Field test of a portable method for the determination

of hexavalent chromium in workplace air

valent chromitm, Ce(V1), is a buman
accinogen that may be present in the
workplace air of a variety of occupational
settings.' Oveupatinnal exposwre ta Ce(VI) has been
associated with a number of work activities, includ-
Inpg metal plating. welding, spray patntlng, sanning,
and ahrasive blasting operarions.? Recent efforts in
the ainhous” laboratory have been direcred toward
the developmpent and evaluation of fleld-portable
methols for the one-sile measwrenment of Ce(Vl) and
other woxie metals iy workplace wr and other envi-
rotental matrices. Vacious analytical methods are
inexistence for the detormination of airborne
Cr{Vl) in fixed-site fuborataries with cunventional
laburatocy instrumentation,™ 7 but rellable Neld-
portable methads are needed for on-site oceupa-
rlonal monitoring ol this species, Fleld-pactlable
wiethads sre ofinn desired so chat declsions regard-
ing warker profection, engineering cormrols. ete.,
can he made quickly. The capubility for rapid deci-
ston-making hased on fleld aialysis resulls can help
to save costs, and also offecs a means to assess (and
thereby prevent) worker overexposures (0 hexava-
tert chrowium tna timely mamer.

A fleld-portable analytical method {or measucng
Cr(VD in environmental and workplace aic samples
his been developed® This method employs alkatlne
ultrasonie extraction ol Ce(V)) from envirornenial
and filter media using an ammonium sufatesan-
mantum hydroxide buffer solution (pH 8).¥ This
buffer helps to stabllize avalent and frivalent
chramium in solution, thereby preventing redue-
tion of Ce(V1) or oxidation of Cr(llf).* Foltowiag ul-
wrasunic extraction, hexavalent chromium Is sepa-
rated (vom trivalent chromilum and other carions by
solid-phase extraction using a strong anlon ex-
change resln {(uaternary wmine bound o silica).
fsolared Cr{Vl is then cluted with ammonlum sul-
fate/atumonium hydroxide bulfer from the anlon
exchange endunin, camplexed with Li-diphenyl-
carbazick (PC), aauld measured by visible absorp-
tion spectrophutamen y with a field-portabie, bai-
1ery-powered Instrament. This proceduce was
found o give excellent recoveries for Insoluble
CrivD. P The method is simple, apid, sensitlve,
and quantitative, and provides the ability Jor on-
site workplace exposure monitoting. Analyrical ve-
sulrs are obrained within 2 he of sampling.

[n this study, @ portable spectropliotometer and
a portable solid-phase extraction manifold were
transported fo the field, aud the Cr(VI) pmiable
atalytical miethiod was field tested at a facility at
which aireradt were being refurblshed. Ag industrial
fiygiesie survey was conducted durlng sanding and
spray-painung operations, and air saraples were col-
fected and analyzed for Cr(V1) onesite. Some arca air
samples were enilected above an electroplating bath
where galvanizing of airplane parts was conducted.
Thees types of metnbrane filters were used i ordee
ta campare analytical results from the different G-
e aedia, Presentod herein are the wesudts from this
industrial hygiene survey using the field-portable
wethod (o the determitnarion of Cr(v1) in work-
place alr.

erdsnental

Sample eillection

Air satnples were cottected using 37-cani-diam (il
ters housed I palystyeene cassertes, with the alr six
Lot endarged 10 15 mum in order o simudate the nst-
e of Occupational Medicing (IOM) satuplers for
inhalable particulate mass."! The three different
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types of membrane filters used were: 1) palyvinyt
chlotide (PVC) (5.0 pan pore size). 2) mixel cellufoss
ester (MCE) {08 junn pores size). anl 3) polyretrafluo-
1oethylene (TR (1.0 wm pore size). All filter media
were obtained from SKC (Bighey Four, PA). Personial
breathing zone (PBZ) as well as area air samiples were
collected for the length of tne cequired to complee
the tasks of interest using Gil Air 3 sampling pumps
(Sensidyne, Clearwarer. F1) cilibrated o an airflow
rafe of 2.0 = 0.1 L/min. Area samples were collected
side by side so that resulty from different filter types
cuuld be compared. Al aic samples were collected
durig afreraft refurbishing operations.

faly and equipinent for anifysis

The air swnples were analyzed for Cr on the
same day they were collected, ar the facility at.
which they were obtained. Sample zoalysis was
conducted using the following chemicats (reagent
grade}, which were purchased from Aldrich (Mil-
wattkee. W) Cr(VD) 1005 pg/mlL swandard: amumno-
nium sulfate (NEH)2504. ammonium hydroxide.
NHOM: L3-diphenylearbazide (DIC); aceroniteite;
and 377 hydrochlore acid (HCD. Uluasonic ex-
rraction of air (flters was perfortned using a Sonicor
115-V, 60-Hz zonicator Sonicar, Farmingdale, NY).
Solid-phase extraction (SPE) of ulirasonicated ex-
tracts was performed using a Supelrioan™ solid-
phase exuactor Sugelco, Bellefone, PA) attachied
to 4 vacuum puep (Gast, Benton Harbor, M) via a
pressure weiering vabve, Strong anion exchange
(SAE) cartrldges Supeleo }, tube size 3 sul., consisted
of 300 mg of quaternary amine-bonded sillea sor-
hent with G as the counterion (capacity 0.2
meg/g). A DR/2010O portable spectrophotometer
(Hach, Lovelaud. COY was used [or specicophoto-
metric measurements at 540 am (sample path
lengthy | co).

iun sf fikier sooniples

Following sample callection, filters were re-
moved from the sampling cossetios amct placed in
-l plastic centrifuge tubes with screw caps {Bec-
ton Dickinson. Franklin Lakes, N)). Then 10 mi. of
0.05 M ammonium sutfare/0.05 M ammontum hy-
droxide buffer solurion (pH 8) was Iniroduced Into
the cenfrifuge rubes containing the membrane fil-
ters. The tinmersed filter smuples were then soni-
cated in the ulirasonic barh for 30 min at a temper-
ature al 34-40 “C. PBZ and area samplos were
treated i the same fashion.

fith-frigze exteaciion

SAL carrrldges were placed in the inlet ports of

the SPE snanifold and conditioned by drawing (vis
vacsum} 3 mlb of doubly-distitled water througlh
the cartridges. Thereafter, 3-nl, aliguats of the sanr
ple solutians (whiclh had been sonicated) were
pipeited from the centetfuge tubes into the SAE car-
tridges, After sample luading, the carfridges wece
apain rinsed with 3 ml. of doubly distilled water.
and the rinsates discarded. In this manner, Cr (VI),
which Is anionic at pH < 10, was loaded onio the
inrn exchange sorbent within the cacrsldges. while
Ce) snd other cations were unretained on the
vartridges. Hexavalont clromiam was eluted with 6
ml. of 0.5 Monunoninm sulfate/0.05 M anumonium
Liydroxicle buf¥ee sohution In 1wo 3-ni, lractions at a
flow rate: of 2 mi/min; eluates were collectad in 20-
il scintillation vials,
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Figisre 1 Represemative calibration line of hexavalent
chiromnitim concentration {measured as the chromiumn-
diptenylcarbazide complex) versus absorbance fin ab -
sorbance units) at 540 nm using a portable, baltery-pow -
ered speciropholometer.

Tahle 1
Rrea Lr(V1) concentrations delermined from it samples
coliected daring airwraft refurbishing activities*

Cr(\) concentrations, pg/m3
PYC .3 PIE
487 527 34
687 718 378
129 108 623
8,19 103 6.48
112 §10 19
6.57 1.00 12
1430 1310 1510
" 133 -
1630 1650 —
120 o 338
191 138 286
143 1.3 -
125 730 62.1
U5 928 633
126 138 136
626 626 152
145 —_ 242
“Sampdes were colies el stde by stde ott PYC. MCE, and PIFE 6l
ters dorlng sandloy, spray painting. and clutnpiallag opsca
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Eluate solutions cantaining isolated Ce(V) were
acklified with 100 pl. of 37% hyvdrochloric ackd, fol-
lowed by the addition of 2 ml of 20 mM DPC (in
acetaalerile) complexing reagent: solution to the
cluates. Quaariflcation of Cr(Vi) concentrations
was performed by measuring the absovbanee due o
the Cr-DPC complex at 540 nm using the portable
spectroplioiometen. Calibration solutions consist-
ing af known concentrations ol Gr{Vl) were p
pared by dilution of the 1005 pgfml. Cr(VD)
durd. and these solutions were used t prepare
calibration lines frony which Ce{VI) concentrations
in the filter saniples (as prepared above) could be
determined. Concentratlons of callbration solu-
tions ranged from 0.01 to 1 g Cr(Vl)/mL.

Resalts and disoussion

Figure { shows the calibrution line of absorbance
al 540 nu {clue to e Ce-DPC cotuplex) as & func-








