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BLNZENE: THE INTERPRETATION OF MONITORING
RESULTS

R. 5. 3uemwonn

Fawr Furope Ine.

Almtyact— Tt paper Conuders the practical evaiuabion of the exposure of worxers (o benzene
vapour. It 1s prmcipatly concerned with refating the resuils ohained irom modern samping
techmques o the current criteria for assesamg the hazard. [he three aspects considered are:
amphng the sir the man breathes while st work: measuring henzene in the treath hs exnalas
21er work . ana oflerTimng mcremse in phenot Comtent of hig urine.

The relatsonihip of (hese measurements 13 discunsed and the need 19 develop a mathe-
matical model for dewcrining bevizene rewcatson w CTIUCAT organs of the Hody, ami ild subseuuent
clsnmation. i3 ndicated.

INTRODUCTION
Benzene (CgHg) has been recognized as a toxic chemical causing chronic poisoning
since 1897 (HuNTeR, 1962), and over the years a very comprehensive literature on its
industrial toxicology has developed. Published information on human exposure is
principaily restricte” 1o pathological studies on poisoned men. though metaboitsm
and toxicology has been extensivety studied in experimental animals.

As reliable data on occupational exposure are scarce. little 3f this literature i3 of
immediate value to the industriaf hygienist. In many cases no information is available,
in others it is based on a few “environmental™ measurements which may give no el
indication of true exposure.

Recent steps (Councii F Eunore, 1959) to the legisiative control of the benzene
hazard® have principaily restricted the benzene content of industrial solvents. This
has boen based on technical feasibility of obtaining such solvents, rather than on a
toxicological threshold.

As the relationship between workers’ exposure and corncentration of benzene in a
solvent depends on many factors, and may vary over many orders of magnitude,
there appears to be no inherent danger in using a solvent containing (for cxampile)
10 per cent benzene, nor inherent safety in using one containing ! per cent. Only by
systematic measurement of exposure during the use of substances containing benzeoe
can hazards be properly assessed.

Although such controls have a beneficial effect in reducing overall exposure to
benzene (as no doubt does the confirmation or reduction of threshoid limit values—
which are seidom actuaily applied in industry), they cannot be considered totally
adequate as a means of economicaily conirolling benzene hazards.

It is essential that. coupled with techniques for identifying susceptible individuals,

* Subsequent to the Symposium, a Coavention has been published (INTERNaTIONAL [amtm
Orricy, 1971) on protection against benzene, which treats all products contasung more than | per
cent benaene (by volume) as purs beazene.
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information on tndustrial cxposures and workers” pathologs Gheuhd he obtamed v
zaabie 1 durmige ook wnterion o e oostabisned.  §his «Peuld iac the form that the
annual nsk of sctious tilness (of death) to a3 non-suscepnible individual should not
exceed a presenibed vatue (at thas ume 1n the U7 K. ot might be set at 1074 or 107
Criteri» Tor non-oczupatonal exposure might be of the same ordzr but equally applic-
abie 1o auserptible setvntaals. I the methodgoiody  Lwussed ere were appircd
wherever men may be cxposed to benzene, and adequate exposure ana medical records
were ke, such errtena could be established.,

In the !ollov ng review of the apphication of present technigues, the Author has
drawn mostly t: m his own work (SHIRWNOD and Cartre. 1970 as he is familiar
vithits der tion. He does not wish toamply that simiiar and more important work
is not bCing undertaken clsewhere. in pariicuiar, attention shouid he drawn to s meet-
ing of experts on the safe use of benzene and solvents containing benzene (INTER-
NATIONAL LaBounr OFFICE, 196X).

AIR SAMPLING

Personal aif sampling for beazene vapour can provide a quantitative index of a
worker's exposure. Slight errors may arise from spatial separation of the sampling
head from the nose and mouth. * ut this can be minimized by shoulder mounting of the
sampler. Larger uncertainties May arise when relating this to possible intake ofben-
zzre a5 the individual’s breathing rate and the proportion retained are usually on-
known. Afthough these factors ase important if the toxicity of benzene is to be deter-
mined, they are not involved in assessment OF exposure by application oF threshoid
limit vzlues, though it must be appreciatad that the latter are generally derived from
measurements With a limited number oOF fixed position sampiers that may ot provide
1 true measure of exposure of any individual.

In the derivation of e threshold limits from occupational studies, it is commev
practice to cakulate mean values of an appropriate biological parameter for a group
of workers, and to refate thir lo an estimated environmental concentration of the
mated in air. Ths technique should be regarded as suspect, as it should only be
applied where exposure is shown to be identical for ali members of the group. In the
Author's expenience such situations are rare and it is usually mecessary to assess each
individual's exposure separately.

An initial problem facing a hygienaist is that air corcentration criteria are too many
rather than too few. Values of threshold limits ranging fran 100 to 6 ppm have ban
reported (INTERNATIONAL LaBOUR OFFICE, [968), In the United States alone, values
from 100 to 10 ppm having different applications are reommended by three authorities
(AMERICAN NATIONAL STANDARDS INSTITUTE. 1969: AMERICAN CONFt:ENCE OF
GovernMEeNTAL InDUsTRIAL HYGIENISTS, 1971 AMERican INDusTRIAL HYGIENZ
AssociaTioN, 1970, though the recently enacted Occupational Health and Safety
Act (1971) prescribes that the ANSH standard takes precedence. TIS specifies an
acceptable maximum for peaks OF 50 ppm: a ailing concentration of 25 ppm, and a
time weighted average of 10 ppm.

The interpretation of air sampling results has been discussed elsewhere (SHERWOOD,

1971a; Jo~es and BRIEF.1971), and will only be summarized here.
Results from any series Of air sample measurements can be described by a prob-
ability distribution, and this is commonly found to approximate to the logarithmic
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Log-orobability niots of air sampling resubts,

1.

FiG.

normal (see Fig. 1}. As there 1s a finite possibiiity of exceeding any given concentration
up to saturation of vapour tn tae air, it 13 not possible to apply any absolute upper
limit below that concentration.

However if it is accepted that not more than one {0-minute sample may exceed
25 ppm, then (as there are 48 such samples in an 8 hr working day), the proebility
of exceeding 25 ppm should be limited to about 2 per cent. Thus, criteria for safe
exposure are that the average concentration over the working day should not exceed
10 ppm. and that the probability of exceeding 25 ppm IN any 10-min period should
not be more than 2 per cent.

Some personal air sampler measurements of exposure t0 benzene vapour during
the buik loading of petrol, which commonly contains 3-6 per cent benzene, are shown
in Tnbk 1.

Although generalization cannot be made from so few results, they do show that
none of the operations studied led to the daily ume weighted average limit of 10 ppm
being exceeded, and that only drivers loading road tankers exceeded the short term
criteria during the pertod of loading. As drivers dO not normally spend more than

about one half-hour per shift loading ther vehicle, the probabiiity Of the ceiling value

e
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critera reing exceeded was about 0-2 per cent over the whole shift period  The high
expusures medsured at one particular rajl Joading rack have been exciuded from rhis
data. as the operation is exceptional, and has heen reported separately, (SuerwouD,
1972) A programme of measurer-ens continues and more dehnttive information wiil
be avaiable in time.

This form of analysis has also been applied D the data colkected in a survey on
car filling sponsored by the Institute of Petroleum (PARKINSON, 1971). At typical
retail filling stations it was found that the probability of 25 pprn being esceeded was
much less than 0-01 per ~4nt, whilke mean concentrations vaned from 03 to 24 ppm.

Proposed aew criterion

This type of evaluation iS laborious and can oniy be undertaken as a special
investigation. However. routine monitoring of all benzene workers should become
cconomicaily feasible. as it has been shown (SHerw 00p, 1971b) that in practice the
proposea Criteria can e met by setting a limited daily exposure dose of 5000 ppm-mrn
(that is. the multiple of concentration in ppm and exposure time in minutes shouid
not exceed $000), independent of time from a few minutes to an §-hr working day. The
application of such a ¢riterion avoids the complications that arise in interpreting
MULES against a 25 ppm ceiling value, and the need to restrict duration of each sample
© 10 min,

Further, it would permit the construction of a simple personal air sampling
imstrun.ent requiringonly a single sample for each shift worked by each man.

Large numbers ofmen coukt be monitored in this way and. if sampies are analysed
at a central laboratory, automatic gas chromatographic equipment would prove
economic.

Threshold limit values are generally the only legislated or recommended numerical
criteria available, While criteria have been proposed for benzene in breath and phenof
ia urine. they are not well established. It is. therefore, essential that internationaj
sgreement he reached on 21 acceptable value. and a daily exposure dose of 4000 ppm-
min (which corresponds to 1 time weighted average slightly over 8 ppm for On 8hy
day) is proposed by the Author.

This limit would not carry much greater biological risk than the USSR limi
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arrasationar Lawsr Orncr, 197 of D imem® (63 ppmy or aigmiticantly
STCALT Wafnil polaily Ndn Uic LA Lot ol [0 ppm, it Day (e auvantuge of
being independent of working time,

if this value 1s accepted. then a wound long-term nternational ohjective would be

12 deterrmune th . nisk ansing from exposure st this lovel.

EXHALTD BREATH SAMPLING
of cxhaled breath afes cxpo.suie (o bunéene vapour indicates ilie rate ut
which henzene 15 bein. directly clinunated from the body, from which it may be
possthle to deduce the quantity ahwr“—‘:d

Vamediately afics zapisure, the concentration In exhaled breath drops rapidiy,
bui ihe raic of change iessens iater tHUNTER, (96K), it s reasanable Lo surmise that
the process can be represented by storage in a senies of compartments within the body,
climination from cach being adegquately described by an exponential function. Thus,
at first henzene is rapidiy lost from the circulating Mood, next, the principle contribu-
fion mav come from muscuiar tissue, and finaily, the siow component comes from iat.

It the expaorure perted is snort. then bitle henzene reaches muscke or fat. and clismn-
ation will be characterized by a stngle rapid period of retease. |f the exposure period
1s long. 1hen a greater proportion OF the total will be releasnd only siowly. In practice,
industrial exposure is» commonly not constant with ume, and absorption and elimin-
ation processes are in continuousdynamicchange.

Ifexhaled breath measurement is t0 be applied as a routine method ofmonitoring
men exposed to benzene, only two opportunities for sampling exist—immediately
after each shift and immediai .y before the next. End of shift sampling provides the
most sensitive method of assessing exposure as the rate of elimination io likely to be
high. However. untess the exact time and duration of exposure are know 1, the results
arc pareiy quantitative, ascexposure towards the end of the shift is detected with a
much greater sensitivity than that near the beginning.

Pre-shift >ampling suffers considerably lower sensitivity, but is far more quanti.
tative as the elimination rate changes only slowly at that time. It provides a measure
of the iunger retained components ana may theretore be a goal index of the nsk of
chronic disease, Disadvantages arc the greater skill required for analysis at the low
concentrations to be measured, and the risk of interference from non-occupational
exposure t0 benzene,

The two field methods develcped for sampling exhaled breath are breath sanpling
tubes and the breath sampling respirator. The former have advantage Ofinstantaneous
collection. compiete absence of chemical pretreatment before gas chromatography,
and ready collection of duplicate samples. Although the latter requires 1 10-min
sampling perind for each operator, it provides a more consistent measure of elimin-
ation, as all exhaled breath over the period is sampled, and it reduces the risk of
interference from ambient benzene vanour.

The respirator method is better suited for special investigation of exposure, and
the sensitivity can be increased considerably over the method as published (SHER-
woop and Cakrex, 1970), while breath sampling tubes could be more suitable for
routine assessment. FOr routine menttoring, sampies are best taken at the end ofthe
shift and analysed promptly, so that any foliow-up samples needed can te taken before
the next shift commences.
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Criteria A

Critera for assessing cxposurr Save Sweon makinbod chiawras 030 0 Ly
further expenience does not suggzest the need for werious amendment. Currentiy
applied values are:

€1y shonly after exposiee 10 28 npm ThRayr P oam in teoaih
. ~

12) i6 pr after exposure .o 10U pom-hr .. .U 2 ppae aa Dreatn

The urst criterion assuries thal saiiples afe unilkelv 1o he taken untit at least ons
half-hour has elapsed. vo that the imitially hugh henzene concentration n bicoa has
been iost: it is of low accuracy.
lymination from one suhject 5 shown n Fig. 1. alicr capenimenta exposure of
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FiG. 2. Elimination of benzene in exhaled breath of one subpect afier experimentai and occupational
exposure of about 4 hr duration,

45 hr duration, and after a complex pattern of exposure lasting about 70 hr on board
a ship carrying benzene, the principle exposure occurring in the last 4 hr,

Two compartments appear to be present: the first with a half-life of about 2-5 hr,
and the second with a half-life of about ! day.

If a special investigation of an individuai's exposure has to be made, a series of
samples taken after exposure has occurred might indicate, from the relationship of
the concentration measured and its rate of change, the magnitude of the exposure.
Thus, a rapid fall in concentration over a peniod of a few hours would indicate that

recent exposure had occurred ; 2 slow fall would indicate considerably greater exposure
in the more distant past.
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PHENOD 1N URINE SNALYSIS

{RIS Iy LufrENGY IDE MOt COMIMONIY u3CU ICLNNIGUL Tul CEIRMLNNE T udliiily
of benzene being metabolized in the worker's body [t may aiso be the best index of
hazard. but the toxxc action of henzene 1n the pody 1s not sutficiently understood for
this to be ¢ tam. ]

The 2LbOlM ol X I0NE i (D¢ Dudy fas Dewn el ciucidated Uy WiLLiaMS
(19¢0) from animal expenmentation, and distribution in the pody of the dog has ken
cxpiored by STHRONK of &/, {1941}, 1t has been assumed that a sinular patiern occurs
i humans. That p. * of the benzene which is taken into the body and nut exhaied is
largelv converted in the liver to phenol. and this s detoxified by conjugation with
suiphite or glucuronde ard excreted 1n unne  Relationships of exposure and rhenol
excreton narc peen thoroughly reviewed by DOCTER and ZieLHuUIs (i967)

The earlier biological momitoring method of determining the ratio of ethereal to
inorganic sulphate 1s less sensitive. Although it detects the same mechanism, normal
excretion of <ulphate is far greater than, and mort variable than that of phenol.
Cuionimetric methods of analysing phenol vary in their specificity, and all suffer
mnizrierence from ene or more cresotic COMpounds which may ne naturally present.

Procedures for hydrolysing the conjugated phenol have been the subject of con-
troversy as 1t has been snown that .ery Strong acids arc required to free phenol fran
the glucuronide conjugate, but thiS process may destroy free phenol already present.
Reasonably good correlation between results using strong and dilute acid methods
applied to field samples has suggested that phenoi glucuronide is not commonly
present.

A series of samples frum exposed men was hydrolysed by more specific methods
and the results are shown in Table 2.

The sum of phenyl sulphate and phenyl glucuronide frequently «xceeds the total
assessed by the perchloric acid method. Measurements of free phenol made on sampies
3 and 4 only showed 16 and 70 mg'1, respectively, which is insufficient to accouni for
the difference. Slightly incomplete hydrolysis by perchloric acid, Or partial destruction
of phenoi are possible causes. The results show chat phenyl sulphate is the major
metaoonite excretea DYy the men measured, but the proportson F glucuromde excreted
may rise at high (>400 mg, |) total concentration.

Whiie hydrochlonc acid hydrolysis may be suitable for a screening test, it appears
necessary o Use perchloric acid for quanutative assessment Of high values. Close

Tasie 2. DETERMINATION OF PHENOL CONJUGATES IN URINE

Form measured : Total chenol Phenyl sulphate Pheny! giucuronide
Hydrolyss method: Perchloric acid Hydrochionic acid S-glucuronidase
Sampie No. {mgil) (mg:) {mgit)
i 54 57 ?
2 83 110 s
k) 418 415 109
4 1000 954 30
s 363 362 32
] 163 109 2
7 (58] 83 10
] 38 44 2
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petrol. ProtTRowskt {1971 has <hown a haif-life of ¥ 4 br for wnne chimaation oiter
CAFOBGTIC (U FRONCE Yapeur.

Companson of these chmination rates with those of henzene in breath suggests
that the rate of elimination «f phenol in unne s, ernaps. controtied hy the rate of
metabofism in the ! .er.

Morr detaned studier of Shmur (Gon Sf PRZNGT A0d LIS wacivive DROUGUTS, and
their retationship to Senzene coneentrations in Sreath, might provide a beiter under-

Lstanuing of the behaviour of benzene 1o man. tut there may be need aiso {ur deter-
mnauon of henzene concer: -ations in venous tlood.

A feature 1n Fig. 3 which sppears commonly 1s 3 marked rise in concentration of
phenol after climination aas faller 1o a low vaive, The wgmificance of this is wiaily
unknown, biut it could mark the end of the mooiiizauon of the dergnwuve conjugation
process. The analytical procedure is sufficiently specific for it not to be the eliminanon
of catechol and quinci.

Although no nformation on natural phenoi levels has been cobtained, detziled
assessment has been made of results from a group of workers over a one-year pernind,
The vverail data tit 3 log-normal distribution having a median vziue of about ¥ mg |,
and a geometnic standard deviation of about 2-5. The number of samples from any
one individual is insufficient for stausticas snatyus but the total data suggests that
concentrations over 30 mg, 1 may represent benzene exposure, and that for some men
exposure may be suspected if a sampile exceeds 20 mg:l. For 33 per cent of the men,
no sample during the year exceeded 20 mg;1 and 70 per cent of this low level group
showed a munimum concentration below 5 mg 1.

If a group of unexposed indi.iduais were sampled over a period. it should be
possible to determine more preaisely the probability of any individual exceeding a

given concentration. Analvsis of data from benzene workers can reveal occasions
when signiiicant exposure has occurred, but concentrations at the upper end of the
* astural” range are difficult to interpret. A combined programme of urine and ex-
haled breath anaiysis would provide far more information on naturai phenci levels as
well as identifying exposure events.

Criteria

In the United Kingdom. a biochemical threshold limit of 100 mg 1 has been pro-
posed (1969 ReroxT oF CHIEF INSPECTOR OF FACTORIES, 1970). This is in the same
range as the cntena already proposed (SHERWOOD, 1971b):

1. Immediately after exposure t0 25 ppm inair. ..100 mg L
?. 16 hr after exposure to 100 ppm-he .., 50 mg. L

Further experience is necessary before a reliable cniterion caa be deduced for
samples taken at the end of a shift exposure to 4000 or 5000 ppm-mrn with concen-
trationr having geometnic standard deviations varying from {°§ t0 4-5.

Working gusde lines for the management ofa routine Urine monitonng programme
have been prepared and are shown in the Appendix.

COMPARISON OF CRITERIA

In field sampling for operational investigations it has proved difficult to obtain
data to confirm the relationships of the three systems of measurements, but some
limited information that has been obtained 1s Shown 1a Tabie 4.
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correliton retween perchlonc acd hvdrolyas and the ca-column-metient aung
Ancsaboren cod i e o S, TS Bas sireausy been reporicd. .
Adesguale proservation of urnne sampics by the additton of 2-3 drops of toluene

2id storage af nogani reingerator temperature (5 C) is shown in Table 3. Although

S Y MFARIEITY O3 PHESO] [N B RELIRAIND URINE

Phenot camneniration img.
fruseral Anatvsis
Sampie No. analyws after t year
t 4 4
2 4 72
3 106 130
4 36l 470
] 7% 7
[ 1020 14300

some changes oevur, they would not seriously affect rhe interpretation of the resuits.

Interpretation of analytical results for phenol in urine is made difficult by a number
of tactors. Phenel itself is normally present in urine in small and variable amounts.
hut it is believed that a few individuals may nermaily excrete concentrations which
approach the criterion for exposure control. Certain foodstuffs and drugs may also
increase phenol excretion. as will exposure to phenol. For example, a concentration
of 100 mg | was detected about one half-hour after accidental skin contamination by
phenol which war rapiaty treated. The concentration fell to 50 mg:t 1 hr later. and
was dewn to 23 mg |3 hr later. This suggests a half-lifein the body of 1-2 hr, which
can be compared with that observed after experimental and occupational benzene
exposure ol one subject (see Fig. 3), which was of the order of 6 hr. a value which
also describes the overnight excretion from workers empleyed on btlk loading of

J
E
g -
4
g
z -

'Y SRR GRS U (U W Su—
0 20 W 0 30 &
HOUFS AFTER EXPOSURE

Fii. 3. Elimination of phenol in urine of one subject afier experimental and occupational exposure
of about 4 hr duration.
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Using the vriter orevy 1ously proposed fsee _a*-,mu cxposures have been calcuiated

Na MSRRITONSAIE, 2t T8 \l)i"!"-}ff- VI{n ine measurcy

RO otk e i
eTV0G TAIN A5G

aig concenirations. ftean be seen that there s gencraily agreement within a factor of 2.

e r 4 STt A TN O BFNTENE TYN AT IR PRI M HEMUST or AT AT

Amip t RiNE

Cowd of sttt measurcments Measuremente atter A hr
Concentranion E xposure calcutated
Measured calcuiated from Meavered friom
Ooeration unwenifslin Y Breatn  Lieone exposure Areath Unne
ippm ippmy  (ppm {ppm-nr) tppm-hrj {ppm-hr)
Gasoiine
rail loading
Lusuci i 290 i8 22 - — —
i.ager 2 27 24 IR - - —
‘Nl Stodd i4 H ] 119 70 0
Gasoline
barge loading 7 8 _— —_ —- —
nrene
harge fcading 1070 50 S0 430 - 440
Expenmental
50

benzene exposure 25 20 13 110 100

A MATHEMATICAL MODEL FOR BENZENE iIN THE BODY

The hazards of ingesting or inhaling radioactive substances ha-e been primarily
assessed from (be construction of & mathematcal modei {INTERNATIONAL COMMISSION
ON RADIOLOGICAL ProtecTioN, 1959). and such a technique has been used to est.mate
uptake and eiimination of anaesthetic gases {PaPPER and Kitz, 196)).

Experimental and occupational exposure to methylene chlonde has thus been
described with a compantmental model by Ry es a/. {1966). Conversion of benzene
to phenol and its elimination must be taken int0 account and this process has been
described for a drug compartmental model by Scunaper (1970).

As industrial exposure to benzene vapour iS typically highly variable, estimation
of the burden of beazene in the body, or in such critical organs as brain or bone
marrow, is only possible if computer techniques are employed. MapLEsON (1963)
describes an analogue computer for common anaesthetic gases, but digital techniques
would now be preferred.

Such calculations require information on the uptake and release Of benzene from
body organs which is not available for man. However, estimates can be made from
a knowledge ofthe blood petiusion OF the organs. and the partition coefficients for
benzene in blood and the various tissues.

Partition coefficients
As no published information could be traced for the solubility of benzene in fat,

simple range finding experiments for both blood and olive 0il (representing fat) how
been made.
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Sampies of cheiated whole blood {rom the expenmental subject, and of cisve il
were injected wilh smaii jjuaniities of benzene and, after allowing {0 equilibrate jor a
tong penod at 37 C, the benzene concentration in the vapour space over the samples
was determined, and the Ostwald partition coefficients calculated.,

Blood to air coefficients of 0 032 were determined for heazene concentrations in
blood from (UG (0.0 ppm. the corresponding coctiicient tor ofive o1 1o ur was
found to be 3-1.

The value fur beazene in biood is simiiar 1o the vaive of 0-023 that can be caicu-
lated fron. SCHRENK ¢f af. (1941) or of 0-027 deducible from TEISINGER and SKRAMOY-
sky (1947s. IT these values are inserted directly into the equations of MAPLESON
{1963, experted citminauon half-lives from muscle and fat would be 15 mia and
50 hr. These are not in accord with the valuves of 2-5 hr and about 24 hr calculated
from the exhaled breath observations and further investigation is evidently required.
No ajlowance has, for cxample, been made for metabolism of the benzene in the body
nd this could well significanuly affect prediction of the long-term component.

Computer pragramme

To permut better evaluation of critical organ burdens, a digital computer pro-
gramme has b an prepared (NICE, 1971) and it is hoped at a later stage to incorporate
into the programme the varying concentrations met in occupational exposure. |f €
numerical results are in accord with observed values in the field, this technigue should
provide useful information on the probable benzene burdens in critical organs during
and after occupational exposure and would, for example, permit assessment of the

relative biological significance of the 10 ppm time weighted average and the 25 ppm
ceiling threshold limit.

Acknowiedgement—The Author wishes 10 thank Mr F, W, G. Caatexr for continuing advice and
anaiytical support.
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APPENDIX

MONITORING OF BENZENE EXPOSURE
KEY POINTS FOR RNOUTINE ASSAY OF PHENOL IN URINE

Programme shouid be prepared by management and medical department: privacy
of rexults 10 be controlled by medical department. Gas chromatographi~ technique
to be used requiree techmcat skill. Ensure adegquate liaison between analytical and
medical departments.

Collect sampies at end of shift: continuous foilow-up with men will be needed to
ensure full response.

Start programme with two-week sample periods for all men who may be exposed
to vapour from products containing >- 10 per cent benzene. Modify programme as
necessary once high or fow risk groups or individuals have been identified.

Values over 100 mg} indicate significant risk.

Values over 30 mg:| probably indicate benzene exposure.

Values less than 10 mg:i show all is well.

Values between the limits are ambiguous. To investigate, collect samples before
and after work and look for any increase. Some foods and drugs produce phenol in
urine, as does phenol inhaled or on the skin.

if high natural values are suspected take sampies before work starts after longer
break (weekend or vacation).

Whenever a high concentrution is detected, take further sample immediately—
preferably before next shift. If still high, trace cause and continue frequent sampling
untii levels drop.

Initially use 100 mg 1 as criterion: reduce to 50 mg. | when possible. In long term,

use values more than 2 < standard deviation above mean or median for each individual
if these are below 50 mg 1.
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If individuzis in one group are consstently low, drop to monthly sampiing.

A3 c¢xposure may not be aetcctabie afler 23 Lr, afrange programme 1D cover
periods when exposure s likely.

Require special samples if accident is suspected 0 where exposure may have
occurred (include req Jirement ON special work permuts). Reiect resuits if specific
gravity 13 below | Q10. Ifsuch asampie Show more than 30 ma | take second sample.

When programme has settied, check also men who may have routine exposure to
products contauning ! -0 per cent benzene.

Further monstonng for thi group depends on resultsactually obtained.

After about | year, apply statistical methods to assess nsk of significant exposure
and to costrol fuiure programme.

Benzene 13 a chronic poison: pay attention to iong-term exposure conditions. One
high result Is probably not so sienificant as two Or three resuits at lower level—these
show that investigation and improvement is required.

Personal air sarpling and exhaled breath measurement are aiso important tech-
niques; the first is more sensitive, the second more specific, than urine analysis.

Legisiative standards generaily refer only to amr sampting.




