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Metal Concentrations in Lungs of Coal Workers’ Pneumoconiosis Patients

Ho Chun Choei, Ho Keun Chung, Hae Jeong Kim, Hyang Seok Chun, Gwan Hyeong Yi

Institute of Oceupational Diseases, Koven Labowr Welfare Covporafion

The metal concentrations in lungs from 12 coal workers” pneumoconiosis(CWE)
patients and 6 contrels, who were not exposed occupationally to coal mine dust and
metals during their life time, were analyzed by atomic absorption spectrophotometry.

1. Copper, lead, nickel, magnesium, manganese, zinc and iron concentrations in lungs
of CWP patients were 1.10£0,088, 1,120,088, 0.22+0.020, 113.7+1.31, 0.19+0.
012, 10.2£1.54, 426.7+2.83 pg/s wet weight.

2. Copper, lead. nickel, magnesium. manganese, zinc and iron concentrations in lungs
of controls were 1.10£0.013, 0.85+0.007, 0.10£0.008, 87,.6+1,29, 0.1820.005,
10.6%1.44, 164.9+3.29 png/g wet weight.

3. The ratios of concentrations for copper, lead, nickel, magnesium, manganese, zinc,
and iren in lungs for CWP patients and controls were 1:1,1.32 01, 2.2011,1.30 0 1,
1,061, ¢,92:1, 2.38 11, respectively.

There were significant differences in concentrations of lead, nickel, magnesium, iron
by group{p<<0.05).

4. There was no significant difference in metal concentrations of right upper lobe,
nght lower lobe, left upper lohe and left lower lobe for both CWP parients and
controls {(p>0.05, p>>0.05).

5. In CWP patients. lead was well correlated with nickel showing a rank correlation
coefficient of 0533, and zinc was correlated with copper showing a rank correlation
coefficient of 0.476.

6. The concentrations of copper, nickel, maganese, and zine in Korean CWP patients

were lower than those in foreign CWF patients.

Key words | Coal workers’ pneumoconiosis—Metal concentrations in lungs—Cu, Fb, Ni,
Mg. Mn, Zn, Fe
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Table 1. Operating conditions of low temperature radiofrequency asher.

Dried lung quantity Out put
(g) {watt)

Oxvgen f{low rate Hours necessary for

(ec/min) treatment {hour}

0. 50—1.80 300

100 16

&

'}ﬂ =4 A8 (ashed lung)E 6N ¥styi &4
1.0—1.5mlE E3iAl7l % 0.025 % Troton
X100°§ g MEd 10mle Az §H{(A)
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é& = U]-Jhﬂ}' T e 3000, A 30H,
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Fig. 1. Standard cahbratlon curves for Zn, Cu, Pb
determinations by flame atomic absorption

spectrophotometry.
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Fig. 2. Standard ecalibration curves for Mg, Mn, Ni
determinations by flame atomic absorption
spectrophotometry.
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Fig. 3. Standard calibration curve for Fe determina-
tion by flame ztomic zbsorption spectropho-
tometry.
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of fdE Tl 47 110+0 088 ;xg/g wet
weight, 1.i0+0.013 pg/g wet weight, &< Z
ZF 1.124+0.068 pg/g wet weight, 0.85£0.007
png/g wet weight, YA Z+2b 0.2240. 020
ng/g wet weight, 0.10%£0.008 ug/g wet wei-
ght, PtavlFS Z+zF 113.7+1.31 ug/g wet
weight, 87.6+1.29 ug/g wet weight, &t Z}
7+ 0.1940.012 ug/g wet weight 0.18+0.005
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wet weight, 164.9%3.29 pg/g wet weight=, F
35S ¥EF A 9% Mann-Whitney test
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Table 2. Comparison of metal concentrations by LTA and wet digestion method.

Wet digestion T

Metal n . . t-value
(ng/g wet weight) (ng/g wet weight)
Cu 4 1.04£0. 020 0.47+£0.011 3.12
Pb 4 0. 73%0. 000 0.86+0.040 =0:71
Ni 4 0.09+0.012 0.18+0.013 —1.43
Mg 4 99.5 +1.53 154.3 £3.33 —0.98
Mn 4 0.24+0.002 0:12%0.015 1.94
Zn 4 12.22+1. 361 8.39+1.297 2509
Fe 4 376.7 £1.40 35643 *1:17 0.48

T ! Mean=*Standard Deviation



Table 3. Ranges of metal concentrations in lungs of CWP patients and controls.

CWP patients Controls
Metal
R Range
No. of sample alge . No. of sample . :
(ng/g wet weight) (pg/g wet weight)
Cu 12 0.07— 312 6 0.64— 1.44
Pb 12 ND — 3.71 6 0.18— 0.70
Ni 32 ND — 0.82 6 ND IS 0.19
Mg 12, 65.4 — 216.3 6 60.:5 y—155.1
Mn 12 0.03= 0.45 6 0.09— 0.29
Zn 12 36— 30,7 6 6.0 — 24.0
Fe 12 8:2¢=22:132.8 6 6.8 —460.8
ND : Not Detected
Table 4. Comparison of metal concentrations in lungs of CWP patients and controls.
CWP patients Controls
Metal Z-value
Concentrations T Concentrations T
No. of sample . No. of sample .
(ug/g wet weight) (ng/g wet weight)
(@3] 12 1.10%0. 088 6 1.10%£0.013 —0.09
Pb 12 1.1240. 068 6 0.8640.007 —2.17%
Ni 12 0.2240.020 6 0.10£0.008 —4.38%
Mg 12 113..7 ==1. 31 6 87.6,4%+1.29 —3.79%
Mn 12 0..1940.012 6 0. 18£0. 005 —0. 67
Zn 12 10.2 +1.54 6 10.6 £1.44 —0..12
Fe 12 426.7 ,%£2.63 6 164.9 £3.29 —4,23%

T : Mean=*Standard Deviation
Fe, Zn, Mg : Antilogalithmic Value

Cu, Pb, Ni. Mn: Antisquare root Value
% 1 p<0.05

(p>0.05).
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Table 5. Ratio of concentrations for metals of CWP
patients lungs to controls

Metal Ratio(CWP : controls)
Cu TN |
Pb 153251
Ni 2: 20751
Mg T
Mn 1.06 © 1
Zn 0.92:1
Fe 2:58 & 1

T = Kruskal-Wallis €9 ®% 244 93| vjm
3t Atk (Table 6, Table 7).
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QA (p>0.05), WP P, @, W, 0.547, WA wou S 0.5, ot Wte
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Table 6. The difference of metal concentrations by right upper, right lower, left upper and left lower position in
CWPF patients Jungs

Concentrations{ zg/g wet welght)
; MER g

Metal No. of = . s ¥ =Value
Right Right Left Left
Sample
upperlobes lower lobes upper lohes lower lobes
Cu 12 1.05+0.073 0,910,117 1.02x0.104 0,14 +0. 061 1.78
Fh 12 1.12+0.056 1,160,135 1.18%1. 069 1.02+0.028 0. 44
Ni 12 (0.24+0.012 0,22+0.020 0.2440.036 0.1720.015 2,29
Mg 12 118.3 £1.34 119.4 =1.32 120.4 +1.24 98.4 +1.29 el
Mn 12 0.2240.013 0.18x0.014 0.2040.008 0.17£0.013 1.08
Zn 12 8.6 +1.52 10.5 £1.56 12.9 £1.45 9.4 £1.56 3.25
Fe 12 565.7 =£1.82 604, 1 *£1.45 323.6 +3.19 299.8 £3.70 4,30

1 Mean+Standard Deviation

Table 7. The difference of metal concentrations by right upper, right lower. left upper and left lower position
in lungs of controls

Ceoncentrations( zg/g wet weight)t

Metal No. of X3 Value
. Right Right Left Left
Sample
upper lobes lower lohes upper lobes lower lobes
Cu 6 1.05+0.009 1.02+0.017 1.1840. 007 1,140,022 2.04
FPb 6 0. 8510.006 0.86£0.011 0, 79x0.002 0,900,013 0.75
Ni 6 0. 080,003 0.10£0.009 0.12+0,015 0.08+0.008 1.65
Mg 6 80.5 £1.16 82.2 +1.25 101.5 £1.30 87.6 +1.39 1.78
Mn 6 0.16%1.55 0.160.009 0.1910. 004 0.18+0.007 .11
Zn 6 10.6 £1.55 9.2 +1.16 1.6 $1,46 11.0 *1.61 1:65
Fe 6 164.1 +4.8¢ 131.0 £2.79  243.1 *£2.31 141.6 4,16 1.2

T . Mean= Standard Deviation



Table 8. Rank correlation coefficient between the concentrations of metal in lungs

of CWP patients

Metel Cu Pb Ni Mg Mn Zn Fe
Cu 1.000 —0.032 —0.070 0. 364 0. 091 0.476 —0.9133
Pb 1. 000 0.533 0.263 —0.136 —0.276 0.035
Ni 1. 000 0.211 0. 082 —0.113 0.072
Mg 1.000 0.192 0. 307 0. 091
Mn 1.000 ~0. 024 0.224
Zn 1. 000 =0..111
Fe 1. 000

Table 9. Rank correlation coefficient between the concentrations of metal in lungs of controls

Metel Cu Pb Ni Mg Mn Zn Fe
Cu 1. 000 0.079 —0.182 0.616 0. 547 0. 445 0.474
Pb 1. 000 0.262 —0.218 —0.049 0.023 0. 254
Ni 1. 000 0. 065 0. 248 0.017 —0.056
Mg 1.000 0. 598 0. 622 0.082
Mn 1.000 0.526 —0.180
Zn 1..000 0. 087
Fe 1. 000

A 0.01mg ©9le] FAZA Hs7E ATk
AAFAL] AxAZ Az FfE F=
5.26 pg/g dried weight (0.33—9.98), &< 3.13
19.14), U3 0.82
ug/g dried weight (B35 —2.86), "tavla2
525.9 pg/g dried weight (272.3—1,179.8), %3t
< 0.91 pg/g dried weight (0.19—2.02), otd-&
50.4 pg/g dried weight (29.8—123.10), E-& 2,
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421.1 pg/g dried weight (269.1—742.1),
< 0.86 ug/g dried weight (0.40—1.49),
52.6 pg/g dried weight (29.8—110.9),
,097.0 ug/g dried weight (53.5—1,999.4)0°]

T& 5.13 ug/g dried weight (2.98—6.91),
68 ug/g dried weight (0.84—3.34),
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Table 10. Metal conentrations in lungs of Korean CWP patients compared with bituminous coal miners of

different studies

Unit: pg/g dried weight

Authors Date Mine CuyeisBb Ni Mn Mg Zn Fe
CWP Crable et al 1967 Bituminous — +:423:7 370w 9878 81 = 1,595
patients  Crable et al - 1968 Bituminous 9.5 2:9 . 5.0 525 2.4 130 2,444
Carlberg et al 1971 Bituminous 9.6 3 81 73..24.7530 5.8 88 3,000
Sweet et al 1974 Bituminous 9.7 3:8 ©255< 5520 6.1 82 2,900
Ho Chun Choi et al 1989 Anthracite 5.3 3.1 0.9 526 0.9 50 2,615
controls  Crable et al 1967 ~ 13.9 20.2 495 4.38 = 2,410
Molokhia 1971 10.5 = - - 1.08 50 =
Tipton-Cholak 1971 6.4 3.3 0.98 450 1.18 69 1,420
HO Chun Choi et al 1989 5:1 1: 76 0.3 .43, 421 0.9 53 1,097
— 2 No Data
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0.9 ug/g dried weight, 50 ug/g dried weight©]
Aow], dtAd Crable 5(1968), Carlberg %5
(1971), Steet S(1974)& 27} 9.5—9.7 ug/g
dried weight, 2.5—5.0 ug/g dried weight, 2.4
—6.1 pg/g dried weight, 82—130 ug/g dried
weighto 2 H3FE $(1989)Bth v &S FX
£ 2o Fo. 28y 196730 2X " Crable
< 4% 379 HzAd Ffd E =7
1,595 wug/g dried weight, B4 2,410 ug/g
dried weighte2 23|58 A& FR7} 0.66W =
ge #AE Btk

A3 H5E(1988)0] 93 RS Ng



rg/g, 7o Mgt og=30+1.8 pg/g, UAE
Mg+ og=13£1.6 ug/g, °}IL Mgt sg=6%

4.4 pg/g, BL Mgt og=1,778%1.1 ug/gs

Uebll o

Aot 2o Axtz sy} g F8E 3%
x99 HzxFo g9 U= FF =9 v
o oW ©o #5382 FES 359 A=

g
d ¥f8 2 F=7 =2
Sorenson §(1974)& #&
¥ ““g%(incidence)ol =
A e, E, U4, § 2 old =7t FE F4d
9 @1%5’_5} 2 =8 YHHon, vk j

tZ} 109, SHH h“?&
TEE 47 B4,
© AW Yo7} 24.8 pg/g, FEF AEo] 7.
png/g, & 247 13.5 pg/g, 6.6 pg/g, YA
140 pg/g, °FF& 23.9
10.4 pg/g, BL 2,780 pg/g, 3,180
ug/g, 7Y=8w2 0.24 pg/g, 0.23 pg/gs e
y FRen, vt gixg g 2%
=L &S BHFAG.

Morgan 5(1972)& = e
dege FRE9 %%’% 2 337 2%
o &3 vjwE =2 =3 L
€2 60 %, YA A ZA (progressive massi-
ve fibrosis)2 14 %< ¥HAol IAE FRE9
A TR 47 %, ABAP ANEZEL 2.4 %
g Uil SAgHc=zx v$ {93 FHols
BAFAT ool AP FAeF S v
© 238 F& sxHd 93 FFuoE= g
@3tert =3, "ol F X2 2F 44
2 FEHAY szl LFEe Aol oldrt
Azt o

ng/'g,

t}(Sorenson 5, 1974). 53] Bergman 5 #H4
o ed Hel o] HxAY Met £ FEE T
S ABRBACE doa sdeH, BgdHL
At Fro Huo] Bo] EAgeE F &
A wa olyel ARz #Hud
t]  (haemosiderin) ol 2t AZAH EHL
A== Aolzta FAH.
03?01]*15—_ AN 2 @3 F IAHFAY
AUl EfE B sxE 75Tl 426.7 pg/g
wet weihgtZ WZF Bt} 2.580¢ AF=E #

e
= L 2
lo

oz & rr fu
2

fe ok o
3

Rl o], At e A" FF A=A
=43 gty a7 4dRges UFE 7
2R ey Addd. a2y A7AA ANES
2717} WS A9 R 5o SFA oY B9
P AAFZAY F¥ AP 220 43 By
A A vadA R AF A5 ATE =
g old #F 47E Axstnz o

v.Z =2

wRR oA Az FHE T, W
U, stavg, 937, okd, 2 ¥EE 2439
o, NEY 2= gzz 2 AT Y I
3o 3x7 o} wmadth

o] A thew ok

L dzd H84 AeE Suiest sy
£4 sishgel ge 7, @, UA, ads,
W3, ohd 2 @ wx A0 QoA Felt ¢
S1TH(p>0.05).

2. B3R A=A g2 HxAd FFE
79 5= 27 1.1040.088, 1.10+0.013, &
£ 1.1240.068, 0.85+0.007, YA 0.22%
0.020, 0.1040.008, wtaul&< 113.7£1.3],
87.6+1.29, W7+ 0.19+0.012, 0.18=0. 005,
o}l & 10.24+1.54, 6+1.44, B& 426.712.63
164.943.29 ug/g wet weighto]® &, UA, ©
adlg, B ¥R 5T aF0 Zel7t slen
(p<0.05), 78, B3, oA FoA Ael7t §l
A (p>0. 05)

3. B3R Az dxe AxFe IF&
Sxule °‘°M FEE 11, ¥& 1.32:1, U4
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