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Relationship between Chromium Concentration in Male Rats Fluids and Erythrocytes
after Inhalation Exposure of Soluble Hexavalent Chromium Compound

Kwang-Jong Kim - Hyun-Young Kim" - Soo-Jong Yoon - Eun-Il Lee

Dept. of Preventive Medicine and Institute for Occupational and Environmetal Heath, College of Medicine, Korea University,
Industrial Chemicals Research Center, Industrial Sofety and Health Research Institute, KOSHA, Taejonl’

The goal of this study was fo evaluate the relationship
between ambient hexavalent chromium concentration and the
concentration of the chromium in whole blood, plasma,
ervthrocytes, and its urinary excretion of male rats after
inhalation exposure of sodium chromate during 1. 2, and 3
weeks.

1. Differences of mean chromium concentration in urine,
whole blood, ervthorocytes, and plasma of male rats exposed
to sodium chromate by exposure level were statistically
significance, respectively.

2. At low and high exposure groups, differences of mean
chromium conceniration in urine, whole blood, erythrocytes,
and plasma of male rats by duration of inhalation exposure
were statistically significance, respectively.

3. Ratio of whole blood chromium to plasma chromium
increased

with the increased duration of inhalation exposure of sodium
chromate.

4, Ambient hexavalent chromium was positively and strongly
correlated with in erythrocyte chromium, and also erythrocyte
chromium was strongly correlated with in whole blood
chromium,

In conclusion, this study showed that chromium in
erythrocyte increased with the increased exposure level and
exposure duration, therefore this study suggests that
chromium in erythrocytes is a good biological exposure index
of the internal dose from exposure to soluble hexavalent
chromium compound,

Key Words : Hexavalent chromium, Inhalation expostire,
Frythrocytes, Internal dose
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Table 1. Airborne hexavalent chromium concentration in inhalation chamber

exposed to sodium chromate

Exposure of Sodium chromate(mg/m’)

duration Aol Low exposure High exposure

(week) P T GMGSD) Median GM Median
1 5 0.151(1.15) 0.147 0.813(1.32) 0.855
2 5 0.148(1.35) 0.154 0.776(1.32) 0.741
3 5 0.155(1.26) 0.147 0.794(1.32) 0.897

Total 15 0.166(1.20) 0.177 0.794(1.29) 0.855

p-value* 0.452 - 0.959

GM(GSD) : Geometric Mean(Gometric Standard Deviation)

* . ANOVA test

Table 2. Comparative with mean concentration of airborne total hexavalent chromium
and respirable chromium concentration

(1) Total hexavalent(mg/m’)  (2) Respirable(mg/m)  (2)A1)
E |
xposure Leve GM GSD GM GSD (%)
Sodium chromate
Low exposure 0.178 1.18 0.166 1.18 93.3
High exposure 0.891 1.02 0.794 1.02 89.1
p-value* 0.000 0.000

Note : Mass median diameter(MMD) was 2.26/m and GSD was 2.14.
GM(GSD) : Geometric Mean(Geometric Standard Deviation)

3495(1.95), 122.92(1.82), 710.39(1.45)ug
/gereati- nine®] 1L N2 HT}F 247} 35,
2039 =A Yelon A #7H] 2F
AFSES BEAL BARCE §3
2olE HSlk

AEF ALY 7L t=T,
AsEd, wsEaolA 22 034(1.70),
23.81(1.35), 229.13(1.26)zg/ L ©11 2 A o
AT A¥F FEFFEY FEA|T
T SAHCE {3t afolr} Slglth

AHTedsRs 73PEEE d=
T AFEL 1EETd 247 o

(1.26), 36.19(1.45), 368.98(1.26) 1g/ £ ©]S}

Table 3. Mean chromium concentration in urine, whole blood, erythrocytes, plasma,
of male rats exposed to sodium chromate by chromium exposure group

GM(GSD)
Exposure group
Sample Control ~ Low exposure High exposure ~ P-value*
(n=15) (n=15) (n=15)
Urine(/g/g creatinine) 34.95(1.95) 122.92(1.82)  710.39(1.45) 0.000
Whole blood(g/l) 0.34(1.70) 23.81(1.35)  229.13(1.26) 0.000
Erythrocytes(/g/l) 0.51(1.26) 36.19(1.45)  368.98(1.26) 0.000
Plasma(ug/l) 0.02(1.55) 8.29(1.29) 64.19(1.20) 0.000

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

*ANOVA test
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Table 4. Mean chromium concentration in urine, whole blood, erythrocytes, plasma 239019101} 27, 3FT oM = 3.001%9
of male rats low exposed to sodium chromate by inhalation exposure =2 n]E BT} L3 TFET 1, 2

Sliraos GM(GSD) F, 370 ER0eE A F olBHE 1F
Exposure duration (week) ‘TLLOHH 2-630199\49—‘/} 2‘12‘, 3FTANE 4 b
3 3 =
Sample before 1 v 3 P-value* 7 413, 447% © AN xE7Re] A7s
e?ﬁ;uf (1r=5) (=5) (=5) AR S7HE BYi
Urine(g/g creatinine) 34.95(0.99)  5825(1.38)  62.30(1.23)  163.42(1.07) 0.000
Whole blood(z/l) 034(170)  19.87(120)  2423(1.17)  28.03(158)  0.000 4. 27|= 67 355 8= HE,
Brythrocytes(2/) 051(126)  2778(126)  3680(120)  4636(166) 0000 T HAEJE70| QJ";H;WI
Plasma(yg/l) 0.02(1.55) 8.35(1.15) 6.90(1.12) 9.87(1.35) 0.000
GM(GSD) : Geometric Mean(Geometric Standard Deviation) IAZAIERS B9 =E2A7] B 37
*ANOVA ftest Z a2 U $EAIEETS)

= AY AT, 45 AN A
IAS 2A5 A= Table 73 2Tk
FJEMEFS =E2A7 gl

Table 5. Mean chromium concentration in urine, whole blood, erythrocytes, plasma kY
of male rats high exposed to sodium chromate ~
by inhalation exposure duration =

. MO 3713 7198 =9 4875 28
— Exposure duration (week) =7l ARG 094607 o A
Sample expo(;i;e 1 2 3 P-value* I IAE Room AY g4 oFIE
(@=15) (n=5) (n=5) (n=5) 2ol E AT 0850148 Ko =0
Urine(yzg/g creatinine) 34.95(2.00) 934.76(1.05) 385.74(1.10) 840.43(1.10)  0.000 A& BT

Whole blood(zg/l) 0.34(1.70) 175.07(1.10) 255.21(1.12) 269.22(1.17) ~ 0.000 F3X gEEnd AYTE I2%E

Erythrocytes(z/l) 0.51(1.26) 273.59(1.15) 419.08(1.10) 437.93(1.15)  0.000 = =
Plasma(yzg/l) 0.02(155) 6609(1.15) 6269(126) 63.11(126)  0.000 = AT 09528 HERoH 4
A, AY, 2F IAFFEIE AHAT

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

*ANOVA test
Table 6. Ratio of whole blood chromium to plasma chromium of male rats low

Aoz $9% 3 . and high exposed to sodium chromate by inhalation exposure duration
A 293 xjol7} 9lglT). MeanSD

EEA}L}E%—% IFER 1, 2, 35 Exposure Exposure duration(week) ¥
39 wEA ¥ 0% AY, 487, 1 goup I (5) 205 3y P
=1y gm& g2 252 ugst s Low exposure 2.39(0.26) 3.53(0.35) 3.12(1.47) 0.013
Table 59 2t} High exposure 2.63(0.33) 4.13(0.74) 4.47(1.68) 0.020

% ATEEE £F 1FTA Py TANOVA

=2 Jﬂfﬁl H3oH 2 3FTAME

ZIRT e X2 Roon AYE Table 7. Correlation coefficient matrix between selected study variables of exposed
7 to sodium chromate

N =S 222 ngdon oS gk Log Cr-A  Log Cr-R  Log Cr-U Log Cr-B  Log Cr-E  Log Cr-P
5T 3§ =27170] AFE 52 57} Kg gf'A (1)8(6)8 -

2 gdon R IR T Lx 1= g Cr-R 000

= BAOM WYITEES T IFT ooy 087 0916 LOW,

oA 7HE & BAAE 29 =F  Log (B 0942 0.961 0.903 1.000

10}
2 3ETolE GASE BEA2 wolr,  Log GhE 09467 0027 09027 09907 1000,
SeajERe 5o vaAq & ga LGP 0% 0981 0922 0963 0963 1.000

oA 671352 B3 RS 11HEl) Log Cr-A : Log hexavalent chromium in air(mg/n’)

et 4 92T o ti3k Agd= 3 Log Cr-R : Log resp.irablc? hexavalent (':hFOITllum in a1r(mg/m3)
2rrd 02 Az A3 o Log Cr-U : Log Cr in urine(yg/g creatinine)

TOker = ved H Log Cr-B : Log Cr in whole blood(ug/l)

2ok AFER 15, 27, 35T B9w%  Log Cr-E : Log Cr in erythrocyte(ug/l)

A T o)E HE - 139 oA *L;Og PCr;PO:O]l_og Cr in plasma(yg/l)

tm
rir
=
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Appendix (1)

A7) 9

Appendix 1. ACGIH definition of respirable mass fraction by particle size

(1) Size Range (m) (2) Respirable Fracion (%) Average
Stage Respirable Fraction
Lower Mid Upper Lower Mid Upper 3)
1 21 355 50 0 0 0 0
2 15 18 21 0 0 0 0
3 10 125 15 0 0 0 0
4 6 8 10 30.5 6.4 -17.7 0.0642
5 35 4.75 6 60.7 45.6 30.5 0.4562
6 2 275 3.5 78.8 69.7 60.7 0.6974
7 0.9 1.45 2 92.0 85.4 78.8 0.8541
8 0.5 0.8 0.9 96.9 93.3 92.0 0.9446
Backup 0.25 0.38 0.5 99.9 98.3 96.9 0.9838




