 mg/m® and ranged from less than
0.18 to 4.09 mg/m". The highest personal exposure estimate, 15.4 mg/m®, was collected by Company
4 without reference to sample time. The next highest sample, 8.9 mg/m®, was collected on an )
operator at a-hopper feed tank and is described by Company 6 as having been collected over a short
(unspecified) sampling time. Table 4 summarizes fotal dust sampling results by BFR type. Most of
the air sampling was conducted during DBDPO handling.

Antimony sample results are summarized in Table 5, with 42 samples from four companies
(one area, the rest personal) presented. Personal exposures to antimony ranged from 0.003 to
22 mg/m®. Company 8 reported the results of 34 personal samples, averaging 0.97 mg/m®. No
descriptive information was presented with any of the samples reported by Company 8. ~Company 8
sample results, which dominate the results presented in Table 4 (see Appendix D), were reported in
terms of antimony concentration along with the percent antimony in each sample. The percent
antimony in these samples was highly variable and ranged from 1 to 37%.

Three companies submitted hydrogen bromide exposure data. These companies were using
heat in one or more processes and were concerned about possible thermal degradation of BFRs.
None of the 20 sample results submitted were above the detection limits (<0.002 to <0.2 ppm).

One company submitted 34 dust samples that had been analyzed for “brominated product”

without reference to an analytical method, These results wers sxprassad in teims of percent

“brominated product” along with antimony concentration data (see discussion above for antimony
results for Company 8). The percentages of "brominated product” in these 34 air samples ranged
from 0 to 37.7%. By using the ratio of “% brominated compound" to the % antimony, the
concentration of *brominated product™ was estimated from the antimony concentration data (see
Appendix D). Using this approach, the “brominated compound” concentrations for these 34 samples
were highly variable and ranged froi.: 0.7 pg/m® to 79.2 mg/m®. It was not possible to compute
descriptive statistics for these 34 samples, because no information on the limit of detection was given
for samples with no (0 %) brominated compound detected. Roughly one-third of these 34 samples
had non-detectable brominated compr d and 29 of the 34 results (85%) suggest BFR exposures
were less than 1 mg/m®. Another important limitation of these data is the fact that no descriptive
information was provided along with these resuits. We have no knowledge, for example, of the
sample time.




Most oompanles do not routinely collect exposure data directly relevant to BFR use.

T e Total dust samples are the most common type of exposure data collected. Based on the
. limited total dust exposure data provided by seven companies, it can be preliminarily
="+ concluded that total dust exposures were typically well below the OSHA PEL and the
== -ACGIH TLV, with a mean and geometric mean of 52 personal samples 2qual to 1.67 and
- 0.83 mg/m?, respectively. Interpretation of these results is limited, however, due to the
: ‘leck of informaﬂon on sample duration.

5j , ;Based ona Ilmltad amount of data provided primarily by a single company, the antimony
.. @xposures during BFR use can exceed the PEL and the TLV, with mean and geometric
meane equal fo 0 86 and 0 07 mg/m®, respectively.

Thme eompanles reporled hydrogen bromide exposures that were less than the limit of

e No direct alrborne BFR exposures were reported. One company provided information
- termed "% brominated product.” This data was subsequently used to estimate airborne
" “BFReveis in the absence of definitive data on the oompounds of interest. The estimates
~indicate: moet (85%) airborne: exposures are less than 1 mg/m® and range from less than
- .001 mglm to greater than 50 mg/m®.

: (] These results by themselves, are of limited utility for risk-assessment purposes and
L suggeet that a more detailed end-user exposure assessment is needed.
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. retardant exposure: Polybrominated diphenyl ethers in blood from Swedish workers.
Environmental Health Perspectives, 107(8):643-647 (1999).
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otalr number of end-user

Number of long qt

Number of companies

gio

Number of companies ﬂ short

Total number of companies respondmgbeilfnabngand o

short questionnaire -
Number of contacts with exposure data (repoM on long -18
or short questionnaire) - RN -
Numberofconhclswhohavesentexposuradsfa 98
Total number companies that have not responded or - 181
been contacted -
Number of follow - up calls for 181 contacts thathave not 140
responded :
RO SO Cot] . “ IR 7{"'7. L
um| ears
C:I::’np::! Location | Products Processes | Production BY::I':.:: using
. _ Employees BFRs
i Midwest Compounded | Dry blending
Engineering and extrusion 70 40 17
Products
2 MidAtlantic | Fiberglass Pultrusion, .
' reinforced batch mixing 300 70 30
plastics
3 Southwest | Polyester and | Reacting and
vinyl ester blending 21 26 20
resins .
4 Southwest | Polypropylene | Dry blending
resin and extrusion | Notgiven | Notgiven | Not given
compoundin -
5 Southeast | Compounding | Dry blending ;
and extrusion 200 10 5
6 Midwest Plastics aDr% I;I:t?g;nign Not given | Not given | Not given
7 Southeast | Water-based | Wet blending 6 12 12
dispersions _
8 Midwest Thermoplastic | Dry blending
compounding % 40 15
9 Northeast | Wire cable Dry blending .
jacketing _ and extrusion | 'Netoiven [ Notgiven | Notgiven




Type of
— A § | <0.18-<1.5 N/A™
P B [<042-1.00 0.39
P 3 1.20-1.70 1.43
P 1_| <0.13-1.77 0.66 ) .
P 4 0.18 - 15.40 3.00 4.98 1.04 435
A 1_ 4,09 N/A N/A N/A N/A
P 10 <0.32 - 7.60 1.43 2.24 0.74 2.98
5 A 6 <5.0-<5.0 N/A N/A N/A N/A
6. .1 P 1 8.90 N/A N/A N/A N/A
niz: A 4 0.03-0.46 0.30 0.19 0.21 363
E o T P 4 0.08 - 4.80 130 233 0.31 6.46
T Ovorall - A 16 | <0.18-4.09 1.81 1.64 0.86 4.59
. Sk "6vml| P 82 | <0.12-154 1.67 312 0.63 369

v Azarusample P-peraonalsample.
N-numborof-mpbe
*3 SHd. Dev. = standard deviation,
: GM-goommme-n.
5 38D = geometric standard deviation, N/A = not appiicable
Nots: For samples reported as less than the limit of detection (LOD), the LOD/2 was substituted for all statistical
ealcullﬂom

3 R‘ng‘ Mean "4 GM® 6

— | BrR' |sampie? | N | (moim’) | o) | Dobl | (mgimy | ©SP
| DBDPO | A [ © <0.18-046 043 | 038 025 | 299

—_DBDPO P 30 | <0.12-154 1.88 363 0.63 4.03

—_HBCD A |6 | <50-<50 N/A N/A N/A N/A

HBCD P 1 89 WA N/A NA N/A

TBBPA P 11 <0.43-1.77 0.66 0.61 0.42 2.81

Unspecified A | 1 4.09 N/A N/A N/A N/A

Unspecified P 10 <0.32-7.6 143 224 0.74 2.98

' DBDPO = decabromodiphenyi oxide, HBCD = hexabromocyciododecane, TBBPA = tetrabromobisphenol A,
2 p=area sample, P= personal sample,
3 N=number of samples,
- Std. Dev. = standard devistion,
GM= geometric mean,
GSD = geometric standard deviation, N/A = not applicable
Note: For samples reportad as less than the limit of detection (LOD), the LOD/V2 was substituted for all statistical
calculations.

[T I



3 ,
P 3 0.58-0.99- -} 0.
P 34 10.003-220 ,

9 P 1 _<0.011 N/A N/A NIA N/A
Overall A 1 <0.011 - ~NIA N/A_ __NA - NIA
Overall P 41 10.003-220 | 0.86 . 348 0.07 8.88

T~ A= area sample, P= personal sample, :
2 ) = number of samples,

3 std. Dev. = standard deviation,

: GM= geometric mean,

GSD = geometric standard deviation, N/A = not applicable
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~ Brominated FlameRetardant

End-User Exposure Questionnaire

Johns Hopkins University
School of Hygiene and Public Health
615 N. Wolfe Street

Room W6010
Baltimore, MD 21205

For. More Information Contact:

Patrick N. Breysse, PhD, CIH
Johns Hopkins University

pbreysse@jhsph.edu
410-955-3608

or

Wendy Sherman

Chemical Manufacturers Association
Frominated Flame Retardant Industrial Panel
Wendy_Sherman@cmhaq.com

703-741-5639

T el = o



. 28, .
LT PWINR I IWNTW IO WY oy

Flame Retardant Questionnaire

Fax:

o Pleaae'pruvide the name and phone number of a person at your facility who is responsible for or famiiiar
- “with -industrial -hygiene - and safety in your company. This person will be contacted if additional
Informaﬁon is required.

Phone: Fax:

K1
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Please descnbe the produchon prooss(as) and pmducls manufadured at your'p!ant that mvolve the use
of brommated ﬂame refarJants (mclucTe aﬁachmenfﬁ necessary)

Is work conducted: (check all that apply) Indoors Outdoors . Undergmund

Individual brominated flame retardants (BFR) that rmghtbe found at your plant: (check all that apply)
Decabromodiphenyl oxide (DBDPO) -or-‘Sayl:ex 102E, Say'ex 102, -DE-BG, DE-83R, FR-1210 -
Octabromodiphenyl oxide (OBDPO) -or- DE-79

Hexabromocyclododecane (HBCD) -or- Saytex HBCD LM, Saytex HBCD HM, Saytex HBCD SF
CD 75, SP 75, SP 756C, FR-1206

Tetrabromobisphenol A (TBBPA or TSBA) -or- Saytex RB100, BA-59P, FR-1524
Pentabromodiphenyloxide (PeBDPQ) -or- DE-71, DE-60 F

thers:(please list)

How many years has your facility been cperating , and how many years has it been using
brominated flame retardants ? . . :

Please describe specifically hiow flame retardants are used und handled in your faclility (include an
attachment if needed):

K 14



. Johns Hopkins University
Flame Retardant Questionnaire

el P!easeeheck 8l that apply:

: Dust Supplied Air | Protective
: Prooesses Involving_BFRs . Gloves | Respirator | Respirator Clothing

AN I  Wiling/Grinding g/Grinding

| M
Maintenance Activities




PageS5of7 T .. """ FlameRetardant Questioniaire -
E._EXPOSURE INFORMATION (This informztion applies to : ) -
[Date | Sampling’ Method (checkall | Flow ofter & Sampll | How my
‘methods used at your facility) | sample Cn
fo Personal airsamples ____ | Daily - Weekly - Monthly- Annually S
pres. Total dust _____ |Dally Weeky Monthly Annually Other | -~ ____
Respirable dust ____ | Dailly Weekly Monthly Annually Other |~ _
inhalabledust | Dally Weekly Monthly Annually Other |_ —
Area air samples — | Daily Weekly Mdnﬂlly" Annually Other | —_—
Total dust — | Deily Weekly Monthly Annually Other |_— —
Respirabledust ____ | Daily Weekly Monthly Annually Other | __ —
inhalabledust ~ ___ | Daily Weekly Monthly Annually Other |__ =
Other (please describe): Daily Weekly Monthly Annually Other |__ _—
1980 7 Avglyr  Total/period
to Personal airsamples ____ | Daily Weekly Monthly Annually Other - —_—
1989 Total dust ____ |Daily Weekly Monthly Annually Other | —
Respirabledust ______ | Daily Weekly Monthly Annually Other | __ —_—
Inhalable dust ~ ___ | Daily Weekly Monthly Annually Other | .
Area air samples — | Daily Weekly Monthly Annually Other |__ B
Total dust — | Daily Weekly Monthly Annually Other |___ ——.
Respirabledust __ | Daily Weekly Monthly Annually Other —_— —.
Inhalable dust ——— | Daily Weekly Monthly Annually Other |_ —
Other (please describe): Daily Weekly Monthly Annually Other |__ —
1970 R F Avgl/yr  Total/period
to Personal airsamples _____ | Daily Weekly Monthly Annually Other |__ —_—
1979 Total dust —— | Daily Weekly Monthly Annually Other |__ —
Respirabledust _____ | Daily Weekly Monthly Annually Other |__ -
inhalable dust — {Daily Weekly Monthly Annually Other |__ —
Area air samples — | Daily Weekly Monthly Annually Other | —_—
Total dust — | Daily Weekly Monthly Annually Other |__ —
Respirabledust _____ | Daily Weekly Monthly Annually Other |__ —
inhalable dust —— | Daily Weekly Monthly Annually Other | _-_ —
Other (please describe): Daily Weekly Monthly Annually Other - -




Johns Hopkins University .
Flame Retardant Questionnaire

Have you ever analyzed your dust samples for BFR content? Yes____ No
Ifyes, whatmethod wesused: ___ o o

Avg Annual Total?
. Avg Annual Total?

Total for entire period?

' you ever sampled and analyzed for antimony trioxide? Yes______ No

“rom: 1990-presant? Yes___ No__ Avg Annual Total? Toftal for entire period?
No __Avg Annual Total? Total for entire period?
Nq : Ayg Annual Total? Total for entire period?

Hy ve_ you aampled for BER additives other than antimony trioxide? Yes_____No

--—Avg Annual Total? Total for entire period?
Total for entire period?

: fHave you collected any BFR surface contamination samples? Yes_____ No
- fyu. plenu desern:e ‘

| " Hawe you determined size J distribution of alrbome dust? Yes_____ No
4 B if yes, pleaaa describe your methods

. Piease describe the formet of most of your exposure dats: (check one)
' Paper records storedon'site: Paper records stored elsewhere:

Mainframe data sets: PC-based data sets:
MAC-based data sets: ) Other: (please describe)
Comments:




- Please fist- ény—ibﬂ'!e,rf subslames thatare o
silica, acid fumes, and organic compounds) and desc

“Page7 of 7

Company:___

these substances: T e




Appendix B
‘Short Questionnaire




Date: __ i 7 e i N .
: Compannyarhe:; S . g L - -

Address:  ___ -

City, State, Zip or Postal Code: Attt Vi

Name &'Titlé of person compleﬁng quesﬁonnairé. , -

Phone: e B

Fax: | | .

" Brominated Flame Retardant End-Use Exposure Questionnaire

1. What types of BFRs are used at your plant?

Decabromodiphenyl oxide (DROPQ) -or- Saytex 102E, Saytex 102, DE-83, DE-83R, FR-1210,
Octabromodiphenyl oxir'~ {OBDPO) -or- DE-79,
Hexabromocyclododecane (HBCD) -or- Saytex HBCD LM, Saytex HBCD HM, Saytex HBCD SF,
CD 75, SP 75, SP 75C, FR-1206,

Tetrabromobisphenol A (TBBPA or TBBA) -or- Saytex RB100, BA-59P, FR-1524,

Pentabromodiphenyloxide (PeBDPO) -or- DE-71, DE-60 F

Other type

2. Are BFRs used in dry or liquid form in your facility?

3. Are BFRs mixed, milled , or ground with other products?

4. What types of products are BFRs used in? Wire coatings? Fumiture?
Auto interiors? Insulation? Other, describe e

5. Have you ever done personal or area air sampling for total, respirable,
or inhalable BFR dust? If so, roughly how many samples have you taken:

1-50,

50-100,

100-500,
_____500-1000,

More than 10007

6. Would you be willing to share the data with us? __Yes No
Personal identifiers would be hidden.

-



-~ Appendix C |
Flowchart of Survey Methods



‘Flowchart for Phase 1 of the

~Brominated Flame .
_ Retardants Occupational

 Exposure Assessment

Follow-up
(if phone numbers or
email addresses could

be found)

No

Y
\ ==y J P npae /’k )
Did they repo
taking exposure
Yes samples?
Faxed/remailed the
original questicnnaire
until short phone
questionnaire was
designed

Contacted
someone at the

ompany willing to
share data?




. ~ Appendix D
Detailed Dust and Antimony Data
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15 385 0.15} - 0.385]
1.5 3.85 0.75] 1,92} -
135 375 0.042 0.126}.
1 20 E T 32
1.5 375 0.2 0.63
307 _0.72 0.0029 0.0007|
3.07 C.72 034 0.08}
3.07 0.72 0.062] 6.015]
3.07 0.72 0.003 0.0007
""""""" 3.07 0.72 0.0078 0.0018
28.04 0 0.018 0
318 [} 0.062 0
3.18 0 0.0067 )
15 385 0.042 0.11
3.18 0 0.0057 0
1 3.25 0.056 0.18
2 6] 0.023 0.069
2 6 0.0080 0.0267
236 564 0.0029 0.0069
o 1.25 45 0.19 0.0684
125 “4.5 22 79.2
3774 0 0.29 ]
3.18 ) 0.003 i)
37.74 0 0.068 0
479 20 14 5545
3.18 0 0.003 0
378 0 0.076 0
1.08 1.08 0.21 0.21
15 3.9 0.085 0.22
13 5 48 18.46
1.08 1.08 0.11 0.11
3.18 ] 0.21 0
28.04 0 0.014 0
277 37.7 0.004 0.0054




