gl A 10 @ A 2 & (19983 59)
Korean J Occup Environ Med, 1998;10(2):139-148

A31H o F2AT DY AISAE B AT

RGNS e iedtad R WA T

A - 2B - FEE - USH  O)US - BRE - 014 - UFE - 018

— Abstract —

Some Renal Function Indices in Workers Occupationally Exposed to Lead

Je Sung Nam, Yong Bae Kim, Hyun Cheol Ahn, Hwa Sung Kim, Gap Soo Lee,
Kyu Yoon Hwang, Sung Soo Lee, Kyu Dong Ahn, Byung Kook Lee

Department of Preventive Medicine, Medical College and Institute of Industrial Medicine,
Soonchunhyang University

The influence of lead exposure on renal function was studied. Three hundred forty two
male lead exposed workers who worked in 3 storage battery factories, 5 secondary smelt-
ing factories and 3 litharge making factories, and 60 male control workers who were not
exposed to lead occupationally were chosen for this study.

Blood lead (PbB), zinc protoporphyrin in whole blood (ZPP) and 8-aminolevulinic acid in
urine (DALA) were selected as indicators of lead exposure. As indicators of renal function
blood urea nitrogen (BUN), serum creatinine(S-Cr), serum uric acid (S-UA), N-acetyl-8-D-
glucosaminidase in urine(NAG) and urine protein(U-TP) were selected.

While the mean values of lead exposure indicators of lead workers were significantly
different from non-exposed ones, the mean values of renal function indicators of exposed
except S-UA were significantly different from non-exposed.

The frequency of workers whose value of renal function indicators were over the nor-
mal criteria (BUND20 mg/dl; S-Cr>1.2 mg/dl; S-UA)7.0 me/dl; NAG>8.0 U/liter; U-TP>8.0 ng
/dl) by the level of lead absorption in terms of PbB, ZPP and DALA were calculated.

Age adjusted odds ratio of over the normal value of BUN and NAG were statistically
significant by the level of ZPP and that of BUN only showed the dose-dependant rela-
tionship. But the frequency of over the normal criteria of renal function indicators were
not increased by the level of PbB and DALA.

On stepwise multiple regression using renal function indicators as a dependent variable
and each lead exposure indicator and age as independent variables, only BUN, NAG and
U-TP were contributed by the lead exposure indicators.

It was found that only NAG of renal function indices was most reliable indicator who
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showed dose-response relationship with lead exposure and the measurement of NAG for
lead workers whose relatively high exposure is highly recommended.

Key Words : Lead exposure, Renal function indices, N-acetyl-8-D-glucosaminidase NAG)
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1993). WM = 1960t ERE AFR 224
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Table 1, General characteristics of two groups

Group Industry type No. of workers Age(years) Work duration (years)
Exposed Storage battery 79 33.1+8.3 3.1£3.0
. Secondary smelting 86 37.3+9.8 3.2+3.0
Litharge making 177 33.4+8.7 1.8+2.5
Subtotal 342 34.3+9.0 2.5+2.5
Non-exposed 60 35.6+7.4

Table 2, Mean values of study variables in two

groups
Variables Non-exposed(N=60) - Exposed (N=338)
PbB (ue/d) 14,7441 54,5+16.3%
ZPP (ug/d!) 18.516.6 72.6+53.8**
DALA (mg/liter) 2.6+0.9 5.6+ 7.0*
BUN (me/dl) 11.5+4.3 15.6+ 3.8**
S-Cr (mg/dl) 1.0X+0.1 0.9+ 0.2**
S-UA (mg/dl) 50%1.1 53% 1.1
NAG (U/liter) 2.9t1.4 3.7+ 2.4
U-TP (me/dl) 3,7+2.2 5.8+ 4,1*
**: p(0. 01

A Ad Ty A% AR, Ee EEF, HER
C Ex Y4 Bixes A7t A28t

FEZ AFEA] ad Y oF 5 mE hepari-
nized vacutainer®] AF st 4CAA WF BHAs}
Fow, A7lF AALE A% AL AGoA 3}
o Y% HAsgch A¥AEE dARE AF e
dry ice2 WE3led W F W% HAsH) &
AlgEe] BAue oga) 3,

HZ3A(PbB)2 HE 0.5 mE 1%-Triton X-
10022 3l43le] H|EE RS E=A (Hitachi
7-8100, Polarized Zeeman effect AAS)E ¥4
stgem, ®HE2ME standard addiction WL
2 A THTE, 1992)

"% zinc protoporphyrin (ZPP)2 APZA ¥
Y g g AW STt Hol=Ela Fui 3%
354 (Aviv model 206) & o]83le] 3 423 nm
A &334t Blumberg 5, 1977 Lamola,
1974; Mc Michael %, 1982).

8% S-aminolevulinic acid (DALA)S] &3
Tomokuni¥-& o|&38le &A% ¥ Qu|F 1,024

2 3389 M Tomokuni®} Ogata, 1972).

83 8434 (BUN)E ureased (Bertelotsh-g)
22, 8% creatinine(S-Cr)& Folin-W (Jaffe
reaction) VL&, 12]3 B uric acid (8-UA)&
Uricasell 23 EAHE o] &3t ZFstl(o]
A 5, 1984).

3 8% N-acetyl-f-D-glucosaminide (NAG)
BaE 10 m AlEEe] AF712 9 (Sodium-m-
cresolsulonphtaleinyl-N-acetyl-f-D-glu-
coaminide) 1 mE Wi 37CY F&RoA FEZ
incubationdt TH YWEARE 4T YA A &
| F HA 50 wWE 7het 37CY oA
1583 ¥E-AI7 ohg ¥R o (Nay,COy) 2 miE
7¥ste] HhE-& FAAZ F AR F NAGe 93t
718818 m-Cresol purple2! FEE 580 nmollA]
278 EETHo2HE NAG 52 A71E A4
SHATHERE 5, 1992).

85 DA (U-TP) 2 3,000 rpmollA] 433 4
Z N8 9 BFRE 50 4B ATl Y @Ay
& (Tonein-TP: Coomassic Brilliant Blue G-
250) 3 mlE 7} F wakslm 5¥-7 WA F by
590 nmelA FE=E FA A%, 1992).

EF A2 SAS/STAT PC(version 5.04) & ©]
B3le] BHE Algsisct

b

ZAMNY 2RAES GER oRd wet dEs
A9 A7) ANEES HFE 73Hl Table 29
ZAth, AZE A BB FFL F T3] F2F A
o7} 2w, A7lF ARAME S-UAS Hart
A st B F 3ol Ko7t xelrt ldeh

AZYAES] AVls ARES FAF TR
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Table 3. Mean values of study variables by the level of PbB

level of PbB (ug/d!)

Variables

- 39.9(N=129) 40. 0-59, 9(N=144) 60.0 - (N=125)
BUN (me/d!) 13.044.2° 16.0+3.9* 15.9+3.7*
S-Cr (mg/dl) 0.98=+0. 15* 0.91+0.37"® 0.89+0. 21"
S-UA (mg/dl) 5.15+1,08" 5.22:+1.11* 5.40+1,23*
NAG (U/liter) 2.88+1,33" 3.74+£2. 35" 4,14+2,92*
U-TP (mg/d!) 4.63+2.98° 6.15+4, 67" 5.60+3.91*

Means with different letters are significantly different at p<0.05 by Duncan’'s multiple comparison test

Table 4, Mean values of study variables by the level of ZPP

level of ZPP{ug/dl)

Variables

- 99(N=325) 100-149 (N=40) 150 - (N=35)
BUN (mg/d!) 14.5+4.0° 17.1+4, 4% 17.8+3.9*
S-Cr (mg/dl) 0.94%0.27* 0.85+0. 16" 0.94+0. 34"
S-UA (mg/dl) 5.28+1.09* 5.27+1.30* 5.03=+1.40"
NAG (U/liter) 3.38+1.87° 4,31+4, 12" 4,77+3.11*
U-TP (mg/dl) 5.43+4. 04" 5.34+3.96" 6.20£3.57*

Means with different letters are significantly different at p<0.05 by Duncan’s multiple comparison test

Table 5, Mean values of study variables by the level of DALA

level of DALA (mg/liter)

Variables

- 9.9(N=373) 10.0-19.9(N=14) 20,0 - (N=11)
BUN (ng/dt) 14.9+4, 2" 16.0+3,5% 16.1+3,9
S-Cr (mg/di) 0.94+0, 28 0.83+0,13" 0.81+0.13*
S-UA (mg/dl} 5.27+1.15% 4,88+0, 92 5.08+1, 14"
NAG (U/liter) 3.44+2.05° 4,32+2.92° 7.56+5. 74
U-TP (me/dl) 5.44+3,98* 5.30+3.11* 7.18=+5, 22

Means with different letters are significantly different at p<0.05 by Duncan’'s multiple comparison test

71& (B, 1992) 9 F5x], oA, MY
A% 39.9 wg/dl°)s}, 40.0-59.9
wg/dl, 7128J3 60.0 ug/dlo] 32 BT
A Fvol wal 471 5AEE NAGE 85
Aol Frle] ugl Fvlshe S JEen,
O AEe 2 FE7F GstAY 2el7t it
AEF 9 F5Y F8 AR Q] 835 ZPP

9 #3100 wg/dl vgkolm, FoigAle} Ad
A= 2zt 100-149 wg/dist 150 wg/dl ©)4o.2
AN, old wal ZAMSFES] BEE viastH
Table 49 &t} 83 ZPPe ZF7le] uie} BUNS}
NAG 9 o] F7kste AE¢E Jepgen &
HALEd A e A T BF ¥%3 a2 JeRch
AE59 T8 AE U] 8% DALAE 3¢
L2 ppolA] oo mE dER 2 FEY A7F B
A A EE HEE B wE AL Table 59 2t}
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Table 6, comparison of odds ratio of renal func-
tion indices by PbB level

Renal function indices PbB (ua/dl)
40.0-59.9 60.0 -
BUN)20 ne/dl 2,437 2,125
(1.093-5.434)  (0.838-5.389)
NAGY8.0 Uliter 4,395 8,046
(0.738-26.177)  (1.006-64.348)
S-Cr>1.2 mg/dl 0.252 0.337
(0.089-0.7149  (0.116-0.979)
S-UAYT.0 me/d 1.099 3.154
(0.340-3.554)  (1.012-9.833)
U-TP>8.0 me/dl 2.315 1.548

(1.147-4.672)

(0.693-3.458)

Table 7. comparison of odds ratioc of renal func-
tion indices by ZPP level

Renal function indices ZPP (ue/d)
100-149 150 -
BUNY20 mg/d! 3.242 2.804
(1.504-6,988)  (1.242-6.333)
NAG)8.0 U/liter 4,942 6.653
(1.347-18.130)  (2.058-21.510)
S-Cr>1.2 mg/dl 0. 356 1.037
{0.046-2.779)  (0.240-4.476)
S-UAMT. 0 mg/dl 1.248 1.629
(0.336-4.637)  (0.460-5.761)
U-TP)8.0 mg/d! 0.925 1.783

(0. 353-2.425)

(0. 7674, 149)

Table 8, comparison of odds ratio of renal func-
tion indices by DALA level

Renal function indices DALA (ng/liter)
10.0-19.9 20.0 -
BUND20 mg/d! 1.125 1.317
(0.259-4.883)  (0.248-6.989)
NAG)8.0 U/liter 2.411 11.463
{0.297-19,588)  (3.279-40.073)
8-Cr)1.2 me/d! 1.493 2,032
(0.263-8.461) (0. 343-12.050)
S-UAYT.0 mg/dl 1.344 1.791
(0.238-7.573)  (0.304-10.542)
U-TP)8.0 me/d! 1.498 1.972

(0.387-5.797)  (0.521-7.470)

A7ls AEE F NAGY gawe] DALA %%
T3 YA FAbolo] #2l gt zlolrt Jehg&E ot
£ ABAME F9% o)zt gldoh

A715e] 4R AFd vt JgFe HE F gl
on® A JEFE AAT AeeM A=z AF
o & A7) WES Bkl sleld A% By
o AEXZAEE AT FAA 23 Nl m
g T8t Table 62 349 39.9 wg/dlo] s}

£ 71§ 2 3o FEE =, 40.0-59.9 we/dIs}
60.0 wg/dio]}TolA A7]% #d A H o)A} &
429 waHE vag Aeold, BUNL 7|&w3
H Al 40.0-59.9 ug/dIQl TolAl 2.437¢] mAjy)
B2X BAACE folsdov €53AF 60.0 us/dl
ol FTL foF wAME JehA] Rl 8%
NAG 94 71E23 viA] 60,0 we/dio) gl A
8.0469] wAM|RA BAFcZ {osr). S-Cr
o] Afde 7IEdei 859% 40.0-59.9 ug/
diRl 3} 60.0 wg/dlo]8Q TollA mAw)7) bzt
0.252, 0.33724 238 #o3iA 4% Aoz
et S-UAE 71&Tht 839% 60.0 wg/
dioldel oA ma)zh 3.1540.2 #9383
U-TP= 7IETRY 593 40.0-59.9 we/diQ)
TN A7} 2, 31584 EAF R |osart

3% ZPP 100 wg/dl °)3tT& 71FLR o] &
% ZPP 100-149 wg/dl9} 150 ug/dl ©)3FE2] A
NN TE AR ol 27T mAWE wmspH
(Table 7), BUN, NAGdA & mxu7}t 71EFH
ok o8 #%ken, £3] NAGOIM = ZPPe
7voll mht mAH|7F 4,942, 6.653°.2 Z71EAT

8% DALA 10 mg/liter n|WES 7|Eo 8 3
o, 10.0-19.9 mg/literxd} 20.0 mg/liter ©]A+<l
ZAA A7)% BA AH) o)y Azlel Wz m
A E a9 e (Table 8), NAGHe] DALA
20.0 mg/liter ©]°3<1 FolA 11,4632 H2lg w
A& JERRAcH

Table 9& ZAPATE He] ABAFTE EA|F
AR AEZ ARXE AloldMe 3935w 95
ZPP Atole] A@#AZ} /M4 oM, 1 ggo
2 ¥3A%¥3 DALACIITE A7l% A Ezh 4
ol 71 B2 232 NAGS U-TPelgleH,
theol S-Crot U-TPZFoIt). AZ2xHEe} A
7158E AFAl 7MY w2 ARE e 23

iy
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Table 9, correlation coefficient matrix of selected study variables

PbB AGE WD zpp DALA BUN S-Cr S-UA NAG
AGE 0.170**
WD -0.270**  0.371*"
ZPP 0.662"*  0.145*  -0.124"
DALA 0.449**  0.101* -0.061 0.442**
BUN 0.331™  0.121° -0.127*  0.316™ 0.107*
S-Cr -0.170*  -0.070 0.051 -0.074 -0. 081 0. 067
S-UA 0.080 -0. 064 -0.094  -0.032 -0. 005 -0.084 0.161*
NAG 0.235"  0.169** -0.025 0.240** 0.409** 0.157"*  -0.037 -0.011
U-TP 0.121* 0.019 -0. 067 0.070 0.143** 0.261**  0.336*  0.030 0. 555"

*p<0. 05 **1pc0. 01

Table 10, Multiple regression analysis of renal function indices on selected parameters

Regression equation R? F p-value
BUN = 12.5920 -+ 0.0260 PbB + 0.0482 AGE 0.0325 5.70 0.0037
(R™=0.011 (R?=0. 0214
p=0.0495) p=0. 0067)
BUN = 13.0156 + 0,0152 ZPP + 0.0449 AGE 0. 0655 11,87 0.0001
(R*0. 0546 (R*=0.0148
p=0.0001) p=0. 0483)
NAG = 1,059 + 0,0279 PbB + 0.0332 AGE 0.0624 11.21 0.0001
(R'=0. 487 (R*=0.0137
p=0.0001) p=0.0272)
NAG = L7707 + 0.089 ZPP + 0.0380 AGE 0,0677 12,24 0. 0001
(R*=0, 0488 (R*=0. 0189
p=0.0001)  p=0.0093)
NAG = 1,7386 + 0.1374 DALA + 0.0349 AGE 0.1836 37.67 0.0001
(R*=0.1673 (R*=0.0163
p=0.0001) p=0.0102)
U-TP = 5,4167 + 0.0704 DALA 0.0143 4,89 0.0277
S-UA = 5,4255 — 0,0017 ZPP 0. 0062 2.13 0. 1457

2 DALAS NAGelew, 3433 NAG ¥
7ZPPsF NAG €22 Aol ATt

AZZA R Aol AVlgel viAe 4TS
olK 7] 93] 417)F BAAE

=3 &
FE2 A3 ”ﬂr 7S ES SYHSR 3 U

TR FHstn chdA Tﬁl%’iv‘%ﬂa
Algist A% PbBe 8% ZPP/F 44 #eld 5
Az Jgkg FAh NAGY Z9& PbB, ¥
% ZPP8 8% DALA 257} #9038 EYHSsR

N

] frelst 5%‘3‘?5&
#E A EE
7} obFel 9

FEusE A% A%
EEEEREEE T
A% 9% 7PPY

Aol o A9 Falle 18A71EFE deiA7]
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Alzbste] 1947129 £F¢ Queensland AHe
Al ez Qg AMES F7l7h ojd A9
AZgo]| 7]A=HATHE Ro] Henderson (1958) ol
ol&) g% v 9loen, Lane(1964) & ¥ E @@=
2 AYAENA JERE AT ARLAH Al 92E
Bodte] Aol o3 AR AL olv] e
ARE geized, AA dZ2 FrE g ¥
o} 715 A%X7t 0.5 ng/mE dE TEZOINUR

A7k ol oln] THE A7) SAE FFE Fol A

A7)gol ool A A NG g Er}
AFHAD, & AL | o5 2R F
A gop Aol A 7Yl YA g A
o2 gEizen, EF Areg &7l e
HAFAH| 3 Aol B Frp o] A43l5A
ek 254 B o Ao zrpAztE
gy f3iMe 2AEE HAE HET P
2 HApRe] 6% A$7F o, ole 4A
A7%E 22AFY AHELE 98 AAH A5
A B4 Zagy SEXEAA J837)de o
ojg] ol %o FEES |47 AFAML H & JHe
g (Duvenkamp, 1984; Goyer %, 1970
NIOSH, 1978; Oskarsson, 1985; WHO,
1977). 2322 AR dE22 A3 |G
Ao o]Folxln] B3lz, axEe FA dE2Y
A7 AEZ Fojof 23e] ool FHIE 4 3
o], AAPAE HETHH RUEHoY HriFEA
BA#E A7l HANE HEsA Bkn o
(NIOSH, 1978). 23y ol& &7] Ayl &
Ao = Esla 2] FRE] o3 dd oI A
7% ol #F BE A3t TEIAG
(Fischbein, 1992; Verschoor, 1987; Wedeen
%, 1975). Lilis 5(1968)2 10299 dFEC

ActE ZRAE F 18dA T4 AFgo] &AF
& B339 e, Danilovic(1958) 2 23#e] 4%
= 87 7HCdA AFHE @S5, Lane
(1958) & Gtolir] A@Fa HAEFANN FAJAE
B} A3 Re] fHEo]l ¥vha Husle AZE
o AAAE ARE At vk E£F Selevan
5(1985) 2 AZAAEE UFE I A4
APLE ZALOlA THAAIAGGe) 97t Alge] M| ER
AGHD 22 AL Rasgen, ol Malcolm
5(1982) v} Mc Michael % (1982) 8] &A=

2 AnE veEddch a2y 455 R A}
GFZEAES e s 3 dFcdMe dER A
71% ol Az@uA, B3I FSHAE Yo}
Wrle oz $n, gyt Huod dZest ARASS
g F glen, EF o2 QIF ALEe] Eold
< & & g Bolt}(Corn, 1975).

9 AR AFdAN SFe AAPAES
deR A7sE HARIY ddder F4do
ERr] "ol o= A= A7 Asr Velve
A& Flsy] 9§ ATFE A7 FAE 28 Al
# vl A} (Fischbein, 1992; NIOSH, 1978).
Lilis 519772 2719 2& A¥ FF] -3
1589 AFRAAEES HWAALE dZF2 ARE
(PbB, ZPP)% 417)% #¥ X EE (BUN, S-Cr)
aEla 71ek AAMES A’ v BUN 21 mg/dlE
He 498 Ao s 13 o AN 22a
9 18%°0A WA A& velyen, FHo] 10
o5} ZEAS M 13%5te] o} & el wt
0ol SFANA 55% 2R} o] &
Ehfo] 7|24 TEAA 47)E ool B
BEgc) ol5¢ S-CrollME Hlsg 73ke)
g gk fevtME ohFE(1992) &
AZANAES ez BUNFH S-Cr 28m ¢
W 2 P 7R A2 E BEAPALE AAsle] HdER
T B0t QE2 A 47)F o) 2H &) 31 A

F7tel W& A7) ol &d&Q FvPt vepd
£ BnEgr), £ d7ME ERE v ERT A}
ol S-Cret U-TP 2#]i NAGS H#el o)z}
#9% wbA BUN® S-UA9 B E2qolM
S #E UEoY BAHE fosiRle #ol
QhtE (1992) o Axte} thh Adoldtl ot A3z
E9] A7)50] At AL AT F UUTh

Gerhadsson (1992) -2 BUN$} S-Cr z28l: U-
TP & °]83t A7l AF7F A ol Ald=
ot AlRpe] o} 588 (reserve capacity)©l 27)
&l Arlsol 4PE] AEviEz o]} HAE
o] FAH el UL F Ao olF BHAW s 1
AR5 A R-g B stede ol=gol Aok
3 3 Al wE e A71%e] 2/33 =7
A5 ojok BUNY S-Cre] HAMR7} Folzltia 8
eHl, B} 2704 A7F o)dE delle 8F A
Bzl @oll} 8% NAG EAe 24 #22 o

M o e B (£
L~

0,
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gasckn g bk 3], B dFdME 8F NAG
g z7] A7ISARE geitt

Bernard (1988) = 8 4l7l% HAE F NAG
FEhvtel gl 23 AEAS dold & dve AR
#a FAsH.en, Verchoor ¥ (1987) = NAGE
A28 &Ro] 27)2] ANEH AHE dole U
A dx Wz A Feke Fgstqch

BUN< glomelular filtration rate(GFR) 2 &
g tialste ALTA 7Eelde T2 Elste A
Hel WA NAG 85433L A aH oS Bot
o A& Wkedsted Aol oF Aot v & JE
d 4 ik ey AR s o 5EE 8
olol goja) =R, AEFR ©E 47leE B4
Hog e 7le8e oy, dAERY 9%
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