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Concentrations of lead, iron, and zinc in blood of
coal workers’ pneumoconiosis patients

Ho Chun Choi, Ph.D., Ho Keun Chung, M.D., Ph.D., Hae Jeong Kim

Institute of Occupational Diseases, Korea Labour Welfare Corporation

Lead, iron, and zinc concentrations in whole blood were determined by atomic absorption spectrophotometry,

using a simple one-step dilution procedure, which were measured in 3 groups, 98 officers unexposed

to dust or to metal, 58 coal miners without pneumoconiosis, and 113 coal workers’ pneumoconiosis

(CWP) patients,

The results were as follows ;

1. The precisions (C.V.%) of lead, iron, and zinc in blood were 12.6546.95%, 1.474+1.25% and

6.35+3.34%, respectively.

2. Lead and zinc in blood showed the log-normal distribution unlike iron in blood which showed

normal distribution,

3. Lead, iron, and zinc concentrations in blood of 3 groups were follows :

Pb(eg / 100 ml) Fe(ug /ml) Zn(pg /100 ml)

Group Arithmetic Geometric Arithmetic Arithmetic Geometric
Mean S.D. Mean SD. (n) Mean S,D. (n) Mean S.D. Mean S.D.

(n)

Unexposed 24 8 13 014 45 590 87 98 825 130 291 0.07 98
controls

Exposed 24 7 136 012 58 556 120 107 849 184 292 009 107
controls

CWP 22 10 130 018 59 585 128 113 957 323 296 013 113
patients

ALL 23 9 134 015 162 577 115 318 80 238 293 010 318
F-value 2447 2.756 8.008*

CWP : coal workers’ pneumoconiosis

* p0.05
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There was significant difference of concentration for zinc in blood by groups statistically.

4. The difference of lead, iron, and zinc concentrations in blood was not significant (p0.05) by

profusion on chest radiographs,

Key Words : lead, iron, zinc, coal workers’ pneumoconiosis
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g ol gle A
LE grtstr] 9
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gy g2 A7 ofdEA EAste daolAw
Hele BHag die)rh Hat ofde s =l I
TULEAN EAste dAAAA BAHAE, B
¥ 2L 542z #HE&gvh(Lauwergs ¥, 1983
Stokinger, 1981).

FE4o] B Q1w Zdl | A= d ol o sle Freedman
5-(1972 01rr1 ZME Qa1 v Y450 9 9
J & g7 xxgoz B AR

317 djiel], Agtolu Mg Fito]
25& uesol gt st
2 o9& AdSze] Hujd #
Ao o) AW I&HUey, HEAe & 2 BoE
of #AE vtn sglen, MM BA" A
Fol gl HEANA B v B Yoz
atg . wiHel Freedman £(1972)2 &3t
o] e FAe HeA we 066u=
AP, A& FdArg 1.7ve] & =g dehdg
5 Ergle] B @o] &A) s}
, 93 ¥4 (Jacob, 1986)° #i
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2. Az 3 Uy

1L 7171 & Aot

7 7
(1) 9xF45 £37) : Model IL 551, vt
2) Al %k

(1) & A7l HE Go] A AZFHE ASagh.
(2) Triton x-100 : A" &4l (Sigma Co., USA)
(3) ¥, 3, obd 2 AXE Y 248 (Junsei Chemical

— 487 —



Co. Ltd., Japane) 1,000 ppm
(4) ¥ EF8Y 99 ZFYAL gol2® AFHFF
ol 3143t} 10, 20, 30, 50, 70, 100 xg /12 @ ¥HEL-

(5) @ EFEN: 99 FEYAL Hol&y AZHFF
of BAate] 2,4,6,810 18/ mE 3 BFLAL wE
Ak,

(6) ok EZ &N : 919 TrUle YoleB AZF
Fo 31435t 0.1, 0.2, 0.3, 04, 0.5, 0.6, 0.7 #g / mlIZ o}
A EFgAe Hseoh

2. A8 A, M B FAMH

ZAL O ZAE e FARANA 134 FAIE AHE-sHS
o} 2mlE A # 3l &, potassium EDTA & 3] 2] 3 polyethylene
AP gol -20TAM WF R} AL ARR
AHg-st A .

A5 AAE Y F HPh)TEEHE At €9 500
AZ 0.01% Triton x-100(2ml)S A}g-ale] 5ujE 3]4
st omn, o}d(Zn)& 005% Triton x-1008 < 500
Aol 45mlE FH7MA 108 sddE Ag8§dE TENR
}. A (Fe)& ¥ 500 4ol 95mle] 0.025% Triton x-
100& iﬁ}ﬂlﬂ ZOHH MY ¥ §AL AMgsl 2
9 F8E FxE FPs] flstd FHH4E AL 3A
Aoz T_Z]"S“l" 3719 E9AA A sA. -

ol YAEFF LAY 7)71xH L otk #ri(Table
1).

Table 1. Operating conditions

o BERFHNA Y FEE = 2

10, 20, 30, 50, 70, 100 #g /19] W EEFBAE xF, 1
Pi g FHEE yHRo o 13 AL EE
Agadez Aen, 2,4, 6, 8 10xg/mle 2 EF
£ 9 01, 02, 03, 04, 05, 06, 0.7 #g/mle} ot &
FEAE FEA Pol 13 HAN FFHFIAL
HEud. 8 —a-oﬂ e 4 2 R odEx ¥

FHE TR U9 dge g4y
wE 238 ¥ BEPFIA

r

ot

_\Q.oi_l?ii‘
2

2

M. g+azt
HALEST 2F7(o| o8t 8 F H, H,
ofet sEo| HYUST
AAES 2R1E AHgete A 10

LRI ESE
AE 9 2e APwHom 3wy BAF Aze
Table 29} #$ic},

g BN Aux (C.V.%)7 33—-269%01%1en HiF
12.65+6.95% % eIt

H 9 olde zhz} 14741.25(0.6—4.8)%, 6.35+3.34
(32-144)%2 ¥ & ¢ FEEHd) 2§ dolAs B
o AL % Boj FULh

Element Pb Fe Zn
Method Flameless Flame Flame
Wavelength (nm) 2833 2483 2139
Band width (nm) 10 03 1.0
High voltage (V) 620 ‘ 700 530
Lamp current (mA) 5 8 3
D, lamp current (mA) 4 5 3
Acetylene : oxidant (SCFH) B 4:19 3:12
Argon purge gas (ml / min) 5 - -
Readout mode P/H Auto Auto
~ Temperature dry at 70-100C for 45 sec ) - -
Program ash at 500°C for 25 sec T -

atomize at 1,850°C for 8 sec ' - N

— 488 —



Table 2. Precisions of Pb, Fe, and Zn determinations in whole blood by atomic absorption spectrophotometry.

Sublect Pb(xg /100 ml) Fe((pg /ml) Zn({(pg/100mi))
Mean S.D. C.V% Mean S.D. C.V% Mean S.D. C.VY%
A 22 4 18.2 540 26 43 797 3l 39
B 30 1 33 499 4 0.8 872 36 41
C 22 3 13.6 583 13 22 765 110 144
D 22 2 91 704 8 11 965 51 5.3
E 27 3 111 561 4 0.7 665 21 32
F 22 4 18.2 553 4 0.7 843 69 8.2
G 26 7 26.9 559 13 22 784 72 9.2
H 26 4 154 633 4 0.6 928 41 44
I 21 1 48 593 6 1.0 1023 36 35
] 17 1 59 618 4 0.6 826 60 7.3
All 12.65+6.95 1474125 6.35+3.34

0.3 y—0.0031x—0.0317
a r=0.9859
)
g 0.2
20.1
<
0 Il ! 1 1

30 50 70 100
Pb concentration(zg /1)

Fig. 1. Standard calibration curve for Pb determination
by flameless atomic absorption spectrophotometry.

y=0.0344x--0.0179

__0.3]  r=09979
Q-
Q
g 0.2
é 0.1

0 ' 1 ! I L

2 4 6 8 10

Fe concentration(zg /ml)

Fig. 2. Standard calibration curve for Fe determination
by flame atomic absorption spectrophotometry.

0.3 y—04411x+0.0105

2 r=09970
)
ST
5
g oar
<q

O ] 1 L 1

0.1 0.3 0.5 0.7

Zn concentration(xg /mi)

Fig. 3. Standard calibration curve for Zn determination
by flame atomic absorption spectrophotometry.

2. 8 Zo| Ho| s

ZA AR HED E2 g2, #3
9 ghgy A SAs 25 304 ol ¢
o 289 YA o o Fxol #& B
e A (Fig. 4), Y F 9] e FAAL 231948
51(9.00—54.00) #g/100mleg SHw(F;) 117, H=(B
JDE 1592 W FEO ¢ RXFHE Jgl
o, A§gs A4 uliz Kolmogorov-Smirnov teste] K-
S Z e 16001001 (p<0.05), J1 4 HEAXE 713

2 dza
A% 478
=

1

-.~J'r'4

l'J ]

Hitgkel 2241(9-54) #g /100 ml, £,=0.18, £,=—0.10,
K-8 Z=073(pp0.1)3! W& AFEE(EE BHoAFD

ArH(Fig. 5).
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n 1162
mean :@ 23
40~ SD. : 9
min, : 9
max. : 54
p 30 B, 117
g B B, 1159
g K-S Z 160
& 20 p(0.05
10
0

9 16 23 30 37 4 51 58
Pb concentration{xg / di)

Fig. 4. Distribution of Pb in whole blood observed from

162 adults.
n 1162
mean :log™ 1.34=22
401 S.D. :log? 018=1
mn : 9
max, : 54
5, 30 By : 018
g A, :-0.10
§. — K-S Z 073
s 20F P01
101
—

0,951.071,19 1,31 1.431.551.671.79
Log [Pb concentration(xg /dl)]

Fig. 5. Distribution of logarithms of Pb in whole blood
observed from 162 adults.

3. Y Fo| He| 5%

g F M9 FE HXLEE Fig 6% o] Yeydch
A HFgS 576.641114.78(247.00—1,001.00) #g / ml
2 £:=005, 8,=050, K-S Z=076(p)0.1)) AGFEXE
A& BAFAH(Fig. 6). 2 9y g HIAXNES
AHg-ate] X% E T8ld olue) o] REFKOZ ofF
ALAN dF AHEEFHS w2x Gt} (Fig. 7. 7]
& g 562+1(247.00—1,001.00) pg /ml, Be=—0.
78, B,=153, K-S Z=1.42 (p{0.05)).

n © 318
mean : 577
40 S.D. :115
min, 247
max. 1,001
p 801 B 1005
g B, 1050
g 50l K-S Z 076
i p0.1
10 —
0 [ =

240 350 460 570 680 790 900 10
Fe concentration(zg / ml)

Fig. 6. Distribution of Fe in whole blood observed from

318 adults.
n 1 318
mean :log™ 2.75=562
40~ S.D. :log? 0.09=1
min, 1247
max, 1001 |
B\ 30 By :-0.78
g B, 1153
g K-S Z 142
& 201 p0.05
10 |
—{ ] —

2.39 2,48 2.57 2,66 2.75 2.84 2,93 3.02
Log[Fe concentration{gg / ml)

Fig. 7. Distribution of logarithms of Fe in whole blood
observed from 318 adults,

4. 8o Zo| ofA &

o 2ol Fr& e Y gho] 880.044238.14(424.
00—2,234.00) g / 100 mi, B;=2.55, 8,=10.14, K—S Z=2,
42(p<0.05)%) FFREZA B2x gUdcHFig. 8). 2
AU o 8= 718 HiFako] 85541(424.00—2,234.
00) #g /100ml, B=1.00, B,=3.02, K-S Z=1.38(p)0.
01! W+ AAREZAM 717 vH(Fig. 9).
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60 F n : 318
] mean : 880
S.D. :238
50 b min. 424
max. 2234
By 1 2.55
40 By 11044
K-S Z 242
p<0.05
2 o0l
=
g
= 20 B
10
Tt

420 680 940 1200 1460 1720 1980 2240
Zn concentration (zg / 100 ml)

Fig. 8. Distribution of Zn in whole blood observed from
318 adults.

n 2318
60 Fmean :log™ 2.932=855
S.D, :log™ 0.10=1
min, : 424
50 Fmax, :2234
B, :1.00
£, 1 3.02
W0rK s 7138
p>0.01
2yl |
b=
g
201
10—
ol_r—I | ]

2,50 2.63 2.76 2.89 3,02 3.15 3.28 3.41
Log[Zn concentration(xg /100 ml)]

Fig. 9. Distribution of logarithms of Zn in whole blood
observed from 318 adults.
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o ¥R FAVEIE g2y deges ENEMS
&g cH(Table 3).

2 2% d99 F g 2 He xv 2t groupzt Aol
7b 9192 (p)0.05), otAsEE groupt Zol7h e
Aoz ETHP(0.05).

Table 3. Results of Pb, Fe, and Zn concentrations in whole blood by group

Pb(eg /100 ml) Fe(pg /1ml) Zn(pg /100 ml)
Group Arithmetic Geometric Arithmetic Arthmetic Geometric
Mean S.D. Mean S.D. (n) Mean SD. (n) Mean S.D. Mean SD. (n)
Unexposed 24 8 136 01 45 590 87 98 825 130 291 0.07 98
controls _
Exposed 24 7 136 021 58 556 120 107 849 184 292 009 107
controls
CWP patients 22 10 130 018 59 585 128 113 957 323 296 013 113
ALL 23 9 134 015 162 577 115 318 880 238 293 010 318
F-value 2447 2.756 8.008*
CWP : coal workers’ pneumoconiosis
* 1 X0.05
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&7

6. ElAR MHEXY 3% 55
A

AR A

By WAEA § AU AR wAst
199 A&7t ILOY AHERF715(1980)d wet AN
o profusion 0/-, 0/0& 028, 1/0,1/1, 1/2&
12, 2/1, 2/2, 2/3% 22, 3/2, 3/3, 3/4% 302,
a8n 0/12 42 FESY ol 4 groupe] =
gl F 4, H 2 oldeEE Hlus] ¥ Ay o]z}

AAcH(Table 4).

V.

a

FAL EREMY] A% F= EojAl
Aletel Mg & 8A9 pH £ ¢ Hz3 AyaA
2 dugtel EMAZel o8 HAen, LIYEAE A%
A¥a7t Zth(Kagi 5, 1958). gy 195513 Walsh
o &) YAFSF EF7|7 1t Aol Ago] s
AL B olg nF FaH B0 BoldHT. LI
dd T 5 BAHL ANEY AN A= 52435
1} ammonium pyrrolidine dithiocarbamate( APDC), sodium
diethyl dithiocarbamate(DDTC)ol| 2]3t &w) F&2WE&
AH2-3F9 A ( Amore, 1974 ; Fuma &, 1964 ; Parker %,
1967 : Willis, 1962), 8282 AdeAg Fol7] Hsl
AYDdAE 55 09E st Y PURE Foln
Stk (Evenson &, 1974 : Fermandez, 1975).

B A7dME o]AE 7tste] ol Z vl k(ppb, #g/
) e e A7 A8 A LA vEed
AFF ERF=YRE AEstdon, g F Fou} ojd e

ppm(pg/mh) D2 BRARNES EFFE=WE ARt
ek Al59 HAAGe E4AL] AA BEn 29x
7} A& o @ one-step dilution method& AM4-3+9]
o doe Au A4 0.05-0.01% Trition x-1002
2 o9& gMAA, a9 HAx 2 dE deisde
FTEE W3Jon EI A9 FY £EF EEEAH
o] st 2HURE Fo FATLH

A Z g, A 2 old v5 e 3 wrdyst
o JAFSE E4vlel o3 2N AUxEg ARSI
w, Avwe 247 126546.95%, 1.4741.25%, 6.35+3.
34%°10H(Table 2). A 9 ofd & &4 HUzg&
i wdon d FrdA Fidwmst "ol AL Hol
U oldda} o] ppm¥E W97k ot} ppbEE W
g A%t J1dd A48,

e 2 gz, $3E22 dae, @3 A4S
ol o Y F 5, 2 R ol Fro ¥E EE:
BE g 2 oold FRE dF AEEE BAer(Fig
5 Fig. 9), @ ¥=v FeEFIL 2HtHFig 6).
Mishima §(1973)e st 4 oFdLy F3E F
A9 FuEEY AFFHEERLE
2 ANz FEE FFA e o

N

fn o]

2 od7e] AR bR £2 gz2E, 2A R
iz, B3R AHFAe] g9 F F v 44
& Hagho] 2448 4g/100ml, 2447 g /100ml, 22410
#g/100mlojoy, 7|8} gk log™ 1.36+log™ 0.14=23
41 g /100ml, log™® 1.36+log™ 0.12=23+1 #g /100ml,
log™ 1.304log? 0.18=—2042 g / 100mlo} At}
g4 2 3 2 e Hitao]l 474 590487 #g /m],

=3

Table 4. Results of Pb, Fe, and Zn concentrations in whole blood x-ray finding profusion of CWP patients

X-ray Pb(xg /100 ml) Fe(xg / 1ml) Zn(xg /100 mb)

finding Arithmetric Geometric Arithmetric Arithmetric Geometric

profusion Mean S.D. Mean S.D. (n) Mean S.D. (n) Mean S.D. Mean S.D. (n)
1 22 8 131 o015 25 618 132 11 923 26 295 010 11
2 23 11 132 020 18 573 161 37 945 345 295 37
3 2 12 128 021 16 559 69 3% 1016 358 298 013 35

ALL 22 100 130 018 59 585 129 113 960 323 29 014 113
F-value 0.290 2212 ’ 0759 013
* <005

- 492 —



5564120 g /ml, 5854128 g/ mlojA o], ofd ¥x
£ A& #agel zz 8254130 #g / 100ml, 8491184
#g /100ml, 9574323 #g / 100mle] 7]&t H# g2 log
T 2914log™ 0.07=816+1pg/100ml, log® 2.92+log™
0.09=83141 g /100ml, log? 2.96+log™ 0.13=91441
#g /100mio) A},

Mishima $(1973)2 F34&d 284 ¢ 94 4
JE ¥ F ¢ %7} 0.240.06(0.08—0.46) #g / ml
(n=136)a} 3l¥on, L 498+140(30—1220) g / ml
(n=142), o} 938+299(600—2750) g / 100ml(n==142)
2 Jeyd, Sumino $(1975)& A4 QB AFE
o ¥4 F ¢ =& 0294013 #g/100mlo]=] o}AL
1200£320 #g / 100ml2  vtepdon, =3 &9 Z
A71zd F nF 34 BHE o AT (1982)2
gof F A ko] Iz} A$ 02640.18(0.05-0.73)
ppm, A 0.19+0.23(0.02—0.79) ppme2 UErAT,
AL 5(1986)2 = g2ol9 dd F HF oA
5 648+1.04 pg/ ml(n=145)8 JErAch

Stokinger(1981)= ¥4 F W = e WS
A AH(biological monitoring)l| A A= 40ug/
100ml °)slg Bo WEE= <l 385 (threshold limit
value, TLV)+= 80 g/ 100ml, 2213 120 #g/100ml o]
49 WE APeAna Ao B F ok ¥
¢ A4 WelE 880+220 xg /A2 YT

agjste] B A9 ¥d 3 £34 5EE Y9 o
FEu vud Edd ¢ e A9 fARIALH,
e th 22 F£3E Yehdon, ofde e mel
Z3Qze W3l dsiged, £ d7drME Stokinger
(1981) & fAME @E RAFUCH

a8y W7l F HY F545 FEe] &L
o] B = AU YA ZH TEAEY A
HE sty st R 2 dgxe, B E=2
dzZ 2 SRR AAETY gouptt BE AoE )
@ rE ¢ 2 F s groupt Aolrt gden
(p>0.05), °l9 ¥=% groupzt i}°17} AR HpL0.05).

ol MZ&

ek B
1

oy

o

4

ofele e AYYHAN REENE & U B
F Qa2 deiA A MOOJM o 2zH9e
A A BEAsA Mfsh wge] dojutin nug

vl% Qlvh(Stokinger, 1981). Rawat 5(1982)& 3 & A
XA AR e 34 F ok, Fl=§, 7, Y
Aol Y3 2PEHAY F Ugxw —zr%o}‘}ii’-“], A

A 29 oled Fgusl 5972 ofde] 3
g FE4et o 2] Add &4
H B(1988)E EF ZAE ANeRn
7AW ZFA A F od w20 4 32415978/ 8
W 19114243352 g /g2 2 e}, Rawat 5(1982)9]
old Frekv|e} L 5972ujE W E-&9 olgo] e
Fare) A TEAQ ED QAR A, AAHoR

FRE dgo] WP QD} agEg B Ay
Ae #HEo Y€ oldde] FE T v¥ERN =2
gqxzigd 23 £z dgx7¢9 E&%*T A S ¥

% old ¥Er} B2 Aoz AgHTHP(0.05).

aey S%F AdS A dolA x-ray AW &7
o] @& profusiond] 2% o}d ¥+ A group T+ X
o]7} ¢t} Sorenson F(1974)& ARy A F9
g0 Eo WddolBae FHEe] He fE
i 72, 3, U4, ¢ 2 obdo] A tf gol
gadAnt stgon, dygde Haddes 3, 7
g, Ud ¢ o9& Fafe FPYrd 9 ¥ sy
Aetgy JAFHFY fFHEH ARAAC e HAe=
Wosty Azd Xgd 4 ddux UG (Sweet F,
1974 ; Keenan %, 1971).

oje} o] & RA o FYE FTEES HS
Aztelo] AAFH &I FAAAE 2AN F
AL Fo FTFEo] &alHo] AFHE 3] dEd x-
ray WA &7d] wE profusiono] F7tESE ofd F
TE AT BAGgH 2 Aot jle ALR YE
vA v Ak

]

L o
£ owe

£49] A% (precision) & 44 12.65+6.95%, 147+1.
25%, 6.35+3.34%°] 1Tk,
2 ¥l 3 4 9 olde ¥E PEE U4 FHEE
24g Uepion, 29 BEE FFLEFNE seioh
3. 8 & 9ol yEE: BBy WAFR, ¥ Z=
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W2 2 uEd E2 d2H(FrY)Y 78d
o] 24z log™ 1.304tlog™ 0.18=20+£2 g / 100ml, log
7 1.364log? 0.12=2311 g/ 100ml, log™ 1.364log™ 0.
14=23+1pg/100mlE YElor] 89 F H ¥k
£ 3groupo] Ztzh & i gko] 585+128 g/ ml, 556
+120 g /ml, 500487 g/ ml, Y F o}ld9 FrE
ZistdEgto]l log® 296+log? 0.13=914-+1 pg / 100ml,
log? 2.924log™ 0.09=83141 pg / 100ml, log™ 2.91+log
1 0.07=8164+1xg/100mlE JelYch o] ¥ F o
2 FHo] ¥E+& 7} groupZt Aozt giled, olde &
% groupZt Apelzk vpebgTH(p{0.05).

4. 2338 AdZAe] 34 T € F5 A 4
7 profusion 1, 2, 3 groupol] wa} dA F  H 2
old Fxo] BE zol7t YHch

it

P28

A

A&, AA @32 Heold ¥ F od Fr %9
)X 1986, 113 : 29-36

344, E¥d, A4, @599 & AUz Fo wFF
T4 Y9ARE ASEE 2 59 FE dwesA
1982; 15 : 95-110

Az, JaA! A ARt o 2 @23 59 F
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