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£ A5 5L potassium pyrosulfated AH4% $-5 28 Bt Al=etE 7 &A] Se(NV),
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Abstract : Analytical method for the determination of trace germanium in inorganic
matrices by differential pulse polarography(DPP) was studied. The reduction peak of ger-
manium(IV) in perchloric acid solution containing 1, 2, 3-trihydroxy benzene appeared at
—0.45V(vs. Ag/AgCl) and the peak current for germanium complex varied linearly with
concentration variation. Factors affecting sensitivity and precision for germanium gquantifi-
cation were studied and detection limit under the investigated parameters was lng/ml. In-
organic samples were decomposed by fusion with potassium pyrosulfate. Serious
interferences of Se(IV), Pb{ 1), As(Il) for the determination of germanium were discussed.
Interferences of these elements could be avoided by extraction of germanium from
decomposed matrices by CCl in 10M HCI] solution. The germanium contents of inorganic
samples(Pb bf. dust, Cu bf. dust, gneiss, Cu anode slime) were determined by the above
method.

Key words : Germanium, DPP, Trace analysis, Inorganic samples

253



254

LME

A8 e IujF Aoy $MHe2E phen-
ylfluorone ¥ ortho hydroxycarbonyl ring B4 1§
& ol 4T M ARA o] dA et T, BAlx|ult
Alokg wEelok 3he AR u|EHER A FFE
Aol W7} Adsla, A& GA o nhxje} &
e g ¥ olel AEE W97t 10ng / mio A
60ng /mLZ Fo} FAoll o8 F2 Yo} =g ¢
AETEGFER ] 2% AZolge] w7t Py
o] =g, A 2oty 4ol A matrix o
go) vl zw Ay Ao] Fx gir). ¥ltel FaEtE
Aol o]¥ gas chromatography’®} inductively
coupled plasma emission®’, 4z} ubA}shet R4
ol &8A Ao sl G BAdel Aajzie]l A
gle] A7t v o, HgAke H3Hg 5 o9 71A o
Hol qlroh

AlZrtEe] 713ty Equbd2 DC % AC pol-
arographyel 2|3 #4134 oscillopolarographyell 2] &t
FAe] gl v} gl 7tes) o 22 golr)
¥ dae] 8944 DPPo 2% Al Erky FAAF
7} EE g, o] whEE AZetg 100ppb o]4k2)
¥ 5 Ao A gsich”

4, A 2obgae} HEPAE o] 43 A2ty A
jo] wEHT A, 2 FolA gallic acid
pyrocatecho}w. 3,4dihydroxybenzaldehyde", pyro-
gallol tannic acid'& 03 who) chEAlolny, 3,4
-dihydroxybenzaldehyde& o]-2% 7 -$-ofl &= 7] &3HA|
7} lppb2 HEHYI thE A-$+ ZE AEWA7)
50ppb oliellct. =& Heof BE ¢ AA A8
o} g8ol FFHeo Aaepyql Rt g2 A3}
¥ 8.3},

£ dFd M= DPPY-& o] 83l of2) 7] & A
B Fo Hu|goR sk A 2okrd e Yy
£ Msiat Al edtdot o8] 21X "3 9 pH
3o W Al 2ubge] 3} HaE 2Abslg A, of#
g Al2ebge PaE AT o|4¥ 7 e WwiE
723519 ct. Pyrogallol &x)3}el]l HCIOs 8§ of 4
Ge(IV)ol A7 #9LE HE3lY .o, 53 HCIO:
% pyrogallol®] FE7} X6l vl J¥E 248]
Ak =3 AA REriAge] a9 matrices®
K Al2etge FelE A ow, bzl why

AEA- 2 F

% A%

2z Fef AR2YH A2vkEe daEd 73k
th #1e] #YR FMA A o o2 FI1E A8 F
of 231 AlfvhEe & At an, Zzte ¥
A bl 3 A G EF =3t

2. AEYy

2.1. §3717| @ BH

£ dFoA] A}43% polarographyy= PAR(EG &
G Princeton Applied Research, Inc.) Model 384 Pol-
arographic Analyzer?} 2rgx3522 PAR Model
RE-0082 Static Mercury Drop Electrode(SMDE) %
oo, Z2g}t2 1392 7| §& PAR Model RE-0082 Dig-
ital Plotter& o]4-8l4 dsich. o] A 7EAH
22 Ag/AgCl A3(KC]l £31)-& A43l T =4
S22 Pt wireE A8-3tgc}. pH £3H-& 948 Orion
Research Model 701 A digital ionalyzer& o]-83}%
I EE ZH L 20+1TAA o) FoiHt £ Fof AL
A5 AAs7 A8 A8 st 99.999%9) 1
FE7NAF o] 8819129 zinc amalgam$ E 3=
4 vanadate 42 E3A]A cell 2 F]1A|F T}
F&49e U5, 20, 25, 50 Eppendorf Microp-
ipettes(Sharf Co EL-5103)& AH&-3lich & A gol
A frel4718 6M HNOsdl| 3HF o4 7} T4t
7} A A sked AL gshedch.

A AYAF A AHE3E AL B F] AFH A &
= ¢ EF 444 Aoelxich AHEE E& mixed
bed ion-exchange column3} 0.2.an membrane filter
% charcoal columng 7Zt% =o]24(Nano Pure
Water System, Milliport Co.
MILLI-RO 4, A% : 15MOcm o14H) o} -8-2 A
W FFE X2kg 28 pin —T""é% A AEFeld 5
HA1A T A7 AES AAY F, HB
A kel 2M AR 92 F #2-8 &9 53 o4
A AT F Aol AH-E BELAEL ¢ 99

9% o}AH GeO: : electronic grade 99.999%, SeO: :
Baker’s analytical reagent 99.9% $£)2 Alekg
NaOH g-ofei =l F, JAHe 2183t pH 322 =
A3 F "3 T2 F3 ALY Pyrogallol—
7] A3HE 92137 S8 HAREk] A A cell gtel]

of AH4-5hct.

Purification
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2.2. A|BEAN

B AFel A B4 A4 Fr1EAEQ] Hulgke A
del AA G 3 B A9 FA L ool
A} 8-3t¢ic), Cu anode slime-& copper A 7| £ &
ol 47l AAFAHEClS, Pb bf. dust2} Cu bf.
dust: Pb R Cu 34 A%l 4] blast furnaceoll A 4 7]
€ HAbER, Az F PEAEE wEe] AHgEgl

F2A8 oF 004~010g& AY3) A g o)
21213 A9 A crucible Well @ 37 K2S8:07 2 2g
£ o] He F KoS0r o 1g8 718 o} S 298
Q) o] E3EL propane gasE 4183 bunsen
burneroll A 7FAA| A (2 5% A8) A3 LgA)7
o} 449 AEE A A4 F 4] B3 HCIZ
o] Jajizatd] Fo7ich

2.3. BojEFHol opt #al U &3

Bag A28 HCIY FE7) 10Mo] 5|58 =
Asle] B gufr)el Y& F CCL 0mlE o o 2
7 EE ok F Ao] 243 FelEY F49F
2 ®2]1 CCL $& i ¥ ZAurid £ F <f
20mi2] 0.IM HCl2 A} sistide) A2ty g o3
23} $2(99 )& 5mL¥HFebimd W
F F2714) £3 DPP¥ o g A=)

HE 274 25m! F 10miE A Ys) o] =}
215 cell Yol ¥-& ¥ pyrogallol ¢F 0.13g3} mag-
netic bar& A4 W} ode] 2 X (Thble 1)E
HA7) F 42E AAsE) s8] of 48 59 A4 pur-
ging & 2171t} 8)9) 7l S5 w2 AR} &
Zg9e dAdzk Hristed Qo AFZNYE AR F
o Al Zvhrg A=k

Tuble 1. Operating conditions for DPP

Parameter Condition
Purging time 240s.
Solution stirring rate 700rpm
Potential scan rate 2mV /s.
Potential scan direction | Cathodic
Pulse height 50mV
Drop time ldrop/ sec
Initial potential —0.25V(vs. Ag/ AgCl)
.Final potential ~0.70V(vs. Ag/ AgCl)
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3.1. Z|20Hx 2| polarogram

Al2obge] A2t g e s L H T
A2 B x7o] ¥YH ol ¥ A% Ay o] gfon,
A 7158t Aol Ge(V) B4 9] 2F o] 481
el glch. Ge(V) #H9 T =28 Ge() B9 o=z 8
ot =7t F2 o] 45171 Hals £ AYolE Ge
(V) 9 928 A 2cobg Pkl o1 8317 918 =
Abstd o).

%, pyrogallol E | 8}o]l 4+ §f el A A2ty
Y H=z A%l —045V(vs. Ag/ AgCl) 2 vhebAd ol
Q3 1A = ¥ W2 E AL 5 Uk

3.2, 4 B2 A YE

AL ¥ Wdle 2t Ge(lV) 93 AFe Hste
Fig. 1o} A 8}gic}. o 7)ol Al 2u}E3 pyrogallol2]
T2 W g8 HPEE dASNA QA H AYA
I AH A7) A& HCI0) 8 F57 AAS-E vz Ay
< e R ol Flc)h ¥, Mz AF WA= A ¥
= 107'M7H A4 Z71E YT 1 o] Ae] A
FEoAe g

AN AR A FEE 5ot FE B oMY
2} A8 E Hslrld f FEF ddigoy
107"M A 2M Atole] =7t A PP ¢ 5 Ul T,
IM A =& Hy g2 A9

80
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Fig. 1. Ge(IV) current changes as function of HCIO

concentration.

Ge(IV) : 50ppb, pyrogallol : 0.1M, scan rate ;

2mV /s., pulse height . 50mV, drop time ; 1

sec.
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3.3. Pyrogallol 52| 98 HE

Ge(IV)2] kg oa) 2strero 2 A-43 pyro-
gallol®] A F =& o7] ¢l pyrogallol® ¥ =&
HEAFIHA Ge(V) o=z AF W3LE 28ty on
22 At Fig. 20 =A18}sdth o] w) IM HCIO:E =)
XA A Z ALg3}H A A BEovky FEE S0ppbsd 0.5
& g A 24 A g

Ay A 3} pyrogallol®] FX7} 5718 ol me} 5=z
AF W3l e Z£7}3190.20 pyrogallol 35X 10 “M ]
e e Me HF Wl gl debd B A3
AN E 0.IM] F=E dale] Al 2nty Ao o] ¢
slich.
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o
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Cone. of pyrogallol{x16® :{)
Fig. 2. Peak current of Ge(IV) pyrogallol complex as
function of pyrogallol concentration.
1M HCIO: 10ml, Ge(IV) conc. :
50ppb, scan rate . 2mV/sec, pulse height
50mV, drop time ; 1 sec.

Electrolyte :

3.4. Al2o0HE(IV)S DPP &M 9 A&

Al2ebE(N) o] 5= 3ppm7hx19) -8 21448
gk B F7)AIR Foll &A= Al ZvkFe] e
B F e ARE F2 Fhd olBI 7] YL e
HAE A8, o] W AFAlE Fig. 3o viehy
Aok 2 A A o 5 slE wle} o] A2elEE We
FREAANMT AdAe] al- FLE & F Yrh o]
2] 2] 44]-& y=1.012x 10°x+0.0260] 4 c}.

Alara®} Vittoris= 3 7] 33t A HEAE a7}
Z2AY 7 oS AE E(width)& 2t uledado) of
3 glo] Y M3 HFE e FE2 Fosiget”

Current (x10° nA)
= = o
Q w o

o
o
A

003 05 1 15 2 25 a
Conc. of Ge(IV) (ppm)
Fig. 3. Calibration curve of germanium(IV) by dif-

ferential pulse polarography.
Supporting electrolyte : 1M HCIO++0.2M
pyrogallol, scan rate : 2mV /s, pulse height !

50mV, drop time : 1 sec.

B AYEAAA $12) el o8 73 FEPA=
o}k 1ppbitt.

3.5. BB g8 U 22

A8 Foll FE2E = v YA2E(lead( 1), copper
(II), cadmium( 1l ), arsenic( I ), antimony( 1}, sel-
enium( V), tellurium(IV), zinc( 1) 5)2} A =vlF
Mk NEt gk zAMEIACh ol & 4 F A=
o Hzst At A Weste ¥e Pb
(1), Se(lV), As(M)e] ™, Mo(IV; & s} &3}~
o A Zelg Mg gL FA gGerholE Y
4ol ¥z A= As/AgCl 71 F Aol B8 Po(1)
= —0.40 volt, Se(IV)-& —0.46 volt, As( )& —0.50
volt, Mo(IV)& —0.34 volt ).

Tuble 20 Al BobE(NV) 2} %7} 50ppbd W Ge
Fx0) 20u0Ql 1ppme] & 4B AlZrtE A
o Qe F ARE AR 274-E e

o] 714 oke) Abdl &35 el gHE2 ¥ e AA
of ol ¥ =z AFRT} A A=A HE
o) m, &9 At} Al wiekalo] s H=a HF
ghol =HA Al ks ol 7] W Folct Tuble 22 %€ Cu
(1), Te(IV), Zn( 1), Sb(Il), Fe( 1)+ Al Z=}59
Hefel & FA| ¢gE o4 T sk

Analytical Science & Technology




Differential Pulse Polarographyell 2]& %718 A& % Germanium®] v|gF E-A o @3 |7 9257

Tuble 2. Interferences of Pb, Se, As, Mo, Zn, Fe, Cu, Te and Sb for Ge determination in 1M HCIO+ containing

1M pyrogallol.

, Interfering Relative
Ge(IV) (ppb) elements (1ppm) Current(nA) error(%)
50 - 50 x 10 0
Pb(I) 32.0 x 10' +540
Se(lV) 235 x 10! -+370
As(Il) 4.1 x 10 —18
Mo( VW) 4.7 x 10" —6
Zn( 1) 4.9 x 10 -2
Fe(ll) 49 x 10° —2
Cu(Il) 50 x 10' 0
Te(IV) 50 x 10 0
Sb( 1) 50 x 10" 0

3.6. Matrices2 5LE{ Eoj&RHoll oj#t A 20HE2)
2a

FEHEUYAETN 33% 5 e AES Y5 o4
A @8 AlefE(d) & 8-hydroxy quinoline, dithizone,
dithio cabamate 5)2 A 2vlE& 44 3% F52¥¢ 5
e ol AEE PYAIA ol iAol §4-87]
oj&jtt" Zejr} germanium halides= Al 2olF-& 3
%317] 8l Wol o] &5 3 gl.2v, 53] germanium
tetrachlorided] 9% 34 A E 358
o] £ Aoz delA U} Siekierski®l Oszers o
2 S =E uFA v AHEste] dale 2 RE
germanium tetrachloride 2.9} F3of ot el 44
g zAbelo] w@aldond”, o o yhg AR o2 ¥
A7 & Sl FA F7) 8l Abed ety
o 5= gt} weba B A¥d e Addtetag A
2obES Felake HE 2208 A8k

WA jAle] Fie mEyE CCUEFE GeClel F
205 2 A3 8M o] 4] 4o 2 HE AlEs}
F2] F2r0] M9 100% o) FAA L 9le] o} & t}A| &
2 A Fipsle] g o] 4 = UEHE o Uk
B A A E 10M HCl 49 & o] 4312w, of of
A ZrkE 10 CCLRA] 13] 38l A2 38
2 a2 Fapale] I 35§ vl wslod Tuble 3o e}
ok o go dF= 1M HCIOs 10mLE HF £
& A ule] g gholn, Nol& g9 Z22 Askx
Astell A AlZvhE s 534 glo) AAH AR
golth e Azl F&L 1322 U5 WY

ot o
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l—— 104 HC1 30ml + Ge{IV)(1ag) I

1
1
I

reaxtraction
by 10al CCI,

back extraction
by 10ml HeO

2. b2

Tuble 3. Recovery test of Ge(IV) by the extraction
method.

No. Current(NA) | Recovery (%)
1 1.057 x 10° 100.0
2 1.044 x 107 98.9
3 0.1x10° 0.1
4 02x10° 0.2
SUM(2+3+4) 1.047 x 10° 9.2

srgd BYE 4 7 vk T, A9 Y4
CCls &9l 2o 93 Fe|Adsgha vl§- ztoly
(<, tin(IV) : 107°, antimony( 1) : 107*, antimony
(V) : 107", selenium(IV) : 2x107*, tellerium(IV) ;
5x10°°, boron : 2x107°, mercury(1l) : 2x107° &

Aol 3237 geer” 2y As(DE oF 10% o]
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o] Hag Holk As(ll)o] BE X&) A$ A}
A8kt 2e 10M Al o2 Mo T Gel B
2E A A P20} 7k, v EAs e
As( 1) (50ppb ©13})+ & DPP 2 A Ge 7] ol
38 & A ¢eth ub2br] carbon tetrachloridei
g A svtE F5UL v Ao s5gel F
Lo g oA Rl #H48t7e Aot

3.7. Al2e| B3

F71 AR EagE A8 Az AR ale)
A=l 71 dubges odsid sle WL
nitric acid-+phosphoric acid+hydrofluoric acid9)
EARE o] 43 upio|ct. o] W2 A Fsiupie
2 A grony AAzte] Aysichs dAe] sk
=&} fusionol] 23 PR Fajupie] aelA glos 2
% godium hydroxide2 A|&E& £-§41% F hydro-
gen sulfide2 YA A Fapdol o8 F&ste Y
o] X% u} glon o] up-& 2l Aj7to] Amilr}
= AL AANIE G o ARE Aol e
2FA o] glc}. &} sodium carbonate® T E7}] e
A g5A71E el Rad vl gon o Wi
A 538 A7e] @1 37tE FHe] g3t HEx
shel 7 YA 44F T3k AlRe ol
¥ 5 glehs de] ok

B Alglel| A% potassium pyrosulfate(K:S:07)&
ol g8l A =riel A SFAH 2N ABE &

Table 4. Ge contents in copper anode slime.

A EHE 2 gdglon, o] W& Bl A3te] ui-9- &
e Y(F 5 SEY AAE IR 2 3R] ¢o
W gdol Frhe Hol FAo|) = B4 z4Eo)
DAE B ol §o]8lr] wFell AlB 2] & oF 0.05~
0.1ge] A%S H3lMx £ AAE 9& 59Uk

Tuble 4= A| & Cu anode slime 2F 0.1g7} 0.05g-2 3
ste] BAgt Aalg vlwd ghelw, 0058 AT AY
o] BAMZ 01g& At A A3k 2pe)rt }le
& ¢ F I, AR & 005g2 8 A2 g A3}
A5 F& AAE AL 5 UGS & 7 stk o] w9
polarogram-- Fig. 4l vehl St

w3 Y A& AlZnbFE 1.5, 3.5, 4582 22 7}
8oy KoS:07 -4 228 Yot $olFE o2 Fejst
o 35-gE ZARY ANE Thble 5 &4 ¥kt

o] wejoll oj%t 4L v FL& TS HolH 4
o] e At 24 hH R A e FAR
o] B3| 48 Hol3 glct

B B A3 271E AEe Cu =& Pbr
FAEo g 7lel T4 YL Eo] ok 28] g}
w2t 718 A BREE o] 2RYFR ¢ 23 A=
g Bele wghgekel V) Sl7) wldel -89
oj2]$] CCh 4ol F&ol o7t Rele] H3ge
o 4 gldch wWabA] KaS:0700 238 4§03 A8
E gul3ad o ASvkEg #2l3le HCIO:
1Me] =4 233l DPPE A 23leich

2718 AR Fo] AZ2rky #40 A A 4w

No. Sample weight(g) Ge found (g) Ge contents{.g/g)
1 (.0463 248 53.5
2 0.0534 2.75 515
3 0.0445 2.26 51.5
4 0.0550 2.75 50.0
5 0.0542 2.75 50.7
6 0.1130 5.90 52.2
7 0.1044 5.40 51.7
Mean+8.D. - - 51.6+1.0
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1.5F

{x 102 7A)

Current

-

) 1 1
e"v F

-3.3 -5.8

Potential (Vvs. Ag/AgCl)

Fig. 4. Differential pulse polarogram of sample(cop-
per anode slime ; 0.5g) in 1M HCIO«+0.2M pyrogal-
lol solution.

Scan rate : 2mV/sec, pulse height

drop time : 1 sec.

; 50mV,

£ A7 0E o2, e Azt Bt £40] 7bs
g 2o} & A5 AW e EAo))

A2oky FAd Adg X 8& copper slime, Pb.
bf. dust, Cu. bf. dust, Hvig} Solw, Al& Al A

A o ulsled Fig. 50 8.ostdch

' Inorganic saple I

Feight 0.04-0,1g of sanple into poroelain crucible

Add ahout 3¢ of KeSiOr

Heat on burmer to 400-500C

Cool crucible slosly

Dissolve with 10M HCI 30si

Tash the contents Into & separating funnel with JOM KL

I Separating fuvwl I

Add (1, 20ul
Shaka vigorously for Zain

‘ i layer I

“Add HO 20ul
Sheke vigorously for Zmins

l [+ 1% lwl l lcurhwrl

Add @1 ICIO: to sk voluse
5. 0ul

Eo& solution (25.0al) ‘

Pipett 10,0al into cell
Add pyrogallol 0.13¢
Deacrate with K for Sains

e

Fig. 5. Flow diagram for the determination of germa.-
nium in inorganic matrices.

s} o] o 8tod Fig. 50l gokstsdch

3.8. & BAwY o Mg 9 UL} ofa] AR
<

£ A7 E A8 FAFg 9 24 dAE g
sted FA 3 F ANEEAANE vlagte gy Hue
& AR AlZrky ZE4YS YR ARE B
A3 A 9 AlRRe] AR YR E 24}
sl ot

At o2 AYAUzte] FFEATFNA 2= BN}

Tuble 5. Effects of sample decomposition by fusion method on the recoveries to germanium

Ge Ge theor*. Ge found Recpveru
Sampl ight
mple weight (g) added, pg (rg/8) (eg/g) (%)
Cu Anode Slime 0.0445 - - 51.6 -
Cu Anode Slime 0.0401 15 89.0 90.0 101
Cu Anode Slime 0.0403 3.0 126.0 124.1 98
Cu Anode Slime 0.0412 4.0 160.9 159.7 99

* Calculated from {added weight of Ge(xg) /sample weight(g)+51.6{.g/g)}

Vol. 8, No. 3, 1996
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Tuble 6. Analytical data of germanium in some inorganic samples.

Analytical results of Ge
Sample
mean 8. D.
Ge contents, (ppm) ppm ppm
Pb. bf. Dust 11.0
Cu. bf. Dust 6.5
Gneiss 8.0
Cu. Anode Slime 53.5, 5L.5, 51.5, 50.0, 50.7, 51.6 1.0
52.2, 51.7
of NE AL =& ohg 23} o] FA " )2} $40] 7Psslgh.
A2} Sy= whhe) o8 F7]a AlE(4] . Copper
CV(%)=2""""" Anode Slime, Pb. Bf. Dust, Cu. Bf. Dust, #u}e})e]

el Ge IS A slglen, o Ad BF HBE
o7]4 Ce 109 AF2 FAIE FEJW(HEE EF 7 58S ¢ 4+ Usch
2 1ppm=10"), CVE AN EE R epdich.
B AYAA ALSg F71EX RS A Al2ekE 5
=7} 05~60ppm WHE 7IA 82 AP AdZke) A E
FH A 4.3~12.0%9 W7} =lojo) g} W, £ 1. X. Guanghui and L. Lingyung, “Encyclopedia of

#n2H

Ay o] A (Tuble 49} 6) A o 5 gl wle} o) Analytical Science,” Vol. 4, p.1935, A. Townshend,
HI1E ARl £589-8 Hr)sld B A 55 Ed., Academic press, London, UK, 1995.

Habe LOwg/gols, A X292l 1.8%4 ). afet 2. K. Kult, Analyticka Chemie, a review(1986).

.o 3. 8. Hanxi, W. Zhenging and X. Guanghui, The Ana-
A & Tl BAR AT Ao el AR
1 Tl $49 2 el el A # lyst, 112, 887-883(1987).

2 s g 2]
SoAbnch N A AN LG BolL A ARE |\ pihua, Yangkuangeeshi, 10, 221-225(1991).
P hy A P
RAYE BF $73E & 5 3k 5. R. K. Skogerboe and A. P. Bezmak, Anal. Chim.
Table 62 F-718 A& 47}7] o] 3= o] gl Al Acta., 109, 253(1979).

o}y §efe] Axjo)}, 6. M. Thompson and B. Pahlavanpour, Anal. Chim.
Acta., 109, 251(1979) /
7. H. W. Nirnberg, Anal. Chim. Acta., 164, 121

4.6 &
(1984).
8. C. M. G. van den Berg, Anal. Chim. Acta., 250,”
E QATE F71E AR Fo n)gk A o)k 2837 265-276(1991).
Alzvhre] kg Al4stn A¥shd] Bk wge 9. N. S. Odobesku and L. S. Kopansaya, Ser. Biod.
7Nek8l7] ¢1 34 differential pulse polarography®j-g- = Khim. Nauk., 5, 63-67(1980).

23lch. 2 As 21" AsA 0.1M pyrogallol+1M 10. H. P. Tuan and Y. Y. Wang, Fen Hsi Hsueh, 6(6),”
HCIO®) 4% Ge(IV)& 0.45volt(vs. Ag/AgCl) ol A] 486(1978).

11. A. M. S. Alam, O. Vittori and M. Porthault,
3§ Xol|m, HEE= Ge(lV)9 5o &
BY H2E Lojd, W= Ge(IV)#} gl 4 Anal. Chim. Acta., 102, 113(1978).

3] mAstant. 12. N. S. Odobeska, L. S. Kopanskapa, Ser. Biol.
Bz #HfFed iyt A QARbe] F3¢E =Abslg L Khim, Nauk., 5, 63(1980).
H, YE ZA AN Ge(V) ¥+ lppb7ha] = 13. J. C. McCrory and J. M. Rosamilia, Anal. Chim,

Analytical Science & Technology



Differential Pulse Polarographyell 213t ¥718 A& % Germanium®] v|zf ¥4 o Hg A7 %1

Acta., 142, 231(1982). manium”, D. Slutzkn, Ed., John Wiley and Sons,
14. Y. J. Yun, D. Jeong and M. O. Namgung, J. Kor. New York, USA, 1974.
Soc. Anal. Sci., 8(2), 171(1985). 16. W. Horwitz, Anal. Chem., 54, 67A(1982).

15. V. A. Nazarenko, “Analytical Chemistry of Ger-

Vol. 9, No. 3, 1956





