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Abstract - Organotins are widely used organometals in various agricultural and indus-
trial purposes. After introduction of these chemicals to the aquatic environment, they
are degraded by abiotic and biotic processes. The tri-organotin compounds are sequen-
tially degraded to di-organotin, mono-organotin and then finally inorganic tin. Al-
though the effects of trialkyltin on marine organisms have been intensively studied,
little has been known on plankton as a producer of ecosystem. In this paper, the
toxicities of dibutyltin (DBT), monobutyltin (MBT), diphenyltin (DPT), monophenyltin
(MPT), trimethyltin (TMT) and dimethyltin (DMT) to rotifer Brachionus plicatilis were
measured, and their potencies were compared based on 96 hr-L.Cs value.

The results showed that DPT (13.8 ppb) was the highest toxic, which was followed by
TMT (42.9), DBT (80.6), MPT (262.2), MBT and DMT (>>1,000) in order. Thus, in tri- and
di-organotins, the toxicity was observed phenyltins>butyltins >methyltins, and in
mono-organotins phenyltins was more toxic than butyltins. Considering the order of
96 hr-LCs5 with octanol-water coefficients (K.w) in organotins together, it was consid-
ered that the toxicity of organotins seems to be related to the lipophilicity of the com-
pounds.
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FEEDR, Ho|algd shiel R|3le] dFAae A
Z1&AQ Behe o]EY 2492 o]ES Helz 3
T ZAA AEAAE 93 vHA A - zbgde=
A Al H3}E 7FA 2 471 A& Aeleh A E(2003)
2. tributyltin (TBT)$} triphenyltin (TPT)$} 22 87
2 2}3-2 (organotin compounds, OTC)e| = o]Al& &}
o] ARG rotifere] "XE FAAS AB LS VEo
2 23l OTC7h & S4E 23¢ Felasn. o
E OTC: WA= EAo] w$ 7+8km (WHO 1980
Boyer 1989), {5 Foll F3i=d w4 37 e] 77l
Qi 240 AT ALl JFE BEE dFx 42
e don 53] EHFE YFA L (imposex)st 7
A7 E deoy)7x sheH, $ehdet A=
25 52 F¥3) (Shim et al. 2000).
&3, OTCe] x=2d A FAEL 1 542 %3449
3 Adzre e wjAdsy] fjsl q8 2AE 53
17k8] oFEH Al EAAE Fgst o &S A - $H
AlA (Fent and Bucheli 1994; Fent and Meier 1994;
Gibson and Skett 1994), 23] AFHE-2] dibutyltin (DBT)¢]
1} monobutyltin (MBT) 52 A|¢)] 7+Ew (Shim 2000;
Shim et al. 2000), & %ol = OTCE 33l n|AEx
SAsle o7 FHEe] HEZGT g gl
(Harino et al. 1997; Kawai et al. 1998; Pain and Cooney
1998). OTC9] w2 B W FA42 F4 Ao} 2
8 7] (organic group)®] AMEZ 0|7} wol'dE
HAA AT tetraorganotin E3-8-3} F7|EHLE AL &
Aol dckm 4edA 9)c) (White ef al. 1999). ¢33
OTCS] Fol whet ATol A% S| vz 8
@ 7 B4el BalAE F LeA A ok w2
A7 -5 NAHEE] FADANA T2 HolA)
23 Rolx ZEEFAEQ rotiferd HAbo = TBTE
TPTS] EjALE § RSN Frjgez HEH =
trimethyltin®} dimethyltin®] =41& A} - W)y
o}
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1. &A%

£ A e B8] MBT (monobutyltin trichlo-
ride; 95%, Aldrich), DBT (dibutyltin dichloride; 96%,
Aldrich), #'\d 54 2] MPT (monophenyltin trichloride;
98%, Aldrich), DPT (diphenyltin dichloride; 96%, Aldri-
ch), W€ 34 2] DMT (dimethyltin dichloride; 96%,
Aldrich), TMT (trimethyltin chloride; Aldrich)& A}£-3}

1.

2. Rotifer ®jeks} AoF &

A AHES #7154 3YEL o whg (Merck,
Germany)?| H%al, 7] Sl 275 =g 5=
T 01%% 97 ¥EF iy o ¥E231= rotifere]
A 5L BolA ggkeh 2B T rotifere] AHE Wl -
2 S B (Jeon et al. 2003)8} FUsHA AA st
%, rotifer= ZFgd e HolJEAdFARNE T4
Ak2] W 2E(L-type)S <3192, Diurnal Growth
Chamber (MLR-350HT, Sanyo Co. Japan)oilA] 28°C,
4,000 lux= F57] (24 L)E FA3HEA E3AA A
of AHgstsiet. 5UzEe] wiek Fell= Mz FVE T
FohAl dsket e Rikel ARSE A% Wiz
o7 e} FHFE 2:19) ¥ L2 42 5 (25%)F
Al2-3le] e, rotifer?] =&AHL Costar® 6 well cell
culture cluster (Corning, U.8.A)e|A] AAlslg a1, =t
welle] 5ml2] viRE Y2 J-& 7t 2335} rotifers 20
AN PR olged] % wBAtE Arhod
dAF e whFe] AAsigch 18T &7 F
of WA mestA] sk 74 HAPgEY] xEFF=d
MBT# DMTX: 5003 1,000 ppb® 3l9lew, DBT¢}
TMT3:= 10, 25, 50, 100 2 200 ppb= 3}¢]37, MPTE:
100, 150, 200 2! 300 ppb, DPT+= 10, 20 =l 100 ppb‘ﬂ] A
AABES. 281 vlag HEAME 25%9 d4Rke
2 ARESE & (control) @ o)A of8HE-(0.1%)E
748 sham 75 37 AA sl 2L HAFH
ok Z2el3 xF F 2447 A2 8 33dv]Z (Olym-
pus, Japan) 2 2 rotifer®] J&& H7ste] AETNAE
AestEon, 2E AHTE 109802 s+t

3. BAAY

Zr &7k f2la A2 SPSS program®
Duncan’s TFezd Al e = 95% $Fo 2 F23} 74L& A
33l e, B4 A%< (median lethal concentration,
LCs0)E Finney’s probit analysis (1971) 81 0. 2 Al-&s}
At

Zn o nE

MBTel| x=&A)7] rotifer2] =& HES Fig. 14 1}

Bt W) 279} shamFs) AEEE % 24417 o]
FHE FasEd x2 12040 Felx 86%7F 99
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Fig. 1. Survival of rotifer, Brachionus plicatilis, exposed
to various monobutyltin (MBT) concentration in
26%« at 28°C.

Survival (%)

| | —@— Controf
—QO— Sham

—%— DBT 10 ppb
—7— DBT 25 ppb
|| —— DBT 50 ppb
~{3— DBT 100 ppb
—4— DBT 200 ppb

0 24 48 72 96 120
Time (hr)

Fig. 2. Survival of rotifer, Brachionus plicatilis, exposed
to various dibutyltin (DBT) concentration in 25%.
at 28°C. A same superscript in each column are
not significantly different (p>>0.05).

31, 500 ppbs} 1,000 ppb xSF% 120478 &
8% whotg ond Wiz 9} #eAq Aole glgloe=m
2, 1000 ppb2) >=E 2% rotifere] Y= Ho}E of
g AR okE& FEY ) d9lEh 2= 3 DBTY
=FAF] AL Fig. 2), 27} shamF= 12047kl
A Fg-0] 83%%]1L, 10 ppbe} 25 ppbd] BF % w|4dh
FEe)%led, 50 ppb =BT 7T1%2 ohd Wit 3
A% 100ppb e EFFE= =& 4843 FHE % e
2 x&Te} AFLo Ro]F Heol7] AP o]F
a7 eRe g AM 96417 I 12027 Folle =
&0l 77t 45%2k 31%% wiebzlom, 200 ppb BT
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Fig. 3. Survival of rotifer, Brachionus plicatilis, exposed
to various monophenyltin (MPT) concentration in
25%¢ at 28°C. A same superscript in each column
are not significantly different (p > 0.05).

ol M} FhAAgke] WL BwEle] 72417t Foll:= 14%
=2 FAREFA7) 9647 Folle mE AR o)
AEge] ARBE TAE DBTY 96A7F-LCs (96 hr-
LCs0) & 7314 80.6 ppbglet. o] AAE o]d 9 TBTS)
rotifers] o8} =4 A7} (2.0ppb) (A E 2003)8 34
st gedsid 37hA wEFA gghEe] 96 hr-
LCso-2 TBT (2.0 ppb)>DBT (80.6)> MBT (>1,000)2] 4
olth. &, FA Azlel| 2E7] (butyl group)7} 1R e
274 Bgree] ZAdo] H& Fehar, =& 27 Ho= 3
Al ZAY EAe] v 7slths e Bofo] nelr)
7F 370 ol el M= Ao} wolApE 40 HujA
o e Hodgo) o) 9 ze] M fdatel Add 4
711% (organic group)?] AtEZ oo} 7} woidps
EAe] AAE AL vAES daez 3 Ajoln} A
A #A88 AAbg A¥Fgxe A} X et (White et
al. 1999; Shim 2000).

sdFA 2158 MPT2} DPTe| x=%A)71 rotifers)
Qg wWih= 7Zk7k Pig 39 Fig, 48} 2t} MPTel|
EA1Z] 7% (Fig. 3), )&71} sham7- 283 100 ppb,
150 ppb &5 & 120417 F7A] AFEgo| 17~
82%2 Eovt »=F7AE Aelrt glgled, 200
ppb JeET-= 964]7H 120A)7F ol 247k 66% R 60%
2 7343191, 300 ppb =& 7= 247t 39% W 16%=
FAeAG ek 7 el A AEEE 2
2 T3 96hr-LCsp 262.2 ppbglt}. L8] 3 DPTe)|
EA17) A5 (Fig. 4ol 2L oMz JFEEo] 1l
7ZsA wWglemy, 10ppb =27 96417 FRE U=
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Fig. 4. Survival of rotifer, Brachionus plicatilis, exposed
to various diphenyltin (DPT) concentration in 25%.
at 28°C. A same superseript in each column are
not significantly different (p>0.05).

F& oAl Fold BT 120417 Fol 44%2
ol At} 100 ppb =& oA A2 gl 2447k Fol
ofn] W27 53 A< Ao|F BT 48A]7F Fol
2% Ao webs ojd A& e AR 3
96 hr-LCso2 13.8 ppbiw}. TPTS) 96 hr-LCso¢] 1.1
ppb E (A 5 2003)9% zetgieial s dFHIHE
9] rotifer EA-2 TPT (1.1 ppb)>DPT (13.8)>MPT
(262.2)018]5}. o] Zz= ofo] ReFA 3= Ay
o} ehRsbR 2 A Al AjHd Sdre] 4o
A 3NAA FIVEEE B Fele] Frbsgich 3
H, 2xe dF & F 2003)04] rotifers] ©hE trial-
kyltin 33189 =AL TPTs’} TRTsRo} 7Zdsiedctz
A GEY, ol 22 782 dialkyltin ¥ monoal-
kyltin BFE| M vl@7tA gt =, dialkyltins] A=
DPT’} DBTEY SAde| Zde 3, =3 monoalkyltine]]
A% MPT7} MBTRE} SAle] 7H)ch OTC/h w@ua
(debutylation)=|®H H-A3¢]  wolx]x|qt 2+ 'd (deph-
enylation)ol| A& ¥k=A] 237 kel He) g o
Aow 3 ez ZlE ¢t} (Pain and Cooney
1998).

a8 n A" FAE DMTe} TMTe| *&AZ1
rotifers] AJ&-& Wsle= Zt7F Fig. 5 9 Fig. 63 2o}
DMTel| =2A1Z] 79 (Fig. 58 29 Y278 v]$3}
o sham7, 500 ppb >&7%X x& 12047} F71= A
£&2 83~87%= E3 .o EF el Aolr) 1A
ook, 1,000 ppb =27 75%% Ztaidh=d Al
okt Z¥ A% TMTe| x2&A7] 74 (Fig. 6)ell= =
£ zo) o=t JEEL AR} Yok, 10 ppbe}t 25 ppb
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Fig. 5. Survival of rotifer, Brachionus plicatilis, exposed
to various dimethyltin (DMT) concentration in 25
%o at 28°C. A same superseript in each column are
not significantly different (p>0.05).
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Fig. 6. Survival of rotifer, Brachionus plicatilis, exposed
to various trimethyltin (TMT) concentration in 25
%o at 28°C. A same superscript in each column are
not significantly different (p > 0.05),

2ETE 120A17F Fof| 22} 71%9) 68%% 3, 50 ppb
eEFTE 45%E A% 100 ppbe}l 200 ppbell A xF 48
A7t FRE] felH o olz o, B3] 200pph =E
T 7247 Foll 2% HAslsich 7 352 y=d
AE&) AF}E A= T8 96 hr-LCs02 >1,000 ppb
(DMT), 42.9 ppb (TMT)S o} wheha] 9N dgg B3
A} sl dF 433180 Agel w2 WAF45
=2 B WAV Ay} wolded et FA
o] Zhalh= ZA¢ T 4 it
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ol4ko 2. W&l FA #3HE (DMT, TMT), Re 5484
E (MBT, DBT) 2 #9434 3}4-8 (MPT, DPT)e| 5-&
A gezEa rotiferdl] v X Q¥ EAMSIGED 96
hr-LCs2 7|02 542 wmEls DPT(13.8 ppb)
7} A4 RBElm e]e)A] TMT (42.9), DBT (80.6), MPT
(262.2), MBT2} DMT (> 1,000)2] <o]eie}. wepa A
=(2003)¢] uHg] TBTS} TPTY rotifer B4-& 37 =
2819, trialkyltine] = TPT>TBT>TMT 422 =t
o}A)™, dialkyltine|A]= DPT>DBT>DMT %oz =}
o}& 32, monoalkyltinel| A = #'d 54 5515-0] ReFA
23] W) 540 ZAsee AL RAF 47} 99
o} o] HFE FrlFHETEY S0 Mz e A2 F
B2 444 (lipophilicity)¥ ohst F4 A9 #
= 4] (polarizability)@ = 3 e] 9lvkiz 3} (Sun et al.
1997). o] &2 -&uh-&-E FwH)A < (octanol-water coef-
ficiency, Kow)®] log3t2= MBT 0.35, DBT 1.49, MPT
1.15, DPT 1.9, DMT —3.1, TMT -2.3¢]g} 4&4 glo
o] (Wong et al. 1982), DPT&] A&7} 7}3F Z3 o]o]A]
DBT, MPT, MBT, TMT, DMT¢ 7, TMTS A & sk
or2] 96 hr-LCs & 7|Eoz § EAF 3 dX8y
Hr?=0.95). o| A2 Aol F45 HET A=A
FsHA o) AiHem =) A AAHez 4L 4
A B3 4 sle] Azl n2E Gikw w2 A de
= Aejat qAR. n|AaA] B vXE OTCH <3¢

A wel FYAE, A dME B3] pHe}
F = (salinity)7} F.823 2<le|gtn d#A lA]
(White et al. 1999), & 794 = pHe} =7} 5
2 45T AHEEG 7] Aol o]F 29lel &3 o
FAZ 271 9l2 Aeldh

OTC: s diA Y TF-FEE o} Aot &
gL = %AL Bt (Pain and Cooney 1998;
White et al. 1999). B3] E=3.22 A4 W2 =He)A}b
£oA] 7|E&AARE Bl off 59 271AdA e
A Fag Ho|AER o §HI AT o]FA u]A|
£ OTCe] FAld] #AsAML 2 d8A 91A 4= Kusk
and Petersen (1997)o) w2, s)ak 8Z+F Acartic
tonsa®) §-4-& TBT 1nglie) wj$- W& pwels 2
Fo] AAHT 15~20ng o) = JTo] GF& B
)i 8l9.em, Meador (1986)% Daphnia magna’}
LCs0 (3.5~6pph) x| X Zru|XE= 0.5ppbellA=
#5A] (phototaxis)o] HAFE n)AF= 1 A&
Helehy 8193 37, Han and Cooney (1995)% Psudomonas
sp.9} Serratis sp.E LCs 559 1/10,000 A =9 2
rwd A= 3EEA (chemotaxig)e] o]AL deoFldz
slded, old Rusd FHIEn 22 5 E

2 cle

o

=

Z

m

rle

OTCell 23] v ®lzre}A Agks k= HE By
Zo}, sl Foll EAYs= OTCE slfMF 5ol 94
23 =Hn a9 dialkyltin ¥ monoalkyltin®] i
=X trialkyltine]] B)3 @*3, rotifero] w|AE= FAHE
=g ofslx|ut & Bl 97 J3ke $hAE FAY
e Aot dety g A% o984 %k
Ao ulXE G AR e A"
ZEA7E e HEAEE # ohiet Z2AAE HEE)
T golAkEs) shid YHs s EFIERA A% o
e A AFHeof F How Alagn)

)

715 3RS T AbdEokil A we] 2elm
Qem, o5 fARA ez F4H] B} A
2 Ajgel s 2HHe HFHorE FU|FHOR
#o}. Trialkyltin 31-Eo] #FAE] )X o8k
T B 77} A R AN A 712
AALE Hedshe ST ER uAE odgkd] M=
4 deA 9lA de 2 QoA+ TBTS TPTY] &
#]2-¢] DBT, MBT, DPT, MPTZ 8|23} trimethyltin
(TMT)# 2 3329 dimethyltin (DMT)e] 7]<=4}
rotifer2] AJEe]| w|x)]i= EA] (96 hr-LCs)S =A} - H]
a3t

2 A3 DPT (18.8 ppb)7} 714 7ha].ow TMT (42.9),
DRT (80.6), MPT (262.2), MBT%} DMT (>1,000)2] 4o
2 vepgdl = trialkylting} dialkyltind A& #Hd3
A, BAFAH, v ARHe) $02 FAifo] X, mo-
noalkyltino| N = #|d M 5g-Eo] o 23N 358
vjE] BAe] sl AL FUd¥ 7 AUt ojEE
Aol Mz & AL F7IFMAFES 444 (ipo-
philicity)# = &2 Alato] glgi

A AL
o] - 1998 e FHTdrezlEAde] A (KRF-
2001-001-H00065)e] 2]sle] €7%glow, oo Zka}
=k
1o Ed

A, olulH, o|A A, o], AYF, AdH, o|+¥. 2003.
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