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Chromium in Erythrocytes as a Biological Marker of
Worker Exposed to Hexavalent Chromium

Ui-Seoung Yoonl), Kwang-Jong Kim" "
Department of Preventive Medicine & Institute for Occupational and Environmental Health,
College of Medicine, Korea Uniuersity“

Objective - To evaluate the usefulness of
chromium in erythrocytes as a biological marker of
exposure to hexavalent chromium in chromate
producers and chrome platers

Methods -
ramdomly obtained from chromate producers (n=34)
(n=35),
workers (n=75). chromiumn level in erythrocytes and

Blood and urine samples were

and chrome platers and non-exposed
plasma, and urine were measured.

Different chromium exposure workers were
of airborne

assessed through measurements

hexavalent chromium concentrations using a
personal air sampler.

Linear associations between variahles were
evaluated with correlation analysis.

Results - The chromate producers had mean
chromium levels in erythrocytes five fold as higher

than the chrome platers, and fifteen fold higher than

A9 120005 49 74, AU 20009 49 249

non-exposed group.

Among the chromium exposed workers, airborne
hexavalent chromium was positively and strongly
correlated with in erythrocytes (r=0.689. p<0.01),
and erythrocytes chromium was inversely
correlated  with hematocrit (r=-0.441, p<0.01),
hemoglobin (r=-0.465, p<0.01) and the number of
red blood cells (r=-0.28 p<0.05).

Conclusions - In conclusion, this study suggests
that chromium in ervthrocytes is a good indicator
of the chromium body burden caused by exposure
to hexavalent chromium.

Key Words : chrome plater, biological marker,
erythrocytes, hexavalent chromium
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Table 1. General characteristics of exposed and non-exposed group.

r‘lm

mean(SD)
Exposed Non-exposed value
(n=69) (n=T5) s
Agel(year) 343( 81 32.3(89) 0.16
Work duration(year) 410 34) 42(3.3) 0.87
Alcohol consumption(bottle T /week) 2014 1.4(1.6) 054
Smoking amount(cigarettes/day) 17.6(10.7) 19.3(86) 0.20

SD: Standard Deviation
* 1 t-test
1 1 24% alcohol, 360m¢ volume
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Table 2. Airborne hexavalent chromium concentrations in exposed group
No. of Hexavalent chromium(gg/m’)
Industry ) ) p-value*
workers GM GSD Range
Chromate producing 34 10.7 0.7 6.0~352
Chrome plating 5] 72 04 30~200 0.003
Total 69 3.7 06 30~3%.2
GM(GSD): Geometric Mean(Geometric Standard Deviation)
D i-test
ANGAZ AdAte] FUF AR EEE 7] w4 (020~1620 pe/ 1) Tolern AFNHAZ
sE 107pg/m (60~3H2 py/miely AER Adate AREF AP HETHT 7442 o 5

i zlol| A& 713 E T 72 pg/m (3.0~200 pg/m)o
71% 67V 2852 Hit x| 7
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(7.14~10002 pg/ )2 7H4 won 32 &4
A2 481 pg/ ¢ (1.40~2393 pg/ 1), ¥ eE 2 164

o, 158 =& AE+F AEFEE Vet

T3 HY4F AR FEE Z*?‘Sé-‘%—*ri BAg 2
HollA ZFANEAZ AdAE JiEET 211 g
/io"cells (064~1873 ug/o cells) 2.2 714 Egton
Thge AR YA 048 w0 cells (0.13~2.34
pe/ o cells), HlwE 015080 cells (0.02~1.48 pg
/ocells) ol o, A8l 2 Agiate] A E 7

F AFSE: ABET AYAS) NwFE v} 2
7} 4v, 14HH m:% A3E Btk A4 28F
5 SR 2RE ARIHE G4 ABNGAZ

ZAelab= sk 680 pe/eHb (2.10~59.89 pg/g

Table 3. Mean chromium concentrations in erythrocytes among exposed and non- exposed group.

. Chromate produceri Chrome platers Non-exposed
ot o fir M aoh e P o me P oam ww 00
e LU O 05
ey P am ww Pom e P am w00

GMI(GSD): Geometric Mean(Geometric Standard Deviation)

* 1 ANOVA test
¥ : Variable is corrected with hematocrit, number
of red blood cells, and hemoglobin.
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Table 4. Mean chromium concentrations in plasma and in urine among exposed and non-exposed group

Chromium in urine

Grou \%;kgis Chromium in plasma(ug/ ¢ ) (ug/er creatinine)
GM(GSD) Range GMI(GSD) Range
Exposed group
chromate producers 34 5.70(1.38) 0.80~93.69 45.83(0.87) 6.17~379.93
chrome platers 3H 2.13(1.36) 0.20~26.06 38.06(091) 968~298.87
Non-exposed group B (.65(1.52) 0.03~15.80 13.14(0.70) 192~429%
p-value=0.000% p-value=0.000%

GM(GSD)
* 1 ANOVA test

: Geometric Mean{Geometric Standard Deviation)

Table 5. Chromium concentrations in erythrocytes, plasma, and urine by hexavalent chromium exposure level
Hexavalent Cr in ervthrocytes Cr in plasma Cr in Unne
chromium level in V}&\] o. of (/1) g/ 1) (1e/g crea)
RIS orkers - . A A e .
air(yg/m’) GM(GSD) GM(GSD) GM(GSD)
< 999 43 6.24(0.96) 220(1.33) 30.37(0.86)
10.00~14.99 11 12.03( 0.32) 5.09(1.35) 47.66(0.93)
1500 < 15 39.33(0.62) 955(1.13) 60.81(0.87)
p-value=0.000% p-value=0.001% p-value=0.109+

GMIGSDY: Geometric Mean(Geometric Standard Deviation)

* - ANOVA test
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Tahle 6. The correlation coefficients matrix of selected study variables

Ag dlﬁg&in ??n?)lillgtg Log P-cr log U-cr I}iocgr/ Log A-cr Log E-cr
crea.
Age 1.000

work duration (.48 2z 1.000

smoking amount 0.115 0.150 1.000

Log P-cr -0140 0089 0049 1.000

Log U-cr O3l 0238« 0172 0.346%x 1.000

Log U-cr/crea. ~0.168 -0.060 0.108 0.209 0.774%x 1.000

Log A-cr -0.156 0093 0058 0339 0279« 0219« 1.000

Log E-cr -0202  -0006  -0.221 04005 0423+« 0259%  (0.68%x* 1.000

Log P-cr! Log plasma chromium

Log U-cr: Log urinary chromium corrected specific gravity
Log U-cr/crea.: Log urinary chromium corrected for creatinine
Log A-cr: Log airborne hexavalent chromium

Log E-cr : Log erythrocyte chromium

* 1 p< 005, += @ pl 001

A% A3 Table 63 2ok HE84F g% & F ZEMY A#AFE 0259 (0<000)32 LT

71 67bagtelle 7hE e AudAr=068, 2 A QFAFHUE v @ AHAAE

p<0.0-= E"“’Q‘ﬂ 375 672 ER ddT AE, Art EEFY R FAFH T 2L Q4R
SHlFoE RAY aFAFNY FAre o (r:-0.238, P<00B)E RAith

0.359 (p<0.01) 0279 (0<0.06)e19dct. A&+ A% 7% 67k, AT i EAA E 8,

0b)o 1y
W FAE FAENe AL s 47 0423 AP £7te] dafAE BAE A Table 73
(<001, 0400 (p<OODol o] RFAF} AHT ok 71 6712 ET a7ty oA

AF7RE AR 0.346(p<00DE vk (r=-0.367, p<00D)7} Ao EFE&A e 4
ggadottl oz HAY eFAFwRe} A9 FA(r=-0.358, p<OOD7t st AEFF 253

Table 7. Correlation coefficients between hexavalent chromium in air, chromium in erythrocytes

and hemoglobin, hematocrit, and the number of red blood cells

Log hexavalent chromium in air Log chromium in erythrocytes
correlation coefficient(r) B correlation coefficient(r)
Hemoglohin .367#% -0.460%x*
Hematocrit (.35 -0.441 %
RBCs -0.223 ~(0.233+*

* 1 p<0.08, ** : p<00l



Log Crin erythrocytes (ug /1)

Log Cr in erythrocytes (pg /1 )

-5

Y= -514 + 132 X
( n=69, r* =0.475, p=0.000 ) * g

1.0

1.5 2.0 2.5 3.0 3.5 4.0
Log hexavalent chromium in air (ug/ m? )
Fig. 1. Scatterplot between Cr in air and in erythrocytes

-4

-5

1 . ( n=69, r*=0.179 , p=o.600) .
%

Y=-4574 + 0709 X =

Log Crin urine (ug /1)

Fig. 2. Scatterplot between Cr in urine and in erythrocytes
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Hell F9d 282 259 A7 Feeh &3l
9l 3H QS A At

Z Aol 49 671252 489S 4A B3
ato} 7t E o R s 1o el Afsic)
gk 67kAFS AR AU Frgo 1
# o0 (Yoshikawasl Hara, 1980), ¥¥+ Aol &
T 67425 WS Fake] 37kage] e
AE(Nomiyama . 1980) 1 5= #FAF9
transferrin® Agsted 2k 22 g7jof LRk %
x%_tz]\;].

67F AF 32 Azt LR 42 ey
4ol (WHO, 1938) &A1 84 (real risk) H7H 9]
& AL wF BUH A ek A7 Lol 9
A gre] F EBE} AtHGao &, 1993 Finley %,
199; Lukanova &, 1996).
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U B eE T 6 et Ao A 066 py/ 1 o2
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3 7% 67k E0] 5-39 my/m'Ql FEelN 853
5L 254 pg/g creatinine® Y & 238 8o
o, B o] Azl 385 ug/g creatinine ©)
9104 Lai & (1998)9) 147 =5 #HAte] 2545
% 147 ue/g creatinine B the 2 4902 B9tk
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ug'm (30~200 pg/m) R oF 154 =2 ARE
Haon) Ay R 2F71E 500 wy/mol & v
srahglel,
g AdeE Xdz%l
&} FF rlauE
o dnAAE —‘?:*4@ Aol A
o F71% 67F AFFnrtel AwAsr b =4
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