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A Study on Concentration of the Airbrone Copper and Biological
Exposure Index in the Workplaces Manipulating the Copper
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Institute of Industrial Medicine, College of Medicine, Dong-A University
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This study was designed obtain and early detection the workers exposed to excessive
copper dust and also to present biological exposure index. The exposed group consisted
of 62 male workers at the metallurgy workplaces. To evaluate the degree of individual
exposure the copper dust, each personal air sampling was collected. Biological exposures
in the exposed group was quantified for the blood and urine copper levels using flameless
atomic absorption spectrophotometer. The control group consisted of 70 male adults with
the history of nonexposure to copper by the inhalation occupationally.

The average concentration of copper in blood and urine of the exposed group was
49.44£890(29.05-80.63) ug/dl, 39.99+11.04 (29.62-80.63) g/l respectively. The aver-
age concentration of air borne copper was 0.48+0.31 (0.03-1.18)mg/m". The average con-
centration of blood and urine copper in the control group was 42.93+584 (25.05-57.85)
pg/dl, 33.02113.38 (12.00-82.05) wg/l respectively.

The difference observed in the average concentration of blood and urine copper of the
exposed and control groups was statistically significant seperately (blood copper, p<0.05 :
urine copper. p<0.05). The relationship between the individual exposure concentration of



air borne copper and the concentration of the blood and urine copper was statistically
significant, respectively (blood copper, r=0.54, p<0.05; urine copper, r=0.37, p<0.05).
The relationship between the working duration and the concentration of blood and urine
was not statistically significant respectively (blood copper, r=0.14 ; urine copper, r=0.12).
The relationship between the age and the concentration of blood and urine copper was
statistically not significant respectively (blood copper, r=0.13; urine copper, r=-0.06).
The relationship between blood and urine copper concentration in the exposed group was
statistically significant r=0.62, p<0.05). and the relationship between blood and urine

copper concentration in the control group was also statistically significant (r=0.39, p<

0.05).
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BEAoNA 3F5H 92z AF F4E glon
(USEPA, 1980), AZo = HHste ¥ 10—
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3tFo RF 02 0.05mg, WHoz 3. 4mg, 17
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ckison, 1981). dEHQ AFFsze 2&d
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shold limit values ; TLV,) Img/m*& #3& o
371 A1 B0z AAPYoY, & Ee
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Fig. 1. Standand curve for air, blood and urine copper.
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Table 1. Copper concentrations in whole blood and urine by age.

Whole blood, x/dl Urine, p/dl

Group Age N
Mean+S.D. (Range) Mean+S.D. (Range)
Exposed 20—29 33 49.10+8.72(29. 05—69. 21) 41.38113.14(27.62—95.40)
30—39 25 48.78+19.40(32. 37—80. 63) 37.65+ 8.20(27.92—62.09)
601 40= 4 57.1242.99(52. 83+59. 66) 43.09+ 4.18(37.65—47.82)
’ Total 62 49. 44+8. 90(29. 05+ 80. 63) 39.99+11.04(27. 62—95. 41)
Control 20—39 25 43.04£7.80(25. 05—57.85) 32.10+12.26(12,. 00—53. 80)
30—39 25 42.211+4.62(33.39—53.34) 34.57+14.72(18. 70—82. 50)
601 40= 20 43.6214,89(33.03—51.75) 32.23113.31(16.50—66.50)
' Total 70 42.93+5.84(25. 05—57. 85) 33.02+13.38(12. 00—82.50)
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Fig. 2. Copper concentrations in whole blood and urine by the age of exposed group.



120 120
-= Blood copper(ug/dl) --A-- Urine copper (Lg/fl)
100+ 100
T 80 = ¥v=-0.03X + 38.40 r=-0.02 80
2 =
= “ $
T 60- - mm & F60 L
o A A i - 5
@ =g _--'-;‘ -!- / I:~ - l- e fe - ‘5
3 40 a gAmsB®TC A TR [ ARy AQ®m Fmm L4 O
S e - CBAK ——
I TV Tl Y Ty A
201 22 At ‘h& e o T -
A
Y=-0.11X + 36.95 r=-0.08
0= - : - : - ‘ 0
20 25 30 35 40 45 50 85 60
Age, years

Fig. 3. Copper concentrations in Whole blood and urine of the age of control group.
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Fig. 4. Copper concentrations of urine by the whole blood in exposed group.

B2t 8F FEFEANE FTAA gA 4
A 7 ST E 2 E, r=—0.06; U2, =
—0.08). 2233 di2FdA ZHz d#Hd] o2
= % 85 2o Bxe a9 2, 198 3% 2

o

I‘

gt

Z27 dgzxFe 82 ¢4 23 F dHdF
z9o] zole HFH HA(+-AA)E NS 23
3 2 87 T EEA e 25 434
old] fog ael7b AUH(p<0.05). F2FEH
zFAA 8F Felssd WE 8F FEEE

o Bxe 19 4, 29 59 2k

=2 AASE F 29 Zrh

gz Fee ok 25/Y o] de Fo2 50.
62 pg/dlZ 718 E5k2, o2 12719 ols}e
T, 13-2471Y 29 ¢oldt. &F 79 =
E 12712 olsty] ol A 41.02 pxg/12 7HE =3k

i ~ 82 —



120

-4 - Urine copper
1004
J A
z:, 80 ‘
i ¥=0.88X - 4.78 r=0.39(P<0.05)
© A
£ 80 “‘5
> A A a7
3’ AA /1
O 401 oy s
*,ﬁ A
L lagl
204 - A
- Lo - A
P
0 = ‘ : . - .
0 20 40 60 80 100 120

Cu(Blood), pg/dl

Fig. 5. Copper concentrations of urine by the whole blood in control group.
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Table 2. Copper concentrations of the exposed in whole 9} 29 3% (others) 22 TSI, j% Us
blood and urine by the duration of working. o 4 F7F, 8F 2 8% FE9 ¥ 5=
Duration  n 'Vhole blood, u/dl _ Urine, p/dI © E 3% 2o
Mear+SD. Mean+S.D. F 3914 AAE uie} 2ol AYTHE FVF
(Range) (Range) Felo HF F=E £7o] 0.66mg/m'o2 7}
=12 Mos. 31 49.4119.56 41.02%13.63 =93, thgoz A, wi, 7l AT =
13—24 16 48.3818.88 37.09% 5.99 & v gildbal & 1o A% =5k
(29.05—65.26)  30.04—49.74) 29 s=& wge] 5l18ug/dlez =
25< 15  50.62+7.88 4096+ 9.01 2, ggez Ay, 427, 71E AUTH &£
(32.37—63.58) (27.92—62.09) on, 8% FEl9 FEE wigo] 42.11 ug/lZ
Total 62  49.44+8.90 39.99+11. 04 74 E=tn, ooz 48 27, JE YT
(29.05—80. 63) (27.62—95.11)
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Table 3. Copper concentrations of the exposed group in air, whole blood and urine by the workplaces.

Wdiplaces Air, mg/m® Whole blood, z/dl Urine, g/dl

N Mean=+S.D. (Range) Mean=+S.D. (Range) Mean+S.D. (Range)
Mixing 11 0.53+0.29(0.19—0.94) 51.18+12,21(38.70—12.21) 42.1141.91(30.24—95.42)
Press 18 0.58+0.35(0.03—1.18) 50.98% 6.60(40.37—65.48) 41.30%0.79(27. 62—56. 45)
Crysta] 12 0.66+0.24(0.12—0.98) 50.96+ 9.07(32.67—69.21) 40.48+0.85(27.92—56.74)
Others. 21 0.28+0.21(0.04—0.88) 46.34+ 8.35(29.05—63.58) 37.94+0.99(28.64—62.09)
Total 62 0.48+0.31(0.03—1.18) 49.55+ 8.90(29.05—80.63) 39.99+11.04(27.62—95.41)
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Fig. 6. Copper concentrations of the exposed in whole blood and urine by the duration of workng.
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Fig. 7. Copper concentrations in whole blood and urine by air copper levels.
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Table 4. Copper concenrations of exposed group in whole
blood and urine by the jevel.

Whole blood, s/dl

_ Unne, g/dl

Aiflesel. N Mear£S.D. Mean+S.D.
mg/m? (Range) (Range)
=<0.1 6 44.7444.84 _3171?; 4.87
(36.65—51.13) (30.21—42. 85)
0.11-0. 12 45.69+7. 37 36.91+10. 20
30
(39.99—63.58) 28.92—62.09)
0.31—0, 22 46.25+7.35 37.69108. 63
60
(29.05—56.98) (27.62—56.45)
0.61—0. 16 53.75+7.36 46.10+14. 36
90
(38.70—69.21) (32.69—95. 40)
0.91= 6 61.83+9. 26 44.13+ 3.78
(57.15—80. 63) (37.65—47.82)
Total 62 49.44+8.90 39.99+11.04
(29.05—80. 63) (27.62—95.11)

F fost Aok A AT (p<0.05).
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2 EAstARE, guidoz Qizte] AlgtolA A}
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o] At} (Stokinger, 1981 ; Parmeggiani, 1983).
et Tele FA e 7} ohdEy) wRel ofF
= mwetA g2 zhojzt A "o

dubzo g oFRYe B, RyAFe o
5, B AAste wl4(600—800T), 1@ m
TS #2347 A% &8F%(1400-1600C)
Tol Atk £8FHN dojn g4 B3
& FHEA T2 30-35% FRatn glo] Az
M F7IE FAsA &g AAsL gA] 74t
FY2o] F90THL S5l B M3 Yoz
AAGT. olF wAlZolN BN T mas
BA Ee H7EHE B8l &48 P o
°] A Al ¥ }(Stokinger, 1981 ; Parmeggiani,
1983). °o]s} o] 3 HHL Tt dojF F

HE & A7AEN 52 AR, F2, 42

A9, 499 o, T $L 2 o
@ 34, olgde U, ge 234

Holl vy g2 54 5o o] ujZo rjor
B $52 AlgH2 Utk

gl 72 2 gl Za2se I
TeE AYE, £4, A, 2431 I 23

TEHELH JgEe TAse ¢, Fu
#adte 3, Fr e 3 A (sieving ) 8}
3, FrEg, Ad4 2R N9y ozA
Z, W& (soldering), 24, W, 43, A=
A SolA ke 2 Aol Luxon, 1972
Askergeren$} Mellgren, 1975; Henschel %,
1977).

B3A L 5o 2—5mge] TEE 4 4
HE 723 oF 30% WA 50%S F550, g4
€ 72l o 80%7t HFoz wjdEn o 15%
2 Aoz Syl Ha, o 4%9 2302 )
A€ (Hazelring, 1966). Hozo] g FF
= 84S 2P A7 YA o=
olZA "k Fdolq T 27bx] ez =3
StAl Hl3 Byl UL W) A Fale] of 93%
7} ceruloplasminoll EA3HA ¥, 7% & <tmn
2 ool i-APRYe] EAeA Hoh xFo
2 EE FEe €94 ¢8ue Ag" 7o
o] gutd FelE 1, M, 2§ AFEL.
HY oA F2l9 60%S erythrocupreinol 2§
Hol EAstn dx, YAE Eogd gz
EA @ (Bush, 1956). Aol A A 5E A
AS-3he o 72mgoli, 1% Az 62mgol
Aol = 5.6mg(E 2ol 3.5mg, 2 EF| 2,1mg)
o] &7t A ¥ Snyder 5, 1975).
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4, 24, 4, 71= A=, 714, Y 2 "=
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T ES ALHe Yo a7 F8% 2100]
AHProctor® Hughes, 1978). T2l A=40l
2l7] ) ol Mackison 5, 1981), £F71E A=
st Lz HEA AFEe LeAG(Pi
scator, 1977). 2] £33} Fo Z25W 2
o EE B4 %& FYsHA Hed, olA2 F=
2 Agefol s o] dAZT FF(Askergr
en®} Mellgren, 1975). 8 &3 &< 718t 9
gogy uFE AY, FFH &Y, J59 1
7iete] WA (x2M), £ A5 444,
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g 2Ela Az, SAd9NFEs, 4™, 0
Z(ACGIH)IM = T2 &7l dg 3 -87F3
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ACGIHAA &7 FA & Img/m’e 2 43T 2
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g4 Wy o] B 53 Aok(Finelli 5, 1981).
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E dwsted o= Axe FAHE A
ek, 2W@5QF F7] 72 (air monitoring )& A+
oA zetEAde Zzss AYAd FZFER
g grkske ¥ty Faoldd. aEd, F71%7
ANell o HrphHe 357 FRel 98 =2
FEue pEsin F4@ IVIE BH W=
F55e e gsiMels, Z2€ AdAt
9] AAF F+4FE AAMSA X Fch(Sheldon
5, 1986). olg g #HAM E o, 7 39
Brte] o] 5 Aol FAANAMN HHE
HEEE AgolM s sEtEde e A3
£A3QAE Q89 FVIF LEEZRY F=F
=9 ZAH AZgEE Frista AF3gA =
7] 27 o]gx AMEH ZA(biological
monitoring) & 8% 9v|E 7Ho.

2o e ] E Z2Ee FAAA] A
AR E szl S8l A 2F T T
2 H7tAAH(Gafafer, 1964). Ly, WHO
(1986)2 T2 R Z=5 & FHAAe 7l
Qo] Hs g Tl AEHH FAE s
Qo] gldn st F71F TEl B39 FVNFA
7} o g§%g #rhubgolgta 3o ACGIHAA
t Z3A 9 HrhgE e Bnadte il
2 AESE @A 9T H/PPYPE dFEn
St

FNAANFES YEEEH A FEY FEBRA
£ 3N F dE folezE X25E, X2
Az, sstgde Z2lA o AMH FAYHF
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& 59 48429, B8EAY §4, BE,
A}, ujA =9 OUHIQOI a3 Aol Foja
A AAe £, Ad, A48 So) A7aol

2 H Droz, 1989).

B A A3 FAHE neste oz agl
Bl A FeEEe] ZzEs &eate) g 27
o MAEZ el AETY A9 2HAA}
24 e 802 9, AYBA(2
Z2FF9 714

Z27H QE2FE Il d¥Tos Y

*‘é *Jr 2% FHPREEY Aol %
#ol4gol oiick. A¥A WE 2 8

??4%5 Atole] Al FFAM 2E
doEAs . Z229 gz g3 9
8% FesEAleldls #98 AnaAz A
o, YRFANE A foa Fa@47}

Aok FEAA oleie A AAoze Yz
TEk Aoz eudel AN Bas 9
43 $4E BFol Foz wAHe] gFoz

HidEctts AL oujsin g3 Tel9 %"—E?’]'
=2 Wdle 2Fo2 wAdsles T ¥x
= *"‘0}7‘”'-}‘5, AE ov|g}

ZEAFE M 2oz TR oo gz
A 83 FE|HAFEAoldE 2F #94
%L 2&Adre) BF 2 23 FEEsrA}
olele @A AUk ol ¥ AFAT=
€ 4, A9 F5E FEles vjido] & o|Foj7
A w7 d@cke S 2 5 e T u
717 o 1dolgte #AY AxAEY UH
#oh(Last, 1986). T2le wH7]7F &7) W&o
T %2 8% 729 TEE dA == 71 H2
o] 72 #7 Z2HEE WYs7] wie A=
ERAN7Ie T2E vl 71A Y ACGIHY
TLV M zeis] & o 73 H835 AlgxgA
71 29 A2 A ZH(beginning of workweek) &=
€ FAYFTEAITH(end of workweek)o]T}.

A0 g GFgFL B APME AP
Aol 9 T2 AMJAZ2sEe) Y 2 g%
T9 T2 Hrtsiged, AUIAA ws
7% Feld HassAolde fFelidel U

N
—_

e

oy, 8% 2 2% Fd9 HFsrAlode &
2] o] gl el AFHE s B o,
AR HF w29 72 279 gAY
ExdE #ol7l ALATAE Y

A s FAdA el Fol BRle] AU ER
FE zol7t o] AYTAH W2 FF L 2
T Te T FEAelo Aol 7} glojd Aoz A}
g8t 7 B Zase zdald did s
7129 23 A3 E Hrig u U8 2
FTHAN Asle Adale] daiAsE 2=}
7 A 5 Az Z2de F2d AQZes
Eol 712 F3 Yrisjol ke AL &+
t}(Mackison 5, 1981).

+71F T2 JA F2EEE s ¥4
ol g ¥ 2 2% 729 HAFEAO
£ fo4el AR3, F7F FEe MAZ=E
=9 8F 78 FEACE 47 de
H, 3715 T AAE2Eed 25 FEE
SAlolol e Al AnaAzL AUk HEsA
Ao o] &3t HEHH £ AR biological
determinant) 22 Z2Fw=o} A8 71 Qlo]o}
Sl WAL} o] FojA| 2] ke 31EE A A
Lol gdsiEtE o] Zyxwsl ¢ wE Aol
A28 2(Droz, 1989) F& EHe] st AW
7:4 iﬂo]z}i.‘:. :[‘L;:q Hx]_] E.E_lr_Eg]. )g-j.q.j].
A7 Qe A3 2F 7t ehdsittn Az
"t}

€ d7dA T B Zzd FAQize ¥
713 23 ZR e (.4840. 3Img/miol Y
a, 4EFH AN g ¥F T vE=
49.4448.90 pg/dlol2 & F Fel9 F=E
39.99+11.04 pg/lel At dE=7e ¥F T ¥
EE 42.93+5.84 pg/dIoIR T 25 FEY FE
£ 33.02+13. 38 ug/lol At}

Wagner(1975)¢l &j&td F71F F39 v=7}
30—40mg/m' T2 8§ AUAY 8F FaEF
=€ H¥ 79pg/l(H2, 1145 xg/l), Clausens}
Rastogi(1977)oll ©]3}9 0.3240.12 pg/m*9) F7]
Z THs=Edd 24 A4 ¥F Fevsee
Rt46pg/dlo 2 Q2FY 8F Fl5s 82426
pg/digt frelgt ztelzt gidvtn @, Hud



Axzze] 9o&d ¥Z F2lo A4A(normal
value)& Chuttani 5(1965)ell <38} 217452
Kubota 5(1968)° 2]3l# 89, Piscator(1977)0l
©] 31 100, Sumino 5(1975)¢] ©]3td 110424,
Hecker 5(1974)°] ©13td Aol A 100+450] R
1 sz A 99+34, Butt 5(1964)°l 2fstH 71
10, Eller(1987)°l ¢ &}& 100, Clausen®}t Rastogi
(1977)0) ©)8HH 83126 pg/dlelNiL &F F2]9]
A 4} 2) &= Stokinger(1981)o] 2139 33, Butler 5
(1956)] 2¢]3}®H 18, Scheinberg® Sternlieb
(1960)°ll <3t 28.9, Snyder 5(1975)°] 2} &}®A
33.33, Hecker 5-(1974)¢] ¢35} 34, Dawson 5
(1968)°l <]3HH 34.69, Cohen(1974)¢] 2]3s}a
12, Richterich®} Colombel 2]&}d 18.67—46.67
pg/lolflth. B AFoA 85 Felexd 34
Av AA7RA Rud d7A7e FERTG Y2
42.9345.84 pug/l01 on, AFA}el| ule} st
ztolg Mola gedH ol dglese ¥F
TFelgtes ol AETH X0 Wi =
7l 1F, FAEE 4% g 9 5+ dn
AFAeg F FEle ¥4 o] 83 Az
e Az EAMdbge] Adol@ 7] wEelgtn
Azt gz 8F FEle=E7 AFA
me} golgt o] E Holx gle wbdHd 2F F
29 Fxv AT et zelrl == Yo
¥, & d79 8F FEF=e FFA <= Stoki-
nger, Scheinberg®} Sternlieb, Snyder 5, Hecker
S, Dawson 5°] B1g A} FAS A+2
& By

wetr, 85 2 8% FAFEE TR
F25E A Y8y ZA9 HFPsq,
71ZA o HbdHe Bad oo T
e 7l Er¥xd 7128 F AEHY 2
A& Stojof dfm] B Azl A|REYAY]
T2 AFAT T FEQ] FEAT] F
gt dzdc. 3 79 AL FAAY
W7 AR Wl & aolg Holxm g7 W
o A3 ¥F FeFEe E43 Y ¥
THHE T FHNAS A7 s ook A
o B A7 Fered 83 2 83 7o
EARolo] FEBAIZL AAY) W Rol), WE @ g
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o2 ofF AYAA 6252 FA FAUAAE AF
A, FEol ZzHe AR MAFEFE
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£ T2 oM Ve Z2e 9AFFE
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7180] gle A 34 703 & HdAYsA

ZzFe N Tl HT FEE 49.4
+8.90 ug/dlol 2, folA FElo HIFTEE
39.994+11.04 ug/lo19e}. 371%F el HdF
T 0.48%0.31mg/m*|Utt. dE=Fo FAd
A Fele] FAFEEE 42.93+5.84 pg/dlol A,
204 F2o] HAFEE 33.02413.38 ug/1°1 %
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FEAlE BE fo@ dolzt Ach FE
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F 7% 25 79 FRAldE dddAE
AN L(r=0.62), 2T FF FATEL 8F
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