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The Acute and Chronic Toxicity Effects of Triorganotins on the
Growth of Microalgae, Skeletonema costatum
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The use of triorganotins as insecticides, bacteriocides, and antifouling agents has increased dramatically over the past 30 years. In
this paper, to evaluate the acute and chronic toxicity effects of various triorganotins (TBTO, TBTF, CTPT, TBTCI) on the growth
of microalgae, Skelefonema costatum, we carried out the short term and long term experiments, respectively. In the short-term
experiments, the growth of S. costatum was inhibited by the various triorganotins in the dose dependent manners, but recovered by
the time laps. The growth inhibition of triorganotins were decreased in the groups with higher initial cell density. These data were
resulted from the dilution effect and the biodegradation of triorganotins by the microalgae. In the long-term experiments, S. costatum
died completely at the 1 yg/L of TBTF and CTPT, but didn’t in short-term experiments. The facts suggest that the toxicity of the
chronic exposure of triorganotins should be increased in the natural sea water with low phytoplankton density.
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F71F 8 FE L polymer §4A] radical® 7A€ &diA, <t
AR 5o £ M E Foz A¢gAd @y AEHn glon,
biocideZHE & €A Ut o8 F/IFAFEL 1960€H
ol¥RE My 9 Y sHre FAFY WA FHAA A
5o} gk}t (Wong et al, 1982). Ml EA4o] we fgon} 5
AF F71FAAHE voe g4 540 & Aoz gEA e A
X8 f71FAEREo) HoEge] Bo] olgHT glon o7d
T bis (tributyltin) oxide (TBTO), tribultyltin fluoride (TBTF),
chlorotriphenyltin (CTPT), tributyltinchloride (TBTCL) %°} Sl
t} (Cooney and Wuretz, 1989).

Tributyltin (TBT) ) 2J3 Sl ¥L.H9 d& o 7tx7} g,
I3 FFHAIY FelA 9 TBTFEE7F 0.1~2.0 pg/Lo 744
olzx Aoz uEAul Jom (Waldock and Miller, 1983),
Ebdon et al. (1985)2] B3o] 93}¥ Pylmouth¥o]A 9 TBTH
Ee 05pyL 35S A2 YERY 715N EEL O B4
4 % AFEY iAol F3A Agsted (Maguire, 1984;
Maguire et al, 1982), 1 =7t £& 3% AMYE 7]Ae
gate AZsdn & 5 9k 2 dZ 1% T TRT: 2 £8
A =i 447 gAY 718e fAudde Bix o (Wal-
dock and Thain, 1983). =% Beaumont and Budd (1984)9] 2
o) o FHFA Mytilus edulis®) veliger +4E& 03 pg/L
TBTON A 154 A3 AHoM 2 A& BFL, Uren
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(1983)2 04 ug/Le) TBTOANA L2579 Acartia tonsa7} 62 73
3 3o FOE Y 25 BRuArk

AT ol Foly ¥, 24F Fol AHFLZ {71FH
BEE =2HUE QU ohye, o]Eo] o)&3w N FL
g o] Ado] HEAEFIEITE Hol FEY o {7154
33 g AFE Fho) ©E YolF A I 13}
of gttt E3, oS 2% 2 AEHEHAE] Y HolFY
712E o) F1 5E AT W AT FIF 48 TS 0] Yo
AAE 53 2 Tkl Bl Ao B3 A7 278, F
S22 ARAA nAe FAAE ngdoor g,

AAz o8 MgF FEAE FA4 f71FHRFEY 540
H3g urt 9, human lymphocytedl A WA} 756 93
$ Fo] GUAF o4 A8AE S B+ (ensen et
al,, 1991a; Jensen et al, 1991b), CHO K1 A XM g4 of
2& dodie A4 BRHAT (Sasaki et al, 1993). wiUY €
AFHBFA L) M e DNATA Ol A=, AZA5Y (cell via-
bility) o] FolAe Aol #FHAUY (Al-Imara et al, 1993). =
g wl %= V79 chinese hamster Al EAA = DNAS 45 243} of
E9dwlolE 4279 (Westendorf and Marquardt, 1986), trime-
thyltine] AX 79 Atge] FF3AA4A NA5HEA (neuroto-
xicant)Z 88 F Udtke BIE YU (Toggas et al, 1992).
32 9gox HY FA, T, YT AXFAHS 73des H1
(Snoeij et al, 1986¢c) &, B F79 #7548 50 o8 7t
A g AEd S 7Ade AHdo ¢8A Qi

Hongd EFHE #5488 EL A g FZ34do
A3 Fohte 7] HEd FF FAAM HEHE dAede 2y



A z{e] 43 vXe #7154 SPFEEY 34 % T SHEY 535

7t A3t BrhsEH, AHEA AdE QA dey & B
A7k A WA 1 AZ2FLE 2 K54S B FASAY, &
Aol gAY e QAEEE Mgde Aol

s 95 SAdME o8 AYE ez HFAEA Y
TBTY 54& ZAlste] #7099 A& A8 HEFLR AE-S
Aysta, AA2 NYFHANN A&H oz FAE F5Ho] TBTEA
o] &38 Egtth (Waite et al, 1991; Valkirs et al,, 1991).

AT FI1FHEATEY AEAHNE BFL FYME of
A olo] i3t 71x AF7F Bl o] FAA I v 4A o,
aHA d471Me F 7HA triorganotin®] A EA EHAEL #F
ol Skeletonema costatum®) 71X e 4&E @7 181 A7 5
HAgoe FYslo 4 9 B4 EHNEHE AP =F
HZ AX w9 w3 g2 Jede 49 torganoting %4
8 Aol Mz L3

ERUET

1. A8
Skeletonema costatum NFUP D-24E Al&& ¥, 24us
2 oA ZRFLY A EF gt

2. 483

Tributyltin fluoride (TBTF), tributyltin chloride (TBTC1), bis
(tributyltin) oxide (TBTO), chlorotriphenyltin (CTPT)& AM&-3}
.21, Aldrich chemical company2%8 T35t

3. H§X|9 =X

AH-E wlAe ‘F2' wlAelth (Guillard and Ryther, 1962). ©I
o} wj Ao A}4@ #)4E Whatman filter paper2 o2 X2} 3}¢x2,
2+ ujA] HEEL stock solutiono 2 FHFHFACHsE WA ZA|
AR sjgol A7 filer2 AFste] AHEHUT =8 wj}
Al oA Heg AAE JAE7] Y3 ampicillin, streptom-
yein 28 I penicillin GE 2% 20 ug/mL, 10 pg/mL, 10 yg/mL2
FER Ave g

4. B By

8 %2 50 mL tubeol 20 mLe) Wl FA-& AY AR, ro-
tary incubator2 & 60 rpmo2 I AAA EFAA FUL 2=
¥ 50001lux, ¥ 20+ 1C2 2AAAL, AFUEE 1mLF 1
X10°, 1X104, 28] 1X10° X7 HE2 stgon 4 dd7e
2 Py

5. Triorganotin®| MZ| &%

Triorganotin® HelFET WPy el T7] 5448 3
$ 01,05 25ug/L7t HEE Ao, 37 54489 B¢
0.1 pg/L, 10pg/LE 3t Ae8t3ith. Methanols &2 3o

1 mg/mL (w/v)8l stock solution® WERL, o|AE FHFE

1pug/LE OA AN F e Fdol Hvlste] A8 Stock
solution& —20CA R3¢l

6. 4% %3y

AA9 4L optical density, chlorophyll a &% 223 Neu-
bauer 7 AXdBOZ ASde £33t Optical density?
23 e Agdd FA] 750 nme el A P3tgich. Chlorophyll
a?l 238 2mLY ANEE AH3Y neutral formalinel 2P
F 12000 pmol A 183 AN FFAe AATY FF
(2mL)9 90% acetond $o] 2441 B F thA] 12,000 rpmoll
A SR 94 B3 43Aue AAT F 665, 645, 1L
630 nmol A A9 FHEE SH3A T Chlorophyll a9 #¥F2
Parsons and Strickland (1963)9] o] we} ch&3t 2ol A
3.

Chlorophyll a=11.6Dgss—1.31Dgss—0.14Dg3o (mg/m?)

HEZ ALE HAE NEE FA FF9 Lougol 422
13 F 474E 480 A Agdo HFE FRAT.

(o2

7. B4 S4AE-TY| S44Y

HZEFE7F 1X10° cells/mL, 1X10° cells/mL, 1X10° cells/mLe]
A 438 ¥, AFAXTo] FA 7] (stationary phase)7} B
7t 19 18 43E 23 Ao A& 239 BS HF
64A ol A7 clzFHoenz ¢dA7A AHAE FA
4502 A3dget 49 F4d o0& 2oHEQA A At
© olFojA A st

8. TN SMAE-IT| SH4E

TBTF$ CTPT 0.1 ug/L, 10 ug/Le] T=AA FFFE 1X10°
cells/mLE 3ttt old 7129 A27 238 vl SLE
M2 WA 15mLol BE3t F 20mLY wiAA vjgEhe
1Y 13 A2E WA JA7HAd 43S 3T YT 7§
Fo] HELE A% 23U E AF 164A ol27] A &A
3 SEHAY &A3] ApdEenz ounAe A#HE W4
E4EH2 AE3A M2 WFdole old WA M T
A3 FYF triorganoting FYF T2 AT A

2 }

1. Optical Density, Chlorophyll a B2 J2[11 MZ$ ALO|
9| HZHEA

Optical Density®} Chlorophyll a &% el A XS Atoldle
REL AEFE FARGE o T3 FUAAE BAFUL,
gela o] 39 AP H4FFEE OD #¥tez veiig
(Fig. 1.

2. BN EMET-SSEN SRY Y HBME ST &
Fig. 2& CTPTE s:T¥Z AHYsAL 9 vehde ¥

2
2l
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. 1. Relationship among the cell number, chlorophyll a con-

tent and optical density. The growth of cells was moni-
tored by the counting of cell number and the measuring
an absorbance at 750 nm. The content of chlorophyll
a was calculated from the following equation. Chloro-
phyll a=11.60Des—1.310Dss—0.140D¢xy  (mg/m’).
All experiments were done in triplicate (Fig. 1~Fig.

7.

Ae HoEd Fig 29 E3%8 I8¢ 2E ZAEL 3Y

FHY dzTo dg A 4FE2 B YehiT.

HEFE IX10 cells/mLol e 43& ¢33 AAF =&
At (Fig. 3, 4, 5, 6). 25 ug/L. Ao A CTPTA M= 3UA
A 71% AZAR) AL, 6UATA 85% o) AZ A= F3
EA& B9F wd (Fig. 3-C), TBTO, TBTCI, TBTFIAME 3¢
ARAE dz2E ZREN vste 20~40% viwte 3FES Hol
T A7 4FAH} JebdAT, 6dA M e o 80% o
3 A% F5E B, 4 ARAHTE EUG (Fig 4-C;
Fig. 5-C; Fig. 6-C). 0.5 ug/L HTH 0.1 pg/L N L 3849}
64A Z5oA dTE 439 At detA Gk3, TBTFY
0.5 ug/L AT Q2T JFENE £ vAe 4 90% HFe
S BAou, vuA] HEzdAe 238 d2TiY A Je
%tk (Fig. 3-A, B; Fig. 4-A, B; Fig. 5-A, B; Fig. 6-A, B).

AEFFE 1X10% cells/mLA A& 25 g/l e F BTN A%
< $43 A on, 0.5 /L HeTdAE TBTFS CTPTH
oA 3LARA d2E JFE vIstd o 70% Wy A4
ZES Boj 43 AN aFHE £ 34, 4R T EE A
7Y 4Fol dxZET 238 A4 detgt (Fig 3,4, 5, 6).

HEFE 1X10° cells/mLAME 25 yo/L A FAME 0.5 g/l
He)E % $Y3A EE triorganotion AYTA AZAHNE K
Aoy, 6dA e TRTOS TBTCIY A $-de 43% 4% 3
Bo] v, 17% ¢} 31%9 A% AAE EAG (Fig. S, 6). ¥
Hel CTPTS TBTFA A= 6dAZA 9% 70%9] & 47
A#7t el (Fig 3, 4. 01 uy/L A9 2% TBTCIH
TBTFOI A 39A7A 9] 2% & 10% w99 43& B, 438

' Initial cell density 1,000 cells/mL Initial cell density 10,000 cells/mL Initial cell density 100,000 cells/mL
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—e— Control —e— Control
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—a— CTPT 0.5ug/L —&~ CTPT 0.5ug/L
—»— CTPT 2.5ug/L —w— CTPT 2.5ug/L
v v T : v v v v

Days
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Relation between CTPT concentration and growth inhibition as function of initial cell density. The cells with various cell
density were incubated with each concentration of CTPT as 0.1ug/L (M), 0.5ug/L (A), 2.5ug/L (V) or absence
(Control, @) for 6 days. (A), initial cell density 1,000 cells/mL; (B), initial cell density 10,000 cells/mL; (C), initial cell
density 100,000 cells/mL. The growth of cells was monitored by measuring an absorbance at 750 nm and determined by using
the same conditions as described in Materials and Methods (Fig. 2~Fig. 7).
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Fig. 3. Effects of CTPT on the growth of S. costatum at various initial cell density. S. costatum cells were incubated with each
concentration of CTPT as 0.1 ug/L (A), 0.5 ug/L (B) or 2.5 ug/L (C) for 6 days. The relative growth was calculated from
the following equation (Fig. 3~Fig. 7). The relative growth (%)= (the OD of experimental group/the OD of control) X 100.
Control as @, 100,000 cells/mL as W, 10,000 cells/mL as A, 1,000 cells/mL as s%, are shown.
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Effects of TBTF on the growth of S. costatum at various initial cell density. S. costatum cells were incubated with each
concentration of TBTF as 0.1 ug/L (A), 0.5 ug/L (B), or 2.5 ug/L (C) for 6 days. Control as @, 100,000 cells/mL as H,
10,000 cells/mL as A, 1,000 cells/mL as ¥, are shown.
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Fig. 5. Effects of TBTCI on the growth of S. costatum at various initial cell density. S. costatum cells were incubated with each
concentration of TBTCI as 0.1 yg/L (A), 0.5 ug/L (B), or 2.5 ug/L (C) for 6 days. Control as @, 100,000 cells/mL as
M, 10,000 cells/mL as A, 1,000 cells/mL as V¥, are shown.
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Fig. 6. Effects of TBTO on the growth of S. costatum at various initial cell density. S. costatum cells were incubated with each
concentration of TBTO as 0.1 ug/L (A), 0.5 ug/L (B), or 2.5 ug/L (C) for 6 days. Control as @, 100,000 cells/mL as
H, 10,000 cells/m1, as A, 1,000 cells/mL as ¥, are shown.
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AN oA, 6dANNE BZE HAEE B 2
o AR5 vwstd 4~24% 9 A} LRSS BAEG
(Fig. 4, 5).

YzFo g A 22 Jebd iy AR did
agze YA FEAN FFAEFEI LS °d vEY
£ 2Aane Aolg B&AA BAFddt 54T /71F 47
B AYsEdA EFIEY FFFrt FEFE 27] HFA
7} go] dojin}, A4S 438 AHHA 4L Yr ¥ 2

1473 A ol ek 3UA ol FRE FF 4 EE B
FAoh

N

2

3. 2N EMET

d wzg ZokFe A7l SAH4Y Z3, TBTFS CTPT
0.1 pg/L AP ZANE T g€ 439 Ashrt et gsieh
10 g/l ABTAME APF 19488 439 Azt vehi]
AFgon 39 o FREE A&HA 4R TAE Ro ¢ 13Y
oA ¢ Adatgct @) 54 AP 1 /L E HEEE o
vehde 348 439 33 3394 @it (Fig 7).
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Fig. 7. Long-term effect of TBTF and CTPT on the growth
of S. costatum. The cells were incubated with TBTF
(1.0 ug/L, 0.1 ug/L) or CTPT (1.0 ug/L, 0.1 ug/L) for
16 days and the growth of cells was determined by
using the conditions as described in Materials and Me-
thods. Control as @, TBTF 1.0 ug/L as W, TBTF 0.1
ug/L as A, CTPT 1.0 yg/L as ¥, CTPT 0.1 ug/L as
&, are shown,

i &
Triorganotin®ll 2@ PlAZF9 4% A g I+ oY
23 Bugdl 9tk Walsh et al. (1985)9 932 S. costatum}
Thalassiosira pseudonana?t 22t TBTO 0.33 ug/L9} 1 pg/L8] 5
T I AFe] AN, 48hLCsS TBTOFE 142 pg/L
2 Jelth Beaumont and Newman (1986) ¢} 2313 0.1 pg/LY]
TBTOY & Paviova lutheri Dunaliclla tertiolecta 123 8.
costatum® 7o AHHALY, 5pg/LAXE 29 ol AHEE
21tk Thain (1983) 8l Bl AE TBTO 18 ug/L ©1/49 ST AA
59 o]l S costatum® AFEAHTE
2 479 AzolA TBTO & 449 Ade HFFE 1X
10° cells/mLA A& 2.5 pp/L A ZAMNE 39AAAE 9% 4

A7 ot v 6dANNE A ANAHE 7HAA *
Atk (Fig. 3-C). AT, AFFEE 1X10%cellymLZ 3ASH
E100% 9 ARARE 224D (Fig 3-0). 05 g/l ©13S &
TME 238 g2TEY ¥& 43¢ B3 o)€ Beaumont
and Newman (1986)9] Huo]A B thd 2 2944 A
sle Ao ek ou, Thain (1983)0]vt Walsh et al. (1985)
o mad wiHEe £33 ¢ ¥ FxdA AZAH} gdd
gtk A FE2FE 1X10° cells/mL ©] 3l A€ Beaumont and
Budd (1984)0] B3 5pyg/LolA &d AFEHATHE B ¥
g i ¥e $5U 25ug/LAA S, costatumo©] AFBEH Ao,
o #F Fo EAdE EYIEY Ut SHELY HEF
T duty 228718 B Fh o)HH o8 BIudX 4EA
E93EY triorganotin®l W WA Aolrt yehve 7+
2 olfE AFAY 229 Wzt g vehvte 89 74
o] 7t% &t

2 A7 YeEte £ e Sold B4 A¥k F 4
B4 Z23E0] ¢A3 APAHA 94E triorganoting] FEoAM e
el JEHAEA 238 YxFEY 4T 2 I=Y HUA
TUTE RAFe AU, ol B2 thE SAEANAS 2
o] A%E%9 triorganotin®] growth hormesisE Yo7 A2 B
of 215} (Stebbing, 1985), ol# & ¥/4-& Beaumont and Newman
(1986)9] BEnojxxz &AL

2 Ao N TBTOR® otz TBTCL, TBTF, CTPTY =4
o] ZF AT, CTPTY 4% HFEE 1X10° cells/mL, 2.5 pg/L
A ZoAA 6LA ol 85% 2 HFANE doFon o & 7
oA Uehd O& triorganotin®l Hl3te HEAH & SAAEE
BFArh (Fig. 3-C). o€ Wong et al. (1982)¢] 93} B ¥
vho} Zo] §71FH 8T S T2 A WF A3
g dAFE BAE

S. costatum®} triorganotin®l ¥ VAol FFF T wet
atol7b UEhE 718 £ o) RE trorganotin® 254 AFol 2
A 2L ¢ 9L Aol YoM AFPL AHH o {7]F
ASPEL £59 HAB Y BRYRe F3A FEAET (Ma-
guire, 1984; Maguire et al, 1982). 222 F& Az ol 4&4
EFaE AFFoz Riye ZFEde Hax YNH
(Chiles et al,, 1989), o)A &2 Ho} triorganotin®] 453 A¥ o
o] AFolA Yehd AR o] FFFXI F2W #AHE £
g Jehdda AzEn, o3 d Arde W] S4AY Fit]d
AGE AZAHE LA AYTAN AT HEHE T
o] b3t

F71F MR E 59 triorganotin® A el £4& FE AL
2 BaEa gloh (Snoeij et al, 1986a,b). o1& & 44L human
lymphocyteE AZA A o) UZ3A 319 aneuplodyE F7HA17]
E Aoz ¢yA A ¥}, {IIFAFE] HHZF
fungi® WEZ=2o} (mitochondria)®t ¥%Al (chloroplast)el
e 9% on A vk 1 AE¥AL I FHAE
%] ionophore2 A-4-3te] MEQ H3FL 4275, ATP syn-
thase®t hydrolase system §° #43te] oA §H42E A<



540 AT 3

v Aoz 4gA gled, o) B8 {71FHYEY 25 A
Zo] A 83 Ao g AZtE ) (Cooney and Wuretz, 1989).
AEA EFIEY triorganotind] W3 Ao HFEFE) w}
g} gz Jehde R did & & sy of7 g F e
AL AEA] EFAEA 949 triorganotin®] HEsHHhe oY
BaeA & £ Qloh dde] EAFAA F2u JURZF
triorganoting % hydroxybutyliin® dibutyltin 5% Z-& 54
o) e 2z wiEde BIE AN (Lee et al, 1989), £&
green alga, Ankistrodesmus falcatus?} TBTE di-n-butyltin® &
< ¥ buyltin 2 MFATE ATFARE YAt (Maguire
et al, 1984). o]} Zol AT YEr} FolFd Wi} E4o] wo}
A v JHEFS 2 g adetn 498 4+ g4
ojAo g Hol o Ug FE&S HET LEEHEAEA
T o9 FASE FAY AFAN vEeg Aoz A4EY, A4
2 copper?}t TBTO W3ty AFETd o FAuste] g &
2 237} AT (Steemann-Nielsen and Wium-Andersen, 1970;
Florence and Stauber, 1986; Thomas and Robinson, 1987). 8}A]
o RERY) ARYS Bolu B3] osdN YEhd ue ge
A4E Futyle FA% AA3EA dsiMe AFHA goit) o
A YA EL S costaum™ 2L HAEAY EFIASdA TRT
AGY SFEES & 1 540 W& 22 Edsied o3
T 247 TBTY 93 =€ gvgd (Fig 3-6). 13y
olgA frd AiAD ¥XEE HA HAYFAAN AF #E

T g/l $29 {F71FH8TES Edsiede EEade
A€ ¢ F 99 (Fig 7.

97 E448Me E4EEY B1AQA A7t o FolRA
gyt adez Ao 54 EFY v AEE 4F
Hoz BASHAY, B A&For dolAA du}, AU
£ =2dqAe Z7] F4480Me HYd APy 5HEFES
SHd A gFds Azisl] 2EHo R EAEAY FEE &4
AR BHE 48F dedth 37 544894 @7 544
ol AHEE triorgancting HliLF EAo] Zg Aoz yehd
TBTFS} CTPTY $E 0.1 pg/Lst 10 /Lol A Fsjzeh Aol
A TBTFS CTPT 25004 01 pg/L SEE A2 e Aot ¥
& AR3AH A7t dehtA #9d ole ¥E X9 triorga-
notinE-& AEA EFIE o dAENES AAMR, 34
% g/l AEAME 4 19458 439 A7 ved ¥
3UASEH A& A 4FY A a7 Jeyr] AZRL o 13
dAde ¥ AT (Fig 7). ole @7 S4480A
Bd A% &, FFEE 1X10°cells/mL A<, TBTFS CTPT
TE 25yl AYFAAE &[S Alde]l YA ¢ Z
(Fig. 3, 5-0)¢l Hj23] BW A% 2o|§ BE) o] e
EAERY Fot AT FAHL JEY EFIE EAE
Fol =& ¥ Ate] AW 9] 44 v A8 &2
AEY HEE ELE BAFL

rlo

AEHo2 o9 triorganotin® S. costatum® 4%} v &
T4 2 94 SHEARE 2AS Z2HE Y, of AFEELS
HEAESTI FEF4F I 540 8% A Yehu, &7 5

AAHAN AXAE S FEA g B FRAE AXAES
FEE F S o] v&2 E9Eh B&A triorganoting ¥
¥ A E SHAHE, dF MZRFE ddez 49
AolM zAE de, 44 AFBAANAMY AEFE R3S 5
e B7] SHEY ZHEo] v XFPHolol 359 EAHA
A& % A ¢ + JAv dEHY

2

AZA, AdA 223 antifouling FE $LE2M Y trorgano-
tin® AHEE A 3093 s AEE FUHEgT of Eaud
A& M =5 Skeletonema costatum®] 37 "X ¥ trior-
ganotin (TBTO, TBTF, CTPT, TBRTCDEY 34 2 W4 54
ERE 2AE] 3, @] 2 A7) EAL4EE 474 #9849
o} @7] 544N, 98 triorganotinE 2] S. costatumdl g
AZAH Ade AEsrd vdsto Fr1stgen, o] A
€ ARt A wet JE=HAD 28y 9 triorganoting] =
de] AR ATt BEE S costatum®] A EXPx o we} ok
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