ABSTRACT

EDWN A. GOERING Investigation of Direct Readi ng Passive

Monitor Using Colorlnetrlc Media for Various Gases. (Under

the direction of Dr. DAVID A FRASER)

The need for an | nexpensive, direct reading, personal
moni tor to measure enpl oyee exposure to workpl ace
at nospheric contam nants still exist. A passive nonitor
using variable length orifices and the principle of
di ffusi on was desi gned and Investigated. A colorlnetrlc
media fixed at the end of the orifices was used to |Indicate
contam nant relative concentration. The systemwas tested
wi th Hydrogen Chloride, Sul fur D oxide, and Ammpni a as
at nosphere contam nants. The system showed a graduat ed
response In relationship to the Increasing orifice |engths.
Parall el scale alignnent charts were prepared to all ow
Interpretation of the nonitor readings by the individual
enployee. It is felt that the use of a systemof this
nature woul d neet the needs of industry to provide enpl oyee

exposure infornmati on at an acceptabl e cost.
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. I NTRODUCTI ON

I ndustrial Hygi ene as an applied science frequently
requires the quantitative know edge of the |evel of
contami nant naterials in the workpl ace at nosphere. The
need for determning the quantitative | evels of
contam nants in the atnosphere is to insure the protection
of enployees' health and safety in the workplace. |npetus
for workpl ace contam nant | evel investigation may be a bona
fide interest in protecting the enpl oyees' health and
safety, an interest in protecting the financial health of
the enployer fromlitigation by injured enpl oyee(s), or the
determni nati on of conpliance with governnent | aws or
st andar ds. ( 14)

To acquire this information, sone formof air sanpling
i's commonly undertaken. Methods comonly avail abl e t oday
generally utilize one of two nethods. (2)

1. Personal sanmpling by gathering a sanple of
contam nated material fromas close to the breathing zone
as possible on sonme type of adsorption or absorption
device, into a container or other collection nedia for
later | aboratory analysis to determni ne the contani nant

concentrati on.

2. ftrea sanpling using a direct readi ng conti nuous
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nonitor for the contam nant material in sonme predeterm ned

fixed |l ocation or series of fixed | ocations.

Bot h of these net hod have drawbacks - al beit sone

advantages. Method one has a significant time delay in
acquiring the quantitative data. The delay ranges from
several hours if the investigator has direct control of the
| aboratory analyzing the sanple to several weeks if an
outsi de | aboratory nust be contracted with to performthe
anal ysis. Method two, although providing instantaneous
results, is beyond the price many organizations are wlling
to pay for the information. Additionally, the direct
readi ng instrunents nonitor fixed |ocations and may or may
not accurately reflect the actual atnosphere to which the
enpl oyee(s) is(are) exposed.
To get around these drawbacks and others of currently
avai |l abl e equi pnment, a nonitoring device is needed which
wi Il provide the required information via a direct reading
device with the foll owi ng features.

1. M ninmum purchase and operating cost

2. Light weight

3. Small physical size to allow conveni ent

per sonal use.
4. Accurate and precise for the contam nant being
i nvest igated

5. Free of interference from other contam nants

6. Have a sanpling range |arge enough to allow for

both |l ong and short term sanpling
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7. Easily and accurately read by the user

A personal passive nmonitor could neet these criteria.
Li ppmann stated, "Personal sanpling devices really began
with the devel opnent of the first |ightweight portable
batt ery- powered punps in about 1960. In the years since,

t here have been many refinenments, but if anything the
sanpl ers have becone bi gger and heavi er rather than
smal |l er . " (8)

Uoebkenberg has reported that several manufacturers
produce a variety of passive nonitoring devices for a
limted nunber of contam nant materi al s. (15) Mbst of the
devi ces reported upon are not direct reading devices. That
is, they require sone formof |aboratory analysis foll ow ng
cont am nant col |l ecti on. ft few of the devices are direct
readi ng and operate on a col or change principl e. Not al
t hese devices are truly quantitative in that they show a
col or change when a predeterni ned concentrati on has been
exceeded, but do not indicate to what |evel the
concentrati on exceeded the predetermnm ned | evel . M ne
Saf ety Appliances Conpany is currently nmarketing passive,
direct reading, |length-of-stain dosimeters for several
chenical s. (10, 11) These devices neet nost of the criteria
listed above, but still require subjective judgnent as to
the actual |l ength of the stain.

This project was undertaken to further evaluate a
passi ve nonitor using the principle of diffusion which wll

measure and record the exposure an enpl oyee has in the work
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envi ronnent . It is felt that a passive nonitor of this
desi gn can overcone the drawbacks of existing equipnent and
provide the required information i Mmedi ately and at a

reasonabl e cost to the enpl oyer.
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. BPCKGROUND

The design of the nonitor evaluated in this study was
based on the principle of mass transport by diffusion.
Chang defined diffusion as, "The process by which
concentration gradients in a solution spontaneously
decrease until a uniform honbgeneous distribution is
obt ai ned. " (3) Hi nds defi ned diffusi on as: "Mass transfer
of one gas through another in the absence of fluid
flow'. <6) Mass transport of contaminant gas in air to a
collecting nedia in a predictable way is an application of
Pick's First Law of Diffusion: (7)

J = -D (A AX) (eq.- 1)
wher e:
J = mass flux of the mgrating contam nant
(quantity of mass transported per unit

of area per unit tine.)

di ffusi on coefficient of the

o
Il

cont am nant

Ac = negative concentration gradient that
AX

exi st in space, which drives or
transports the contam nant at

concentration C through a di stance X
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Hamm applied this equation to determ ne the vol une of
gas collected per unit area of indicator surface and
expressed it as: (5)

V/A = DCt' 60/L (eq. 3)
wher e:

V/fi = volune of gas or vapor coll ected per
unit area of indicator surface at
endpoint (cm/cnmt>

D = di ffusion coefficient (cnf/sec)

C = anbient concentrati on of gas or vapor
(ppmor cm gas or vapor/1l0' cm air)

t' =tinme to endpoint (mn)

L = orifice length (cm

Fromthis equation, it can be seen that for each
orifice length a specific exposure (parts per
mllion-mnute—ppmnin) determ nes spot formation for that
orifice. Accordingly, each orifice length in the nonitor
corresponds to a specific exposure required for spot
formati on on the collecting nedia, colorinetric indicator
paper, and the quantitative nature of the nonitor. By
counting the nunber of spots that have forned, the
subj ective judgnent should be renpoved fromthe eval uation
of actual contam nant exposure.

The use of this mathermatical derivation is based on

some assunpti ons which incl ude:

1. The concentrati on of contam nant at the face of
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the orifice is constant.
S. The concentrati on of the contamnm nant at the
coll ection nedia face is zero.

The achi evenment of these conditions in actual practice
is not always possible nor is it easily deternmi ned what is
the actual condition during the period of sanpling with a
di f fusi on sanpl er. Figure 1 shows a diffusion tube
orifice under a static air condition. Under this
condition, nolecules immediately at the face of the orifice
will start novenent into the orifice and thereby | ower the
concentration immediately in front of the orifice. fis time
conti nues, the space containing the | ower concentration
i ncreases thereby noving the point of original contan nant
concentration further away fromthe orifice. This
effectively increases the orifice |length and thus reduces
the concentration gradient. Coul son states that an air
vel ocity of ten feet per mnute across the face of the
orifice will reduce this problemto mnimal |evel.(3)

If the face velocity is too great, then turbul ence
(convective nmass transport) at the surface will cause
contanmi nated air to reach into the orifice and thereby
shorten the orifice length (figure 2 ). This would have
the effect of increasing the concentration gradient.

Laut enberger states that "cavities (orifices) with a length
to dianmeter ratio of greater than three have been used by

vari ous manufacturers to elim nate convecti ve nmass

transport". (7)
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The second assunption nade in this derivation is based

on the idea that the coll ection surface concentrati on has
an infinite nunber of active sorbent sites, thus keeping

t he cont ami nant concentration at the surface zero. I n
practice, the surface contains a finite nunber of active
sorbent sites and as these sites are filled, the

cont anmi nant nust di ffuse further into the collection nedia
and thereby increasing the diffusion path or orifice length
(figure 3). This again would reduce the concentration
gradient. Martin states "On a theoretical basis, these
errors are very small, no greater than 10% if a diffusion
sanpler is operated within the design paranmeters of the
sanpl er”. (9)

The design configuration of the nonitor used in this
study used logarithmcally increasing orifice |engths
starting with the shortest orifice |l ength neeting
Lautenberger's criteria of length three tines greater than
di anmeter (figure 4a and Ab). Additionally, the depth or
t hi ckness of the collection nedia is | ess than 0. 007
inches. The additional orifice |ength due to diffusion
beyond the surface of the collection nedia will be well

within the error range as noted by Martin.
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L. EQUI PMENT fi ND PROCEDURE

The concept of a passive, nmultiple tube, diffusion
operated nonitor originated with Dr. David ft. Fraser. The
monitor evaluated in this study was a nodification of the
moni tor investigated by Haommin 1981. (5) The design of the
monitor in this study used exponentially increasing tube
| engths instead of linearly increasing tube | engths as
studi ed by Hamm

The objectives of this project were to:

1. Prepare calibration graphs

2. Prepare Time Wighted ftverage exposure chart
for use by the nonitor wearer

3. Denpnstrate the feasibility of a bench nodel
test system

The gases chosen for this project were Sul fur Di oxide,
Hydrogen Chl oride and ftnmonia. These gases were chosen
because of the availability of the gas, the availability of
the collection nedia, colorinetric paper, to detect the
specific gas, and availability of proper safety equi prment
to handl e the gases during the project. The colorinetric
papers were obtained from MDft Scientific Inc. of d enview,
I1linois. Mt Scientific Inc. manufactures the paper as a

proprietary product for use in their nachines for neasuring
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specific chemicals in industrial environnents. The use of
the colorinetric paper for this project was an

extrapol ation of the intent of the paper. That is, the
papers are intended to neasure | ow concentrations of
contam nant gas, |low ppmrange. This is acconplished by
drawi ng a netered flow of contam nated air through the
paper and then readi ng the col or change which is
proportional to the concentration of the contam nant gas
usi ng a spectrophotonetric technique.(13) |In this project,
the nonitor with colorinetric paper was exposed to high
concentrations of contanm nant gas for sufficient duration
to allow diffusion of the gas to the paper through tubes
until spot formation occurred. The occurrence of spot
formati on was determ ned by visual reference.

The colorinetric paper has an operating tenperature
range of O - 40 degrees C and a relative hunmdity range of
10?C - 90?C. (13) The paper has a recommended shelf |ife of 2
1/2 to 3 1/2 nonths and requires refrigerated storage until
used. MDfi does not provide any information, because of its
proprietary nature, which would allow the user to test the
paper prior to use. The user has to depend on MDA' s
quality control for paper reliability. Each roll of paper

is assigned a serial nunber. The papers used in this study

wer e:

ANTmonNni a SN 1494340

Sul f ur DI oxi de SN 151012

Hydr ogen Chl ori de SN. 137871
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fill tests conducted during this study where conducted at
anbi ent conditions which ranged as foll ows:

Tenperature 22.6 - 2& 0 degrees C

Pressure 747. 1 - 761. O nNMMM HG
Rel ati ve Humi dity 31 - 72%

The test system consisted of an eight liter test
chanmber, Mran Ifi CVF (SN |fi-3401) infrared gas anal yzer.
Metal Bellows Corp punp (SN16097), and interconnecting
tubing in a closed | oop systemas shown in figure 5. fl

Col e-Pal ner Linear strip chart recorder was connected to

Mran 1ft.

The Mran Ifi was used to determ ne the concentration
of contami nant gas in the systemthroughout the duration of
each trial and the chart recorder was used to record that
data for later interpretation. fi calibration curve for
each of the contam nant gases was initially prepared using

t he net hod recommended by Foxboro Inc., manufacturer of the

Mran Ifi. The data and cali bration curves are shown in
fippendi x 2.

Test concentrations were deternm ned by using the
Threshold Limt Value (TLV) for each contam nant gas and
cal cul ati ng the ppm m nutes exposure for eight hours. (1)
That is, the TLV value in ppmnultiplied by 60 m nutes per
hour times eight hours. The 40S, 907?t, and 150X equival ents
were then determned. Arbitrary test tinmes were then set
at 10 mnutes for 40% 20 mnutes for 90% and 30 m nutes

for 150% Using these paraneters, the test chanber
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FlI GURE 5
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concentration was then cal cul ated and the quantity of
cont am nant gas needed to achieve the test chanber
concentration cal cul at ed.

Each trial was conducted by | oading the nonitors with
the colorinetric paper and placing themon test stands in
t he test chanber. The lid was pl aced on the chanber,
seal ed and the punp started. The cal culated quantity of
contam nant gas was introduced into the closed | oop system
through the injection port and timng was begun. The strip
chart recorder recorded the Mran readings and the tinme of
spot fornmation was recorded nmanually. Spot formation was
determ ned by observing a uniformcolor intensity
t hroughout an area equal to the orifice area on the side of
the colorimetric media opposite the orifice side of the
colorimetric nedia. ftfter all the data was collected, the
mean contam nant gas concentration for the duration of each
spot formation was cal cul ated using the strip chart.
Trials were repeated so as to get six data points for each
spot with sul fur dioxide and ammoni a and four data points
for each spot for hydrogen chloride. Fromthis data, the

mean exposure in ppmmnutes was cal cul ated for each spot.

To i nprove upon the ability to delineate spot
formation tine, several steps were tried. The background
in the | aboratory hood was changed fromdark to light to
change the contrast. Colored lights were enployed to aid

in the visual interpretation of spot formation. find
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varying the roomlighting was also tried. The extent of
these steps tried, did not produce noticeable inprovenent

in ability to delineate spot formation tine.
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1 V. RESULTS

The concept of the nultiple tube passive nonitor
clearly is viable as seen the the photo (figure 6) of the
exposed colorinetric media. Although this is a qualitative
picture, the photo clearly shows a gradation in spot size
and color intensity fromthe long tube to the short tube.

The data presented in appendi x 1 shows the exposure
for the experinental gases and for each spot at the three
experi nental concentrations and the nean of the exposure
for each spot in parts per mllion - mnutes. The data is
presented in graphical formin figure 7. The exposure in
ppm m nutes versus spot nunber is shown for each of the
concentrations tested. The plot shows a |linear response as
predi cted by equation 2. However, Figure 7 does show a
variability in response to concentrati on, but does not show
a clear relationship between changi ng concentrati on and
requi red exposure for spot generation. This is probably
due to the subjectivity in determning the tine of actual
spot fornmation.

Figure fi shows the summary of the data by plotting the
mean exposure for each spot versus spot nunber. The |ines
are nearly parallel indicating a consistent response by the

monitor for the different gases. Figure 9 is a plot of
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the sane informati on except using the natural |og of the
exposure versus spot nunber. The slopes of the lines for
all chemcals are nearly equal ranging fromO. 21 for
anmmoni a to 0.25 for sul fur dioxide. The difference in

sl ope may be due to the differences in the coefficients of
diffusion. Additionally, the difference in the vertical
spaci ng between the lines is not in sane proportion as the
difference in spacing of the TLVs. This may be due to the
difference in sensitivities of the specific colorinetric
nmedi a used for each contam nant.

The summary data is consistent with previous
experi ments conducted on passive nonitors using other forns
of experinental chanbers. This would indicate that the use
of the bench nodel test chanber does provide for adequate
test conditions. Gas velocity past the nonitor sufficient
to overcone the problens of turbulent or still air at the
monitor's orifice entrance was achieved in the experinental
chanber .

Figure 10 is a calibration chart which can be used to
determ ne the exposure to hydrogen chloride for the tine
period the individual was exposed. The chart is read by
pl acing a strai ght edge on the appropriate spot nunmber and
the tinme the individual was exposed giving the tine
wei ght ed average as the reading on the center line. This
parall el alignnent chart would allow the wearer of the
monitor to easily deternine the exposure for the tinme

period. This chart would require a mninmumof training to
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2&
all ow the nonitor wearer to read the results.
Additionally, this formof informati on presentati on neets
the intent of the "Right to Know' or Hazards Communi cati ons
requirenent for informng the enpl oyee of his/her exposure.
Addi tional training would be required for the specific
hazards of the particular chemcals to which the enpl oyee
is exposed to allow interpretation of the results of the
noni t or readi ng.

Figures 11 and 12 are parallel alignnent charts for
ammoni a and sul fur di oxide respectively. These charts
woul d be used in a simlar fashion to all ow the wearer of
the nonitor to read the tinme wei ghted average exposure for
the period of nonitor use. These charts clearly show the
TLV for an eight hour exposure. They could further
delineate the TLV by the use of color. For exanple, the
section of the nmi ddle scale above the TLV could be shown in
red. This would easily allow the enpl oyee with nininal
qualifications to understand the nonitors reading.
Additionally, the mddle scale could be colored yellow in
the action |l evel range and green bel ow the action |evel.

Different styles of charts were reviewed for use as a
met hod to easily allow the nonitor wearer to deterni ne
exposure. Trilinear charts were consi dered, but were
deternined to be too confusing for quick and easy
interpretation. Leaving the chart in the formof figure 8
was consi dered, but this chart would require division of

exposure by tinme to deternmine the Tinme Wi ghted Average
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(TWO) concentration and would lead to many errors.
Therefore, the parallel scale alignnent chart was chosen as
the best formof information presentation considering that
it would be used by relatively untrai ned enpl oyees.

O her types of devices such as circular slide rule type

coul d al so be used.
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V. CONCLUSI ONS ft ND RECOMVENDATI ONS

The nonitor as tested denonstrated consistent results
over the three chemcals. The linearity of the response
shows that the nonitor perforns as predicted. Wth
calibration charts prepared for a given chem cal and these
charts converted to easily interpreted TWt diagrans the
nmoni tor can be used to give satisfactory results for use by
t he typical enpl oyee.

However, for the nonitor to gain a wi de acceptance in
the field of Industrial Hygi ene, several inprovenents
shoul d be nade to the system

1. The colorinmetric nmedia nust be designed
specifically for this application with the idea in mnd
that the nonitor will be read by the human eye under
varyi ng conditions of |ight.

2. The change in color due to contam nant reaching
the coll ection nmedia should be nmade nore pronounced.

3. ft wider range of collection nedias nust be
devel oped for the nore commonly used chemicals in the
wor kpl ace.

It is clear to this researcher that the diffusion
oper at ed, passive nonitor has good comrercial potential.

It is sinple to use, can be nade of very |ight wei ght
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material and small in size. The use of injection nolded or
even thernoforned plastic nonitors woul d nmake the nonitor a
low initial cost item Each device would probably be | ow
enough cost that each nonitor would be a one tine use

devi ce. The one tine use cost would have to be bal anced
agai nst the cost of |abor and handling to refill a nmultiple
use nonitor before each use with the coll ection nedi a. The
cost of the collection nedia for this experinent was $36. 25
(retail) for 240 strips. These cost factors along with the
ease of use and rapidity of results should nake the system
acceptable in the nmarket place.

Further research is needed to deternine the TWO charts
for other commonly used chem cals and the appropri ateness
of the passive nonitor device for these chem cal s.

To further test the nonitor, it should by used
experinentally in a lifelike situation with novenent
t hrough the contam nated environnent simlar to novenent by
a wor ki ng enpl oyee.

ft nodification of the nonitor which mght provide for
easi er determ nation of which spot to consider the endpoi nt
woul d be to create a nonitor with fewer hol es spaced

further apart.
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(=1 325. 7 407. 2 273. 5

I b 330. 4 389. 8 269. 0

2a 303. 1 434. 4 449. 4

2b 260. 6 438. 1 456. 5

3a 332. 2 336. 1 414. 2

3b 337. 4 411. 9 413. 3
Mean 314. 9 402. 9 379. 3 365. 7
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APPENDI X 2

M RAN CALI BRATI ON CHARTS
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M ran

Anbi ent

Condi ti ons

Tenper at ur e:

Baronetri c pressure:

Rel ati ve Hum dity*

Equi pnent Setti ngs
Wavel engt h:
Pat hl engt h:
Slit w dth:
Gai n:
Met er Response:
I nj ected System
Vol unme Cone.
ul ppm
400 70.9
480 85. 1
560 99. 3
640 113.5
720 127. 6
800 141. 8
880 156. 0
960 170. 2
1040 184. 4
1120 198. 6
1200 212. 8

I A Calibration Chart for Hd
23. 3 C
747. 1 mm Hg
50'/.
3.40 um
20.25 m
1 nmm
Xl
1
Absor bance
Tri al Tri al Tri al
# 1 # 2 # 3
0. 069 0. 072 0. 074
0. 069 0. 077 0. 082
0. 075 0. 085 0. 086
0. 082 0. 091 0. 092
0. 089 0. 098 0. 098
0. 095 0. 103 0. 104
0. 100 0. 109 0. 109
0. 105 0. 115 0. 115
0. 111 0. 120 0. 121
0. 116 0. 125 0. 125
0. 121 0. 130 0. 130

Tri al
H# 4

0. 075

0. 077

0. 084

0. 090

0. 096

0. 101

0. 107

0.112

0. 117

0. 122

0. 127

a7

Mean

0. 072

0. 076

0. 083

0. 089

0. 095

0. 101

0. 106

0. 112

0. 117

0. 122

0. 127


NEATPAGEINFO:id=146740B0-4821-4AA2-839E-EA35136920F3


M ran I A Calibration Chart

Anmbi ent Condi ti ons
Tenper at ur e:

Baronetri c pressure:

Rel ati ve Hum dity:
Equi pnent Setti ngs

Wavel engt h:

Pat hl engt h:

Slit width
Gai n:

Met er Response:

I nj ect ed System
Vol une Cone,
ul ppm
30 5.3
60 10. 6
90 16. 0
120 21. 3
150 26. 6
180 31.9
210 37.2
240 42. 6
270 47. 9

300 53. 2

2

757.

Ab
Tri al
#1
0. 049
0. 099
0. 145
0. 192
0. 237
0. 270
0. 312
0. 353
0. 395
0. 432

3 C

7.42 um

20. 25 m

X

sor bance

Tri al

H2

0. 051

0. 100

0. 146

0. 189

0. 230

0. 270

0. 312

0. 351

0. 389

0. 420

6 mMm Hg

S02

Tri al

# 3

0. 055

0. 104

0. 144

0. 186

0. 232

0. 272

0. 318

0. 360

0. 399

0. 430

48

Mean

. 052

101

. 145

. 189

. 233

. 271

. 314

. 355

. 394

. 427
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M ran I A Calibration Chart for NH3

Anbi ent Condi ti ons

Tenper at ur e:

Baronetri c pressure:

Rel ati ve Hum dity:

Equi pnent Setti ngs

Wavel engt h;
Pat hl engt h:
Slit wdth
Gai n:

Met er Response:

26 C

752. 4 mm |—|g

66X

10.5 jm

20. 25 m

I nj ect ed System Absor
Vol une Cone. Tri al
ul ppm # 1
1800 319 0. 241
2000 355 0. 241
2200 390 0. 249
2400 426 0. 258
2600 461 0. 264
2800 496 0.272
3000 532 0. 281
3200 567 0. 291
3400 603 0. 300
3600 638 0. 308
3800 674 0. 317
4000 709 0. 324

1 mMm

Xl

1
bance
Tri al Tri al Tri al
# 2 # 3 # 4
0. 200 0. 209 0. 248
0. 218 0. 211 0. 250
0. 229 0. 223 0. 260
0. 240 0. 237 0. 270
0. 251 0. 249 0. 280
0. 257 0. 260 0. 290
0. 265 0. 270 O. 300
0. 274 0. 280 0. 309
O. 286 0. 289 O. 318
0. 293 0. 298 0. 326
0. 302 0. 307 0. 332
0. 311 0. 313 0. 340

49

Mean

0. 224

0. 230

0. 240

0. 251

0. 261

0. 270

0. 279

0. 289

0. 298

0. 306

0. 314

0. 322
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APPENDI X 3
PHYSI CAL PROPERTI ES
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Di ffusi on <12)
coef fici ent
cm / sec

Sol ubility

grans in
wat er Oo° C

TLV ppn(l)

Physi ca

AnmMmoni a

NH,

17. 03

0. 2204

25

Properti es

Hydr ogen
Chl ori de

36. 47

O. 1684

82. 3

Sul f ur
Di oxi de

SCe

64. 06

O. 1386

22. 8
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