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DISCLAIMER

- Neither the Crown nor the National Research Council makes any

representation wi th respect to the accuracy, comp'leteness or usefu'lness

of the information contained in this report nor assumes any liabl'lities

with respect to the use of, or damages resuìting from the use of, ôñJ

information, apparatus, method or process disc'losed in this report.

Mention of tradenames or trademarks does not constitute an

endorsement by the Crown.
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humidfty, 28.soC and a fìuctuatlng face veloclty of 0.3 - 1.8

m/s. The observed sanrpling rate was 249 t 23 ml/h for the CSC

room air device.

It was verified that response (1.e. formaldehyde co'llection in

dosimeters) for the devices increased linearily with exposure

(ppm.h).

d) For CSC devices, it was established qua'litatively that the

sampling rate was decreased with a decrease in face veìocity

(ai r turbulence).

e) Samp'l ing rate observed for CSC devices was higher than

expected. The expected sampì ing rates were based on an

assumed value (0.12 cn?/s) for the diffusion coefficient of

formaldehyde in air. The ratio of observed to 'theoretica'l'

sampling rate for face velocities of < 0.03 m/s and 0.3 - 1.8

m/s (f'luctuating) respectiveìy were respective'ly 1.64 and

2.54. This lndicated a possible face velocity dependence on

samp'ling rate for the CSC devices. The normalized CSC/AQRG

sampìing rate ratios are 1.68 and 2.5I, a norrna'lized ratio of

unity would indicate similar dependencies in the two devices.

@ Concord Scientific Corporolion
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There irppeared to be other factors (in addltloñ to dlffusi-

vity) associated with the CSC devices.

f). A sampling rate.for csc prototype wall cavity dosimeters was

observed to be 45 t 4 ml /h at 70 z rel ative 
.humi 

di tV, and

28.soc, and essentially stagnant air. Again the sarpling rate

was 1.69 tlmes higher than the "theoretical" rate based on the

assuned diffusion coeffici

g) Additional exposure runs should be performed on the formal-

dehyde sampling devices using the universal exposure chamber.

h) Tests of the dependence of sampling rate on humidity level and

contro'l 'led f ace vel oci ty shoul d be performed.

i) All data generated for this report are pre'liminary and quaìi-

tative, and were generated main'ly for the purpose of testing

the exposure chamber as to its suitabi'lity for study of indoor

air monitorÍng devices.

:í
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t { NTRoDUCTT0N

The ultfmate test of the ìaboratory performance of aÍr sam-

pling devices is their response to known, well-controlled concentrations

of the ana'lyte gas or gases. This requires a source/generator to
provide known and controllable (under a wide variety of conditions)

concentrations of the target gas or vapour to an exposure chamber in
which the air sampìÍng devíces under test may be exposed.

Active samp'ling devices can sampìe the airstream from the

source/generator, but passive devices must be exposed to the test atnros-

phere under conditions that simulate thei r norma'l method of dep'loyrnent.

The prototype Concord formaldehyde room air (and wa.ll cavity)

sampìing devices are passive dosimeters. Since many indoor air contami-

nants are amenab'le to the utitization of passive devices, it was pro-

posed to design and construct an exposure chamber and. carry out prelim-

inary tests of passive formaldehyde dosimeters. This exposure chamber

wou'ld form the basis for providing similar facilities for work on other

indoor air contaminants.

The devices tested were room alr and wall cavity versions of
the prototype Concord formaldehyde dosimeter (based on mo.lecular sieve

adsorbent) and the Ai r Qua'lity Research Group (¡Qne ) formal dehyde sanr-.

@ Corcord Scientific Corporotion
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pler (based on sodir¡m bisulphite lmpregnated filter absorbent)' The

latter doslmeter was used as the maln room air sarnpling device in the

Canadian National Testing Program undertaken by the Department of

Consuner and CorPorôte Affairl.

chapter 2 of this report describes the work pnogram for the

project. This required the design and construction of an exposure

chamber, the testing and characterization of the chamber and the preìim-

inary testing of passive formaldehyde dosimeters in the chamber' The

resu'l ts of these tasks are presented and discussed in Chapter 3'

conc'lusions and recommendations are given in chapter 4.

Corcord Scientific Corporotion@
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2 l.lORK PROGRAMME

2.I Task #1 Exposure Chamber Desi n and Constructlon

2.f.1 Deslgn Criteri a

An exposure chamber was designed to meet a wide range of test

atmosphere criteria. The crlteria selected were based on a study of

availabìe personal dosimeters for gases such as S0, and NOx (Concord

Scientific Corporation, l98l). The criteria selected h,ere as follows:

1) The exposure system should be able to test sanpling devices

for any target substance with minimal modification to the

basic system design.

2l The test chamber should accormodate at least 12 sampllng

devices or inlets to devices ln the sanpting pìane while ma'in-

taining adequate spacing between each device.

3) The chamber should allow loading and removal of the sarnpling

devices, guickly and with minor changes to the equi'librium of

the sYstem. ú

'r'

,*
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4) The chamber shouìd accormodate sanpling devlces of various

.slzes, shapes and types including both active and passive

sanpl ing devices.

5) The chamber should have ports for contlnuous monítoring of the

target substance at the sampllng plane.

6) The concentration of the contaminant within the chaml¡er must

be un'iform. veloclty gradients across the sanrpì ing pr ane

shou'l d be mi nimi zed.

7l The test chamber system should allow sanp'ling devices to be

tested under a variety of test conditions including variations

in face velocities, concentratíons, air humidfties and tempe-

ratures.

8) Test chamber atmospheres and conditions shou'r d be repro-

ducibl e.

9 ) chamber supply alr and construction materials shour d not

introduce any lnterferences.

The mzJor requly,ement for the test system is the suppìy of a

non-contamínated alr stream or test atmosphere in which sanpling devices

cou'ld rre tested under field type conditions and in which statisticaìly

@ Corcord Scientific Corporotion
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accurate and signlflcant testing couìd be perfornred. This project

l.Ierefore centred on the design of an air atmosphere supp'ly system to

give known concentrations of ìu.grt substances to an exposure chamber

modified to test passive forma'ldehyde samp'ling devices. The test
chamber initia'lly constructed, although an integral part of the final
universal test chamber design, was simpìified to enab'le testing of the

formaìdehyde sampling devices in the allotted time.

2.L.2 Formaldehyde Exposure Chamber Construction

A process flow diagram of the test chamber system as construc-

ted is given in Figure 1. A projection of the test chamber is shown .in

Figure 2. l'lhiìe the test chamber constructed 'lacks sorne obvious

required design features, it can be easiìy modified, as shown ìater, to

meet a'll of the outìined criteria. Enrphasis was placed on constructing

a test chamber to conduct preliminary tests on csc prototype and AQRG

formaldehyde room air and wa'll cavity dosimeters. The system as shown

met this requirement.

A list of major equipment invo'lved in the preìiminary con-

struction of the test chamber system is given in Table 2.i. The number

associated with each item of equipment refers to the process flow

diagram assignment in Figure l.
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TABLE 2.1

Maj or Equipment List

Item No. Equlpment Name

c-1

c-2

c-3/c-4

c-5

FHT.l

Charcoal Filter

Dei oni zi ng Fi ì ter

Activated Charcoa l

Pa rti cul ate F i I ter

Flow, Temperãture and HumiditY

Control System

Ai r Bl ower

Forrnrl dehyde Metering PumP

Solvent Vaporizinq Iniector

Test Chamber Gradient Dìffuser

Test Chamber Sampìing Area

P-1

P-2

sv- 1

TC- I

r c-2
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As an aid ln conceptuaìrzrng the system l.t ls beneflcial to

follor.¡.the flow of raw.supp'ly af r through the system. Room air was

drawn at 30 þm by vacuum through two ln-llne activated charcoal

filter beds to remove any organic contamÍnants fn the air. The air
passed through an oil-less double diaphragm pump where air pressure was

boosted to above 308 kpa (< 616 kpa). The aÍr then passed through a

47 mm glass fibre filter which removed any particulates (> 99.9¡) from

the stream. The-scrubbed air was fed to the Flow-Humidity-Temperature

(FHT) contro'l system. The controì system maintained a steady floJrate,
temperature and humidity using various sets of feed fon¡rard controT

ìoops (as shown in Figure l) over the duration of a test run. Tap water

passed through a pressure regulator maintaíning a 377 kpa de'l ivery
pressure and was fed through a charcoal filter (organic remova.l) and a

.deionizing co'lumn. The water fed to a reservoir within the Fl ow_

Humidity-Temperature control system was used to humidify the air. The

clean air was bubb]ed through a slightìy heated head of water (dependent

on the hum'idity setting). The air left the FHT control system passing

the ternperature and humidity probes to the formaldehyde injection
system. The injection system utiìized a micro'liter syringe pump to
maintain a constant flow of formaìdehyde solution to the air stream.

The formaldehyde solution from the pump was injected into a heated port
with a stáinless steel needle. The reguìate<t afr stream passed the

heated bìock and picked up the vaporized formaìdeyde solution. The aìr

@ Corrcord Scienlific Corporolion
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analyte mixture wös moved through a teflon tube to the test chamber

inlet. The teflon tube'lead to a 7.6 cm I.D. acryllc tube via a stain-

less stee'l buìkhead f itting. l,lithin the acryl ic tube were two circular

teflon flow mixing inducers to ensure the formaldehyde was thorough'ly

mixed into the air stream. The flow within the 7.6 cm tube was further

mìxed by aì'lowing it to move undisturbed for another l?2 cn. The L/D

ratio i s 16 to ensure proper mi xi ng and f 'low stabi'lization. The recorn-

mended being L/D >10 (cSC, 1981). The ana]yte air mixture then moved

into the test cñamber itself.

The exposure chamber was constructed of 13 mm thick acrylic

sheet, i t was appro^ imate'ly 130 cm i n 'length and had a cross-section of

54 cm x 63 cm. The sampìing p'lane, in this instance, lay parallel to

the direction of flow. A 10 cm flexible out'let duct exhausted the air

to a fume hood through a volrtme control darper. A sl ight negative

pressure was maintained in the test chamber by adiustlng the damper

within the exhaust duct. This ensured no leakage of forma'ldehyde to

I aboratory ai r.

Table 2.2 gives a summary of the design specifications of the

forma'l dehyde device exposure chamber.

@ Concord Scientif ic Corporotion
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TABLE 2.2

Major Equipment Specification

Equip. No. Speci fl cati ons

c-1

c-2

c-3/c-4

c-5

Charcoal Fi I ter
l.later organic impurity removal.

Barnstead cartridge 08904.

Capacity to process 5500 litres of average water

before replacement.

Deionizing Colunn - Barnstead D8902

Produces high resistance demineralized water from

tap water; water produced i s free of C0, and

silica. Total ion exchange capacity 1200 grams (as

NaC]). Efficlency 10 megaohm/cm or better.

Actlvated Charcoa'l

Two 5 cm diameter by 20 cm in height activated
coconut charcoa'l fi'lter cartridges. Cartridges are

made of acryl lc and can withstand a 6.5 O kg/nz
positive pressure.

Parti cl e Fi'l te r
47 mm Glass Fibre filter (Gelman Type AE) housed in
a Swi nnex polypropyl ene (p'l asti c) i n-'l i ne f i I ter
holder corp'lete with si'licone 0-ring. Mil'lipore
#sx04700.

The filter and filter holder have a capacity for 50
2

.r.pm @ 0.7 kglm- (10 psi) differential pressure.

Maximurn pressure allowance 7 kg/n¿ (100 psi) at
inlet.

@ Corcord Scienlific Corporotion
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TABLE 2.2 (Cont,d)

Major E quipment Specf fication

Equip. No. Speci fi cati ons

FHT-1 Fl owlHu¡nidi tylTemperature Controì System

Milìer-Nelson Research Inc. Mode'l No. HCS-201

F] ow:

Humi di ty:
Temperatu re:

15 - 100 rpm

20-90%RH
20-350C

Maximum Deìivery Air Pressure 616 kpa

Minimum Deìivery Air Pressure 308 kpa

lvlaximum De'livery Water Pressure 616 kpa

Mininum Delivery Water Pressure 377 kpa

Accuracy of unlt. Air ftow t 2 % of full sca'le
Humidity !2u of fuìl scale
Temperature t 0.3 oC

Al so incl udes General Eastern l"|ode'l No 400 C/D

Temp/Humidity Probe and Digital Indicator

P-1 AÍ r Bl ower

Gast Double Diaphragm 0il-less pump

t'bde'l No DAA-P103-EB

maximum deì ivery pressure 616 kpa

maxlrum fìowrate @ design pressure of f'low control
system (i.e. 308kPa) 32 rpm.

@ Corcord Scienlific Corporotion
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TABLE 2.2 (.Cont'd )

Major Equlpment Speci fi cati on

Equip. No. Speci fl cati ons

P-2

sv-1

TC- I

Formal dehyde þleteri ng Pump

Sage Instrument Model No 355 Syringe Pump

Capab'le of utiìizing 5 pl - 100 ml 9as tÍght
syrl nges

Flow settings are calculated based on the stock

solution concentration and required air concentra-
tion.
il syri nges (S ill , 10 pl ) wi th tef I on p'lunger and

one three way valve for a tef'lon'luer sìlp'lock are
available for use with the pump.

Solvent Vaporlzing injector
Mi'l'ler-Nel son Research Inc. Mode'l No. 201

Flow: 15 - 100 rpm

Heating Block, with stain'less steel injection
neeclle and associated septum injection port.
Cool i ng Fan

Vo'ltage Regul ator

Test Chanrber Gradient Diffuser
7.6 cm ID Acryìic Tube, 12? cn ìength 8.6 cm 0.0.
1.3 cm 0.D. In'let teflon air connector (stain'less
stee'l bul khea d)

2 t.ef I on f I ow mi xi ng i nducers (7 .6 cm di ameter

c i rcul ar 6 mm thi ck sheet wi th randomi zed sma'l 'l

holes for air distribution mixing)
Linear f]ow velocity 0.08 - 1.35 m/s

Corrcord Scientif ic Corporotion
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TABLE 2.2 (Cont'd)

MaJor Equlpment S peci fi catl on

Equip. No. Speci fi cati ons

TC-? Test Chamber Sampling Area

(1.3 cm thick) 54 cm x 63 cm x 130 cm acrylic frame
(outside dimensions)
(0.6 cm thick) 63 cm x 45 cm Tef'lon sampì ing tray

Capability for exposing L2, 2.5 cm diameter or
smaller passive samp'l Íng devices.
Small rotating blade fan availab'le for creating air
veloci tíes i n the chamber at f I ow rates f 'luctuati 

ng

between 0.3 - 1.0 m/s and 0.8 - 1.8 m/s.

@ Concord Scientific Corporotion
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\

.\
2.1.3 1''lodiflcations To Meet Design Criteria

The modificatlons requlred to futfll'l a'll of the design

criteria outlined involved two main areas:

1) Suppìy Room Air Scrubbing

2l Increasing Exposure Chamber Length and Incorporating Recircu-

I ati on System to Controì Face Ve'loci ties

The first modification involved redesigníng the supp'ly air

scrubbing system to remove smal'l quantities of contaminants when opera-

ting the test system at very low concentrations of the target substance.

The preliminary test runs for the formaldehyde room air dosimeters were

performed at relatively hfgh concentrations (2 - 8 pprn) of formaldehyde.

These concent¡ations did.rnot dictate the need for extremely efficìent

scrubbing of trace formaldehyde from the (room air) supp]y air. The

scrubbing system was designed onìy to protect the FHT contro'l system

internals, since prolonged use of the system with organic or parti-

cuìate-ladcn air would cause fouling in"the florv 'lines in the reservoir

and eventually cause the control valves to seize.

ü

The modified design of the air scrubbing system is shorvn sche-

maticalìy in Figure 3. In addition to organic removal with activated

@ Concord Scienllfic Corporotion
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charcoa'|, a quantlty of nolecular sleve was requlred to renove any trace

quantities of forrnldehyde. An lndlcatlng Drlerite sorbent was pìaced

before the sieve to lndlcate moisture saturation. A particle filter
(glass fibre) was required to coìlect any particulates carried over by

the air while movfng through the filtration and pumping system.

The proposed test chamber and air recircu'lation system modifi-

cation are shown diagramaticalìy in Figures 4 to 7.

The major modif ications are 'listed be]ow:

a)

b) The installation of a sample box and 76 cm ìength

g'loves to faci'l i tate the 'loadi ng and remova'l of

devices without opening the test chamber to room air.

Enlargement of the p:e'liminary constructed chamber to 244 cm

in length, the cross-sectionaì area would be unchanged.

c) The addition of a:r crlternate sampling pìane tray at 90o (right

ang'les) to the di rection of f low. The choice of sanrp'l i n9

pl ane wi ì I be dependent on tyPe of sanp'l i ng devi ce to be

tested. In addition, either sanpling tray can be modified

easily to employ active sampling devices for which vacuum

pumps can be located external to the test chamber.

neop rene

samp'l i ng

@ Corcord ScienÌifìc Corporotion
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d) The inside of the acryìic chamber ske'leton would be llned with

inert teflon (TFE) over'lay. All metal parts and areas of the

chamber uncovered by teflon would be sprayed with a teflon

coating. Teflon is an inert materia'l and is unaffected by

most chemical substances including ozone. A sma'll area would

be left uncovered as a viewing port and to facilitate'loading

and remo'/al devices during a run.

e) To fuììy control face velocities for passive device testing a

recirculation blower wou'ld be installed. The blower is a

centrifugal fan capab'le of circulating variable air flows in

the range of 0.071 - o.z3o m3/s (150 - 500 cfm). This wou'ld

allow far:e velocities in the chamber to be control'led in the

0.08 - 0.9 m/s range. A second advantage of this system wou'ld

be that on'ly smal'l make-up vo'lumes of the ana'lyte ai r mi xture

wou'ld be needed from the FHT control system. This would

'lengthen the lifetime of the air scrubbing system sorbents and

thus test run time cou'ld be ìengthened. In addition, equiìi-

brati on time for the test chamber atmosphere wou'l d be

shortened and the target substance would be well mixed within

the alr stream.

f ) The ai r i nl et f rom the FHT control system wou'l d be a 13 mm

tef I on tube runni ng i nsi de the recycl e return a i r duc*t. Sma'l l

holes running the length of the teflon tube would a'llow the
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fresh analyte afr mixture to be mixed wlth the recycle air.
The entire recycìe mixture would exit through a slot ln the

tube runnfng the heÍght of thå chamber. This would encourage

a uniform dístrlbution of air into the test chamber. The air
would be alìowed to stabilize over a 130 cm length of the

chamber before contacting the sampìing device tray.

g ) The chamber, recyc're br ower and FHT control system wou.l d be

secured on a 9l cm hÍgh, 6l cm wide, and 244 cm rength metar

work bench. Air recycle ducting wou'ld be secured directìy
through the bench top into the chamber. The recycre brower,

FHT contro'r system, target substance i njection system and

syringe pump system wou'ld be housed below the test chamber on

a second sherf approximate'ly 30 cm off the fìoor. The area

requÍred to house the system would therefore be approximateìy

4 sq. metres.

The modified test chamber wou'ld have internal design features
which facilitate easy adaptation for utilizing the entire test system

for any target substance or sarnpìing device. A list of additional
materi a'l s requi red to comp'lete the uni versa'l test chamber constructi on

is given in Table 2.3.

Concord Scientific Corporotion

_-.-i

@



- 2.21 -

TABLE 2.3

Additional Material s and E ul nt uired for
Un versal Ex posure Chamber Construction

l*,la teri a I /Equ I pnent

Additional Acryl ic
Use

Enl argi ng Chamber Sampì i ng Box
Con s truc tÍ on

Protective coating for Acryl ic
Skel eton

Teflon Overìay

Teflon Coating Spray Protection for Internal Meta'l
Pa rts

Variab'le Speed Centi f ugal Fan

Sorbent Cartridges

Velocity Control in Chamber

Contai nment of Mol ecul ar Si evefor Air Scrubbing

Samp'l i ng Devi ce Remova'l

For Aì ternate Sampl i ng pl ane
Instaìlation

Neoprene Gloves

'ì'eflon 
Sampì ing Tray
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0ther modiflcatlons could be made uslng material and equipment

used in the inÍtfal forma'ldehyde chamber. Materials and equipment

listed here have been requisltloned and are available for modlficatÍon

of the system.

2.2 Task #2 Exposure Chamber Start- Up and CharacterÍzation

Th i s task i nvol ved starti ng up the test chamber system,

monitoring the air flow characteristics, and Ínvestigating any flow

discrepancies. In addition, 6 runs were conducted at Ídentical flov
settings to investigate the reproducibility of the test air atmosphere

and the statistical variation between sarnpling positions on the sampì.ing

tray. CSC and AQRG (with 40 mm wall adapter) dosimeters were exposed in
these runs.

Various construction materia'ls were investigated for the

possib'lility of off-gasing forma'ldehyde (or other gases interferring
with the forma'ldehyde anaìytical technique) using ìow range formaldehyde

Drager indicating tubes (0.5 - 5.0 ppm range). It had been determÍned

ear'lier that the adhesive residue from the protective sticky paper back-

ing on the acry'lic sheet had a positive interference in the Drager test.
The backing (approxÍmateìy 30 cm x 30 cm sheet) was pìaced in a kwik_

seal bag, al'lowed to equilibrate for - 36 hours then the air space was

sarnpled with a Drager tube. Before assemb'ling the test chamber with the

acrylic sheet, the acry'lic was rinsed 3 times, once each wÍth methanoì,
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þrith I % NaHS0rsolution, and with deionized water. The sheet was thenJ

allowed- to air dry. subsequent Drager tests on the acryìic sheet off-
gas resu'lted in negìigibìe discolouration.

The CEA Instrument (TGM-555) was used to monitor formaldehyde

concentration within the chamber. Readings from this monitor were

regarded to be wíthin t 10 ¡ of the actua'l concentration based on spec.i-

fications provided by the manufacturer given the fact that solutíon

standards were used for ca'libration.

2,2.I Test Chamber Characterization

The Tab'les 2,4, z.s and 2.6 summarize the preì imi nary char-

acterization test resu'lts i n the test chamber. The resu'lts of tests on

chamber materials for formaìdehyde are given in Tab]e 2.4 and the air
stream ve'locity measurements inside the chamber are presented in Table

2.5. Formaldehyde concentration/tfme measurements made in two tests are

given in Tab'l e 2.6.

a) Tests on chamber materials

Materials 
,üsed in constructing the chamber were tested to

determine if they were forma'ldehyde emitters or if any of gases inter-
fered with Drager tests. All tests were perforrned by using 0.5 A Drager

tubes to sanrple the head space air above the material 36 hours after
being enclosed in a kwik-seal bag. The materia'ls tested and the results
are given in Table 2.4. None of the materials emitted fornnìdehyde but
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TABLE 2.4

Draqer Studies on Construction Materials

Materi a'l Comments

l.lashed acryl i c pieces
i n kwi k-sea'l bag

very sì i ght di sco'lorati on

G] a s s rei nf orced Tefl on
tape pieces in kwik-
sea'l bag

no di sco'lorati on

Neoprene gasket material
pieces contained in kwik-
sea'l bag

Si I i con rubber gasket materi al
pieces in kwik-seal bag

no di scol orat'ion

no discoloration

r
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TABLE 2.5

Velocfty Proflles
Test performed March 16, 1983

Sampì i ng Port*

North top (NT)

Centre top (CT)

South top (ST)

North side (NS)

South side (SS)

7.6 cm Tube Inlet

Readi ng

< 0.03 m/s

< 0.03 m/s

< 0.03 m/s

< 0.03 m/s

< 0.03 m/s

< 0.11 m/s

FHT Contro'l System Settings

Flow 32.0 lp¡¡¡**

RelatÍve Humidity 68.5 %

Temperature 29.5o C

* (Refer to figure 2 for sampling port designations)

** (Maximum f'lowrate obtainable with delivery pressure

requi red and avai I abl e pump. )
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TABLE 2.6

Preliminary Tests on Formalde hyde Concentratfons
ln Exposure Chamber.

FHT Control Parameters

Fl ow rate
Reìatíve Humidity
Temp -,rature

Test I
29.7 rpn
70t
250C

Test 2

29.7 tpn
70 ,b

250C

Injection System Settin qs

Syringe Rate (meter units)
Syri nge Range

Heati ng B'lock (¡ of scal e)
Sol utÍon Concentratf on

Syringe Size

Test I
75

1/1 000

80
7.94 z
5 m]

Test 2

150

1/1 000

80

7.94 ,b

5ml

Chamber Forma'l dehyde Concent ration* (by TGM-555)

Test 1 Test
4 pPm

l.o p

3.5 p

2
Target Concentration
10 min. after injection
30 mfn. after inJectlon
60 min. after injection
90 min. after injection

2

>5

I
0

0

ppm

ppm

,2 ppm

.7 ppm

.4 ppm

pm

pm

* Background (HCH0)

Room air (HCHO)

< 0.1 ppm

< 0.1 ppm
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the acryìic naterial

tube.

gave a very slight dlscoloratlon of the Drager

b) Air stream velocity measurements

The range of face velocitles generated were not sufficient to

perform a conrprehensive dosimeter testing program' Contro'l of velocity

was limited by the flow rate generated by the vacuum Pumps supplying FHT

control system and was only Controllable in the exposure chamber at

ve]ocities below 0.03 m/s (see Table 2'4) ' These velocities co'uld not

be measured accurately on the available velocity meter' The face

veìocity range required to sim¡late typical indoor air condjtions is

0.08 - 1.34 m/s (15 ftlmin - 3 mi'les/h). |'lith the initial exPosure

chamber, it was impossible to generate approprlate field test conditions

for room air device exposure tests. To partially accommodate this

situation, it u,as decided to perform lnitial tests on wall cavity

sarnpl.ing devices. These devices 1n actual f letd conditions are 'least

likely to experience significant face velocity changes or fluctuations

(essentiaìly samp'ling stagnant air), therefore representative sarnpl'ing

data wou'ld be generated by the simplified test chamber.

For room air device sampling, initial tests were performed

with the minimaì face velocities being generated in the chamber (i.e.

< 0.03 m/s). For experiments requiring higher face velocities, a smal'l

fan, pl aced wi thi n the sanp'l i ng secti on of the test chamber, wa s
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utilized. The two-speed fan generated two levels of turbulence within

the chamber, thus allowlng qualitative assessment of the effect of face

velocity on the sanpling rate. Subsequent dependency characterization

(i.e. functionaì dependence) would have to be performed after installa-

tion of the recirculatlon blower when face veìocities could be con-

trol'led.

c) Formaldehyde concentration/time profiles in the chamber

Forrnldehyde concentrations in room air and in the chamber

without (background and with formaldehyde iniection were measured with a

CEA 555-TGM monitor. The resu]ts of these measurements are given in

Tab'le 5. Also included are details on the syringe and FHT controller

settings. Caìibration of the CEA instrument was linear ln the range of

0 - tO ppm with a typicaì slope of L2.5 digital units/ppm'

Both room ai r and the chamber backgçound f ornnl dehyde 'leve'ls

were < O.l ppm. In the first test invo'luing\measurements of chamber

formaldehyde levels, there was after 1r0 minutes, ô high reading (beyond

the ca1ibration range of 5 ppm) but the formaldehyde level decreased

(after 90 minutes) to a level below that which was calculated (Z ppm)

based on syringe and FHT settings, The initial increase was like'ly due

to the fact that for this run, syringe iniection and injtiation of heat-

ing the iniection block occurred at the same time thus a build-up of

llquid formaldehyde occurred until the heater b'lock rras hot enough to

vapourize the injected solution. I'lhen evaporation did occur, a m¡ch
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hlgher concentration resulted and thls perslsted untll the bulldup of

liquid was eliminated. The decline to below the calculated level was

probabìy due to absorption of formaldehyde on the walls of the chamber

i n an i nitial conditioning process.

In the second test and in subsequent runs, the heater block

was turned on at least 10 ninutes before the syrine injection was

started and the lnitial elevated forma'ldehyde concentration was not

observed. After 30 mlnutes, the TGI'I indicated 3.46 ppm in the chamber

compared to 4 ppm calcualted from syringe and FHT settings.

2.3 Task #3 Prototype CSC Dosimeter Testing

a

2.3.I Dosimeter Testing Objectives

The primary objectives of experÍmenta'l testing procedure ulere

to determine the sampling rate (ml/h) or the loading rate (pglppm.h) of

the dosimeters under various atmospheric conditions and to investigate

the linearity of the dosimeter response. The majority of the tests were

performed with CSC room air devices. However, a few tests were per-

formed on the CSC wal'l cavÍty dosimeters. In addition, conpar.ison test-

lng of the CSC dosimeters with the AQRG dosimeters was also performed.

Tabìe 2.7 sunmarizes the experimenta'l testing program.
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TABLE 2.7

Doslmeter Test Program*

Run # Concentration (ppm) Face Veloci

1A

2A

3A

4A

5B

6B

7C

8C

9C

1D

I
I
I
8

4

I

2.67
I

12 AQRG

12 AQRG

12 AQRG

12 CSC

12 csc
6 CSC

6 CSC

12 CSC

10 csc
2 AQRG

l0 csc
2 AQRG

1 0csc

10 csc
10 csc
10 csc
2 AGRG

12 CSC

6 CSC

0

0

0

0

0

0

0

g

0

2

I
2

I

Device Type#

l.lA 40 mm

WA 40 mm

l.lA 40 mm

l.lA 40 mm

WA 40 mm

t,JA 40 mm

WA 67 mm

WA 40 mm

RA 40 mm

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

2D

3D

4D

6

I
6

4

4

I
I

5D

6D

I
I

* All experlments were performed wlth chamber: air f'low rate of
29.7 Lpn, RH - 70 b, ambient temperature 21-25'C.

* - 0 No Fan, I - fan at low speed, ? - fan at high speed

# t,lA - wal'l cavity dosimeter with adapter length specified.
RA - Room air doslmeter.
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Most tests on the room air devices u,ere perfornnd ln re'lative-

ly high formaldehyde concentration aùnospheres. This aììryed adequate

formaldehyde ìoadings of the dosimeters (for ana'lysls) in shorter

periods of t'lme. However these concentratlons were m¡ch hlgher than

typica'l levels in residences and therefore are not representative of

f ormal dehyde I evel s to which dosimeters wou'ld nornn'lly be exposed.

2.3.? Test Chamber Operation

For each exposure run the fo]'lowi ng operational steps b/ere

fol I owed.

Start-up

The syringe bras fiì'led with formaldehyde so'lution appropriate

for the target concentration required in the test chamber.

The syringe, sampl e 'line, and stainless steel needle vrere

manualìy voided of air bubbles. The needle þ,as inserted into

the injection port.

2. The air and water supplies were connected and turned on.

The heater on the iniection block was turned on, and the FHT

control system engaged.

I

3
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Air was allowed to flow through the flow contro'lìer and test

chamber system for at least ten minutes. Thls ensured that

the contrcl system stabilized. In addition, the heating block

on the injection port was a'lìowed to heat up. This dís-

courages the formation of ìiquid formaldehyde solution spikes

i n the ai r system.

The dosimeters were loaded onto the sampling tray accordjng to

their code number based on theÍr'location on the sanpling

tray. See Figure 8. The sampìing tray was pìaced in the test

chamber.

The syringe punp was turned on at the selected z f'low set-

ting.

The run was conducted to ensure sufficient forma'ldehyde load-

i ng for analysi s.

An air monitor probe (tetlon tubing) connected to the TGM-555

was placed into the test chamber to monitor concentrations of

formaldehyde at various points at the test chamber sampìing

pl ane. 0n random'ly se'lected runs, N IOSH imp i nger sampl es of

test chamber ai r vJere a'lso taken.

5

6

7

I
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?.g.4 Prototype Doslmeter Preparatlon

CSC formal dehyde sampì f ng devi ces

have been descri bed Previ ouslY

- room air and walì

(Concord Sc i enti fi c

The

cavi tY tYPes '

Corporation, 1983)'

2 .3 .5 AnalYti cal I'lethod s

TheanaìysesoftheCsCandmod.ifiedAQRGdevicesvJerecarr]e

increased sensitivity, whil.e the (cTA) method is recommended by AQRG for

anaìysis of their dosimeters' The PRA method may not be used for AQRG

dosimeters since the sodium bisulphite in the dosimeters interferes with

the PRA method.

2.3.5.1 AnaìYsis of CSC devices

out bY the Pararosani I i ne (PRA)

methods resPectivelY ' The PRA

.)

Si eves were quanti tati ve'ly removed

extracted for - l/2 hour in water (13 ml)'

and modified chromotropic acid (CTA)

method was used for-CSC'devíces for

from each devi ce and

The extract was filtered

through a Gelman Metricel DM filter (O'45 pm) using a syringe/filter

system. Atiquots (3.0 ml of the filtàreï extiait appropriately diluted)

v/ere anaìysed by the modi f i ed pararosani I 'ine method (Matthews et a'l ' '

1982). Both blanks and samples þrere treated similar'ly'
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2.3.5.2 AnalYsis of AQRG devices

The modified chromotropic acid method was used for analyslng

the AQRG room air and wall cavity devices'

The AQRG filter was extracted with 6.0 ml de'ionized distilled

water directìy in the vial. The extract yras filtered with polyvic

fi'lters after centrifuging at 3000 rpm for 5-25 minutes' Aliquots of

2.0 m.t of the fi'ltered extract appropriately diluted were analyzed by

the revi sed chromotropic aci d method (Ana'lytical Protocol f or Passivt'

Device in the Testing of Homes in Canada Insulated with Urea Forma'l-

dehyde Foam (Berk'ley Dosimeter), Apri'l 1982)'

2.3.6 NI0SH SamPl i ng lvlethod

The P and CAM I25 (referred tO in thiS report as "NIoSH") was

uti'lized as a reference method for chamber HCHO concentration. This

method required the use of sodium bisu'lphite in 25 m.l. midget impingers

used in an active sampling mode. sampling was performed at 100 mllmin

for 30 min at high concentrations and at I rpm for 3 hours at lower

concentration. Anaìysis of the impinger solutions h,as performed using

the chromotroPic acid method.

,:
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3. RESULTS AND DISCUSSION

' The results of the sanpìln9 device test program are outlined

in thls section. Also incìuded is an exam'inatlon of the exp0sure

chamber atmosphere reproducibiìity. summaries of mean results for each

device type are given in Tables 3.1 to 3.3. Calculations and data hand-

ì.ing procedures required to conpìete these tables are outlined 'in

Appendi x I.

3.1 Test Chamber Atmos phere Rep roduci bi I i tv and

Samp linc Position Effects

Three exposure runs (IA, 2A and 3A) were performed on AQRG

dosimeters f i tted wi th 40 mm ì ength wa] 'l cavi ty adapters. Ef f orts b/ere

made to conduct the three runs at identical conditions. The results of

the three runs show that the overalì sampling rate for the 40 mm AQRG

wall cavity device was 43.? ! lt.6 m]/h (CV = 22r\. t¡l'ithin each run'

the standard deviation of formaldehyde sanrpled ranged from l4 to 272'

Statistical ana'lysis of the data indicated that at a 75¡ confidence

I evel , the ca] cul ated sanpl i n9 rates f or the three runs b'ere the s ame '

The relative standard deviation, however vras fairly 'large al 27t'

¡
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TABLE 3.1

CSC l.lal I Cavi Devices and
AQ a av Dev ces su ts

Run# Devi ce
Type (#devices)

E xposu re
Time (h)

Concentrati on
(ppm)

Exposu re
(ppm.h)

Total
Loading (u9 HCHO)

Cal cul ated
Sampling Rate (ml/h)

1A

2A

3A

4A

5B

6B

AQRG

40 rm l,tA (12)*
6.20 7 .9? 49 .1 2 .87 t 0.90 53.9 r 14.5

AQRG

40 rm l,lA (12)
5.83 7 .9r 46.1 2.23 t 0 .347 44.8 t 6 .1

AQRG

40 nm l.lA (12)
7 .63 7.90 60.3 1.98 r 0.399 31.0 t 5.4

csc
40 rm t.lA (12)

6 .34 7.83 49.6 3.66 ! 0.201 48.7 r 3.3
I

(¡)
lù

I

csc
40 nm t.lA (12)

LT.42 4.43 50.6 3.30 t 0.248 42.0 t 4.0

csc
40 rm l.lA (5 )

6.?0 8.75 54.3 3.O2 r 0.528 30.6 t 7.1

csc
67 nm tlA (5 )

2.L9 ! 0.869 26.7 r 16.5

7C csc
40 nm t.JA (12)

16 .58 2.67 44.3 3.14 ! 0.272 45.0 t 5.0

o
o
3
q
o.
<.r,o
õ'
7
=o
o
o
õô
ô
=o)

*Number of devices in ( )



TABLE 3.2

CSC Room Air Devices Results

Run# E xposu re
Time (h)

Concentrati on
(ppm)

Face **
Vel oci ty

Exposu re
(ppm.h)

Total Mass
Formaì dehyde

(u g)

Cal cul ated
Sampling Rate (mì/h)

8C (10)* 5.87 I .45 0

0

2

I

49.6 11.20 r 0.60 L73 r 9

ec (10) 6.00 6.63 39.8 7.98 t 0.49 L49 t 10

lD ( 10) s.e0 8.22 48.5 17.30 t 1.30 238 r 18

2D ( 10) 6.s 6 .54 42.5 16.70 ! 0.72 305 r 14

3D (10) 6.7 4.43 2 29.7 8.60 ! 0.29 223t8
I

(.,
(¡,

I

4D ( 10) s.5 3.83 1 2T.L 6.73 I 0.45 223 ! 17

5D (12) +.0 8.05 1 37.0 12.40 r I .20 257 ! 26

6D (6) 4.5 7.7 I 34.7 11.20 t 2.06 247 t 49

o
o)
c)
o
o.
<J'
o
õ')
õ'
o
o
ð
o
o
=o)

* Number of devices in ( )
** See Tab'le 6 for definition



TABLE 3.3

AQRG Room Air Devices Results

Run# E xposu re
Time (h)

Concentrati on
( ppm)

Face *
Vel oci ty

E xposu re
(ppm.h)

Total Mass
Formal dehyde

( ug)

*Cal cul ated
Sampling Rate (m]/h)

202 t 2t

tgl ! 13

191 t 18

8C (2)* 5.87 8 .45

ec Q) 6.00 6.63

lD (2) 5.e0 8.22

* Number of devices in ( )
** See Tabìe 6 for definition

0 49.6 13.0 r1.3

0 39.8 8.51 t t.7

2 48.5 13.0 r 1.3
I

OJ

Þ
I

C)
o
a
o
o
<t)
o
õ')
õ'
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ð
ô
d



-3.5-

The reproducibility of the exposure chamber atmosphere is

dependent primarlly on the controì properties of the FHT contro'l and

syringe pump iniection systems. Flow properties within the chamber

should remain the same for runs with iden+-ica'l FHT controlìer settings.

The formaìdehyde concentration generated within the chamber is dependent

on the accuracy and linearity of the syringe pump and the stability of

the stock solution. 0ne possible source of error is related to the

position of the fnjection needle with respect to the heating bìock. A

s tandardi zed methodo'logy for i nserti ng the need'l e i nto the i niect j on

olock was estab'lished in order to minimize this effect. Following this

methodology ensured that the needle tip was as cìose to the heated block

as possible and facilitated complete vaporization of the formaldehyde

so'lution.

The partial interruption of formaldehyde flow into the air

stream due to p'luggi ng of the syri nge ì i ne or needl e vlas another poss-

ib'le source of error. The possibility of this occurring was minimized

by flushing the injectlon system before and after each run. In addi-

tion, when continuously monitoring the exposure chamber atmosphere with

the TGM, ôñJ p'lugging of the syringe injection system would have been

observed withln 15-25 minutes of lts occurrence. This time includes the

response time for the TGl4 (6-7 minutes for 90¡ response) and time for

the chamber to begin showing a decrease.
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The exposure chamber atmospheres shoul d be I nherent'ly repro-

ducible because of the hlgh degree of precision achievable from control

of the air flow rate (t lb at 30 rpm) and the reproducible rate of

syringe travel. The precisfon of the analytical methods, samp'ling and

analysis by the NIoSH method or ana]ysi s by the TGM, are much poorer

than the error ì ikeìy from the generation control system.

In view of the protocol fol'lowed for exposure of the devices,

uncertainties in the exposure trlere introduced due to the method of

estimating exposure during the rise and fall of the chamber formaldehyde

concentration. This protocol was necessary in order to prevent contami-

nation of laboratory air with forma'ldehyde (if the chamber at say 8 ppm

HCHo were opened tO lntroduce or remove dosimeters). In addition, since

the entire exposre duration was short, any interruption of forma'ldehyde

concentration ln the chamber, for example on introducing the dosimeters,

wou'ld require a relative'ly 'long time to reestablish equi'líbrium. It was

felt that more reproducible exposures would be achieved by starting

formaldehyde injection into the chamber preìoaded wìth dosimeters and

simiìarìy ending the run only after iniection was discontinued and the

formaldehyde level fe'll to near background levels'

Al ternativI
run are given below.

e methods for estimating the exposure throughout the

Concord Scientif ic Corporotion@
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(a) Assume the rlse and fall of formaldelyde concentration in the

chamber occurred wlth identical proflles and over the sane

time period. The exposure tlme (E) for the devices for a

given run at a glven concentration setting (Cs) would

therefore be ca'lculated a,s:

f= tr
(to + to)

t
(2rb)

r'T? -L r tb

,. Exposure = C
s

.E=C
s

t tb )r

where tO = build-up time

tO = drop-off time

t - = tota] run timer

The estimation of exposure time in this manner requires that

ei ther the ri se or fal'l of formal dehyde concentration be

continuousìy monitored and profiled. 0nce the profi'le were

characterized i t coul d be app]ied to subsequent runs f or wh.ich

contÍnuous monitorfng vrere not performed.

(b) Perform continuous monitoring of the forma'ldehyde concentra-

tion within the chamber as lt rises, stabi'lizes and then falls
i.e. over the entire duration of the run. The total ìoading

Corrcord Scientific Corporotion
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of the devices would then be estlmated by lntegratlng the area

under the concentratlon proflle of the run.

For ease of calculation and mfnimizatfon of monitor operator

time, the first method of estimating exposure time was utllized to

calculate exposure (ppm.h). This method was based on qeasurenents made

during run 1A in which the rise and fal'l times were found to be - 30

minutes. Inherent in this calculation was the assurnption that the

concentration profi'les were similar for al'l runs.

For each run, the device sarpìing rate could be calcu'lated

using one of three concentration values; that ca'lculated from syringe

pump and air volume flow rate settings, the measured TGM concentration

or the concentration derived from a NIOSH impinger sampìe. Tab'le 3.4

compares these three concentrations available for a number of runs. It
was decided that when a TGM measured concentation was available it would

be utilized in the sampling rate calcu'lation. The expected concentra-

tion from the syringe pump ca'lculation was uti'lized in the event a TGM

concentration was unavailable. The selection of a concentration is

potential'ly the largest single error fn the sanpling rate calculation.

Sínce the TGM monitored concentration deviated from those calculated

from FHT and syringe settings by ! 10f,, calculated sarnpling rates with

deviation from the mean ( lOu were considered to be statisticalìy equi-

val ent.
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TABLE 3.4

Chamber Equilibriu m Formaldehy de Concentrations

at Various SY rl nqe Settinqs*

RUN# t HCH0I /ppm

Sy ri nqe S'rtti nq TGM NIOSH

l3
t5

t6A

4

I
0

0 3.83

7.r5

2.5r
6. 30

0.11

0.082

0

I
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It was determined that the syringe pump was preciseìy linear.

This was verified by measuring both distance of p'lunger travel and

voìume of solution collected over a certain time at various % flow set-

tings on the pump. It therefore foìlows that equilibrium concentration

generated within the chamber should increase 'linearly with the pump

setting. Monitoring of the chamber concentration with the TGM, however,

did not verify this.

The reason for thi s di screpanc.y needs to be i nvesti gated

f urther. Possi b'le causes are non-'l i neari ty of the TGl"l response espe-

c'iaììy when changing f,'om the high to the low sens'itivity settr¡g as was

required, due to nonreproducib'le 'leaks in the chamber or nonreproducible

adsorption/desorption processes in the chamber.

3.1 I Effect of Dosimeter Location in Chamber on

Samp'l i ng Ra te

The mass of formaìdehyde collected the various positìons A - L

on the sampìing tray, as shown in Figure I, was studied. The purpose of

the study was to determine if there was any corre'lation between the

largest (or 'lowest) total mass formaldehyde co'llected and the sampì ing

position on the tray. Tab'le 3.5 summarizes the degree of ìoadìng

involved at each position for six runs. The mass load'ings for each run

þrere assigned a rank, I being the'largest total mass fornnìdehyde

ana'lyzed and 12 being the smallest tota'l mass coìlected. The data in

@ Concord Scientif ic Corporolion
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TABLE 3.5

s lin Posftion Stu

Loadi ng
Rank

*Sampì i ng
Position

Hi ghest

12345

Lowe s t

6789101r12
A

B

c

/// /

D

E

F

///

G

H

I I

J

K

L

*

**

As indicated ln Figure I
Some positÍons e1p9r!"e1ced identica'l loadings. and.were therefore assignedthe same rank. Th_e averase median rank tor"ine iii-rún; ;ä;'ãäì.üjãtËã-io
be 4.8 for 12 sampling devices.
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TABLE 3.6

Response for CSC l.lall Cavi ty Dosimeters

We i gh ted

Exposure Time

(h)

6.34

LI .42

16 .58

Rate of
llCH0 uptake

(w/¡r )

0.577

0. 289

0 .189

Time Weighted

Avera ge Concen'trati on

Sampl i ng

Ra te
(ml /h )

48.7 t 3.3

42,0 t 4.0

45.0 r 5.0

Mean 45.2 ! 4.I

7.93*

4.43

NA

(8.0)#

(4.0 )

(2.7 |

49 .6

50.6

44 .3

* From TGM measurement

# Ca'lcul ated f rom syri nge and

NA Not avai'labl e

setti ngs

'
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Table 3.5 lndicate that no obvlous trends exlsted between sampì íng

posìtlon and mass collected.

3.2 Sampìing Rate Versus Exposure Concentration

3.2.1 CSC Wall CavÍty Devices

Three runs were performed to study the effect of concentration

on the sampl i ng rate of CSC dosimeters with a 40 mm wa'll adapter. Al I

condi t'ions (f I ow rate 29.7 lprn, RH 70'a, chamber temperature 24-25'C\

except the concentration were kept constant for the three runs.

The mean sampling rates for each run obtained are presented in

Table 3.6. The overa'ì1 mean sampìing rate was 45.2 ! 4.1 m]/h. Inc'ìu-

ded'in Tab'le 3.6 are values for the rate of fornn'ldehyde uptake. A p'lot

of this rate of uptake versus concentration is shown in Figure 9. The

response is l'inear indicating that the sampìing rate is not dependent on

the chal'lenge concentration. The data in Figure 9 are represented by

the equation:

R=0.059xIHCHO]+0.038

where R is the rate of forma'ldehyde uptake in ¡rglh and IHCHO] is in ppm.

The uncertainty in the intercept (standard error) is 0.073 pglh indj-

catlng the intercept is not significant'ly different from zero.
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3.2.2 CSC Room Ai r Devi ce

Si x runs were performed to determi ne the effect of concentra-

tion on the sampì ing rate of CSC room air dos'lmeters. A'll sarnp'ling

conditions, except concentration, were maintained constant for the five

runs a t:

Air Flow

Rel ative Humi dity

Tempe ra tu re

?9.7 Lpn (Low Speed Fan)

70r
24-25"C

The sampling rates calcuìated are shown in Table 3.7. Figure 10 shr¡ws a

pì ot of dosinreter response (f orma I dehyde ( pg ) col I ectr rn) agai n:,r c.xpc-

sure (ppm.h). Aìso included in Figure l0 are data obtained at ot.her fan
I

speeds. These will be discussed in section 3.3.

The 'loading rate of forma'ldehyde of the CSC a,:,;(L,S

'l 'inear regression of the tota'l nass co'l'lected ver5us eipûsir: -

with low fan speed is

L (0.35 t 0.i4) x E - (0.25 t 1.3)

i ased on

'gi ruts

The

This

C. rcord Scientilic í-()rporotion

where L is the loading in ¡Lg HCHO and E is c,'¡e exposure in ppm.h.

crro,'s indicated are standard errors in the slope and intercept.

regress'ion equation translates to a sampì:ng rate of 243 t 27 n1/h.

@
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TABLE 3.7

CSC Room Air Device Response

Tl.lA

Exposure (hrs)
Co ncen tra ti on

(p pm)

#

Devlces

Sampl i ng

Rate (ml /h)

6.5

5.5

4.6

4.5

6.7

5.9

6.54

3.83

8.05

7.70

4.43

8.22

10

10

t?

6

t0

10

305

224

257

?47

223

238

t14

t18

t26

t49

t8
t18

0veral I mean 249 t 23
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The overa'll mean sarnpl ing rate (Table 3.7) ls 249 ! 23, CV =

0. 09.

3.3 Face Veloci ty versus Sampling Rate

Runs were performed at varying concentration and at three face
ve]ocity leveJs to determine possibre face veìocity effects on the
sample rate' Aìl runs were conducted at the following flow conditions:

Air Flow

Re'l ati ve Humí di ty

Chamber Temperature

29,7 Ùpn

70,b

24-250C

ïhe data obtained are sunmarízed in Table 3.g

corparison of the cSC and AQRG dosimeters, sampìing rate may

be made by "norma'lizing" the sampìing rates. This was achieved by

dividing the measured or ca'rcurated sampring rates by the area to rengrh
ratio (A/Ll' The sampling rates for the devices are expected to forìow
the equation:

A
S=D

HCHO ¡

where s is the sampìing rate in m] s-1, D is the diffusion coefficient
i n ai r and A/L i s the area to .length ratio f or the

for fonnaldehyde
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TAIIL t 3 .8

CSC Room Air Dosimeter s

Effects of Face Veloci ty on Samp 'linq Rate

Face Ve'loci ty
Setti nq*

Concentrati on

ppm __

8.45

6.63

7 .70

8.05

6.54

3.83

4.43

8.22

Expos u r e#

h

5.87

6.00

4.50

4. 60

6.50

5. 50

6.70

5. 90

Sampl i ng Rate

ml /hr

0

0

1

I
1

1

2

2

173

149

247

2s7

305

234

223

238

t9
t10
r49
!26
r 14

t17
r8
118

* 0 No Fan. fvtean sampl íng rate 161 ml /h
1 Low Speed Fan. Mean sampìing rate 26I n1/h
2 High Speed Fan. l'tean sanrpì ì ng rate Z3L n1/h

9
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csc 16r 0.455

-=
AQRG 192 0.227

= 1.68.

The analogous ratio using the high face ve'locity sampling rate for the

CSC devices is 2.62,

This ratío ref'lects the effective difference in the diffus-
ivity of HCHO as determÍned by departures from ideal behaviour for the
devi ces. These di fferences are probably rel ated to the di fferent
effects of facil velocity on the sampìing rates for the dev.lces as well
as to differences fn the effects of different bed depths that cause

departure from the ideal samp'ling rate.

3.4 Comparison of CSC and A QRG Room Air Dosimeters

The very limited data on the AQRG dosimeters obtained are

summarized in Table 3.9 which íncludes data for CSC devices obta.ined

simultaneously. The AQRG dosimeters show no effect of face velocity on

the sarnpling rates since the mean va'lues obtained in near stagnant aìr

dosimeter. The A1L vaìues for the AQRG and CSC dosimeters are 0.227 and

0.455 ., ,.\ffity. The ratio òf the normalised experlmental sanÞ

pìÍng rát.r (using the mean sampling rate at ìow (0) face velocities for
the CSC devices) is

Corcord Scientific Corporolion
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TABLE 3.9

Comparative Response for CSC and AQRG Room Air Dosimeters

Exposure
(ppm. h)

10

10

10

* See Table 2.7 for definition

Caìculated CSC

Sampling Rate (ml/h)
Cal cul ated AQRG

Samp'l i ng Rate
( mì /h)

Face*
Veì oci ty

#csc
Devi ces

AQRG

Devi ces

49

48

39

I

(¡t

l\t

I

2

2

2

0

?

0

6

5

B

L72.83 ! 9.20

238.08 t 18.30

r49.22 1 10.03

201.98 r 21.10

191.07 r 18.47

180.58 t 13.46

0.86

1.25

0.83

lvlean ratio = 0.98 t 0.23
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(face veloclty ¡r0rr) is not different from that obtained in turbulent

(high fan speed) alr.

The sampìing rate quoted by the manufacturer ¡vas 247 ml/h

based on a device constant of 0.303 pglppm.h. (Note: This value has

been revised recentìy to 0.280 pglppm.h). The overa'll mean sampling

rate for AQRG dosimeters obtained in this study (L9Z t 7 n1/h) was thus

777. (or 84¡ based on current calibration factor) of that quoted by the

manufacturer.

.1
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4 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

4.1 Summary of Results

The folìowing ìs a summary of the sanpling rates obtained in

thi s study.

Devi ce Type

CSC Room Ai r
CSC Room A'ir

CSC l.lal'l Cavity 40 mm

CSC l.la'll Cavity 67 mm

AQRG Room Ai r
AQRG l.lal'l Cavi ty 40 mm

Fa ce

Vel oci ty
Regi me

-T-
ms

<0.03

0.3 - 1.8
<0.03

<0.03

<0.03 - 1 .8

<0.03

Sampl i ng Rate

ml /h

161 t 10 ml/h
249 t 23 ml /h

45i 4

27 r 16

192 !7
50 t6

The above data were obtained at 702 reìative humidity and at

24-25"C.

The responses cf the devices (all CSC and f.QRG waìì cavjty)

were linear. The linearity of the response for the roorn air AQRG dosi-

meters was not investigated.

The CSC room air devices showed a dependence of the sampling

rate cn face velocity (the samp'ling rate was higher at higher If]uctua-

tingl face ve'locities but this effect was not quantitative'ly inves-

tigated).
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The measured sampìing rate for the AQRG room air dosimeter
(limited data - 2 devlces from 2 runs) was.lower by 23¡ than that quoted
by the manufacturers. Recent recaribration data provided by the manu_

facturers reduces this negative bias to 16¡.

For the wall cavity devices, the effective A/L is calculated
according to an Ohm,s Law type of relationship nameìy,

L Lt

1

Lz

;
+

A L
2

where L, and Ar are the rength and area respectiveìy of the room ajr
portion of the device and r, and A, are anaìogous dimensions for the
wa'll cavity adapter. For the CSC devices, the effective A/L values are
0,062 cm and 0.032 cm for the wail cavity devices with 40 mm and 67 mm

adapters respectiveìy. For the csc wail cavity devices, sampring rates
of 27 ml/h (40 mm adapter) and r3 m'r/h (67 mm adapter) are expected.
For the AQRG wall cavity device the effective A/L is 0.061 cm and thus
the expected sampling rate was 26 ml/n.

Very 'l imi ted data were ava i I ab.le f or the
and csc device responses. At ambient conditions of
25"C and minimal face ve.locity, the AQRG room ai r

corrparison of AQRG

702 humj di ty, 24-

dosimeters have a

higher forrnaldehyde ìoadi'g due to the higher sanpìing rate than do the
csc devices. Examination of the norma'rized sanp'ring rate ratio (i.e.
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removing the differences due to geometry) suggests there are effects,

e.9. bed depth or other dosimeter related geometric effects which cause

departure from the idea'l sampìing rate of the csc devices. The normal-

ized sanrpìing rate ratio of CSC devices to AQRG devices was l.68 for low

face velocities or 2.51 for high face veìocities. Again, the data gene-

rated, due to time restrictions, was limited.

The expected or 'theoretical' sanp'ì ing rate predicted for

the CSC prototype room air formaldehyde monitoring device was based on

an assumed diffusion coefficient for forma'ldehyde in ajr of 0.rz cn?/s

(concord Scientific corpor$ron, 1982). The sanp'ling rate s, is there-

fore cal cul ated as

S=DA/L
2

= 0.12 + x 0.227 cm x 3600 s/h

= 98.oq cm3/h (for room air device),

'if molecular diffusion is the contro'l1ing factor.

The observed sarnp'ling rates were 1.64 times higher and 1.69

times higher than the expected va'lues f or the room ai r and waì'l cavi ty

devices, respectively. This indicates that the effective diffusjon

coefficient observed i s an average of r.67 times 'l arger than the

I
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assumed vaìue. This translates to a diffusion coefficlent for
forrnaldehyde ln air of

2
D = O.tt + x 1.67 = 0.200 r^2/r-l

A semi-empirical equation used to predict diffusivìty of gases is shown

below (Geankopo'lis, 1978).

-7 tL'tu (t/Mo + r/t4ùt/21.00 x 10
DAB =

Q)+ (Ivg)

Q)

whe re:

T = Temperature in K

MA, MB = molecu'lar weight of gases A & B in 19
Kg

P = abso'lute pressure in aùn

tuA, xuB = sum of structural vo'rume íncrements for gas A, B (see

Geankopol i s )

DAB = diffusivity of as a diffusing in , ,'/r.

This equation is based on gaseous kinetic theory. The structural volume

increments are predictions of the Leonard-Jones potentia'1. ThÍs equa-

tion can predict diffusivities with a deviation of approximate'ly l0¿.

p [(rvn) l
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Usìng this equation to estimate the diffusivity of forma'ldehyde in air
gives a value of 0.171 cm2 ,-1. Note for: T = 25 oC = Z9B K, MA =

30.01 (formaldehyde), Mg = 29 (air), P = t atm, tuA = 26.94, DB =

20.1.

This translates to a sampl ing rate for the csc room air
devices of 0.171 x 0.227 x 3600 = 139.74 nl/h t 10¿. This value is

st'ill ìower than that observed by a factor of 0.56 at low-high.í'ace

velocities or by a factor of 0.87 under near stagnant face velocity.

4.2 Recommendati ons

For preliminary testing of dosimeter response, the exposure

chamber constructed provided tentative data, but the need for ìmprove-

ment in severa'l areas was indicated. Construction of a more appropriate

chamber and adherence to better experimentaì protoco'ls are essentia'l f or

more accurate and precise erperimental data generation. Problems that

arose due to the preìiminary exposure chamber design are listed below:

l. Inadequate control of face veìocity.

Inadequate accuracy in monitoring the forma'ldehyde concentra-

tion in the chamber.

Accuracy of the data generated was reduced due to the use of

time weighted exposures. The use of a "sampì ing box,, to al'low

Concord Scientif ic Corporoiion
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4.6

transfer of dosimeters and other items to and from the chanber

without reduction in chamber RH or fornnìdehyde concentration

is therefore required.

condensation of water within the chamber was observed at low

ambient room temperature and high tenperature and humidity

settings on the FHT conr.roìler. This indicates that tempera-

ture control of exposure chamt¡er ai r, especia|ry at the

chamber wa'lls, ís not as precise as indicated by the tempera,

ture setti ng.

The universal exposure chamber design, from data obtained form

the preliminary constructed chamber, wiìì provide an accurate and repro-
ducible method for testing ôny type of sampìing device. 0ne modifica_

tion t" .he chamber not considered previousìy is to provide insu'lation.
This will ensure, especially when recycl.ing, that the chamber wi]l
remai n at the appropriate temperature, and condensation at high humi di-
ties and tenrperatures wi ì I not occur. A1ternativeìy, i t woul d be neces-

sary to I imit the re]ative hunidity to 'ress than g0¡.

u

4
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APPENDIX I

Data Handl i ng

A computer program was written to both compi'le and store the

sampling device data. In addition, raw data supplied for each device

were converted to an experÍmentaì sampling rate which vras conpared to a

theoreti cal sampl i ng rate.

The fo'lìowing equations vrere used to convert raw absorbance

data to an experimenta'l samp'li ng rate val ue.

l.lKt ...(1)

(n - I.) V DJ' S
- rk) vbDb

l^l=[ s s
(n

b
( s'l ope) j (slope)

k

4 6
where constant 8.1 47x'10-4x'10

converts m'l to ¡rglppm

68.147 x 10- x10
5

= formaldehyde concentration (ppm)

= weight of formaldehyde adsorbed by sanrp]ìng devìce (W)

= device constanl lPPm ' ht
,\ pg t

= exposure time (h)

= sampìe absorbance (AU)

= blank absorbance (AU)

. ..(2)

...(3)K-
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Vr, Vb = exact volume for sampì e, bì ank (m.l )

Ds, Db = diìutlon factor for absorbance measurement

(sìoPe)r, (s'lope)b = sì ope of absorbance cal ibration curve used

for sanrpì e and bl ank , respectiveìy
Ir, Ib = intercept of absorbance calibration curve (AU)

S = samp'ling rate (ml/h)

The folìowing theoreticar sampìing rates have been used previousry for
the CSC samp'ling devices and AQRG devices

Nomi na'l
Dev i ce Sampl ing Rate (ml /h ) Device Code

CSC Room Ai r

l./aì'l Cavi ty

Adapter

CSC t/a'lI Cavity

Adapter

AQRG Room Ai r

l.lal I Cavi ty

Adapter

98 .04

26.83

13.76

246. 88

26.31

CAø CSC

CN4 40 mm

CI./6 67 mm

LAø AQRG

Ll,J4 40 mm
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