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Executive summary

Title: Simultaneous derivatization by ethylation with sodium tetraethylborate for the speciation of some

organometallics in sediment

Head of Research Project: Asst. Prof. Dr.Wilairat Cheewasedtham
Department of Science, Faculty of Science and Technology,
Prince of Songkla University, Pattani campus
Pattani, 94000

INTRODUCTION

The anthropogenic use of trisubstituted organotins such as tributyltin (TBT) and triphenyltin (TPhT)
accounts for the largest proportion of free organotins in the environment. TBT is used as antifouling
agent and can induce toxicity to some non-target organisms, particularly shellfish (Gibbs, et al., 1987).
TPhT is mainly used in agriculture as a fungicide but is also an active ingredient in anti-fouling paint.
However the use of TPhT is not as strictly regulated as TBT although it may induce a similar level of
toxicity (Horiguchi, et al., 1997). Among the methods for determination of organotins in sediments,
ethylation with NaBEt, and analysis by GC-MS has been recommended, as it did not appear to suffer
from interferences present in the sediment extracts as was found when using hydride generation with
NaBH, (Ashby and Craig, 1991). This study was investigated the possibility of in-situ ethylation for
both butyltin and phenyltin compounds in sediment simultaneously. The possibility of using GC-FID in
organotins analysis was also investigated.

METHODOLOGY

Preparation and derivatisation of butyltin and phenyltin compounds. The ethylated organotins at
concentrations of 0, 5, 10, and 15 ng pL™ were prepared by adding 0, 25, 50, and 75 uL of each
organotin (1000 ng pL™as compound in ethanol) into 5 ml of double distilled water in a 30-mL
polycarbonate centrifuge tube with screw cap. The ethylation and extraction were then performed as
described by Ritsema et al. (1998). Each concentration was prepared in duplicate and had Tetra
butyltin (Tetra-BT) as internal standard in every tube. After that the mixed ethylated organotins in
hexane were analysed by GC-FID. Ratio of peak area of each ethylated organotin compound to peak
area of Tetra-BT and its concentration were used to construct the calibration curve. The mass spectrum
of each organotin compound was also studied.

GC-FID conditions. A Hewlett-Packard model 6890 Plus (USA) with a CPB-5 (5% methylsiloxane
25.0 m x 220 um x 0.25 um) column and flame ionization detector (FID) was employed in this study.
The injector and detector were kept at 250°C and the column oven was first maintained at 125°C for 1
min then the oven temperature was programmed at a rate of 25°C min™ to 275°C and held at this final
temperature for 20 min. Injection volume was 1 uL.

GC-MS conditions. A Hewlett-Packard (Avondale, PA) model G1800A GCD consisting of a gas-
chromatography model 5890 coupled with an electron ionization detector (EID), was used for this
study. Chromatographic separations were made on a 0.25-mm i.d. x 30 m capillary column coated with
HP-5 (Crosslinked 5% Ph Me Silicone). The injector and detector were kept at 250°C and the column
oven was first maintained at 125°C for 1 min then the oven temperature was programmed at a rate of
20°C min™to 250°C and held at this final temperature for 1 min. Helium gas (99.999%) was used as the
carrier and purge gas.

in-situ ethylation of butyl-and phenyltin compounds in bay sediment. The method for
determination of butyl-and phenyltin compounds in sediments was modified from that of Ritsema et al.
(1998) and carried out as follow. First wet sediment was sieved through a 1-mm stainless steel sieve
before weighing. Two portions (8-10 g) were weighed in a 30-mL polycarbonate centrifuge tube with
screw cap, for the control blanks and a further three portions for the recovery tests after addition of the
spikes. Spiked sediment was prepared by adding 25 pl of 1000 pg (as compound) ml™t of each
organotin compound, DBT, TBT, TPhT and Tetra-BT as internal standard. The spiked sediment was
kept overnight in the refrigerator at 4°C before derivatisation the next day. The derivatisation was
performed by adding 5 ml of hexane to each tube and mixed thoroughly. Glacial acetic acid was then
added to each tube, mixed thoroughly and left for 10 min. After that 15 ml of methanol was added and
mixed thoroughly in order to perform the ethylation at pH 4.5. This mixture was left for half an hour on



the mechanical shaker before adding 1 ml of 2% aqueous NaBEt, and agitating vigorously with the
vortex mixer for 1 min. This procedure was repeated again, twice. It was then centrifuged at 4,000 rpm
(1,610 g) for 10 min before an aliquot of the hexane phase in the upper layer was transferred to a glass
vial and stored in the refrigerator. Ethylated organotin compounds in the hexane phase were analysed
by injecting 5 pl with the same GC-MS conditions as described above. Ratio of peak area of each
ethylated organotin compound to peak area of Tetra-BT was compared to these for standard solutions
of organotin compounds, which had been derivatised and analysed by the same method. Both dibutyl-
and tributyltin concentration in PACS-2 marine sediment reference material and the %recovery of the
studied method were also investigated. Sediments collected from Pattani Bay, Pattani Thailand were
analysed in order to study the concentration levels of dibutyltin, tributyltin and phenyltin compounds
by using the in-situ ethylation method.

RESULTS AND DISCUSSION

The chemical analysis of butyl- and phenyltin compounds. Derivatisation of butyl- and phenyltin
compounds by ethylation with sodium tetraethylborate was found reproducible, quick and reliable.
Using sodium tetraethylborate was also found less time consuming and convenient than using Grignard
reagent, which was also try in the beginning of the study. Using gas-chromatography coupled with
mass-spectrometry, a mass spectrum was obtained which confirming the speciation of butyl- and
phenyltin compounds. The mass spectra of all ethylated phenyltin compounds are in good agreement
with those of Ashby and Craig (1991). The most important aspects of the mass spectrum for all
organotin compounds are the mass fragments of tin at m/z 120 and tin attached with different organic
groups. No molecular ion of any ethylated organotin was found. A mass spectrum showing signal at
m/z 77 or 78 of phenyl-group could be used to distinguish phenyltin compound from butyltin
compound which have no a phenyl mass spectrum at that m/z. The characteristic mass of the fragments
of each compound is shown in Table 1.

Table 1 The characteristic mass of the fragments of ethylated organotin compounds
(The m/z used in quantification is underlined).

Ethylated organotin compounds Retention time (min) m/z

DBT.Et, 2.85 55 (C4Hg-), 120 (Sn*-), 149 ((CHs-
)Sn™-), 207 ((CsHe-)(CzHs-)Sn™-) and
263 ((C4Hg-)2(CzHs-)Sn™-)

TBT.Et 3.66 55 (C4Hg¢-), 120 (Sn*-), 151 ((CyHs.
)Sn™-), 177 ((C4He-)Sn™-), 207 ((CsHe-
)(CoHs)Sn™), 263 ((C4Hor)o(CoHs-
)Sn*-) and 291 ((C4Hg-)3Sn*-)

TPhT.Et 7.45 77(CeHs-), 120 (Sn**-), 197 ((CeHs)Sn®
+') and 351((C6H5)3Sn+-))

Table 2 Concentration of organotins found in sediment around Pattani Bay, Pattani Thailand (ug as

compound in 1-g dry sediment)

Concentration found

(ug g™ dry weight)
E N Water Depth DBT TBT TPhT
Sampling Stations (cm)

1. PSU, Pattani campus 101°.13"  6°54 298 nd nd nd
2. Ban Rusamilae 101°.13  6°52 125 nd 10.68 nd
3. Laem Tachee 101°.14"  6°55/ 221 nd 7.48 nd
4. Laem Pho 101°15'  6°56/ 201 nd 11.6 1.45
5. Ban Budi 101°17"  6°56/ 117 nd nd nd
6. Ban Samilae 101°19  6°54/ 105 nd nd nd
7. Ban Datho 101°.200  6°54/ 85 nd nd nd
8. Ban Tanyong-lulo 101°.19"  6°53' 94 nd 7.84 nd
9. Ban Laem Nok 101°.18  6°5’ 117 nd nd nd

nd = non- detectable



CONCLUSIONS

Organotins analysis by in-situ ethylation with NaBEt, and analyis by GC-MS was shown to be reliable,
reproducible and accurate and was not in practice subject to interference by contaminants in the
sediment samples. It is also easily to carry out, but care must be taken at a number of points. The
recovery of butyltins from sediment showed satisfied results for DBT and TBT. This method is most
suitable for organotins analysis when the question of speciation is in doubt, for example in the study of

degradation and transformation of organatins.
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Abstract

The determination of organotin compounds (R Sn.X, ): tributyltin (TBT), dibutyltin
(DBT) and triphenyltin (TPhT) compounds in sediments from Pattani Bay, Pattani, Thailand was
studied. Both butyl- and phenyltin compounds were derivatised as ethylated alkyltin (R Sn.Et, )
by in — situ ethylation with sodium tetraethylborate (NaBEt,) before injection into GC-FID and
GC-MS. The in-situ ethylation was found to be one of the most efficient techniques for
organotins in sediments as it is rapid and reliable. The limit of determination of organotins in
sediment is 0.01 g g_l. Detection limit of TBT, DBT and TPhT determination using GC-FID,
was found to be 0.36, 0.39 and 0.24 g g_], respectively. TBT was found in Pattani bay near Ban
Rusamilae, Laemtachee, Leam Pho and Ban Tanyong-lulo at the concentration of 10.68, 7.48,
11.6 and 7.481g g_], respectively. No dibutyltin compound was detected in any sediment sample.
Triphenyltin compound was detected in sediment at only one sampling site, Leam pho, at the
concentration of 1.45 g g'l. Moreover adding copper powder in extracts before injection into

GC was studied, it was found to reduce interference signal.
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Hymwesarsdsznovdynsunidludunedoundinguninmslyd TBT ludiu
e Taemniz luuS N 15e (Shim ef al., 1999; GomezAriza et al., 1998; and Saint-Loius e
al., 1997) Tuvaie 9 Uszmaladimsyin 1y TBT Tudiumsee dredrasululsemeansas
] = Y Iy o ~ A I 4 A < 4 dy
o1a9nsimsmnunlsanumseanil TBT Wuesnilseneuluwsevunamnuazeiuluvhsudes

=

4 @ Yo U 3’ 1A 3’ 3 " Aa
an E’NﬂﬂTii’J‘L!"IllﬂIﬁﬂulﬂﬂTWHﬂﬂTNWﬁﬂTu TBT Glumﬁmllumu 20 ng/L Lmzslummu"lumu

a

2 ng/L (WHO, 1990) TBT tioagluduindouvzgniidavidanaoen (Debutylation) Tag
A a A da g a a a . . a a a
uerauaansonszUIuMsvesgaunsonaily ladafiaiiu (Dibutyltin, DBT) TuTuinanu
X a N A A T a A
(Monobutyltin, MBT) ttazA1jneHun3dnisiainvydana lungea
= o ' Yy 9 Y & o 1 =
Msfn¥IgasIdIuANNduduYes TBRT/DBT o1 ldilludrsvendeaniigns
dy 1 dy A Y 1 A Y v 1 1
Juidouvesmsisznounguiiludunadon nanasdidasidiuves TBT/DBT 11NN 1
< 1w 1 1A a J a a a
paaelmaunddinsld TBT  wazidaesgdwaaden Tulsuimgeniiladananu
g a o A a @
(Dibutyltin, DBT) #uilunanduyinina91nn13aa18@Ived TBT (Thompson et al., 1998,
Stewart and Demora, 1990)
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sUMlilvesAyndunidne R Snx,
A < 1 A
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X uuou'looou 15u nyj halide 1dun I
= a A o =\ 3 a ° = a =4
asilsznevdynetiunidlaena llianuiunydinayndunsd
Y A o I a = a S J Y
Misesdauanuiluisvesaynounidez 1411 R Sn, R,SnX > R,SnX, > RSnX,
<] @ ' Aa { 1 I '
TPhT i lsludnumiewalulSinaidesnit TBT aaulnajaziinisls TPhT ludiu
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A 1A 1 = a ad A k)
A15199 1.1 urasnumsiaos miﬂizﬂamuﬂaumﬂqmumaeu

Medium Species

Sources

Air R,SnX

R,SnX, R,SnX, and RSnX,

R,SnX, and RSnX,

Soil R,SnX

R,SnX, R,SnX, and RSnX,

Water R,SnX

R,SnX, R,SnX, and RSnX,

Agricultural spraying Volatilization from

biocidal treatments

Antifouling paint sprays

Incineration of organotin treated or stabilized
waste materials

Glass coating operations —spraying of
organotin on to glass at high temperatures to
give SnO, films

Agricultural applications Wood preservation
Burial of organotin-containing waste materials
Antifouling coatings

Molluscicides

Overspray from agricultural applications

Land run-off from agricultural usage

Industrial processes, e.g. slimicides in paper
manufacture

Leaching from organotin-stabillized PVC

N Ashby and Craig (1989)

H Y
M13197 1.2 aviamsazasiinazanudu leves triphenyltin compounds

Compound Solubility in water

Vapour pressure References

TPhT acetate <33 mg dm" at 20°C

1.0 mgdm"” at 20°C
TPhT hydroxide

TPhT chloride

TBT acetate 3
5.4 mg dm
TBT chloride

0.18 Pa at 30°C

Loch et al., 1990

0.047 mPa at 25 °C

Wauchope et al., 1992

0.66 Pa at 150-200 °C

Wittenberg, 1962

0.36 Paat 20 °C

Harrison et al., 1977

Marchetti, 1978

117: Cheewasedtham et al. (2001)



A5 190N 1.3 auUannluasn1enIgn 1nU phenyltin compounds

Compound Molecular shape m. p. (C)

(in solid state)

b.p.(’C)

TPhT.CI Tetrahedral shape 106
(C-Sn-C=112"),
d(Sn-C)=212pm,
d(Sn-C1)=232pm

DPhT.CI, Tetrahedral shape 42
(C-Sn-C=126’,
Cl-Sn-CI=100"),
d(Sn-C)=235pm

MPhT.CI, An unusual structure with -
7-coordinate tin in a
distorte pentagonal

bipyramidal shape

333-337

142-143

(25 mm)

111 : Cheewasedtham et al. (2001)

A15190 1.4 Species specificity of triorganotin compounds

Species R in most active R,SnX
compounds

Insects CH,

Mammals C,H;

Gram neg, bacteria n- C,H,

Gram pos, bacteria, fish, fungi, molluse, n- C,H,

plants

Fish, fungi, molluscs CH;

Fish, mites Cyclo-CH,,
CH,(CH,)CCH,

111: Ashby and Craig (1989)
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A
1996) o
v 1 9
1. Indirect Methods mstasuIdeglugiiszmeld Tag 5uiaril
a o
a) In-situ derivatization 1% NaBH, A28 on-line cryogenic trapping CIGERERALCY
A 9y
evaporate Y3 o1% GC
b) Msanalu organic solvents uaz ¥ derivatization alkylating reagent, Gringnard
reagent LENLAZATIVIAAIY GC
. L v . .
2. Direct methods %11 speciation Taoldy liquid 130 supercritical-fluid chromatography
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direct methods 214 sensitivity galumsmludredraiiuveunar awisnanms
4 ' 1 H
dudlouuazmuanududuioNoz1lSu1lgea detection limit 3 M5 derivatization 2 MAtA
A
Ao

a) Hydride formation

(4-n)+

R,Sn,, NaBH, RSnH, & + H,
o
n=1,2,3
R = organic group

‘]Jﬁﬁ?mﬁy%ﬁﬂﬁ}tﬁﬂ stannane (SnfL,) $112U1ANT00IINENTAZAWVDA tin LAYMITHI
Tael4 AAS (Thomerson, 1974) éf’mehqﬂﬂﬁﬂzwammz‘v‘i”nJf}ﬁ?ﬂﬁ’mmmzmﬂﬁyﬂuﬂﬁmm
NaBH, 14 reaction chamber hydride ﬁlﬁﬂ‘%ﬂﬁﬁﬂiﬂﬂ@ﬂﬂ1ﬂﬁ”lia$a18Tﬂ8fﬁv1“BLi§®ﬂua$Lﬁﬂ
Tae14 N, a2 U-trap $9¥u&28 chromatographic packing material 1¥fa1uderiitousn Tay
1fgAIAenNS oeiAvDY chromatographic 11a2A379 38 tin — selective detector Tngia'ly
ﬂﬁ 361 reaction 3¢ 1% pH“ﬁG‘%m’ji pKa U094 a¥d “ﬁﬁ 119 (Andreae, 1983) Hydride generation
system TUMTAATIZH tin A11150AT12H 1A8ADAY flame photometric detector (FPD), quartz
- furnace atomic absorbtion spectrometry (QFAAS), graphite- furnace atomic absorbtion
spectrometry (GFAAS), mass spectrometry(MS) 4ag n13 CILEATAL (TR IRY non-specific detector
9214 flame ionization detector (FID)

b) Alkylation A Grignard reagent (RMgX; R’ = organic group, M = metal, X = anion

)!,Wd’t']!,ﬂaﬂu ionic mono -, di -, tri- organotins
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solvent
n =123
R, R "= organic group
A5 Tumsm organotin compounds At alkylation Taona luagdl s steps
.- . . a 4 JE .

a) Acidification of samples (leaching) Taglndazld HBr ¥50 HCI tWelaguily organotin
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b) Extraction with organic solvent Gluﬂgjﬁ?wum Grignard reagent 32114 solvent 7 133i4
1 4
a . I 1
Taginaaglds benzene,toluene, diethylether %50 hexane 91111 solvent MUY 1
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MIANAGIYUAIMTY less- substituted organotin compounds Taglnaag lasaeanududn
0.04 -0.10 % luuaazriaue organic solvent
T . 4 g . . aas
¢) Derivatization Tu Grignard reagents az1asuilu tetrasubstituted species L‘Wﬁz‘ﬂgﬂi&ﬂﬁ]z
JUUTY
. v a d A oA v 0o 9 Y Y )
d) Clean - up and preconcentration AYNITLANUIVTD 13DINNAIYNTA mlunelae drying
reagent Mnunzaw

{ | o ] o
e) Analysis @8 column #i 14%e1918]u alumina, silica gel, Sep — pak C, dedrah liiduiulae

. Y [
17 evaporation 14 gentle stream UYDINIH N,

1.3.1.2 m315zneuasndun3d (Organolead compounds)
gl A9 R,Pb, R,PbX, R,PbX,, (R,Pb)_
1o R A® alkyl, aryl group

X f® negative ion



M50 1.5 Foawin/ueq organolead compounds Awnludadou

Compound Abbreviation Name

(CH,), Pb TML Tetramethylead
(CH,),(C,H,) Pb TMEL Trimethyllead
(CH,),(C,H,), Pb DMDEL Dimethyllead
CH,(C,H,), Pb METL Methyllead

(C,H)), Pb TEL Tetraethyllead

(CH,), PbX TriML Trimethyllead -salt
(CH,), PbX, DiML Dimethyllead di - salt
(C,H)), PbX TriEL Triethyllaed salt
(C,H,), PbX, DiEL Diethyllead di - salt

X = counter- ion (halide)

N Ashby and Craig (1989)

M1519N 1.6 aUUANINIENINYDY TML tag TEL

Compounds Density (g/cmS) at BPC ) at Vapor pressure MP(’ C) Refractive index
20°C 760 mmHg  (mmHg) at20°C

TML 1.995 110 23.7 -30.2 1.5120

TEL 1.650 200 0.26 -130.2 1.5198

111 : Ashby and Craig (1989)
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1.3.1.3 #15152noud5onduUn5d (Organomercury compounds)

Tae 1UATM AR 2 ¥ia A methylmercury (MeHg) 1ag ethylmercury (EtHg)
Tagusiazyiiavzanai@nig physico-chemical  Muana1any Jaainnsazareld laeg

a (] a o 3 a
organomercury compounds Un@azad 1131 ionic species 1nMItAailyminnuilunyvoIny
] o < H J % 1
n1d5ue s (JamSe waaiy) Nlwilousn MeHg Foglu fish food chain uaz
bioaccumulate 1 Tulszmegitjune Taniunnaz Tas MeHg thavnms 19 TuTssnuTae He
< { <

9219 mercuric sulphate 13 catalystslumilﬂaﬂu acetaldehyde 11l vinyl chloride W@
inorganicmercury taz lulsemaaIaulmMIwy MeHg 191 80%U014 total mercury 1UA0E19
J S A d & da o v A ] ~
11 wag Twdanihvauazinauniszay MeHg galundnniiosziiudi organomercury 933
ﬂizﬁm%mwiumsgwﬁﬂuﬂammﬂ:h inorganomercury au EtHg [1Q¥ inorganomercury 4
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Plus (Hewlett Packard, USA) Taslian1izildlumsdnuldun gumngiives Injector

E4
v A

column 182 detector 1]1#a7]
Injector Temperature: 250 °C
Column type: CPB-5 (5% methylsiloxane 25.0 m x 220 um x 0.25 pum)
Oven Temperature: Initial temperature 125 °C hold 1 min
Ramp 25 °C/min to 275 °C hold 20 min
Detector Temperature: 250 °C

Injection volume: 1 pL

222 msamsgRasianaldnnagneuaurasiumsiaurjieiadienio
GC-ECD
q 9 a 7Y A
a1z 15 lunIInI1ZHA81AT09 GC-UECD 6890 Plus (Hewlett Packard,
USA)

£ 9 4 ' Y Ay v A o ny
iiesduiinganaems 1Ay chromatogram 1 ldninaisnana laninaznew
au 1dun

Injector Temperature: 250 °C
Column type: CPB-5 (5% methylsiloxane 25.0 m x 220 um x 0.25 pum)
Oven Temperature: Initial temperature 125 °C hold 1 min
Ramp 25 °C/min to 275 °C hold 20 min
Detector Temperature: 300 °C

Injection volume: 1 uL
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23.1.1 MEATeNIALMINUSAYIAT02a10MIATTIUAYNDUNT§
(Preparation and storage of organotins standard solutions)
f. MIIATONEITAZA10UIATIIUIVUYUVDY dibutyltin dichloride 1A triphenyltin
chloride
‘v'hmsm'%’ﬂumiazammmgmg%’u%’u (Standard stock solution) U84 dibutyltin
dichloride 4@ triphenyltin chloride
1) %4 dibutyltin dichloride (96 %, FW = 303.83) 139 triphenyltin chloride (95 %, FW
=385.46) ldlunaoanaaed
2) wmemusaad 1l lunasanaassdo 1 19 Idensunasgrududu 2000 daulu
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10.175 lulasaasldasluvananaaos
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4) inuensazaeuasgiud 1d luadundsrvinaan inusnluiagumngil 4

09PN AL A

11



Y4 a
23.12 MINSoNIURUTURIETNIATTILYDIAITUsENOUAYNBUNT§
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M7 2.1 dwnis aAnwanvesszauihimnuaznouauluenilaail 9 yauaza pHluium

26 UNTIAN N.A. 2545

LR E N ANuANmAIeY M pH (7 28°C)
szsﬁ’uﬁyw (a3.)
1. weavaunsuns 101°.13' 6°.54' 298+ 12 6.89
2. 9. gaziiua 101°.13 6°.52' 125+ 6 7.08
3. M 101°.14' 6°.55' 221+ 18 7.49
4. wanTns 101°.15' 6°.56 201+ 7 7.23
5. Thuyd 101°.17 6°.56 117+2 6.98
6. thuaziiua 101°.19' 6°.54’ 105+ 8 7.06
7. thumlfe 101°.20' 6°.54' 85+ 2 6.95
8. thudunesglaz 101°.19' 6°.53 94+ 4 7.51
9. thuumauun 101°.18' 6°.50' 117+ 1 6.80

2,53 MIANAAZNDUAUNAINIUMIANYLIDTD

1) aznouAUNAgNNIU sieve 1 mm stainless steel

2) Femenouaulseum 2 nsuldasriaon centrifuge

3) A3 hexane

1 mL Nﬁ’uiﬁl%ﬁuﬁflﬂ Vortex mixer 1 min

4) 1au glacial acetic acid 0.2 mL (8¢ methanol 3 mL W& W1d1AuA8 Vortex mixer 1

I
min 8% sonicate 11J141781 30 min

5) 181 0.2 mL Y99 2% NaBEt, WA vortex mixer 1 117
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6) Centrifuge 13000 rpm 10 min

a3 $ Y] as.l‘
7) AU Inana la 1usy hexane Tunaoanaaos

Y 9 v
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10) GlmJ‘lJimmllaJmu 1 mL Lﬂ‘]_lbll! refrigerator 14 "¢ IUNINVENINITUATIEH

as a L4 a a = a A o
254 ’J‘ﬁfﬂﬁ’JlﬂﬂzﬂTiW%ummzﬂﬁﬂmﬂl@ﬂﬁﬁﬂigﬂﬂﬂﬂuﬂ@u‘ﬂi‘c’l

D

2)

3)

ag a Jd A = a ~ o Y . .
IBMINATEHFUAVeIA 155 NoUAYNDUNTY Ias 141 Retention time
° v . . {
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k4 Y 1 v 4
(Standard addition) lumsimsanensiliemuanuannse lumsasivialiimuiu
o = Y dy
TagmmsAnyIAIl
o = o 7 . . A Yy 9 ax
1) MMINTINDUNUTUDY Mixed standard organotins NANUVUUY 10 ppm AINID
U0 2.4
2) 913 Spike Mixed standard adluaznouAUIUTANUINYUR 0, 2, 4 1182 6 ppm
audau nazih§asemsiauriesa 3T Ue 3.2.7.2 1AZIAN tetrabutyltin
1<
114 Internal standard 5 ppm
o a 4 v A . A . k) 1
3) MMTAATIZEHAITDUNUTNA standard organotins NWIUNIT ethylation waa T
Y 9 a 3 A o A Y a L&Y 1
AZANUINTURA 3 ATILAZAATUABINUNTIUATIEHAI019
o Ay ¥ = . = v o d J
4) U1 Peak area 1491nNsRA standard organotins WAGUNTINANNTURUTIEHIN

Peak area NUAMUITUTUE IAnTIMINATTIU

an a 4 ~ 9 a I'd = a ~ o

2.5.6.1 ABmsuasgrran lAnnmsimizimaslseneudynsunse
luar9819 aznouay

WA IUMIALURGAY (Mean) dULBUUUNIATIIU (SD) HazA standard error (SE)

o a 4
Tae14T1s51nsu Microsoft excel version 97 Tumsdiuiauaziins1gidoya

= 9 A [ a 4 =) a =
2.6 MIANYINT IFHIN0AUNDAATYAIUIVNIUMIAATIEHATAYNDUNT &I UaS
AnAvINAZNBUALIINNZIA
d‘ Q' = o w a J . . . . 2 2 5
(MRINAIATINAVDINITUATIZH (Limit of determination) YBIATAYNBUNTY
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a 4 4' 1Y Y a v 1 a ] a Y d'
3.2.1 N'ﬁﬂ1§'llﬂi'l$°ﬂﬁ']i‘ﬂﬁﬂﬂllﬂi]'lﬂ@]%ﬂ@uﬂu’ﬂa\‘]w1uﬂ1§mll1’i§alll,ﬂ‘ﬁa@’)ﬂ!ﬂiﬂﬂ GC-
FID
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= ~Aq Y A 9 ¥y A a s A W
NIMIANHIANIZN 1% D9 UYDINIT 1HIAT09 GC-FID Tumsinsizvaisnana
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[ 3 =

Y a A I ¥ aA a P Y [
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) ~ o A A Y = A &
125-275 C UagMILgNNAVDIT Y IUANG A o l¥luns scan MiaveIasmiu

9

]

a s @ ' A
a131lsznev Tangdunssnamnsnlndyauny detector 11U FID WU condition 1

o

tﬂy 9 I [V dy
mmzﬁﬂumamu 1Wuaail

Injector Temperature: 250 °C
Column type: CPB-5 (5% methyl siloxane 25.0 m x 220 um x 0.25 um)
Oven Temperature: Initial temperature 125 °C hold 1 min
Ramp 25 °C/min to 275 °C hold 20 min
Detector Temperature: 250 °C

Injection volume: 1 uL
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=2 Ay v o = [ Ay Y S [ {
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3.1) Mtlbeannieinlgnsezinailvas Tanzounidunnqugniauviioa virlvans
a Jd 1 o J ' 4 o [ @
Tanzdunidnguasnanauninizmeld (Volatility) 910w i ldamnso I ddyuny flame
ionization detector TU¥9URIgUUgINTIMsAnE 1A dmSumsnudyaiulurrnaides
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= ] = 1 A a = a [ = A
Aoluaie 5-7 WM U IwINNaTT lanzaunsd 11@giuﬂzﬂeuﬂumﬂmmumammeﬂ
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v 1] 9
A1 iifeiansanandeyanisdsgungivenoautiiaze retention time AIAILIZIIYARDA
AN 275°C U HABNUNTIBNUIDANGETUAZNOUANLNTHAT T DIANHINT A

IfTanznliogluaznou'ld (Ref, year)

A
m_
30 4
2$ -
] in
24 MJ
S
22~|§
T ¥ T T T T
5 16 k-] 0
B
pa ]
30 3
20 3
26 3
27 3
26 3
25 4
24 4
23 _’_,,/J
22 3
T T T T T T T T
g 10 15 20

d' d' [ Y a d' 1 ] a [] a
gﬂﬁn 3.1 Tﬂmﬂmmimmmwﬁﬂﬂ”lﬂmﬂmﬂauﬂuﬂ”luwm(A)Lmzmumimuwy’mﬁa (B)

a s Y 4
uazamﬁw@rwm?m GC-FID

1 1< A o [ A o 9 A o A A Y A Y
pg 1 lsnmwiiadyanuraan 7 ninduduluiswouiianlndifeany ns

l
= 1

a o { [ a 3 (BN} a 1 a 4
Anszrasiana ldninaznouaunsndiuuag ludumsiAuiiotaaeinios GC-FID
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322 mamsaaszvashana ldnnazneudundeiumsiiunijiosadonios Ge-

ECD

v
A Y

= 9 A a 4 A v 4
INMIANYIGNILILDIAUVDINISG IBIATO9 GC-ECD Gll!ﬂ'lﬁ'llﬂﬁ'l&ﬂﬁ?ﬁﬂﬁﬂﬂvlﬂﬁﬂﬂ

[

a A I ¥ Rpp o A a A Y ' o

ASNDUAU L‘W’Eﬂﬁulﬂﬁﬂ"lflﬁﬂllWﬂsU@Qﬁiyiyﬂlﬂllﬂﬂﬁnﬂﬁﬁ%ﬁﬁﬂiﬂiglﬁﬂllﬂiu%ilﬂ 125-275°C
~ aa A 9 = A

HAZMTUINNAVDITYYIUANET A L‘Wﬂslclfsluﬂﬁ scan ‘Vﬂ‘Wﬂﬂl’ﬂQﬁ"liVlL‘]Juﬁﬁﬂigﬂﬂ’]JTﬂ‘ViS

[ v Y]

a A da Y o ' A dy 9y I
@uﬂiﬂmﬁ”lll”lﬁﬂiﬂﬁﬂlﬂ]”luﬂﬂ AINTIVNIALLUY ECD ‘Wmmmazmmmzﬁﬂumﬂmu 1Wu

g g
k4

=}
JU

€

Injector Temperature: 250°C
Column type: CPB-5 (5% methylsiloxane 25.0 m x 220 [lm x 0.25 [lm)
Oven Temperature: Initial temperature 125 °C, hold 1 min
Ramp 25°C/min to 275 °C, hold 20 min
Detector Temperature: 250°C

Injection volume: 1 UL

= o Ay Y Aa Y A
MNMIAnEIanYazYd Iasu Inunsun ldanmsdnsizialensed GC-ECD Wi
o =~ [ A Y ~ o A 9 a A a ] a A
Snuiinvesdyui la lunsdlvesasanai IdanagnouauirmumsiAuryodall
wnn N udyaui ldnnamsanasnaznouaui likumsiaumiosade sodium
~ A o = ° A ' [l =
tetracthylborate (U7 3.2) uazliNadya 1y vinaluaNnaidi o aseglueie 2.4-2.7 Wi oy
y o < 1 qu/ Y A o [
uenntvavesdy v Taem i tvnagand fetiiosnngua luanyuzidediu

lunsaiveaniss GC-FID
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3.3 HAMIANEINIIAG BN YRUTI0TAY0IATUIATTIUYEIMNTUsENOUAYNBUNTE

3.3.1

== v Jd a = a A Jd
NﬁﬂTiﬁﬂ‘H"Iﬂi"IW3J1G]iﬁTHMQQBHWH‘HL‘OﬁaﬂJBQﬁWSﬂigﬂﬂ”].lﬂ‘].!ﬂﬂl!‘ﬂifl
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98iNs| ‘W“]J’Jﬂ’ﬂﬂ’ﬂil’ﬁiJ‘WH‘ﬁL"]NLZ‘TuGﬁ\‘Iﬂ“]Jﬂ’J'liJ!sUiJGUuGUENIﬁﬁiJ1@]5;’@11&1/]&1/‘1“61]1! Iﬂﬂuﬂ1 R2 N

71 0.95 WA wwiia Taslinnududunanyieglugis 2-10 ppm (310 33 -3.5)

Peak area

peak area

standard curve DBT.Et2
30 -
25 - .
*
20 - .
R =09837
15 -
LJ
10 -
5 4
L 4
0
0 2 4 6 8 10 PP
51 3.3 n3lNAT§IUYEY DBT.EL 9105 AT 1 HA0IAT09 GC-FID
standard curve TBT.Et
30
R"=0.9988
20 - -
-
-
10
0
0 2 4 6 8 10 ppm 12

= a 7y A
719 3.4 n3lIAIFINYEI TBT.Et 91nmsinsizidrenses GC-FID
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standard eurveTPhT.Et

a0 -

60

R = 09716

FPeak area
=
[}
|
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FrRm

A a J 4
g‘ﬂ‘ﬂ 35 ﬂiWV\IiJW]'H'ﬂ'luGU’E]\? TPhT.Et ﬂWﬂﬂWﬁﬁlﬂiWﬁWﬁﬂﬂlﬂ?ﬂﬂ GC-FID
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332 NﬁﬂTiﬁﬂHT%ﬂﬂ"lﬂ@ﬂ?ﬁWU@ﬂﬂ?ﬁ%tﬂiW%ﬁ’

q

= 1A o o o a 4 . = S~ ' y 9
HANIANHIAIUAVINANTAVDINITIUATIEN (Detection limit) Fuilumanuuuu

L)

S

[ v ] 9 [
dgannTosaunsaiald nuhdismdmsy amsnsenusiaaaaaslugli 3.6 - 3.8 uaz

A A = = ! a Aa A JAa A JAa A Y o
M13199 3.1 TaaonSeumensenineansionanu wagiiany wuasidanuee ndyau

1 ] H 1 ) a r'd
M3ABLAUBI (Response signal) AoriIBANUNTUNgInT hldansadmsgiasll1a

c; 1
1N
DBT detection limit y=1.0193x +0.4153
5.00 7
4.00 .
3 3.00 1 -
o
&8
~ P
3 2.00 1 -
£ .
gl) -
= 1.00 L--®
——0°00
-1.00  -0.561.00 0-00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

Log concentration

517 3.6 HAN3ANYIA detection limit Y94 DBT.Et,
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Detection linit TBT.&
y=1.01x+0453

500

3.00
100 | ¥
\ T \ \

-1.00 -

-150 -1.00 050 000 05 100 150 200 25 300 35 400

log Peak area TBT.Et
4

log concentration

51 3.7 WaMIANHIAT detection limit Y99 TBT.Et

U

Detectionlimit TPhT.Et
y = 1.06x +0.6591

5.00

3.00

log Peak areaTPhT.Et
*

100 4 ..o

-2.00 -1.00 100700 1.00 2.00 3.00 4.00

log concentration

17 3.8 WANTANYIAT detection limit YOI TPhT.Et

A 1 . .. = a N4
13190 3.1 ﬁﬁq‘ﬂfﬂ detection limit GIJENﬁﬁTJizﬂ@‘Uﬂ‘U‘ﬂ?Ju“VIiEJ

standard f1 detection limit (ppm)
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