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2 ok e} sckdl AHY “K'AY w7 4499 Aol §71F74 3158 mono-
butyltin (MBT), dibutyltin (DBT) 212] 3 tributyltin (TBT)& B%%4=727)7} 339 slA=gs)e s}
2 P £ A7 BHE 98 F1 ¥4¢ 9oz MBT,DBT, TBTo| W3t 244 ¢
€ Tk Aolth & A7l o83 ¥Mubel H8h 7128 (method detection limit, MDL)= MBT
3.69,DBT 091, TBTE: 1.09ngSn/g §5% 71&02 Jehido =3t 98 2YPA7d 740} A28 3o
%2] 1.3 ug/g TBT as chloride®] ¥ =& 713 #FEA (standard reference material)& 2418 23 Tz
3 A& dAEAs. Y FAM 42 $=9 ¥ MBT7} 3.69-7.93ng Sn/g, DBT 1.15-5.41 ng Sn/go)
I TBTE A& vldt % viZeldch Y9 FolA 2129 MBT 3! DBT9] §5ef 24 L AlghSo]
F71FHGFE] JASHL 48 43, 4F BehaEF M Sol 990) A Aoz Aadn. ¥
AZ f71FH3LEel A2 45 Al (internal dose) & H7HE 4 Qe AR2A9) A6 B
T A77F ALHA Aol & Zloz Hagdd.

Abstract: Butyltin compounds, including mono- (MBT), di- (DBT) and tributyltin (TBT) were analyzed in
44 human blood samples randomly collected from a hospital in “K” a city. Gas chromatograph equipped
with flame photometric detector (FPD) was used to quantify the amounts of butylin compounds. Method
detection limits (MDL) of this analytical method were 3.69 ng Sn/g for MBT, 0.91 ng Sn/g for DBT and
1.09ng Sn/g wet wt for TBT respectively. Standard reference material (SRM) containing of 1.3 ug/g TBT as
chloride was analyzed to check if this analytical results would be reliable. Recovery of about 90% was
obtained through this analysis, indicating that the analytical method from butyltin compounds in blood was
reliable. The concentrations of butyltin compounds ranged MDL (< 3.69) to 7.93 ng Sn/g for MBT and |.15
to 5.41 ng Sn/g wet wt for DBT. Tributyltin was below detection limit in all samples. Detection limits of our
results are lower than those reported by Kannan er al.'* who reported butyltin compounds in 33 human
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blood samples in the United States. Detection of MBT and DBT on blood sample implies that butyltin

compounds could be absorbed through consumption of seafoods or exposure to food stuffs made of plastics

and household items. Further study is needed to examine if butyltin compounds in blood can be reliably

analyzed and used as intake index.
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71524 213} (organotins)-2 192513 ul3Al = 3
& AMgEglc} o]52] oF 70%% polyvinyl chloride
(PVC) 5 E=tAElAEo] 93} Ao ogre] &4

= AE 93] 1% A 2 AM-E 2, oF 23%
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A| (biocide)2 AH-%lt}. =& monoorganotin} dior-
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2 (internal dose)& ool ¥ 4~ 9l 83 &9}
olell w3t EAubye] B2 w9 F 3t} 93l

M ed4d PARE, AER, EekaE AE AN A
PLEL B2 UMY LA 5 Y2 HAlA
2 F71FH 8 3 99 & Sl s
e A7 BaEgeS ! S oA drE iRl
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Yo 29| 4348 (MBT,DBT, TBT)S| ¥4} ¥ = 117

69 (. o 7tzh 3%9), 40 119 (' 57, : 69), 50
o), 60007} 242k 99 (o 129, o3: 6ol & A¥
oA ARLEY == $2lA| 3 (15 mL glass pyrex
test tube)S 23} A 7] (Branson 8200)2. M A%
F 450°C9] e.Boll 5417t o) ei§] BFINA 2
2]z BA8 3}7] Aol dichloromethane (Merck, or-
ganic trace analysis) 0.2 5 H AA% ¥ ARg3}edt,

2.2 BA Y

221 AR89 MX2| EEEMUMZ

gl A 2o A MBT, DBT, TBTS] ¥4 Shim §-
gt nie yze o AFAEe] AME WY
g 0xg Fxale Sysignt & AT o4
oz MBT, DBT, TBTo) #g A #4343
£ Fig. 19 AAHAA A

YA felAgde] YHF (1002008 T
o} Earlz 7 sigch AAAAAAN Lol
4 9)= &4 9B BA3HY] 23}l surrogate stan-
dard 2 tripentyltin (TPenT) chloride 0.04 pg (Aldrich,
95%)8 #AstY Alae] H71%E ¥ 0.6M FA (Me-
rck)(1:1) 1 mL& ¥ vortex mixer2 Eg ¥ 20
B3+ upxjsigdc). «d7]6l 0.1% tropolone (Aldrich, 98
%)o] 5% dichloromethane 4 mL& g1 7]

Digestion with hydrochloric acid J

L e stand for 20 min

Extraction with 0.1% tropolone in dichloromethane J

l «—— mix with vortex mixer for 20min and centrifuge for 10 min

Transter 2 ml aliquot of extract J

|

Concentrate and displace dichloromethane with hexane l

|

L Derivatization with 2 M propylmagnesium chloride J

L R stand for 20 min

Clean-up with florisil column J

L <+--pass 1 g of activated florisil and sodium sulfate

Evaporate to near dryness with nitrogen gas

<-- add with surrogate standard and hexane

. 7776l‘1antiﬁc;ﬁon by GC-FPD

A

L

Fig. 1. Analytical procedure for butyltin in Human blood.
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2 2087 w3 #,3500rpmo 2 10¥-3 YA ¥
28k % 2mLe $714v & 15mL f=]A ¥ del
&3 AATEAE MME] E2FHA o 20uLE §
247t 29 A8%F n-¥YAk (Merck, chromato-
graphy) 2 mL AR FT}. 2244 E THEY] A8l
A} MBT, DBT, TBT (Aldrich, MBT; 95%, DBT; 96%.
TBT; 96%)2] dA£F& ulea st n-AAk 2
mLel| YA A2 Aristae

o x| g9l ®HE Lol 2 M propylmagnesium chl-
oride (Aldrich)& 250 uL ¥ 2037 uxsled f=
A2} 3o}, uk-2-8}A] 92 propylmagnesium chloride
o] 0.2M Ak (Merck) 4 mLE Yo 23171 & 3,500
rpm o2 1087 94 Az F 71403 4mL
o] n-¥Ateg AA 23 column (SPE tube 8 mL,
polypropylene, frit polyethlene 20 um)el] 1.00g P43}
A1%] Florisil (Supelco) 3 F4=3pAh}E ol F-3HA13)
o} A Algel Axriag FRAFHAM oA 5
A2 % GC W3-E 554 (internal standard) 2] tetra-
butyltin (TeBT) 0.01 ug (Aldrich, 93%)& #7}stde

WRgEEA A7k 47179l 7faazete e}
g)e] Ay eateg Al AT Aol A #F
£ole YA E ENEY dvjct YAt FHY
o] 3t WA ABASE ZF 099 o)l
st

222.2 4

Alge] $M-e A7 (SPB-1, 30 m x0.25 mm
idx025um film thickness)3} flame photometric de-
tector (FPD)7} Aa¥ 7lA=mgnle b= (Hewlett
Packard 5890 Series 1) ¥-4{3}l&t}. 600 nmol| A
2,000 nm2) W& 71X FAHEALYE (Dietrich
Optical)7} A% FPD& AM-3let A& 2ul& ¥
glo) (splitless) 7kAAzule T8k} F97ie) F
Jaiee}. iaentees]e] $A 22 Table |
o AAse] Sk,

2.2.3. BFA| R (standard reference material, SRM)
YA g H71FAsE Bl RS
2A37) $1gted FU€ 3 (SRMEF #AH39Ed
g EFEAC] glo] dEFHHA A7 (National
Institute for Environmental Studies)ol|A4] #l] &t NIES-
11 (3¢, Leteolabrax japonucus, 1%k 1.3£0.1 uglg
TBT as chloride)& ARM£3lgc} 549, EFA8
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Table 1. Operating conditions of gas chromatograph equipped with a flame photometric detector

Instrument
Detector

Capillary column

Flow rate

Injection

Hewlett Packard 5890 Series II

FPD equipped with a tin mode filter
for 610 nm

SPB-1, 30 m length X 0.25 mm
inner diameter X 0.25 um
film thickness

Helium (carrier gas & make up gas)
35 mL/min

Hydrogen 170 mL/min

Air 100 mL/min

Column head pressure 28 psi
Volume 2 pL

Injection technique

Spilitter closing time

Temperature

Splitless

3 min.

Injector 225°C

Detector 250°C

Initial temperature 50°C
(2 min holding time)

Rate 10°C/min 150°C
(10 min holding time)

Rate 30°C/min

Final temperature 240°C
(7 min holding time)

70000 4 8T

TeBT

n
(]

mir

T v T
2.6 18 178

mh

Fig. 2. Chromatograms of propylated butyltin compounds. (a: standard solution (MBT : 0.05 ng/uL, DBT, TBT: 0.025 ng/
uL). (b): SRM, (c): blood of a male) U; unknown peak, MBT; monobutyltin, DBT; dibutyltin, TBT; tributyltin, TeBT;

internal standard. SS; surrogate standard, MPhT; monophenyltin.
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Yol Z9| F4313E (MBT,DBT, TBT)9| ¥4 5= 19

(SRM) 127 gAAge| dat ¥H=znizade
Fig. 29 AAl8kgc}.

3da o @

3.1 Mol c#t 2 E8tAl (method detec-

tion limit, MDL)

¥ dFelA 43t Y45 MBT, DBT, TBTS] ¥
AMupgell A& &34 ok 59T 78 Als
of EFGHE Hrlsle BAE w0 3 2FH
2k} AHFE(6) R 99% 4120 A4 R G.14)E
F3ted F3igct. 1 A2 MBTE 3.69ng Sn/g, DBT
+ 091 ng Sw/g, 28 1 TBT: 109ng Sn/g 340
2 AAISH (Table 2). MBTE o}2 34331
vla] EA7} g} o)A MBT7L &4pAd9] §7)
Ales 89 FAH[YAE F4E Ha 9le] rkams
vt etz Aol Aoz ubge] Y3 &9
Hz7} 37] d ot FA|RA MBTS} DBTH
Has)7 ghekort TBTE: QY H25Kch. o=
A3 FAI8NM MBTE= 7253 DBTS} TBT
7} A&A 4 Kannan 9] Q3A3}e} 2}o]
7} Sk o] A HAA M ARG ZE Ao
= ¥ $919) FA v g gEgdiies Alag
o ¥ AlaelMe] HEE ke ZE YAF MBT,
DBT, TBTS] %o BAE 33}

ZHH, Kannan §'%o] Q78 BAubye] &3
A8 ¥ MBT 70, DBT 2.5 18] TBT”} 10
ng/mLEM ¥ QFA3(MBT: 3.69 ng Sn/mL, DBT:
091 ng SwmL, TBT: 1.09 ng So/mL 43299} vieg
4 MBT¢ DBT7} ¥of. 2 9+9 ¥} 3 MBT,

Table 2. The calculation of method detection limit (MDL)
MBT DBT TBT

Average of peak area
(7 repeated)

Average of concentration
(ng Sn/g wet wt),
standard deviation (SD)

MDL of blood sample*
(ng Sn/g wet wt)

4,862 12,151 9,184

799 3.14 2.09
(£1.17) (£0.29) (+035)

3.69 091 1.09

Abbreviation : MBT; Monobutyltin, DBT; Dibutyltin, TBT;

Tributyltin

*MDL was calculated from 3.14 X SD (3.14 of t-value is from t-
distribution with degree of (6) freedom and 99% confidence level).
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DBT, TBTol| &t 59| ©9i= §olo] 1 mLe] )
7b o} 1gQ Aoz YT FHoe B &
7} "} 5:83) MBTell W3t 7237} xbe)7} Q)
}. Robinson#} Kluck'’= Kannan $"2] dFojr &
A3 FA3RMEe] EA e AP Mg e
Aol g, =Fell AAIRE B F20tE 7302 nje}
Al "} (baseline disturbance)?} Jebd Aoz xo}
el FojA] ¥A3 MBT, DBT, TBT: 7}o}A] (false
positive)d 4~ U3, A2 wlE T4 w|HH Lol
7b A g 2 A4 e s 2 E2ckn 2)F
&t ojoll djsA] Kannan 52 uls) &4l o3t
ZAAME A 878 AlE F T AEE BMskeY)
ol 7tdA-L ATt e oleid FAke 2
AR A8 Fo| MBT: 47%, DBT: 19% 181
TBT= 30% A2 9 Y A8 FolA FH33)
ol F&e] HA 42 AMIE AASET F ukef
71k o] ZAskdetd AlgeM 100%7F 2% AHE
Hgdolof g FAsGH? Fig. 29] at: EFEY,
b7} #&EEA 1|3 o7t FAbe] YA|BelM BN
% MBT, DBT, TBTE<| ti§ Fsvlz et} 1
& By vigkde] vzl il whebr FlekAle)
7PsAE g Aoz ggdd

3.2 xf N

MBT7} 0.05ng/uL, DBT 3 TBT7} 7bzt 0.025
ng/uLe] F=E 71 3 2E4NE vhE B
71712l WAL Ylsid) A 2 EHAR= MBTS]
73% 3.8%,DBTE: 14% 18]35 TBT: 20%2 1}e}
Wt A gEHxL 2F 4% o)skz Vel MBT,
DBT, TBTol| W& 7tAmzvlx Tebze] kAo
¥M 2L ehgsigict

Table 3. Average recovery rate of the amount spiked into
blood samples

Samples

()
7 267 133 133

Classification MBT DBT TBT

Spiked, ng/g wet wt

of blood
Detected, ng/g wet wt
of blood 7 1996 1508 1344
Average recovery rate,
+
(£SD)% 7 7545 113+2 1014

Abbreviation : MBT; Monobutyltin, DBT; Dibutyitin,
TBT: Tributyltin
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33. ¥ ®

3.3.1. A| R0l E7t3t surrogate standard2| 35§

% 447)9] WA g, 35¢ HAY L A8 Fol sur-
rogate standard2A tripentyltin chloride® H7}s}lyg
o} o7 AAMelg TP A BA A A A3}
£ &8 ¥A3}7] 28 Ao} Surmogate standard
o] FF IPEL 3% PG o]§ TE AR
A g-3lgdct

3.3.2. MBT, DBT, TBTS| &3 EE2% H7| o3

3|8

gAAlg 1.5gell MBT 40ng, DBT 20 ng, TBT 20
nge] E¥H BFLAE Y7} (spike)dHT). 2 ¥
e o148 Y7 348 MBT7} 75%, DBT7
113% 283 TBT7} 101%2 velutc} (Table 3).
Kannan 9] Q7o 3489 M7l 90-110%
2 Basle] B 79 MBTe| o3l H4go) e
Aoz vepge} o] MBT7} A4A9 $7) ke
% 3 FALATL TS 5T o] F24] 4u)e
FieE W oz Alsdd? o2yl 4ge =®
FEA Y HYA A AaEMelA 25 1
st

3.33. TBT X F&e| B0 o8 Hét: HH

B Ad7olA o83t Yo BAubo) gk g
A& AAE) Slsld FAHez AW 2FEAR
(3 %=: 1.310.1 pg/g TBT as chloride)® #As}gy).
& dFelA Mubgel ot HAAAFAE 11401
ug/g TBT as chloride (n=3, A} # £ H 3} 8.1%)& o
Sk A7} 85BHE. £ DTN o4 HIE
Aol MBT$} DBTol| tfgt 71&5ke] AAI=A] gfo}
A o]Eel iRt B HY=r ¢ 471 9o

2| Zol] European Commissionol|A] ] =3t #3-5-xa)
(CRM 477, ISBN 92-828-1582- X)¢ll:= MBT, DBT,
TBTel A3t 71& 3tol 25 A Aoz Wlsly
o} o]EE T8 B FMubiel] WE HYTE A
AAE AYl etk A Yo §r1FM YR B
Aubdel) #3712 FuelME AFE wpt gen
Kannan el oj2t 477} da74xE $d8 29
ojet. & 7oA ¥A3 ¥4 F MBT, DBT, TBT
2] Z2rfe 782 Kannan S| AJA|8 Az} vz
sl B W o]RE A7} (retention time), H}EFIS] ¥

& = goll Z A}el7} gloth(Fig. 2a, b, c).

u]3+ 27 A (United States Environmental Protection
Agency)ollME Y F9] o]d ARl o3t M
g d= F3A=He] (Quality Assurance/Quality
Control)& Al33}ed 2lm o] A2AE Hr3lcs o
T3k Qleh B dyellM AR FP el
a9 24 &3 v, d1 e ol W
38 AY 8y 2FEEA B 93 HAA A
Folglct. oleigt AE Fsted & of B A7y
43 ¥4%F MBT, DBT, TBTS st A13A4e
712 Hez B 4 gl

34. @Y = MBT, DBT, TBT 5=

449 Adniele] ¥HollA EAHE MBT, DBT,
TBT®| %-%7} Table 4¢) A A|H oy ot EMuky 7
E%4 ooz HEE A= MBTE 20% (99).
DBT+ 100%% 3 TBTE 72308} 9 wjid&=
viepdel. MBT S} DBT: dabe} oJ217he) fo)3 &
AM zbolx ge Aoz Jebdth(p>005). g
% MBT, DBT, TBTell =3} 559} theji= 3,178}
A dggh uie} o] P} ImL ¥3)7} o 1goz
Kannan %9 o373} (ng/mL)8} ¥lm7} 7R3ic)
Kannan 42 v|3 u]A|7kol|A] 3399) ajubxiel #
o212] Ho 3 MBT,DBT, TBT =8 ¥ o3
oA 73282 MBT7} 53%. DBT7} 81% 12]3 TBT
* 70%%. 259 HFEws MBT7} 8.17 ng/mL
(B39 x}): 8.56, W3): <7-23 ng/mL), DBT>} 4.94
ng/mL (XFEHX}: 3.83 ng/mL, ¢ <2.5-16 ng/mL)
28)5 TBT7} 8.18 ng/mL (2FHx}: 154 ng/mL, ¥
9 <1-85ng/mL)Ex £ 723 ¥o Y48 o
543 TBTH] A4, £ 479 289 nid2s 298
LA (ZAF D) Boldt wojztg] g (o &3
el Al 5)8 243k T QoA AlalehA)
3 ofAdapgo] miz ! YA sl SAFe] TBT =
2o} DBT,MBT9| 557} ¥&4 Qi) =8 2414
e 98 YYLFEoRNE F4HYE AL
DBTv MBT7} TBTEH ¥& ¥=8 BY 4 Qe
d ol AR 2 YPEF) F2 2ol A DBT
HAdole U53) ¥ ¥xol7] dEe|}° TBT:
DBT, MBTRFE} L2gi oz xubza], oula o
FH 22 B3] Axals BMY A o An
€ BYd4x ok Kannan 5] el 32709)
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Table 4. Concentration of butyltin compounds analyzed
from 44 human blood samples (ng Sn/g wet wt)

Classification MBT DBT TBT
Min-max <MDL-793 1.15-541 <MDL
*Average

(standard deviation) 1.36(2.76) 3.33(1.14) <MDL

Detection rate, % 20 100 0

*Values below the detection limit were assigned zero for clacula-
ting arithmatic mean of MBT
Abbreviation : MBT; Monobutyltin, DBT:; Dibutyltin, TBT; Tri-
butyltin, MDL: method detection limit

Ne wFel AZSINE 2 ohe} 85 ngmLs}
229 A= I%ich o212 Asel cha) Robinson
552 85ppbE 7HA AlmE BAdes o4k
(outlier)ol] #3381 groar 7 Age AL 9
FAIBtHeh 22t Kannan 42 A4l x&2
A3 AW 5= F5= 7Fed AdH 2ol
ot FANRFE] Foeol AH AFe ofx] ¥
Foletx sty

ool M FA 2P| HEHE AU A5 84
S o Eehadoz UE aRAMY 44, A
3jHE2 o dE SAEES] AH Foluht T FW el
A FARE F-(e]ol 7, ol . ZH-F $)¢IA{9) MBT,
DBT, TBT s5% Tro] B y15jo] glc}, 1213.1618.24.21.28
FARE ool AR ES ujo]7] Fo], EelolEH|2
A&, PVCE THE E8taE 52 7HdlA Al
x3dE 5 9t FA3RME 29le]c}k? Takahashi 5
< Wo]7)8 Fol2 RHE w27le|A MBT (260 ng/g),
DBT (720 ng/g), TBT (15 ng/g)7} H&HUG B3
stdo}® Qlae] zhellA = MBT, DBT, 28| TBT7}
HE" Aol Exud ul gloh! o)ggt d3xANE
43l & of $733-A MBT, DBT, TBT § 34
ghee] AAF] 29 geEA EAEln o
7hsA-E Wt Aoz Bl o|XF A FolAM
oA W=l MBT, DBT, TBT2] tjofgl F4=-Q291¢&
2 o gz Ao, AdEEE, ol § 53HQ
FA o] gol AFAAZY] g F FM33E9)
et v R ofel g Aeg g

g FellA FAAPEF VA" dF= Fl:=
R FoM e @A b2 Hojo} wefs HYF F
A2}l AEt FMubyel] ik AgAde] 83
HEEHA oo} obA 74 Fld BAMubdo] gloth
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Robinson §"& £H3] YFoM FHPE2 @
£ HE3A7R] BAs) ok sl A dj il A4 o)
A gHaE W ofRekn shsh ool el
Kannan 52 FPDel] 3-3}¥ 0]l 610nme] FA4
Ye7} Aoz FAMAPEEL A 4 AT o
o| a}g} MBT, DBT, TBT~} H#3t &&=z 2%
4 Uk FASAC vlge] d FoA FA3)5t
Bl W3t Flg Aol AR A5 FH3Y
T2 b SHREY Gl AT WBE Sol
Moz AWg £ v YEHH Ao AHAA
(determinant of biological exposure)2A HE3HA]=
o) e3}A] b Aefolct,

oz YAZ FUMGEe) A7) Jae Sol
Aoz &3 ABEHA AL AAAARA o4
9 4 e g 477t At

4d £

44912] Uukqle]l FHoo]A{ MBT, DBT, TBTE
flame photometric detector’} BE&% 7}A=gvle
gtzz A3l B byl o3k 7234 (ng
Sn/g %)= MBT7} 3.69, DBT: 091, TBT=
1.090|%ch ¥ AF<llM AMg3F ®FEA (NIES-11:
1.3%+0.1 ug/g TBT as chloride)®] 213t A3t
T dAFe 2y HYgeg AT 5 Yok & A+
ol FAE FAE p=eE MBT <3.69-7.93,
DBTE [.15-5410]9)32 TBTE v|7& 2 H&3H4
ulgkel 1.09ngSwg $5%o2 27 velsieh 2
Hoz dY F FAAFE-E FAE7] Y& Fal
e ofA gk FMEE] EHF v|HE
9 & 7Y o PAF FAAES B
A% o) By B2 FUskEe) Ao vl
t AL 5olHozr H &3 A5EMY o4 v}
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