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Chromium and Nickel Concentrations in Urine and Serum of None Exposed
Group and Workers in Electroplating Plants

Ho-Chun Choi

Korea Industrial Health Association Institute of Occupational Health

The exposure levels of chromium and nickel for chromeplating workers were evaluated.
Chromium and nickel concentrations in urine and serum from 82 exposed workers and 69 controls,
who were not exposed occupationally to metals, were analyzed by flameless atomic absorption spec-
trophotometry. The results were as follows:

1. Chromium concentrations in urine of exposed group and control were 3.49+ 1.83g/g of creati-
nine, 5.59+2.83g/g of creatinine, and in serum were 0.69+0.30g/1, 2.31 + 1.16g/1 respectively.

There were significant difference of concentrations for chromium in urine and serum by group
respectively.

2. Nickel concentrations in urine of exposed group and control were 0.92+0.23g/g of creatinine,
2.20+1.93g/g of creatinine, and serum concentrations were 0.52+0.34g/1, 1.41 +0.74g/1 respective-
ty. There were significant difference of concentrations for nickel in serum by groups statistically.

3. Chromium and nickel concentrations in urine and serum of exposed groups were not significant
by workplaces(grinding, electroplants, packaging).
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ZoA F71E Bol¥E&A WA =F=9 A R
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£ FYshd giiie] 8302 wjddEd Y A
2 UAe ZuiAb Feiz2 A3t HAHF ZEol
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£ d7dMe AU Ao HXE 4y 2§ R
Ud =374 FAe 2244 ddez DY
oA AAR FLARNGE AR 82(dAH6], o
A:2))HE EF2Fos gon, FF& YA
s 8% g UG AL B HY 2F
Az 69(dA:52, dA1:17)F& HFER dxFeR
AREc. B4 diAe] #3& E2Fe ¥Fd

Be A7t 28+8.1(16-5T) 4, Axe 41+
13.1(16-64 A en, HZ2gL FA7t 32+
7.8(21-58) M, Hzt7t 30+4.8(20-39) M Fich

2 oAy

8% 3 2 YA BN oA 89 HAXE 4
goll &9 287 (Microwave digestion sys-
tem, power 630 watt)& AM83%}y. 8 25mic]
A AL 6mE VIS F, 299 AsrlE 394
2 TR IOPE ARG A SACl Y 80%
2 1083, 24 dAe 39 100%2 883, Al
HA HAle B9 70%=2 583 AL 83%
2 3 U2 AN @A glol AR £l
FHRTE ALS31 BEE FUPHe o8 v EE 2
AEFs $37](Varian 300P Atomic Absorption
Spectrometer) & ARg-8led B4}, oluf 7]
Z3L ¥ 13 2o,

8 9 ¥YF 2E BN 4 ANBE 1516 W=
A7\ 2 (furnace) ol FYAZHLH, 8 % ¥HF Y
AL 1544 3 UEF]IE AZAUF A58
3i3ate A8 ARG old 8F IAFL 8 54,
FRFUY BE8Y 5d, 89 b4, YA F 2E
& 8d, FRTY BEE 5u, FBY 34, 8F
Ude 8 5ud, FRHFY EERY 54, £3Y 54,
A5 Jde ¥ 84, FRIFYU EERY 54,
FAY JUE FYUAAY. 84F ZAEL 2.5%
Ammonium dihydrogen phosphated] 43 9%-&
ALggien, ¥A AlEe $£% Y (modifier) & 2%
Mg (NO3) & AH83l%ch Yde 8 @ ¥HA89
#AQoz 1,000ppme Palladium nitrate® At
£33t

Table 1. Analytical conditions by atomic absorption spectrometer

Conditions Chromium Nickel

Method flameless flameless
Wavelength(nm) 3579 2320
Slit width(nm) 0.2 0.2
Lamp current(mA) 7 4
Background correction off on
Temperature program
Temperature(C) 60 120 300 1500 2400 60 95 120 300 1500 2400
Time (sec) 5 25 5 55 20 5 25 10 40 16 2.0
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1. t=Zn =Ee 22Xl 2 Y AT 3E
Sk

Az 53¢ 2249 8 9 ¥AF A8 F
T B 29 o FE& d@ vE2En £2
29 2§ FE Hlae ABFIE Hol ¥ns HE
o] 2% Mann-Whitney test& sl

dz2F 9= 3 F8% £2F 9Ae 85 Z§
v Z42Zb 3.49+1.83g/g of creatinine, 5.59
+2.83g/g of creatinine, 3% AL 4%
0.69+0.39¢/1, 2.31+1.16g/12.8 Z A|grlct F
Azl § % zolrt UKTHPO. 05). HAA ¥ &
2734 2344 FAge R 239 8.F AE

Table 2. Results of chromium in urine and serum by group

E5E 244 4.32+1.07g/g of creatinine, 9.49+
5.76g/g of creatinine, A% 8L ZZ 0.69
+0.47g/1, 2.2411.01g/128 ztz}o] Algd) st
o ¥ E2 Y2FH F2F00 K9 2ojrt UM
t}(p<0. 05).

2. o= =3 22Xe 2 % w6iE¥s J¥
=X

HZe s £ £3Y 2249 8 ¥ 93
z Ud =€ ® 33 o vE2 9T 9F
R =239 22AQ 54 Z2FE @AY 8F |
A ¥2v 27 0.9210.23g/g of creatinine,
2.20+1.93g/g of creatinine® ¥% Aol7} ¢l
Qeomw, ¥¥F UA =& 42 0.52+0.34g/,
1.4120.74g/1282 ¥% Zol7F UANH(p0.05).

Urinary Cr(g/g creatinine) Serum Cr(g/1)
Group Sex Mean U Z e Mean U z
n Mean+ S.D. Rank n Mean+S.D. Rank

Control M 10 3.49+1.83 18.00 49  0.691+039 28.77
(0.10-6.60) (0.01-1.63)

Exposed M 47 559+283 3134 125.0 -231* 61 231+1.16 7698 1845 -7.88*
(0.13-12.72) (0.50-6.41)

Control F 6 4321107 7.50 17 0691047
(2.58-5.36) (0.01-1.92) 10.32

Exposed F 18 949+5.76 1417 240 -2.00* 21 2.244+1.01 26.93 22,5 -4.58*
(1.28-21.18) (0.67-4.08)

*: p<0.05, Nonparametric Mann-Whitney test(U- value,Z-value)

Table 3. Results of nickel in urine and serum by group

Urinary Ni(g/g creatinine) Serum Ni(g/1)

Group Sex Mean U VA Mean U VA

n Mean+ S.D. Rank n Mean+S.D. Rank

Control M 13 092023 12.67 49 0521034  33.12
(0.77-1.19) (0.03-1.64)

Exposed M 47 22014193 2632 320 -157 56 1.41+0.74 7039 398.0 -6.26*
(0.50-11.47) (0.25-2.81)

Control F 15 1.21%062 8.0 16 0724042 15.16
(0.56-2.10) (0.23-1.52)

Exposed F 18 1991109 13.11 25.0 -1.49 21 1.10%0.62 2193 1065 -1.89
(0.75-4.79) (0.33-2.20)

*: p<0.05, Nonparametric Mann-Whitney test(U- value, Z-value)
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oz ¥ EF2ZH =3P FARRe A 239
8% Ui s5€ 4% 1.21+0.62g/g of creati-
nine, 1.99+1.09g/g of creatinine, ¥3% 1d
< 747t 0.72+0.42g/1, 1.10+0.62g/12.8 & R
YAF UL 5 BF Xo|7t fIAHE 3).

3 AEAMgd oE T3 2EXe 2 ¥ §
3y 3k A HH 3=

B 4 AENE 3NF ZE % Ud Fx°
tt, EF2AMY 2F e BT 35.7+53.0
(1.0-139. 3) ug/m’eleml, YA 18.61+24.4
(0.5-77. 3)wg/m*oIAt}, AP FAEe] wet 2
Aol 2 9 UHd FEE BERSEHA 9%
Kruskal-Wallis ¥ $¥4& ¢ A3 |o% %
)7} ARATH(p<0. 05).

dn}l, =82 9 ZF IRYRAER o] 2%
P 2228l 8% A FE 5 .38%5.03g/g of
creatinine, 5.62+2.46g/g of creatinine, 4.68
+1.69g/g of creatinine, ¥A3F ZBFS 1.98%
0.89g/1, 2.39+1.21g/1, 1.99+0.51g/1e2 BA
o e AFAY B zte]7t YUHE 5).

83 U4 5 dnl, 533, ¥ FAER 7}

Z} 2.35+1.48g/g of creatinine, 2.17+2.02g/g
of creatinine,1.99+1.09 g/g of creatinine ©I
fdon, ¥3¥F AL 1.17+0.56g/1, 1.47+0.78
g/1, 1.10+0.62g/1 &2 =e]7} YU (E 6).

4, XUZHo| Mg TIY 22Xe 2 U WY
Z3BE A HE B

B gollA ¢} o] 27 Ho) 2d oY ¢ 8
Z A8 ¥E+E 5.1512.05g/g creatinine, 2-4%d
€ 4.27+1.56g/g creatinine, 4d ©]44& 7.25+
3.41g/g creatinine °I9¥, 3% AE =& 4
o] Z7igel wel 4zd 2.55+1,24g/1, 2.19+
0.70g/1, 2.15+1.40g/1 13t}

F 9ol e} o] FgiAEo] 2@ o3 AS &
2 Ud ¥E¥ 1.69+1.23g/g creatinine, 2-43
< 3.69+3.76g/g creatinine, 4'd °]4-& 2. 20+
1.42g/g creatinine °1¥, ¥3F U4 s+ 4
go] F7Hgol wel zbt 1.38+0.89g/1, 1.41+
0.85g/1, 1.57+0.61g/19] =& HHYch

Table 4. Results of chromium and nickel concentration in air of plants by workplace

Concentration (ug/m?)

Metal Worplace n X-value*
Mean+ S.D.(Min - Max)
Cr grinding 8 2.0+ 2.0009- 6.9
electroplating 11 35.7+53.0(1.0-139.3)
packaging 29+ 2.0(1.0- 6.0) 14.21%
Ni grinding 8 7.7+11.7(0.8- 35.7)
electroplating 19 18.6+24.4(0.5- 77.3)
packaging 7 1.1+ 0.4(0.5- 11.9) 11.38%
* p<0.05
Table 5. Chromium concentration in urine and serum of exposure group by workplace
Urine(g/g creatinine) Serum(g/l)
Workplace X*-value* X*-value*
n Mean+8S.D.(Min-Max) n Mean=+S.D.(Min-Max)
grinding 6 5.38+5.03(0.13-12.72) 12 1.98+0.89(0.54-3.71)
electroplating 41  5.62+2.46(1.48-11.50) 49 2.39+1.21(0.50-6.41)
packaging 7  4.68+1.69(2.81- 7.61) 0.98 8 1.99+0.51(1.15-2.59) 1.01

*: nonparametric Kruskal-Wallis test




Table 6. Nickel concentration in urine and serum of exposure group by workplace

Urine(g/g creatinine) Serum(g/1)
Workplace X-value* X*-value*
n  Mean+S.D.(Min-Max) n  Mean=+3.D.(Min-Max)
grinding 8 2.35+1.48(0.56- 4.65) 11 1.17+0.56(0.55-2.28)
electroplating 39 2.17+2.02(0.50-11.47) 45  1.47+0.78(0.25-2.81)
packaging 18 1.99+1.09(0.75- 4.79) 1.00 21 1.10+0.62(0.33-2.20) 1.84
*: nonparametric Kruskal-Wallis test
Table 7. Chromium concentration in urine and serum of exposure group by work duration
Work Urine(g/g creatinine) Serum(g/l)
duration
(year) n  Mean=+S.D.(Min-Max) n  MeanzS.D.(Min-Max)
-2 23 5.15+2.05(1.48- 9.78) 24 2.55+1.24(0.90-6.41)
2-4 8  4.27+1.56(1.28- 6.63) 9  2.19+0.70(1.14-3.25)
4- 10 7.25+3.41(2.75-11.50) 16  2.15+1.40(0.50-5.87)
Table 8. Nickel concentration in urine and serum of exposure group by work duration
Work Urine(g/g creatinine) Serum(g/1)
duration
(year) n  Mean+8S.D.(Min-Max) n Mean=+S.D.(Min-Max)
-2 23 1.69+1.23(0.66- 4.98) 22 1.38+0.89(0.25-2.81)
2-4 7 3.69+3.76(0.50-11.47) 8 1.4110.85(0.32-2.58)
4- 9  2.20+1.42(0.58- 5.31) 16 1.57+0.61(0.30-2.33)

=22 FAA AHEER e dEHS] AHE
A2E 67 289 IABAEH B 8490
Ydoht 3 VdE § F Utk ol EdEe
wely BA2 Ao vl $ feig FF itk

Suzuki(1990) & <2A7t 67} 2B Z2H4E
Aoz FTF7A 48 #IME(cancer risk) 7t
Z7bgtia stglew, Langard(1990)& 939 3
829 HF E4(chromate plant)olA = 44
£o] gurdd wvro} 16w} won Aty £ Zo-
ber(1979), Brochard%(1983), Kim%(1985)&
g AVEEH 718AA gle A% SA7F A
or AF Eo] oY wi$ e A= UG
1 YT 2L A A 2AM 224 et
o RAY Y HFEH AF & deE ¥t
A8 =FPdM e A§gNeR 2FE7) AP o

S84 EY 4 Jdoly d3t YA L A
o Ud =3¢ A €t 133 3834 i =F
& 2 T HhAN diRi A 8o 1A
€ FEdMe ¥4 942 LS HAT AR
ojA ol 7R E BHAF 942 DA
1970 de] B0 Ude 549 fizrt Ad3sin
A9 2aAEe] Wl 832 2aHfc. Grand-
jean®(1988) ol Q8P Z2Aje] E& |3t} F7}
g2 g9 fAxrt Fviske 4@UAE Ryt
el wA & oyl A% B3 3dos A4
#AF U9 3HE $58 1.0m/m'S HE37] B
the Udel s v 3 3§ AN "dEE
& 15w/m'E AT 39D (Grandjean’,
1988).

ols} o} AF R AL Al vf-¢ KAF F
o ¢ PPN F IS HFde 4F
2E& 3 YA =239 #ARES ddez & A7
E Azdiych wEREH ERF @A S2AT
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8% AF BEv 44 3.49+1.83g/g of creati-
nine, 5,59+2 83g/g of creatinine, A% Z§
< Z4z} 0.69+0.39g/1, 2.31+1.16g/12.8 7 A
golt} R JGte] A2l Ajojr} Ut oz
T d7st =3jd FAe 94 E2EQ o
ol 8% 3# ¥Ev 47 4.32+1.07g/g of crea-
tinine, 9.49+t5,.76g/g of creatinine, @A% =
B2 47} 0.69+0.47g/1, 2.24+1.01g/12.8 Alo)
7 UKHE 2). vIFRT dA R =8¢ 224
J FE4 E2F 949 8% Jd ¥EE 4%
0.92+0. 23g/g of creatinine, 2.20+1.93g/g of
creatinine2.2 Aol7} glglen, ¥AF Age 4
ZF 0.5220.34g/1, 1.41+0.74g/128 #8 3}o)
7} AR M FE i oA FAdH =FYel] FA
e FE4% 239 449 83 U = 4
2z} 1.21+0.62g/g of creatinine, 1.99+1.09g/g
of creatinine, ®AF JdL = 0.72+0.42
g/l, 1.10+0.62g/12.2 Rol7} LYAUTHE 3).
AE=EH 279 ¥lFd gdelMe 2E Fx:o
Al e fAF Zol7 UAUAT YA FEol 310}
Me 94 Fde €3 3= olod FANHo=z
g Zol7} velA] &2 AL 71E A
F#08 Fol A& Wt opi} Al $HE Yol
A7) ez HZ4dd. 3§ % Ud =349 F
d83 FrM 3@ =F2Y HAEES 357+
53.07(1.0-139. ) ug/m’ol™, V" =FZE& 18,6
+24.41(0.5-77. 3)ug/m’2.2 A {olt Ud 1Y%
< =FRaA Y #EFEole XA Faict
g ¥ Yl =F& @ AU fAse
dge]l Wi A Qe 2EAE FE AP
dFez, AFAHA A 4F2 HAY o|Egio]
377t 4A gk §3 44 A Ydzds
U8 IFZE o|FH UVl Hens A
FAe B 59 B 63 go] dv}, EFZ, X¥Foe
itk B3 ¥FE o SEALEC] tiios
E dFdME dAtes A@sixc. dul, =8
Z, ¥ dolX 2249 a5 2§ =€ 44
5.38+5.03g/g of creatinine, 5.62+2.46g/g of
creatinine, 4.68%+1.69g/g of creatinine, ¥*
% ABL 1.98+0.89g/1, 2.39+1.21g/1, 1.99+
0.51g/12.2 3R] ¥4 2ol7} gt 83 U
$5v $MEE 47 2.35+1.48g/g of creati-

nine, 2.17+2.02g/g of creatinine, 1.99+1.09
g/g of creatinine, 3% U®& 1.17+0.56g/1,
1.47+0.78g/1, 1.10%0.62g/12.8 =}ol7} gt
(E 6). A% #71% 28 ¢ UA 5= &Y
FAE FE Aozl AUAT 2225 8 R ¥
AF 328 4 U4 52 FA4E 2ol7} g

2 Aol 2d ol¥Yd A 8F AE FEE
5.15+2.05g/g of creatinine, 2-4d& 4.27+
1.56g/g of creatinine, 4 o4& 7.25+3.41
g/g of creatinine °i9, YAF AL =& AY
o] &7 wel A7 2.55+1.24g/1, 2.19+0.70
g/1, 2.15+1.40g/1 o1tk AARUAZH] 2d ol&
A% 85 Ud =& 1.69+1.23g/g creatinine,
2-442 3.69+3.76g/g creatinine, 4'd ol4&
2.20+1.42g/g creatinine®l™, ¥¥F Uad =
€ 7AYol F7tgd wa}t Zz 1.38+0.89/1,
1.41+0.85g/1, 1.57+0.61g/1 1cHA 8).

A ¥A R Ao gely 2§ R UA FEd
AAME A7t gl AE Z2AE vithe] HYY
€ 3% ¢ 4+ gon EF Y€ Yol nFgo]7]
o] oldr} Aztdcd, =% 2§ % JAL ge
ol v obx A wiFtFEolt B iz
T A7 A ddz, dolu Fe1 e 334
Bohe QAdidl #A=n wdse 352 e ¢
& FeAx REC Saner5 (19849 = A4 B
the HY 339 3§ 2T 89 WM &
2 FTEE& BIAT A" Pzo widEE ol
M2 Aegel gledes vehlth & d3oax
FE& F29x g Az =3Yd AN
I fle 224 8 R @S gRE 2E 5
e #9@ Aot A a8y 83 e ¥
T Vg ¥22 F gl R 2ol7t gl
ot Yde] $4& =W MR of$ o)jFoz F
f=lo] HlER 4GS 3712 3389 A28
34 HERQ] AlACk S ofsidol BTk Yoz
= s} 2 vF 35 F4o i FU GHE
AF7t 4AE Aoln EYE S8 G A9
Z} 7ot $2S = g dF AFEol mHe
oF 384 HZo ¥ AlF 4 R WG Hrlel
=%o] HEl# 4zec.
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V.8 &

3§ 9 JAE FFe 49 3% 2EAEY
8 % ¥YF 2§ % Ud 5= #4319 FES
od x&HA ¥ HEFZ dxey dasigdg 2
e vhed 2o

1. HE2F3 F2F dAe 8% IAF BEE
Ztz} 3.49+1.83g/g of creatinine, 5.59:+2. 83
g/g of creatinine, ¥A%F AFL ZAZ 0.69+
0.39g/1, 2.31t1.16g/1, H|E&2 AANZH ZF=2F
ozkel 8% ABL A7 4.32+1.07g/g of crea-
tinine, 9.49+5.76g/g of creatinine, A3 2
£ 727 0.69+0.47g/1, 2.24+1.01g/1es 2
Algoich 2% Jge] |93 AHo]7} gl

2. gz € 23 224 9A9 85 Ud ¥
& 27} 0.92+0.23g/g of creatinine, 2,20+
1.93g/g of creatinine, 83 F Y& Zz (.52
+0.34g/1, 1.41+0.74g/1, ¥I1ZE2 dzFH =2
T A9 85 AL Zz 1.21+0.62g/g of
creatinine, 1.99+1.09g/g of creatinine, ¥3
ZF YA 72} 0.72+0.42g/1, 1.10+0.62g/1°19
o},

3. AYHAo] W Arl, =FF, X ol
2222 8% 3§ e 47 5.38+5.03g/g of
creatinine, 5.62+2 46g/g of creatinine, 4.68
+1.69g/g of creatinine, ¥HF I g 1.98%
0.89g/1, 2.39%1.21g/1, 1.99+0.51g/l°]Qc}.
8% U4 Fx¥ 47 2 35+1.48g/g of creati-
nine, 2.17+2.02g/g of creatinine, 1.99+1.09
g/g of creatinine, A% UM & 1.17+0.56g/1,
1.47+0.78g/1, 1.10%0.62g/1 A}

4. AQ73Yo] 29 o3l 2=2A2] 8.F AEF F
T+ 5.15+2.05g/g creatinine, 2-49& 4,27+
1.56g/g creatinine, 4d °©]3& 7.25+3.41g/g
creatinine °|¥, ¥3F ZEF =& 23] v}
gell w2t ztzd 2.55+1.24g/1, 2.19+0. 70g/1,
2.15+£1.40g/1 °oigitt. 8% U4 =& 7go] 2
W o)3td 7% 1.69+1.23g/g creatinine, 2-49

£ 3.69+3.76g/g creatinine, 44 ©|4& 2 20+
1.42g/g creatininec|d, ¥YAF V¥ =& 39
o] F7Hdel ot &z 1.38+0.89g/1, 1.41+0.85
g/1, 1.57+0.61g/1 °I1Qckh.
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