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aazuananiulllumandesidudazaida  msdnuilidumsvmlSnafiuiueuves

= @ A =Y < . .
aynan) Tavededs Ina TsnaWWAIumAaTia Differential Pulse Voltammetry (DP Mode)
14 14

Tasimelunfe saturated calomel electrode nazdualsane dropping mercury
t i { ) L4 a

electrode 01U Supporting clectrolyte ~ NHAYNADNLUATIEH 1IN IRTIZHE

a = gl:/l a < = =
awsanfSnadynan lanalasass GseimmlSinadynan Tugilues  Stannous
1
ion ; Sn2+) wazlaeden (GimseuSusdynan lugUves Stannic ion ; Snd+dail
Sn2+t+ NHat----> Sn#H)#1 polarographic half wave potential AU -470 1AL -520 mV

A1Ua1AY 1aslan Limit of detection ¥9IM IV laoasaviny 1.9445 lulasnsu uazla

9 v Qs a A L= Y o = ar 1 o~ s
OUINY 1.3018 llllIﬂiﬂill L?JE]W‘NTD,HNmla’Junﬂl‘lﬁU‘ULﬂU‘UﬂUW‘]J’J"Iﬂ"Ii’JLﬂTIzﬁﬁ"I
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Determination of Tin(II) in Radiopharmaceutical Kits
by Polarographic Method

Angkanan Aungurarat Twesak Thuntawewadthananon
Isotope Production Division.Office of Atomic Energy for Peace.
Tel.5795230 Fax.5613013
E-mail.angkanan@center.oaep.go.th

ABSTRACT

Radiopharmaceutical kit is a diagnostic compound which contains Stannous
(I1) as a reducing agent. The quantity of Stannous (II) is depended on the type of kits.
So the quantity of Stannous (II) is determined by polarographic method with
Differential Pulse Voltammetry (DP Mode) in which a saturated calomel electrode is
used as anode and a dropping mercury eletrodec is used as cathode. Both of electrodes
are immerged in the premixed solution of supporting electrolyte and analytical
Stannous (II). The Stannous (II) is determined by direct method which Stannous (II)
is analyzed in the form of Stannous;Sn2™ itself, and indirect method Stannous (II) is
analyzed in the form of Stannic; Sn#t.(Sn2t + NHet----> Sn4*). Both methods are
done at polarographic half wave potential -470 and -520 mV respectively.The Limit of
Detection (LOD) of the direct method is 1.9445 pg and indirect method is 1.3018 pg.
The result recieved from indirect method is much more accurate than the direct method

(Sn2%). The accuracy of the direct method is about 97.5-102.5 Yorecovery.
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A3

L | =

s 4 3 = L é 4 S 1

wasnulninauiedudtiulinayiia 19u MDP, MAA, DTPA Hludu Fensmearilvelidau
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Analysis

ngufueddumlsnswl : M+ — M
Reduction
MIANTZHA035 Inan 155 ifl emnsotbundinged ;
1. Inorganic compounds R Al, Mo, Ni, Sn Li‘luﬁ’u
2. Organic compounds 1Y unsaturated hydro-carbons (Fumaric acid...) , Carbonyl groups ,
Quinones ﬁlué’\’u
3. Anions MU nitrite, nitrate, Cyanide, Sulfide, Chloride

35 IwanIsnswHazendls Voltage/Current Curve TUM153AT 123 1F liquid electrode
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dad da d4a 2 ' A ) o 4 A 2
ﬂuwuﬂﬂiﬂtﬂﬂﬂluiﬂutiﬂﬂ‘] (Dropping Mercury Electrode: DME)(ﬂQgiJ) (JBINY voltage YU

» b4
11]!?’6]&‘] LINAAT Current UU (580 Voltage/ Current Curve #131 TnanTsunsw (Polarogram)

Voltage source f

Electrode and
polarographic
Measurement of current and recorder cell

L (LLA)

t E,, ulvolt) u(volt)
Polarographic voltage Direct current Differential current

U = applied voltage (volt)

current (LLA)
E,,= half wave potential {volt); is charactcristical of the redox substance.
lo = Diffusion - current (LLA)
msanseiaynan lumsndys @ laeds InaTsnsmilawnsodoudulaes-
Qs dy A’f dy 1=y 1% L)
unsu'l@dsil SCE[|sn*2 xM) | Hg (DME) MaiimsvlSuaezodonsmuinsgruvesdyn
¥
an 81989 S msumsanyIseilvzadunimaena1d 2 5d ey Ao
A. Calibration Curve ; Mya3 N MINAIFIUYBIAYNAD NAMududumag fu
B. Standard addition ; MsadunsinasguTasmsifiudynan ansiwamududumivey
asllumsfeeimsinsesr
&£ 9 a ‘ oA
Feazmsuaszayn dn luglves
1. Sn2*+ Taons9 ; Supporting electrolyte = 1 NHCI

2. sn2* Tawdon (In512W1ug1es Chlorostannate complex)

; Supporting electrolyte = 1 NHCI +4 NH4Cl + 0.005% Gelatin
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Wisuoui
2. Faqgunseiuazitns

2.1 Yaqgunsal
1. goun3oeile Tnan 1505w 499 Metrohm Falsznoudas
- 694 VA Stand ; a dropping mercury electrode and cell
- 693 VA Processor ; 1sunsuniugumsiaunion termal printer

2. measuring vessel (6.1415.150) 483 Metrohm

w

. pipette YUA 1, 2, 3, 4, 5, 10 U8 20 ml.
. pipette pump
. OFN (Oxygen-free nitrogen)

. 3 MKCl

~N N L A

. 1 NHCI
8. 1 NHCI + 4NH4Cl + 0.005 % Gelatin

9. SnCl2.2H20 (Merck)

10. conc.HCI

11. fMptensndwiad iU MDP, MAA, HMPAO HJudu
12. 0.9 % NaCl

13. distilled water

ac
2.2985mM9

1) MIUATIEH Sn2tTaunsa
miimrinsed lasodumsadnsmunasguld 2 5de
1.1 M5a$19 Calibration Curve

1.2 MM Standard Addition
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Description Calibration Curve Standard Addition
1.Method Sn{ll}.mth Test Sn2+mth
2.Technique Cal.crv (linear,20°C) Std.add (linear)
3.Initial potential (mv) -660 -600
4 Final potential (mv) -350 -400
5.Pulse amplitude (mv) -50 -50
6.Time interval for voltage 0.30 0.60
step (s)
7.Mesurment time (ms) 20 20
8.Pulse time (ms) 40 40
9.Voltage step (mv) 6 6
10.Sweep rate {mv/s) 20 20
11.Replication 1 2
12.Supporting electrolyte 20 mi. of 1 NHC! 20 mi. of 1 NHCI
13.Sample size (ml.) 0.6 0.6
14.Characteristic voltage -470 -470
peak/wave recognition
(mv)
16.Purge time (s) 300 300

=

libration Curve

1. Lm?ﬂumsa:mﬂmmgm sn2+ fimauidindiusines fu T6sai

newamsguiiipanndndu (ppm) Ay kit :

1. 80, 100, 160, 200 MDP, MAA, DTPA, DMSA, DISIDA, PHYTATE, GHA

2.10, 20, 30, 50 MAG IlI, MIBI -

3.1,4,7,10 HMPAQ, HMPAO (Hungary)
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2. thensazaeunasguudazganas wasminasgu Taelen Method :
Sm(Il). mth 1INATDAZ1F Run Mode:Calibration, Technique:Calerv. lumsadiansas
14 v )
aa wdsnniwason kit idesmserdins e lasiididoname i idarundudueglugos
4’,' o a s = bV . . A o
asiiug  wdaiihmsimaeivSinalasld Run  mode:Determination 1AF039LNaU

oA 1 UNANDAL T WITURNBDDNNINY Printer

kit Sn2+ {mg) dilution factor

1. MDP 0.600 10

2. MAA 0.088 1

3. DTPA 0.160 3

4. DMSA 0.217 3

5. DISIDA 0.084 1

6. PHYTATE 0.626 10

7. GHA 0.053 i

8. MAG lli 0.0368 1

9. MIBI 0.0394 1
10.HMPAO 0.00868 05
11.HMPAQ (Hungary| 0.0019 05
mnumg - kit yedahlddesnlaold 1 NHC ondu DISIDA 1F 0.9 %Nacl s

pisIDA liazaelu 1 NHC)
- MTAEMENNAINATONIZADINIU OFN (Oxygen-free Nitrogen gas)  AOUAZ
udmed
d ., .
NI Standard Addition
d o 2+ ot V) o
1. 93 suasazaNAs§IM Sn2+ Allnnwdudu 5, 20 uay 100 ppm.
2. #ann13M1 Standard Addition ;

» v
saswuSinailomsvesmsielimseddomsazmnainasgu = 1 : 2 to

1:5
mn?mmsa:mumms31u‘lums%mﬂzﬁﬂ§mﬁm = 2 Times
ﬂ?mmwaamsazawmﬂsgm sn2* M lunsidy = 1 ml
Vsnmansfiosiins 1w (sample size) = 0.5 ml

oA ° o T ° y & }
3. \FTeN kit Nazsiuadaszd sn2+ Taeinliidaanaie I ldTunnntleansludag
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Amuzaudmsumsazasnasguianuiutniug aevazdoe ;

Kit Sn2+ dilution factor conc. of Std.Sn2+ “7{‘1"1”1 {ppm)
1. MDP 0.600 6 100
2. MAA 0.058 1 100
3. DTPA 0.160 2 100
4, DMSA 0.217 2 100
5. DISIDA 0.084 1 100
6. PHYTATE 0.526 5 100
7. GHA 0.053 1 100
8. MAGIII 0.0368 1 100
9. MIBI 0.0394 1 100
10. HMPAO 0.00868 05 20
11. HMPAO 0.0019 0.5 5

{(Hungary)

4.1 kit ludo 3 nIas1z 1aeon Method : Test Sn2*. mth uaz 1% Run Mode :
Determination, Technique : Std. add. nianihunseushanusa lusiduay enusasenin
NN Printer
nueme - msazawnnﬁaﬁm?umzﬁ'mMu OFN (Oxygen-Free Nitrogen gas)

AousziinuNIngIeH
- kit yadd Mldvevwlaely 1 NHCt sni3u DISIDA 19 0.9 %NaCl (wsiz

DISIDA liazanelu 1 NHCI)
k4 b4
2)NMTAUNT 1ZﬁSn2+ Taedoy (Sn2+ - Sn#t . Sn*—Chlorostannate complex) N
o2 o I'd 2+ 11 ]J d'tl 9 1 . ] &
WAUATICH Sn UIUVDY Chlorostannate complex M1IHA1 half wave potential 2 A1 A9
-0.25 V (18t wave)
-0.52 V (21d wave)

Py H a 4
Falumsnasesilezdon 20d wave Tumsansizn sn2+ lugdues Chlorostannate

complex

A

M5 uasIeH sn2t Taodou'ld 2 55 A
2.1 ﬂ"liﬁ’%’"lﬂ Calibration Curve

2.2 159 Standard Addition
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Description Calibration Curve Standard Addition
1. Method Sn (IV). mth Test Snd+.mth
2. Technique Cal.crv {linear,20°C) Std. add. {linear)
3. Initial potential (mv) -600 -600
4. Final potential (mv) -300 -400
5. Pulse am;;litude {mv) 50 -50
6. Time interval for 0.30 0.60
voltage step (mv)
7. Measurement time {ms) 20 20
8. Pulse Time (ms) 40 40
9. Voltage step (mv) 6 6
10. Sweep rate {mv/s) 20 10
11. Replication 1 2

12. Supporting electrolyte

20m! of (1INHCI+4NNHACI+

20ml of {INHCI+4NNH4Cl+

0.005 % Gelatin) 0.005%Gelatin)
13. Sample size (ml) 05 05
14. Characteristic voitage 520 520
peak/wave recognition
(m\;)
15. Purge time (s) 180 180

Fnsani et sn2+ Tasdow lasld¥msead1s Calibration Curve 1Y Standard

Addition sgyhmanaapamiouiumsinTzd sn2+ Tavasannods  udAA AU half
¥ » ¥
wave potential #9351 UBY supporting . electrolyte MY (ANsUITWazBvalUMIIW

2) 1Ay Calibration Curve 9214 Method : Sn(IV).mth

Standard Addition letl‘lafJ Method : test Sn+ mth
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¥
3. HAIINMINMIUATIER Sn2t e TasasaazdouGoudosudd inmsase-
P Ao a I a t o Y 3/ ' ..
apuItangminngihiianuududuazgndsanniesun 1vu wagm Limit of
¥

Detection ( LOD )vaduaaz3s 148t
3.1 Precision of the method (AUKUUHIVBIID)

1l52noUR2W 2 statistic errors AD

1. The error of the determination

2. The error in amount of sample

s 4 1 é e’: o
asvaenTaomsdins ey sn2+ Aanududuamilag dszina 5 afwdahims

1 Ay o ]

a Cé ' - A ) t o v
AATIEHHUINN .x,O'n,6n-1 mamnaeumnﬁmnanuuumuﬂ'l*nu

L J
acd

3.2 Accuracy of the method (AUQNABIVDIIT)

ATVAOUANUYNABIVDITTINT T Sn2+ Tasdnsizdwilfin sn2+ finsw

[} | 4
anududunmiuou 2-3 1 MR 2 59 dmsuudazanududundrduaum %
2+ ada ﬂﬁi 5 dy ﬁ' =] ]
Recovery U934 Sn<™ NIIATIEH A NIUIEADIN % Recoverylu?n\‘l 97.5-102.5 %
3.3 Limit of Detection of the Method (LOD)
- 4
#0151 MM IFIU (Calibration Curve)¥®d SnZ+uay Sn*t MBAsTI9aDUM

Yy o

Ysuuidesiigaves sn2+ue sntiaunsadnizidenitlavaswas Tnvdoy
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& ar
Kit/Batch No. | {Byngu Sn2+ (mg) aannsatasnzy | Uil Sn2+ (mg)
1238 fudnlu kit Inedhendn
Calibration Stahdard Addition
Curve
1. MDP 2/38 0.8073 0.7194 0.6000
2. MAA 1/38 0.0971 0.0692 0.0580
3. DTPA 3/37 0.9345 - 0.1600
4. DTPA 4/37 2.1140 0.9534 0.1600
5. DMSA 2/37 1.0107 - 0.2170
6. DMSA 1/38 - 0.4484 0.2170
7. DISIDA 1/37 0.1908 0.5666 0.0840
8. DISIDA 2/38 - 0.5088 0.0840
9. PHYTATE1/38 0.9388 1.4070 0.6260
10. MAG I113/37 0.0473 - 0.0368
11. MAG 1112/38 - 0.0883 0.0368
12. MIBI 7/37 0.0524 - 0.0394
13. MIBI 2/38 - 0.0710 0.0394
14, HMPAO 1/38 0.0022 0.0013 0.0018
(Hungary)

weng - = WlERamed
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Kit/Batch No. | 4347y Sn2+ (mg) aanmsataseyl | Buneu Sn2+ (mg)
19235 Fdailu kit Tnedende
Calibration Standard Addition
Curve
1. MDP 2/38 0.56943 0.56195 0.6000
2. MAA 1/38 0.0939 0.0415 0.0580
3. DTPA 4/37 0.6066 0.56295 0.1600
4, DTPA 2/37 - - 0.2170
5. DMSA 1/38 0.3915 0.2794 0.2170
6. DISIDA 1/37 - 0.1173 0.0840
7. DISIDA 2/38 0.0881 0.1065 0.0840
8. PHYTATE1/38 1.0287 0.6505 0.56260
9. MAG Il 3/37 - - 0.0368
10. MAG 1112/38 0.0676 0.0384 0.0368
11. MIBI 7/37 - - 0.0394
12. MIBI 2/38 0.0939 0.0510 0.0394
13. HMPAOQ 1/38 0.0014 0.0028 0.0018
(Hungary)
uunevg ¢ - = wWldnened
19197 11 : Precis 2+ sn ( 4+
Sn (I.mth TestSn2+.mth
AN N W (ppm) ppm.

No. 10 80 200 No. 5 100

1. 9857 | 4879 | 20330 | 1. | 4535 | 104.10
2. 10.730 | 4762 | 199560 | 2. | 5.487 | 99.16
3. 8933 | 63.68 | 19790 | 3. | 6.244 | 103.80
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5. 9.371 | 50.99 | 209.90 5. 5.932 99.54
« | 9650 | 4972 | 20112 |  |5625| 101.96
G 0.614 2.29 5.14 G 0.696 2.15
n n
Gm 0.687 2.56 5.75 Gm 0.662 2.41
note | Calibration Curve, Standard Addition,
AT snl+ Apszyl sn+
Treimsg TPeimsa
Sn (IV).mth TestSn4+~mth
ANNd Wppm.) ppm.
No. 10 50 200 No. 5 100
1. 8.962 | 51.50 | 199.90 1. 4690 | 938.06
2, 10.190 | 51.68 | 200.00 2, 5.241 | 99.67
3. 11.770 | 51.61 | 202.00 3. 5.210 | 100.70
4, 11.270 | 48.49 | 200.30 4, 5.268 | 100.40
5, 8.669 | 51.85 | 199.54 5 4769 | 100.70
« | 10172 | 50.99 | 20035 | | 5036 100.11
fo} 1.233 1.25 0.86 fo} 0.262 0.64
n n
ol 1.368 145 0.86 c,, 0.282 0.72
note | Calibration Curve, Standard Addition,

Atmsey Snl+

nedan

AmsTY Snl+

LG




DX
#1914 IV : Aceuracy of the method (Sn (L, Test Sn2*, Sn (V) Test Snd*)
Sn (If).mth TestSnZ+mth
Sn2+{ppm) Sn2+({ppm)
Std. Exp. %Recovery Std. Exp. %Recovery
10 9.857 98.57 5 5932 118.64*
10 10.73 107.30* 5 5297 118.64*
50 50.99 101.98 100 99.16 99.16
50 48.79 - 97.658 100 99.54 99.54
200 203.30 101.65
200 199.50 99.75
Note Calibration Curve, AATEW | standard Addition, 3iAs1esl Sn2+ Tnemss
sn2+ Taemsy
Sn {IV).mth TestSnd+ mth
Sn2+(ppm) Sn2+(ppm)

Std. Exp. %Recovery Std. Exp. %Recovery
10 10.19 101.90 5 5.039 100.78

10 10.07 100.70 5 5.077 101.54
50 50.14 100.28 100 99.67 99.67
50 50,58 100.16 100 100.40 100.40
200 199.90 99.95

200 200.00 100.00

Note Calibration Curve, WATIEW | Standard Addition 31A312 Sn2+ Tnedan
sn2+ Taudian

MHEIME : * = AYlsiag]lu Limit of % Recovery (976 - 10256 %)
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F /Lt of [ ion of ‘ LoD
NIMHHIATIUTEI AN LOD
L‘fJ’N“fJ’u(ppm)
n9Aed snZ+lpansy | nasiimeyf sn+lnedas
1. 50,100,150,200 2.7901|4g 9.5645 |ig
2.10,20,30,50 1.1867 g 6.5793g
3.1.4.710 1.9445 |ig 1.1308 g

a J
4. MmN saluazagna

1. e i 1 uaz 1 szifuhesimaedumiSuna sn2+laoasauas Tavdouay
dvuluansndyS fuia@eddy nuNHaveImMINATIL1ae3D  Calibration Curve 35M1
Y3ues sn2+14u1nn133 Standard Addition # half wave potential -47048% -520 mV AW
Sduraiiiiosnn matricesf 99 TUasIndwS s unanon s T Fuhuitoannssy

1 a/ é -5 U “a U
AIUIIN matrices A19°901O7T Standard Addition Favz IwalndReenuaeiauinni

N 9
2. MINATERYUTIY Sn2t Y laensanazdoy Iavededd Standard Addition 9210

AalndReaduaIes NN HATIINMINAADINUI SNYMUSYDY Current Peak ¥BINII-

=

IR T INY Sn2* Taedouuedds standard Addition 9219 Peak AN (Smooth Curve)

Rai sz ucurvevosmsliznouiS e oui i nnuad a5 n3 19sad i UA unud
(Chlorostannate Complex)  Fafiwasomstiundunumina Taves Wnaiilndifsatud
Banniiga

3. 91AM5199 LI 158 Precision o the method.

wiiunmMIdased sn2+ Tasdovsz Idaidosnuanasgiu (6n,6.1)

ey ' a wad 2+I o A «131 1o ' o & ‘]_Id a wand
HUHBYAMNTAUATIEH Sn AYNITY UUAD LHANVUVUOTUINAN Uiyl IguUNgL IS IN

o 1

a r'd [y 1 [
MINATEH Sn2+ laudoudwfunuINT Standard Addition 1HWaulud NI Calibration

14

Curve 15109910716 1az6n1 UATOUNINTT Calibration Curve INSIZRZUUMTUATIEN Sn2+

{ v v oA 1 a T4 {
limlndifvanunwsunniiga Ao Anszd sn2+ Taudoud 1638 Standard Addition?l half

wave potential -520 mV.
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4. 19M13199 TV 915841 Accuracy of the method.
A4 %u"c ) wd’ 1 = wd’ 2+I 3/ wllsl =)
HWOWIIAINNUYNADIIUMTAUATIEH WUNNSANTILH St Tawdpues Ivinah
14 b d
nNlagase Taewasunn % Recovery (Limit : % Recovery = 97.5-102.5) Nl % Recovery
YoIMsAATIH Sn2+ Tasdowszeglu Limit luvmzinisinizsnt Tagaseezlivnei
Taioglu Limit
a o r'd 2+ I ”é’ 1 ”1 9/ P .
5. MIANTIEN Sn ABAITIUDZDON WUAY IW Current Peak 91 half wave potential
14
mwzaniug lusununu nane;
1. half wave potential 99 Sn2* in 1 NHCI = -470 mV.
2. half wave potential U994 Sn2* in (1 NHCI + 4 NNH«Cl +0.005 %Gelatin) = -520 mV.
6. MyAnseHUTIna sn2+ lumsinde$ed ieldldmiuiudwazgndesngane
MIWATIEH Sn2+ Tawdoude3d Standard Addition 1 half wave potential -520 mV. in
supporting electrolyte (1 NHCI + 4NNH4Cl + 0.005 %Gelatin)ua%’,ﬁﬂﬁ flow N2 flapaan

NAABY (180 secs) 1A801MY Differential Pulse Voltammetry (DP Mode) d15UMs AR 1eH

7 Limit of Detection of the method (LOD) ( MY NA V)

Y a
5.19AT5D 19D

1. .1994. 693 VA Processor, 694 VA Stand, Instructions for Use Methrohm.
2. Christel Marchiands. 1992. Polarography and Voltammetry. A few points of Theory.
Methrohm. Ion Analysis.
3. Douglas A Skoog. 1985. Voltammetry and Polarography. Principles ofIlnstrumental
Analysis.
664-703.
4. J. Burmicz, P. Rach and C. Grether. 1983. Introduction Polarography and Voltammetry.

Methrohm. Monographs. 1-3.



