' AD-A193 585  RESPONSE OF BIOLUMINESCENT BACTERIA TO ALKYLTIN 14
4 COMPOUNDS (V) MVM OCEM SYSTENS CENTER SAN DIEGO CA
C R DOOLEY ET AL
UNCLASSIFIED F/G 6/11




. . H L e R R R R T ul VgD 308 0ab Voh Ooh Heh S0 P20 8 B 09 8 500 1,4 v Wy N 3
L/ ‘l"

e e
SRR g

o

P g

‘g | 9

B ;

o

ll=

.

rrEEEE

EEEE

eret

e . ‘ | 9 ’!
-
m————

- ! \\\\ = 1.8 »
. ) ] == Wi
- ‘...'
: 4 fhre R

| HL2s et e 4
‘“

2 = W= o
e

O :

[ N ‘
;I N g
; 5T CH -

b ynhoN 1ES
‘S M‘CROCOPY :-:EQTOL“H STANDAR(S 1962 A N A
5 NATIONAL b o ¢
‘ ()

F
[ s

. L
W g

%

: -

K o
LN %
‘.‘t u,%

¥
i ¢
. 1Y

Iy

. N
X .
!“ .’
2y ¥
¥ .

& “
,. ’ Y

A
-
-,

XA T

2 Lo A

b T P
ot

%

PTIREAIC . - - . ..
et D R T LT T T T S P P P T TN * \ ,r'-.';}.hﬂ:}_i\:}:_\:‘-:\:';, " E‘-‘.'*



S P I I P L B TSP LI LA I L M R TR T RN TR O I YUY PXUN Y URUY S UV LU

?CLASSIFIED ‘ ) -
_SECURITY CLASSIFICATION OF THIS PAGE J‘ ' L

‘ W
>0RT DOCUMENTATION PAGE : "
1b. RESTRICTIVE MARKINGS 1:
X
'l
AD— A 1 9 1 585 3. DISTRIBUTION/AVAILABILITY OF REPORT ’
L. WM e s - Approved for public release; distribution is unlimited. ("
[]
4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S) '
LY
)
6a. NAME OF PERFORMING ORGANIZATION 6b. OF;ICE.SY?ABOL 7a. NAME OF MONITORING ORGANIZATION .
applicable)
. Naval Ocean Systems Center NQOSC Naval Ocean Systems Center ?
6¢. ADDRESS (Cay, State and ZIP Code) 7b. ADDRESS (Ciy, State and ZIP Code) ."
¢
]
San Diego, California 92152-5000 San Diego, California 92152-5000 :q
(]
8a. NAME OF FUNDING/SPONSORING ORGANIZATION (8b. OTUFECEI' SY)MBOW 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER ’
applicadle,
Director of Naval Laboratories DNL ’
8c. ADDRESS (Ciy, Stalw and ZP Code) 10. SOURCE OF FUNDING NUMBERS h
PROGRAM ELEMENT NO.| PROJECT NC. | TASK NO. AGENCY V]
ACCESSION NO. :
Space and Naval Warfare Systems Command '
Independent Research Programs (IR) ¢
Washington, DC 20360 61152N ZT47 RR0O000101 | DN306 216 v
11. TITLE (include Securly Classificaton) '
W
Response of Bioluminescent Bacteria to Alkyltin Compounds (
12. PERSONAL AUTHOR(S) "
C.A. Dooley and P. Kenis 3
' 13a. TYPE OF REPORT 13b. TIME COVERED 14, DATE OF REPORT (Year. Month, Day) 1§. PAGE COUNT "
' Professional paper/speech FROM Sep 1987 TO Sep 1987 December 1987 )
16, SUPPLEMENTARY NOTATION b
X
17. COSATI CODES 18. SUBJECT TERMS (Contnue on reverse d necassary and identiy by biock number) uH
FIELD GROUP SUB-GROUP . . . !
bioluminescent bacteria #.
butyltin : {1
bacterial bioassays i
f 19. ABSTRACT (Continue on reverse £ necessary and identdy by block number)
i — 1> The reduction of light intensity in bioluminescent bacteria upon exposure to toxic substances can be used for rapid screening of
: materials. Results are often comparable to more expensive standard bioassays.
L b4
A commercially available system was used to determine the relative response of bioluminescent bacteria to a number of alkyltin :'
compoundst K.Sn, ;(,Snx. stn'xz, and RsnXy, where K = alkyl group and X = halidé: Within a series of compounds differing only in !
the number of R groups attached to the. central tin atom, the most toxic compound was always the trialkyltin compound. The greatest ’ .
¥ difference in toxicity was found in the butyltin series of compounds; tributyltin was ¢~<85 times more toxic than dibutyltin and <Z¥50 -° - N
limes more toxic than (mono)butyltin. When {rialkyltin compounds were compared, the toxicity to these bacteria increased wish the i g
) number of carbons in the alkyl chain; the tributyitin compounds areWor; toxic than trimethyltin compounds. .~ . \
“ fl . + . . B - - - . ¢)
_, . N o i R : | . . e : . \
i A A | ‘y t T I - we - - 1 K Pl . .
k o \ td kel ' C\q:{;{v . ~
» . ' r
Presented at Oceans 87 Conference, 28 Sep-1 Oct 1987, Halifax, Nova Scotia, Canada. D ,
88 A
MAR2319 .
- SN\
20. OISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICAT E B
[(J uNCLASSIFIED/UNLIMITED SAME AS RPT [} oTic USERS UNCLASSIFIED "
223. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHCNE (inciude Area Coce) 22¢c. OFFICE SYMBCL »
(o
C.A. Dooley 619-553-2782 Code S22 (d
83 APR EDITION MAY BE USED UNTIL EXHAUSTED !
DD FORM 1473, 84 JAN N, -
SECURITY CLASSIFICATION OF THIS PAGE
s,
'y

’ . ) . ) - . , P X
SRRSO O Ly a'o'» KAS RN O R GO, \‘-‘t':\ AJOLXM NN X o XA e, J"ﬂsc.. ML M, P L MM NS




RN

DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

L]

; %) 4 L} - 1 y 2l iRy T P LI S )
bt 'w_‘..'i‘,\' » g i',.‘s‘.'a’.'ﬁ.‘- m‘i‘&l‘y l‘»"l"‘\.'- \\a‘"‘ ¢ 0“;!’ WFLE \‘-‘0'.. t'.-'!.. i'!‘l.v.‘ ) ..0‘ Yo *~” A8 ‘I.‘l"‘...'.l-""-. L3 -." f." 2 $

A
Sty

L W

bW WL -
B



ABSTRACT

The reduction of light intensity in
bioluninescent bacteris upon exposure to
toxic substances can be used f~r rapid
screening of saterials. Results are often
comparable to more sxpensive standard bio-
assays.

A commercially available systea was
used to determine the relative response of
bicluminescent bacteria to a number of
alkyltin comspounds: R Sn, R,SnX, R,8nX,,
and RSnX;, vhere R = alkyl group and X =
halide. Within a series of compounds d4ig-
fering only in the nmumber of R groups at-
tached to the central tin atom, the most
toxic compound was always the trialkyltin
* compound. The greatest difference in toxi-
city was found in the butyltin series of
_compounds; tributyltin was -3%5 times more
toxic than dibutyltin and -730 times more
toxic than (momo)butyltin. When trialkyl-
tin compounds were compared, the toxicity
to these bacteria increased with the nmum-
ber of carbons in the alkyl chain; the
tributyltin compounds are ~150 times more
toxic than trimethyltin compounds.

™he biocidal effects of alkyltin com-
pounds at part per billion levels nake
these ocompounds ideal candidates for such
uses as antifouling ship paints, fungi-
cides and wood preservatives. This paper
compares the relative toxicities of a
number of alkyltin compounds using a
highly reproducible, simple and rapid
biocassay using biocluminescent bacteria

(lucrotu') . To our knowledge there is no
published information on the relative
toxicity of the alkyltin occmpounds to

these microbes.

mmoruommmwnm.
Carol A. Dooley and Paul EKenis

Maval Oceans System Center--Code 5322
San Diego, CA 92132-8000, U.8.A.
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The Nicrotox® systam can produce a
biocassay within 30 minutes and has been
shown to have similar sansitivity ana
generally a good correlation to mors time
consuming. and difficult bioassays,
DeZvart and Slooff (1) demonstrated that
Microtox® sensitivity compared favorably
vith 20 other aquatic biocassays. lLabsack
ot al.(2) tested fossil fuel process water
and pure phenclic compounds, which are
constituents of this water, and found that
Microtox® results wvere cosparable to both
static and flow-through acute fish bicas-
says. Qureshi et al. (3) found , in moet
cases, that Nic exhibited similar
levels of sensitivity as dia fish, crus-
tacea, and other bacterial bicassays,
particularly toward organic compounds and
complex effluents. Likxewise, Bulich et
al. (4) showed good correlations between
Microtox® and fien biocassays for pure
compounds and complex effluents. The
Microtox® biocassay is a convenient way to
compare the relative toxicity of com-
pounds, and to demonstrate degradation of
compounds as A decreass in toxicity (3)
and a method to study synergistic and
antagonistic effects of cowpounds (6).

Ribo and Kaiser (7) used Microtox® to
calculate structure-activity ocorrslations
with physico-chemical paramsters. A good
correlation existed between MicrotoxR
toxicity and the molar refractivity para-
maters of para-substituted phencls and
also the octanol/water partition coef-
ficients of chloro-substitutents in the
banzens ring of chlorobenzenes. Curtis et
al. (s) demonstrated a high correlation
betveen MicrotoxR toxicity and fish bioas-
says i{n semihomoclogous series of alco-
hols, ketones and aethane derivatives.
Toxicity for Microtox® and fish increased
as the number of carbons increased for
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eash semihomologous series.
" METWODS AND MATERIALS

Pri-n-butyltin chloride, tri-m-butyl-
tin bromide, tristhyltin bromide, trime-
thyltin chloride, dimsthyltin dichloride,
methyltia trichleride, disthyltin dichlo~
ride, di-n-butyltin dichloride, tetre-
butyltin and tstraallyltia vere obtained
from Alfa Products (Danvers, MA). Di-n-
propyltin dichloride, tri-n-propyltin
chloride, m-butyltin trichloride and tri-
phenyltin chloride were obtained from
Pfalts and Bauer,Inc. (Waterbury, ¢CT).
The chemicals were used without further
purification. Tetrapentyltin was prepared
by reaction of 8nCl, (Alfa Products, Dan-
vers, MA) with n-pentylsagnesium bromide
(Alfa Products, Danvers, MA). Tetrabut-l-
enyltin, tetradbut-2-enyltin, and tetrabut-

3-snyltin were prepared by reaction of’

8nCl, with the appropriate freshly pre-
pared Grignard Reagent. Tri-n-pentyltin
bromide, tribut-l-enyltin breomide, tribut-
J-enyltin bromide and dibut-3-enyltin di-
bromide were prepared by bromination of
the symmetrical tetraorganotin compound.
These compounds were purified by vacuum
distillation and column chromatography on
Florieil (Bupelco, Inc., Bellefonte, PA).

For Microtox® testing, stock solu-

tions of the compounds were prepared in
958 ethanol at ~1-2 mg/ml. Appropriate a

aounts of the ethanol solutions were added
to 2% aqueous NaCl to achieve a wvorkable
concentration while Xseping the ethancl
concentration as low as possible. Typi-
cally the ethanol concentration was about
0.058%. Where higher concentrations of
ethanol wvere required owing to solubility
problems vith the stock solution, an etha-
nol blank was also prepared for the Nicro-
oontrol.

The Nicrotox® Toxicity Analyser Nodel
20858, manufactured by MNicrobics Corpora-~
tion, Carlsbad, CA, is Dbasically a pho-
tometer with variable temperaturs control

E
;
z

shoxaun NERL 3-11177 when axposed

é
%
f
§
:

rehydrated with distilled water.
bacteria are provided in a oonven
fresse-dried form by Nicrobics Cokpers
and are immediately activated by the addi
tion of 1 =) distilled water. Upoa redy-
dration, the bactsrial suspension is used
as a reagent by adding 10 ul ¢to each
sanple. Since the bacteria are marine, 3%
¥aCl is used to provide osmotic protection
to the bacterial cells.

11

Serixl dilutions of each compound for
measurement are performed in the Mi
photometer/incubator at 15 °c. Controls
consist of triplicate 1 ml portions of 2%
NaCl and candidate toxics are prepared in
and subsequently serially diluted in 2%
NaCl, with a final volume of 1 ml for esach
dilution. Atter a 5 minute period for
temperature equilibration, 10 ul of rea-
gent (rehydrated bacteria) is added to
each of the controls and the serial dilu-
tions of the test compound. Measurements
in the photometsr are made at 35 and 15
minutes after addition of the reagent.
This procedure is repeated at least four
separate times for each compound to pro-
vide four independent toxicity values.

The toxicity value is expressed as an
ECS0 concentration, wvhich is the concen-
tration of a compound vhich caused a 30%

reduction in light ocutput. The EC50 con- 2
centrations were determined by graphic

interpolation on log-log paper, plotting "0
the gamma function against concentration. .!C:,
The gamma function is the ratio of the Y
amount of light lost to the amount of 5.5,
light remaining. A gammma value of 1 ":::
corresponds to a 508 reduction in 1light, i
or ECS0. The ECS0 values at 5 and 15 '
minutes are reported here since these N
times are most commonly reported in tho?‘"' *»,*
literature when Xicrotox® is compared tol \-(
fish and other biocassays. A lov EC30 =]
value indicates high toxicit¥. ,,announced 0 AS
¢ Justifieation iy
| 4:'.“
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RESULTS ‘ .-1,!.

1 \ N

The BCKO values st § and 15 mimutes - h

for the methyl-, othyl-, prepyl- and bu- e

/ tyltine are shown in Pigures 1,2,3, and 4, o o N

M zespectively, &s & functicn of the mumber ',

of alkyl groups (R) attached to the tin

< atem. In esch case, the ECS0 decreases wf o
“ie % 3 and, hence toxicity incresses, from (mo- o‘::
e | no)alkyltin to trislkyltin. fToxicity de- o
AR oreases from trialkyltin to tetraslXkyltin ! asl %
:“v;-;;.;? ! ccmpounds. The largest incresse in tomi- N
RS city vas found for the butyltin cempounds, | . o
o Where tridutyltin was found to be ~7850 | »
R times more toxic than the monobutyltin. o
! The greatest difference in toxiocity was A
also found between dibutyl- and tribdutyl- “l- o
tin ocompounds smong the saries tested. o—e Smin b

i The dialkyl- to trialkyltin difference in | secavwan i)
; _toxicity increased as the number of car- N )

bons in the R groups increased. - .

—_ - C e e o W

'] I 1 1 b

Mg i :

) 7 Groups (B9 o

Figure 2. EC30 values for diethyltin ,'::
dichloride and triethyltin bromide. »
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Pigure 1. EC30 values for methyltin tri- VC{

chloride, dimethyltin dichloride and tri- e

sethyltin chloride. # R Groupe Pv) 3
Figure 3. RC50 vlaues for dipropyltin AR

) dichloride, tripropyltin chioride and 4
. tetrapropyltin. R, .|
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Figure 4. EC30 values for butyltin tri-

chloride, dibutyltin dichloride tributyl-
tin chloride and tetrabutyltin.

Pigures 5, 6, 7 and 8 show ths EC50
at 3 and 13 minutes for sono-, di-, tri-
and tetraalkyltins, respectively, as a
tunction of the number of cardons in the
alkyl chain. As seen in Pigure 5, the
toxicity of methyl and Dbutyltin is ap-
proximately the same. PFor the dialkyltin
compounds, shown in Pigure 6, toxicity
increased dramatically from dimethyl- to
diethyltin and was approximately the same
for diethyl-, dipropyl- and dibutyltin.
The greatest range in toxicity is shown in
rigurs 7 for the trialkyltin compounds,
vhere tridbutyltin was found to be -~150
times mors toxic than trimethyltin.
Toxicity decreased again from tributyltin
to tripentyltin. The greatest toxicity
vas found for butyltin species in the
tetraalkyltin compounds, shown in Figure
8, as well. The EC30 for tetrapentyltin
could only be determined as a "greater
than value® owing to solubility problems.
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Figure 5. 2CS50 values for (mono)alkyltin
© trihalides. -
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Figure €. EC50 values for dialkyltin

dihalides.
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Trislkyltin eompounds shov consider- )
able variation in speciss response (11,12) .
Maxinum toxicity in & homologous series of f

' compounds differing omly in cerdom chain N

: length was shown to be trimsthyltia for ]
insects, triethyltin for mammals, and tri-: o
propyltin for gram-negative bDaocteria. ¢
Sxan-positive bacteria, fish and fungi all o
ehov mazimum response to tributyltins. ,
The bDicluminescent bacteria, PRhotohan- .
tarius phosphorsus, although gram-nega- -
tive, shoved maximum sensitivity to tribu- L J
tyltin compounds. The quantitative re- )
sults are very similar to 1C30 data mea- by
sured dy primary productivity in fresh- . :_
vater diatoms (13) and to 1CS0 determined Ay,
by viable o0ell ocounts in gram-negative A
bacteris associated with fecal pollution ’

(14). As also reported by 8ijesteinin et “

al. (12), the toxicity decreased with
increasing carbon chain length dbeyond the )
point of maximum toxicity.

® Bioaccumulation and biochemical acti- .

o o = '." ™ e vity have been shown to be dependent on | J

—~ : bt octanol/water partition coefficients ~

u% 7. ECS50 values for trialkyltin (15,16,17). Although data on water-octa-

halides. nol partition coefficients and on correct

Tﬂlﬂ*yﬂhl values for the metal-substituent bonds to

0’" calculats the Hanch pi parameters are not

available laughlin et al.(19) showed

correlation between toxicity to mud crad

L larvae and the Hansch pi parameter for the

carbon chain fragsent. Using bioclumines-

cent bacteria, we could show correlation

only for the trialkyltins from methyl

through butyl only. Pentyltin compounds,

triphenyltin and the experimental com-

pounds mentioned below showed anomalous
behavior.

T
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e e

4
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The Nicrotox® system was also used to
deteraine the toxicities of some experi-
mental compounds. Table 1 shows the ECS30
for sowe symmetrical unsaturated tetraor-
ganotin compounds and their saturated
analogues. Tetraallyltin shows greater
toxicity than tetrapropyltin. Tetrabu-
tenyltins with doudble bonds in the 1, 2
and 3 positions exhibit EC50s different
from each other and generally lower than

R Growp tetrabutyltin. These results are contrary
. to expectation, since the polarity induced
_rigure 8. EC30 values for tetraalkyltins. by the double bond should cause a lower
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Compourd 8 min BCS0 (M) 13 nin XCS0 (W0

Prein 4.0 + 3.4 30.14 + 4.79
Allen 19.37 + 3.38 U.78 + 3.87
AL, Bu8n 6.65 + 1.4 4.11 +1.20
Rugn 4.31 4+ 1.70 2.10 + 0.95
Buy(3)n 0.91 + 0.10 0.64 + 9,04
Bug(2)8n 471+ 1.5 2.59 + 0.68
Bu(1)sn 1.74 + 0.38 0.97 + 0.11
M = butyl, Gy

N(3) = but-3-aryl, a,-un,a:,

Bu(2) = but~2-enyl, CH,CH=CHOH,

(1) = but-1-eryl, a,au,oa—
Pr = propyl, GLORAH,~

ALl = allyl, CH =CHON -

Data for tri- and di-organotins are
shown in Table 2. The two tributenyltin
compounds are both more toxic than tri-
butyltin and exhibit toxicities different
from each other. Dibutenyltin is less
toxic than dibutyltin. These compounds do
showv the expected <trend of decreasing
toxicity with double bond-induced
increasing polarity.

R IR N A R I R L L R N R P PN IO o AN " A ™ S WY W 1.0% 1%  Balle 20 &

Compond 8 min XC30 (\80) 18 min BC30 (a0

 Bysac) 0.06 + 0.03 0.02 + 0.01
0.13 + 0.0 0.06 + 0.02
B, (NMB 0.4 + 0.08 0.37 + 0.03
Ry ()M  0.82 + 0.16 0.44 + 0,04
BACl, C 2.11 4 0.6 1.09 + 0.23
By, (dank;  5.13 + 0.6 2.82 + 0.22
M,sc1 0.36 + 0.08 0.14 + 0.02

Bu = butyl, Oi,01,08,0,-

Bu(3) = but-d-enyl, Qi =OXH,CH -
(1) = but-1-enyl, CH,CHCHeCH-
Fh = phenyl

The reversal in toxicity response in
the tetraorganotin and triorganotin com-
pounds when unsaturation is introduced
would seem to indicate that either steric
or electronic effects may bes at least as
important as hydrophobicity as a predictor
of toxicity. Although the possible effect
of having a mixture of sterecisomers pre-
sent in compounds with the double bond in
the 1 or 2 position has not been taken
into account, the variation in toxicity
shown with placement of the double bond
would seem to corroborate this observa-
tion. Hansch and leo (19) notad that
while highly specific biological response
does shov dapendence on relative hydropho-

bicity, it is difficult to analyse because
speciticity cgtua out_ of the additiomal
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Tapid and relatively inexpensive. Data
obtained on experimental oompounds indi-
cates that the method is valuable for
assassing the relative toxicities of simi-

lar ocompounds.

This work was funded by the Office of
Naval Research/Naval Ocean Systems Center
under the Independent Research Program
Element 611352M. We thank J. P. Testa, Jr.
for the preparation of tetrapentyltin and
tripentyltin bromide.
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