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Determination of Organotin compounds, total tin with
GF-AAS, GC-FPD and GC-MS

Sung Eon Lee and Dong Sup Lee

Department of Chemistry, Sahmyook University
Chyng Ryang POB 118, Seoul 130-650, Korea

Organotin compounds, total tin and total organic carbon were determined in tidal flat.
Organotin compounds extracted from tidal flat with 15M HCl/con-EtOH and Cryo-vacuum
extraction method was identified and quantified by GC-FPD, GC-MS and GF-AAS. The
determination of total tin was optimized for using palladium(8 mg/ £ )-magnesium nitrate(12 mg/
£) as chemical modifier. Organotin compounds in tidal flat, sea water and oyster, total tin in
tidal flat and TOC in tidal flat was investigated in tidal flat at winter. Organotin compounds
in tidal flat were found to be in the range of 0.8-36 ng/g for monobutyltin chloride(MBTC),
ND~7.2 ng/g for dibutyltin chloride(DBTC), 11.7-93.1 ng/g for tributyltin chloride(TBTC),
ND-1.3 ng/g for monophenyltin chloride(MPhTC), ND-39 ng/g for diphenyltin chloride
(DPhTC), ND-3.0 ng/g for triphenyltin chloride(TPhTC). Total tin was 0.3-3.0 ug/g. TOC was
0.58-2.55%. Organotin compounds in sea water were found in the range of 3.6-87 ng/g for
monobutyltin chloride(MMBTC), 0.6-1.1 ng/g for dibutyltin chloride(DBTC), 3.1-13.1 ng/g for
tributyltin chloride(TBTC), ND-0.1 ng/g for monophenyltin chloride(MPhTC), ND-1.8 ng/g for
diphenyltin chloride(DPhTC), ND-19 ng/g for triphenyltin chloride(TPhTC). Organotin
compounds in oyster were found in the range of 12-62 ng/g for monobutyltin
chloride(TBTC), Not detected for monophenyltin chloride (MPhTC), ND-0.3 ng/g for
diphenyltin chloride (DPhTC), ND-87 ng/g for triphenyltin chloride (TPhTC). The detection
limits for monobutyltin chloride(MBTC), dibutyltin chloride(DBTC), tributyltin chloride( TBTC),
monophenyltin chloride (MPhTC), diphenyltin chloride(DPhTC), triphenyltin chloride (TPhTC),
total tin were 0.87 ng/g, 0.65 ng/g, 0.50 ng/g, 0.27 ng/g, 0.90 ng/g, 0.20 ng/g, 0.91us/g.

Key words : GC/FPD, GC-MS, AAS, MBT, DBT, TBT, MPhT, DPhT, TPhT, Total tin,
TOC, Sea Water, Oyster, Tidal flat
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Buccinum undatum, Nucella lapillus 7+

< TBT(Trbutyltin chloride)® o}Y
(Triphenyltin chloride)oll = 93] W 7FaHA w3
e Aoz gExan Jok? oREL 4%
Mono-, Di-, & #3lisl7] wWiiEe]l MBT(Moncbutyltin
chioride), DBT(Dibutyltinchloride), TBT(Tributyltin
chloride), MPhTC(Monophenyltin chloride), DPhTC
(Diphenyltin chloride), TPhTC(Triphenyltin chloride)
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7|AlAZvlE D)9 = Hewlett Packard 58900
Gas Chromatography(GC)& AM&3lich Z#H2
fused silica capillary column(Ultra-1, 25m
0.32mm, id, film thickness 052 mm), #A=

flame photometry detector& AM&31%2H

nm cut-off interference filterg *2ls}gdt).
719l %= 250CE A8 —’F% R
220CE #A8den o AFY &-v 2 ml
/ming 47355121 slitless modeE AH23H3ch
GC-MS9] 7]%&2 Hewlett Packard 58901 Gas
Chromatography with 5970 series mass selective
AREEIRTE AYHLE fused  silica
capillary column(Ultra-1. 25 m, 0.2 mm, id, film
thickness 0.11 )& AHE3}¥TH F F4F AE
S A% AAEFEFFEAFE Perkin-Elmer 2380
AbE3t o WAL= EDL system 28 AM£3)
1ow ZdAdAzR ] 7% HGA-5008 AH8-31%)
T WAELE F437] A% 71FL Blue
FElectric Furnace Model No. M15AE AM&3aiTh
vle]l 2235t FIE $ste] AMEE 7]17]1E Imaging
Products International INC. sonic 300 V/TE&
pH-meter+ Cyberscan pH 500-Eulech Cybermnetics
Pte Ltd& AR&-algith 28i BE B2 23 557
\ o

Pt (o]
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detector&
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Dibutyltindichloride(DBTC), tributyltinchloride
(TBTC) monophenyltin trichloride, diphenyltin—
chloride, triphenyltinchloride # palladium powder
+  Aldrich Ckemical, IncA}ell4 Monobutyltin
trichloride(95%) & Johnson Mattey Alfa Products,
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Fig. 1. The location of sampling station in Korea.

Hexane(97%), 9AH37%), A2H65%), o2
(99.8%), °FHIEAH100%) ¢t magnesium nitrate
hexahydrate(99%) Merck. Tropolone(98%)<
TCI, sodium hydroxide(GR), Calcium chloride(GR)
€  Ducksan. Sodium tetraethylborate(98%6)=
Strem ChemicalsAbellA T4t th. 28 A&
AL wid wgEe Fo 1000 ppm o2 Al FZ A
100 m¢ vlolet &of 4T FAoA RATHon A
S 517 A% §de WY AFLAqozHE A
] FAFT 10% AAtolA 2447 B
o] 2FE o]&ote AT thg Hx7]A
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A AE ] g8 Fig 22 247 Qe
7)ol conc-EtOH 10 ml, 1.5 M HCI 10 ml £}

Fig. 2. Glassware for extraction.
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¥ % ©& triethyltin chloride 80 ng(internal

standard), sodium tetraethyl borate (excess), 3N
sodium hydroxide (adjusted to pH=7), hexane (1
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BFE(250 mf), hexane (1 ml in 0.16% tropolone),
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& & 045 ym BFFE (Millipore, USA)E AL-8-3}
o] ¥¥ ¥ o GC-FPD9 GC-MSE °]&3}49
AR 2 AFEAE g

=l
(wet weight)S Itk o 5 1 g& HT & 10
ml vle|Y o Witk o] £ 7 ml deionized
water 9} 100 ¢ conc. HClIE- ¥2 t}& 308 %<
wy-s Fvh 2wyt & AACE AAS R £
EH T 7 HA #AHL o] &4 7 w, triethyltin
chloride 80 nglinternal standard), sodium
tetraethyl borate (excess), 3 N sodium hydroxide
(¢ pH=7Z =x4), hexane (1 ml in 016/
tropolone)& Hi THA
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Table 1. Condition of analysis of GC-FPD.

Kind Conditions
Injection volume 1
Coulmn Ul.trafl, 25m, 0.32umm, i.d.,
film thickness 0.52 ¢m)
FPD with 610nm cut-off
Detector . )
interference filter
Injection mode splitless
Injection temperature 220C
Detector temperature 2507
Oven temperature 60C(0.5sec) 30.0T/min
programing 300C(3.0sec)
Carrier gas 2.5ml/sec

o] FA]

Table 2. Condition of analysis of GC-MS.

Organo Injec Oven temp Detect
tin  trion  initial(*C(sec)) ramp or Salvent M3
: delay start
compou port medium ramp Temp (sec) (sec)
nds (TC) final (C/min) () sec) isec
100(2:00) 30 160(1:00) 30
MBTC 220 rf M? ) 260 36 200
0(2:00)
DBTC 220 100(2:00) 30 250(0:00) 260 400  4:00
TBTC 220 120(7.00) 30 300(2:00) 260 87 87
120(4.00) 45 200(0.00
MPhTC 220 (4.00) 0.00) 30 260 500 400
250(0.00)
DPhTC 220 120(5.00) 30 250(0.00) 260 75 600
TPATC 220 120(7.00) 30 300(2.00) 260 1200 1200

Table 3. Winter season samples temperature

program of AAS.

Step Tempferature ‘ Hold .Ramp

() Time(sec)  Time(sec)
1 100 20 10
2 240 25 25
3 800 10 10
4 1500 10 15
5 2100 2 0
6 2300 3

BOLEGIOSOY

[Mg](mgsn)

8
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XmgA)

Fig. 3. Effect of modifier Pd-Mg.
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Table 4. Calibration curves and limit of detection
for Organotin compounds in Sea water,
Shellfish and Tidal flat.

Table 1-3& Z+z+e] 71719 €4 HFH =z coorrfgjszgls slop  Intercept LO]SDH ne g’;isf;rtl
Tt} o] 2748 o]&-3 triethyltin, butyltin 3353}
phenyltin 3¥=2] A=A E—/HT} AE=5AS Table MBTC 11090 -531.8 0.87 0.9876
4of] QoF3te] &tk H7|FAEFgES] AATA DBTC 1742 75.0 0.65 0.9943
2 0-10 ng/g7tA|, 2“4 HAAIZME 0-8 pg/a7t TBTC 80.6 ~-49 0.50 09974
] XL BeojFam gtk RE #AAIHML zZt MPhTC 11400  -745 027 09774
FE o 334 =AY FosiEo AE9 DPhTC 243.0 -58 0.90 0.9928
recovery test(l ug/g)E tributyltin chloride”} 7% TPhTC 2065 -2679 020 0:9983
8B%E LYo Total tin  0.0798 0.02 091 0.9847
|x‘-m'rc
S \\- — A\m _Jn»; "‘\ﬁ'\\__%__'\ _‘\\“_ ____M‘lﬁ-\;_ I . i
ey I T T I ! B A X w LT
Fig. 4. A typical chromatogram of organotin compounds DTETC 2)MBTC 3)DBTC 4MPHIC 5 TBTC
6)DPhTC 7)TPhTC.
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Fig. 5. Mass spectrum of TBT 1) up : standard and

2) down : extracted from tidal flat.
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32. 19993 ALl =4 A3 Table 8. Concentration of organotin compounds
in Sea water(ng/L), (-) : Not Detected.

Table 5. Concentration of organotins in Tidal
Sample

flat (ng/g), () : Not Detected. ocats MBTC DBTC TBTC MPHIC DPHTC TPHTC
ocanon
Sample Yongjong 36 - 43 0.1 05 -
Ieation MBTC DBTC TBTC MPHTC DPHTC TPhTC Jabu 57 06 113 - ~ B
Yor 08 1 %1 55 T2 0 Taean 87 0.6 137 - - -
ongiong X . , . . )
Jaebu 05 4l 156 - - 14 Janghang 53 28 59 -
Taean 16 30 210 _ _ _ MOpr 40 - 31 = 06 19
Janghang 03 _ 117 03 _ _ SUIlChOI’l 42 05 58 - - -
Mokpo 24 72 462 - 06 19 Kwangyang 51 11 58 - - -
Sunchon 08 14 459 13 39 - Dadaepo 49 09 120 - 18 18
Kwang= 056 61 20 - o1 -
vang Table 9. Concentration of organotin compounds
Dadaepo 05 30 151 - 0.2 -

in Oyster(ng/g), (-) : Not Detected,,
N.C. : Not Collected,

Table 6. Concentration of total tin in Tidal flat

) Samble | \EIC DBTC TBIC MPHTC DRYIC TRHIC
Sample location Total tin Yogiong 39 16 687 _ _ 37
Yongjong 21 Jaehu 44 128 416 - - -
Jaebu 1.1 Taean 19 - 184 - - -
Taean 06 Janghang N.C. NC. NC. NC NC NC.
Janghang 1.1 Mokpo 6.2 - 759 - - 12
Mokpo 3 Sunchon N.C. NC NC NC NC NC
Sunchon 24 Kwangyang 2.5 - 361 - - -
Kwangyang 26 Dadaepp 12 16 207 - 03 -
Dadaepo 03

Table 10. Relation of Seawater, Oyster, and

Table 7. Percentage of TOC in Tidal flat(%s). Tidal flat in winter(ng/g).

Sample location TOC 1?)0 a;rg);i Sea water  Tidal flat Oyster

Yongjong 251 Yongjong 85 1055 829
Jaebu 094 Jaebu 176 215 588
Taean 0.72 Taean 23.0 256 203
Janghang 0.83 Janghang 140 123 N.C
Mokpo 255 Mokpo 96 584 833
Suinchon 291 Sunchon 105 233 NC
Kwangyang 221 Kwangyang 120 66.8 386
Dadaepo 0.58 Dadaepo 214 187 238
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Table 11. Relation of organotin compounds and
totla tin in winter season Tidal flat.

Sample location corr(i)roglfr?c(l)(iz /0) Total tin(ug/g) .

Yongjong 1055 21
Jaebu 215 11
Taean 256 06
Janghang 12.3 11
Mokpo 53.4 3.0
Sunchon 233 24
Kwangyang 66.8 26
Dadaepo 187 03

Table 12. Relation of organotin compounds and
total organic carbon in winter season
tidal flat.

Sample location TOC(%) Organotin compounds

(ng/g)

Yongjong 251 1055
Jaehu 094 215
Taean 072 25.6
Janghang 0.88 12.3
Mokpo 2.55 58.4
Sunchon 2.21 23.3
Kwangyang 2.21 66.8
Dadaepo 058 187
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oldl AEE BeHA FA T Astel F71F4
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23t & folAwA wA 2 votE, A 29
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A 59 771548 Ee] A& HH(Table 5)
£ monobutyltin chloride(MBTC)7}F 0.8-36.0 ng/g,
dibutyltin chloride(DBTC)+= ND(Not Detected)-7.2
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ng/g, tributyltin chloride(TBTC) ¥+ 11.7-93.1
ng/g, monophenyltin chloride(MPhTC)E ND-1.3
ng/g diphenyltin chloride(DPhTC):= ND-39
ng/g, triphenyltin chloride(TPhTC)¥= ND-3.0
ng/ge YEMIAT F F4 ¥ (Table 6)< 0.3-3.0
pg/ge eI, ¥ F71A g4 F=H(Table 7)
< 058-255%9 ¥HHE JEpddTh vigEe
7174 3135 9] T =% 9 (Table 8)& monobutyltin
chloride(MBTC)= 3.6-87 ng/g, dibutyltin chlo-
ride(DBTC)E 0.6-1.1 ng/g, tributyltin chloride
(TBTC)= 31-13.1 ng/g, monophenyltin chloride
(MPhTC)¥ ND-0.1 ng/g diphenyltin chloride
(DPhTC)= ND-1.8 ng/g, triphenyltin chloride
(TPhTC)% ND-19 ng/g& YeEtdigich. & &9
71548 3HE2] W (Table 99 monobutyltin
chlorideMMBTC)+= 1.2-6.2 ng/g, dibutyltin chlo-
ride(DBTC)= ND-12.8 ng/g, tributyltin chloride
(TBTC) & 184-687 ng/g, monophenyltin chloride
(MPhTC)E= ND diphenyltin chloride (DPhTC)&
ND-0.3 ng/g, triphenyltin chloride (TPhTC):
ND-87 ng/g& vehliSdch
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