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Study of an analytical method for determining organotin compounds

In anti—fouling paints
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ABSTRACT  An International Convention on the control of harmful anti-fouling system on ships(AFS Convention) was adopted on 5
October 2001 at Diplomatic Conference in London, and is expected to be presently effectuated with ratification of more than 25-member
nations possessing about 25% of total world tonnage. This convention regulates the operation of harmful anti-fouling system and
especially prohibits the use of organotin compounds contained in anti-fouling paint.
Organotin compounds have a tendency to be easily extracted by specific solvents and have high polarity and low volatility as specific
characteristics. This drives us to attempt of going through the process named derivatization that is required in analysis using a gas
| chromatography(GC). This study was conducted to determine the proper pre-treatment method, ethylation in comparison with hydridization
on the analysis of tributyltin in organotin compounds and to verify the application of the method through the experimental analysis
practically used anti-fouling paint and painted layer sample of the served ship.

KEY WORDS : AFS Convention, Organotin, Derivatization, Hydridization, Ethylation, GC-FPD, GC-MS
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Fig. 1. Sampling tool and photograph of sampling.
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Alkyltion : RaSn“™" +R'MgX +Solvent — R.SnR’ -
Hydridization : RaSneg™™ +NaBHs+H' — R.SnH*™+H,
| (R,R’' = organic group, n=1,2 or 3)

Ethylation : SnR,'*™"+(4-n)NaBEt, —

SnRnEts-n+(4-n)BEtz+(4-n)Na’
(R = butyl)
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Table 1. Operational condition of GC-FPD and GC-MS
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Gas Chormatograph(FPD) Gas Chromatograph(GC-MS)
- DB-5MS(5%-phenyl)-methyl- - DB-5MS(5%-phenyl)-methyl-
Column polysiloxane coated polysiloxane coated
- length 30m, 0.25/m 1.D - length 30m, 0.25¢m 1.D
- film thickness 0.25¢m) - film thickness 0.25¢m)
Carrier gas - He 1.2m¢/min - He 1.14m¢/min
Injection mode - Splitless ~ Splitless
Injcetion temp - 280C - 2807TC
- 60°C (hold : 0.5min) - 50 C(holfl : Q.5mm) D
o~ s - ratel(10°C/min, 2007C)
Oven temp - rate(10°C/min) :
_ final ¢ 270 - rate2(20C/min)
tnat temp - - final temp : 300C
Running time - 24.5min - 24min
Detector ~ FPD - MS
Table 2. Selected Ions by GC-MS
Selected Ions 1:: . @
C d ) S
ompoun Hydridization Ethylation ) @
Mono-Butyltin 120, 177, 179 177, 179, 235 . D
Di-Butyltin 120, 179, 234 149, 151, 207 o l
~ Tri-Butyltin 121, 179, 235 151, 205, 207 s -
Tetra-Butyltin 179, 235, 291 179, 235, 291 e m e m=
. Fig. 3. Typical chromatogram pretreated by ethylation
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Figure 4. Chromatogram of a standard mixture by GC-MS
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Fig 5. Effect of concentration change with time
progress(standard and sample were
derivatized by hydridization method).
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Fig. 6. Effect of concentration change with time
progress(standard and sample were derivatized
by ethylation method).
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Fg.. 7. Standard mixture were derivatized by 296-NaBEy/Frthanol.
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Fig 8 Standard mixture were denvatized by 296-NaBELy/Methanol.
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Fig. 9. Solvent extractive effect of paint sample.
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Fig. 10. Reaction time effect of paint sample.
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“able 3. Condition of calibration curve and detection hmit

GC-FPD GC-MS

Compound o in| CORY) | MiLing/e) |RRTerin)| COUR)
MBT | 943 |09839| 8 | 1001 |095%
DBT | 1180 | 09%43| 3 | 1238 | 09872
TBT | 138 |09976| 3 | 1440 | 09963
TetBT | 1560 |09983| 2 | 1613 | 09979

Figure 11.& 1% E=Z EZRYE(TBD) o 7% HAE A
89 aZviEaYor 13809 A4 A&¥ ¥Iart EgRd
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Fig. 11. Chroamtogram of ship’s hull paint sample by
GC-FPD: ADBT, @TBT.
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Table 4. Analytical result of paint samples
)| DBT(ug/g) | TBTX T
Ships RS MBT(¢g/g ug'g ©gg) etBI(gg/g)
. 520 | 47190
fishing boat-1 ) - s350 | 1000 -
. 2750 6110 | 5680
hishing boat=2 | e | w0 | 410
. .| 1m0 070 | 23800 400
fishing boat=3 | .00 | i340 | #1430 120
. 6.0 26040 | 27640 540
altanker | 310 | 11000 | 9040 | 460
) 1080 7490 | 172450 1200
g 50 260 | 480 420

Table 5. Analytical result of organotin compounds in paint

sample(unit:mg/kg)
ompound | |
MBT DBT TBT TetBT
Item
Conc 3,592.0 | 47,330.0 {289,947.0 10,290.0
+275.0 | £984.0 | £5633.0| +295.0
RSD 284.0 1,132.0 | 6,821.0 296.0
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Ao g ol o] FA(Sn) FEE FAlstd
MBTZ Sn = 2,061.0mg/ke
DBT% Sn = 20,866.0mg/kg
TBT% Sn = 107,877.0mg/kg
TetBT% Sn = 3256.0ng/kg 0.2
o]59] 3& T3l F FA(Sn)9 %+ oF 134,000mg/kgolth.
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2t} AHg o] 848 #7188 At §EARZ ezl
P72 FA% 571 13.8%<% A3} st ojddolAd iy
o2 AAE S H9 FES Fr)FEMFEEY < 97.1%0 3l
Fote] 53 348E Kol Qo] JdEdeld MAe] Huhy
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Fig. 12. Chromatogram and mass spectrum of collided
ship’s hull paint sample.

T 02 o2 AN UL Edo] E3tE & o 4
& A93 AR ¢l HQJE BUZ Hole A|lg¢) FRP} &
3t5lo] A, HJER Hole= A|&E  Pyrolyzer GC-MSZ
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(Figure 13).
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