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- Abstract -

The relationships between lead exposure indicies and urinary 6-ALA
by HPLC and colorimetric method in lead exposure workers

Kyu-Dong Ahn, Sung-Soo Lee, Young Hwangbo,
Gab-Soo Lee, You-Yong Yeon, Yong-Bae Kim, Byung-Kook Lee.

Institute of Industrial Medicine, Soonchunhyang University

In order to compare the difference of the measurement of defta aminolevulinic acid(&-ALA) in
urine between HPLC method(HALA) and colorimetric method(CALA), and also to provide usefil
information for the new diagnostic criteria of 8-ALA in urine in lead poisoning, if at all possible in
the future, authors studied 234 male lead workers who were selected from 7 storage battery factories,
3 secondary smelting industries, and 2 litharge making industries. Study subjects were selected on the
basis of blood Zinc protoporphyrin(ZPP) level from low to high concentration to cover wide range of
lead exposure,

Study variables for this study were §-ALA measured by two different methods, blood lead(PbB),
and bilood ZPP.

The results were as follows:

1. There was very high correlation between 8-ALA measured by two method( r = 0989 : HALA =-

0.8194 + 0.8110 x CALA ), but the value of CALA was measured about 2mg/L. greater than HALA.

2. While the comrelations of 8-ALA by two method with blood lead and blood ZPP were 0.46 and

0.37 respectively, they were increased to 0.63 and 0.57 if & -ALA values were log-transformed.

3. Simple linear regression of &-ALA measured by two method on ZPP were as follows : CALA =

2.0421 +0.0341 x ZPP (R*=0.1385 p=10.0001 )

HALA = 0.8006 + 0.0280 x ZPP { R*=0.1389 p = 0.0001 )

4. Simple linear regression of &-ALA measured by two method on PbB were as follows :

CALA =-0.4134 + 0.1545 x PbB ( R* = 0.2085 p = 0.0001 )
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HALA =-1.2893 + 0.1287 PbB (R*=0.2154 p = 0.0001 )
5 Simple linear regression of log-transformed 6-ALA by two method on ZPP and PbB were as fol
lows :
logHALA = 0.3078 + 0.0060 ZPP ( R* =0.3329 p=0.0001 }
logCALA = 1.0189 + 0.0044 ZPP ( R? = 0.3290 p = 0.0001 )
logHALA = - 0.0221 + 0.0246 PbB ( R*= 0.4046 p = 0.0001 )
logCALA =0.7662 + 0.0184 PbB ( R* = 0.4108 p = 0.0001 )

6. The cumulative percent of colorimetric method to detect lead workers whose value of PbB and
ZPP were over screening level such as 40 ;g/dl and 100 g/d] respectively was higher than HPLC
method if cut-off level of 8-ALA for screening of lead poisoning was 5 eg/L. But if cut-off level of
3-ALA measured by HPLC was reduced to 3 me/L. which is compatible to 5 wg/L of -ALA mea-
sured by colorimetric method, there were good agreement between two methods and showed dose-

respongé relationship with other lead exposure indices such as PbB and ZPP.
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Table 1. General characteristics in subjects by industri-

al type
Age & WD  Litharge Smelting Battery Total
Age(yrs) -29 1( 4.7)  5(139) 75(424) 81
30-39  7(33.3) 8(22.2) +:57(322) 72
40-49  9(42.9) 16(44.4) 30(16.9) 55
50- 4(19.0)  7(19.4) 15( 8.5) 26
WD(yrs) - 1 (47) 14(38.9) 33(18.6) 48
1- 3 4(19.0) 20(55.6) 38(21.5) 62
3-5 17(33.3) 1( 2.8) 29(16.4) 37
5- 9(42.9) 1( 2.8) 77(43.5) 87
Total 21 36 177 234

WD: work duration
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"I“aﬁgz‘ Mean values of variables and lead exposure indices by ZPP levels

Variables ZPP levels{ug/d!} Total
- 50(n=64) 51-100(n=58) 101-150(n=61)  151-(n=51) (n=234)
AGE(yrs) 32175 343+10.8 38.2+10.8 41.8+123 36.8+10.9
WD{(yrs) 51+3.1 6.5t 6.4 55+ 5.6 6.1+12.0 58+ 72
PbB(ug/dl)* 189+7.9 330+127 50.6+15.1 57.6+15.7 39.1£19.9
Hb(g/dl) 143+1.1 146+ 1.1 146+ 1.3 139+ 1.4 144+ 13
PbB : blood lead Hb:hemoglobin
* ANOVA test: p<(0.001
Table 3. The comparison of §-ALA concentration by HPLC and colorimetric method
Level ZFP . PbB
n HALA(mg/L)  CALA{mg/L) n HALA (mg/L) CALA(mg/L)
total 234 3.7t55 56x 6.7 )

1 64 1.8+06B 34+ 0.7B 4 18+ 0.7B 34+ 0.7B
I 58 2.0+08B 3.6+ 09B 86 20x 07B 3.5+ 09B
LI 61 5.0+86A 7.0x105A 62 35+ 24B 52+ 29B
v 51 6.7£55A 9.1+ 69A 42 97x106 A 13.0+13.0A

F 12.0 10.8 28.9 29.0

p-value 0.001 0.001 0.00t 0.001

level 1 :ZPP<=50

I : ZPP 51-100
I : ZPP 101-150

IV:ZPP>=15

HALA: 3-ALA by HPLC method

Table 4. Regression equations between HALA and CALA by ZPP levels(ue/dl)

1

level 1 :PbB <=20.0
II : PbB 20.140.0
HI : PbB 40.1-60.0
1V : PbB >= 60.1

CALA: 8-ALA by colorimetric methed

ZPP level n Regression equation R? p-value
{ug/dl) ’
-50 64 HALA = 0.0981 +0.4938 x CALA 0.2796 0.0001
51-100 58 HALA = 0.2091 +0.5049 x CALA 0.3360 0.0001
101-150 61 HALA =-0.6969 + 0.8115 x CALA 0.9902 0.0001 .
151- 51 HALA =-0.5653 + 0.7952 x CALA 0.9665 0.0001
total 234 HALA =-0.8194 + 0.8110 x CALA 0.9782 0.0001

57} 100 w/@l ol3tel BEeIME HPLCE o
@ 3-ALA FEE Wlapds] o 50% F3old, 4
Y5 ¥zd Fe e e 9w ZPP 100 s
/Al IRAE < 80% FELEZ ¥HIH A9Y
£ ¥e Aoz Jehdd, e} B4y HPLC
= Wze) Az 9@ ABASE 0.9889

{p=0.0001) = &SI,

E 5% E 4949 ol7A 2 254 = A3
o] @& HPLCE 4% §-ALA #H4d%d dig 3
A AL Jdeid e ¥93F 20.0 w/dl ©jF
FFM HPLCE S v -ALA wig3dl] <
70% ¢ Ao 2 Yehgen] 20.1-40.0 w/dldA e
233 FAAF7E ol whH 40.1 we/dl o1l

e % 80%9 T2 ALE e,



Table 5. Regression equations between HALA and CALA by PbB levels(ug/dl)

PbB level n Regression equation

R? p-value
(ug/dl)

-20.0 44 HALA =-0.6122 + 0.7147 x CALA 0.4649 0.0001
20.1-40.0 86 HALA = 0.3466 + 0.4619 x CALA 0.2991 0.0001
40.1-60.0 62 HALA =-0.4847 + 0.7788 x CALA 0.8993 0.0001
60.1- 42 HALA =-0.8588 + 0.8147 x CALA 0.9877 0.0001
total 234 HALA =-0.8194 +0.8111 x CALA 0.9782 0.0001

Table 6. Correlation matrixes of lead exposure indices
PbB ZPP HALA CALA logZPP logPbB logHALA

ZPP* 0.6771

HALA* 0.4677 0.3776

CALA* 0.4602 0.3770 0.9890

logZPP* 0.7720 0.9257 0.3668 0.3573

logPbB* 0.9511 0.6519 0.3815 0.3747 0.7769

logHALA* 0.6380 0.5794 0.7610 0.7293 0.5760 0.5377

logCALA* 0.6428 0.5760 0.8155 0.8390 0.5520 0.5372 0.8853
*p < 0.0001

Table 7. Simple linear regressions of HALA and CALA on ZPP and PbB

Dependent Regression equation R? p-value
HALA = 0.8006 + 0.0280 x ZPP 0.1389 0.0001
CALA = 2.0421 + 0.0341 x ZPP 0.1385 0.0001

logHALA = 0.3078 + 0.0060 x ZPP 0.3329 0.0001
logCALA = 1.0189 + 0.0044 x ZPP 0.3290 0.0001
HALA =-1.2893 +0.1287 x PbB 0.2154 0.0001
CALA =-0.4134 + 0.1545 x PbB 0.2085 0.0001
logHALA =-0.0221 + 0.0246 x PbB 0.4046 0.0001
logCALA = 0.7662 + 0.0184 x PbB 0.4108 0.0001
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Fig. 1. Cumulative percent of 8-ALA concentrations of HPLC and colorimetric method by PbB level.
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Fig. 2. Cumulative percent of 8-ALA concentrations of HPLC and colorimetric method by ZPP level



—o—CALA>S

--%--HALA>} (me/l) |

SIDD

30 .

5
. ' Y7
60 4
7
m %/

20 -

0 1 5 1 A 1 L L

0 10 20 30 40 50 60 10 80 90 100
Fig. 3. Cumulative percent of 8-ALA' concentrations of HPLC and colorimetric method by PbB level

PBB {ug/dl)

——CALA>S —.p. HALA>3 (mgn.)]

5100

80

60

40

20

| I W T N TN TR Y S N O JOUUNY YOO TN SN TN TN JUN TN NS SO NN TN T SN I N S )

50 100
Fig. 4. Cumulative percent of 8-ALA concentrations of HPLC and colorimetric method by ZPP level

150

200

250

300 150 ZPPlug/dl)

Table 8. Sensitivity and specificity of HPLC and colorimetric method by é-ALA concentrations for ZPP and PbB

Lead exposure ALAU (>3.0) ALAU (>5.0) ALAU {>10.0)
indices Method sens. spec. sens. spec. sens. spec.
ZPP { >100) HPLC 58.9 92.6 34.8 100.0 i43 100.0
CM method 84.8 303 518 95.9 179 100.0
PbB (> 40) HPLC 61.3 91.5 - 375 100.0 154 100.0
CM method 88.5 323 54.8 95.4 19.2 100.0

M method : Colorimetric method
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she FFA H e 2FdA -ALAS 23
e 99lg 7F 4 dth Zielhuis(1975) € %
A 40 wg/dl °l3tellME 8% 0-ALA wjdzFe] F
g3 It gleng AESEH EUERHC F2 A
F7F 2 F glod, 45 wg/dl ool E 0-ALA
vl gro] F&3] Frkeitia st

Lee(1982) € B¢ ¥F< 54 wug/dl(EEHA=19)
9] 2349 o] A=A Ax ZEAES Yo E F AT
o|X Hi 85 0-ALA ujAd=e] 8.2 + 6.9 mg/L
2, A% 0.662 BRudtAoy ¥FA 40 we/dl
< N1Hez2 A¥3A2 (curvilinear trend)e] A
A3tz e n, Wada 5(1973) = 3 40-
50 wg/dl AEHEE 6-ALA wjAdo] FAHQ F
742 3dtta &3, Tabuchi 5(1989)& ¥
o] ¥ FmoA &gt 71278 ey dFA
53.8 wg/dlellA] HPLCHo=Z EX®E 85 0-ALA

vl o] Bt 2.58 mg/Leld Aol FA g
wet HAHdA Frke ddn Badio £33
Selender®} Cramer(1970) = 83 40 wg/dlelAl
8% 0-ALA WAZL 6 mg/LE FF ¥ B
B 1 olie ¥FA FEolA A3 J-ALA )
A 71 Basidoh 2 a9 ujye 93
O-ALA wjd3Fe ¥83d3 ¥F ZPP % T8

2 BHEAE AY ae o ¥3A 40 we/dl
old, 8F ZPP 100 wg/dl o3 ol i wjdF
o] A9 AFAEY AAY {FARE Hol UAxm
HPLCHl 9% A% ¥ Aole JA T U3
%S VeERIT

£ AFA v 9 AN <shd 3
EF FRA FEA] ¥FA 5 ZPP &
T2 9% 0-ALA W3S F33E gL o
2 5-6 mg/l, HPLCHE 3-4 mg/L FXxo|n, A4
A2 8ZA2 5 ZPP =2 85 0-ALA o)
AFE FHIHE ¥AE-E 7-9 mg/l, HPLCHS
5-6 mg/L F=olx, J-ALA wjAdZL di4 Hes)
AE e it ga e S Yehhdth
Tomokuni 5(1992) & 3 22.8 ug/dI(H 8-
40)%1 469X HPLCHOoZ 0.89 mg/L, H|AY
o2 2,11 mg/L, 281 ¥FA 61.8 w/dl(EH
41-96)1 38"+ 10.75, 12.23 mg/LE Z+2}
B33ttt Tomokuni 5(1993)2 ¥ZFA Hd
60 we/d1(E9 19-107)<! 16¥el tisly HPLCZ
8% 0-ALAE 4% 49 7.7 mg/L(0.7-35.5) &
B33 v} 9lth. I3y Takebayashi 5(1993) &
HPLCHo=Z 839 40 ug/dl A=A O-ALAT
£ 1.2 mg/g creatinine, ¥FA 50 ug/d1A =04
£ 2.3 mg/g creatinine, BFA 55 wg/dl o]Atel
M¥E 4.5 mg/g creatininee 2 R u3l¥ch 4
FollA= HPLCH 93 Zlo] Azl AHbE o
2 9%z Fa Ade ¥ Aoz Y, §
ol mhA it Hake sltka AZE

Alleyne 5 (1991) 2 radiator shop ZZAF=9l
A Aol F5F =S EZ 2F -ALA wjA=F 75
#mol/L (S 10mg/L) ©]/de] wids=eid Z=a17} 4
Qo] x&H3 8FA0] 4 pmol/L(F 80 wg/dl)
Ao FIsoF Tt Bustgch v iRE
o] MRFE0] TEAe AZAFEE A} AFEEA
P5Hn 5 ZPP 58 AMSstn A ¥FdY



7B%E 50 w/dl, 3 ZPP+ 100 w/dlS W&
A BUEHS AFE(ACGIH, 1995) 2 Apgste=
uh, ¥y x=FE AFE BHVFANA FATA=
2% 0-ALA WAFE 5-20 mg/LE AHgdte AL
oa A7 lvkn AZEd =3 9559 A
AR 2F 0-ALA w93 20 mg/L o] &S A
o, ol FEE YEhE dxEAEL B o
T2 uFo(2d 1 2 1% 2,) A9 ZE A
7} 455 A7 354 60 we/dl, F ZPP
150 wg/dl °lde] e Jerd Aoz F3Pdr
Zielhuis (1975) € ¥34 60-70 we/dle) 59 4
EAA 8% 0-ALA ¥l F<] cut-off pointZ
10 mg/LZ 3t o iz 50-60%7) ol& %
Fcka Bag A, B ATz v Ay
7 Gt dxegate] JE}E RUHY e 9F
5 Bgq 43 dFE BHVIES AEske Re
AL & Aoz A€t EF 83 -ALA
e 71&9] vy vl HPLCHe] Ak
B AR BoA HEH3 glo] olo] gt Feolgt
AR AE3A 43 = Fesictn Yz

6. 2 <f

oFe] A& Ak AR FolA T FA
A Az, MY H@A AABFE, a2z 2709
AE 2 FHEES A T AREslE AIA & 11
A A ARdFNA 7] BA#EA] 8F Zinc
Protoporphyrin =% 12ldle] iz Izt &
22 2348< 4%, WIolN ¥FA, ¥F ZPP,
Ak 5& E2H%tn AWoA -ALA wjAd S
vy HPLCHOE ®A43te] 1 2}olx-g 9l
3t AxE: AFEHS] FRAPLS AR IFE
#HR71Ee] NZE 71 vHEEy] st & A
£ A= v Ade v2d 2o

L vAs} HPLCH % 835 6-ALA wjd%F
< ¥& 4¥Ae] glent HAHo] HPLCH X
o 2 me/L A= EA FFHAAT (¢ = 0.989, 3
#A4 ; HALA = - 0.8194 + 0.8110 x CALA)

2. 8% 0-ALA widZFe F Y 2% 8354 &
¥3F ZPP F=%9 A#AFIE &4F 0.46,

0.37 o]delem, 6-ALA ujd3S g
S e FRAST7E 0.63, 0.572 FolHe
B SAHCEE fo5h

3. ¥F ZPPE S¥¥FE, ¥z HPLCH
o 83 O-ALA wWidZFS FEUFE & de
AL o3 2o
CALA =2.0421 + 0.0341 X ZPP
R*=0.1385 p =0.0001
HALA = 0.8006 + 0.0280 ZPP
R’=0.1389 p =0.0001

4 Y3 SYA5E, WY HPLCEO 9%

‘8% 0-ALA WjdZFE FHASF2 3 I A
WAL o3 2o

CALA =-0.4134 + 0.1545 x PbB
R*=0.2085 p =0.0001

HALA = - 1.2893 + 0.1287 X PbB
R*=0.2154 p =0.0001

5. ¥l 3 HPLCHl 9§ 85 6-ALA wjdg
< Heidsias o 3 € ¥F ZPPE =
HUFZ dle AL o5 2.
logHALA = 0.3078 + 0.0060 X ZPP
R?=0.3329 p =0.0001
logCALA = 1.0189 + 0.0044 x ZPP
R?=0.3290 p = 0.0001
logHALA = - 0.0221 + 0.0246 X PbB
R? = 0.4046 p = 0.0001
logCALA = 0.7662 + 0.0184 x PbB
R?=0.4108 p = 0.0001

6. 835 0-ALA wid e dig AF=E FoA9

cut-off pointE 5 mg/LE 3H& A$ 34
I ¥F ZPPo| FogAl] Udid vjAye] F3
Y1=7} HPLCH Rt Eskew, weld HPLC
He cut-off pointE 3 meg/LE 3IYS o ©]4)
H F2 dX=E BHYw AxIXNEEY F-
WS #AE et

ol’de] Az AFTE WHVITY FAdAL A
E@AS] Aol dasht @A 2EAETRY] AT
ol oz Z=2A] #AF ATVt U2 Lo
I AZE
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