of about 53 ug/N0OO ml would seem to provide
another physio | basis 10 support the recent
OSHA proposal'™\fhat “the maximum upper

biochemical test of choice in monionng such
populations.

blood lead levels d(worlcn hould
below 60 ng/100 g~

A semi-log plot ( re 1) coaverts the
arithmetic dose-response durve 10 a straigh ine.
There is the usual scatter hise, charactenistic of
diological responses, bul\the correlation
cocflicicnt foc the direct relalonship Deiween

log ZP and Jead content is qijte gond (0.8),
which suggesis 1hat blood might be
subslituted (or blood lead as 'y [referred

biological index of eaposurc, Several
advaniages would be offered: (/) P more
directly reflects the metabolic damage chused by
lead and is thus 8 morc useful indicatod of the
eflects of ead absorplion. £2) Comaminati
ever-present source of concern and care
lead analyses. is minimal in the detesminati
ZP. (3) ZP assays are simpler, jess costly, a
more rapidly performed than blood lead. there-
by permitling mose effective use of resources and
enhancement of any monitoring program.

The foregoing findings, it should be noted,
were developed for an indusiial population
chronically exposred to inorganic lead. Organic
lead compounds may follow a somewhat
different course through the body, snd may not
exert their major taxic effects on the
hematopoietic system. Hence, a Biochemical
index such as ZP. may not be appropriate as a
monitor for the effects of urganic lead
absorption. In some other discase siates (e.g..
erythropoictic protoporphyria or severe iron
deficiency anemis). the use of ZP may akbso not
be suitable, since clevated ZP kevels can occur in
such conditions withouwl concomitant lead
absorption.™'' Such situations are unusual,

however. and likely to be well known to the -

workes. Hence, the ZP test should be generally
applicable to moat workers exposed to lead, and
should be given serious consideration as ihe

1t Moegnue 1L A T J
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On m‘/ob benzene vapor exposures of jees than 5 ppm were
ront with the 24 how collection of wine from 52
amployees. Urinary phenol levels of the colective study group,
measwured ag either concentration ar weight, showed & positive
statistically significent correlation with benzens exposwre.
However. due to variences in individusi basehine phenol levels.

determination of benzene exposure at these low concentrations is

relatively weak. Singe baseline ph 4

/ oex/st over

Py 4

e range of velues, adljust t for @

beseline did not improve corralation for the collective study

of aech individuasl'y,
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A study of benzene exposure versus unnary

phenol levels

GOADON J ROUSH and M GERALD OTT

HER Indusifial Hygeane Laborstory. Corpor ste Medics! Depsnment. The Dow Chemicel

Carporation. Midiand. Michugan 48840

introduction

The 1974 NIOSH proposed standarg for
benzene' requires the monitoring of urinary
phenol levels of employecs with time-weighted
average (TWA) exposures enceeding § parts per
million (v/v air}. The corcelation between
benzene exposure and increased unnary phenol
levels has been reported previously.” A level of
75 mg phenoli liter of urine {mg! 1} is propased as
s signal of unacoeptable benzene absocplion
requiring close medical sucveiltance. This study
way designed to evaluate the proposed technique
of “tiological monitoring™ in an industrial
environment. It was gis0 intended (o delermine
it concentrations in the arca of 75 mg
phenodliter ol urine are indicative of
unacceptable benzene expmure.

benzene vapor sampling procedure

Benzene is widcly used ax a mw maicrial and
solvent by The Dow Chenmical Company. Five
benzenc-consuming production facilitics were
selecicd to represenl industrial cnvironments
where hernsenc is handied along with other
chemicals. £ver 3 six month peciod. henzenc
CAPOSMECS Were studied fur $2 employces from 25
i cfgsfticanions. including laborator
techmcisn. prodection aperater. plans

Fon mave aviorauplion Poat euihirs te el Wit ¢ Svhovy
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mechanic, and matesial transfer operator
Usually. samples wese obtained from two
employees in each job. Participation was
voluntary since the collection ot unine depended
on each person’s willingness Lo cooperate Unne
samples and breathing zone air samples were
collecied on the same day Increases in urinary
phenol fevels were expected to correlate directhh
with inhatation of bensene vapors Shan
adsorption was assumed o be negligible since
most jobs required the weanng of rubber gloves
when hangdling benrene. Potential exposure 10
other chemicals should not have affecied urinan
phenot levels since none were known to interlere
with, or contnibute 10 the mctabolism of benrenc
to phenol.

Actus) TWA exposure to bemzene was
detcrmined via persoaal samplers worn on esch
employee’s collar throughout the course of his
workday Workdays vaned [somBto 12 hoursin
length A small batiery powered vacuum pump
provided a 1ow air flow rate. 100 1o 250 milliliters
per minute (ml. min). through charcoal packed
stainless steel tubes. A f:w “emtra large”
commercially available sample tubes were used.
but most of the sample collection tuber were
custom-packed with Putshburgh coconul bawe
- page A )
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activated charcosl, 12-30 mesh. Charcoal was
used becawie of its suitability for collection of a
wide range of aromatic compounds which were
Jikely to be encountered. The custom packed
tubes were spproximately 47cem{3/16in)in
dismeter by 12.7¢m (3 in) im length and
conlammed approximately one gram of charcoal.
Efficicacy of the total sempling system,
including error of analysis, was determined by
spiking samplc tubrs and submitting thewm for
analysis with tubes used in monitoring.
“Spiking” of the sample tubes mummpﬁshe‘
by puplnn' in & 100 liter Saran® bag e kaown

ation of b , both by seif and with
a mixture of other chemnb found in the work
place. Air from the bag was drawn through &
sample tube at the same Now rate wsed in the
plant studies.

Collection of urine began when (he employee
staried work, and continued for 24 hours. The
“day” sample was collected in & hospital
specimen container while the employse was at
work. A second comainer for the “night” sample
was taken home and used wnti) he retummed to
work Lhe following day. Thus, the two

“*combined™ urinc sampilcs represented’

approximately 24 hours of urine. A baseline
urninc sample was coliected by cach employee
after being away from work for 8 minimum of 48
hours. No other restrictions were pisced an the
collection of the bascline urinc sample.
Information ning mpti -nllun
the last 24 hours, of any medication, tob

10% SP 1000

5% FAPP

3% QF 1,8% SF W

0% UCW 94

§0-20% Carhowsx 20,000

3% SP 1200. 1. 739,

Bentone 34

109 LAC 2R440

15% Carbowax 4000

10% DC 200

Durapsk OPN ! Poracil C

90/ 100

The columnas ranged in length from 1.83m (6 f1.)
10 4.57m (15 i) and were prepared {from 95cm
(1/8 in.) inside diameter sininless steel tubing.
Column temperatures ranged from 18.) o
68.3°C (65" 1o 155°F). Sciection of 8 column
depends on the combination of chemicals
absorbed on the charcoal. A column packed
with SP 1000. Durapak or SP 1200/ 8enione
would be suitable for benzene alone.

wrine samples

Urine phenol analysis was based on the NIOSH
proposed siandard for bemzene.' The urine
samples were hydrolyzed with perchioric acid at
95°C for \wo hours, saturated with sodium
chloside, and extracted with isopropyl ether.
The ether extract was analyzed for totat phenol
using & flame ionization gas chromatograph.
The oaly modification of the NIOSH method
wa3 1he saturstion of Lhe hydrolyzed urine with
sodium chloride. This siep increased the extrac-
tion efficiency of the isopropy! cther. The
chr tograph column consisted of a tube 9%

sicohol was recorded by cach employee for eucll
urine sample. Any known chemical exposure
‘was nlso noted. Information concerning
previous or present health problems, particu-
larly of the liver, kidney, or heart, was requesied
for each volunteer.

snalysie of samples

oly samples

The charcoal absorbent used in air mositoring
was desorbed with cold carbon disuifide and
analyzed by gas chromatography using a flame
ionuzation detector. Spexific chromatographic
conditions varied over the several months of
personnel sampling. Column packings included:

20- Wi Carbowax
20 000

cm (178 in.) in diameter, 1.83m (6 [t.) long and
filled with 2% EGA CG-AW-DMCS (980-100
mesh) packing. The (ollowing temperatunes were
utilized: column at 160°C, injection port at 230-
250°C, and detectoc temperature at 290-300°C.
Marimum sensitivity under these conditions
was about 2 mg phenol/ liter urine.

results

dots

Table 1 lists dats collected from air and urine
sample snalysis. TWA benzene vapor exposure
concentrations arc given as ppm (v/v) and they
are grouped according to the lkagth of the
workday. Concentrations of phenol inunne 2re
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The average specific gravity of urine used by
NIOSH is 1.024. As a comparison, the respective
sverage specific gravities of urine samples
included in this report were 1,02, 1.021, and
1.022, for the day samples. night samples and
beseline sampies. These values are similar 10
those recently reported’ (or 8 large work
population.

The weight of phenol measured in the unisc
samples is shown in Tsble 11. Phenol weight was
of inierest as an alicrnative 10 concentrstionass
means of messwring beazene eaposure.
Measuring weight instead of concenifstion
would climinste the problem of low phenol
concentration due 1o the intake of iarge volumes
of liquid. This dikmios of urinary phenol ievels is
handicd in the NIOSH critcria by measuring
wecific gravily, comparing it with a traditionally
wsed average, end adjusiing the measured
cowceniration accordingly.

corvalstion of deta pacrsmeters

Two main parametcrs, vrinary phenol
concentration and phenol weighl, were

correlated with measured emptoyee TWA
benrene exposures. The correlation coefficient
and the equation used in calculating them are
shown in Table 1. A correlation coeflicient is a
measure of the strength of relationship between
two variables. In Table 11, most of the
coeflicients ¢xoved 0.3, a value cpresenting the
highest correlation which would be expected if
andom numbers were substituted for ihe
reported sample values. This valuc amumes a
sample size of 52 observations and a coafidence
hevel of 939 or p <0.05. Since most of the
cocflicients exceed 0.3, in most inslances a
positive significant correlation exists between
TWA benzene exposure and the two differeat
measures of urinary phenol Jevels. Figures | and
2 are plots of the stirongest relationships (or
phenol comcentration and phenol weight
respectively.

Besides comparing two methods of reparting
urinary phenol levels, Tahle 111 indicates the
differemt ways in which the experimental data
was analyzed. Obvious subgroups exist m the
total of 52 obxer reporied. Exa

Am ing joyy soc J (I Fawwpy 17
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Figure 1 - TWA benrens supioure versus sdjusiod cen
contretion of phenel in wwe | § tuudmm
concentsations deleted)

of the data included analysis of these subgroups
as well as the total group. Two of the sub-groups
in Table 1) resutied from the sampling of
employees with two different length, 8 and 12
hour, workdays. A third sub-group with the high
basetine urinary phenol levels bocame evident
after the dats bad been collected. High bascline
levels are apparently normal for some
individuails and these individuals may exceed the
concentration of 15 mg/1. proposed in the
NIOSH document as an unacoeptable level of
“absorption.” The five individuals with high
background phenol levels will be discussed in
wmore detail iater. They were deleted in the last
two correlation groups in Table 111 in order 1o
determine 1he degree of influence they exerted
on the collective group.

The last correlation in Table 111 was an effort
to further examine the relaticoship between
excreted phenal weight and befizene exposure.
Since the data had beea collected wing two
differcat length workdays, it was logical to
expect a higher weight of phenol to be excreted
in the “desy” sampics by persons working the
longer day. This was assuming vapor exposures
werc fairly equal throughout the workday. The
individual phenol weights gollected during the
12 hour workdays were reduced by /3 to
equalize them with the 8 hour workday. The
cormrelation of this adjusted “day” weight of
phenot is reponed as the laat section of Table 11

This nudy agrees with previous lludln

cxposuse and urinaly phenol levels. The highest
correlations in Table 111 occurred when ihe five
persons with high background phenol levels
were deleted (rom the data. These correlations
are siatistically significant at the critical level, »
<0.005. llpnwnwnhhﬁhnﬂmum
included in the data field, the best correlations
are significant at 0.0005 <p <0.005. However

Figures | and 2 show 1be -wmwny of this -

association at relsti
These figures are pt
baseline phenol
highest correlation
tration/ weight and TWA bedréae cxposure.
Plots of data which incleded pgrsons with high
baseline phenol levels showad et sven wider and
more unpredictable scatiering of poins. The
solid line in Figures | and 2 if'a’ least-squares ™y
plot, or regression line. The broken Lines
represent plus or minus two resdual standard
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deviations and should contain betwecn them .

approximately 95% of the dma pomts. Efforts 1o
use the regression line 10 predict benzene
exposure resulted in (he oquations shown in
Figures | and 2. The ppm value for two siandard
deviations is given below cach equation. Two
standard deviations for thest, the best two
correlations, represeal an unacceptabie 35-405%
of the experimental (0-5 ppm beazenc) date -
range. For example, assume an employee's usine
was monitored and it contsined 25 mg | of

phenol. Based on Figure 1. the besa conclusion

that can be drawn is that the employee is 95
sure his TWA benzenc exposure was between 0 4
and 39 ppm. Or,
monitored for one day. and all of the wnne

- -

Figura 2-TWA beniene #1polws verdus wephnt o
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samples contained 25 mg/! of phenol, one could
assume that approrimately 95 out of the 100 had
had a TWA benzenc cxposure between 0.4 and
39 ppm. Lmlhan 10% of the time will an

‘s act

¥ of

ppm of} the regrevsion line. Urinary phenol
levels are mot an sccuraie method of predicling

fall on {within 0.1

TWA benzene exposures in the range of S ppm
of less.

Another observetion exists. It is thet
NIOSH's recom ded procedure (or adj
“sport” unne samples 10 a slandard lpccmt
gravily slightly impraved the correlation of the
24 hour urine samples. NIOSH recommends this

sl
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procedure whes a single urination ia sampled, lo
sliow for dilution of phenol concentrations due
10 large volumes of liquid inlake. When this
adjustment was applied to the various urine

‘ : ! ,V 0]
sccording to each individyal's mormal bassling * ¥
tevel. A bascline urine sampie was coticcted afiey .
each volunticer had been away fromy work ow any
known chemical vapor exposure for 43 hours.
Each bascline phenol weight was calculased and ©

segments, Table 111, the resultand ation
correlated better with TWA benrene cxposure.

Aard 4 ok, 4 Aauoage

Tnblc IV, and Figures 3 and 4 present |lu result

of adjusting measured urinary P 1 levels
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subtracicd from the 1otal weight of phenol in
their “day™ sand “mighi” urine segments. i
Theoretically, 1his adjusiment should have - v
compenaated for persons with mormully high -
urinary phenol levels, leaving the adjweted “‘
weights of phenol entirely related 10 bempens -
absorpeion. Figure 3 unpladuu‘}-u‘\ﬁ!
urinary phenol weight for all 52 m A
Figure 4 illustrales the cffect of subiracting the
bascline ground weights of these 52 individuals.
Table IV compares group correlation ", a0
coeflicienta for TWA benzenc cxposures versus X Y
both unadjusted end adjusted weights of wrimary iy
phesol. In maost cases, the unadjusied meared o2
weights have 8 higher group correlation than the 130}
adjusted weights. This finding lndnm the -’C ;
dllrmhy in using » single vaiwe for baswiin
unoary phenol levels. For amy individual,
bascline range should be dun-ln‘ lof e
normal. The negative phenol weights .M@m q
also indicate that unknown factors nnm !
greater fluctuations in basetine levels l!q-m%f;;
resulting from low benzene expasures. A stwdy
of non-expased controls is underway and m!l he ~

reported 1n a {ulure publication. ) N




"

v
g v p

TWA 1 S BOY W o P
TS0 O 717 ppem

® M coveeg v

L T R P —
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While ideration of baseline phenol levels urinary phenol levels versus TWA benzene
for a large group does not improve correlation P es, &t exp of less than 5 ppm.
with b €xp L its uderation can This corvelation is siatistically signilican! et

very heavily influemce correlation for individuais
with naturaily high bascline phenol levels.
Urninary phesol levels approached or excreded
the criteria action jevel of 75 mg/m' in ome or
more urine sampies of five different persoas, or
about 10% of the total number of persoma
sampled in this study. Several urine sampie
concentrations of 1hese five persons are shown in
Table V. both as measured and adj

Py

the 0.005 level for 8 large group of peopic.
Both towsl weight of phenol in the urine, snd
phenol concentration in urine gave similar
results.

The correlation between individusl benzene
exposure and urinary pheno! levels is not
strong enough 1o assess past TWA benzene
e less than S ppm. Asscasment

sccording 10 NIOSH formual. The bascline
concentrations indicate that these five
individuals frequently, dut not always, have
higher thaa normal (>30 mg/1) phenot
concentrations in their urine. Average jevels for
these individual's varied from 40 to 60 mg/ L, but
the full range of measured “mnormal™ urinary
phenol levels varied from S to 100 mg/ 1. Analysis
of the sampic datas, Table V, did not indicate o
one-to-ooe correspondence of high urinary
with any of the kaown parameters, such
sample volume, specific gravity. medi

ical problema, or sge. There is nomdmuon
in this study as 1o why normal urinary phenol
levels fluctuate over @ rclatively broad range,
snd are charactertistically high for certain
individusls.

concluysions

1. A pmitive statistical coreelation exists for

1

unprovu if individuals with normally high ~
background phenol devels can be identificd
and trcated s special cases. Even so. the
actual TWA exposure may be 140% of the
exposure detesmined from urinary phenol
Jeveln,

Urinary phenot levels, which have been
sdjusied for baseline values resulting from &
single measurement, d0 aot have a higher
group coyrelation with benzene exposure.

Baseline phenol levels for a group and
an individual can vary over wide range.
Approximaicly t0% of the persons in this
study excceded the “unscceptablke™ level of
75 mg/1. &8s expressed in the NIOSH
proposed hensenc standard, even though
thev had no known exposure or their TWA
benrzene exprsitre was less than $ ppm.
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ABIH annual certification axaminations . . .

Examinetiens lor certification by the American
Boerd of Industrisl Hygiens will be held in New
Orfesns on Mey 21 and 22, 1877. Tha following
amaminations will be conducted. ®

CERTIFIED IMDUSTRIAL NYGIENIST — This

. cansigty of ¢ two doy written sxeminatien. The

first dey is the CORE saaminstion in the besic
principien of industrial hygiens practice. The
sacond day Oonslets of emaminstions in the
Comprehansive Practios or in en Aspect of
.Mum-g.mnmm

tens Enposwre. Am ind Nyg Assec J ?}J.:
{1981)

3 Fishbooh W. A A R Langner and B .l.l-..,
Elovaied Wiinery Fhenol Lavels not Rslsted 1o Ben-
1one Exposure Am inw Hyp Axsec J 6 820
(1975
Acoomet Avpiar T 1AM i

m-ma.mmmmm
covering tha principies of veriovs Mechnicel

sapects of industrisl hygiens. e.g.. olr sampling, . ‘

laboratory ensiysss. sir monitering, ete:
Quaiiticats tov sdmiesion ) i ation

are & high school diplome and fvg or more yesrs of -

onperience involving &t least 26% of the time
industrisl hwyiane sctivities during sech yesr. The
Outl may nccopl altarnative sduastion -

C T ts for persers having sn
iate dagrea & who hewve compiwted twe

L

Chemisiry, Enginsering and Tonicol I
Persorne who have completed ons part of the
onamingtion sucoessiully need take only the other
[, 8

" INDUSTRIAL HYGIENIST IN TRAINING —
Thia consists of the CONE suaminetion m
the besic principles of industrie! fyg

yoars in on accredited college.

spplication cut-olf data
All spplicstions fos axamination must be recewed
befers March 21, 1977. All candidaties accepled

Qualificationa for admission lo m. o
axaminations inciude » beccalaureete degres in o
science closely related 10 industrial hygiens and
yoors for & candidete for Certified industriad
Hygienist 10 one yeer for industriel Hygieniat in
Training. Up 1o one yaer cradit may be allowed for
& compieted graduste degree.

*Engvningmens vl b hatl st the Fammant Hetel

SOURNAL 1 2177

for nation in New Orlesns must have thew
tows paid a1 least 30 days before the sxaminstion
date.

Specific indormation about eligibilty require-
enth, the seaminati and appli lorrmm
may be obisined lrom Americen Board ef
Indugtrisl Hygiene, 68 S. Miller Rd., Alron, OH
44313 (218) 838-9330.

3 -

SAL 000019436 g Bte s

[

s
et
¥

,ﬁ’ .

e
-1

v

A

e
E "5\\,;‘.;




