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The effect of body lead burden on neurobehavioral function in retired lead workers

Nam-SooKim « Jr-HoKim - Byung-Kook Lee

Indtitute of Environmental and Occupational Medicine, Soonchunhyang University

To evduate the effect of lead biomarkersinduding boneleed
on neurobehaviord tes in retired lead workers, 131 retired leed
workers without any occupationd exposure to organic solvert,
mercury and arsenic were agreed to participate this study. For
the contral subjects 56 non-occupationdly lead exposed subjects
were recruited from same area of retired |lead workers with
consideration of demographic characteridics.

The meen levels of blood and bone lead of retired leed
workers were sgnificantly higher than contral group and there
were significant correlation among other lead biomarkers.
Compared with controls without occupationd lead exposure,
lead exposured subjects had worse performance on 10 tests out
of 12 neurobehaviord tests, but only two tests(Purdue peghoard
nondominant and both hand) showed satitical significance of
differences

In multiple linear regression andysis of neurobehaviord
tests with lead biomarkers and demographic and lifestyle
variables, age was associated negatively with 11
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neurobehavioral tests, whereas log-transformed ZPP was
associated with Purdue pegboard(both hend) and Santa Ana
manua dexterity(non-dominant hand). On the other hand, tibia
lead was associated Pursuit aiming test(correct) and Purdue
peghoard(dominant hand) and calcaned lead was associated
with Purdue peghoard(dominant hand).

This study confirmed that among al rdevant variables age
was mogt sgnificantly associated with the poor performance of
neurobehaviora tests. The blood lead did not have any
sgnificant assodiation with neurobehaviord tests, but tibia and
calcaneal bone lead and blood ZPP showed significant
asodiation with a few tests even after more than mean 9 years
from their retirements

KeyWords:  blood lead, tibia lead, calcaneous lead,
neurobehaviord ted, retired leed workers
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Table 1. Characteristics of study subjects

&8kl o, Digit symbol(52 2k 71 2.5} 214}, Digit span(5:
2F2+71), Benton visud retention(A] 271 73 A}, Pursit aming
7 AHincorrect), Purdue pegboard 73 AH(non-dominant hand)of| 4]
gk 2o 7F epstth. A 02 A e E S
7ol whet ZHaskglon, W EolA sl HolAl
CHEE 3).

W S A R A B E A HAPA I (b A=
F 49} 2t} i =F WS F logPbB= Pursuit aming A}
(incorrext), Purdue peghoard®] 2 A= <= 8l 2 oF A= & oF
EAARA T E AAE YEb T B3 AT
Purdue pegboard®] assembly, Pursuit aiming 3 A}(correct %!
incorrect), Purdue pegboard®] 2 A= <= 3l 2 oF A= & ok
ARl A o8t AE e on, T2 d S Purdue
pegboard2] assambly, Purdue pegboard®] 2+ 2A= &= 1 2k of A
T &, GERALNA ol 3 A S Ve

AT WA E U o s o9, A, & w2,
T FAFH ALZATE TAS T =F HTE

o dlo

_ Exposed(N=131) Nor-exposed(N=56)
Vaiddes , . pvaue
Mean SD Min Max Mean SD Min Max

Age yrs 54.13 6.14 3100 66.00 5243 820 30.00 65.00 012
Job duration, yrs 9.26 643 100 3100 - - - - -
Height, cm 15657 763 14120 17500 15606 753 13860  180.70 0.68
Weight, kg 6121 899 40.00 91.00 59.14 742 4800 84.00 013
Body massindex, 1g/d{ 24.97 329 1844 3855 24.32 283 1870 2082 020
Blood leed, 1g/dl 1040 7.29 139 3800 351 160 130 1092 <001
ZPP ugll 57.85 214 2400 22100 4955 10.02 20.00 7800 0.03
Tibialeed, 1g/g 2749 3091 -5.00 194.00 825 969 500 51.00 <001
Cdcaneuslead, 1glg 5246 6269 -1000 41200 2086 21.39 -1000 7100 <001
Gender

Mde, n(%) 38(29.01) 8(14.29)

Femde n(%) 93(70.99) 48(85.71)

Smoking

Current, n(%) 31(23.60) 6(10.72)

Never & Ex, n(%) 100(76.34) 50(89.29)

Drinking

Current, n(%) 89(67.94) 26(46.43)

Never & EX, n(%) 42(32.06) 30(5357)

Education

High schoal & over, n(%) 19(145) 11(1964)

Middle school & low, n(%) 112(855) 45(80.36)
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Table 2. Neurobehavioral test scores in lead-exposed subjects and controls without occupational lead exposure

, Exposad(N=131) Non+exposed(N=56)
Vaiddes , . pvaue
Mean SD Min Max Mean SD Min Max
Pychomotor speed
Smplereactiontime, ms 3094 510 2140 5240 2985 434 270 4290 0.16
Executivediilities
Digit symbol subdtitution, B05 15.07 100 74.00 36.84 1781 400 84.00 014
no. of correct
Purdue pegboard, assembly, 7.60 142 433 1067 7.98 154 400 1200 0.10
no. of pieces
Verbd memory and leaming
Digit spentest; totd, 922 401 100 2300 10.07 370 200 18.00 0.8
no. of correct
Visud memory
Benton visud retention, 721 189 200 10.00 727 191 200 10.00 0.86
no. of correct
Manud Dexterity
Perglitaming tegt, 9753 2167 4450 15150 10393 25643 5050  187.00 0.08
no. of correct
Perquit aiming tegt, 7.05 1.3 0.00 84.00 890 1.70 0.00 51.00 031
no. of incorrect
Purdue pegboard; dominant hand, 14.38 176 967 1900 14.79 170 1067 1967 014
no. of pins

Purdue peghoard; nondominenthend,  13.77 173 9.00 1900 1433 176 933 17.33 0.05
no. of pins

Purdue peghoard; both hand, 1204 164 800 1767 1260 155 800 1533 003
no. of pars

Santaanamanud dexterity te; 371.26 6.40 2000 5200 3743 650 18.00 51.00 087
dominartt hand, no. of pegs

Santaanamanud dexterity te; u57 6.12 16.00 5200 35.63 6.53 1300 4500 029
nondominant hand, no. of pegs

N

2 7}710] AAHEEHA ARfo| 1] 2] RS 1) 7.8} 1o
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logPoB, logzZPR, 73 2 Bl T adel] whe 7474e) A1 8 7] &%)
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Santa ana manua dexterity ﬁ*}(non—doml nant hand), Persuit AHoorrect), Purdue pegoboard 7 A Hboth hand), Santa anamenual
aming AAHcomed)s= 3= de] el o8l s A dexterity 71 AHnon-dominant hand))ow T3 S m) A=
871 UrERst.S.H, Purdue peghoard 7“}(domlnmt hend):= 5 Aoz vyt on, 73 dake 2% (Persuit aiming 7 A
el W] ofel} =85 o A sh7F ERATHER 5). (correct) ¢} Purdue pegboard Zj/\}(domi nant)), ek

22 o R Y T n S E FAS & Purdue pegboard 73 AHdominant) ol A] 1218 Y 3F-s- v x| = A
% W5 59 logPoB, logZPR 4 = 3 2 %—%ﬁ%oﬂ u} © 2 YEPITHEL 6).
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Table 3. Neurobehavioral test scores in lead-exposed subjects and controls without occupational lead exposure by gender

, Mae(N=46) Femag(N=141)
Vaiddes , : pvaue
Mean SD Min Max Mean SD Min Max
Pychomotor speed
Smplereactiontime, ms 3290.2 485 2140 4570 3113 482 2240 524.0 001
Executiveahilities
Digit symbol subdiitution, 4261 1700 800 82.00 3144 1469 100 84.00 <001
no. of correct
Purdue pegboard; assembly, 54 177 433 12.00 .77 135 400 1167 035
no. of pieces
Verba memory and leaming
Digjt spante; totdl, 1148 454 100 2300 88 348 200 2100 <001
no. of correct
Visud memory
Benton visud retention, 84 169 200 10.00 6.96 189 200 1000 <001
no. of correct
Manud Dexterity
Perquit aiming teg, 10248 2883 5000 187.00 9847 273 4450 167.00 031
no. of correct
Perquit aming tes, 337 534 0.00 2750 9.02 1256 0.00 84.00 <001
no. of incorrect
Purdue pegboard; dominant hand, 1419 223 9.67 18,67 14.60 156 10.33 1967 0.17
no. of pins
Purdue pegboard; nondominant hand, 1330 207 9.00 18.00 1414 160 1000 1900 <001
no. of pins
Purdue pegboard; both hand, 11.86 182 833 15.67 1232 155 8.00 1767 0.10
no. of pars
Santaanamanud dexterity test; 3747 7.79 2100 5200 371.26 5% 1800 4800 085
dominartt hand, no. of pegs
Santaanamanud dexterity test; 3580 6.2 200 5200 359 6.25 1300 4700 026
nondominent hand, no. of pegs
V. 11 ol thet ¥l = Sl 2 Q= Al Aol gl
2 Aol 37 A edol IE chaAE )
A0de A sl kel AL N g Bl dzg o 494 o ol $49 ol Folw i
U AN, Ao o AF) 114 S0 7 olate] 379 A T3} Bl st FFRAFA Gl YEAE | mE3A R
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Table 5. Multiple regression modeling of neurobehavioral test scores with lead exposure indices and age after controlling
bmi, gender, education level, lead exposure and smoking and drinking status in 187 study subjects.

Vaidbles S coefficient S p-Vdue R
Digitd symboal subgtitution(no. of correct)
Ageyrs) -1.280 0149 <001 039
Digit span tesi(totd)
Agelyrs) -0.159 0.042 <001 018
Benonvisud retention
Agalyrs) -0.091 0.020 <001 018
Pursuit aiming test(no. of correct)
Ageyrs) -1.284 0249 <001 021
Tibialead(.g/g) -0.130 0063 004
Purdue pegboard(dominant hand)
Agelyry 0126 0.018 <001 0.30
Tibialead(11g/0) -0.008 0004 006
Purdue pegboard(dominant hand)
Ageyrs) -0.128 0018 <001 030
Cdcaneuslead(g/g) -0.005 0.002 002
Purdue pegboard(non-dominent hand)
Agelyry 0118 0.018 <001 031
Purdue pegboard(both hand)
Agaiyrs) 0114 0017 <001 028
Purdue peghoard(assembly)
Ageyrs) 017 0014 <001 035
Santaanamanud dexterity test(dominant hend)
Agelyry 0437 0.068 <001 0.20
Santaanamanud dexterity test(non-dominent hand)
Agalyrs) -0437 0.065 <001 020
LogZPP -2.966 1314 002

E3HA| o] &3 4= qlrkal sk THBleeker 5, 1987). Chung W A LSoA] AAH 0T Yo w2H 22AS
(2003)5 > w3}41Q1 Atol 7 A w4 ALY el eE o dTEFE BT A FTH A -
o

o] Be dgre Frhy B st ou} Johnon S(1987) Al
AYEIA AL FFNAAG ol e 27) 594
=g o wizkek i o 2 BalA ol w7 o) v ke
A2) A ghom A2, v 87 3ol Yok e
ek, 2 Aol A A7) FWHOIA Aeiet 173
8584 AL 7+(Neurobehaviord Core Test Battery, NCTB)
o et ARNE E83As0H, PIEE steks) et
POMSH A ¥ 9143e] 217} 310 4191813, Purdue
Pegboard?I A} 71 24 i

9120 ¥ 35 % tHWinker 5, 2006; Seeber 5, 2002;
Blecker 5, 1997; Balbus-Komfeld -, 1995). Chuang 5-(2005)
o] Apgldl oA AW E3HA AL F3lE
gof| Al Jg nx|= A 07 B 15 11, Seeher 5
(20022 HlEREA ol A g o] 37-52ug/dl ol A Al
7385514 74} A 4 (Santa Ana, Gooved Pegboard, Eye-hand
Coordination) 2} #H&o] vkl ST o] (20082 5
3| Psychomotor speedE- YEF = Smple reaction time 73412}
Executive dbiliiesE LFER = A&, Visid memary S L}
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Table 6. Multiple regression modeling of neurobehavioral test scores with lead exposure indices and age after controlling
bmi, gender, education level, lag time and smoking and drinking status in 131 retired lead worker.

Vaidles B coefficient S p-Vdue R
Persuit aiming test(correct)
Age(yrs) -1138 0.29 <001 0.20
LogZPP -13021 5189 0.01
Pursuit aming test(correct)
Age(yrs) -0992 0.308 <001 019
Tibialead(0/g) -0.138 0.063 003
Purdue peghoard(dominant hand)
Age(yrs) -0.120 0.023 <001 030
Tibialead(ug/g) -0.009 0004 0.05
Purdue peghoard(dominant hand)
Age(yrs) 0122 0.023 <001 029
Cdcaneouslead(ug/g) -0.006 0.002 0.02
Purdue peghoard(both hand)
Age(yrs) -0.101 0022 <001 02
LogZPP 0672 0.386 008
Santaanamanud dexterity test(non-dominent hand)
Age(yrs) -0407 0.083 <001 021
LogzPP -3900 1455 <001

B} = Benton visud retention 73 AL, Manud dexterity S LFER
= ZAkel A= Purdue pegoard(both hend)ell A <3852 7k
7} S 8HA YEbg Tk Bkl Qi v o] Krieg9}
Butler 5-(2009)> d3 o] A A F4 AL A4 7} 7
AJo] glrha BHaskglom, Krieg 5(2005) 8% o]
2ugldl oJskrEolA A AW FE HAMI Ao Jas &
nkk S Qlokal Bk

SHH -2 W77 2702 ol oA H T mE |
et A F =2 EE bk whd B4 507 9
ato] 204 & wEo] 9l Aol Aol ¢ FS 37}
=) wisdeko] 4o F ot AadEko] 49 ukgt
717110 oo & v w4 eHd e B sl o AR
ZAE] Wl FAL & v & JEE YERE A EEA
OJm|7} St} 1 A= BA A4 & w=Fol AN
TEAES OO R MEdTHo T A Sl
Ao Z FaEES 54 Frkeieled, 54 5o % Qls)
o] AA & wFo| gl A4S AU F FEAEZA W
wako] BlFol s i ZEAES] Al A AR 8
sy 7as Ao] QA E g1 g Manud dexterity 2] 7

et
.
-

¢
=

AFe=-E(Persuit aiming 73 AH(correct) £} Purdue pegboard 7 A}
(dominant hand)) el A 2] g ¥+ o] S1lth. Schwartz 5
(001) 2 330} A AEFIH Aol ek 2]
TP AW s Bee] 2 7low
B3k O v A F S Manud dexterity 2] 7IATHE- S0
A o) st AAdo] Q= AR Harsto] & A A A6t
o,

Rk of Hanninen 5-(1998) 2! Stokes 5-(1998) 2] &4 &<
Tl W& g AAVEGA A A BN S
stolabA] ¥kt B a1t Dorsey 5(2006)3}
Schwartz 5-(2001), Payton “5(1998)2- & W& Bih= 2%
wgol ANB A EHA A A9 o gk Aol vt

hA

1 2313kl Bleker 5(1997) = AR U
wE AR AP YFEH A IS et A
d e A e AT k3l o, Sewart 5(19%9)
= Aol A 771 FAFAE S AW E s HA
A9 g dohfzdl FolRt A SHrEhaL sl o
Hholg gt Ay AT A IS0 M2 LAk of= A Ay
A79] - k7t 10078 el = Ao, i date] Aol
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U i, thastel] Zpo)7F Qv B3 e 5
EFARY kEFF0] g2, 2ARE AW FeHE U
T Sofl A 7113k A o Btk

oA 5(2006)> 6527 ©] W L EAFE I} 102 9] T
oz d3eda dadde 2 o ke AES
AWAB-EHH A s #ddS vk o
T LHHAFE B4 T 1)) RS T 77}
g o] Yebta, A8 G AL e A fraiiAlt
FES R 7k o v, e7ha ol A s 4 A
AHET O o] & A0 Wik vhdel| & AL
A= AE 5o TS AT 5 12719 AW E S
A AANGE T 207F ol wdo] gl on, el
o o S AFAT o= 723 F59 ol tha
2po] 7k 2131tk

1o ¢

O

o oft & o

»

2309] v 1wzl o A3Po] 2R 0.2 B st glek. 3
AT B T E AAAED A ol
23} Qlgto] gl A 0% et

o

5
H 7 29 Pursuit
aiming 73 AHcorrect), Purdue pegboard 73 AHdominant hand):= 7
= Y FE BrellA o) gk wdo] 9l A 0% Ve
A& 9 F3dero] B 25 et 95 N335t
A A 85 H Bkl 9|7t Qla= gl

2 AN = B3EFa AW A Y
ke oo g o] YehA] ok Wb I3 ZPP= 359
AL A frelst #A 7} ekt e Wit 7t 2
NE AEEA AYA o] T Foll= 5ol
A& 0 7 pasith e A E wE0 A9}
WA o =T QIS WS FER A dF How
et v w2 75 o= AL YERARE A <]
T4 & wi(totd lead body burden)& e = A 2=
A gto] QloY(Hu &, 1998) 2] ot & & WA 28t A
o7 wdnh 3 g5 zPP= 7o) AANE T 9%
o] vetstth. I ZPPe W mEolu A A4 vl
To® Qlste] SUHAT B ZPPE W i T 12709
T AR S 7 1 S, Aol AU s
A 2Q v, A5 ZPP= Al o] S5 A2, dA S 2
87159 o A EE Yehdll= ACE A58 At
8583 1o WA st o] 9lero] FlH gl

L BE W5 Aol AW s AAL s a)
HAE 7 g Wl A0 g BRlE =t o= o]
o Aajolo A gholHn} Q) tH(Bleeker 5, 1987; Letz,

1991; -5} 5, 1994; O] AlF 5 199%).

SHH o =Zo| 9l 2Rl ek F ZEAE9] Al
A& AAL Y S Blashl B s ¢ LEAE
& 2T B 127 A A W E 8 AALE 5 W) AR
SollA E5Fst HAPA 22 YERlTE A A9l wehE el
A", 4, E wEA T, ST Y S5 AT E E
A gt B oFt-S 1) w3k} 27 & (Purdue pegboard 71 A}
(nondominant hand, both hand))2 572 0.2 #-2] 3t 2}o] 7}
UER T o] 2 W] Fo] B A skA] 9 o] 4] At F £ =
ASoE AR wE X o)) 93 F3:AA A9 JetS
g1g 3l

V.48 &

EQ7E e 3R 2245 420 14 ool
5237 104 o4 Ahe 94 ZEAES o 3
AYH | BT A WS F FHYE 5 B0
AAFHEA A FS ) v 3T
SJto] 514 o 224 13197 o] 9 il
o A glom i ol9)9] FFNAAN JFL & 5
fTL

o

K o

e f718A, 72, 1l Tl iz AL 9] ka2
of Fofahr] 2 FoI9 vz 56, T 187%S A i
2 SISk FAF A IR vt

LAYA o2 ag wol A7 w2 Hl0E 2 2AS
o] HlA A 10d o] ¥ T 3L WEHAP=ZHF 2L F
THP)Y FES Aaoglon, AT 2RAE W
SIS | F Y SE ARS(ETHE 2T
ZPP)F}e] FHd/dol SISt
2 49A w ezo] gl dlEr R A Y wE 2
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&3l o, o]F 27) = (Purdue pegboard 7 AH(non-
dominant hend, both hend))-2- 5714 © 2 2] &3] th.

3709, 949, | =EoF, 57 2 5 AR AT
Z A F o wF HrEo] AR s HALY T8
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= AL st W AR ArraEoA F8eE 2 A
3o} o] 91101, logZPP:= Santaanamanud dexterity 71
AHrnon-dominant hand), Persuit aming 73 AHcorredt) = 7 & '3
o) Wgrol & 35 Aokt UEFE .M, Purdue
pegboard 71 A Hdominent hend)= &= g 2k2] W =po] 2]l -2
58 A YERSTE B AL ZANS o g A7 T
HHTE FAS S = W52 logPbB, logZPR 7 =
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