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In this study, we measured the activity of the erythrocyte pyrimidine § -
nuclestidase{P5N) and urinary N-acetyl-8-D-glucosaminidase(NAG) from 154 workers
exposed to lead and 43 workers not exposed. We analyzed the correlation of the PN
'activit.y and NAG activity with other biological exposure indices of lead such as blood
lead(PbB) and zinc protoporphyrin(ZPP). The measurement was performed by using high
performance liquid chromatography(HPLC), spectrophotometer and atomic absorption
spectrophotometer,

The resuits are as follows: :

1. The mean value of P5SN activity for workers exposed to lead was 9.50+3.13 #mol uri-
dine/hr/g Hb and 11.6042.2 #mol uridine/hr/g Hb for workers not exposed. The PiN

»o] =& 1994 WY FEATZAYH P12 A Gt ATHUE.
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activity showed a normal distribution, but the other indices of lead showed logarithmic

normal distributions,

2. The P5N activity and ZPP were decreased as PbB was increased. But the NAG
activity had no correlation with changes of PbB.

3. The correlation coefficients of the P5N activity with other biological exposure indices
of lead such as PbB, ZPP, NAG activity were -0.72, -0.55, and 0.05, respectively.
 We speculated that the P5N activity can be used as a reliable biological exposure index
of lead but NAG activity can be used as a biological management index of lead.
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dFEo| g4d W F drc WYENH F&2
AFE2A 7P &3] AMEHD lew AAY dET
o] A= B9 JHARE 433 YA e
W EcH(WHO, 1986). 28y 8% d%x %9
B2 FAFT Wsle] WUR o] ve-E 2
e A de] A 58 A= € dFF e
AHE FFshA £33 (Claytondt Clayton,
1981) A 2-3% HEY 97y AF2 AuE
el 3 Aolth(Scroeder®t Tipton, 1968;
Lamola %, 1875; David 5, 1982; Raffle &,
1987). A B¢ m&AFa(rapidly exchange-
able pool)?l 1 ARZH] EAlzte TS
A & wslas axl 2% AETE JsElg &
Woluoz F F&3Fzte] @A AJol nlgsict
(DeSilva, 1981). webd ¥F dyss] ZHdo
2 4Ez 22AE Asicdle AdHe] o 9
Zzo] A H¥g A E(effect marker) A HY
F pyrimidine 5 -nucleotidase (P5N) #HJxe]
e A7t HDo EEd AYgHz gl
Pyrimidine 5 -nuclectidases A¥T pyrimi-
dine 5 -monophosphate® 7Hr&3lste pyrimi-
" dine nucleoside$} F-7]21ite g Felths E42
Al, 19744 Valentine F°l #3849 ¥4 FHI+
A 284 8 BAEE HEoer Hagt o
2e A3 o dAFE FAECdAM AYF
P5N @4%7F Zage] Eun=Uct(Paglia F,
1975, Paglia®t Valentine, 1975; Valentine
5, 1976). FHolAdE A4 FEH 986 (1994),
Kim 5(1995)°] d%2 225 dad HEH

AREAN, HFTH 5(1995)¢] FnA ] et HY
T P5N THEE A7 v} 2t}

A SR AR B 7P EFF F
75 559 999 239 de 1 F8 wjdARs)
A3 A7gelt), Brune £(1980)2 dA¥xEst b
FS d¥z3 o] HAolgln Haudgon do &
253 Agoe Ak 7153l (tubular dys-
function) 2 Al&sh} WAooz Z2EA v|wA
9] A 4R8H(diffuse interstitial fibrosis) &
Zefele] ARl galEe FAeR BHAL
(Goyer, 1985). AlgelAe] WHE Azt oAl
ol Awsh AT A% 2 3E9 AR Fol
g2l U, YA =F A X lysosomal
enzyme fractionoA @5l N-acetyl-f-D-
glucosaminidase (NAG) & &£7] Alxd 7573 ol
o It Ax2 d2A e Meyer 5, 1984;
Verschoor &, 1987) 83 Zclelde]} BUN
o] Agatr] Well 2FA Friste <Rl ANER

- H3HdH(Adelman 5, 1979). %8 delliMx

A& XS FE5S ZT2A 4§ AF Jle Hob
£ A84 2F NAG 84=d digh 977 4%
Ha=Eda(eled &, 1991; 2 &, 1992: <)
73 AE=d, 1992). Price(1982) v 41715& W7t
shedl 2R 88 = e 8F H4AERAM 8F
NAG #4=%} AAP(alanine aminopeptidase)
g Een 1 olfe ol fAhe FAPES} 41V
Fol Gt EAE VRl 3] dEolztn skt
(Hultberg %, 1981; Endo &, 1990).

£ dFoiMe 455 2r|dde st =¥
A Yehte AERA BT PN 84x9 4
A7lse] Ag Yehlle 25 NAG 8428 &
st oSy ATAAE FAEATE BT A=
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ol AEEF V|Eo AFE AEZ ¥ A
¥% d¥E 2 Zinc protoporphyrin(ZPP) 3}
vmgean HPT PSN B4=9 85 NAG &
N E AZz Z2A gy JEYY Ax2A §
89 4 slevt FHSRA SR

t‘lf Ho
O%}l it

I, oiat 2y

2 Aiare] dAl 224 14uE FEFo
Z2sx] e ARy 33 SEA 439
=3 Bt%ﬁ{ézi AAsl] o] E2RE AARAET

ZAENE D g9zt 2¥E Ao,
199541 487 59742 dAEldn A
¥ P EHe 64
AaLEo] duty E4.8 Table 13 2o}, dE2F
o] BF AL 40.6+10. 14, IEEFE 10.2%

7.830|}c}, ¥ ‘a HiZ23e] 373 A8 34.5+
12.64], 2594 4.743.50084 i%i‘& A=
=HAT7L ER GM st EuTh

Table 1, The age and work duration of study

subjects
Exposed  Not exposed
No. of Subjects i54 43
Age (years) 40.6:£10.1 34.5%+12.6
Work duration (years) 10.2%7.8 4.7+3.5

Values are arithmetic mean*standard deviation,

2. dEY

1 A& pyrimidine 5 -nucleotidase
M &Y

HAe Fad oz Hal¥ vacutainerel sk
4 colA JARZ S 15dllel S5 A
7 Eagdoz FA¥Y 0.5 mlE AYds
4.5 mi} 479 1,500 gollA 383 A Eeskd o
HPes IEN AFHE AARm 4L FYTF
HES A Aeldds 4.5 midl &3l 94%
2latd AA371E 23] AFE F, dHds=R
50% A3¥+ suspension (RBC/saline) -8& &
3 ZHTR 108 H4sk AR ch whE-Ee e

8 7897A ol FoA. a7d -

497 5A8 6004, 75 mM MgCl7h §49
0.2 M Tris-HCI buffer(pH 7.7) 1004 2 713
Z 50 mM UMP-Na 5018 &8 £94-8 AL8-a}
Feoml, 37 TollA 1A Bt wAIR) F 38T
#e Bl wol v8-& FA AT s, internal

standard (200 pmole nicotinamide) 9} FH+5

A7isled ARE 3 mlz s d4ERIAA & A
%92 mini nylon filters] F3A1Z1 £ n&Ya)

AZvtge1e}9] (Shimadzu LC-6A pump, SPD-
6AV UV-VIS detector, ODS silica column -
150 x 4 mm, C-R3A Chromatopac integrator)
2 #48kach

2) 2@F N-acety!-f-D-glucosaminidase
#HMT EH

AHT 2 FA -25 Colstilly YErF 3y
o 88 oM 52 ¥ 94 Eejdd a9 4
T 254E FHI FHSE 208 ¥ F
0.2 mM methylumbelliferyl-N-acetyl-8-D-
glucosaminide®o] 7}sted Hako] 1 mie]l HA 3
ok 30&3t 37 v EEWA incubation A%
¥ 0.25 M sodium glycinate buffer 3 ml& 7}
] ¥hg-& FAMT oS XY 4-methylum-
belliferone®& spectrofluorometer (KON-
TRON-SFM 25, plotter 800)& ol 838t &3}
drh. 85 NAG A dsides 85 ZAdopd
o2 RAY&HIG(Jafffe modified H; Henry,
1965).

3) ©E

Graphite 31328 2% YAEFSFEAE o &
sl =3 283.3 nm, slit width 0.5 nmeld 2
2% 110 € (lamp time 303, hold time 5
Z), 33}2% 500 € (lamp time 20=, hold
time 103), YAR}LE 2,100 ¢ (lamp time
1.5%, hold time 23)9) 3942 28l stan-
dard addltmn‘ﬂ__i Exckiyiin

ol £H

4) 8% 7PP EH

A A Fof WFBEA (Aviv model 206)E
ol-&&te] 423 nm HFelM FH s cHBlumber
%, 1977).
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5 HEEn &4

Azte] A7 R A ARE PC/SAS 6.11 ¥
A Z2IPE ol &Y. dFXEXT ¥F dF=
of me} 10ue/dl HFH L2 8F 28 WrR HjER
AE AFe2 7 29 HEYRH ZEAAREE
Student-t AA LR v|malgion 7| AE=

ARETS] AR EME3T

I. &

el

HEZ DEAFNA QYENH AES Ui H
T R X 54 Table 29 vk H¥7 PSN
g5 o] 9.50+3.13 #mol uridine/hr/g
HbolRler dxet A= 242t -0.09 -0.642 F
TEEAE B 29 8% 94%% 9 8%

Table 2. The statistics of biological indicies measured in 154 workers exposed to lead

Mean SD Ccv Range Skewness Kurtosis W p-value
P5N 9.50 313 32.9 2.3-16.3 -0.09 -0. 64 0,97 0.06
FPbB 34.28 18.55 54.1 7.2-91.9 0.96 0.41 0.91 0.0001
(29.72) (1.47)
ZPP 84.97 59,37 69.9 15.4-342 2.47 6. 65 0.71 0. 0000
(72. 28} (1. 70) :
NAG 45,94 24,16 52.6 13.5-165.8 2.23 7.61 0.82 0. 0000
{41.21) (1.58) :
LPbB 1.47 0.24 16.0 0.86-1.96 -0.04 -0.70 0.97 0.068
1LZPP 1.86 0.23 12,4 1.19-2.53 0.73 1.24 0.93 0. 0001
LNAG 1.62 0.20 12,2 1.13-2.22 0.31 0.44 0.98 0.464

Unit: P5N{rmol uridine/hr/g Hb), PbB{we/dl), ZPP(u/dl), NAG(Emol of 4-methylumbelliferone/hr/mg

creatinine)

SD: Standard Deviation, CV: Coefficient of Variation, W: Shapiro-Wilk test
{ ): Geometric mean and geometric standard deviation
LPbB: log{PbB), LZPP: log(ZPP), LNAG: log (NAG)

Table 3. The statistics of biological indices measured in 43 workers not exposed to lead

Mean SD CV Range Skewness Kurtosis w p-value
P5N 11.60 2.2 18.7 6.9-16.2 0.09 ~0.37 0.99 0.93
PbB 5.20 1.6 30.3 2.4-9.6 1.02 1,15 0.92 0.007
(5.0 (1.3
Zpp 54.90 13.8 25.2 39-100 1.37 1.92 0.88 0.0001
(53.4) (1.3
NAG 42.3 20.9 49,3 11.6-110.5 1.44 2.96 0.89 0.0003
(37.9 (1.6}
LPbB 1.81 0.29 18.1 (1.88-2.26 0.0% 0.46 0.98 0.611
LZPP 3.98 0.23 5.8 3.66-4.6 0.23 0.20 0.93 0.02
LNAG 3.63 0.49 13.4 2.45-4.7] -0.26 .48 0.97 0.50

Unit: P5N(mol uridine/hr/g Hb), PbBs/dl), ZPP(we/dl), NAG{mol of 4-methylumbelliferone/hr/mg

creatinine)

8D: Standard Deviation, CV: Coefficient of Variation, W: Shapiro-Wilk test
{ )+ Geometric mean and geometric standard deviation
L.PbB: log(PbB), LZPP: log(ZPP), LNAG: log(NAG)
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Table 4. Blood lead{PbB), erythrocyte pyrimidine 5 -nucleotidase(P5N) activity, zine protoporphyrin
(ZPP), N-acetyl-8-D-glucosaminidase(NAG) activity in lead exposed and not exposed workers

by different of blood lead levels.

Group Subjects PbB P5N activity ZPP NAG activity
(wg/dl) {#zmol uridine/hr/g Hb) {e/dl) {#mol/hr/mg creatinine

1-9 2 8.1x1L3 11.1£3.8 48.0+11.4 36.4:4:5.0
(8.1+1.2 {48.0£1.0) (36.2+1.2)

10-19 40 15.7+£2.4 11.9+2.3 58.1%13.5 49,31+29.2
{15.6+4.9) (56.7:41.2) {43.6+1.6)

20-29 33 24.7£2.8 10.8+1.8 59.4+19.3 42.2+22.0
(24.5+1.1) (56.1%1.4) (37.5£1.6)

30-39 25 33.4+2.5 9.8+2.7* 85.5+41.5 47.8+33.2
(33.3£1.2) (57.6%1.6) (40.2+1.8)

40-49 26 44,02, 7 8.0+2.1°* 102.0+59.2** 41, 8+15.8
(43.9+1. 1) {90.9+1.6) (38.1%1.5)

50-59 10 54.7+3. 1 6.0+1,5""" 113, 0£35, 5% 48,1%19.9
(54.6x1.1) (108.0+1.4) {(44.1+1.6)

60-69 9 63.8+3.0 5.241,5%" 198,9+£98,1*° 55.5+12.4*
{63.7£1L1) (158.1£1.7) (54.2+1.3)
70~ 9 79.8+7.4 5.2x2.1* 186.4+81.2*" 41.7£8.2
(79.4%1. 1) {(169.1:£1.6) (40.8+1.3)

not 43 52+1.8 11.6x2.2 54.9+13.8 42,3+£20.9
exposed (5.2£1.9) (53.2+1.8) (36.0+2.9)

Group: blood lead levels(uz/dl)

Values are arithmetic mean®standard deviation (geometric mean*g,s.d.)
Significantly different from the control: * p0.05, ** p<0.01, *** p<0.001

Table 5. Correlation matrix of biological indices
obtained from 154 workers exposed to lead

P5N PbB ZPP
PbB -0, 72"
ZPP -0,55%** 0.65**"
NAG 0.05 0.01 -0. 03

*** P0. 001

NAG $dse AFETAS HolA] ¥stoy uis
A2 HEg Fole LTS eI

H 2 Z2AE QlojA] del g e84 A
EEo g g5 W B¥ EAE Table 33 2t
HYP PS5N B4EE F#o] 11.60£2.2 smol
uridine/hr/g Hbelglenl dlxst Ice zhzt
0.08, -0.372 AFETAEL B3t 19 €% ¢
FE 2 8% NAG $xe FFEIAE HolA

dstot diAg AN Fole FTEFEEAE
Rl Aot

Table 4= ¥3 A%z v} A2 Z2AE
ST e § vEZF Ao} oiF WEIFH
AFEe] A& ving ooy, dF de=rt 7t
gl whe}l 30-39 wg/dlatollM el HEF PEN &4
B Fo3 AolE Hyon], ZPPE % d¥x
7} 40-49 we/d1Q) TolMFE foF AelE EIY
ot 22y 85 NAG 84xv 8% d#e] #He
5.2 g/dlI9l RIERFA 42,3 #mol of 4-methy-
lumbelliferone/hr/mg creatinined] HT#& 2
ol whd, ¥ ko] B 79.8 ue/dI] nFERF
X% 41.7 #mol of 4-methylumbellifer-
one/hr/mg creatinine®] I & o I
9% atel7} gl

Z ZgAFEIS] 42AA= Table 59 Zt}
H¥F PSN =9 ¥F A¥=(r=-0.72,

— 262 —



p=0.0001) 2 ZPP(r=-0.55, p=0.0001} ztelie Z+
2} 9% QATREAE Rgon 8% NAG 84
ZF A¥8T P5N #4%, 85 dsx, ZPP F o
L AFSE Fold ARAAE Bolx] gsth

.z &

SHlgdd Zzg 2zaAEe] ARAYUE Y5ty
Ay olde] YHEE Hrlslnzl zk feEa
of WE o] sk AEEH ABEo] o851
t} 53] do A HEYE AFEFe| Bl i
glew aF FYrFY ¥EAE JEe FoRA
AY T PENI ZPPt F-8% ARz A Exn
t}, Hernberg %(1979)& 7FF /&8 4E%3
Z2RAXNE ¥F Axcda @ ¥ oy €3 QA%
e 2 2-3F Axe 9)H AER dHug v
Bl Bolold AW F RetFTte] BiAgo] vt
o] gloh Wi AYT PENF ZPPE HY 79
a3 gAHo} glo] o 3/ A AEE AH
Z Wy £ 53] HYFT PSNE 1974
Valentine °] *-& @A 7/t 8424 =
Yol e 19943 FdF2 S-8ecl o) Adelst
of &5y Aslden €F dAxtel FHA el
ZPPE % ol vy #-83 HEIY Z2AH=R
Bzl B AFgselMe HYT PEN A
ot 85 dFme] AunAdle -0.7224 &
AFA e} v AAYE BojFRlon Xl
A8 AEeA F8EA A2 Ut AE
Al g BINAH FAh e dFETNEQ
Cook 5(1986)2] -0.75, Sakai$t Ushio(1986) 2]
~0.8, Ichiba®} Tomokuni(1988)9] -0.8218c} %
7 ¥ AHAE BEgey e e 9+ 3
FEQ) FYE} 48919949 -0.71, Kim ¥
(1995) &) -0. 749 FAFSE A8 B, o=
ol AF dAdAEe ¥F A%e] Aol z+ <l
F FAH Aold] ZIgdEe Aeoexr deAT
(Sakai %5, 1988). ¥ ZPPE 1975%d Lamola
Bl oal AEks S9m HEEn AAHQ] WY el
o)A FAdPA Fof ®el Argsx U}t wF# ZPP
' 4359 Hrlle 2 AXoY 845 dxTd
mel Al ol dage 93] gl e
ARXET 7 FAE ol AR Uk £ 9F

AgoA dF Axs PP AFRALFE 0.65
2A AR F(1984 9] 0.83, AA 5(1986) <]
0.85 ¥t} 2ZA @AY, Sakai®t Ushio (1986)
9} 0.73, Ichiba®t Tomokuni(1988)e} 0.72, #
T2 5(1994) 9] 0.78Ecv tia: g@skn HE
5(1933)2] 0.69, Lee 5(1989)9 0.673= vl
¢ ARE 2AcH(Table 5). 1R H&{ nig)
o] dF AREY BF dvxe Aolst oo
ZPP A 9% & & de gk, ¥F
bilirubin ® riboflavin %, F371719) Ao] §
o ¢ Aztetn dadnh. 0|9 Fe] HEF P
N #4%e ZPPED A 85 desst o

< AAPAE BT e BuEoen (B
AET S8, 1994) £ d7Andx dAsis.

T 23 NAG $xs F2 &9 A4 A
To] EAISE $2RA2A AS B B lyso-
somal enzyme fractionel &A%}, 2.F NAG
HHEE ANsde &4 27| UM ¢ led
A 2 =AM FeElElEe A8 7 B 4l&e
A", =7 Bhel Aol AM AlTAl 3}
2 ujdg 5 glv] o] AT W ] &
olido] slen Rigde] e HAIR FH: U
(Raab, 1972; Piperno, 1981). wWelq 8%
NAG 84=& Ag3Els] 2/pdd, FEFd9
B @A 55 v Este {E e &2
H TEAEE dides 3 ddest Fopilm A&
Hu et 538 Fl=gEF o] 4%l XA
R A5l vt $HE] o]FoiAa len AF
2 2R gt A 19849 olF Z7A}ge)
7bed AETH AFEAN AFH7] AFEEd
(Meyer %, 1984; Chia %, 1994). Endo %
(1990)2 8% NAG 8d=s 8% dexs &%
vE-EAIZE den Y ARG AFetm Bausiy
ot FEgEelAME <o 2%t A7ie W] FF
dqe A JAEF(1992)0] BF A sl 40
ug/dl ©13te] A FFAHEC] diEiA 85 NAG &
HEE ZAE] NAG BAAE ALgsld A2
Z7] AER #8295 oz Ik =2 F5
5(1994) & AEZ ERAFNA AlF AR2A
8% NAG ¥A4x= Z3E& Ak u i ¢
Gerhadsson 5(1992)& dZ=zet 8% NAG &
A%, albumin, B,-microglobulinZtel] &v|gle
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AL AU gk 92 Verschoor F
(1987 = 85 %= 83 NAG BT &
2% Tl gle Ao Bng b gidt, ol E
Ao 3] Roels F(1994)2 A2 Z2AHE)
g dFelA 2% NAG $#xEE 8%, a5 9
FzAY dxcs FHsla dA 25 = 5
o} o) BAAol UL HastHEM 8% NAG
Yol F7E Ao 2gMzt oflel BEER 4
gyl Ft=ge} F2o] o Aola AT v
vk, B AFAFGAR 8% NAG 845 85
Ax=9 0.019 v$ 2o FFHE Bygoy
(Table 5) ©] A= AEF F(1993)9 FAlA
8% NAG 84=7 8% 43 -0.619 434S,
83 A= 0.269 A#EE B A yvwIpd
2 Ao}t sleh = A¥T PSN BAx ZPP
7} 8F 4 = det 2 dF3A Ad, S
He e 29 ¥ 8F NAG Ee 85
Aol FEAde] AL Aow e} (Table 4)
dEZz AAE uigshe s AYsA gL ez
- ghaEn) o)XY @Al AHA U o= A
E ARV Ape] BAdv)dEel Heojy & Al
A g ZIFode AFe 7iedide] Fubs
A 9k wjfolztn AFEEch Chia $(1986)2
2% NAG ZY=c dd 9% 34 Z=e
sl 71 Bl €5 2 A F A= A
FAdo] Hojzicka dF vt . EAE 3ol
Aol wgF FHAZZL o7l #HEe)en dgd
o W BF@AA7)7 A4 Ftege] AE 8F 8,
microglobulin AR 8.3 NAG 8457 A%
A E B} o] DAY 5 dE FAER A
it {Kawada 5, 1989). webd 8.5 NAG 84
T A% FAE ehile AE8E AHolm
2 Ax2 A f@ejd AMgshe Ao gREitin
Fdch o] a7 AJHE HId AR &
27t A ae} ookt AR $Fe] ARE
AeA] e Aot

V. 2 2
Axzo PTHH AFZZA LA AYF

pyrimidine & -nucleotidase(P5N) 4=} A
F71%%52 AEY 8%F N-acetyl-f-D-glu-

cosaminidase NAG) #4dxsle] 4A4 S doie
7l 3l AEZEZ 2 15493 wEz ZEal
4339< dde 2 19959 494 E 797 g5 4,
Zinc protoporphyrin(ZPP), H3F P5EN 4%
a2]n 8% NAG BAUEE &23sigen o Ao
< o5 #Z

1) 9%2 Z2289] AYT PN $4=e Pt
o] 9,50=%3. 13 #mol uridine/hr/g Hbellew &
TEEAS Bdvh. 19 8% Adxx: ¢ 85
NAG #84x% FATEEEE HolA] gskony o=
A2 ARG F AFETEE By

2) HIERE IEAE] AYT PON 84=e HF
©] 11.60£2. 2 #mol uridine/hr/g Hbeloo &
TEZEAHS Bt

3 ¥ d¥zd wa 4%z 2RSS T
o8 WVrglen zb ol A48 T2 E9
FAE ¥ EE 2E2AEH ARG, £42
I ¥F At 30-39 we/dlY FolMFE AP
P5N 245w f2§ AolE& HEev ZPPe ¥
F AFE7) 40-49 we/dIR] FAMRE Felg Aol
€ B4k 2=y 85 NAG #d=e #9% 3
o] HolA ettt

4} FY¥F PON 4=} 8% d¥=(=-0.72,
p=0.0001) ¥ ZPP(r=-0.55, p=0.0001) tole &
zh $o % SARRAE B, 8% NAG ¥4
T YT PN 4=, ¥F d%%, ZPP 5 9
2 AT Fo g ATIAE HolA] sk

ol4tel Aol HYFT PEN AYEE GF 24
U sl H-E8 AR AXEN G/ 5 3
on, 8% NAG ZA=E 9F=2 Z=aF #@g9
AESH B2 FRae ZAo] gEicdn waH
2t
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