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=Abstract=
Relationship between the Biological Lead Exposure Indices and Air lead Concentrations
measured by Personal Air Samplers

Haeng Ryeol Lee, Jung Man Kim, Kap Yull Jung, Joon Youn Kim
Department of Preventive Medcine and The industrial Medcine Research Institute, Dong-A University
College of Medcine

This study was carried out to evaluate the relationship between the biological lead exposure
indices and air lead concentrations measured by personal air samplers.

The 72 occupationally lead exposed workers were observed and the bioiogical lead exposure
indices chosen for this study were blood lead(PbB), urine lead(PbU), zinc¢ protoporphyrin in whole
blood(ZPP), 6—-aminolevulinic acid in urine(ALAU), é—aminolevulinic acid dehydratase activity
(ALAD), coproporphyrin in urine(CPU) and hemoglobin(Hb).

The workers were divided into four groups by air lead concentrations: Group I; under 0.05mg/m3,
Group II; 0.05-0.10mg/m3, Group III; 0.10-0.15mg/m3 and Group IV; and over 0.15mg/m3. For
evaluation the relationship between the biological lead exposure indices and air lead concentrations
was used as correlation coefficients.

The results obtained were as follows:

1. In Group 1, II, III and IV, the mean value of PbB were 25.45 + 1.84ug/dl, 27.87 + 3.53ug/dl, 31.
21 £+ 1.76 ug/dl and 47.02 + 13.96ug/dl. Between Group IV and other groups showed statistically
significant difference(p < 0.05). )

2. There was an increasing tendency of PbB, PbU, ALAU and ZPP according to the increase the
mean air lead concentration, while ALAD has decreasing tendency. CPU and Hb did not show any
constant tendency.

3. Correlation coefficients between PbB, PbU, ZPP, ALAU, ALAD, CPU, Hb and air lead
concentration were 0.95, 0.83, 0.89, 0.72, -0.83, 0.51 and -0.45 respectively, and regression
coefficient between PbB(Y) and PbA(X) was Y = 126.8746 X + 16.9996 (P<0.01).

Key words:personal sir sampler, air lead concentration, biological lead exposure indices.
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HolAlE §7190 74y A2kA S22 ALEEY
Z+E A 2 dEF AzEoll da olgHn U
(John M Last$} Robert B Wallace, 1992) .
slE3gtel = Aol A3 22ake BRAS
B 712N 2 F YURol Al ol o5
Az AAEHE Fddte FAgA2A AFF }
Pelxet & 2 Exoz A7 AP Z=2e
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a9 AU FHHoz A ARANe =ZA 287
2, F3A074 2 22073 F, 4@ #F
, 42374 A&l 5 (Hernberg 5, 1970: Baker
s> 1979: Seppaldinen 5, 1979: Seppildineni}
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E 7ldenzg v Z2E Jdukdly] 93 A3
AJaA gt a€n g, F, IHF AEH
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AT AJPA L AYzHe] HEZ doof 3
9, Al dAF 22AE9] A F5E 4
EAF L ZAS T AA AR X e 9FE Ho}
ste BEE g A8E A HAF o
WOl E ZFste]of gk (Lilis T, 1985).
AF=9 g Y, 2z 9 g5, ddax
T F2 &sted 53], dAF *P‘ﬂ"o“ﬂ/ﬂ
At FAE A& 4% AAze €%
(PbB) 9lo] 22 (PbU), PMAX (Hb),
o] AFEAQ S-aminolevulinic acidx] (ALAU),

i

heme

coproporphyrin®] Q% ujAZ(CPU), heme A
of #Adle A9 AEF e §-aminolevulinic
acid dehydratase &4 X (ALAD), &% zinc
proteporphyrin?] (ZPP) £% 3 A7 A5 FelE
Fohll7] A AAAE £ 4 Fo| ol&Hm
21t} (Haeger—Arosen, 1960: Cramer$} Slender,
1965: Tomokuni, 1974: Seppéaldinen %, 1975:
Blumberg 5, 1977: John W Sons, 1981: &gt
I o] FE, 1984),
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Bo Zastn gdelA BAd e A4 "R gud
Aol At e R Exoz A A W
geol o B2 #AHAE 7oz 3
1971: WHO, 1979).
A Fell 9lolAd PbA HE7E 23
1983 %€ 1990714 835 AT 8.9% =
VERA] wid ok 41ellA] 1178 Axe dAFE
F&ARIE AAs] HAET (W FAgEAY
3], 1983-1989).
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& U (=58 Z2/&F AUdtAT, 1988:
ACGIH, 1989).
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A ABE 2 FEEe JlF 92 2 Fo A7

oz 251 e G 22A 62% RiA B
Fo AT YE 7R AXIANA LEE
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PbAE Sjvtel =58 294 ¥ ACGIHS
3 L7 & (87 AAEH A=) il 0. 05mg/m3n]
B (o]3t T2 22 %3, 0.05-0. 10mg/m3Z (o]
st I 22 <43, 0.10-0. 15mg/m3F ()3}
T o2 23 2 0. 15mg/mio]AF (o3t IV
T e ooz TR

o] &l
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AlEe) THL 19929 2¢Y 254%E 22 & 3
4 69477 279 F¢ AAAAW FH AYEE
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D HAF 71 A

22 AUE @ ZFESEE AUE TU)IEYY)
(personal air sampler, DuPont ALPHA-1) 2 A}-83}o]
va TYPded B AT 4 (NIOSH) o) A Al Al sk
Wiel whel L35 ok (Peter M Elter, 1984).

MAE F7IXF71Y FFe £ 2.0L2 H4&
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v 7i¢le] PbAE 33)9] HEho R &}t

2) U 2AZ
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OnmolMd ZAx2x 150°C2 3027 33k
500°C= 20&3, ¥9A3lex 1400°CE 3279 3
9AE AXAA SR
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22L& 2P0A 33 ¥wE S HEUs A&
o} (Kaul %, 1983): Parsons 5, 1989).
ALAU+ Tomokuni$t Ogata™d (Tomokuni2}
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3 XEEY

Ag el ¥4 SPSS/PC+ (version 4.0) A4 =
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1. 22X d 22712

I, 17, HIZ 9 IVZdAey H#
13 2ol Z+zt 0.039 = 0.008mg/m3,
0.012mg/m3, 0.125 = 0.012mg/m3 2 (.243
+ 0.078mg/m3olem, AA FF PbAw 0.
127 + 0.093mg/m30] 2},

ZAM A A 74w el PbASLZEY EXE B9 [T
o] 25%(33.8%)22 71 #}ow, tfel IV

, 12 2 129 ¢z ztzb 239 (31.1%), 16
21.6%) 2 10%(13.5%) oIt A F A
ke IViEe] 61.6 + 55 1/1E2 7H8 24
11.0 + 10.8/49=2 71 #EHgton,

37.7 + 44,8749l qutt. ¥4,
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Table 1. Number of subjects and work duration(WD) by PbA

level.

PbA(mg/m3) WD(months)
Cases(%) ——

Group Mean + S.D. Mean + S.D
Under 0.05 (I) 0.039 = 0.008 16(21.6) 34.8 + 429
0.05—0.10([) 0.079 + 0.012 25(33.8) 28.2 + 34.7
0.10—-0.15 () 0.125 + 0.012 10(13.5) 11.0 + 108
0.15— (V) 0.243 + 0078 23(31.1) 61.6 + 55.1
Total 0.127 + 0.093  74(100) 37.7 + 448

2. M2EHH of Z2X|E

il

BEESH A Z2AEE AT 4 79 PbAE
42 M (SCHEFFE: 0.05)22 A & 23
F 29 Zo] Uewth

PbBQl 7 ¢ IVIo] 47.02 + 13.96ug/d1& 4
b I, I+ 9 179 31.21 + 1.76ug/dl,
26.10 + 3.13ug/dl 9@ 25.45 + 1.84ug/dlEt}
Fol3tAl &=k (p<0. 05).

PbUQ! 7% IVZo| 81.20 + 24, 61ug/dl2 IIT
Iz 2 139 52.68 *+ 6.49ug/dl, 40.80
9.60ug/dl 2 38.74 + 9.46ug/dlEc} §9 st
| E=kem(p< 0.05), ZPPYl A% o] 80.18
38.67ug/d12 IIZE, IF 2 I#9 37.22 +
7.44pg/dl, 33.93 + 5.37ug/dl £ 33.56 + 6.
25pg/d12e} felstA EUdth(p € 0.05).

ALAUQ! A% IViZo] 4.01 + 3.59ug/dl2 III
2 2 I#9 1.20 £ 0.65ug/dl 2 1.15 = 0.
T5ug/d1Boh felshAl =%ke™ (p< 0.05), ALADS]
A< MIZe] 19.19 *+ 3.68umol/min/RBCZ IIIE,
Iz 2 I79 23.55 + 1.75umol/min/RBC, 25.
02 + 2.14 pmol/min/RBC % 26.05 + 1.
50pmol/min/RBCE.t} &2l 8tA 2etch(p< 0.05).

CPUQ A% IVFol 115.31 + 66.45ug/dlz 11
9] 58.09+25. 83ug/dlEtt foldtA Etew (p
< 0.05), Hbl A% IIF ¢ IVEe] 13.45 + 2.
3lug/dl 2 13.54 + 0.79g/dlZ IF9] 15.72 +
1. 26g/dlEct SolatA w3teh(p< 0.05).
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Table 2. Mean concentration of PbB, PbU, ZPP, ALAU, ALAD, CPU and Hb by PbA level.

PbA PbB PbU ZPP ALAU ALAD CPU Hb
(mg/m3) (ug/dl) (ug) (ug/dl) (mg/) (umol/min/RBC)  (ug/) (g/dD)
Mean+S.D. Mean+S.D. Mean+S.D. Mean+S.D. Mean+S.D. Mean+S.D. Mean+S.D.
Under 0.05 2545 + 1.84 3874 + 946 3393 +537 115+0.75 26.05+ 1.50 70.36 +25.77 15.72 + 1.26
0.05—-0.10 26.10 + 3.13 40.80 + 9.60 33.56 +6.25 120+ 065 25.02 + 214 58.09 + 25.83 14.61 + 1.39
0.10—-0.15 3121+ 176 5268 +649 3722+744 241+1.09 2355+ 175 79.63 +28.33 13.45 + 2.31
0.15— 47.02 +13.96 81.20 + 24.61 80.18 + 38.67 4.01 + 3.59 19.19 + 3.68 115.31 + 66.45 13.54 + 0.79
Total 33.30 + 12.33 5451 + 24.08 4862 + 30.54 223 + 243 23.23 + 3.80 81.44 + 4859 14.36 + 1.60




Table 3. Frequencies of subjects over screening limit value(Ministry of Labour, 1989) of biological lead exposure

indices by PbA level.
Cases(%)

PbA(mg/m3) PbB PbU ZPP ALAU CPU Hb Total(%)
Under 0.05 0 0 0 0 3(19) 1(6) 16(100)
0.05-0.10 0 0 0 0 3(12) 5(20) 25(100)
0.10-0.15 0 0 0 0 2(20) 5(50) 10(100)
0.15— 14(61) 11(48) 8(35) 5(22) 10(43) 5(22) 23(100)
Total(%) 14(20) 11(15) 8(11) 5(7) 18(24) 16(22) 74(100)

7 PoAS2 A8 @ ZAEE A544%

ey 9 AWV E (B, 1989)4 2314
Bavd IR AAAEE 2FE NES N v. &

o

} ¥ 3% o] PbB, PbU, ZPP ¥ ALAUE I#, 1I
T % IM2Y A 49712e 2nste At
BAl estonl, [vEel Agel 247 149, 119,
8% % 532 4WIEE 2Bete At derk
o ®¥, CPU % Hb: [ZAME 27 39 3
102 4@712g 23sHe Aelsl veh PbB,
PbU, ZPP 9 ALAU®= iz o|e},

3. PoAS} MESIH of Z2X|Feo| HTHnA

7zt 8 PbASH HE3F
HEAE Loty A3l BAEHE AYsiHe
o, PbAE SHAS=2 Z7e YPYE&E Q4 F=x

EL T4USE 3o G IARHE YT vt
£ 49 2t}

s1AE A& PbBY 79 PbA (mg/m3) =126,
8746 PbB(mg/d)) + 16.9996, 4#A+@) e 0.95
o]gled, PbUQ AL PbA(mg/m3) = 214.1018
PbU(mg/dl) + 27.2567, FBAF@E 0.83°192
W, ZPPQ 7% PbA(mg/m3) = 293.3560 ZPP
(mgdl) + 11.2757, ABAF@E 0.890|92H,
ALADY! A% PbA(mg/m3) = —34.1155 ALAD
(tmol/min/RBC) + 27.5780, 4844+ —0.83
o2 BE #94F% ABBAS Y PAR(P 0.
01).

d E2AE%e 43

d #HAF AP 2Fste 2
e 7=
E 7ﬂ°]-4 P o) H
(Barretts} Belk, 1977). @A d %= 9 EF+E
B2AT7] Aske] AR PbA HEAEANE A
FEolste]l PbAd EZzHE 2L #&

Bated 4%

stz 1oy} (Stokinger, 1975), I 71&X9 AH
<= AQ9 #FeA, FE2A, A 98 R 237
gl 55 nelsjof R‘}E}

ol#1¥& PbA s 871EX9) HP L AFF =8
AL s de 3dFeR FHs Ftn
A3, 71 dFF R AFSARE AHEHE dARE

Table 4. Simple linear regression of PbA on biological

lead exposure indices.

Variable  Correlation Regression
X Y  coefficient equation
PbA PbB 0.95 Y = 16.9996 + 126.8746 X
PbA PbU 0.83 Y = 27.2567 + 214.1018X
PbA ZPP 0.89 Y = 11.2757 + 293.3560 X

PbA ALAU 0.72 Y =-0.1671 + 18.8137X

PbA ALAD —0.83 Y = 27.5780 — 34.1155X
PbA CPU 0.51 Y = 47.7394 + 264.6802 X
PbA Hb —0.45 Y= 153463 — 7.7305X




Ex 2 SHARZAN d™"n o) (Hernberg,
1979).

2 d3A A #9o HIT PbAE IFHA 0.
039 + 0.008mg/m3= 1}eh} =53 1A 3L47]
&9 0, 05mg/m3g ZFeA] gigtovt, I, IIE
2 IVEAM Z+2F 0.079 + 0.012mg/m3, 0.125
+ 0.012mg/m3 2 0,243 + 0.078mg/m3z & &
1EE 23439

AR GRS HE 2F71LS 37.7 *
Mol on, ZF77te) WHoALs & AL 12
ol 278 Z2=A: 8%l ot Aoz Qe

I2Ql 7% 37 PbA7} 0.039 = 0.008mg/m3
du HF PbB7} 25.45 = 1.84ug/diejglen, of
;e AHH(1985)9 4% 1A Azxdy A=)
71 Alzd 222 47798 ddez 3 A7
B# PbA7F 0.042mgm3dw HF PbB7 27.1
+ 8.5ug/dlz, FRFE F(1991)°] AR AzxY
Z2A 9398 didez 3 AT HF Phart
0.035mg/m3Yw HF PbBr} 25.6 + 7. 7ug/dlz
Erste 2 A7 fASH vegey, ua
A 519910 ARAAE AxY Z=A 508 o
Aog & AT HT PbAY} 0. 046mg/m3Ywj
B PbB7F 17.7 + 13.8ug/dl2 B sl B
TR v Ta dgted, ol AR ¥F
d AA ot B A9, HFAS AH 39 =4}

WA g e FPAE derd £ 9
WE PP WAL FPE
Q) 2% Bd PbAZE 0.079 = 0.012mg/m3

ouw 7 PbB7} 26.10 +
#e& & 5(1991) 0l HF PbAYE 0.087mg/m3
dd PF PbB7} 31,6 + 10. Qug/dle, wAA =
(1991) o} #BF PbA7} 0.088mg/m3dn) 7 PbB
7} 29.1 + 11.1pg/dlE2, 2A¥ol(1985)7 P
PbAZ} 0.063mgm3dw] B# PbB7 29.0 + 6
Spug/dlz Bmisle B ApAnEcg oik E3dE
uh, ol ZFHIT FLERE, 49 2 F4H
ol @et trd zolE UEhd £ 7] GEA) P
g 902 I E oy

M7 2A-$ B3 PbAs} 0.125 + 0.012mg/m3
U HF PbB7} 31.21 + 1.76ug/dlE Jelgte
g, o] @& olH=F(1982)0] FAAAZY 23

3.13ug/dle} o, o]

234 & WEer & AFdA HF PbAsL 0.
170mg/m3Y s FF PbB7F 54.0 + 16.4pug/dl=,
Williams & (1969) 2} PbA7} 0.134mg/m3dUn}
& PbB7} 63.2 + 9.2ug/dlE Eudtd ¥ 72
#EG i ghe b, I 2 I79 354 A
€Y olfr o2 Y UL #AHEIE ofHh
WV# A% Wi PbA7E 0.243 = 0.078mg/m3
du) BF PbBrt 47.02 £ 13.96ug/dicjgl o,
o] 32 °|¥=(1982)°1 g PbA7} (.21mg/m3
g HF PbBrt 53.8 = 6.2ug/dl=, 7 PbA
7} 0.20mg/m3d ) B# PbBr} 51.7 + 17.
2ug/dle Hmste] & A7 A vl LR
g, PbB, PbU, ZPP @ ALAUE PbASEdE »=
THY AENIEE st ol ME FABIA
oy, CPU ¢ Hbe =¥%9 PbA 3 E§71&X o
ez Adr1EE 23 Adrt vegen &
THE ‘*‘i}w&—% 2ok ol#® CPUS ¥3
& Wstdd2 AYPoh(1985) e AFAHAG fAbe
ey CPUE @ ] g dgoddx E9dZF, 7
B, XFFY 22 2EFANAE 718 = AT
I &+ 8 (John Bernard Henry, 1991), &3 o]
of A& 2&AQA Ayt e oz AzdEn,
F3, Hbo 2 MAERZAZTF(WHO, 1980) oA
= 20pg/dl 239 Ax= PbBAM= Hb 473
o 4%& £ + U st Yn HbY Zxre
o A7 Z2A deEde Fr1F3eldE 9
%= gley}, PbBrF 110ug/dioldtell A& Hbe] o]
azZio]l Yethr gertie B3 (Williams, 1969)
835 =7t 50ug/dloldtel = ol dazdo]
Eh3A gthe B3 (Zielhuis, 1976) 7 Qo 3%
& dAE AIHIE R B A7hAe AL
AFE 71Zdel e Hbzta= PbBe o3 dIFR
ge 223 AQ9 333G dFH T 71
g 2oz yztdc
#H, PbAY PbBZY A#ASE Wiliams 5
(1969) 9] Y& F7NERA7IE ol &F AFIA
PbA¢} PbB, PbU, ALAU 2 CPUS9 @A}
2z} 0.90, 0.82, 0.82 ¢ 0.68% Jel; 2 4
7 A ARE Eovd, AdE FEAVE
AHEEHA] k-2 A ¥ok(1985)7F Rng PbAst PbB
gte) ZEAF 0.6380= tha w2, #H4A §

Jfl ox A R



(1991)c] 2% PbAsH PbBstel 4274 0.30
Bohe v wREd ole AL BIEAAE A
8%% % 3§58 Ha7el ReaT 5% 2@
#dol Qe Aoz AU GAM fARAl
@ADL BN AAE FERARA
zxshe Aol wch A etele 4z,

2 A7e Addor 24 gAEe $7b tha
ARFIND, §D 2 $F Fol BF Ago] ¥
d 43 24258 AHseiol A ARE 7]

S QAW AARoz AR A7
Mol tha AT $E AL

€ gt A 7F d¥EE &
Fote WA Uehd & e BAYS Has
A el A 222 Alel = %5
71XP7N2 §H 71E dvES
B2 Rl AESH A FRAES
o 71F Ade=st AEHA A Z2AE
£ gotis] A 2 A7E dAEA

o
)
a3
2
g
4
ol B

AFURGL ofFHolAM A¥A 2 Fo Z2HT
Ade G2 T 629 Aol HlitHE REU|UR
A Z3Abe] FR2ER 1298 ddez dlof A
£ IVIEANE THT AsE fEhte =58,
2949 2 ACGIH9 318718 (8A1 7t5H 7A])
o wet I (0.05mg/m3w]gbE), IIT(0.05-0.
10mg/m3), IIIF(0.10-0.15mg/m3) 2 IVZ(0.
15mgm3 ol@F) e FEIA 2 FH=E AET
A o ZzAF4 PbB, PbU, ZPP, ALAU, ALAD,

CPU 9 Hbze] #¥42 stofstd de AFde
&3 g
1. 19 IFe HF PbBEe 25.45 + 1.

84ug/dl 2 27.87 + 3.53ug/dlz JER} M2 §
Absldz, IIIFe B4 PbBe 31.21 + 1.
Tougidlz I3+ 9 Oz w3 i Egten, IVE
o] Hz PbBE 47.02 + 13.96pgidlz 1z, I
2 IIFe] 88 f9skA w3k (p < 0.05).

< H4d, wd,
ERA] gEghet,

3. PbAs} PbB, PbU, ZPP, ALAU, ALAD, CPU
% Hbiel ZaAs7 z44 0.95, 0.83, 0.89,
0.72, —0.83, 0.51 ¥ —0.45°1 29, PbB(Y)
¢} PbA(X) <ol AMA AL Y=126.8746X +
16.9996°1 AP < 0.01).
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