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sutlrARY

I{trere small concentrated pollutlon sources are lnvolved the concentrrtlon
of the pollutant depends strongly on the speelfle tocatlon. Therefore, rhen

work ls carried out near such a gource - a condltlon whlch ts ofren found

ln practice - the determinatlon of the pollutant concentratlon should be made

wlth a personal saryler ln the brea{Ing zone of the exposed person. If chls

ls not done considerable errors ln Judgement of the toxlcological hazatd

which is involved can be made. Another applicatlon of personal sampling

devices is in the decerminatlon of the exposure of hlghly nobile personnel

such as maintenanc€ ttr€no

In thls paper, an exptanat,lon of the typical field of appllcaElon of
personal sarryllng equlpment has been given, foltowed by a brief comparlson

between the general properties of personal saryllng and conventional saopllng

devlces and then by a survey of personal sarpling devices which are at
present used. Measures taken when results of concentrat,ion determlnations exceed

allowable llmits are lllustrated uslng a pollutlon control dlagran. Flnally a

brief outllne is given of developments which w111 be of increasing iryortance

in the near future.



THE USE OF PERSONAL SAI'IPLING METHODS AS AT.I AID IN
TOXICOLOCICAL RISK AT THE IDRKING
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THE ASSESITffi OF THE

PI.ACE

INTRODUCTION

Life processes can only be maintained by using energy. The generat,lon of
this energy takes place in the smallest, building blocks of 1ivlng organisms,

namety the cells. ltte comptex reactions which provide the energy ln the human

body ce11 can basically be described as the oxidation of food components

with oxygen taken up from the surrounding air. Blood is the transport,ation
medium. It carries food conponents and oxygen to the cells and removes rraste

products from them. The exchange of gases - oxygen from the surrounding alr to
the blood and carbondioxyde from the blood to the surrounding air -.occurs in
an exchange device - the lungs - which consist of 300 - 500 mlllion vesicles
called alveoli, with a total surface area of 80 - 130 m2 (see Flgure 1). The

thickness of the mernbrane which separates blood from the air is approximately
-lL10 mn.

nghi lung.

FIG l: SCI€ltlATlC OAGMM OF LUI{6S AtO AIRWAYS.
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The lungs are prot,ected by

nose/mouth, trachea and bronchi.
particles (tr'tgure 2).

-Z-
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TICLE dAltlETER.

Dependent on the amount of work which has to be performed, the amount of

air taken ln by a healthy adult can vary from between 5 I at rest to 45 I
per minute during very heaqy work. For very short pertods, anounts of 170 1

per minute have been recorded.

From these figures it shouLd be clear that in principle considerable

amounts of toxic substances contained in air can enter the body.

Ln fact the breathing mechanism is considered to be the major entrance

route to the body for toxic substances taken up during work. Therefore in

almost all lndustrialised countries, rules for the maximum allowable

concentrations of toxic substances in the air at work have been made ltrZr3r4].
They are based on the time-weighted average concencrations for an eight hour

working day - forty hour worklng week - to which people can be exposed without

suffering adverse health effects as far as is known at Present. By using an

average concentratlon as a basls, hlgher concentratlons are permttted provided

that they are conpensaEed by lower values. It ls clear that thls rule is

limlted ln application. As a rule of thumb peak concentrations durlng a

relatively short time (15 minutes) should stay below Lr25 - 3 times the

maximum allowable concentration [5 ]. fa should be mentioned that for some

substances no departion over the maximum allowable concentratlon is atlowed.

I{ith the knowledge of what ls the maximum concentration allowed for

partlcular substances and some rules on how to handle mixtures of toxic

substances, t.heoretlcally iE should not be too difficult to ensure good

-worklng-
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working cond{,tlons lrhen based on proper alr monltorlng. However, in thls psper
we look at some of the dtfflcultles whlch are encountered tn practtce.

SA}TPLING

Two steps can be distinguished ln the determlnation of the concentration
of pollutants:

!. the taking of one or more sample(s) which should be representatlve of the
situation;

Z. the determination of the amount of pollutaau which is present in the
sarry1es.

Both operat,ions can be performed discontinuously or cont,inuously.
In thls report, the focus is on the srrnFling operatlon, which conslsts

of the collection of a known volume air from a chosen area at a chosen inter-
val in tine. Exarnples of sampllng devices are shown schematically in
Figure 3.

Sometimes considerable rrenrichingtr effects can be obtained during

sanpling eog. adsorptlon of polLutatrts on act,ive carbon. The reverse operationt
io€o E€rtroving the pollutant from the carbon is performed at an elevated

terryerature wlth the ald of a small gas current whlch can result in an

enrlchment factor of 1r000. Since hlgh enrichnent factors lead to complicattons

#tu8fiiffi:

nffi
l; tl .t?ngmabsof,p(srot
li t I poitut-rcr byeoniact Oo_

lh-dl I MPolluttrt-rdsonslriiiiL
T 

fl.stE b.e

totlcr tubo;tarqri,rg
Dy ltrorpts!
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sa/rPttr{G DEvtcES.
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during subsequent analysis, sarryllng and arialysls have to be tuned to each

ot,her. From Ehis it can be seen that, though sarnpllng andanalysls are dlfferent
and in general easlly distlngulshable steps, thelr lnterdependence ls very

strong and every lndoor air pollutlon measurlng problem has to be deslgned

taklng lts own pecullartties tnto account.

this subject will not be further pursued but we shall restrlct ourselves

to considerations related to the fact that the concentrations of pollutants
vary ln general from place to place and in time.

These effeets are strongly manifest when studying the ercposure of workers

in professions such as finishing, palnt spraying, weldlng, fettllng, etc. In
these professlons the actlon of the person under consideration creat,es a

pollution source locally and in the imnediate neighbourhood of thls person.

Under these circumstances the concentratlon decreases very rapidly wlth
distance and the resutt of concentration determinations depends very much on

the sarpling locatlon (Figure 4).

In these cases, determinatlon of concentratlons ln the breating zone wit.h

personal sarrylers might result ln establishing concentratlons which are 10 x

higher than concentrations determlned wlth conventional sanpling devices.

The location of the sarnpling devlce is not the only point to be con-

sldered. Another inportant parameter ls sarryllng tlme, whlch is tnfluenced by

a nLuflber of facEors:

1. Enough material has to be collected to perform a quantitative
de termina t,ion. '

1gggr For the determinatlon of the concentration of respirable dust,

thls means a sampling tlme of approximately I hrs wlt.h a pcrsonat

sampler artfapprox. t hour wit,h conventlonal devices.
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Gas sampling devices are set ln such a way taht ln general the
sanrple has t,o be taken tn t - t hour.

Time should be long enough to glve a good approximatlon of the expoEure.

E, As a generalisatton, lt can be said that up to now the sanpllng
devices treated function dlscontinuously. They are sattsfactory
if average exposure concentrations have to be determlned, but are
somewhat curnbersome to use if peak concentratlons have to be

determined.

Sampling time has to be as short as possible, so as to cover as large
an.area as possible with llmited equipment and manposrer resourc€so

Er Generally a one hour sarpllng period - provided that enough

material can be collected - is a fair coryromise.

SURVEY OF PERSONAL SAI'TPLING DEVICES

In general, sanplers consists of a purnp, a power source and a nurnber of
interchangeable devices which collect a certaln amount of air, or trap the

pollutant present in the alr. It is lnportant that the air current provlded

by the purry during the sarnpling operat,lon is kept constantr Constant air flow
is sometimes guaranteed by automatic control devices, but usually the air flow
is sinply checked from t,ime to time wlth a f lowmeter. Personal equipment

differs from conventional equipment ln the smaller size, while purnps in
general are bat,tery powered (50 - 100 l,thr).

Wtrere gaseous pollutants have to be determined, the absorption of the

pollutants by appropriate liquids, though sometimes usedrhas disadvant,ages.

Personal sanpling methods in general are restrlcted to two types. Flrstly
by bags-approximately 2.000 

"*3-road" 
of plastic with a low adsorption ten-

dency to the substances which have to be determined e.g. Tedlar (polyvinyl-

fluoride), Mylar, Saran, can be used for many organic vapours; and secondly

by the adsorpt,ion by e.g. active coal, silica gel, molecular sieves packed in
glass or Teflon tubes, followed by desorption by eluEriation wit.h e.g.

dimethylformamide or at elevated cerperature by a gas stream.

Flgure 5 shows a personal sanpllng device for the det,ermlnation of
respirable dust, which has an equivalent aerodynamlc diameter, at unit density,

smaller than 10 pm.

Z.

1.

-Figure 5-
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The following table gives a cornparlson between Personal sanplers and

conventional sanpllng devices.

Tablc. Gorryartson beEween personal sampling and corivent,lonat sanpLing devices

+ favourable; unfavourable; 0 no preferenceo

NOTES

1. Personal samplers with a weight uP to 1 kg are readily accepted' With in-

creaslng weight the acceptance decreasesl €.$o 4 kg seems Eo be too

heavy. The welght of conventlonal devlces is also decreaslng.

2. There 1s probably not a necessary relatlon between slze and ruggedness.

i,o Ftsrlo drng-
arn FrrR

crctol,

hrlar, coalc
tm dm
dj3t.

r
FlG, 5: PERS0I{AI, AIR SAMPLER.

Property Personal sanpler
aPprox. data Score Conventlonal sanPter Score

1. Weight

2. Ruggedness

3. Sampllng volume

4. Sampling speed

5. Dust sanpllng

6. Gas sarnpllng

7. Relatlve accuracy

8. Sampling tlme

3o cm3/sec

cm/sec
,respirabletdrrst or,ty

t5%
approx. I hrs

kg +

+

J
j

0

up to rnore than 40 kg

?
300-301000 cm-/sec

m/sec
,totat dust and(respirable dust

5%

ln principle unllmlted

+

J.
I
+

0

-3. -
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3. Ttris are appioxlmate flgures. At very low concentrat,lons the small saryllng
votrrme of the personal sampler nlght be a disadvantage. However thls
tendency ls batanced by the development of analytical equlpment wtth a

hlgher sensitlvlty. Hlgh volumes nlght lnftuence the concentratlon ln a

closed enviroruuent,.

4. The low salryllng speed is a disadvantage when the total dust concentratlon
has to be determlned.

5. See point 4.

6. Gas sampling devices can be set in such a way that the sarnpling volunes
and speeds stated in the table are not a limltlng factor. :

7. In general, hlgher accuracies of the determination can be obtalned wlth
conventional devices.

8. The llmitlng factor is the amount of energy whtch can be stored ln the
batterles.

EVALUATION OF RESI'LTS

Most pollution probtems are described by the diagram shown ln Flgure 6.

\l ,//
\ ; / ,'//\l t' ,'- - '

'-/ -

FlG.5: POLLUTDN CONTROL DIAORAM.
robtcd to ar ar

If allowable llmits are exceeded by concentratlon determinations, a

nunber of measures can be taken, for i.nstance:

1. A change of posture mlght tnfluence the concentratlon ln the respiration
zone considerable.

-2o-
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It aight be necessary to change the process.

If work has to be performed near an emission source, decreasing the

concentratlon near the men by lncreaslng the general venttlatlon ls
often very lnefflcient. However, the transmlssion mtght be lnfluenced

by a local exhaust near the emission source - €.8. a low volume1 hlgh

veloclty exhaust.

The amount of toxic substances taken up can bekepE within accepEable

limits by uslng protecEive devlces (masks). This is an unattractive
alternative, but, sometimes is unavoidabte.

Itre dose - response relationshlp might be influenced by medical slect-
ion of the right personnel.

Ia practlce, combinations of these measures are generall'y taken.

NEI{ BEVELOPMENTS

Personal sarpltng methods are being developed ln two directlons:

a. Portable instruments which lndlcate momentary concentratlons. They are

specially useful if pollution sources have to be traced. They save the

time of laboratory personnel and equtpment,. These instrumenEs combine

sarnpling and analytical operat,ions and are therefore much more exPensive

than simple sarnpltng devices. ltrey are more delicate and need regular

maintenance and calibration.
b. Biological sarnpling. The whole concept of the maximum allowable

coacentration is geared to average situations and can only be used as

a guidellne. To illustrate this one has only to conslder the amount of

toxic subsrance D (mg) taken up from the tnhaled air which approximately

can be represented by

E

, *f o",oo1 i (", - co) d t
tb

?.
1.

4.

5.

V = amount of alr inhaled in l/mln;
c. = concentratlon of toxlc substance(s) in the

1

a functlon of time;

CO = concentration of toxic substance(s) in the

function of timei
E : time ln mlnutesi

tO ls beginnlng, t" is end of exposure.

surrounding air as

exhaled air as a

-Since-
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greatly vary e.g. as a funct,ion of work load, the aoount whlch

ls taken up during exposure can vary conslderably. Thls ls one of the resaons

why lnvestlgations are golng on to try to correlate the composltlon of the

exhaled air, urine, blood or other body fluids rrlth amounts taken up by the
body. Apart from alcohol and a few industrial toxins such as Iead, there are

sttll many probLenrs which have to be solved before this lnterest,ing approach

will find general application.
To surnmarise, it can be stated that to keep the risks from exposure to

potentially dangerous substances wlthln limit,s, lncreasing vigllance wtll be

necessary. Personal monitoring for which personal sarryling is a necessary step

w111 therefore lncreasingly be used ln the comlng years.

REFERENCES

[f]o tnr"shold Limit Values,

Issued by the Anerican Conference of Governmental Industrlal Hyglenlstsl
P.O. Box t937, Cinclnnati, Ohio 452OL, U.S.A.

[Z ]x uaxrmale Arbeit,splatzkonzentrationen,

Issued by Deutsche Forschungsgemeinschaft, 53 Bonn - Bad Godesberg,

Kennedyallee 40, D.B.R.

[r ]" v"t ri ghelds j aarboek,

Issued by Vetllgheidslnstituut, Hobbemastraal 222 Arasterdam Z, NeEherlands.

[+] Permissible levels of toxic substances in the working environnente

Occupational safety and health serles, voh.rme 20, Int,ernationat Labour

Office, Geneva, 1968.

[S] Issue 1974 of Threshold Llmlt Values (Ref. 1), Appendlx D, pp. 52 - 53.

* Referen""" [1r213] are relssued every year with changes and corrections.

n{O
1975-09-09
JI(


