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The Relationship between Zinc protoporphyrin and Lead levels in Normal
Adults’ Bleod And Comparison of Zine protoporphyrin values by High
Performance Liquid Chromategraph and Hematofluoremeter

Kangyoon Kim and Hyunwook Kim

Department of Industrial Hygiene, Graduate School of Occupational Health,
Catholic University, Seoul, Korea

Blood samples obtained from 200 adults who had visited the “S” general hospital were
analyzed to compare the zinc protoporphyrin (ZPP) levels quantified by high performance
liquid chromatograph (HPLC) and by hematofluorometer (HF) to investigate the methodo-
logical difference if any and the relationship between the levels of blood lead and ZPP
among no-lead exposed adults. Also investigated were the distribution of ZPP and pro-
toporphyrin IX (PPIX) concentrations, the establishment of normal levels of blood ZPP
and blood lead, and the contribution of age and sex factors to these values. These
subjects had no previous occupational exposure to lead.

The results ohtained were as follows :

1. The mean values of blood lead for male and female subjects were 9.46+£2.44 ug/dl
and 8.0912.17 ug/dl, respectively. The difference observed in the mean concentra-
tions between male and female subjects was statistically very significant.

2. The mean values of blood ZPP by HPL.C for male and female subjects were 1594+
455 png/dl and 22261661 ug/dl. respectively. The difference observed in the mean
concentrations between male and female subjects was statistically very significant.

The mean values of blood PPIX by HPLC for male and female subjects were 251
+1.78 ug/dl and 2.8111.56 pg/dl, respectively. The difference observed in the mean
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concentrations between male and female subjects was statistically not significant.

3. The mean values of blood ZPP by HF for male and female subjects were 28.44+7.11
pg/dl and 37.77+£804 pxg/dl, respectively. The difference observed in the mean con-
centrations between male and female subjects was statistically very significant.

4. No statistically significant correlation was found between the levels of blood ZPP and
blood lead.

5. The ratio of ZPP and protoporphyrin IX (PPIX) concentration to erythrocyte pro-
toporphyrin (EP, EP=ZPP+PPIX) concentration was 87.4% and 12.6%. respectively.

6. A statistically very significant correlation was found between the ZPP concentrations
determined by HPLC and the values by HF (r=0.7565). The ZPP concentraitons
quantified by HF were 1.75 times as high as the values obtained by HPLC.

7. The blood ZPP concentrations quantified by HPLC, HF. and spectrofluorometer (SF)
from the blood samples obtained from 14 lead-exposed workers and from 16 no-lead
exposed adults showed wide variations. The ZPP concentrations by HF were the
highest followed by the levels obtained by SF and by HPLC.

In the exposed group, no statistically significant difference was found among three
methods of quantifying blood ZPP levels. In the no-lead exposed group, however, statisti-
cally significant difference was observed among these methods. The ZPP concentrations
by HF were about twice as high as those of by HPLC or by SF.

Among three methods of quantifying blood ZPP (HPLC, SF and HF). the results
revealed significant difference. Therefore it is suggested that objective methods of quan-
tifying blood ZPP and a system of correcting different ZPP levels be developed by the
ministry of Labor.

Key Words : Zinc protoporphyrin, Protoporphyrin 1X, Erythrocyte protoporphyrin, Hema-
tofluorometer, High performance liquid chromatography.
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tase®] AL JAAA dI PPIXol Adehe
uh2 o whafaln ofal Zn*'o]l PPIXH Whg-&hod
ZPPE A3 cH Grunders} Moffitt, 1979; Hes-
ley$t Wimbish, 1981). 3 0] heme¥dS
HHog wag B ohe MED HE
AHANE 4L 3t ZPPY BAE F

pud
&
i

)

— 142 —



12
¥F ZPPe Zrle dog A% AZAss
#dd z27|9golne EF ZPPE:E FA%
oA dog A% AAAHE AEg 5+ A7)
W Zo do Z2@ Z2AAEY UAAYEE ¥
74 o 83 88 F e AXo|THETA,
1991). A&+ A FEA(PB)H € 8%
A(PbU)Zo] & XA A3sty ¥ ¢ A%
Fej & HASle 3L o ER olE9 AT
A AL A3y HzE ygle g 3
Az g3y, dell 9g AW ol Fe =87
59 sz Jetde d dzhdAel el EF
Az 7 ¥ ARBAE BHAFe dALEe]
8% ZPPdel #aA UG AATH olFEH,
1984 ; ol = &, 1984; AT F, 1985; #AGw
%, 1986 a, b; o= T, 1989). o EFAFL
HA WE g3t WE HES Holv ¥
W ¥8F ZPPEL A dEF29 F2 AxYgn
}HSassa £, 1973). I8y 2247 %%
Ao Z2HUL W YFIEH FF ZPPFY
X ot el AaA s Ak g e
L Joselow®}t Flores, 1977; Hesley2} Wimbish.
1981) Azw Ao Z2EUAE o 2 FdAe F
= A FEER A @k

ZPP&Ao] #& AFE 19708 £ BE
2 (spectrofluorometry) ] ZHEHAA 20—50 p1
o] mFEME o] && el e A¥F porphyrin
(free erythrocyte protoporphyrin, FEP)¢l o] %%
ko] Jhsdl HAtH Piomelli ¥, 1973; Sassa &,
1973 ; Hanna %, 1976; Garden %, 1977 ; Lamola
%, 1977; Hart®} Piomelli, 1981).

Lamola$t Yamane(1974)¢] 95%, FZF¥EA
Wlgoll A Z718lE porphyrind FE]lFe] opbd
Zn" 3 A¥HE ZPPetn FAE ol FhiE9
doo g WL U484 HF ZPPe ¥34
4g ol83le Fx& HFdeE 717 hemato-
fluorometer(©] 3} HF 2 °F3H)7F 7idslo] @AM
7 A BolA g AREEH L Aok o] WY
cover slip®loll 3 W& HP& Hojma]a A
A og 71710l A7 ZPPY ¥F A9
EHQ 420nmPtZNA ZPPe 837 oxyhemo-

globinoll &J§t We] FHu|E EHse Holg
{Blumberg %, 1977 a, b).

28y HF) 9§ ZPPS &3 WY& spectro-
fluorometer(©] 8t SF2 2Fgh)ol 2| g ZPP&A A
B 0% 3= 39 HE 2 v Buy
I Ao m(Peter %, 1978; Balamut %, 1982;
Mitchell®} Doran, 1985) bilirubinel 2] gt 74 &
422 bilirubin/ZPP¢] ¥ 7} F7Hd $5 HF°l
93 A7t F7t8 = @73 (Buhrmann %, 1978)
3} PPIX#H 7ol &3t 4843 d7lge & 6%
Hx7t vl HF| o8] 2ds e PPIX 9§ 7
ol 9oz AAHHT AH Grandjean®
Lintrup, 1978). ¥tdell SFel &% ZPP &3%
WL SFoll 9% ZPPEAWY F 718 g &0l
Fobn U2 acetoneol] ¥ F&HA7 8T% P
o] 34 &(Hart® Piomelli, 1981)& B3
PPIXol 28t 7+ 2o 2 ethyl acetate/acetic acid
o} HClel 9& o|FF&WH S AH8T A&
ZPPol A Zn** 7} &AsEd PPIX(FEP)S &
getA =, HCI® #& Add 3489
ethanol =¥ acetone® A48 A$ ZPP¢
PPIX& EEsld 238 ¢ Ao tdEer)
o] FojA 2] R3] dHog xHEH JUrH(Hart
9} Piomelli, 1981 ; Harada®} Miura, 1984).

ugy B Afe e ZPPE Hag dAeg
oz 7HASHA FAHE 5 US B ohJEt por
phyrinAle] A&} & & FAld EElde FAs}
o2 LAE HaSY 5 Ak ¢ (Smith
%, 1980; Scoble %, 1981; Bailey®} Needham,
1986; Ho 5, 1987) R&AAaZrjE2d L
(high performance liquid chromato-graph, ©]3}
HPLC2} o8& o] &3t HAAo] oA &
Z ZPPEE 233 @ 7189 HF &
ZPPextel ztol Az e ¥FAFH HF
9 HPLCOl o3 ZPP&#e] AAAAE Lolr
oA stgeh. T AU doiM ZPP#H A
W 2 ddd 3fo|y 2 PPIXT ZPPe HEE
stz st
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2. Z3YY

23328 HPLCO 9% ¥F PPIX, ZPP%#
9 EP(=ZPP+PPIX)%, HF°l 9% ZPP%,
¥3AY, Yx(Hb)Fo e 35 AdHF 222
14949 gz A 16w YA sted SF
2 ZPP# & ZAFA

YY4L¥ cyanmethemoglobin® (Sismax C-
C-170, Japan)o.& &Aoo, FAL GT-
A—96 graphite tube atomizer® %% YA FFE
3% A (Varian SpectrAA—300, Australia)& ©]
4, deutrium lamp® background BA s H3F
283.3nm, slit width 0.5nmol A A¥ 0.5mlE 0.
5% triton X—100% 1%(NH,),HPO, £¢ 1.
2mlel €¥AZ ¥ 0.19N HNO; 1.8mlol &4 3
g 20% trichloroacetic acid(TCA) 1.5mldl &
WMEg 33, AAAA 5000rpmol A L4 ¥
4% 94 10418 graphite tubedl] F43FAct

¥%F PPIX3# ZPPv HPLC(Waters model
400, USA)E2 &Aslo EP(=PPIX+ZPP)g&
T3y, £E 8 Y2 ZPP{Porphyrin products
inc, USA)$t PPIX(Sigma chemical co., USA)
£ 717} 10mg HH¥F T N, N-dimethyl forma-
mide 5ml° %91 ¥ mobile phase(methanol/ace-
tic acid/dilution water 78 : 8 : 14 v/v, pH 3.4)&
100ml flask& 1 9 A stock solution®. 2 ¥ oH
ZPP9 Fx& 100, 50, 10 pug/diz, PPIX9 &
T8 10, 5, lug/diz stk A g ZPP
o} PPIXEAE A¥ 200418 ZFF 100xl0
Wol gl g BYFAIF| I ethyl acetate/acetic acid
(411, v/ V)& Iml B2 § ZsA EEo] F9o]

ZPP% PPIXE& F&3lo(Smith %, 1980)
5000rpmoll A 108+ A Eeld F 50418 auto-
samplerol A ]IStz & 3t

B AYdlA AMEE HPLCY #4213 9§
e} #rh
T ¥ ¥4z 3
Column 4 Bondapak Cyg :
Pump model 510
Detector fluorescence detector (Waters model 470)
Ae*=405nm. A o**=600nm
Autosampler WISP712 96 vial
Flow rate 1.0ml/min
Mobile phase methanol/acetic acid/dilution water
(7188114 v/v, pH 3.4)
* Al :excitation wavelength
** ).n:emission wavelength
HF (Aviv model 206, USA)oll 2| ZPP&Eke]
24L& A.=415nm, A.=59%nmNA ¥ cover

slip©. & blank& @51 279 = W& con-
trol material2 71718 HIFE F A S0ulE
25x25mm’ cover slipll SfAl | F 7]71ioll 4Hg)
sta) =431t Blumberg &, 1977 a, b; Peter
%, 1978). SF(Kontron instruments, Swiss)ol] €]
3 ZPP% FEgdog ZPP(Aldrich
chemical company co., USA) lmg& ¥ #sio
ethanol/acetic acid(9 11, v/v)2 100ml flask&
A9 stock solution2. 2 3ted 100, 50, 25 pg/dle]
FEE AHEEA. g 3070(BA0e] dAF
28 &% 16709 g w29 ¥
o 1470)% A3t A.=4150m. A..=588nmol
M ZFF 0.5mloll A 0.1mlE Eo] £EAT
% ethanol 5ml& 7l8te] ZPPE F£2% ¥
3000rpmoll A 108-2F Y4l Eeldte] g3 43
Ag Yo ZPPHE ZAHsAH Garden F,
1977).

3. EAXz

#3E R8T SAS FAZRIYRE ol §st
Z Ao Y ZRFUANE FIPL T Hy
Atol o] e 2 AL AP &
Aubhziel AE Golr vl A paired ttestE
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AT 2008 % FAE 13178(65.5% )0l 31 oj A}
£ 699 (34.5%)0I0ch 9% v &g B 20—39
A7t AA Y 66%E AASAT F2 Fol= 30—
3947} o2 Folle 304 v)gto] & xRS A
tHE 1).

B AYolA d& guiie] 4, A%d ZPP
(HPLC), PPIX, EP, ZPP(HF), PbB, Hb2

JF& E 2o 4%k ZPP(HPLC) % & 18.
12146.12 pg/dIZ EA7F 15.94+4.55 ug/dio] 2
A 7}7} 22.26+6.61 pg/dlE FriZbel R2¥ A
£ 2920 (P<0.001) dxtol glof 30 Wk}
504 ol 49l A#FelM Rl 27F AP
0.05). PPIX%& ¥A7} 2.51+1.78 pg/dlol 2
o =}7} 2,61+ 1. 56 ug/dl2 HUte] KT Ae
Aot

EP#& 20.7316.94 ug/die)A 2 F2t7} 18.45
+5.64 pg/dio] 2 o AHE 25.0717. 14 ug/dl2 &
Hztel feolg & Jebn(P<0.001) HAkol
o] 504 ol el AHFE 304w} 30394

T:Ele 1. Distribution of subjects by age and sex o AFFoA 7tz Sol# FE BATHPO.
Male Female Total o1)
Age (yrs) .
G N & N & AA Moz ZPP/EPS ¥ 87. 4% hebit
wts G ner i (o0 10 (me o PRIVEPS REME 126%2 ehds.
' ’ o A}e = ¢} v}y i X
40—49 22 (1.0) 11 (55 33 (16.5) ‘f tel 2§ ZPP/EPe] 7} 86.8% %5, 47}
50< 21 (10.5) 14 (7.00 35 (175 = ZPP/EPS] M7} 88.6%& epdch
Total 131 (65.5) 69 (34.5) 200 (100.0) ZPP(HF)%& 31.65%8.65 ug/dl& “epn
- W27} 28.4447.11 pg/dlel i g=}7} 37.77L8.
Table 2. Mean values of parameters in normal adults’ biood
(Mean £ SD)
Age Sex N ZPP(HPLC) PPIX(HPLC) EP(HPLC) ZPP(HF) PbB Hb
{yrs) (peg/dl) (pg/dl) {pg/dl) (g/dl) (peg/dD) (g/dl)
<30 M 36 15.00%3.64 2.16+1.02 17.16+3.97 25.311+6.97 8.55+1.92 15.83+0. 89
F 26 21,10%6.21 2.43%1.08 23.54£6.33 36.1518.41 7.3912.56 13.5540.96
30—39 M 52 15.46+4.34 2.471%21 17.921+5.74 27.87£6.53 9.401+2.08 15,81 +1.07
F 18 21.794£5.22 2.81£2.15 24,59+6.47 39.12+8.48 7.961+1.80 13.2340.68
4049 M 22 16.15+2.98 2.30+1.19 18.45+3.44 30.10+5.58 9.9512.96 15.82+0.88
F 11 25.57+7.87 3.00+1.35 28.574+7.34 38.98+7.86 9.30%1.39 13.78+1.16
50< M 21 18.56+6.66+ 3.41+1.93 21,9748.14%* 33.46::7.36** 10.63+2.97+ 15.46+0.60
F 14 22.4147.15 3.37+1.54 25.78+8.82 38.09+7.16 8.611+1.94 13.5140.73
Sub- M 131 15.941%4.55* 2.51+1.78 18.45%5.64* 28.44+7.11*  9.46+2.44* 15,731+0.86*
total F 69 22.26%6.61 2.81%1.56 25.07x7. 14 37.77+£8.04 8.09+2.17 13.524+0.88
Total 200 18.12%6.12 2614171 20.73%6.94 31.65+8.65  8.98+2.43  4.99%1.40

C significant difference between male and female (P <0.001)

**significant difference from<<30 and 30-39 age groups in male (P<<0.01)

+ significant difference from<(30 age group in male (P<0.05}
ZPP (HPLC) :zinc protoporphyrin by HPLC
PPIX (HPLC): protoporphyrin IX by HPLC

EP (HPLC) :erythrocyte protoporphyrin (=ZPP+PPIX) by HPLC
ZPP (HF) : zine protoporphyrin by hematofluorometer

PbB :lead in blood

Hb - hemoglobin



Table 3. Correlation coefficients for six parameters

ZPP (HPLC) PPIX(HPLC) EP (HPLC) ZPP (HF) PbB Hb
ZPP(HPLC) -
PPIX (HPLC) 0.3732* --
EP (HPLC) 0.9736* 0.5753* -
ZPP (HF) 0.7565* 0. 3636* 0.7565* --
PbB -0. 0221 0.0321 —0.0116 —0.1120 --
Hb —0.4424* —0.1099 —0.4141* —0. 4308* 0.2655*  --
* P<0.001

04 pg/dl2 STl FF AE BJ(PO.
001) F=Atell Ao} 504 o]de] Ay & 304 vl
T} 30—394] Ato] o) A& FANM Fog 2t 9l
ATHP<0.01).

Y5AHFL 8.98+2.43 ug/dlZ A7} 9.46%
24 pg/dl) L A7} 8.09+2.17 ug/dlE EY
ol fold 8 HQOom(P<0.001) Eabol] 3l
o] 30M wRtT} 504 ofFe] Atelel f9)d 2}7}
AN THP<0.05).

4% dirt 2H2 16.7340.86, 13.52+
0.882g/dI& UEllo] EAAZ KT 2
BHHP<O0.001).

Z A e AadAE B 3% gt
ZPP(HPLC)%¥& PPIX%, EP%, ZPP(HF)
%, HbHae] Atolo] fo)d AuaAZ AL
H(P<0.001), EP%& ZPP(HF)%, Hb%}9)
Abolel Foldt A#BFAE BRAR(P<0.001)
ZPP(HF)%<& Hb%¥3} PbB#- Hb#zle] Ato)
d #old AABAE BALP<0.001). 12}
HF ¢} HPLCol 93 ZPP#3 ¥3dxate 4
Fd#A e FoskA gsich

29 12 ZPP(HPLC)% ZPP(HF o] Gan
A(r=0.7565, P<0.001)8 yeld RHol
ZPP(HPLC)&2 ZPP( HP)%*—E% 31.65 ,ug/dl‘?_]
Rl wlsled ZPP(HPLC) % 18.12 ug/dI] A
o 27440l ZPP(HPLC)%& ZPP(HF)%x
o} 422%3A veld ZH g Aol o g {95
ZAE BIHP<0.001), =3 1y 25 8593
ZPPHPLC) Alol9] 4#aAIE Yeld Aoz
Fo3 A i

AAF 222 1497 FAQ 169} g 2+
A e=7e] HEFEEE E 40 divistach

Y =054X~+1.18

t= 37565

8 &5
T L}

ZPPIPLC) { e gt )

9 2 A n Il 2
Q 10 20 20 43 £ 30

ZPP{HFY u gdl)
Fig. 1. Relationship between ZPP levels by hematof-
luorometer and HPLC.

25

IS
(=3
T

Blood lead( s g4l )

S .
~ - 3-’1"" T
10 AP N
.-:2'-‘\;.;:»-- o
DE . Y
ed ."'.\\- e
« 2t . ‘e
O rs A ' s
Q 10 20 20 0 Eh)

ZPP(HPLC)( 1 g/dl)
Fig. 2. Relationship between ZPP by HPLC and blood
lead levels in normal adults,

dHF <=9 ZPP(HPLC)%#3 ZPP(HF)
Fe 24z} 57.46, 47. 11 pg/dl2 A 2T R 2
W ol & ez JEeion, 7t 7173k 2}
ol WzTolA ZPP(HF)#& ZPP(HPLC)#%
of vla 2vf & Aoz FHHY {3 28
BP0 (P<0.001) 2 UdojME ZPP
(HF ) &2 ZPP(HPLC)3A 9% 2= e
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Table 4. Mean values of parameters in workers exposed
to lead and norma! adults

unit: pg/dl

Control Exposed
Parameters

(N=16) (N=14)
ZPP(HPLC) 16.70+3. 92 47.11422.56
PPIX(HPLC) 2.75+1.37 5.98+4. 65
EP(HPLC) 19.46+4. 44 53.09+24. 71
ZPP(HF) 33.28+6.26 57.46130.09
PhB 8.98+2.38 48.61+ 9.60
ZPP(SF)* 20.95+3.78 49.98+25. 49

*ZPP (SF): zinc protoporphyrin by spectrofluorometer

aF

Suiglo] WHste] ARG B ALFA 2
2o} ARk ARG = 2008 it A
Ag 2 A7 Ay ¥ YFEAFLEE 8
99+2.43 pg/diel R e, WFA7F 9.46+2. 44 p
g/dl 747t 8.09+2.17 pg/dl2 VERT B4
Edko e BRE(HATH o] FF, 1984;
AP BEA, 1986; AT 5, 1986 a, b &
FE 5, 1991; AEY F, 1992; ¢HE T,
1993)8] 14.5pg/dl—24. 28 pug/dlB T} 2k,
Ao vF AFAY BFAFE(Watanabe T,
1985)%€ 6.0pug/dl, FEATAY B5 &2t 4.86
pg/dl, A& 3.2l pg/dlas B A7 W £
2t Jebycl vz CDC(Centers for Disease
Control)l A& BFAFE 0ug/dlE HIHA
oA ME7Feg FHE o EPA(Eawi-
ronmental Protection Agency)olX€ EF A%l
0pg/divlEel ASols 15 F9 99.5%9 3
FEEE 15pg/dletn Bas AeiX(US,
EPA, 1985) 2 d3olM Jeld @& EPAS B
IE P e Ao vekth B3 o
7] 2 d¥5 8 AR B 0¥ gasoline +
710}l Hizoll ALRFol ol 51 %o W7E
3 Aol F5He A9 st FAEH A
A @Ede FEvt #AasR AtE Rom
(1992)¢] H st Yxsln YeE Aoz BATh

Hd HAaFd doiMe FAVE 165.73%0.
86g/dl, <=7} 13.52+0.88g/dl2 et} AEY
5(1992)8l 7A o]+ WA 15.11g/dl, A=A
12.85g/dl, Msigst HEA(1986)4 A 15.
17g/dl, <& 13.22g/dI} RAFEIA o0, <%
5(1993)9) 16.0+1.4g/dIRThE %3 He FS
) ole B4 AU AAHAQA Eab 13—
18g/dl, H=} 12—16g/dl(ETHH F, 1992)°] 3f
FE o)),

vl dd ZzE 2z 12 A%
AeA) Ao thA4HEQ] coproporphyrin Ev ¥
% ZPPE ZAIEE Ho o dF=d g
ARFAGA ¥F ZPPEA L 9d7bsd A4
B9 shtolrh. flueldlA ¥F ZPP2A &
SFEx HFE AMg38la gJon #Axo HFE 1B
#3tn FAs dv 71HLE A7 ol 8uiiol o]
2n 15 9 7d 7|@dME SFE AFEst
Aoz Holn 19923 &) ¥F ZPP &34
T 14,4780 AHE=A4 5, 1992). F $
Zuztel A F2 ZPPol] did E3A Yo g AL
8] & HF¢ HPLCE ol&3a Fyele %
ZPP#E& ZA T v} 2 AdFdA ZPP(HF )5 %
T 31.65+8.65 ug/dlE YEMI D ZPP(HPLC)
ZRTE 18.12:£6.12 ug/dlE Yel) ZPP(HF)
TS RO A 51984, 1986 a, b) 7 SF &
5(1991)9] 20.6 pg/d1—26.54 ug/dIRT} ¥ g
& Yepd oy Maign J3E9(1986)9) 32,61+
8.78% = ®l&® g vEhlch 23y 2 d7
o] ZPP(HPLC)Z A= & 5(1991)9]
20.618.7 pg/dl, AFF 5(1993)9) 21.547.9u
g/digte ¥ixd FAFE Jehdo. =28 Zp.
PHPLC)ZA %] Fuite] #93% e d44
Zo] Fuiztel #eig AE Holxu e ARG
Ze Yeto M NP AzEn ZPPHPLC)
¢} HbAlole] A7 —0.44249) |23 H4
T HAE BYoEXN oF R e A
o2 ®Hch

B dFoMe A slol €3 ZPP&3
dFA Aol #od FRUAV e HAer
vhebsdch s @ 12 A(1986) & ¥F ZPP#H
% gEAFE Alolol fod AudArt gidkn

fr
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o 2 Q7o e F#g Byeoy, ARNH
o] F2(1984) HAU UME ¥F ZPPH
7 @EAgAtold e AaRAZ A @
v 2 A3 g A#E B9 olfv ANHAY
g2dF9 =7t APy FEA(1986)9
T Adst B AFARR) Fol 20—30 xg/dlS]
Aol 70.9%°) B3t 30—40 ug/dicll &ate
WATE 6.6%2 §FAde] Exte 4§ 256—30
pg/dlel A Azre) 744 20—25pg/dllA ZPP
2 FEP%ol £713817] A&t} ZPP 4 FEP9
W49 e FRBAE BAdE Rom(1992)
o RuE HAWAHL e Heg B

z} 71718 @Al g dHdMe ZPP
(HPLC)%3 ZPP(HF)%3te A9 7]
£7)7} 0.5352, YA®# o] 0.180]|U i A&AFE «
=0.7565% JEbATh Smith 5(1980)8] ZAi}el
e 71€717F 1.0, YA 4,12 JExten
APASGE r=0.93274 T dled B e} o7t
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