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Comparison of Sampling and Analytical Methods for
Determining Airborne Hexavalent Chromium — Limit of
Detection, Accuracy and Precision of Analytical Procedures
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Abstract

In this study, limits of detection (LOD), accuracy and precision of four sampling/ analytical methods were
evaluated and compared for the determination of airborne hexavalent chromium, Cr (VI). The methods include :
(1) a combination of the National Institute for Occupational Safety and Health (NIOSH) Method 7600/U.S.
Environmental Protection Agency (EPA) Method 218.6 (NIOSH/EPA Method) proposed by Shin and Paik, 2) two
impinger methods using 2% NaOH/3% Na,COs, (3) same as (2) but with 0.02 N NaHCO:; absorbing solution, and
(4) the Occupational Safety and Health (OSHA) Method ID-215. An ion chromatograph/visible absorbance
detector was used for the analysis of Cr (V) in sample solution. Limit of detection (LOD), analytical accuracy, and
precision were also tested using Cr (VI) spike samples. Recoveries (as index of accuracy) and coefficient of
variation (CV) (as a index of precision) were determined. Two-way ANOVA and Turkey’s test were performed to
test the significance in differences among recoveries and CVs of the methods. In all the methods, the peaks of Cr
(VI) were separated sharply on chromatograms and exhibited a strong linearity with Cr (VI) concentrations in
solution. The correlation coefficients of calibration curves typically ranged from 0.9997 to 0.9999, and the
analytical LODs from 0.025 to 0.1 pg/sample. All the method had good sensitivities and linearities between Cr (VI)
levels and peak areas. The accuracies (% mean recoveries) of the methods ranged from 80.1 to 104.2%, while the
precisions (pooled coefficient of variation) ranged from 3.16 to 4.43%. The impinger methods showed higher
recoveries (> 95%) than those of the PVC filter methods (the OSHA Method and the NIOSH/EPA Method). It was
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assumed that Cr (VI) on PVC filter was exposed to air and reduced to trivalent chromium, Cr (IIT), whereas it was

stabilized in alkali solution contained in impinger. Thus, a special treatment of Cr (VI) samples collected on PVC

filters may be required.

Key words : airborne hexavalent chromium, Cr (VI), sampling and analytical methods, ion chromatograph,

accuracy and precision
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Fig. 1. IC Chromatogram for a Cr (Vl) standard (0.048 g
/mL) in 2% NaOH/3% Na,COs.
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Fig. 2. IC Chromatogram for a Cr (VI) standard (0.048 ng/mL.)
in 0.02 N NaHCOs.
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Fig. 3. IC Chromatogram for a Cr (V) standard (0.05 ug/mL)
in 10% Na.C03/2% NaHCO..
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Fig. 4. Calibration curve for Cr (VI) by NIOSH 7600/EPA
218.6 Method.
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Fig. 5. Calibration curve for Cr (VI) by OSHA Method ID-
215.
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Fig. 6. Calibration curve for Cr (Vi) by Impinger/2% NaOH/
3% Na>CO; Method.
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Fig. 7. Calibration curve for Cr (V) by Impinger/0.02N
NaHCO; Method.
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Table 1. Limit of detections by sampling and analytical methods.

Sampling and analytical methods

Impinger/ Impinger/ OSHA

Parameter NIOSEUEDA 2 NAOH/3% 002N method

Na,CO; NaHCO; ID-215
Limit of detection (calculated)?, ug 0.085 0.030 0.090 0018
Limit of detection®, pg 0.100 0.040 0.100 0.025
Limit of quantitation, ug 0.330 0.132 0.330 0.083

. 0.100~24 0.040~24 0.100~8.0 0.025~10

Concentration range of standards, pug (n=5)C (n=6) (n=5) (n=7)

A Limit of detection (LOD) calculated by equation |
B Limit of detection (LOD) recommended by NIOSH
€ Number of calibration standards
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Table 2. Accuracies and precisions of NIOSH Method 7600/EPA method 218.6 and OSHA Method ID~-215.

NIOSH/EPA method

OSHA method ID-215

Spiked*
Level (ng) N Recovery rate, % Ccv N Recovery rate, % Ccv
(Mean X SD) (%) (Mean+SD) (%)
1 0.5 5 78.24+2.92 373 6 74.7+3.86 517
2 1 6 91.5+3.97 4.34 5 83.0+3.08 371
3 2 5 93.1x4.67 5.01 6 83.1+2.14 2.57
Overall - 16 88.0+7.77 4.39 17 80.1+5.04 398

Note : CV : Coefficient of variation; Overall CV : Pooled coefficient of variation

*The concentration of standard Cr stock solution was 1000 ug /mL.
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Table 3. Accuracies and precisions of impinger methods.

A A4z idd(1999)0] B1
9 Abte WE ez Ao A4
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Spiked* NaxCOs Ratio
Level (ng Recovery rate, % N Recovery rate, (Y (A/B)
(Mean=+SD)(A) (%) % (Mean + SD) (B) (%)
1 05 6 95.2+4.22 443 6 100.1+3.07 3.06 0.95
2 1 6 96.5+4.95 5.13 6 106.6£3.28 3.08 091
3 2 4 99.1+2.90 293 6 1059+3.52 332 094
Overall - 16 96.71+4.28 443 18 104.2+4.30 3.16 093

Note : CV : Coefficient of variation; Overall CV : Pooled coefficient of variation

*The concentration of standard Cr stock solution was 1000 pug/mL.
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o

Yol 21 Rol7h flsivh(p>005). $3

ol 4% ¥ izt WS FAMeE FolT A

AAAT (p>005), 7 whgel oI FEF=
HF 1.24(1.04~1.56)F 2% NaOH/3% Na,COs

BE 0] 23} ulHo] HulH o g =2 73lo)

2o,

U rlr ol
; opo

o3
—

A

2 A7 HrPA gl d7 Aol A Fofel
A8E AFse whie] a3 weg Agert
o flejvtets AR A8 AN FedE
o] 43t o] ¥ ¥ FEE Moy 7oz Hot
H] 2 m]EFe] xRt PVC of Fh=|el| A} Fdo] dofrdr}
= AE o 4 sk AEat A PVC o343
AA S el $Rel Yol wehe A5 3

1% s oAl A Al EAske @

A3} ol o8] Cr(VDe) Belo] Yol
Aoz 2

Cr(VDhe] A 2T SAeoz Js F4 3
ZAzZlel 28] A #A7] dEed FAA —-J}
= YT 4 9ot (Katz and Salem, 1994; Pedersen
et al., 1987; Zatka, 1985). Z12] 22 A&k Cr(Vl)
=% H7hE AT A=A P BAA Bl
oJg £AS 249 4 e whde] o3l Shin
and Paik 2000)& Alg B3 9 A7 2 9L W
A5k7] 3 AlaAH FHA) @d7=] 4 (2% NaOH
/3% Na;COs3)& AH7lste] A Astws A3t

o}
N
of
o
s
N
d
A
oX,
o
2
I
Rl
.
hs

-
N
hd

rhu

2 47 =3I FFos WHE o
(VD& 2H3k7) 96, @4 del olgET e

NIOSH % OSHA®] WhgE3 32 Az Atd &
AugEe vz Atskdd. A794 e
NIOSH Method 76002} EPA 218.6-% =3}st s

(NIOSH/EPA u4), OSHA Method ID-215, 2%
NaOH/3% Na;CO; == 002N NaHCO;Z 4o
2 ARl dAA wbH (Impinger/2% NaOH/3%
Na,CO3; ¥ Impinger/0.02N NaHCO3) o] g1 =} NISOH/
EPA ¥l 3 OSHA w2 PVC oA A mE
Y FEedezx 77 2% NaOH/3%
NaxCO; ¥ 10% Na;CO3/2% NaHCO3 & Al-g-3ich.
FQ AFAHNE g3 2.

1od7di4) 4702 wbdlell dst Zepade] AraA
27} 0.9997~0.9999=2. e} WA v =% Cr
(VD3} 513 A4 70 = B2 AYRA 7T Asict of
5 2Aubel 73&34E 0.025~0.100 pug/sample
2 veht 2% 2wl Cr(Vh ZA o A grahs]
th IC-VADZ o438t MY FE4Y2 FFol
Adgle] Z=rt S5t s me) 92 WAz
2 AYAAE Relmzg fdF Cr (VD) Al
= gralod ot

2. 015 S HF 3482 80.1~1042%,
CVpoorea’ 3.16~443%2 3 F 3582 2 upyz}
o f2g zel7b A2 (p<0.05), CVpoorea 5
A kel FAME SEolddeh MY B2 s 4Ee
1l ulH-2 Impinger/0.02N NaHCO; vt (37 3]
28 104.2%) 0] ©}L-© 2 Impinger/2% NaOH/3%
Na,CO; ¥ (FT 348 96.7%) ]3] =} OSHA v}
He] A 32 7 2 80.1%°1%1 32 NIOSH/
EPA v o] 7% 88.0%°1% 0}

3.0r(VI) A &9 AEs 9 HYUeE v
3 ¥ A, A= PgEL e 2 At e
v A= B Fode AaE A 99
A 9 (38 95% ol4h) o] HA) whE R 5
stdet 4 Sl A& A s FA4E A
7HA 88 A el dg drAdFHe nA R F
YL o] 43 UAA whye] oi3pA] WpRG 'PF
23 T2 FEE B (p<0.05) Alm E£Alo] 2

J. KOSAE Vol. 18, No. 1(2002)



—_

4.3 Fe) Cr(Ve B7)9 A& Abejo
o

=)
rh
rhv
>
o
e
2
T
i
rm
E_EL
o
(i)

AAslolEe Az He BAY Fos
FolA e ol Aok ame oA E
s A4 &4 Fol7] 98l ARF Cr(VDE
REA 7 247 desjelen 2o

o
-}

2 oo 2o rlo o N

N

B =220 “1990d % QAT &g FxAln)
Aol o3 3= gk (A1 5 00011999243).

I 11 &

—

|
Ho

X EH(1998) e W B QR =E)E, mE N
FA) A 97-655. =T

A8, e A=, B3 (1997) Ion chromatography/visible
absorbance detectionS- ©]-4-8t Cr(VI) £4 2] #
gz 9 Aus Hrh B3NN T IA,L 72),
223-232.

8-, g9l (1999) 214 2 A =F33 Co(VD Al

B9 Be] DY W7, BIRANAHA,
25(2),8-17.

American Society for Testing and Materials (ASTM) (1992)
Standard Test Method for Collection and Analysis
of Hexavalent Chromium in Ambient Workplace, or
Indoor Atmosphere. Designation: D 5281-92, In
Annual Book of ASTM Standards, ASTM, Phila-
delphia, PA.

Agency for Toxic Substances and Disease Registry (1993)
Toxicological Profile for Chromium. Prepared by
Syacuse Research Corporation and Clement Inter-
national Corporation under Contract No. 205-88-
0618, U.S. Department of Health and Human Ser-
vices, Atlanta, Georgia.

Blomquist, G. (1977) Analysis and Sampling of Hexavalent
Chromium—Investigation of Diphenylcarbazide
Method, Investigation Report 32, National Board of
Occupational Safety and Health, Stockholm.

Blomquist, G., C-A. Niisson, and O. Nygren (1983) Sam-

%

7187438 A 180 A1 %

pling and analysis of hexavalent chromium during
exposure to chromic acid mist and welding fumes,
Scand. J. Work Environ. Health, 9(6), 489-495.

Boiano, J.M., M.E. Wallace, W K. Sieber, J. H. Groff, J.
Wang, and K. Ashley (2000) Comparison of three
sampling and analytical methods for the determina-
tion of airborne hexavalent chromium, J. Environ.
Monit., 2(4), 329-333.

International Agency for Research on Cancer (IARC) (1990)
Chromium, nickel and welding, in JARC Monograph
on the Evaluation of Carcinogenic Risk of Chemical
to Humans. Vol. 49, IARC, Lyons, France, 213~
214 pp.

Katz, S.A. and H. Salem (1994) The Biological and Environ-
mental Chemistry of Chromium, VCH Publishers,
Inc., 13 pp.

National Institute for Occupational Safety and Health (NIOSH)
(1975) Criteria for a Recommend Standard for
Occupational Exposure to Chromium (VI), HEW
(NIOSH) Pub. No. 76-129, Cincinnati, OH.

National Institute for Occupational Safety and Health (NIOSH)
(1994a) Chromium, hexavalent (Method 7600), in
NIOSH Manual of Analytical Method (NMAM), 4th
Ed., Edited by P.M. Eller, DHHS/NIOSH Pub. No.
94-113, NIOSH, Cincinnati, OH.

National Institute for Occupational Safety and Health (NIOSH)
(1994b) Chromium, hexavalent (Method 7604), in
NIOSH Manual of Analytical Method (NMAM), 4th
Ed., Edited by P.M. Eller, DHHS/NIOSH Pub. No.
94-113, NIOSH, Cincinnati, OH.

National Institute for Occupational Safety and Health (NIOSH)
(1995) A NIOSH Technical Report: Guidelines for
Air Sampling and Analytical Method Development
and Evaluation, DHHS (NIOSH) Pub. No. 95-117,
NIOSH, Cincinnati, OH.

Occupational Safety and Health Administration (OSHA) (1998)
Hexavalent Chromium in Workplace Atmospheres
(USDOL/OSHA Method ID-215), Salt Lake City,
UT. Pedersen, B., E. Thomsen, and R.M. Stern
(1987) Some problems in sampling, analysis and
evaluation of welding fumes containing Cr (VI),
Ann. Occup. Hyg. 31(3), 325-338.

Reinhart, W.E. and S.C. Gad. (1986) Current concepts in
occupational health, metals—chromium, Am. Ind.
Hyg. Assoc. J. 47(11), 696-699.

Sheehan, P., R. Ricks, S. Ripple, and D. Paustenbach (1992)
Field evaluation of a sampling and analytical me-
thod for environmental levels of airborne hexaval-



ent chromium, Am. Ind. Hyg. Assoc. J., 53(1), 57—
68.

Shin, Y.C. and N.W. Paik (2000) Reduction of hexavalent
chromium collected on PVC filters, Am. Ind. Hyg.
Assoc. J.,61(4), 563-567.

Thomsen, E. and R.M. Stern (1979) A simple analytical tech-
nique for the determination of hexavalent chro-
mium in welding fumes and other complex matrices,
Scand. J. Work Environ. Health, 5, 386-403.

Taylor, J.K.(1987) Quality Assurance of Chemical Measure-
ment, Lewis Publishers Inc., Chelsea, MI, 20-24
pp-

U.S. Envrionmental Protection Agency (EPA)(1983) USEPA

37)% 67 2EF

A

Qb vl 49

Test Method for Evaluating Solid Waste. (SW 846).
Revision 1987, EPA.

U.S. Environmental Protection Agency (EPA) (1991) Method
218.6: Determination of Dissolved Hexavalent
Chromium in Drinking Water, Groundwater and
Industrial Wastewater Effluents by Ion Chromato-
graphy, Rev. 3, by EJ. Arar, S.E. Long and J.D.
Pfaff. Environmental Protection Agency, Cincin-
nati, OH.

Zatka, V.J.(1985) Speciation of hexavalent chromium in wel-
ding fumes interference by air oxidation of chro-
mium, Am. Ind. Hyg. Assoc. J., 46(6), 327-331.

J. KOSAE Vol. 18, No. 1(2002)



