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Tributyltin (TBT) and triphenyltin (TPT) are used as 
antifouling coatings for ships and fishing nets. There is 
concern about their pollution of environmental water 
and fishery products, and their influence on human 
health. Also, they are suspected to have endocrine 
disruptive effects and interest in the analysis of these 
compounds has been growing.

The analysis of alkylated organic tin compounds 
was introduced in Application News M182 “Analysis of 
TBT and TPT by GCMS”. This report discusses 
examples of TBT and TPT analysis by capillary GC-
FPD.

As in Application News M182, deuterium-labeled 
organic tin compounds (d-labeled compounds) are 
mixed with the alkylated sample.

The quantification of tin compounds can be done 
by the external or internal standard method. Although 
the external standard method is a very simple 
quantification method, its quantification precision is 
somewhat lower than that of the internal standard 
method. The internal standard method features high 
quantification precision but involves complex 
operations, including the selection and addition of the 
internal standard material. When no particular 
quantification method should be designated, 
quantification method is based on importance of 
quantification precision or ease of operation.

Organic tin compounds and d-labeled compounds 

can be separated on a chromatogram. However, as 
the retention time of the d-labeled compounds are 
close to those of the target compounds, quantification 
error may occur when resolution lowers due to column 
degradation or other reasons. Since the 
physicochemical characteristics of the d-label 
compounds are extremely similar to those of the target 
compounds, they can be used as excellent internal 
standard substances in GCMS analysis, where mass 
number data are available. However, in analyses 
where separation on the chromatogram is important 
like this GC analysis, tetrabutyltin (TeBT) and 
tripentyltin (TPeT) are often used as the internal 
standard substances. 

Fig. 1 shows examples of the extraction methods 
for organic tin compounds. Fig. 2 shows the 
chromatogram of the organic tin compound standard 
solution (1 mg/L each). TeBT (peak No. 6) and TPeT 
(peak No. 8) are clearly separated from other 
compounds. Figs. 3 and 4 show the calibration curves 
for TBT and TPT (internal standard method using 
TPeT as IS). 

Fig. 5 shows a chromatogram of the organic tin 
compound standard solution (0.1mg/L each). Figs. 6 
and 7 show the calibration curves for TBT and TPT 
(external standard method). Fig. 8 shows the 
chromatogram for sea bass extract (0.2 to 0.4µg of 
standards added to 2mL sample solution). 

Analysis of Organic Tin Compounds with Capillary GC-FPD

Fig.1  Examples of Extraction Methods for Fish and Water

Fig.2  Chromatogram of the Standard Solution (1mg/L)

Fish 10g

Extract (1N-methanol hydrochloride : ethyl acetate 1:1)

Extract (ethyl acetate : hexane 3:2)

Column chromatography (anion, cation exchange resin)

Propylation (Grignard solution: PrMgBr)

Column chromatography (florisil)

Concentration: 0.2 ~ 2mL

GC or GCMS

Water 1L

Add 10mL hydrochloric acid, 20g NaCl

Extract (hexane)

Propylation (Grignard solution: PrMgBr)

Column chromatography (florisil)

Concentration: 0.2 ~ 2mL

GC or GCMS

Compounds
1.Monobutyl Tin
2.Dibutyl Tin (d18)
3.Dibutyl Tin
4.Tributyl Tin (d27)
5.Tributyl Tin (TBT)
6.Tetrabutyl Tin (TeBT)
7.Monophenyl Tin
8.Tripentyl Tin (TPeT)
9.Diphenyl Tin (d10)
10.Diphenyl Tin
11.Triphenyl Tin (d15)
12.Triphenyl Tin (TPT)
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Table 1  Analytical Conditions

Model
Column
Column Temp
Carrier Gas
Det.

:

:

:

:

:

GC-17AAFw ver.3, FPD-17c, AOC-20i

DB-5 30m × 0.25mmI.D.    df=0.25µm

60˚C (1min) -20˚C/min-140˚C-7˚C/min-280˚C (5min)

He, 350kPa (1min) -150kPa (2.4mL/min)

FPD-17c (Sn Filter)

Inj.Temp.
Det.Temp.
Injection Method
Injection Volume

:

:

:

:

290˚C

300˚C

High Pressure Splitless (1min)

3µL

Fig.3  Calibration Curve for TBT (Internal Standard Method IS: TPeT)

(1)
(2)
(3)
(4)

Conc Ratio
1
0.5
0.1
0.055

Area Ratio
1.14592
0.552085
0.114277
0.0572424

(1)

r2=0.999622

F1
0.871845

F2
0.00626734

IDNO
NAME
TIME
BAND

 : 2
 : TBT
 : 10.68
 : 0.06

Fig.4  Calibration Curve for TPT (Internal Standard Method IS: TPeT)

(1)
(2)
(3)
(4)

Conc Ratio
1
0.5
0.1
0.055

Area Ratio
0.87067
0.435271
0.0846666
0.0453572

(1)

r2=0.999997

F1
1.4477

F2
0.00278628

IDNO
NAME
TIME
BAND

 : 3
 : TBT
 : 22.08
 : 0.06

Fig.5  Chromatogram of Standard Solution (0.1mg/L)

Fig.6  Calibration Curve for TBT (External Standard Method)

(1)
(2)
(3)
(4)

Concentration
1
0.5
0.1
0.055

Area
25178
12760
2140
1137

(1)

r2=0.999746

F1
3.91101e-005

F2
0.0107638

IDNO
NAME
TIME
BAND

 : 1
 : TBT
 : 10.68
 : 0.06

Fig.7  Calibration Curve for TPT (External Standard Method)

(1)
(2)
(3)
(4)

Concentration
1
0.5
0.1
0.055

Area
31227
15584
2856
1349

(1)

r2=0.999967

F1
3.1649e-005

F2
0.0101013

IDNO
NAME
TIME
BAND

 : 2
 : TPT
 : 22.08
 : 0.05

Fig.8  Chromatogram of Fish Extract (0.2 ~ 0.4µg standards added to 2mL of sea bass extract solution)
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Compounds
1.Monobutyl Tin
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3.Dibutyl Tin
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6.Tetrabutyl Tin (TeBT)
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12.Triphenyl Tin (TPT)
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