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ADVIRACT mhe Miorot"u M  system am produce a
bioassay within 30 minutea and baa been

Th reduction Of light intensity in shown to have similar sensitivity andb*iSlDcent bacteria upon exposBure to generally a good correlation to more time
toxic subtances can be used fo~r rapid consuming- and difficult bioassays,screening of maerials. Results are Often Deiwart and Slooff (1) demonstrated that
cassa. to more expensive standard bio- XLvx sesiiit iompedy orbl

at &I1. (2) tested fossil fuel process water
Acommercially available system was and pure phenol ic compounds, which areused to determine the relative resPonse Of constituents of this water, and found that

bioluminescent bacteria to a number of Kicrctox:1 results were comparable to bothalkyltin compounds: 249n, 2 2M, 1251112, static and flow-through acute fish bioes-and 351113, where a - alkyl grou amd X - says. Qureshi at &1. (3) found , in meet
-halide. Within a series of omounds dif- cases, that Mgcrotoxl exhibited similarfaring only in the numer of I groups at- levels of sensitivity as did fish, crus-

tached to the central tin atom, the most tacea, and other bacterial bioassy.,toxic Compound was always the tr&iakyltin particularly toward organic compounds and. Compound. The greatest difference in toxi- complex effluents. Likewise, Dulich atcity was found in the butyltin series of al.' (4) showed good correlations between
compounds, tributyltin was -35 tine more Kicrotxit and fish bLoessays for pure
toxic than dibutyltin end -750 times More compounds and complex effluents. Thetoxic than (moM)butyltin. When trialkyl- Kicrotcx1 bioassay is a convenient way totin comounds were compared, the toxicity compare the relative toxicity of com-
to these bacteria increased with the nm- pounds, and to demonstrate degradation of
bar of carbon in the 4lkyl chain a the compounds as a decrease in toxicity (5)tributyltin compounds ea -150 tines more and a method to study synergistic andtoxic than trinethyltia compounds- antagonistic effects of compounds (6).

!NTWCTXOm ibo and Kaiser (7) used Kicrotoxm to
calculate structure-activity correlations

mhe biocidal effects Of alkYltin 0om- with physico-ocamical parameters. A goodpounds at part per billion levels make correlation existed between NicrotoxRthese compounds ideal candidates for such toxicity and the molar refractivity pars-
uses as antifouling, ship paints. fungi- meters of par&-substitue phenols and
cides and w-o preservatives. Wei paper also the octanol/water partition coef-
compares the relative toxioitiaa of a ficients of chloro-substitutents in the
number of alkyltin compounds using a benzene ring of chlorobenzenos. Curtis athighly reproducible, simple and rapid &1. (9) demonstrated a high correlation
bioassay using bioluminescent bacteria between Nicrotox1t toxicity and fish bicas-
(Nicrotox5 ). To cur knowledge there is no says in samihonologous series of ale*-
published information on the relative hole, ketones and ethane derivatives.
toxicity of the elkyltin compounds to Toxicity for Microtoilt and fish increased
these microbes. as the number of carbons increased for

88 3 21 070



ea ~ hm2 ,ogm solsw . (9,10) .h bLeftmy ismmm si sI&-
* tive rec. ontm JS Uot Output %e amel-

m~mo noe~ent Imctrlm, fisdadcin~ obw-. •

* - WOL P-111 oh sti ese to a
-a ehie , tri-m-butyl- tosiit. Uho lIot omtPBu Is5 ae•l

t"m hUmds, trLsthyltia bums", trims- metaboli tmamtle et thaw bacturia eme

thltis 01hlride, 4latliUs d&sLeride, rehydrated. with distlle~d water. Tho
.-.- a- mnthyltim triehlorLde, dietyltia didllo- bacteria arm 3 In s osmmlemt

.4.' . iride. dI-a-butyltia dihloride, tote- ftree-dri torm by Mlorobios Osklpestiam
,. .. butyltim, Od ttis7llyltiJ me ote aine d and ae imedlately activated by the .ddi-

tom Alt Product& (DSNve. X. Si-8- tim ot I ad dstilled wter. upon re"-
prowltia "chloride, trL-n-preoyltL& drattm, the bactorial suspenion5 is used
chloride, -butyltin trldtorf mad tri- as a reagent by adding 10 ul to eac

Sphmnylta chloride were obtained from sample. Sime the beateria re marine, at
PMalta and Bauer,Xfo. (Watorury, CT). NaC2 is used to powLds osmotic protection
the chemicals were used without turther to the bacterial cells.
purftLiation. Ttrapentyltln m prepared
by reaction of awl 4 (lta Products, Den- Bonisa dilutions of each compound for

erers, X) with n-pentylagnesium bromide sesurement am performed In tha XLrotoxR
(Alfa Products, Danvers, ML). Tetrabut-l- photomete/Lncubator at is °C. Controls
onyltia, tetrabot-2-enyltin, and tetrabut- conist of tripllcate I l portions of 2%
3-enyltLa were prepared by reaction of NaCl and candidate toxLc. are prepared In
nie1 4 with the appropriate fresbly pro- and subsequently serially diluted In 2%

pared rignard Reagent. Tri-n-pentyltin NaCl, with a final volume of I l for each
bromide, tribut-l-enyltin bromide, trLbut- dilution. After a 5 minute period for
3-enyltin bromide and dibut-3-enyltin di- temperature oquilibration, 10 ul of rea-
bromide were prepared by bromination of gent (rehydrated bacteria) is added to
the symetrical tatraorganotin compound. each of the controls and the serial dilu-
These compounds were purified by vacuum tion& of the test compound. Measurements
distillation and column chromatography on in the photometer are made at 5 and 15
Plorisil (Supeloco, Inc., Bellefonte, PA). minutes after addition of the reagent.

This procedure is repeated at least four
1or KLcrotoxu testing, stock solu- separate times for each compound to pro-

tions of the compounds were prepared in vide four Independent toxicity values.
950 ethanol at -1-2 mg/al. Appropriate a

mounts of the ethanol solutions Vere added The toxicity value is expressed as an

to 2% aqueous Xal to achieve a workable 3C50 concentration, which is the concen-

concentration while keeping the ethanol tration of a compound which caused a 50

concentration as low as possible. T reduction in light output. The ZCSO con-
cally the ethanol concentration was abou centratione were determined by graphic

0.050. where higher concentrations of interpolation on log-log paper, plotting

ethanol were required owing to solubility the gamma function against concentration.

problems with the stock solution, an etha- The gamms function is the ratio of the

nol blank was also prepared for the R amount of light lost to the amount of

tax' control. light remaining. A gammm value of 1
corresponds to a 504 reduction in light,

The Nicrotoxt Toxicity Analysxer Nodel or C0* The =0S0 values at 5 and 15

20S5, manufactured by Kirobic orpor- minutes are reported here since these
times are most comonly reported in theF or

tion, Carlsbad, CA, is basically a pho- literature when Nicrotox1 is compared totoaster vith variable temperature control fish and other biassays. A low CSO

value Indicates high toxicity. Unannounced 0 s
Justifioatio
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4. stem. n each cams t. doteeme Is-
ad, ba tociyfll toy ams, tim e-
ao)alhWItIm to trialkyltim. Tox.ity do-

* -tim ton trialkyltin to toetrl klti. as-
cmpoins. "e targt law"" in tt-
city me d for the butyltin c espund 1--
Te dA- m f to be -750

* - t oime. ae t xi tha n the mon1obtyltia.
Us grneatest dif ference In toxicity
&sound b.ete dibutyl- and tributyl- Lo y
tin odmpound. among the series tested. - i n
Ume dialkyl- to trialkyltin dif ference In &---&Ued

* toxicity increased as the number of oar- a
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Figure 2. 5CSO Values for diethyltin
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* ~an Figure 5. 3050 values for (fono)alkyltin
" trihalides.

Figure 4. Mo values for butyltin tri- D~kyflS
chloride, dibutyltin dichloride tributyl-
tin chloride and tatrabutyltin.

Figures 5, 6, 7 and &Sshow ths 350
at S and 15 minutes for mono-, di-, tri-
and tatrealkyltins, respectively, as a
function of the uumber of carbo s in the I

alkyl chain. As sen in Figure 5, the
toxicity of methyl and butyltin is ap-

proximately the same. For the dialkyltin
compounds, shown in Figure 6, toxicity
increased dramatically from dimsthyl- to
diothyltin and was approximately the same
for diethyl-, dipropyl- and dibutyltin.
The greatest range in toxicity is shown in
Figure 7 for the trialkyltin compounds,

where tributyltin was found to be -150
times more toxic than trimethyltin.
Toxicity decreased again from tributyltin
to tripentyltin. The greatest toxicity
was found for butyltin species in the
tetraalkyltin compounds, shown in Figure O U
5, as wel. The ZCSO for tetrapentyltin mm
could only be determined as a tgrater Figar C values for dialkyltin
than value oving to solubility problem&. dihalides.
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tem- hw toa~1i eame i hmef ~ider

tameats, triethyltift for mamals, am tri-;
propyltim for gram-negative bacteria.

rmpeitive, bacteria, fash amd hugi all
abow maimum response to tributyltin.
lkob. llmineecent bacteria, aa
Sari AkMG = lthug 0rmne

% %%water iECOM (13) Ad to LSO determined
by viable cell counts In peam-negative

l%%% IF bacteria associated with focal pollution
I (14).Am also reported by 8ilestainIn at

% al. (12), the toxicity decreased with
____ . /increasing carbon chain length beyond the

point of maximum toxicity.

0 Siaccumulation and biochemical' acti-
ng I r s f vity have boen shown to be dependent on

octanol/water partition coefficients
Figure 7. * C50 values for trialkyltin (15,1G.,17). Although data on water-octa-
halides. aol partition coefficients and on correct

T~ralklllnsvalues for the aetal-substituent bonds to
R4Sn calculate the Ranch pi parameters are not

available Laughlin et al. (13) showed
correlation between toxicity to mud crab
larvae and the Ransch p1 parameter for the
carbon chain fragment. using biolumines-
cent bacteria, we could show correlation
only for the trialkyltine from methyl

49 through butyl only. Pentyltin compounds,
triphenyltin and the experimentalco-
pounds mentioned below showed anomalous

I behavior.I.
te Ricrotoxm system was also used to

determime the toxicities of some experi-
* mental compounds. Table 1 shows the SC50

ganot 1. compounds and their saturated
*.gmanalogues. Tetraallyltin shows greater

toxicity than tetrapropyltin. Tetrabu-
tenyltins with double bonds in the 1, 2
and 3 positions exhibit ECSOs different
from each other and generally lover than

m P S tetrabutylt in. These results are contrary
to expectation, since the polarity induced

Figure S. SCS0 values for tetraalkyltins. by the double bond should cause a lower Iw

:..9% .. .
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Shpo• 0.064+0.0 0.0t + 0.01

€ M80 0 e .33 + O.l 0.o06+0o03

...-.:%U(3)2&r 0."4 + 0.05 0.27 + 0.03--. la35n 0m i s mi 0m )
Mm W(S" 0.82+0.26 0." + 0.04

S 41.0 + 5.14 30.14 + 4.792 9 1.

" ' JLU.41b 19.37'+ 3.38 24.79m+ 3.07
%u(3)enft3  5.13 +0.09 2.92 +0.32

4. .1 . +1:

3ftM 0.36 + 0.05 0.14 + 0.02

0n. 4.31+ 4.70 .10.+0.95

~' - b.,,A, CR.sCC%% -A(im 09+0.20 0.4+0.06 U(3) 0.692.32 ) - .-321, -

114(2)a 4.72 + 1.70 2.1 + 0.9 ]P

1()Sn .74 + 0.38 0.97 + 0.11 The reversal in toxicity response in
the tatraorganotin and triorganotin con-

ma - bztyl, C %0 %h- pounds when unsaturation is introduced
DU(3) -lai-3-w~l, Cff-t7[1u2- would seo to indicate that either steric
33(2) - blb-2-o 1, Ol ]wOe%- or electronic effects may be at least as
M3(2) - but--anl, wObaI 2 - important as hydrophobicity as a predictor
Pr - b~La-, 3 0- of toxicity. Although the possible effect

All - allyl, GLI - of having a mixture of steraoisomers pre-
sent in compounds with the double bond in

Data for tri- and di-organotins are the 1 or 2 position haa not been taken

shown in Table 2. The two tributenyltin into account, the variation in toxicity
compounds are both more toxic than tri- shovn with placement of the double bond
butyltin and exhibit toxicities different would seem to corroborate this observe-
from each other. Dibutenyltin is less tion. Eansch and Leo (19) noted that
toxic than dibutyltin. These compounds do while highly specific biological response
show the expected trend of decreasing does show dependence on relative hydropho-
toxicity with double bond-induced bicity, It is difimlt to analyse becase
increasing polarity. speciticity arises out ot the edditional

I, -
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