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From: Noonan, Gary (CDC/CCEHIP/NCEH) 

Sent: Thursday, May 14, 2009 3:25 PM 

To: McGeehin, Mike (CDC/CCEHIP/NCEH) 

Subject: Fw: CPSC-LBNL wallboard IAG work plan 

Attachments: CPSC Narrative Workplan 90427.doc 

FYI 
Gary P. Noonan 
CDC/NCEH/EHHE 
(w) 770-488-3449 
(c) 678-362-1156 
Sent from a handheld device 

From: Michael G. Apte <mgapte@lbl.gov> 
To: Noonan, Gary (CDC/CCEHIP/NCEH); Gressel, Michael G. (CDC/NIOSH/DART) 
Sent: Thu May 14 15:22:47 2009 
Subject: CPSC-LBNL wallboard IAG work plan 

Hi Gary. Here is the work plan that we developed for the CPSC IAG. 

Best 
Mike 

7/8(2009 

mailto:mgapte@lbl.gov


·

1 Background - This work-plan responds to a need for measured emission factors 

2 for sulfur containing compounds in gypsum board as outlined in the informal 

3 description of emissions chamber studies provided by the Consumer Products 

4 Safety Commission (CPSC) dated 4/9/2009 and subsequent conversations 

5 between LBNL and CPSC. 

6 According to the CPSC, "the purpose of the cha~/ 
. , 

7 quantitative data on gas emissions from dryw.a . · jssion factors need to 
>::,IT!J 

'\~ 

8 

9 

10 The proposed project include"' 

11 The objective of t allboard samples1 to 

12 "~ s (VSCs) but also 
·-_.,. 

-~:r•· 

14 constituents in the emission 

15 st _ :...;_ eter of material) and 3) calculate 
·-~it:.:~~. 

16 and repif ta rations for the major constituents based 

\ -~~"-:h \! .. 

18 Specification 01350@&11~" clditional objective of Phase I is to provide a screening 
'l~i~l' 

19 assessment of the corrosiveness of the emissions from wallboard as it pertains to 

1 
The wall board samples will be provided by CPSC. 

2 
In the California Specification 01350 titled "Standard Practice for the Testing of Volatile Organic 

Emissions from Various Sources using Small-Scale Environmental Chambers" the measured 
emission factors derived from small chamber experiments are used to estimate steady-state 
building concentrations for comparison to a concentration of interest (i.e., chronic reference 
exposure levels, odor threshold, sensory irritation threshold, ...). 
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household components such as copper wires, receptacles, switches, electronic 

boards, smoke detectors, gas lines and connectors. 

The second phase of the study will focus on a limited number of higher emitting 

materials identified in Phase I to characterize factors that may influence long­

term emissions such as temperature, moisture, ventilation, and wall coverings 
·~---

{paint, joint compound, texture, paper) to support Jilt_-:._; construction of chronic 

exposure concentrations in both the ventilated} _ ··= Jilated spaces in 
J~tl\,~w ~1t~ 

dwellings {~~:~7 
~~--. ;tp; -~~~~-

LBNL chambers - LBNL has several e~-~ test sy§t~ms fo ,~~terizing 
.:.-,.. ·: . ~~~ 

material specific emission fa~_ e in mall (10.5 L) s"'tffinless 

steel chambers housed in a t ,B( onment; a medium sized 
,z~c, 

-· · rJ.Jcted~m low sorption 
.--a:~~-;,· 

test cff!fmber for standardized 

materia ~~ est chamber for characterizing 
.,&~

cotJIJff ~ ~ ·. ;,,.,,. .,.Jii'µrotocols are available for all of the 
~ ~~.l'.,~ -~'--

challi~stems. T~re,,aleffort is anticipated to bring the emission 
·j!~ ~ ~i:V 
~ \~ ., 

chamber co.~ent of tnetudy on-line. However, the reactive nature of many 
~ ~ 

of the reduced ~~ =1 atlJents of interest may require that the stajn less steel 

chambers and tran s be treated using SuJfinert® surface coating. 

The small chambers provide the quickest experimental results because multiple 

samples (up to four) can be tested simultaneously for a given temperature and 

humidity setting. The medium chamber provides better air mixing control to 

characterize the relationship between emissions and ventilation and can also be 
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loaded with more material to improve detection limits as needed. The medium 

chamber may also provide a useful test system for exposing metal and electronic 

samples to artificial emissions to characterize corrosion rates in-situ. The large 

chambers provide room scale testing where field relevant loading factors and 

ventilation rates can be simulated. 

emissions chambers>- :1 is is expected to increase sample throughput by 

approximately a factor of four because the emission factors can be measured 

from samples either the same day that they are installed or the following 

morning. Without the pre-conditioning chambers it would be necessary to wait 

several days to a week before fresh samples had equilibrated to the standard 

3 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

t.ir,{:ffr }r(; 'ii(t~rn~•t~;~~J'.Y~t.~J.~~;f?;;;8\;W?i~;~J.~,0+~:?½1f,f!5n;t!Jt~,~=!?.,1tt~; ~£%~ •)kX•t,•·• , ·MY••J!•,' 
. . . . • • • . . • • . • . • • • • • • . . • • . . . : . ~ ·. • . . . .. •. . • ' . . . . • • • • • . --· . . . . • ·. ', - -• . . • . • . ' . '.. . . . . • :. . • . • ' .•. ~ ..=·.::·::,:: .• : • . : .• ·.• ~ ~ .;. :.. .. : .- . 

temperature and humidity conditions used for testing. The pre-conditioning 
.. 

chambers may also provide a testbed for assessing the rate and extent of 

corrosion on household components exposed to the emissions from wallboard as 

described below. 

LBNL sampling and analysis - LBNL has well established methods for 

collection and analysis of volatile organic chemic -t' 
··-

~-molecular weight 

aldehydes and organic acids, both in field s~n{~. 

chambers. However, we have not previ 

containing constituents that are of inter 

to identify appropriate metho 

adequate detection limits to 
-. 

.:'~~::.. ... 

use tile sulfur 

he r~we will need•1~a 
g method~,l-·ssure 

·= 
Target experl . .. . - ··altection limits, we note 

that a report p ed Bureau of Community 
..... -:-... ~=='

,::l 
. 

~ 

su 

carbonyl s i.U~ hydrog
·'!i'$~a~ 

Env· - alth measured sulfur 

CO,.t per after the materials were 
.. 

three primary sulfur containing chemicals -

µlfide and trace amounts of carbon disulfide. These 
_r.'".:fs 

chemicals are raflv4'.~ ,rf.t7fed in homes but when detected, the carbon disulfide 
~~-

-..::a.:•• 

and carbonyl sulfide Ii ·e been found to be approximately 5 ppb (~ 15 µg/m3
) 

(Larkin et al., 2008; Wiesel et al., 2008). 

Assuming steady state conditions, only one source material, and no contribution 

from outside air, the indoor concentration Css (µg/m3
) of a pollutant is related to 

the material specific emission factor EFjfor material i (µg/m2/h) as 

4 



1 .·•.•>.;sBf~J?~~.k\'t?rn \l~n/g~R.!".~8.. \J\/~1
-b?:~~ ~.ll)!~~ler,r,~t~r~ :;:.•1e~1J~f;.~g~7.>;.,x.,· ·1ft?!!•;:;,.;.c• 

.. ·.· ....-.·.· 

EF. = css X ACH1 (1) 
I L. 

' 

where L; (m2/m3
) is the loadjng factor or surface area of material per volume of 

3 

2 

dwelling and ACH (h-1
) is the air exchange rate in the dwelling. The approximate 

4 surface to volume ratio for gypsum board in homes is 1.2 m 2/m3 (Hodgson et al., 
.;1;E~, 

5 2004) and a typical air exchange rate is 0.5 (h.1). T :~~1-1>re, assuming gypsum 

6 board is the primary source of sulfur containil1{f'\i/ ,241pds, the emission factor 
.. ~~> ,:~. 

7 that would result in a concentration of 1~ !"~f.ffi3 ·is 6 µg/~'~{~~-,·· '-=-
8 Applying this emission factor to a matefl~c the smaJl experime\i~. chamber 

-~~'!: ··= -~. .~-~ 

9 

10 

11 

with a material loading factor I· roximat~1Jt· s:1:i ventilation rat~"tf 5 would 

result in a steady state conce uation 1. For voe 
n... 

analysis, we ty ·~le up to· ~~we can achieve 
..~~~. . 

12 acceptable col ~-effici,r an volume would collect 

13 15 n 
--~=~~ 1§:~3; 

~-.wgJl~w:i!_t;ru, t range of quantification for other 

··~~ e carbon disulfide using a 
~ 

~~~d.
'2:~7b 

However, carbonyl sulfide and hydrogen 

16 sulfide a'7 -~ }~Pl lo points so may be difficult to collect on 
~~ 
~~: 

17 thermodesorptfcj~. r ambient conditions. We will construct a 

18 cryotrapping system · ",~ 'ttempt to collect all analytes with the same sample but if 

19 this is not successful, we will adapt an existing aldehyde method for collection 

20 and analysis of carbonyl sulfide and apply OSHA Method 1008, which utilizes 

21 silver nitrate coated silica gel for collection and analysis of hydrogen sulfide. 

14 

15 

~~~i"-"~~~&,; 

-~~ ex~o be aoT'•• --.~...... 
m ion of ~ 
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Sampling and Analysis Method Development - We will start by adapting and 

optimizing ourVOC method, which is based on EPA Method TO-17, for 

quantification of volatile sulfur compounds. We will determine whether carbonyl 

sulfide and hydrogen sulfide can be collected and quantified with the VOC 

method. Analyzing the highly volatile and reactive sulfur constituents may require 
ra 

a specially formulated GC column, inert surface tre~~~iit of transfer lines, ultra-
_:1~..c-.,•

.J~i: 
cold sample collection tubes and GC inlet, angtffita1t\-q1anagement system for 

,.!~-li;ll4~ -~-1~ 
cold trap sampling. We will test the use o !=.,.,...-: ~: trap condif' •'.s for sample . ·. 

~-
collection and the use of drying tubes -o 

·~~-
water from the samp1e air str~! ytes include1'@1the same 

·,;~ 

analysis stream is advantageo · ~abor and supply costs but if 
'!&f.~ .. . ~ fu:~ "'~~::., 

we cannot analyze fQJ. al~ the vola
1
f(i::.sulff!r.poun~~Cs) using a modified 

·-=~~ 
v" 

.....;,_ 

"':';~1::... 

s rrrn 
e e PH coate 

version of the li od th ·lf.lC.. methods will be applied. 
~- ·~;~~-~ ~~ 

For exam I the -, · detection limits for the carbonyl 

med VOC method, we will use an 

samplers that derivitize the 
~~-. ·:~.. 

carbonyl\.linP n-ra~alyzed by HPLC. For the hydrogen sulfide, 
~;_~, 

we will eva1ua ft. ility of a test method based on OSHA method T-

1008 which uses ~l ~:.;:, 1.dfate coated silica gel to collect hydrogen sulfide. This 
-~jg!~• -

method is similar to our existing method for sampling and analysis of volatile 

organic acid compounds. Once the appropriate method(s) are identified and 

optimized, we will develop basic QA/QC criteria for collection efficiency, method 

detection and quantification limits and analyte :ecovery. 
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Measurements of emission factors - Once the instrumental analyses are 

optimized for the VSCs, we can proceed with emission testing. Using the small 

emissions chambers we can process 12 samples per month for standard 

emission factors if the small chambers are also used for pre-conditioning the 
"'! :. 

:t:~ .:=fr~ 
samples. Our small chamber protocol generally fo.•¾}\STM Standard Guide D-

5116-97 and CDHS 2004 "Standard Practice f.!i.~ e ~""tj_ng of Volatile Organic 
~-=-:"' .~,·"'!fr' ~~:.. 

Emissions from Various Sources Usin~#--ij) I:.scale Envirb((~fntal Chambers". 
~~-=::::~.. ~.~ 

The objective is to screen a large numbettt.sample~s.!or materiat~~cific 
·. al: ~~tJ;~ .'!: 

emission factors so to increa~ :-;..ij_~ple throu~1~8Jf.§.et of pre-concl,tlt>ning 
·;~-;-:&_·~l\r~ •l?~§:.

chambers will be constructed to1'Ub'W~~__ples to~-.: ,.ought to equilibrium with 
-~. -;.~ . 

environmental con ·: •-~ rior to---~ _i;~=i:-' ·· th~ efrffii~~sion chambers. 
::;' -~!!:~ ~v , ··"- -~!@t, · .,;~1t-1u. 

Previous work W~_, uildin· -terials'l..~, s thatGSli:ilrnples equilibrate within a 
~~- ~ ~-

few days after charil,l~_co · '"· · •· r.1s are cRl9ed so if we use pre-conditioning 
~::.-:... -~ ~ ~"-- . -~~~-. ~d-... 

ch~Iff-s e :._: .~:..ading·,·:., ~~materf§l~~Dffie air-sampling in the small - . ~~--~~. -,. ~~~" 
charri ,_~r.s can beginWit · ln a~l.~mately 6 air changes after installing the 

-~ ti. -~~r 
• • :::i. "'"~·l 

material. ·. •; .
1
Yiill allow u,c~~- process materials at a rate of four samples per day 

·-~i~ . 
-~ 

(four days per·w@:tj) or §;,]_verage of 16 samples per week. 
-;¥f~. ~t 

=· . 
The tests will be con~ meted in four 10.5-L stainless steel chambers maintained at 

23 ± 1 °C in a controlled environmental chamber. If necessary, the chambers will 

be surface coated with Sulfinert® treatment prior to use to minimize surface 

interactions with the reactive sulfur constituents. A 0.06-m3/h inlet flow of carbon-

1 
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1 filtered preconditioned· air at· 50% ± 5°io relative humidity3 wili be supplied 

2 continuously to each test chamber. The relative humidity within the test 

3 chambers will be controlled by a flow of mixed streams of dry- and water­

4 saturated air. The RH can be adjusted over a wide range so the Phase I 

5 experiments can be conducted at a selected RH based on needs of CPSC (i.e., 
-~ 

6 conditions relevant to Gulf Coast states). The bac~·raw edges of the 
.•=---::t:=;::;-

7 gypsum board samples will be sealed by pres-?:{ t\.,,,tit) into stainless steel 
.t..:~!~ ,;;~v ... "11.. 

8 trays and the samples will be placed faq,~'m.f~n screens t: -:~'!~:rest slightly below 
~~~?r' -~~~I, 

9 the center of the test chamber. For eaB~-terial, the emitting~~~~ A (m2
), will 

·=:,,· ~- ··•:.?.:!··· 

10 be 0.023; the loading factor, .• m2/m3
), wi;l,-/l ~...,the area-~~ flow rate 

- -'!!-: -:---=1 ~ 

·=r .::· 

11 (m3/m2/h) wm be approximateifli_elt:,.. 2/h). Tiilt~tal sampling rate for all 
~ -~~~;..~ 
~~ 

12 

13 

hamB( j~.e maintained at less 
~ 1 . 

than 90% of th . . to p -j~f room air into the 

14 samplers. Thes JE.ee sted depending on the final 
~~~ 

15 a 
-,~~!~~t--

16 

...~__,..... 
. 

17 Assessingt§1.rrosive 

-:{!,~;-. 

-.,~,,. e ~'"· .. sed to guide the initial setup of 
-,;:f~~? 

--~~· ._ 

f emissions -
.!.!ii:~~ 

18 The objective ofi~.,&q~•J~eness testing is to characterize the potential for 
~~~~~-

19 damage of householcfeomponents exposed to the emissions from the wallboard. 

20 The emissions testing will identify wallboard that has the highest emissions of 

21 volatile sulfur chemicals as well as other volatile organic chemicals. Based on 

22 these results, we will classify the wallboard as high, medium or low emitters. 

3 
Baseline conditions for humidity and temperature will be identified after consulting with the 

funding agency to insure the values are relevant to the conditions of interest. 

8 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

•'.iii.'!,<' •"':'i•''•·'·••:>•~·0~•. b~~:5.~~%0l~n!%9.r~s.~J.I1 ~~rrc;!. l:n,is!liQn .Fa.¢9:~7~M',l?\1~92 >,: ..·./,;;:.; ;;:. i/•·:CA.,, 
.. .. . ... . . . . . .: : ~ .. ~- : : . .. . . . . . . . : . . . . ; ·: . ' . : ::._ :· .- .·... :· . . .. : :. . .. .. .....--. . - ~ 

s·amples of these boards will be obtained from CPSC for use in the corrosion 

testing. The premise is that the actual board will provide a more realistic and 

relevant emission stream than a custom mixed gas stream designed to mimic the 

emissions results. The material pre-conditioning chambers developed for the 

emission testing provide a matrix of test containers that can provide a range of 

controlled humidity and ventilation conditions. Top. an elevated source in 
-~~i~f 

the chambers for accelerated corrosion condi•"''~alls within each 
~:!.,_:It-•-:~• "'~t.--:c-. 

chamber will be covered with the wallbo~ :· •at is selecf~.Ql testing. For a 
i-iii--- ~.~::~ 

chamber with dimensions of 12x12x18~\!ies, this re_sults in cr~~!ng factor> 5 
":!. ·... :-► -~~~ 

m2/m3
, which is well above ~9LF~~ values i~-·< ,~-- comparabl~i~hat

=ii. :.-.~,, . 
would be expected in an unveril! .§ eJ:J . II cavity... · ,. ---~~..'\-;,_ 

· options ·fft~nsta iifgt 
¾.. 

.ta~Qlbers in a controlled 
:i_h ~ffl ~~, 

~j~ 

temperature e . ·"'11 ' • 

Once ~~ chamberi1't~ o -~ . · n. sour"!:~·-. aterials, a set of sentinel materials 
.A~j~: -.. ·., ... . . . . •,$:~,. ·~-~ 

will .--, ns alle · . ...~ch c . · ·ner. Se~fiterials include copper test strip, 
\"l!S.'°i. .-.,~~::a ... .: ~":,.l:1-:, ...... -~~~ . . • .... . . .. • . • • •• • . .• .. " .. . . .. ... .... •. ..... • • 

silver,~J~trip, or otn~-~tal a~as requested by CPSC. The test strips will 

be install~ · t 'i:.. "."th test fac . ·1· entedfuwards the open end of the chamber to allow 
~.. l"~~lr. 

~ .,:~ .:E=i~ 

monitoring of co~~.?n;!!,af open face of the chambers wil1 be closed using a 
~·:s~:__::~~ 

transparent face mat'e~i;ar with clamping ring and the conditions in each chamber 

will be adjusted to a predetermined combination of RH and ventilation. The 

selection of conditions in the exposure chambers will result in a wide range of 

humidity and chemical concentration values and at least one chamber will be run 

without wallboard as a control and at least four chambers will be reserved for 

9 
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installation of actual household components (i.e., receptacles, switches, smoke 

detectors, ... ). 

The chemical concentration in each chamber will be periodically monitor for 

target VSCs and VOCs . This will include at least thee different sampling times 

over the course of the experiment. Corrosion on the test strips will be tracked 
R=7~\'; 

using high resolution images. The experiments aix.ttJected to run 

approximately 30 days depending on the rate< ~·: orro -~\ o observed. At the end 
,::;~~i-~ ,·· . ···,a;tt,.,.,,_ 

of the experiment, test strips will be re /~- ·iid charactefi~sl.by electron 
·~~ ~- .,,~_

microscopy depending on instrument ava:iJability or the test strip'sfa_gd household 
·•!i -~ ·.t:'s..,,,.. 

· . . ·-wlir➔ -~~&':)...f~ 

components will be package , -.. ·· . . shipped t6~~.: or further evahjafrbn. 
""' ' ·•;~: 

. ~-
The experimental matrix will be \f: \ 

' 

:li'-Q( at le~l~_wallboard types (high 
~:;~ •~E.;z.., ,:~ 

emitter and low e ·•"~.optio~rcl ~~. . ~1ffilbix would include the 
~.. - -~ffiS- • 

-- -~·· ~ . 
te ~emissi . ~ n at the same conditions so a direct 

com ross .:.. --¥fi.)..e.: ade.,~~dvantage of this ~pproach is that it 
~~~ "'-~ ~-~~11-~ 

~ 

us ~ !1i~ce ~\i~:gas and uses standardized 
·~::-~'E:.. ·--~ ~"b~fit~- Each experiment provides· a 

~..i•'lc~ 
~~? 

multidi dat luding temperature, concentrations, ventilation and 

corrosion, which~:~:· 0 a detailed semi-empirical model for translating the 
..., 

Phase II emission factor characterization -

10 
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The work-plan to address Phase 11 objectives will be provided after initial results· 

are reported from Phase I. Phase II will likely use a combination of the small and 

medium chambers to characterize environmental factors and long-term 

emissions and possibly one or both of the larger chambers to explore the impact 

of wall coverings and exposure of building materials that may enhance the 

Estimated Cost 

See budget/proposal. 
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