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The urinary excretion of & -aminolevulinic acid has been widely used as a measure of
the biological effect of lead in lead exposed workers. It is usually measured by col-
orimetric method based on the color reaction of ALA-pyrrole with Ehrlich’s reagent. But
the results of &-ALA in urine by this method are somewhat artificially higher than
expected due to the urinary ALA-like compound such as aminoacetone. On the other
hand, the recently developed fluorometric HPLC method is very sensitive and specific for
the measuring urinary ALA. In order to compare the data obtained by two methods and
to investigate the interrelation between two methods, 117 lead workers with different lead
exposure were checked urinary &-ALA, blood lead and other lead exposure related
indices. The results obtained are as follows:

1. Urinary excretion of & -ALA by colorimetric method is 2.15 times higher than HPLC
method in overall, revealing 2.47 times in workers of blood lead less than 20 sg/dl,
253 times in workers of blood lead 21-40 ug/dl and 1.86 times in workers of blood
lead over 41 pg/dl, respectively.

2. While the correlation coefficients of 8 ~ALA measured by colorimetric method with
blood lead and blood ZPP was 0.571 and 0629, those of &-ALA measured b3'1
HPLC with blood lead and blood ZPP were 0.610 and 0.637. All the correlation
coefficients were statistically significant, but there was no statistical difference of
correlation coefficients between two methods.
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3. The correlation coefficient of urinary excretion of ¢ -ALA between two method was

0.838 without any correction, but it was 0.852 with the correction of specific gravity

1.024.

4. Simple linear regression of ¢ -ALA measured by HPLC method on & -ALA mea-
sured by colorimetric method was (ALA-UPH)=-0.245+0.536 (ALA-UCO) without

any correction and it was (SP ALA)

correction of specific gravity 1.024.

-0.525+0.598 (SP ALA-UCO) with the

With above results, it is recommended that the diagnostic criteria of & -ALA for lead

poisoning needed to be revised if & ~ALA is measured by HPLC rather than colorimetric

method.

Key Words: & -aminolevulic acid(é -ALA) in urine, fluorometric HPLC, colorimetric

method.
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AdHog Ao E2HE 22AEY A9 ¢
T AR JEg glde AEEH AEF
8% ¢ -aminolevulinic acid( d -ALA) wj4dgFo]
®Wel 245y . fEvEe A (1968,
1972)0] AFSY BAMNEFH Aol A% A%
A PJrE AY AEE vdASEA 259 &
-ALA wjAd g &Ao] ‘70dd x ¥¥ dFE &
oo} @FA(PbB) AR v FFAHA ZHA
woz AP en, AAGAEAY At
Hol AFE A HAEoz AHsY Utk
(%%, 1989). 28 et 8% &-A-
LA 23& B3 g ger|dn S+
@B FAo] 7hrdgen, B
vjAHog dE S Wadall969), Tomokuni
(1972)5 9 Wig F2 o439 gt 13y
olE WHEL 8F HHERS AA}=H ta
+ EA 7} Qen E3] Ehrdich A2kl 93lo &
AL e A9 AAZ olHY clEFozE AT
A Wyoz deiA ACHEE &, 1991). oz}
A gole % Yol FA2 89 HHELES
e AAT ¥ B3 Mauzerall-Granick 3
(1956), Urata-Granick H(1969), AKf5H %(1978)
9 wio] FHEHAoY ey e olgd
3 o] Hl&5e BAE Axd Ao Uud
Aow Aztgr. gy o WHERE ALAE

pyrole3} &= #AANA AYd=HE Aminoacetone
(AA)< Ehrlich Al 4o 53] ¢-ALA
7t AsEQ 8o A= HotE A €. @
B Hoode & dANA2vtE 28Z(HPLC)
7t Sl gAY AT A gAMIE BN BEF
oz AEEHEA 8 AF §-ALAE ofF =
< #xe AYg oz FHge BAYE AE
A} Tabuchi et al, 1989; Hudak et al, 1991;
Tomokuni et al, 1992).

a# v HPLCH 93 8.5 §-ALA §4& 4
H7HA A 7F Ak § 5 AN fPAE A
2 xmrbe] v E §-ALATE BX37] 5o
g4 238 ¥& ¢ e WM, dA9
g FANE AV doH, EAAte ¥
o] Fornc gasith 23y FHoE AYPHE
A FNAM dFe N2E Aelsted s,
£3] g0l YAAMY WS ANEE ¥A X3
HA e E4o] rtedteq ¥ HFEIIEC] o]
W FHstn o, HAYe e Ao
o3 B He gx, & TEAY A E
4%, 49 EAAEdE 875 AFEA
Mo dARIE B4e FExrt 52 BENYEE
8733 %lo] 0|9 BF & HF4AY Aol

b B d7e BA 20937 el A
ALg-so] & v AR 14 AMIBrETDLY
g ol83ld 8% §-ALAE B3ty AAE v
Ao zA A AYHI Ye EFAT A
BEEE Foly ofgd '92d FE AP EF
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ARAE VY E =] He A8E G2
A A=A

ME N YWY

L gaa 43 AdAcs dd F25e A%
g m3dd YA Z2rt QAD d2IH ¥
£71% 0.05 mg/m* 172 ¥ FX, 0.05-0.1
mg/m' AE, 0.1 mg/m* 23 AYE E2
272 & 1179 % ez Ao
2. gAY AYF T A 2249 4
ANLE ¢ 20ml AFdA BF AFRAGI &
AA PR A Ftd LA guFE &
A F 6-ALA FAHo AME3AC
3. 8% &-ALA A%y
1. 8]4¥ : Tomokuni & Ogata(1972)d& ol
£3t9h
2. 24 AA22rtEaeI(HPLC) ¥ AHE
¥ RE A& HPLCH 53¢ AHSstEh
1) Acetylacetone ¥ 115 ml acetrylace-
tone, 10 ml ethanol, 75 ml HF+2 E&3td =
A st A k.
2) 10%-Formalin €9 : 37%-formalin& %
F42 3.7 sAste Zagel nASH.

3) A1g9 AAz . 3.5 ml9) acetrylacetone
£4g 10 ml AYHE] ¥ 8 0.05 mist 10%
~formalin €9 0.45 ml& 7V¥c+& oF 323 vor-
tex mixerol A W& tHE 100C Y water bathol
A 1083 pyrroledt #ohg 10 ul& HPLC col-
umndl ZF A A7 2 F3AC

4) HPLC9 =3A :LC-10A HPLC
(Shimadzu, Japan)l column® CLC-0DS, 150X
6.0mmE FA3HYen, A&E7IE fluorometer
FR-10A2, excitation”emission %732 370,460
mmE ARt o F4-& 500,500,108 ¥l
£ 2 methanol,/water,” acetic acid® &8t Al
g3lden f4& 9 0.7 m2 AT
4. 824 (PbB) ¥ ZPP(zinc protoporphyrin) 2
27 : A ¥ heparin vacutainera®l ¥ 3}t
Y2de vE¥ YAFFZ=A (polarized Zee-
man AAS, Japan) % (Femandez, 1982)&, €%
ZPP¥ potable hematofluorometer( AVIV-206, U-
SA)E ol&3tHd.

1L A% £F& st AAES 117
H AA s, old WE Z2HEE ERE Aol
th A7)M AEE E2FE 4R 218% @A 21
gog FAHALH UdR FEL BEF dAE
2 FAEU

¥ 28 RAAEe] ¥FAE 20 ugdl o,

Table 1. General characteristic in subjects by exposure levels

Control Low moderate High
Variables n=29 n=42 n=29 n=17
AGE 38.9 + 6. 6 25.9 = 5.3 31.5 + 6. 4 43.8 + 9.0
PbB 10.66+ 4.68 16.29% 8.97 41,53+10, 44 60.97+ 9.14
ZPP 17.00£11.05 52.66 +24.17 74.03134.87 168.52+55.05

Table 2. Mean values of ZPP and &-ALA between colorimetric and HPLC methods by PbB levels

Pb concentration of whole blood

Variables ~20 pg./ dl(n=58) 2141 pg(n=25) 41~ pg/dl{n=34) Total{n=117)
ZPP 34.531+27.38 53.04£15.69 129.05160. 83 65. 951+56. 29
ALA-UCO 2,424+ 1. 14 3.09% 1.14 5.36% 3.01 3.42% 2.26
ALA-UHP 0.98%+ 0.54 1.224+ 0.67 2.89+ 1.96 1.5+ 1.43
SP ALA-UCO 2.691 0.54 3.28% 0.86 6.18% 2.91 3.83% 2.27
SP ALA-UHP 1.05+ 0.39 1.254+ 0.52 3.38% 2.18 .77+ 1.60

ALA-UCO: means of & -ALA without any correction by colorimetric(CO) method
ALA-UHP: means of & -ALA without any correction by HPLC method

SP ALA-UCO: means of & ~ALA with specific gravity correction by CO method
SP ALA-UHP: means of 8 -ALA with specific gravity correction by HPLC method
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Table 3. Correlation of PbB, ZPP, ALA-UCO, ALA-UHP, SP ALA-UCO, and SP ALA-UHP in total subjects

Variables PbB ZPP ALA-UCO ALA-UHP SP ALA-UCO
ZPP 0.757**

ALA-UCO 0.571%* 0.629**

ALA-UHP 0.610** 0.637** 0.848°*

SP ALA-UCO 0.690"* 0.741** 0.863** 0.801°%*

SP ALA-UHP 0.672** 0.693%* 0.728** 0.933** 0.852°°
** p<0.01

Table 4. Correlation of & -ALA between colorimetric and HPLC methods by below 20 xg/dl PbB levels

Variables ALA-UCO ALA-UHP SP ALA-UCO
ALA-UBP 0.730**

SP ALA-UCO 0.614** 0.223

SP ALA-UHP 0.435** 0.825** 0.278*
**:p0.01  *:p<0.05

Table 5. Correlation of & -ALA between colorimetric and HPL.C methods by 21-40 gg/dl PbB levels

Variables ALA-UCO ALA-UHP SP ALA-UCO
ALA-UHP 0.857**

SP ALA-UCO 0.725%* 0.548

SP ALA-UHP 0.764** 0, 959** 0.589**
** 7 p<0.01

21-40 pg/dl, 41 pg/dl olRoE FEIHNUL
9 ¥3 ZPP $x& ¥FQ F7k deA F71
9.0 (p<0.01) ¥4 % HPLC RAE 8
Z 5-ALA & 9/ ¥3d =7 FUHl
A EFolXe Aoz Uesth(p<0.001). E
3 qu|Foz HAF 8F §-ALA ¥ FA
¥2d ¥x9 FUM gEA &R F7H3
A ch(p<0.001). 23y HPLC ¥l #de H|4
Wl Aol oF 172 £ 20dY FFEY AL
2 Jegen ¥3d9 Fvtel o A 2
7t gaske Aol AN

¥ 3& AN BAREe ¥FQ, 8F ZPP,
agn Ay HPLC ¥l 98 8% §-ALA
ste] FAAFLE YeEd Rz vy HPLC
Wol 9§ §-ALA ¥E9 4L 0.848(p<0.01)
olgon oEg 8fHF 10242 HANAL W
A|L 0.852(p<0.01)o1AT}t. vlAYe] g ¢
-ALASH ¥%4, ¥% ZPPse 4%& HPLC
Wol o) ArRthE ¥ HE oz YEETL

# 4€ EFQ 20pg//dl o139 DA WA
W3 HPLC Yol % 83 §-ALA ¥& 9
A#g Yehd Aoz AA g 11794 A
A@e vgted ohd & r=0.730(p<0.01) & &
& B2gon gHFoz BANYE W WA
Ao Hgt PW Fe r=0.278(p<0.05)° A
=3

¥ 5¢ 839 21-40g/d1e) AEAM §-AL-
AE Sy 7o A8g JEd Aoz ¥FA
20 pg/dl 01318l Aol Bk Fubgzie] 4@
o] g4 Eolz AE £ &+ Uth

F 62 FA 41 ug/dl 0130 FJDA Y v
A3 HPLC ¥ 9 §-ALA &g Y
Aoz awZoz WAY S-ALA BEE U9
= AudAe AR Boh ¥& e JeEhi
=3
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Table 6. Correlation of & -ALA between colorimetric and HPLC methods by Above 41ug/dl PbB levels

Variables ALA-UCO ALA-UHP SP ALA-UCO
ALA-UHP 0.783**

SP ALA-UCO 0.838** 0.745

SP ALA-UHP 0.609** 0.908%* 0.791**
**:pC0.01

Table 7. Regression equation of &-ALA without any correction between colorimetric and HPL.C methods by PbB levels

PbB( ug/dl) Regression equation F p-value

-20 ALA-UHP=" 0.14640. 347 ALA-UCO 63. 80 0. 0001
21-40 ALA-UHP= -0.3494-0.507 ALA-UCO 63. 54 0. 0001
41— ALA-UHP= 0.156+0.511 ALA-UCO 50.71 0. 0001
Total ALA-UHP= —0.245+0.536 ALA-UCO 295.24 0. 0001

Table 8. Regression equation of &-ALA with specific gravity correction between colorimetric and HPLC methods by

PbB levels :
PbB( zg/dl) Regression equation F p-value
-20 SP ALA-UHP= 0.665+0.144 SP ALA-UCO 4.71 0.0343
21-40 SP ALA-UHP= 0.071+0.360 SP ALA-UCO 12.20 0. 0001
41— SP ALA-UHP= 0.282+0.593 SP ALA-UCO 53.39 0. 0001
Total SP ALA-UHP= —0,525+0.599 SP ALA~-UCO 304. 32 0. 06001

B 77 8& H|A¥ 3 HPLC Yol 9% 8.F &
-ALA Wi EE ¥4 v E2 8¥F 1.04
2 BRAY A BAHA g FoA v4E_E
EyWsz, HPLCY & F4£HU5E 8o 5714
& 73 AHolth, guiFez AL YL W
32 gske wW o] & Wsle giien ¥
29 & @ 7 HyrAe BAHE {9
Ciai=8

LA

AR AN PHZ AHEHe 4 2
2E FH9 Ao FHEE dodle ez
gziAd k. A& AH-EE AFIANA 2
e A dFEL 2229 F9° oAE A
0% F2 ¥98y Pojz Jepr, AFHH,
Ao Az Jelde 3+ AT Stokinger,
1981). <13 Q9 ot Fzz AH FolF ¥
B3z FoiE HUdEdHE AN FELH
AAPgol gloy Aol 95 heme TS #
A3t FHAS §-ALAD activity’} #AFHER

¥A % ALA7} porphobilinogen®. 2 MR £
3] @ Fo §-ALAZF F7tE € vl o] & &3}
£t Aol dd| 9% =¥AY Jgg AU} v
Z &4 Yoz A A (T F,
1984, 1989). 8% J-ALAE A2 ZAY
AL 1956 Mauzerall-Granickell 93] A==
Ron olm o]EL o]&u A (ino exchange
resin)ol ALAE FHAH 8%, A& ALA
pyrole o2 WEHF F Ehlrich AFo 2 24
AlA 859 WAdZFE AT 2ut o] B
W ALAS #AIE wE-g e EEFQU ami-
noacetone(AA) A& AAL F glo] dat &
F WjdEe §-ALAFS o Hrkste 23E
AR ek o]& FE3Y] $8d Urata &
Granick H(RH &, 1991)8 AFR3te 4 S Al
AlgtQR o oj2 gl B4Rl BFstn AT
A87F Be FHol AAHUY. oW EAHE
¢ HAdeie cPoa AFERY 2540 o
RNE BAY o o]2uPFA AHEY HAZEE
9t o}g2 ALAE pymole &3l Ao A
A= e LHEAA AA FE7F A @ot A9



g% FHE ALsted E A7 Ydn dd
ethyl acetate (Tomokuni & Ogata. 1972)F &
chloroform(Wada et al. 1964)22 #7149 & §
-ALA pyrrole 3t#H8 & F&3 = o] /s
of A Sy HUHoE ALEHAAH
o 2y g zEs SHEAR Ao ¥
A=7 g7 qEd A% 25 §-ALA w4
Fg AFdHe AL Aol glon, 53] 2%
o] Aol NN §-ALAE ¥A3e AHo)
7158 flucrometer F&7]7F H34€ 14 o
MzazoE 229 (HPLC) ¥Hol /MYEARY
(Hudak A & Kiss G. 1991; Tomokuni, 1987
Okayama, 1989).

HZ Witting $(1987) AMa@vlegz
(Liquid Chromatograph)& ©]43le 8%¢ ¢
-ALAE A3 2§ $HE 2usich o
B2 0pg/dl o3te] F3A T 7FA A
ENMY 85 6-ALA dldFo] vlage] 93
0-ALAS ARG 4 g8 Jehidn &9
th. ¥ Tabuchi 5(1989)& ¥Z A 10 4g/dl ©l
8ol A 70 pg/dl ©14491 17789} W HAAEE A
oz ¥4ya HPLC ¥ez BN Andn
Hl g o] HPLC el M3t 30 ug/dl o181 §
9 wENA oF 2.5-3u, 30-60g/dl WFEA ¥
TolM 2.4v) AER FA Jelgod, 1 o4
459 sroAe 9 L4 A% B4 dedd
I 33u8Hch. 3 Tomokuni 5(1992)& ¥
Ao} 8-40 ug/dl(n=46)2 FHoA vl o] 2,5
Hl, 41-96 pg/dl(n=38)%1 HSAAME 1487t &
A &A= E Aoz 5ag o vk £ d70A
© 8¥F 1.0242 BAG 32 F%E o w4y
o] HPLC el 8] 20 ug/dl ol shell Al 2,54,
21-40.0 peg/dlol A 2.588, 41.0pg/dl ool AE
1.8 o, gujFoz WAHHAL deox v
<8 F4E Yol 48 AFAER e 3
#E Jehi UG

Tomokuni %¥(1992)& vwlAlygoez §—ALA
5mg/L ©]&el 609 Dol vy HPLC
W 7he] o] 0.856, Smg/L o449l 2499l Fut
AXE 0.9969 FaA< YehlAoz B3
o 25 16W9 FH F=Ut 62126 pg/dlIS)

dEzx FAdoAM HPLC Yol o8 §—ALA
Wi d g A#do] 0.957018 1 YT, EF
Tabuchi %(1989)2 ¥ZFA 15pug/dl o} 8tef A
HPLC ol o8¢ 8% 6 —ALA WlAd%e 4#
o] glow, 1560 ug/dl NMe MA3 F&A4
o] wolAI, 60ug/dl ol 3N He FH 3] FHol
EolAT D At Witting $(1987)2 35 pg/dl
o]3tQ] FdoA ojujxct ML AMIABolE
28T g o] 4 & —ALA WAL ¥€S4AH 0.
3069 A#AE Jebdie, w4y (Davis and
Angelman, 1967)¢] A#ste Aol 0.243%0 A
o2 BT £ 47 8534 =4
da vy HPLC ol 9% 6§ ~ALA ¥&
Zte] ABAL % 0.67~0.68 A% 2ZM Tomoku-
ni 5(1992)¢] Adsle G AL HHo,
Tabuchi (1989} #Aote KAHE Ao,
dHazrtEITE o] 43 Witting 59 23
BoE & A#4E Yl

Witting %(1987)2 18] 83 < 35 ug/dl o)
&2l FolA LC Hog 6§ —ALA WiAdgo] RS
2.0mg/1 ol oy, vAYogE 2 0-3.
Omg/l9) AHel BRHEe wudtz Yok Sy
g Agez FHYHoz do EzHA ¥
408 8% 6 —~ALA wjdEL v go g 1.8
—3.0 mg/L BE(HNY, 1976, 347, 1984; <
TE, 1993)%0 Aoz 43A o, AR A
A9 8% 6 —ALA WA Fe HPLCZ £43t&
A4 ko] dFEAERY 22 #E vekd A
oz dadd. E dFdME uAgeg 3
Omg/L AESQ #HAE] HPLC Holl 2% ¢
—ALA Wjd & ¥ 2.0mg /L B H& &
o2 ZAFHUT. olH FHAA A Agiet
AEAY AlgFAe] AdFE S8 9% Ay
HxegH, 1989)d& vy o g 5o glon o
HAE e dag dFE5L 238 o 8% ¢
—ALA w4 #o] 5 0mg/L ©)8l® FHux, 5—
20.0 mg/L o] F ¥, 20.0 mg/L o]4& A
dEA 2 slo s o] 4¥ErFE HPLC o
2 AY3te 4 99 71 WAook ¥ A
oz AZrdd,

2 A7 FYdH F4UYP L o1 8T Tomoku-
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ni $(1992)2 HPLC Hol* & —ALA 589
95—100% At o B AdFNME 88.6—
103.6%, BT 35 && U.2%(BE YRR E
UAT)E Gd FE Negd Byt ol F o
= 8 Al89 ALAE pymole 38l BA A
AdUle W ER T e BHEN ey
2¥HE o] ohdAx Ay, dAz ofd
WHEA A xolE FHIHE =¥ YUY
gtov 1859 REL A3 ool A Chisol-
m et al. 1976). &Y ol&9 ¥ WL ol
ageAe] ofg Holglon], HA HPLCZ R
ARE A HANA vAPH HPLC Yol 4§ 6
—ALA W4 %9 #o]7l @ Ehldch A} kel
Wwagl= 3§22 @ —aminoketones(aminoac-
etone 2 AE)HY A& #H3 Y uigle]
H A7E st} ¥ el

2 %

AEZ A QlojA ol 2F HEHE JgL
Pridtede 85 0 —ALA w4 Fo)] o} F F&
Ag2 o]4dr). A o]RAL Ehilich's reagent
9t ALA—pymoled] F8¥tgo g FHsle vy
Hol F2 AHgETh 8yt o] WH-& aminoace-
tone B ALA RAMEEo) 93le 8.5 wdF
ol HostA ZFEY. FH HZ MLE
fluorometric HPLCel 3% 8% & —ALA ¥4
Fo] BAHE ofF duistix Eo|FH ez
a2 A Aok dEiM B dFe gFdH dE 4
Zz NRE 28y AF2 FF UE 117H
o] mHAA vlAE# HPLC ol 9igt ¢ —
ALA WM FE A3t 5 Wy 7o #EAE
ZA Y 98t Axdtdoen Ane dgd &2
t}.

1. H Ay 9§ 8F9 ¢—ALA WdZFS
HPLC 9ol vl AXHez 2.150, dFA
20 pg/dl ol 8ol A 2,47, 21—40 pg/dIN A 2.53
v, 41 pg/dl ol E 1.86W] ¥ HAog &
A=At

2. vy o 8% §—-ALA WidHY €3
d 9 ¥F ZPP wxot9 4@ 0.571, 0.629
fen, HPLC Y& 0.610, 0.6372 44 #9
ol AATH(p<0.01).

3. v A3 HPLC Yol & 8% & —ALA ol
A o] JE2 0.848 ojon, gu|Fog W
B39E W 0.852900 EAHCE #93Y
tH(p<0.01).

4. HPLC ¥l o4& 8% 6 —ALA W4d3& 3
Sz 33 Ay E Eddsz HHe 9
#7144 & (ALA-UHP)=—0.245+0.536 (A-
LA-UCO)(p<0.0001)H2on, 8¥F 1.043 ¥
A3RE W H718A4 L (SP ALA-UHP)=
—0.525+0.599 (SP ALA-UCO)(p<0.0001) %
=2

3719 Ze ARoA dY AAGARAY A
Y7 YN A2 A@e Y& 3¢ HPLC=
8% d—-ALA WjdZF & ZHUYY AF=E I
71&8 7Hge] 8o Aoz Azt

= gL

At B 299 28F & —Aminolevulinic Acid
¢ Coproporphyrin W4 #%. 71E2EdY A3} F =8
3 1976, 29(1) : 217—222

AR, olFF I AXze] HEHH AE2A ¥F
zinc protoporphynnXl 8] €19, FLEddi¥ ey =
3] 1984;37(4) : 937—951

EER D EASRARAY Y 2 AganE,
=FR, 1989

WA B AYSE [ Z2A A4AY Ay, ddsr
AR AP, 1989, 351—422

HHE, o, ol¥FE, AFH I AZ2A gloA
A715d dRE AESA AR Wk gIANdg
A 19935(1) : 58—75

ol AT, o]FE, oladg, 2YM  AA A A
Ago el AZgd FHEY HEYH AREY 4
SHA. o) ATt 1984,23(1) 117

ol =, ¢, B¥s I AAYAEY 2PN ¥
% ZPP 239 2lg. g9 Ao 1989:28(4) !
110—115

olHiZ : A& Eo e 85 §—ALA widZ 7
Eoie ey =23 1973; 24 1 485—492
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