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Abstract; The triolein-embedded cellulose acetate membrane (TECAM) as a passive sampler is used to enrich sev-
en organotin compounds including monomethyltin (MMT), dimethyltin (DMT), monobutyltin (MBT), dibutyltin
(DBT), tributyltin (TBT), diphenyltin (DPhT) and triphenyltin (TPhT) chlorides. Organotin compounds in the TE-
CAM are extracted by methanol/acetic acid (9:1 V/V), and ethylated by sodium tetraethylborate followed by n-hex-
ane extraction, and are then analyzed using a gas chromatography-mass spectrometer (GC-MS) to study its finger-

print information in water. The results show that all the seven target compounds can be enriched with TECAM with
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an equilibrium time of 48 hours. The enrichment capacities of TECAM towards organotin are quite different. Orga-

notin’ s membrane/water partition coefficient (logKzc.y) 1S positively correlated with their octanol/water partition

coefficient (logK,,) (r=0.97, n=7). Although the enrichment capacities of methyltin are low, they still can be qual-
itatively analyzed by this method, while the sampling rates of MBT, DBT, TBT, DPhT and TPhT vary in the range

of 0.06-0.16 L-g™ -d"'. Moreover, there is no significant difference between the time-weighted averaged concentra-

tion derived by TECAM and the average concentration obtained by active sampling (P>0.05). The passive sampling

technology based on TECAM can be used for forensic fingerprint of trace organotin pollutants with a wide range of

polarities in water.

Keywords: methyltin; butyltin; phenyltin; passive sampling; semipermeable membrane device

= THEB(TBT) e —F AL N4 TH4 , o %t
VAR A O™ A E A A B LA Y2 K
TE, A v e O M X Y5 e Y s R,
TBT Hl =258 (TPhT) S LKA 7= My ¥ ] AR vh
HEA A A e B R T S o A W A SRR
HF=A i AES RGED, S H6E = H L8 (TMT)
A= H L4 (DMT) ] S B P35 T BT,
W, WK AA A LA B TRAE RN SIS AKOF- Bk I 7
MR EAEEZ L,

RTRI R (A BIL B A 2 e R, HLaE K
i 22 8 (logK, )M\-3.1 3| 3.9 R FEKIRFH AL
By BE T AE ng - L G B B AR AE RS R
VRCAE TR SR 5t A By T T R AR UK R A L
Vo AR AR, A T AR A M K AT
FHBSCAE I T 75 2R e i B3 79 o A /D, B AR TR A
{1 AR i Ak By 9 2 0 3 T 3 B R SR AR
(1, B 15 YR B TR IR P A A A s AR e S
RS SR A 2 X5t 4B 45 % 3 1O 152, 177 36 T s 3 SR
IR R4S H AR A A 4 — 2 i 8] P A4 B i) o A4S 2
(time-weighted averaged, TWA) ¥ £ Ja /b R A 1)
2z, B R R SEAb BRIRT 2 AR R > A
HRIE B 278 BICR AL SR (SPMD) AL 243 75 %% (Chem-
Catcher) % Bt ) 3R FE 28 1 FH /K b — T 36 8
(MBT), — T 345 (DBT), TBT . TPhT Ay Wi I & 4
BT R G A A (8 o sh 2OR AR A AR
H SR A M R 5T

=R H I R - R 2T 4 R B B8R (TECAM) J2:
—FhIET SPMD (3R - & R A SR A B 0 4k 3 X
SRAERRM S IR HIMER LA AT R S B RR AT 4
B A  if3 TECAM & EH0R I & KA i
K, FLBENS B LR R T A T e (& 8 — H
Ml AHLAARZ 2 R 2 @A) H
BEEARH THIG G W, H i, 804 TE-

CAM N HF KRR WL AL & W (L5 H 3L 8)) 1)
LB RAE T A ML) TS Y i A UIE B A ST 5%

1 ##l57 % (Materials and methods)
1.1 SEsphek

“HA—HEY (TRC, MEK), “&A _H &Y
(SIGMA, EH), =& — T8 (DR, fHEE), &=
THEY) (DR, EH), —& =T &% (DR, HEH), —&
TREE) (DR, ERE), A S OREY) (DR, fERE)IL 7
Tk & W A B TR B AR AE S B i — S — TR L)
(DR, ),

IR (5347 66, B 25 S A 2l R A BR A A,
M), NI (G bk, [ 24 4 A Ak 2 R 0 A BR A
A), b)Y, JooK e SRR BE (o B 4, [ 2 4 AL A I
FIABRA R, ), =R Him g (26 95% , SIG-
MA, Lifg), BERRET 4t R (ol B 2542 A 1k 235
AT, L),

1.2 RIS
1.2.1 TECAM %

P ABERRLTAE R - TN - N3 ToKE &R
FREE + =R HIMMEE=9 : 35 : 5 : 1 : 0.75(ikE kb)
4 E A, T 1 5 R = S T 3ol T - T PR 2T 4 R
A BE(TECAM) i il 04 , BRI T . ) HA 1 1
FEHE T AR A I A B T 590 T TR AN — 4K
ORGS04 IR0 0 00 Je /K v SRR EE | e J A
BT TR FR 2T 4 25 525 °C1H IR R 7 A 2 55 v
IR A 35), 22 5 i D0IR 8 e 1 K B4 A AR 1 o, 7
M B JEHIEER N 6 cmx4 em K/MEHLAE | iE T
LK P ORAT
1.2.2 TECAM & 4525

A 5% R I A 8 T AR SRR AR 4R 2 Fb
TECAM &£ =X(WE 1),

(D)ES I 4 . 7 HSE B DR B B i A
| L 4K A MR AR, Bl AR 1 L Y
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10 ng- L' AHLBIRG/KAE & 12 h A RIEG S
5) ., FHBEES RN [ 2 7R N, FE R IR IR T AT
R I 7 B — I ) 5 B R

Q)AFEANE B 4R - RE A BB SR TECAM Jir
FEBUARAE ) (1 AN BE B IR AR R 5 (7 Ai, HH
PRARAE N  AE HLZE S DR B P A 1 L 4k
KA IR A PR, BEHl AR T L1 pg-
LA HUIR G KRE, 88 12 h (A RIBSS, 1
IR 8 2 R PN R i R R A T AR
SC, TERFEBEER 2 .4.6.8.10 h JFHUH R, BE
BN TR TR 1 h B— R LR R R R R E
1.2.3  JEREA LB I3 IR A A ik

BSOS RS AR il AR Atk
TR 60 s J& , F Tk v i 048 4 JIEE 6 THT /K 43, % JBE 7k
A 30 mL AT, RS RS T AL )
DL FIESAEAE s A0 T A AL 0t i K
Gy FIEASAETE , HAR OGN 38 5 6 1 St v i S
553 2 )V A T (A Y R 5 RS TR VR 5 R VDB, AR S
B 5% AL WIRE i S ChemCatcher H A #1485 I H2 B )y
P2 AR 7T mL HEE  BEER =9 ¢ 1(IRFLLEL)
(B U, #8754 B 3 Yk, AR 10 min, & I HEEL
W, AR 05 mL,

P15 0.5 mL #EA R A 50 mL iR H 4RI
B 20 mL i R/ 1R 41 2% #h % W (1 mol - L', pH
=4.5).100 pL =HIEBNIRE B (1 mg-L").600
wL NaBEt, (1% , Jii & 4354, Dr. Ehrenstorfer GmbH ,
) 2 mL 1F O %8 (0% 4l [ 24 5 A k2l ) A
PR, ), 323 30 min(150 r-min™), {8 FH B0
PUEAS A3 85 B 1 mL A HUAHZE R EALHT
1.2.4  JKEEA WU AE BT ik

fdiFH 500 mg .6 mL fY) SCX(CNW , 7 &) [ A 4%

WO FH Tk RE R 4. SCX /MEZEH 5 mL Y s
b, FR6 1 L KBRS 3 i [ A 2K U e PR R 7R
5mL-min" ZE 47, ZEPGTFE P B IR LR SCX A
PRV TE R AR

AWGEREE 7 mL YRR VR, R IV W
Hl A REUNT L (D)FEEL 10.79 g Sk EL A, ] 87.5
mL HAK IR, 5585 A 250 mL 255, 4l H
PS8 5 IR AT Q) B IR VA, 76 L A VKBS TR
R VKEEFR S R S IL B W AR AL 10 90,
RATEHCE

WAE VR R i A 1 mL %9 2 mol - L™ 1Y
NaOH ¥ (V455 pH N 4.5 /£ 47).20 mL #J 1 mol -
L BRI R BN 22 MRS W (100 WL = 7N B85 N A fitt
W1 mg-L").600 pL NaBEt, DA & 2 mL 1E %5,
AAEIEC L mL A PR SERE_EALHTE,
1.2.5 TECAM X 7K AARA ML) W Il 4% 1o FH v 0 7
iSRG

#1750 h i TECAM JRERASZER LI, 7555 0.
20,3050 h XJ BB P I AR AT T 4 MR AR IR
IMARIA MU K WA R 1 wg - L (D)X TR
R AIKAESEA T AR 22 B, 43 Bk FE T A ML AL & )
W BIPRS00 B AR Sk 3 3l SRRV BT T
AT HLB K AR B L (2)50 h ZEES U, X TE-
CAM JERESEA T AL B K A4 , FIFH 43T BT A5 IR L
B EYIHIER Kopeay LA G) BT #E S H K
A WL B T IO 2 (TWA) MR B 5@ 4% L = 30
KRR SRS B {5 8 5 TECAM Frill 45 TWA ¥ &
520 LU IE TECAM W H T3 5544 S AL 1k
BYERITIE T, TERRAS R R LD BRI
HRA LB AL S R B IR 18] T [, ] R I B G A5
PLIRIE v i5 Y e B B S]] 38 ) () 17 L

Static enrichment | Organotin HE12h > &'31%{/ J
experiment solution St gy 7 s
?(t)(;vilzni m ﬁﬁﬁﬂﬂﬂ(?ﬁﬁﬁ 3
T A Y
Cleared with ultra
IL-h* 1T-h /’ TECAM| = pure water;
™ / extracted by
R ,\\Q@X ultrasonic
%@F\C (o A treatment
YRS - e’o‘
e S50 FHE12 h W{\M‘
Negligible depletio Stewine for
experiment 12 ﬁ

B =B ES-EEL 4T 4 R4S (TECAM) BE LR RIEREE

Fig. 1 Flow diagram of the triolein-embedded cellulose acetate membrane (TECAM) enrichment experiments
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1.3 AXER BT 5 o B 45 4
1.3.1 S AHERE-FE b

SR 16 {6335 B HP-5(30 mx0.25 mm
x025 pm), #FHE H AR EECE N 250 °C, #EE RN
1 pL, BEAE AL, Ao st XA A 3 i i
1 mLe-min” , AER P THE , & 4G IR E N 60
C 445 1 min, BEJ5 LA 10 °C -min™ fY3#E R T+ E 150
°C,FLL8 °C -min” JFZE 290 °C , I-#45 2 min, K
EI(70 V)& FIR RSN 230 °C, 42 O R %
h280 C, B ERE R 2 20R0(99.99% ), T A
K 429 (Scan) FHE B P B 1494 (SIM)2 Fh 5 =K,
A B I B I R A MR R IE I, B A&
NIST i A LG AT AE MR ], 456 7 oA il
By bR I 0 LR B B TRIE Sy o B AT DL LA s Sk MK
FXTE NG AT E T . A ALB Y Ty
PR HIZS SROE M2 ARG ARk R A T 1, HOE
PEERSHIE L,

1.3.2 e A s i (QA/QC)

(D) TAERN L I8 v B x 3P AL HE y(H AR
Vs TR AR PN A 0 T B 223 1, AR A A e B = TN
B, LR TAEML R R R, 7 f
AHBAA YT IR BIILE 0995 DL b, Fifi I

BURE S 35l A 8 A0 o 3 O BCFH4ME

Q) S0 LR VAT R i A0 53 B 25 1 M
BT A, SRR S AN LE YN
25 AT AR A

GYNPRIERFRIR & 5], A IARAE i 748
IRIGTHCE A AT T — 2P 2

@7TE 1 LABAK A 10 ng ARUERE G, 4351
Xof KA [ AH 5 UM 32 % TECAM 8% 2R AR 5k (4
b L SR AT I, DA B e, Hoh ) TE-
CAM % 2h R A 0 i A 101 05 % 38 2 45 ML) #E TE-
CAM L= ) 5 vk FE 5 BE-TK 43 FiE R B Koo THEF:

(YN
1.4 BAEALPRS S0y
1.4.1 WEEINFESE K, N Koy TH

TECAM 7& & S /KA M5 gt Had f h—
Feah J12E R, T LA — AR B AL e =

Cracam(= Cy XK /K x(1-¢ ) 1)
A Crpean (DN B 4 ¢ WA 5 A HLTS YL ) 1E TE-
CAM H Y EE (ng- g, TECAM JEHEBUKE), C, N
I TR K P W (ng - L), K, NS R EE
REB(L- g - d), K, R Ye ) T 0 2R 0 5L
("), t MEERE(d), BPEE R TECAM i)

ANBHREYREEEESH
Qualitative and quantitative parameters of organotin standard materials

1
Table 1
& IR Y AR
feat it - LT
My Names of ethylated

Compound name

Abbreviation derivatives

£ B B} 1] /min

Retention time/min

SIM & & F (m/z)

Quantitative ion (m/z)

SIM EMEE T (m/z)

Qualitative ion (m/z)

= R—H SR
MMT
Monomethyltin trichloride Triethyl monomethyltin
TET WY TOHET LY
DMT
Dimethyltin dichloride Diethyl dimethyltin
ST MBT SOHET Y
Monobutyltin trichloride Triethyl monobutyltin
ZRTHEY DBT ZHETTIHSY
Dibutyltin dichloride Diethyl dibutyltin
—HAETEY BT — LIEET IR
Tributyltin chloride Monoethyl tributyltin
S BT
DPhT
Diphenyltin dichloride Diethyl diphenyltin
— AR — LRI
TPhT
Triphenyltin trichloride Monoethy! triphenyltin
S = 3 —
—A NI (MR) .
o — LIS
Tripropyltin chloride TPrT

Monoethyl tripropyltin
(internal standard) v propy

165 163,193 717
151 149,179 440
151 193,207 12.61
207 149,151 15.11
207 149,151 17.56
303 275 23.08
351 275,349 2821
193 151,207 13.63
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APV EERIR N Crpeam(max),

MAEHLBTE TECAM H i & SR Ab 7 1 2R 2k MR
FERYBERE, A )y K x e R/ (<<1), A (1)
AT fRTAE A

Crecan()) =Cy XK Xt @)

AN AE TECAM HikEPPARIRAS S , K x>
>1, 2853010 AT AR Ak A — s =

CTECAM(t) = CW ><I<U /Ke = CW ><I<TECAM (3)
T Kopean A5 9YI ) TECAM J-7K -1 73 it 5
B, MRS R AR 48 h A E
BETIAT B Kpeay 8, (HHFER S H 30 122 90
53] Ky 8.

1.4.2 Geitotiine

HdE FH Excel 2013 (Microsoft 23 F]) & Origin 8.0
(OriginLab 23 &) AT AN B AT A T, L0 4%
fd ] Excel b #3115 45 i O 22, £/ Origin #E47
— G Bl )2 RS BB FEAR ¢ kB, A7 P<
0.05 MIASY HAT B &1k 5

2 ZR 5178 (Results and discussion)
2.1 AU EY T

AAF5EHFH TECAM BEXF 1 L A HLB LA IR
B0 ng - LY HEAT & 2 5050, I A5 B A S A ik
2 H /S TR BRI, 2 3R AT AR AN IE O e A BUS FH

BB T % (TIC) LTS - B 1R (E1-MS)
26486
= T = %
=z DBT R (g
2 =
= g%
DM <
a1
BT
MBT l
MMT
Ll A 1L L
10.0 20. 280100 150 200 250
Hsf [] /min Irivcii=a
Time/min m/z

B2 TECAM EHEFFHHRIEN GC-MS £RAFBEXMBLEFRBEANFEESNEFRE-RIEILTHE
(A= L H— PR VUL 99% ;(B) 42 —H 345, ILALE 99% . &l DMT ,MMT MBT ,DBT ,TBT ,DPhT ,TPhT 43Jill

R TEE — WIS — T3 T4 —

THG)  TRIEG R =R B H SR A

Fig. 2 Total Ion Chromatogram and Electron lonization Mass Spectrometry of methyltin of the organotin
extraction solution from TECAM through GC-MS full scan mode
Note: (A) (CH;)(C,Hy);Sn, 99% match; (B) (CH,),(C,H),Sn, 99% match. DMT, MMT, MBT, DBT, TBT, DPhT, TPhT stand

for the ethylated derivatives of dimethyltin, monomethyltin, monobutyltin, dibutyltin, tributyltin, diphenyltin, triphenyltin.

R2 WHIREEMENREEZN T HENGLSY I TRIEBIELRER

Table 2 Quality assurance and quality control for the analysis of 7 organotin compounds in

spiked samples based on passive sampling and active sampling methods

PSR AL B (TECAM) EFRFEE(E AR
EMHE Passive sampling with TECAM Active sampling with solid phase extraction
Compounds i [l i % ARXT R 1 22 IEANEEES A A o O 22
Spike recovery Relative standard deviation Spike recovery Relative standard deviation

MMT 92.5% 23% 89.4% 73%

DMT 90.1% 35% 82.1% 2.1%

MBT 802% 89% 93.5% 95%

DBT 97.1% 53% 115% 12%

TBT 101% 9.1% 118% 3.0%

DPhT 104% 53% 99.1% 34%

TPhT 118% 3.6% 108% 78%
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Fig. 3 Enrichment kinetic curves of organotins

FLHHBHAT GC-MS 2H 5] 88 T i
(TIC, VI 2), 24 it 4% 0 00 4 76 ol 725 - i
EI(EL-MS)ITE 8 715 &, K28 NIST Jifi i )% v It

BCRE R s ] 25 SRR 7 Ma ML L& Y
Al AR P i B — H 3R ) (MMT) A1 DMT
LAV EYIAE TIC HhIdeni B85 (B BT A A
B I VEFCE (UL 2(A)FTEL 2(B)).

2 Won, HAIGLE Y TECAM 8 3%
BEDT 1 B NAR [BDICRTE 802% ~ 118% 2 [H] | KA
FHAC IR AR R RAE 82.1% ~ 118% 2 [ , W 1y
HERRPERL A W] LAV 2 S0 0 oK, (AR 1 A2,
TECAM # 3l A 1 LU [ AR A€ UL X MMT A& DMT
(R AT b, R P By e HORG 2 P A 2 0 | R
TECAM JE# BEA B XF MMT K DMT A9 & 4 fiE
B PTEL, A A HE— 2 iy etk s [

2.2 HHUEMLEYE TECAM I E 5024k
wmE 3 FiR, £ AL AL G YTE TECAM H i1y
VR Bt B IF 138 I i 3, Fe 2 - 2% , 156
“RANG AW AT IE TECAM |3k 5] & £ F
iy, A (D) W — G h 128 05 B 1% W i 2 a0t
LA (R 3), R ¥I1E 096 LU b AL EHE . %
W R Bl 2R i R R I . (1)7 R ML L& Y3 g e
48 h NIKH VM, J5 B2 505 4R H BL s [ VR
AT B R, A B SE R B ARV B ) TBT #E
SPMD ik E| & £ V#7214 d 24", TECAM
AL SPMD 1M 5 B R 46 48 T At el 2) H 3B 78
TECAM _b W~ FEE A LT 3868 JOoR S48 1 i vk
JIE I B A, T UL TECAM R A 6] F 254G WL 14 6
EREIIFIE R 2E S
2.3 TECAM MEE DN 11255

7 R AL S Wi TECAM-/K -4 73 it 4%
(log K pean ) 34 48 h #8450 25 3, il A =0
Q)RR SRAEH R BU(K )R E 10 h filFE=X
o fE L gm ARG EE, KEIBLEY
BENFSHIIEKS,

SEHREE R (1) T EEB MRS 1Y logK pean
TE1.13 ~2.25 Z[],2 B H S Y log Ko M/
F 0, XAV AEDIMARIECR S logK,,, 1T
— LT, HOE R AN y = 042x+0.98(r=0.97,
n=7), 23 B 89 1E A DG, BT UL, TECAM X 2%

BT i A A L A P ISR T | X — iR B 46
Tt 5 Z BRI E 45 AR

(2)TECAM X T He88) R B85 11 SR A R A 3k %
K, 7E0.06 ~0.16 L-g"-d" Z[a], ¥ SCHkRiE,
TECAM X} HLE A 25 (OCPs) Y K, M 0.037 ~0.195
L-g'-d"® X} £ 355 4 (PAHs) 1Y K, N 0.664 ~
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3019 L-g'-d"P, TECAM X T 385 FI A H 45 1)
SRAEMISGHF 5 OCPs 2448l 5 PAHSs MY RAF ML AL
R ZE—MBUR R N, BB T 350 SR EfE,

BAL G YITERER 1AL T 2 2 A R e, mT
¥ TECAM 1EN 8 ) 2% RS A, il b & 91
K, {HfEE Hok Ak C, , {5 T TECAM i) K,
{37 It 18 S BRI DR 285 i 95 A, 4 S A/ g B 7 R
H PRCs(performance reference compounds)2§ /5 13K
KIE G RAE LY #5044 TECAM ELHE B T 07
HNAEE TP BCRFE R (8] R G50 B AR E AR LIk E
T, MR TECAM A P RAE 4548 | 38 5
LA 53 BE 2R B (K g ) ELEEAE T KRR
Cy o
2.4  TECAM # ol R B 1 X K A AL s I ) g
FHWE 1 VEAR

[ IRWFESE B R TECAM i) LA 6 &
FEHIENE T FA USSP TA LS TG YL
WM, WE 4 s, TECAM 8% 8 R AR 2 1 5
FPE HLB) TWA Y B 2 32 8l R 1 10000 e 2 1 244
190.65 ~1.58 i, X8 sl RAL AN E B R AEIE BT 15
2 BRI TR AEA ¢ K300, K30 2 5

P B A5 =2 18] T Wb 35 Pk 25 57 (P>0.05) . X451
UEB 76 VR FE AN W % 3l 9 1% L T, TECAM Jir il 7%
TWA ¥R 5 55 32 8l SR A JIT 45 Ik o R J32 - B4 (AR AR L
FAREFRIYIE M, 7T W TECAM % ) SR A 1 1l DLz
WA KR H IS P B2 AW I T T
B RIS S 110 s e W

FHRFEY: Active sampling
[ pling

12004 U2 WishRkED: Passive sampling
L 1000+ 7 | o %%
;n %,
<7 800 7
T
=2Z 1]
£ M 7
2J
T 4001 )
< 1
200
0
MBT  DBT  TBT  DPhT  TPhT

4 FEFREES TECAM #3hREEEMEKE
BISGKER LR
Fig. 4 Comparison of organotin concentrations in water based

on active sampling and TECAM passive sampling methods

R3 ANGBLEYRMNNESH

Table 3  Adsorption kinetic parameters of organotin compounds

ey 5o s ) Cracan (max)® brifERZ /(ng-g™) K Ky
Compound /h /h K fng-g™") Standard error/(ng-g™) Ad) ok AL-gt-d™h)

MMT 12.79 16.64 098 531 1.50 0.0008 -027 0012
DMT 1439 18.72 0.96 393 1.78 0.0013 -039 0.009
MBT 27.09 3524 0.99 369.5 649 0.0038 1.13 0.08
DBT 34.88 4539 0.99 5814 16.7 0.0029 1.65 0.06
TBT 2646 3443 0.99 6042 11.0 0.0038 1.60 0.13
DPhT 30.70 3994 097 894.1 418 0.0028 2.05 0.11
TPhT 33.86 4405 098 10614 338 0.0030 225 0.16
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Note: * The concentration of organotin in the TECAM reached 90% of the equilibrium concentration. ® The concentration of organotin in the TECAM

reached 95% of the equilibrium concentration. ¢ The enrichment equilibrium concentration of organotin on TECAM, obtained by fitting the adsorption ki-

netic equation (1). ¢ The release rate constant, obtained by fitting the adsorption kinetic equation (1).
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