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Simultaneous Determination of Chromium(III) and Chromium(VI)
by High Performance Liquid Chromatography(HPLC)

Jae Hoon Roh, Chi Nyon Kim, Choon Sung Kim, Kyoo Sang Kim
Institute for Occupational Health, Yonsei University College of Medicine

Analytic methods for Cr(VI) level in industrial hygienic field were suggested by the National
Institute for Occupational Safety and Health(NIOSH method 7600, 7604). There were growing
needs for measurement of Cr(Ill) and Cr(VI) levels simultaneously. Two analytical methods
were suggested to determine Cr(Ill) and Cr(VI} levels simultaneously. The one is method by
using reversed phase high peformance liquid chromatography(HPLC) and the other is by using
ion exchange HPLC. The purpose of this work was to evaluate the usefulness of these two ana-
Iytic methods. For the difference of ionic charges of Cr(IIl)-ethylendiamine tetraacetic
acid(EDTA) chelate and CrO,?, we could detect them simultaneously by ion exchar _c HPLC.
Also. we attempted 10 determine the levels of Cr(III) and Cr(VI) chelated with sodium diethyl-
dithiocarbamate(NaDDTC) by using reversed phase HPLC. The confirmation of Cr(IIl) and
Cr(VI) were checked by fraction collector and flameless atomic absorption spectrometer. The
optimal conditions for the formation of Cr(III)-EDTA chelate were two hours incubation period
with pH 5. Cr(IID-EDTA and Cr(VI) in EDTA solution were successfully separated by anion
exchange column using NayCO,/NaOH mixture as mobile phase. Peaks of Cr(III)-EDTA and
Cr(VD) in EDTA were identified at 5§ minutes and 7 minutes of retention time respectively by the
ion exchange HPLC. The formation of Cr(III)-NaDDTC and Cr{VI)-NaDDTC chelates were
twelve hours incubation period. Cr(TiT)-NaDDT(: and Cr(VI)-NaDDTC chelates were separated
by reversed phase column using methanol and water mixture as mobile phase. Peaks of Cr(VI)-
NaDDTC and Cr(II1)-NaDDTC chelates were identified at 13 minutes and 26 minutes of reten-
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tion time respectively by the reversed phase HPLC. Due to reduction of Cr(VI) to Cr{Il), it
seems to be not suitable for simultaneous determination of Cr(III)-NaDDTC and Cr(VI)-
NaDDTC chelates by reversed phase HPLC. Simultaneos determination of Cr(IIT) and Cr(VI)
by ion exchange HPLC was more accurate and simple method.

Key Words : lon exchange HPLC, reversed phase HPLC, Trivalent Chromium (Cr III),
Hexavalent Chromium(Cr VI), Ethylenediaminetetraacetic acid(EDTA), Sodium

diethyldithiocarbamate{NaDDTC).
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3§ BT JEIPEEL IEHE, ZB:=H,
2Rl 2o §HIA A, =8 ¥ AN a8
I EAEE F o7 4ig] FoplA AMHEHZ gle
™ (NIOSH, 1975) &3] IUdAe ¥ Ao
w JAEE Kol ZEde doht A{BA A
<Hete 2EAENA 24F A R Aol
sz JAHEL S, 1989).

AL Az, J8un 84 T B840y
of wheba] QAo gt #33so] ttae 5] &
gutete] wFEel iR AR AGAAAH TR
(American Conference of Governmental
Industrial Hygienists, ACGIH) oAl @4 &
AADR B84 67 28R AEY ok (zinc
chromate) 28l APAFFER (AR AEL
Zr47 (calcium chromate) % ZE4F (lead chro-
mate) & AR UH(eFH, 1991 ; ACGIH,
1993). w3 ZFL sbyEd] wel -27beA +6
7R EAsHH dubE<l ¥ee 0, 2, 3, 6719
o} b E]PRE AU FUIFCA 4] A
37t olfolA Pt HY ZRAENA F2 |3
Z-8-E she AL 3tk ertelth. AEIHEL 4
A7kl mey EAo] AA vd2v, FEAYEE 53
o 67te] €4o] 37tel BAHT EMdo| FAivim
2 o™ (Mathurg, 1997 ; Suzuki®, 1984)
37kt 671 ZEe] HE7EE A4 d2A 0. 5me/
', 0.05mg/mo R AT (eBH, 1991
ACGIH, 1993).

Al $84 IE 6718 dirF ez FAE o -
diphenylcarbazides} CrO/*E EfA s HAAA
33344 (Spectrophotometer) 2 &3 s+

(NIOSH, 1984) & Ahg-sledl ol2ig WL A4
A|BEA A AbstEdatge] o] Ym H, Y
4, 72 59 & Wol FHY o] o]Foix|
2] v -7t dow (Thomsen Stern, 1979)
4F I A E4EAY F380A 671 Win
@ o Altele e FEEE Ak A4
o] Zo4E 47} Utk olEF BAAYe) FAHE A
A7) fdtd B2 BHE 7IRA Hol AE 6719
AL A=LE7E ol &3 oleazntenyy
¥ (Ion chromatography) & ‘& &t tH(NIOSH,
1989). =% Zout-g9 (Catalytic method)& ©)
43 AF 67F ¥4, (+)-trans-1, 2-diaminecy-
clohexane-N,N, N’,N’-tetraacetic acid® 67}
AEE FEIHNAY 2- (2-thienylazo) -5-diethyl
aminophenol® 37t 2EE AE33ie Jg4udA)
A2otE 89 (reversed phase liquid chro-
matography) 2 ¥4& dy2n (Shaopu %,
1992; Valle %, 1992) °l& A7&& 27 37}
< 6718 Azt FAF Flo|th, AFo] I #
g A9 faele) FEg Yoo uige 2
& 3718t 671e] BAl Al A dpeide A8
7t 2 BE $3387] Aol pyrolidinyldithiocar-
bamate (APDC)Y sodium diethyldithiocarba-
mate (NaDDTC) 28] ethylenediaminete-
traacetic acid-disodium salt (EDTA) & 2233}
o JHAZrEaHHE FHE 3193 (Tandes,
1980 ; Suzuki®t Serita, 1985; Yaoks, 1991) =
& 7L 6718 8hiFEUE o83 Ay Aaasnt
Ezy B3 (Fractional collection) 2.2 2+z}
< Bdte d4xEF Fxozm AL AN
(Syty%, 1988 ; Subramunian® Kunnath,
1988).
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AAEFFFE=AE ol 83l FIEL AU 2
£ 6718 BA8] 98l s-diphenylcarbazidest
Hegsled PRFEAZ F43e RAd g&dn
sloj Q19 #HEE FHE E FAo] o] FoiA
2 A ot A AR el Algd sadEn.

2 dFdMe dAazetEDHE o &% ¥4
Wi o g XNF7R 42 2E L 67k A
ZF 5 EAWEE vlugstatn AIAA Fordl 3
£ 7F54E Bl @k &, olend dAam
M E o] 8% FA BAYI 94 gz}
EI5E o &3 Al BAPHE A AL B
2%, Hed $€ Bkl 2§ 3L 67 B4 E
Aol i 712 A8 E AlF3ed 248 FUch

I. Az { g
T AEZIZL R Al

AR AZrtE TR = AlE £F 7] (fraction col-
lector) 7} &€l GILSONAF A&F& AHE-3tsla,
Ay SHODEXAF AEQ ICI-524A (4. 6mmx 10
em), RAININAF A9 C18(4. 6mm X 25em) 18]31
YMCAH AE2] Polymer C18(4.6mmX25cm) & At
g8ttt HA&712¥ GILSONAF AE<e UV
Detect$t SHODEXA} ##<Q Conductivity
Detector® A&ttt A9-7MA%9d EH4=
Ay SHIMADZUAY A &2 UV-Vis 160AE ©]
£3tgch =3 AFe] EE A& A HH
o VARIANAF Al & 1 SpectraAA
300 (Flameless) & AMg-8te] ¥-2]& #A3ch

B AgoM A14E EEEALE B4E EFAY
< adg AHEEgen EDTAS NaDDTC &,
BE A9 Sigmarl MES AT YA
vtE2dg e} o] FA (mobile phase) 28 AHEE
48] (eluent) 2 AZvEHHE JT BakerAt
AFer Aax 712F FAANNEA 250 HHE
sla Beihe] 71X S-S FH A3

2, AEYY

1) A4 DMsUHIRolETE o888 3
2 37}, 6718 BAINE

(1) 283 NaDDTCe| #&3} g

37} 283 67 28 EELY(Img Cr/m) L
22} Cr(NOg); - 9H,0% K,Cr,0r& 2F42 3
et A z3ch, 2E EE LY (20w Cr/al) e
ztzte] B3 YAE FHSE s Az
Agel g dAZ BFE §9¢ 242 1wy 3o
v]o]# (beaker) ol B3, #ZF84(0.2M acetate
buffer solution)& A3t A|Re] Fio|2Fx
g W3lAgch 2 9 5% NaDDTC#9 1m¥
2 71 F, Aedd 1243 B BXE. o
9} o] Feutgo] Bk kg EPE L FERIE
(cholroform) 2.2 28] &t 18ln F&8
NN EFZEZXEE ZAYst(under reduced pres-
sure) A FEAZch % Aol B F, IF
BE Im olHEvio|EH (acetonitrile) 2 &34A1H
M AR fdon s,

(2 94 FHEANAZDIETAYE o 8% ¥
AW P el
483} whgo] o|Foln AREUE E 13} 2ol
gAdsastETdY $ERAY BozoE
3l BN,

Table 1. Reversd phase HPLC operation condition

Description Condition

Column Polymer C18(4.6mm X 25¢m)
Mobile phase Methanol : Water(80 : 20)
Flow rate 1.0mV/min

Detection UV detector, 254nm
Injection Vol. 20

Chart speed 0.5em/min

44 dAAREIHANE o] 4F AF 37}, 67F
o] FAAZFE B At AEVE FHE A
BE ANYEE 10T 28 T Eelsid ol vER
YAEE FEAZ & 29 2L ¥4 2o ¥4
3.

Table 2. Atomic spectrometer operation condition

Description Time(sec) Condition
Lamp Wavelength(nm) 357.9
Slit Width(nm) 0.2
Lamp Current(mA) 7
Dry Temp.(*C) 20 120
Ashing Temp.(°C) 7 1000
Atomize Temp.(*C) 5.2 2500
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2) ol2n@ nMsdNI=clE|oE ojBst
3F 3L 6712 sANE

(1) 28 37t} EDTAS g3 ykg

AE 337t EEEY (Img Cr/m)& CrCly-
6H 0% FRTE A3k Az o] BFEUY
< FFTE N 3E 37t BE S (20u
Cr/ml) 22 AHE3IS}. 2§ 3719} EDTAY 28
Y& BEEY) Agd, 2§ I EELAY FF
Fof g <kel EDTAE 24 71¢t ¥ 827 (in-
cubator) oA} &% 50CE 1A < L3t =2
-7t %F 99 EFBAZE FF5%F (wave
length) 891 200~700mme] AHMEH S FA3iyc).

a0l &R (pH) o wWE g3 Vg B
71 $18te} pHZAYCZ (. IN NaOH £94& A}
g3l 2§ 3719k EDTA EF849] pHE #7)
24 ¥IgAlA, 23 542met 394meiA pHel
g EE5GAse g aaAsch

&3} vhg-o] ¥£7)2H(incubation period) 2
E4< BEI) A8 28 7 FF &Y B
o} EDTAS EFEH4E 2 7|7He dlsly g2
A F, 9 542me}t 394mol M) EFBATE
A9 B gk},

2E& 371s} EDTAS] &3} uhgoA 2E 3719}
EDTAS] F&u)7t thE o3 EF84-& zzt Az
% %, k32 H(CH,;COONa - HCIL, pH H ez &
ede] pHE YA RAAFI 2412HE<T &
23l m} 542mol A o] BERAFE BAAG.

(2) oleag Y22 riETYNE ]8T
FeEH 3 8§

3E L 6719 EARSE 9Y $3E dd9st
7) 81A, ZE-E (20 Cr/m) € CrCl; - 6H;0
9} K,Cr,O;% 7.0mM Na,CO;% 0.5mM NaOH
o] EF sEAoz HMey o] Eitddl EDTAE
7tete] A& 371, 67F a#la EDTAS E£F 489
& Az F I 200~400mH Y] 2HEHE
SUEIL e i=

aelm, oY Ay AnE wges HHe x3
olglx HEE ¥ olea¥ dAaRvlEaH e
A% A3 B4 214& 8 3% o] o EDTA
AE-g BN 2E 7Me ZE 7 B3I
123

Table 3. Ion exchange HPL.C operation condition

Description Condition

Column 1C(4.6mm x 10cm)

Mobile phase 7.0mM Na,C04/0.5mM NaOH
Flow rate 0.5ml/min

Detection UV detector, 240nm

Injection Vol. 20u

Chart speed 0.5cm/min

olem¥ FMAzrtEaHAE o] &g 3t 67}
289 FAREFE U] Ao HEE B
g ABE EFHVIE o183 AYE 147 0.5%
F B2lste] ol MER 44 FFFEAZR E 2
% 2 FHxHR A¥E s

I. 2o 5 %

. 94 DesYME=olETLiTE ol2s B
37k, 67tel AN

1) &R NaDDTCS} iM2# =2

843 NaDDTCY utge TFEQ] Fiole
T=(pH) S 4.00014 4.5A10]0lM UutH oz
o] #ojWt}(Tandes, 1980). & A¥AFN 2§ 3
7te] A%, EFES Fa0l2%%=(pH) ¥ 4.09
A 5, 0xFe]ol A = whg-o] k@, 5 0914 6, 0A0]
A= NaDDTC}e] Hbgo] o|RojHt}t =AE 6
7be] A$ele 491 NaDDTC® uhgo] w
2A AYHJAT v A, 1A o)Ade] Bk
BS #AAG. olaid #42 oy dojAdE
(chelating agent) ol 28] ZE 37129 B89 wg
o] MYy wWFoity, AF AF T EF
NaDDTCe| &3} ukge Ag9e Atspdeel &
FEe] FaolLFE(EH) O A gEso FE
g Rt AR ER oY o] AP Al A,
A&7 NaDDTCY g3} whgoA] 32 25 g
Adeoz 2 717 1243t & Fo] 2E
I} NaDDTCe 2&3Ajol 2 €},

2) 9N IMsdMgRE I NE o|®8 2N
2 9 #ol

a¥ 12 AF ) FAEE 94 A4 ascleEnd

2 gelsts A9d HEr) 33 254m= FEF

azelEadelct. ZE 37k NaDDTC &4

— 192 —



Response

Cr(Vl) Cr(iil}

pH 5.8
[N 4 PN NS B RO

pH 4.0
I

T N — —

e

L

0 10 20 30
Fig. 1. Chromatogram of Cr(III) by reversed phase
HPLC

I}

G0l Erl 4.04We] AZvtEIYME
E3Hgo] v3rt vehtA] gkot 371 NaDDTC
o] wkgo] YA G AE G F Ut &
o] FrolFk 5 8dAe 268dA A2E3}
o] gart Jeht A28 3749 NaDDTC#e] %
ol AWl IE A WAE #AY F 3
o},
1Yy 2y AF 671 AEe IBviEOYCld, E
e FaoleRErst 40U ZgrtEIWE
A 138elA 3F 67t A w30 ey,
268NN E ZE 371 AEH A7 Ve of H3
£ AF 6717 A8 3712 s gl vE
W oglFo|t}, $A0le%E 5. 8YWe] A2ntE 7Y
dME AE 67} FE HAY} $i0lLEE 409
A% Bole W3 (area) 0] HAH2Y, 268 ZE
37 337 yehde Aeg Hol 89 whgol A8
HAE g F Ul

2 Mg omo oz o Yy Lo

Response cr{vl) Cr{ny
pH 5.8 J\
SN A W
pH 4.0 LMJ

o 10 20 30
Retention time {min)

Fig. 2. Chromatogram of Cr{VI) by reversed phase

HPLC

a9 3% 129 4v 3E FHEY ¥ 3 BYE

HA37] f3tq A4 dH A2 eI E Bl
2d AIRE AIMEE A3 ste] ujEE 93 &3
BEAZ 4% Aot

2% 394 ZE 3719 NaDDTC &899 &
Aol EEr) 4.0 e BHAIZE 288 SA A
AY AFol YeA o} AFHE] YAHHA) e
AL #ANE 5 UATh 23 FholLE: 5.8
AMe 288 ZHNA ZEe] Ys}t ZE AZo] ¥
s 94 AL & 471 et O¥ 4= 2F
671} NaDDTCste] #HE8%A 2 RelHe A&
Flstyl A3 A, F2ol&F% 4,004 B
FH AL 168 2XA g2 AFo ¥ ¥ 5 3
219k 285 I M E FEo] Ut} olRAL AE
677F 2& R 8= 2§ 37 FAEo] ¥A
¥ Adlo|r}, 4240]2%E 5 8AE 4. 0 HT
168 229 A& F& o XY, Fhol2EE
5.8 M 2E 37t &AEo] YHHUSE ¢ F 3
At

Chromium {ng)
00

Wl oHs0 SSpHsa

Cr(lny

100+

Cr(vi}

— B ‘
1 14 18 22 28 30
Collection time {min)

4
o

Fig. 3. Identification of Cr(H[) by furnace-AAS after
reversed phase HPLC with fractional collector

Chromium (ng}
00 Crivi)

WoHao (Wpnss

Cr{n)

100

2 8 10 “ 8 22 26 30
Collection time (min)

Fig. 4. Identification of Cr(VI) by furnace-AAS after
reversed phase HPL.C with fractional collector
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2. o2 IdsYMaz=otEd=fLE o83t
aE L 6712 SAHE

1) 28 3712 EDTA2| &Mt vie

2% 37t §9 20w Cr/m)3 FF5ol FHFe
EDTAE %z 71¥ EF84E YL7ldA 50C=
1AHERt 20 g & X8 A3, EDTAY 37
o] &8 oA obFd Mol vElA] YR
g 2E F ERSe M HzMon A
Hom Zizhe] £8 98 200mme]A 700me] F
FoEee de §5 2¥9EHo 19 59 13
63} zro] Jehgr),

Absorbance

200 300 400 500 800 700
Wavalength (nm}

Fig. 5. UV-Vis spectrum of EDTA

Absorbance

200 300 400 500 800 700
Wavelength (nm)

Fig. 6. UV-Vis spectrum of Cr{ [ )-EDTA

EDTA +894& 247 ¥ 4& 19 59 44
EPE B9 230mm 320N FF=rt A4 JdEpd
3, 2§ 3719} EDTA 3Eel 2¥EH]] a9 60
M 542met 394melM FL EREE Bon
542me] FHEr} 394mEct A veht Hd9 F
AL 542mz 7= ot

2E 3719 EDTAS] #FE3AA) geA|k pH

o] Wigle] W A 5429} 394mmol Ao 2&%
Age] W37t 29 739 o] Vet

2% 78 AWEY $£4e)2%%7} 52 Hkg E§
XY EFRATIE A 2 AL HAFY
om 3§ 37kek EDTARE BAA] 322t o}
2 EEBA s 9gE B 82 Xzto] 247k
M 7t w8 ERFRATE 933 gt ade
2 ZE3} whge] HAe 2U L pH 52 8l e
AIZE 22t 2 RA B Ao] HAe o
B AT, 93 542mme} 394mel Mol BEFFAIS
E vaetd o 39dmEt 34 542mel A o] F
BEb A 28l JAE AR A JeEldod
3E 37tk EDTA aEnkgel 282 3b4 542m
£ Ag3he Ao] wigha st}

¥ 82 AE 37tk EDTAY =) (w/w) ol
OE EEF3ATe HEE B 542molA BAQ
g 3] 10914 307t e B8 BEBASFE U
el 8] 50004 H39 EFLAS4E Hol}
7v Fa] 2000 92t dasle ARE HASE
ot aEEE F3H] 500148 AE 37tk EDTA
FEYLE AT HH w219 Aew wuyg
pel=g

2) ol2u# IYdsUNI=olEJHT|E O|BF
SE ™ o &l

28 9% &89 (7.0mM Na,COy/0.5mM
NaOH) el 3§ 379} EDTAS 2E# 67} 28$
2 A8 A9 EF2YERE BReFa gl
a4 9% AvEE A HEVE 0|47 TR
ANE 240me] HFE Adeste Ao] iz sio),

AR H271E 0] 8% olend dHIABrIED

Molar absorptivit
400 - orptivity
S
200 /

=~ Ghr
=t
= 2he
=&~ 19hr

642 nm

pH
Fig.7. Effects of pH and incubation period on chela-
tion of Cr( [l ) with EDTA
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Molar absorptivit
00 1 P Y

180+

100 . - L . d

20 a0 50 100 200
EDTA/Cr(it) (w/w}

Fig. 8. Effect of weight ratio(EDTA/Cr(Tf }) on chela-

tion Cr([f ) with EDTA

Absorbance

Criviy

Crlm-EDTA_

200 250 300 350 400
Wavelength (nm)

UV spectrum of Cr([f )-EDTA and Cr(VI) in
7.0mM Na,CO,/0.5mM NaOH solution

Fig. 9.

oo FAoA db 4YAAE EUR B=E
Bt Az, HAe] olgud YA IzrlE
o B4 27 fol2nf A (SHODEX ICI-
5244, 4.6mmx10cm) & AHE-3FR 7.0mM Nay,CO4
# 0.5mM NaOH9 &2]9& f% 0.5#/min2
2 27 o) ol EMxHE ol
o] 42 AZnkEIYC]l I¥ 103 Zo] HAY
£2E Jehlisdeh %3, HEUE A= 3HE7)
Z ol gt BAME A, Axe Fgou 38 o
A(peak) 7t Weht ZE 939 A& wdE o
717} o2 Yt

AE 37t ZE 67ke) AFHME m39 €A
(peak area)Ul ZE FFEEYe FLF EAlEY
2% 113 23 129 2] Jehidnh. 5] A
A4 (linearity) & 29, ZE 37}, 67ke] A
25 A AMol 7l 1T (graph) E EAF
o Tk

age] Folg A7) Askd H271E EHe

1301

Response

Ce(V1)
Cr(i}-EDTA
EDTA
[} 5 10 15

Retention time (min)

Fig. 10. Chromatogram of Cr(H[)-EDTA, Cr(VI), and
EDTA by ion exchaange HPLC

Area (x1000)
20

60 /

7

o L i L L i " : 1 ) :
Q 2 4 6 8 10 12 14 16 18 20

Concentration ot Cr(lll}-EDTA {ug/mi}

Fig. 11. Calibration curve of Cr([)-EDTA by ion
exchange HIPC with UV detector

Area(x1000)
60

/

/’

. L 2 L

0 L : : s L "
¢ 2 4 [ 8 10 12 14 B 18 20
Concentration of Cr{vi) (ug/mi)

Fig. 12. Calibration curve of Cr(V]) by ion exchange HPLC
with UV detector

ABE FFHVE )8 AZMEE AF e vBEE ¢
AFARTAR ENF F a7 139 o] YElg
on ol2u@ ATvlEIgFAM B FE A7}
(retention time)¥ ZE ARl FZ=r) &
A vert 2§ 37 FET 2E 6719 e 8
st ot

A A A FotelA UntE ez AR e
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Chromium (ng)
200

Crivi)

Cr{lin-EDTA

100+

[ S ST W T i B
T +
0.5 2 35 s a5 8 9.5

Collection time (min}
Fig. 13. ldentification of Cr(II}-EDTA and Cr(VI) by
furnace-AAS after ion exchange HPLC with
fractional colletor

s-diphenylcarbazid % (NIOSH method 7600)
3 AEEAZ7IE ol8dq oleA=RvEIYNE
23 A& (NIOSH method 7604) & 67132
BAste wbioln ofn] ARE ATl =
2% 7k 6718 A AFIAN AsA, (£)-
trans-1, 2-diaminecyclohexane-N,N,N’, N'-
tetraacetic acid$t ZE 67F HEFAY, 2-
(2-thienylazo) -5-diethylaminophenol®# A% 3
e ZEged 94 JAIzEIHY
(reversed phase liquid chromatography) & ¥
Mg s tH(Shaopus, 1992; Valled, 1992).
ol g ATEL thR-Fo) B FAL AAM=
sl A AZolEIHNR BHE @ Ao AF
37t} 28 67tel BAIH FolA AEsPYol &
e & F Utk

a2y ol BAYES B} whgAge T
o} BEAubgo] BAE AL Hol MAANE
ofell A Hgslrldl BAAHe] Uck & AFlA
B rgd 2 S AAE] st dubAel Al
ckel EDTAS NaDDTCE ZHE3]l Alfez A%
o A8 A3 EDTAE FHE3} g A=
AHgshE Aol e EMYERT T §44
7te] we}, Alg ¥R F WE AZe] £40] o
2ojzjol she AP AARokIN ZE 7tet 6718
FA o Bgstrlo] e Aeg AU

V. =

3% 3718 EDTAS ZE¥de E98& pH

52 &t 241 B¢t 50Tl FeA)FE Aol 7}
% Fsron EDTAS Hr/M¥e EDTAS 2% 37}
9] Fgu|2 50(w/w)olAeE e o] HAH9
wke-zAC 2 Yehgrl

olemd AMAZmEHYY EAxAL A
A A7) e 240mz stn fElde] zAe
7.0mM Na,COs9+ 0.5mM NaOH2] E§8<o
2 d] BEe gol2 u¥ HYE o|&dte A
o] 714 Ao, olF ¥Mxher AF 3
7tst 67+ EREAS YL Bl BT U
B2 Ay v EE 9AFBEAR IS
st =3 FAFFE A3t NaDDTCE Z#|
olEZ}sle} A4 JAAZrlETYS R FAete W
e FHHoz Yy 23 EDTAE AH8% iy
o] EAAZte] man 7HHEy I o wd
st

2E 37t} 67be) feiveEl H8U1ES AWRdY
0. 5mg/me3} 0, 05mg/meo] ™ ol AWHAR] EXF7V]
2 (. 4mg nEH EPAEFH] 200w 20w
ou|ais ol L APAHNM AAGE ZE 3
7vek 67ke] HEA gkl o] AJYB/AZA A
ZEM At olgy A A&V AEH
A olsld sFste Fnlge] 2F 7tst 6v1E ¥
Mg me 2 A7 AMAIF Ay ofsio
oleny dAAzriEgHE Feldln Fuid A
2(3% 371 67h & 47 2HV2 dTse ¥E
T AAEFFEAR £ 5 g,

B Apoa AAIG BAHL AEste] dMes
Aol glo] tha FEAAte] Ake Tl Utk &
ozo AFE gl whgAGE Hrtsied AH
FAo] sheg AW gl AL JHA ol &
Aoz yzEv ol2ud YA ARt T 9
e 7Hadg Bl gl AR o] o] FoiA
T2 slojol & Rog AlgErh

AnEE

Ao

BGE =FARIAS] A7 R,
X, 1989;1:69

B FEEAe FeEE BRI A91-21F,
=FY, 1991,
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tARAHY
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