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MONBANTO m'. wg R
000 N. Lindboargh Boulward

8t. Louis, Missouri 63187

Phone: (314) 084-10C.0

December 17, 1984 INIT @7/27/94

Dr. Louis Borghi

Senior Scientist COD ,a,
Industrial Chemical Information Section ‘ ns No c
Dynasac Corporatiocn
The Dynamac Building
11140 Rockville Pike
Rockville, MD 20852

ge2iild % e 4

Dear Dr. Borghi: QD
Enclosed are the studies you requested on THIOTAY® accelerator (MBTS,
CAS number 120-78-5), including:

1. Health effects (Acute toxicity, skin and eye irritation, mouse
lymphoma and microbial mutagenic.ty, and skin patch).

2. Eavironmental effects (acute toxicity to fathead minnow,
bluegill, rainbow trout, algae).

A time-independent aquatic studv using rainbow trout, whick
yvou did net request. but which may bhe of value.

We are glad to be able to help in this matter, Please call if you have
any questions.

Sincerely,

B ( ‘,\a{i J,)!,]Lx,‘b I\

Bernard J. Hill
Product Safety Manager
_ Rubber Chemicals

~

Enclosuce

ORegistered Trademark of Monsanto Company

15.341/88.1

» unit of Monsanto Compeny
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Aztached is the final report from SRI International entitled "Time - Inde-
pendent Toxicity Study on Thiofide using Rainbow Trout as the Test
Organ.sa”, Project LSC-1741, No. SR-80-1803062-A1. The LCg, values at 24,

96 and 336 hours were >1.0, >1.0, and >1.0 mg/L, respectively based upon
measured exposure concentrations.
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Analytical resu.ts suggest that extensive hydrolysis occurred during the
scudy. 1.0 mg/L was the limit of detection for intact Thiofide.

Poadaare-

B. B. Heidolph

Attachment

7.270/RNu.6

IN-1120
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TIME-INDEPENDENT TOXICITY STUDY ON THIOFIDE
USING RAINBOW TROUT AS THE TEST ORGANISM

Final Report
8 September 1981

o

Submitted by:

Howard C. Bailey, Director
Aquatic Toxicology Program

Prepared for:

MONSANTO INDUSTRIAL CHEMICALS COMPANY
800 N. Lindbergh Boulevard

St. Louis, Missouri 63166

Aten: Ms. Barbara Heidolph

SRI Project LSC-1741

Monsanto Project No. SR-80-1803062-A1

Approved by:

Deld oL
David C. L. Jones, Director
Toxicology Labordtory

W. A48

W. A. Skinner, Vice President
Life Sciences Divisi~n
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333 Ravenswood Ave. « Menio Park, CA 94025
(415) 850-6200 « TWX: 910-373-"246 « Teler: 234 486




THIOFIDE
Monsanto Project No. SR~80-1803062-A1

Introduction

At the request of Monsanto Industrial Chemicais Co., SRI periormed

a time-independent bioassay on Thiofide using rainbow trout 2z the

test organism. Thiofide is a white powder that is supposecly coluble
in water at 49-88 mg/L, depending on pH.

Methcds

The test was performed in duplicate in 19-L glass aquaria uader
flow-through conditions using a Mount-Brungs diluter. Flow rate was
set to provide 5 tank volumes per day. Juvenile rainbow trout were
obtained from Mt. Lassen Trout Farm and maintained at SRI for 2 weeks
prior to testing. At initiation of testing, fish were randomliy selected
and distributed 2 at a time among the test aquaria, for a total of
10 fish per replicate aquarium. Each day during the evvposure period,
they were fed frozen brine shrimp (Arremia salina) 2t a rate equal to
52 of their body weight. Becaus> the range of tcxicity ne~ded t, be
established, fish were added only to the ;quaria contaihing the controls

and the lowest and highest concentratioms.

Senck solutions were prepared initially by acding 1 g Thiofide
to 100 mL acetone. Since Thiofide did not appear to be complete’y
soluble in acetone at this concentration, the solvent was changed to
N,N-dimethylformamide (DHF) which helped slightly. The mate~ial was
added to the DMF, shaken, and allowed to settle for 20 minutes, after
which the supernatant was decanted off and used to fill 30-mL gas-tight
syringes. This solution was metered into the diluter by Sage syringe
pumps.
solution did DOP,P!?S.‘}!E3,,1_899,95_5”51““3” , the stock concentration
was increased to 10 g/100 mL. 1Initial pumping rate was 1.5 mL/hr,
which was increased to 3.0 mL/hr after 48 hours of exposure, when




no signs of toxicity were apparent. A Mariotte bottle was used to
deliver DMF to the solvant controls te obtain a nominal conceitration
of 150 uL/L. Nominal concentrations at the higher st >ck concentration
and flow rate were: 0.0, 0.9, 1.9, 3.8, 7.5, and 15.0 ag/L in additior
to the sclvent control. The test was terminsred after 13 days of
exposure to these concentrations, during which no chemical-related
mortality* occurred in the exposed fish. Dissolved oxygen (DO}, pH,
tempers-ure, and chemical concentrations were monitored routirely in the
tanks containing fish, aiternating between the replicates. The oH was
mouitored with an Orion Model 407A Ioranalyzer, and the DO with & YSI
Model 54 dissolved oxygen meter. Terperature was monitored with a

glass-wercury probe in addition to hourly readings taken on a Honeywell

recording thermograph. Chemical concentrations were determined by
reverse-phase 1iquid chromatography (Spectra-Physics 3500B) using
the external standard technique under the following conditions:

Column: Waters Radial Pak A °1a

Mobile Phate: 50X acetonitrile, 502 water
Flow Rate: 2 mL/min

Detector Wavelength: 227 mm

Detector Sensitivity: 0.02 AUFs

Recorder Chart Speed: 0.2"/min

Injection Volume: 10-700 uL.

An effort was also made to estimate the precision and accuracy of the
analytical method.

* Two fish jumped out of their tanks.




Results

Samples for chemical analysis were tsken from the hLighest concen~
tration (n = 6} and from the solvent stocks (n = 2). All sarples from
the highest concentration were below the level detectable Ly our
techniques aud probably c~ *ained less than i1 mg/L Thiotide. In
contrast, the actusl stock concentraticns agreed very well with the
nominal concentrations of 10 (actual 9.6) and 100 (actual 97) g/L.

Since the syringe pumps and i{iluter were functionirg properly, the
toxicant must haeve entered the test system at close to nominal levals.
This sta*ement is verified by the slightly cloudy appearance of the
vater{iﬁ:ﬁﬁg:hijﬁiiz;concantza:ion) However, such cloudiness would
indicate that the material was not in a soluble form. The octanol/water
partition coefficient for Thiofide was estimated by SRI to b€“215.; 7
This large a coefficient also suggests that the solubility of the chemical

is less than 15 mg/L.

No morta ities relat: . to thz toxicant occurred in fish exvosed
to Thiofide at nominal concentrations of 0.9 and 15.0 mg/L. These
results suggest that Thiofide 1s not acutely toxic within the range
cf concentrations tested ana. based on the apparent suspension that
occurred at a nominal concentration of 15.0 u3/L, is probably not
acutely toxic up to its solu "lity limit. Data on water quality and
fish  :ngth and weight are s a below.

Standard
Mean Deviation Range

pH 7.1 0.22 6.8-7.6
DO (mg/L) £.9 1.60 3.2-12.0
Temperature (°C) 13.0 0 -
Conductivity (umhos) 8

Hardness (mg/L CaCO 28

)
3
Alkalinity (mg/L CaC03) 28
Acidity (mg/L CaC03)

L2

g




© Pish Length (cm): x: 8.2 Pish Weight (g):
$.D.: 0.457
n: 10 10

We did not perform precision and accuracy studies on Thiofide
because Thiofide appesared to de in equilibrium with other components
also precent in the test materisl and the equilibrium (or decompositicn)
appeared to be conccﬁtntion-dcpcndcnt. The problem is discussed
below.

A high-pressure liquid chromatographic profiie of Thiofide at
101 mg/L is shown in Figure 1. Of the five peaks observed, peak 3 hai
#n identical retention volume as benz-thiazole, and pesk &4 was believed
to be Thiofide.

Two experiments were performed, which were labeled A and B.
Experiment A consisted of 15- to 90-ulL injections of 90.30 mg Thiofide/L.
Experiment B consisted of 90-uL injections of mdependencly prepared

standards ranging from 18.06-90.30 ng/L.\ \'-\Sf? w. Ao LC

All injections were made under the same HPLC conditions as for wﬁ\u

other Thiofide analyses, and standards were prepared ii'/aﬁsm"htf -
2 2. at s total volume of 50 mlL (this proportion was found to

be sufficiemt to keep Thiofide in solution).

ToT each experiment, we piotted mass injected versus peak area
and the resuits are shown in Figures 2 through 5 for the five major
peaks. Peaks 1 and 2 were not completely resolved and were treated
as one peak. These graphs show that as the mass increases, the peak
area increases, however at a faster rate in A thar in B.

We then plotted mass injected versus percent of total peak areas
for each pesk in Figures 6 through 9 for Experiments A and B. For
Experiment A, the percent of total peak arsa remained constant.
However, for Experiment B, the percent of total peak area increased
for all peaks except for peak 4 (Thiofide), which decreased.




These results suggest that Thiofide is being converted to peals !,
2, 3, an? 5, and the telagive concentration of Thiof;de to thie other

components decreases with 1nérgg§§;;iiﬁi9fiée'coégen:raticns. The

variable relationship between peak area and concentration made it
impossibie to accurately assess Thiofide concentrations under test

conditions. As a result, precision and accuracy studies were not
performed because the values obtained could not b2 applied to unkrnown

concentrations.

Copies of raw data associated with this report are appended.




FIGLRES
li.h Pressure Liquid Chromatographi~ Peonfile of Thiofide
at a Comceatraticn of 101 ag/L
Macs Injeted Versus Peak Arev for Peaks 1 and 2
Kass Injected Versus Paak Azes for Peak 3
Mass Injected Versus Peak Area for Peak ¢
Moss Injuctec Verras Peak Ares for Peak S

Mass Inje:ted Versus P.ccent of Total Peak Area for
Pasks 1 anc 2

Hzss Tnjected Versus Parcent of Total Peak Area for
Fecsk 3

Massx Injected Versus Percent of Total Peak Area for
Peak 4

Mass Injected Vorsus Percent of Tutal Peak 4..a for
Puak 5
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BIOASSA/ DATA . JMMARY

Client: lrval Cstsatisod Glammecat, do. Project No.
Test Material: w-;’a/tdo

Physical hscrlptim:w,‘_
Purtty:_ 2nbimon

Lot Number: MM -OS5-p2a2?

Test Typc:M Date Performed:_3/32 - 4// 2/7/
Test Species: za«ulw ﬁ‘pa‘
Source: 7 Faegen \Tiond %

Summary of Method:

Stock Cuncentration: %g Nominal: /0 gnd O  Measured: 7.6 awe T F

Solvent Concentration: wld /L Hominal: 7S aed /30 Measured:

Tes: Concentrations: 7’5/./
‘//I

Standard
Nominal Measured Deviation

O-2vF
.09 - 49

o2& -146




SI0ASSAY DATA SUMMARY - page 2

Criene: 200unls brdcitual limiat:Co  Project no._tFY/

Test material:_Shcageole,

LeS0:____paspsl €cso:

Exposure Ouration Estimated Yalue 953 Confidence Limits
23en. _Sd.e

Method Used for Estimate: -UlProbic
O 3inomial .
{J Graphical interpclztion

Additiona] Comments: _howeenol cowne

Souren ot Stomn st Wil biel Lo E.

Mater Quality Data

pH #./ 0.22

00 (mg/1) 3.9 /.60
Temperaturs (°C) '

Conductivity {(umho)

Hardnass (mg/1 c;co,)
Alkalinity (mg/1 c.co,)

Acidity (mg/) c.co,)

Salinity (o/o00)

Fish Length and Weight: Weight: m

R: Jo.fé

Std.Dev. O.¥52 Std.Oev.__Q-6/4
n: /0 n: 4

) V/‘ﬁ“lf e s



BI10OASSAY DATA SUMMARY - page 3

P J _ . Project No._/ F¥~

Client: Z

74 '
Test Material: %

Chemical Analytical Method:__ _

Analytical Precision:

Measured
Nominal Average Standard
Concentration Concentration Deviation _Ralative 3

Analytical Accuracy:

Measured Z Recovery
Expected Average Standard

= Raviarian Relat’ve %

Cancanetrarian Lancantrarian
TRt = s Ty oTrm e =
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tee SHOLLVULNIINGD 1TV Y04 INVS IHL 30 LONNYD GVIE NOILWOOUE INL ¢ee
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FISH CHRONIC 1TEST ~ EGG SURVIVAL AND HATCHABILITY

i r:,.h _tank
Project No. 7 1’ ° _/0

— e Test Organisn
Toxicant Tl\ 'c p Ji Tox. Conc. Units me/L

£Cu’f\

Series —&L te & Time 'fe Initiated /250 ¥ / 3. P4

Qce tong 4 Foimimid e s:(vent
s"‘w‘f to 9:’ 9}" ’E, ﬂ.&o Dowble, )
Day Day Day Day ___. Day

Concentration nk4 ta-hfl A 2l A Bl A B A

7
B

Ratching
Begins

0.0

A8

24 0 o

A.o . of by

.06 -

D.L.

D‘E.

D.L.

Time Onserved

Dede Observed

Techhician




FISH CHRONIC TEST - EGG SURVIVAL AND HATCHABILITY

____3
T Fish  san Cp
: Projact No. —715 . * pcr. g —&—/—o_— Test Organism _Rf lRo‘JL
Toxicant Mﬂ Tox. Comc. Units _ M&/L
Series AL pate s Time Exposure Initiated 3 58] ipm
. Day i— Day j— Day '_‘?- Day ._ Day _Ii g:;:::ng
Concentration L"B A fank A A B A A E

0-0 = “
Larvae 0 0
D.E.

O |o|lo|lo|lo|lo]le |ls

D.L. 0 o] (o) o (o] (o) o) 0 O O

T} D.E. |

.* D-Lo Inapy e

D.E.

D.L.

D.L.

D.E.

D.L.

9.- o St
D.L. o1l ( o o |lo o ¢ (o] oY

D‘E.
L.

Time Observed b im §.§u 3 4M g% |0:30 P4
Ode Obsewved [HW-TR1 | 438 | 19% | o & | ©5 8]

Techhician




FISH CHRONIC TEST - EGG SURVIVAL AND HATCHABILITY

Project No. 7/ Fish tank (O

per ——— Test Organism __

Toxicant TL' 'j'!_ Tox. Conc. Units me/L

Series —ALL Date & Time Exposure Ini:ia’ted 2 20-3/

R TR

27

/5~ '6 it

Day Day Day Day
“oncentrarion lank 4 tachk Bl A 2 A B A

g

Hatching
Begins

A

Q 0

Ao

1,0

D.E‘

dL.

Time Observed

Dde Observed

Techhician
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“roanfo~d Rercarch Institute £U5R LD Sl
Aguatic Tuxicalogy Latorstury
Depar-unt of Toxicolony.

FISH ACUTE TOXICITY TEST
IZHNGTHS AND WEIGHTS

Project Fo. | 74/ _  Yane of Recordor)_#u.m .

Tast No. _3 -Seh e Date __ 4-173

Toxicant th
Fish Species _

Total Longth {cm) Wet Weight (gms )
8. 2.9
8L 4.13
g,0 A
2.30
3.( 2.1
.99
9.13
3.05

235
4 80

- % N 356

lod .
SIS s R _oLkG

o __'_":' ) S —

- o = — - ——— —————
-——— S S—

T — — - - -

o Ep— s ——— - . - @ - - —— > " v ——— — S B+ W Lt - o

ieurd danuth and watzht of at Jeast 10 f3sn/lozicity tout




£ de vl
. stanford Reccarch Institute
hquatic Toxicaloyy Latoratury
Dupart=ent of Toxicoloxy

FISH ACUTE TOXICITY TEST
1ZNGTHS AND WEIGHTS

Project Fo. __L71/ e Yanme of Recorder JW., hws/t,
Test Yo, T B-.5¢i¢s date __Y/7-3 — 7

Toxicant Tkoe_}_{, WV Pk Eorncal.
Fish Species _ ) L (ozeT -

Fish Mumber Total Length (cm) Vet Veight (gms )

T, S.| 223

e . __*»__  __as¢
—_— ] ?:8 — 5. 1%

L ._g'—'- %.99

P ! A.10
b %.00

T 83 __4oe

e 8 .08

9 13 231
G | 3.6 3,89

— — et

12

[ e —— i ———— ——— - = . — -

S S e

W —- —

S S e e ———— e

R C R e o e e

I e _— e—
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7/79 Revision

SR1 INTERNATIONAL
Muatic Toxicology Program

TOXICANT ANALYSIS REOUEST FORM
(Use one sheet per sample:

Project no. __ [ 7[ King of Test _ 4 _a,«/;ACu{lr fox
Orgsatsx - R. Tt Toxseant Thio 0(0&.

Sample No. ’1 Tank No, [A Sampling Date &f.[- 8/

Sampling Time qu Day of Test 2 Ssmpler's Name ’ n

Rstimsted Concentrstion Loy I tnies s/l

Measured Concentration <N e lintts \'YK\#&;

7/
Ssaple Sudsitted 33;7_#.‘L M Date H-1= P/
L S Date 4 /\/é.!
[4

Sasple Received By

L .
Ssmple Analyzed By lﬂ.\.ﬁﬁi’m‘l E\ Date _‘4/: e

Details recorded in Chemist's notcbook no.. D)\ Page (o

Iastructions to Chemist TLo'o R’d’e 1!{”‘9. r—.efL/(_ f:g ma ""‘/L

Comments by Chemist E DL




7/79 Revision

SR1 INTERNATIONAL
Aquatic Toxicology Program

TOXICANT ANALYSIS REQUEST HORM
(Use one sheet per sampie’

Project No. _’77/ Kind of Test __LL{__ f’("‘\y_ AC «-_’c 7CK
Orgsnisam - Q. TROO" Toxicant Theeo ?lfii

at ,
Ssaple No. g Tank No. ’A Sampliing Date ‘7'3 8

Sampling Time inM Day of Test ‘/ Sampler's Name 2 /7"1

Lor h 3 Units i’*:‘/(

EZstimated Concentration

Messured Concentration <158 Untts

Sample Submitted By h 1 Date

—

Sample Analyzed By Date

Sample Received By Date

Details recorded in Chemist's notebook no. 429

Iastructions to Chemist TL!&("(/L " /V, N- l)r»-elly[ f,gkamé/&-

Comments by Chemist mk




7/79 Revisoor,

SR1 INTEKNATIONAL
Aquatic Toxicology Progran

TOXICANT ANALYSIS REQUEST JUKRM
{Use one sheet per samplec

Project l'm_l Hi Kind of Test _ IVf/°r /{ / /a,v

Organisa - TZOQ»" Toxicant .”\00'(11

ssaple No. ‘"'f Tonk %o. 1/~ sumpiing vate H-G-2/

Ssapling Time A4 Day of Test Sempler's Name l In
Estimated Concentration "W"L > inits f"‘G/[

Measured Concentriijon <4 Untts msk

Semple Submitter By /?& ; Pate Lo I S 4’/
4j£/m

Sample Received By ! 'mu

<
Ssmple Anslyzed By SM\L_ A Puite /e {8!
/

Detatls recordcd in Chemist's notcbook no. 42,9’ Page

Instructions to Chemist

Comaents by Chemist E Di_




7/79 Revision

SRl INTERNATIONAL
Aquatic Toxicology Propram

TOXICANT ANALYSIS REQUEST FORM
{Use one sheet per samplc

Project No. ___ ' 7“” Kind of Test __Zq_/‘}'__ Ac“'_/:' Tc',v
Organtsn - 9‘ Tloat Toxicant ___-I_Lo_? pu’e

»
Ssmple No. * 6 tank Xo. | B Sampling Date q.16- 8/

Sampling Time q:"'ﬂ Day of Test H Sampler’'s Name ;! /lq
Lol X Inits /""G:/é

Estimsted Concentrstion

Measured Concentrstion <\ intts

Sample Submitted By . hate

Sample Received BY t Nid ; Datc

Ssmple Anslyzed i ) 4 - bate

Details recorded”in Chemist's notcbook no. 42_93

Instructions to Chemist

Comments by Chemist _BL




7/79 Revision

SR1 INTERNATIONAL
Aquatic Toxicology Pruuram

TOXICANT ANALYSIS REQUEST HORY
{Use one sheet per samplc

Project No. _'{ ” Kind of Test _ li(_ /:, AEJC. f%x
Orgsnisa - X 1 Anet Toxicant ..-._m Tl.mff‘/(
sasple No. - 1‘ Tank ¥o. (N Sempling Date ]"/"- el

Ssmpling Time q:i"l Day of Test IZ Sempler's Name v

Lol o | Units '1‘?77' |

Estimsted Concentrstion

Messured Concentrstion 1 \1‘ Units mak,
Semple Submitted ny/’__}‘,,!, Date ¢-15 ¢/
Sasple Received By L Date _4/ 1 %él
Ssaple Anslyzed By hate M‘

Detsils recordcd in Cheaist's notchook no.429(  page V4

o e— ———

Instructions to Chemist

Comments by Chemist _EL:




7/79 Revisioun

SR1 INTERNATIONAL
Aquatic Toxicology Proyram

TOXICANT ANALYS1IS REQUEST IFORM
{Lse one sheet per sample

AmJ.ct No. _' 71/ Kind of Test o /‘:/ /67 ,4&-.‘( Z“,‘,\’

- - Vg R —— A
Orgsnism - R \ ﬂb'-'-‘(' Toxtcant TLIu:j"tjig

. L
Sample No. KZ Tank Xo. | l; Sampiing bate ‘/' [5 i

Sampling Time q'A',“ Day of Test /)/ Sampler’'s Name )*g

Estimatec Concentration Cowln Inits. ,1‘-6'/(

Measured Concentration 2. intes m[e
4

Ssaple Submitted By —M M M!utu _ 4-15 £/
Sample Received By I Dute 4 AS/&

Sample Anslyzed By hate Mﬁé(

Details recorded in Chemist's notebook nn.4_z_—?_L Dage |5

Instructions to Chemist

Comments by Chemist _&L_




7/79 Revision

SR1 INTERNATIONAL
Aquatic Toxicology Program

TOXICANT ANALYSIS REQUEST FORM
(Use one sheet per sample) .

Preject No. _[ﬂ%} Kind of Tast _L‘(_J}G -)_.Ac‘q{e ru)'

Organisa - . TRy Toxicant Tl\:o‘ -‘J‘ .
Ssaple No. + N Tank No. S‘Lﬂ-“ Ssmpling Date ‘;/ -7 /

: Sy e
Sampling Time ?2,‘“ Day of Test - Sampler's Name 4 n

Ratiasted Concentration /O Units  /BhS,
Measured Concentrstion 4 9.6 Units o (g
Ssmple Subaitted By , . nate __§- /-8
Sample Received By AN Date 4A/jl
Sasple Anslyzed By A0 K 11 341 Date ‘!41/41

Detsils recorded in “hemist's notcbook no. _4_7&} Page

Iastructions to Chemist

Comments by Chemist




7/79 Revisiun

SR1 INTERNATIONAL
Aquatic Tox.icology Prougram

TOXICANT ANALYSIS REQUEST IORM
{Lse one sheet per samplc

Project No. ._;__7_:1/ Kind of Tes: ._!"_Jﬁf _AC!—"C Tok

Organisa - '\-TROQ'} Toxicant —_ Tg\(_é -P'(‘J’e.—

Sample No. + q Tank No. Sloc.L Sampling Late o-r5- 81

Sempling Time [-300* Day of Test [|§ Sampler's Name 9‘ “b

Estimated Concentration gD.co ¢ Units MG/{

Measured Concentrstion o4 inits a ,fe

-
Sample Submitted By 444\4, Mmoo bate g-17-8/

Sample Received By bate 4/(5/{?]
Sample Analyzed By ik bate 446/81

Details recordcd in Chemist's notcbook no. 47_9_\_ Page :5

Instructions to Chemtst _ § asdwms T‘u;f-ipe_t_ roo sl k. D,»J"L,( Fo(heutje.
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SUMMARY

The scute toxicity of Thiofide to fathead minnows (Pimephales

romelas) was assessed using tte methods outlined by the Committee on
ﬁitﬁs for Toxicity Tests wita Aquatic Organisms (1). Water quality
parameters of temperature, dissolved oxygen, pH and ammonia were meas-
ured throughout the test and we » within acceptable limits.

As a quality check, tke fathead minnows were challenged with a
reference compound, Antimycin A. The observed 96 hour LCso and 95%
confidence limits (C.I.) were within the 95% confidence limits reported
in the literature (2), indicating that the fish were in good condition.

The results of the four day static fish toxicity study using fat-
head minnows are summarized below.

96-hour LCsp
Compound (95% C.I1.)
Thiofide >1,000 mg/1

Antimycin A 0.000028 mg/1

(0.000023-0.000034 mg/1)




INTRODUCTION

This static bioassay was performed at the aquatic bioassay labora-
tory of Analytical BioChemistry Laboratories, Inc., Columbia, Missouri,
for Monsanto Chemical Company, from August 23 to August 27, 1979, as
authorized in a letter from Monsanto Chemical Company on Febraary 1,
1979 (Appendix I1). The putpose1gf g?if test wa; tg determine(;he 24, 48
and 96 hour LCsg levels for Thiofide to fathead minnows imephales

romelas). A préliminary range-finding test was conducted from August
to August 12, 1979, to determine the concentration range for the defini-

tive bioassay. The study was performed following the procedures out-
lined in ABC Protocol Number 7601 (Appendix I) as approved by
Dr. William J. Adams, Monsanto Chemical Company, on August 17, 1979.

METHODS AND MATERIALS

The procedures for static bioassay, as described in Standard Meth-
ods for Examination of Water and Wastewater (3) and Methods of Acute
Toxicity Tests with Fish, Macroinvertebrates and Amphibians (1), were
used 1i1n this experiment. The fathead minnows used in the test were
obtained from Fattig Fish Hatchery in Brady, Nebraska. The fish were
identified to species using the taxonomic keys developed by Eddy (4).

All test fish were held in culture tanks on a 16 hour daylight photo-
period and observed for at least fourteen days prior tc testing. Fish
culture techniques used were basically those described by Brauhn et. al.
‘5). A daily record of fish observations during the holding period,
a.ong with prophylactic and therapeutic disease treatments, is included
in Appendix 1. During this period, the fish received a standard commer-
cial fish food (Rangen's) daily until 48 hours prior to testing at which
time feeding was discontinued. The fathead minnows used for this experi-
ment had a mean weight of 0.23 g and a mean standard length of 2Z.5 mm.
Weight and length measurements were made on the control group of fish at
the terminatioi of the test and are included in Appendix I.

Th. static fish bioassay was conducted in five gallon glass vessels
containing 15 iiters of laboratory well water with the characteristics
skown ‘n Table 1.

These vessels were kept in a water bath at 22°C (#1.0). The test
fish were acclimated to the dilution water and test temperaiure and held
without food 48 hours prior to testing.

A five day range-finding test was conducted to determine the con~
centration range for the definitive study. The preliminary test concen-
trations were set at 0.1, 1, 10, 100 and 560 mg/l. Based on the results
of rreliminary testing, the definitive test was conducted with a com-
trol versus duplicate test chambers at 1,000 mg/l. Ten fish per concen-
tration were selected for definitive biocassay. The fish were added to
the test chambers by random assignment within 30 minutes after addition
of toxicant aliquots.

The Thiofide standard was received on August 22, 1979, in good
condition. The sample upon receipt was observed to be a yellow powder




“and was stored at 1°C. Sample purity was listed as 99+% active ingre-
dient. Test concentrations were prepared based on the total compound.
Before the test concentrations were prepared, the standard was allowed
to warm to room temperature (22°C). The test concentrations were ob-
tained by transferring appropriate weights of the test compound directly
to the test chambers. e sample containers were rinsed with 10 ml of

dimethylformamide (DMF) to effect a total delivery of the sample to the

test chambers. The working solution for preliminary testing was pre-
pared in DMF. T material was observed to precipitate in the_ test
chambers. It was noted that | e )0 mg/1) was
above the solubility of Thiofide in water as reported in the protocol
for this study (Appendix I). All standard weights and dilution values
are listed in Appendix I.

RESULTS

Table 2 presents the predicted LCsg values and 95% confidence in-
tervals for Thiofide and the referenée test against Antimycin A, a
piscicide. These values were obtained by employing the statistical
method described by Litchfield and Wilcoxon (6) or Stephan (9). Mortal-
ity rates, test concentrations and water quality data are presented in

Table 3.

The dissolved oxygen concentration which stayed between 40% and
100% saturation was considered adequate for testing. The pH values
remained consistent with the control throughout the study. The ammonia
concentrations were below the toxic limit (7).

The study was conducted following the intent of the Good Laboratory
Practice Regulations (8) and the final report was reviewed by Analytical
BioChemistry Laboratories' Quality Assurance Unit. All original raw
data was provided to Monsanto Chemical Company, with a copy retained at
Analytical BioChemistry Laboratories.




TABLE 1

Chemical Characteristics of Well Water at
ABC's Aquatic Bioassay Laboratory

Parameter Concentration
Dissolved Oxygen 9.3 ppm
pH 8.2
Hardness (CaC03) 255 ppm
Alkalinity (CaCOz) 368 ppm
Conductivity 50 pmhos/cm
Total Ammonia (NH3) <0.05 ppm
NO3-N 0.15 ppm
Ortho-Phosphate 0.10 ppm
Aluminum <0.01 ppm
Arsenic <0.001 ppm
Cadmium <0.001 ppm
Chromium 0.001 ppm
Cobalt <0.001 ppm
Copper <0.01 ppm
Iron 0.012 ppm
Lead 0.009 ppm
Mercury <0.0001 ppm
Nickel 0.0157 ppm
Zinc <0.01 ppm
DDVP <40 ng/l
Diazinon <20 ng/l
Disyston <20 ng/l
Methyl Parathion <80 ng/l
Malathion <110 ng/1
Ethyl Parathion v . <80 ng/l
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Quality Assurance Statement for final report #23811 entitled, "Acute
Toxicity of Thiofide to Fathead Minnows (Pimephales promelas),” for
Dr. William J. Adams, Monsanto Chemical Company, St. Louis, Missouri.

In accordance with ABC Laboratories intent that all studies con-
ducted at our facilities are designed and function in conformance with
good laboratory practice regulations and the p.otocols for individual
laboratory studies, an inspection of the final report for Thiofide was
conducted and found to be in an acceptable form by a member of our
Quality Assurance Unit. An inspection of the daily mortality rate of the
test organisms prior to the initiation of the study indicated they were
in good health and should not bias the observed mortality in the study.
A final inspection of all data and records on August 28, 1979, indicated
that the report submitted to you is anm accurate reflection of the study
as it was conducted by ABC Laboratories. )

Should you have any questions relating to the information provided
in this statement or the function of our Quality Assurance Unit, please
contact me at your convenience.

A Doy 8/30/7A
mes A. Ault Date
Qudlity Assurance Officer







ANA]:YTICAL BIOCHEMISTRY LABS
Aquatic Toxicology Division

A.CUTE TOXICITY BIOASSAY
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Dilution “ater_{ h” Hi () No./Vessel /p Vessel Size /s

MORTALITY AND BEHAVIORAL OBSERVATIONS
Test Conc. 24_hr. 48 hr. 72 _hr. 36 _hr.
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ANALYTICAL BIOCHEMISTRY LABS
AQUATIC BIOASSAY LAB

TEST FISH MEASUREMENTS

Test: Z E ,~§ fﬁz

Test Species: Lot No.

Source: &ﬁtﬁ___ubi#gﬁ;%—mate Measured 5[2:2[34
t Fornieafion.

Group MeaSured

Standard
Length (mm)

z5

2p

24

22

20

13

2

18

Zp

24

A

Yiean
Standard Length (mm) 22.5 (S.b= 3.0)

lean
Weight (gl

Femarks:




Monsanto

MONSANTO INDUSTRIAL CHEMICALS CO.
800 N. Lindberph Bovleverd

$t. Lovis. Misseuri 2168

Phone: (314) 694-1000

February 1, 1979

Mr. Alan Forbdis
ABC Laboratories
7200 East ABC Lane
P.0. Box 1097
Columbia, M0 65201

Dear Alan:

1 would like you to conduct several aquatic toxicity tesis as described
in the attached toxicity agreement form. ‘

These products should not present any special problem which would require’
special handling other than-good hygienic practices. Information on the
solubility of these materials will be provided at a later date. 1 suggest you
use acetone whenever a solvent carrier is required. 1 prefer well water in
place of reconstituted water. Please conduct the Da hnia magna studies using

" duplicate concentrations with 10 Daphnia per beaker. e required protocol for
all studies is the EPA Methods For Acute Toxicity Tests With Fish, Facro-

fnvertebrates and Amphibians (1972).

Our previous confidentiality agreement with ABC Laboratories will be
considered binding.

Please send me four copies of the final report, all of which should centain
copies of the raw data. Each report should contain the project number for
the corresponding chemical and test as shown on the attached toxicity agreementi

form. The chemicals will be shipped in 1-3 weeks.

Please sign both copies of the toxicity agreement form and return the
original to me. Please call me if you have any quastions.

Sincerel},

Lb{l-.&ﬁ;n 3‘(2"‘” e
William 4. Adams

/st

o wnit ot Mersanto Company




OUTSIDE TOXICITY
STUDIES AGREEMENT

e

HGHSAHTO IHDUSTRIAL CHEHICALS COMPARY
EXVIRONMENTAL SCIERCES SECTION

Study Pequest o

This is a request and the authorization for ABC Laboratories to conduct several aquatic

toxicity studies as jndicated below.

Chemical

4-NPDA
4-NPDA .
DP6

‘DPG

DPG

-DPG

Santocure
Santocure
Cyclo-
hexylamine

Cyclo-
-hexylamine

Cyclo-
hexylamine

Cyclo-
hexylamine
Santoflex 77
Santoflex 77

Santoflex DD
Santofliex DD
Flectol
Flakes

Flectol
Flakes

Flectol
Flakes

Fiectol
Flakes

Thiofide‘/

Thiofide

Type of Test

Static Acute
Static Acote
Static Acute
Static Acute
Static Acute
Static Acute

Static Acute
Static Acute

Static Acute
Static Acute
Static Acute

Static Acute

Static Acute
Static Acute

Static Acute
Static Acute

Static Acute
Static Acute
Static Acute

Static Acute

Static Acute
Static Acute

Species

"fathead minnow

Daphnia magna
fathead minnow

rainbow trout
bluegill
Daphnia magna
fathead minnow
Daphnia magna

fathead minnow
rainbow trout
bluegill

Daphnia magna
fathead minnow
Daphnia magna
fathead minnow
Daphnia magna

fathead minnow
rainbow trout
bluegill

Daphnia magna

fathead minnow
Daphnia magna

Project Number

AB-79-1384357-1a
AB-79-1384357-1b
AB-79-1384358-1a
AB-79-1384358-1b
AB-79-1384358-1¢
AB-79-1384358-1d

AB-79-1384359-1a
AB-79-1384353-1b

AB-79-1384360-1a
AB-79-1384360-1b
AB-79-1384360-1c

AB-79-1384360-1d
AB-79-1334361-1a

AR T7TA 170
nD=7-1 00435] =! b

AB-79-1384362-1a
AB-79-1384362-1b

AB-79-1334363-1a
AB-79-1384363-1b
AB-79-1384363-1c

AB-79-1384363-1d

AB-79-1384364-12
AB-79-1384364-1b

Cost

300
300
300
300
300
300

/
7

" 300

300

300




. Type of Test Specfes Project Number

Static Acute fathead minnow AB-79-1384322-3b
Static Acute fathead minnow Aa-79-133431 5-3a

Static Acute fathead minnow AB-79-1384365-1a
Static Acqte Daphnia magna "~ AB-79-1384365-1b

To Be Performed By: ABC Laboratories

See Above

Expected Date of Report:  Studies to be completed as time allows. The testing
~ sequence is from top to bottom. A1l tests should be

be completed by 8-1-79.

Assigned Project Number:

Cost:

. | ] .
Manner of Payment: Direct payment by check upon receipt of the fimal report.

>

Hilliam J. Adjms

prqgect Directtr ‘

' )

/

Fooaf l< PN AR, l[hl.l}__
Pautl R. Graham a

Manager, Product Acceptability .
Rubber Chemicals pivision i

act Labgratory Director
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) ) ANALYTICAL BI0 CHEMISTRY LABORATORIES, INC.
. .'.'l P.O. Box 1097 ¢+ Columbia. MO 65205 « (314) 474-8579
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ABC PROTOCOL NO. 7601
(Revised June 21, 1979)

STATIC BIOASSAY PROCEDURE FOR DETERMINING THE ACUTE TOXICITY
OF CHEMICAL SUBSTANCES TO FRESHWATER FISH

ABC Study Number 23811

Test Material _ Thiofide (Study No. AB-79-1384364-1a)

Test Species Fathead Minnows (Pimephales promelas)




INTRODUCTION

Aquatic toxicity tests have been used extensively in the as-
sesment of the environmental effects of chemical substances.
Indeed, aquatic biocassays are required by federal laws such as the
Toxic Substances Control Act (1), FIFRA (2), and the Clean Water
Act of 1977 (3). With the testing guidelines for these laws in
mind, as well as FDA's Good Laborstory Practice Regulations (4)
vhich complement them, Analytical BioChemistry Laboratories, Imc.
has prepared the following protocol. The static bioassay method
presented here was patterned after procedures that were formulated
by the U. S. Environmental Protection Agency (5), American Public
Health Association (6), and the American Society for Testing and
Materials (7).

OBJECTIVES -

The primary objective of the toxicity test described herein is
to evaluate the acute toxicity of a chemical substance to fresh-
water fich under static conditions. This is achieved by determin-
ing LCgo levels of the toxicant during a 96 hour exposure period.
An LCgo is the approximate concentration of the test material that
produces 50 percent mortality of test fish after prescribed inter-
vals. The method is designed to yield 1LCgg values following 24, 48
and 96 hours of exposure.

TESTING FACILITY

The study will be conducted by the Aquatic Toxicology Division
of Analytical BioChemistry Laboratories, Inc., 7200 East ABC Lane,
P. 0. Box 1097, Columbia, Missouri 65205.

RANGE-FINDING STUDY

4.1 General. For most chemical substances, the approximate
toxic level to aquatic organisms is not known. Because this infor-
mation is essential before a definitive toxicity test can be con-
ducted, ARC routinaly nerforme range-finding teste for static
bioassays with fish. The information derived from this preliminary
test will be used to set concentration levels for the definitive
bioassay described in section 5.0.

4.2 Test Fish. The fish species to be used should be se-
lected by the study sponsor from the list of recommended species in
Table 1. The most common species used for toxicity testing in-
cludes bluegill sunfish (Ilepomis macrochirus), rainbow trout (Salmo
gairdneri), snd fathead minnows {Pimephales promelas). Fish rang-
ing in size from actively-feeding fry (~0.2 g) to 5.0 g will be
used as test organisms. The fish standard length of the largest
fish will be o more than twice that of the shortest {ish. The
fish will be obtained from an established commercial hatchery or
in-house cultures. The particular source to be used is dependent
upon the seasonal availability of test fish and will be listed at
the time of protocol approval in the test-specific information of
section 8.5, along with the species selected by the study sponso..




The test fish lot will be from the same year class and will be
identified to species using the taxonomic keys developed by Eddy
(8) and cultured following the techniques described by Brauhn et.
al. (9). All test fish will be held on a 16-hour daylight photo-
period and observed for at leagt 14 days prior to testing. A daily
record of fish observations during the holding period, along with
prophylactic and therapeutic disease treatments, will be kept and
included with the final report. During the holding periad, they
will receive a standard commercial fish food (Rangen's ) at a
maintenance rate of 3 to 5 percent of their body weight per iay.
The test lot will be held without food and acclimated to the test
temperature for 48 hours prior to testing. If mor:ality of the
test lot exceeds 10 percent in the 48 aours previous to testing,
the fish will not be used. Previous to or concurrent with the
test, the fish lot will be challenged against a reference compound,
Antimycin A*, to determine their general health and suitability as
test organisms. The results of the Antimycin A test will be com-
pared against prblished toxicity values (10).

4.3 Test System. The range finding test will be conducted in
five gallon widemouth glass jars containing 15 liters of test
solution and five fish per concentration. These test vessels will
be immersed in a circulating water bath with temperatures main-
tained within %1°C of the desired test temperature (Table 1)}. For
temperature control in the water bath, thermostatically controlled
heating elements will be use% for warmwater tests (22 %1°C) and
refrigeration units (MinoOCool~) for coldwater bioassays (12 *1°C).
The dilution water used will be a coft reconstituted water of the
foilowing makeup in deionized water: 48 mg/l NaHCO3, 30 mg/l
CaS04-2H20, 30 mg/l MgSO4, and 2.0 mg/l KC1. The water quality
parameters of this dilution water are: pH: 7.2-7.6; total hard-
ness: 40-48 mg/l1 CaCO3; and total alkalinity: 30-35 mg/l1 CaCOj.
Also available, at the sponsor's request, is an alternate dilution
water from a deep well source with chemical and physical character-
i1stics shown in Table 3.

4.4 Test Material. Specific information regarding the test
material is to be supplied by the sponsor and will be addressed at
the time of piotocol approval in section 8.3. The test concentra-
tions will be prepared on a weight/volume basis unless otherwise
specified. A record of all sample weights and dilutions will be
kept, checked by a second party, and furniched in the final report.

4.5 Test Procedure. The rangefinding procedure 1is as
follcws:

4.5.1 Test fish will be acclimated to the test temperature
and dilution water for at least 48 hours prior to testing, during
which time they will be held without food.

4.5.2 The range-finding test will be initiated by exposing
groups of five fish to at least three toxicant concentrations

*Antimycin A standard obtained from Sigma Chemical Company, Type

II1, crystalline, Lot 125C-01S2.
2




spaced by a factor of 10. The test fish will be placed in the test
chambers by stratified random assignment within 30 minutes after
solution preparations. The initial toxicant concentrations wost
often used are 1, 10 and 100 mg/l. Numerous static tests by ABC
have shown thst a significant percentage of the compounds tested
have aquatic toxicities which fall within this range.

4.5.3 After 24 hours of exposure, the test chambers will be
observed for mortality and/or adverse behavioral effects. Dead
individuale will be removed st each observation and a record main-
tained of mortality and abnormal bebavior. Dependent upon this
observation, additional test concentrations may be added at levels
above or below the initial concentrations. This procedure will be
followed until a toxic range is determined. For example, if the 24
hour exposure results in totsl mortality, new solutions will be
prepared at a factor of 10 below the lowest initial concentration
until no mortality or partial mortslity is reached. In the con-
verse situation, if no mortality is observed after 24 hours, new
solutions will be added at concentrations spaced by a factor of 10
above the highest initial level until mortality is noted. In this
mssnner, a bracket is formed for the toxic range of the compound.

4.5.4 The preliminary test will be conducted for a period of
24 to 96 hours - the exact duratior dependent upon the results of
the initial concentrations tested. In most rcases, a preliminary
test for 48 hours at 3 toxicant concentratiuns is sufficient to
determine the toxic range.

4.5.5 Results of the range-finding study will be used to set
the concentration range of the definitive study described in sec-
tion 5.0. At least five toxicant conceantrations selected from the
logarithmic scale presented in Table 2, which £fall within the
preliminary test range, have proven to be adequate in assessing
most compoands.

DEFINITIVE STUDY

5.1 General. Following the preliminary range-finding study
discusged in section 4.0, the definitive test will be conducted by
the procedures described below. Test-specific information regard-
ing the sponsor, test material, test fish, proposed study dates,
study personnel and studv approvals will be included in section 8.0
at the time of pretocol approval.

5.2 Test Fish. Aspects concerning the acquisition, culture
and acclimation of test fish will be . the same as discussed in

section 4.2.

5.3 Test System. For all definitive testing, the test vessel
size will conform to the maximum loading limitation of 0.8 grams of
fish per liter of solution (5). Ome of the following types of
glass test chambers will be used: (a) S5 gallon glass jars con-
taining 15 liters of solution, (b) 40 liter aquaria containing 30




liters of solution, or (c) 100 liter aquaria containing 75 liters
of solution. ABC will select the type of chamber to be used. In
most instances, the test chambers used will be 40 liter glass
aquaria containing 30 liters of solution, which is a recommended
test vessel for static bioassays (5). The water bath systea de-
scribed in section 4.3 will be used to control test temperatures.
The test dilution water will be the same a5 discussed in section

4.3.

5.4 Test Material. Specific information regarding the test
material is tn be supplied by the sponsor and will be addressed in
section 8.3 at the time of protocol approval.

5.5 Test Procedure-Biological. The basic test procedure for
the definitive bioassay will be as follows:

5.5.1 The test fish will be acclimated to the test tempera~
ture and dilution water for at least 48 hours prior to testing,
during which time they will be beld without food.

5.5.2 The definitive test will be initiated by exposing
groups of 10 organisms to at least 5 toxicant concertrations and a
dilution water control. The test concentrations used will be based
upon the results of the range-finding test --d will be selected
from one of the logarithmic series presented lable 2. The exact
concentrations to be used will be addressed .n section 8.4 at the
time of protocol approval. If a solv.at is used in the preparation

of test so.utions, the control chamber will receive an aliquot of
the solvent equivalent tc the highest amount used in the test cham-
bers. The test organisms will be placed in the test chmabers by
stratified random assignment within 30 minutes after solution prep-
arations.

5.5.3 As an alternate test design, duplicate 5 gallon jars
per concentration comtaining 15 liters of solution and 5 fish each

A her tha cannnsansr
U’ kAt EJ ko

5.5.4 The test chambers will be cbserved for mortality and/
or adverse behavioral effects every 24 hours. Dead imdividuals
will be removed at each observation and a record maintained of
mortality and abnormal behavior for each concentration tested.

5.5.5 Length and weight measurements will be made on either
a representative group of the test fish prior to testing or on the
control group at test terminatioa.

5.6 Test Procedure-Chemical and Physical. Water quality
parameters of temperature, dissolved oxygen, pE and ammonia will be
monitored throughout the test. Measurements of temperature, dis-
solved oxygen and pH will be made at 0, 48 and 96 hours of testing
in the control, low concentration and highest concentration with
surviving fish. Ammonia levels will be determined in the same test
chambers at 0 and 96 hours. If at amy p¢int in the study dissolved
oxygen levels are observed to be below or approaching 40 percent
saturation, ABC will contact the study director for authorization

4




to srtificislly aerate the test chambers with compressed air for
the duration of the study. The suthorization procedure used will
be that dedcribed in section 7.0.

____

5.7 Anslysis of Results. The resvlits of the definitive study
will be statistically analyzed for 24, 48 and 96 hour LCgo values
and their correspondiag 95 percent confidence limits. For data
sets with one or more partial mortslities, in addition to 0 and 100
percent response levels, the statistical method described by Litch-
field and Wilcoxen (11) will be employed. If no partial mcrtali-

cent mortalities at any observation period, a binomial test (12)
will be applied for the LCgp estimation.

submitted tc the study sponsor and will include the following. A
draft of the final report will be submitted for sponsor review if
80 requested at an additional charge.

ties are represented, i.e. if the test yields only 0 and 100 per-
5.8 Report. A final report of the definitive study will be
5.8.1 Study dates of both preliminary and definitive phases.

5.8.2 Objectives and test methods.

5.8.3 Reference to the statisticai methods used for data
analysis.

5.8.4 Decription of test materi.l (date of receipt, storage
conditions, purity, physical characteristics, and method of prepar-
ing test concentrations).

5.8.5 Description of test desigu.

5.8.6 Summary of the data analysis, mortality observations
and test water quality.

5.8.7 Location of raw data.

5.8.8 List and signatures of study personnel.

5.8.9 Statement by ABC's Quality Assurance Unit.

5.8.10 The report appendix will contain the original raw data
for mortality observations and water quality, results of the Anti-
mycin A reference test, records of fish size and daily holding log,
letter of test authorization, letters of authorized protocol chang-
es, and a copy of the approved protocol.

5.9 Data Retention. All original raw data generated in the
preliminary and definitive studies will be provided to the study
sponsor in the appendix to the final report. A copy of the data
will be retained in ABC's archives.




PROTOCOL CHANGES

In the event that modifications of this protocsl are deemed
pecessary, a wvritten statement of any changes and reason(s) pro-~
posed by the study spcasor or ABC will be submitted to the other
party. All agreed changes will be expressed in writing, signed and
dated by the spomsor's study director. The signed changes will be
appended to the protocol and included with the final report.

SPONSOR_AUTHORIZATIONS DURING THE STUDY

Should s problem devclop while the study in in progress, ABC
will notify the study director witkin 24 hours. The problem and
suggested test modifications will pe discusced by telephone. ABC
will proceed with the changes felt necessary upou the verbal au-
thorization of the study director. A letter for written authori-
zation will then be submitted by ABC to the study director and
handled in the same manner discussed in section &.0.

TEST-SPECIFIC INFORMATION

8.1 General. The following items will be addressecd for each
static bioassay. This information is necessary to be in compliance
with Good Laboratory Practice Regulations (4). Sections 8.2 and
8.3 are to be completed by the study sponsor. Sections 8.4, 8.5,
£.6 2nd 8.7 will be completed by ABC.




8.2 Study Spomsor:

8.2.1 Compeny __Monsanto Chemical Company

8.2.2 Address _ 800 N. Lindbergh Boulevard
__St. Louis, Missouri 63166

8.2.3 Study Director (Coordinator)

. William J. Adams Study Director
Title

8.3 Test Material:
8.3.1 Name Thiofide (Study No. AB-79-1384364-1a)

8.3.2 Code Number A 2.—6-/2 <93 &<r1~[4

8.3.3 Physical Description _yellow powder

8.3.4 Purity oy Z:Z:-':ZZ Z'n./"

3.3.5 Stability

%.3.6 Recommended Solvent (8544Eu&

8.3.7 Water Solubility . S 27722

8.3.8 Handling Precautions

8.4 Test Concentrations:

8.4.1 Definitive Concentrations _ 1,000 mg/l (duplicate)

8.5 Test Fish:

8.5.1 Species _ Fathead Minnows (Pimephales promelas)

8.5.2 Supplier _ Fattig Fish Hatche'y
Brady, Nebraska

8.6 Study Dates:
8.6.1 Proposed starting date of definitive study 8/22/179

8.6.2 Proposed completion date of definitive study _8/26/79




8.7 ABC Study Personnel:

8.7.1 Study Director

Carl M. Thoampson Aquatic Biologist
Name Fitle

8.7.2 Principle Investigator

Jerry R. Griffen Biologist

Name Titie

8.7.3 Quality Assurance Officer

__James A. Ault Quality Assurance Officer
Name Title .

8.8 Protocol Approvals. The following is to be signed by the
appropriate study personnel:

8.8.1 Sponsor's Study Director

8. 8 2 's Study Director

Q&( }T.‘“ého-?y&\ Study Director 8/15/79

Name M Title Date

ﬁ&iﬁ ﬁc s Laboratory Director
W Lab Hanager

Title




TABLE 1: RECOMMENDED SPECIES AND TEST TEMPERATURES®

Recommended Test
Recommended Species Temperature (°C)

Rainbov Trout, Salmo geirdneri 12
Brook trout, Salvelinus fontinalis 12
Bluegill, Lepomis macrochirus 22
Fathcad minnow, Pimephales promelas .22

Channel catfish, Ictalurus punctatus 22

Caxp, Cyprinus cu_:giob 22

Spdapted from (5).

bReco-ended for compounds used in Japan.
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TABLE 3:

Parameters
Dissolved Oxygen
pl
Hardness (CaCOg)
Alkalinity (CaCOg)
Conductivity
Totsl Ammonia (N''y)
NOg~N
Ortho~Phosphate
Aluminum
Arsenic
Cadaiua
Chromium
Cobalt
Copp~r
Iron
Lead
Nexrcury
Nickel
Zinc
DDVP
Diazinon
Disyston
Methyl Parathion
Malathion
Ethyl Parathion

Chemical characteristics of well water at ABC's
Aquatic Bioassay Laboratory.

Concentration

3 ppm
2

255 ppm

363
50

<0.

0
0

0

<0

0
<0
<40
<20
<20
<80
<110
<80

umhos/ca

05 ppm

.15 ppm .
.10 ppm

<0.
<0.
<0.

01 ppm
001 ppm
001 ppm

.001 ppm
<0.

001 ppm

.01 ppm
0.
0.

<0.

.0157 ppa

.01 ppm

012 ppa
009 ppma
0001 ppm

ng/l
ng/1
ng/l
ng/1
ng/1
ng/1
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: B G & G, Bionomics
Aquatic Toxicology Laboratory
790 Main Street.
Waxeham, Massachusetts
December, 1976

Test Material: Thiofide (NH07-013) CP-1612
Description: _lLight yellcw-colored powder

Report No.: Other Codes: _BN-76-170
submitted by: Dr. James Lavenga, Monsanto Company, St. Louis, Missouri

™ S

ACUTE (96-HOUR) TOXICITY OF THIOFIDE
TO RAINBOW TROUT AND BLUECILL

PROCEDURES: Rainbow trout and bluegill toxicity testing procedures are
on the reverse side.

SUMMARY: LC50* and 95% confidence interval (mg/1)

Rainbow_ trout Bluegill

24-hour 85(69-105) ’ . 24-hour 199(165-240)
48-hour 74(54-101) 48~hour 123(93-162)
96~hour 66(53-82) 96~hour 82(55-121)

*1.050 = The concentration which is lethal to 50% of a population of
test organisms during the specified time period.

RESULTS: Rainbow trout
(iﬁaagélgtest Observed percentage
concentration mortality _
(mg/1) Z24-hour __4s-hour _ 96-hour

140 100 100 100

100 70 100 100

75 40 40 40

* 56 o - 0
42 ' (1] 10

32 0 : 0
control (ac;tone) 0 0
control 0 0

Bluegill
Nominal test Observed percentage

concentration mortality
{mg/1) 24-hour 48-hour 9¢-hour

320 100 100 100

240 _ .90 100 100

180 40 70 100

140 10 50

100 10

75 30

56 10

42 10

32 20

24 10
18

control (acetone)
contxrol

[-X-N-N-N-N.-N-¥K-N-N-]




PROCEDURES:

Testiﬁg was conducted according to the protocol suobmitted to
Monsanto Company in October, 1976.

Rainbow trout: The test material, in reagent-grade acetone, was
Introducad into 15 1 of diluent water in all~-glass vessels. 170
each test vessel, 10 rainkow trout (Salmo gairdneri, 3.7 cm stand-
ard length) were then added. Fish were not ‘ed 48 hours prior to
testing, nor during exposure. No aeratica was provided during the
test, and temperature was miintained at 12 + i.0°C. Dissolved ox-
ygen ranged from 2.9 mg/1 {(93% of saturation) to 2.0 mg/1l (19% of
saturation) at the beginning and end of exposure, respectively. PpH
values ranged from 7.5 initially to 6.8 at the end of the test. Ob-
servations and mortality counts were mad2 every 24 hours during a
85-~hour period following the initiatior. of exposure.

Bluegill: The ia in reagent-grade acetone, was intro-
duced into 15 1 of diluent water in all-glass vessels. To each test
vessel, 10 bluegill (Lepomis macrochirus, 3.8 cm standard lencth)
were then addad. Fish were not fed 48 hours prior to testing, norx
during exposuze. No aeration was provided during the test, and
temperature was maintained at 22 + 1.0°C. Dissolved oxygen ranged
from 9.2 mg/1 (90% of saturation) to 0.2 mg/l (2% of saturation) at
the beginning and end of exposure, respectively. pH values ranged
from 7.4 initially to 6.7 at the end of the test. Observations and
mortality counts were made every 24 hours during a 96-hour period
following the initiation of exposure.

STATISTICS:

Test concentrations and observed percentage mortality were converted
to logarithms and probits, respectively, and these values were uti-
l1ized in a least squares regression analysis. The LC50's and the 95%
confidence intervals were calculated from the regression equation.

e Vi
Reported by: jgﬁ .,5,7{' l{// (_.Sélé'é:’ll.:,zt_m [¥e)

Robert J. Buccafusco
Aquatic Biologist

Approved by: é‘Z‘g ot [f,ﬁ ot

Robert E. entley
Aquatic Toxicologist
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T PAF EISH Toyiciry -
Mansanto e vscal

° . rmom inamg & LocaTion)  Dept. of Medicine & Envicenments! riea'th J. laveglia, A2SC Didlss.

PATE: Pebruary 10, 1977 ce:

suscT: Tegults ¢f acute squatic toxicity atudies
: with B owd) Mudbie Chinvieels
RMFERENcCE: BN.76-167 through BN-76-17%
BN-76-252 through PN-75-261
BN-76-263 through BN-76-267
BN-76-269 through BN-76=-2T0

P.R. Graham *
B2SL

The accompanying repofts contain Lhe results obtained {from the
acute screening studies with the following compounds:

Test Number CP_Number Name

Bh‘-?ﬁ-lﬁg 1543 Benzothiazole
moe 36 1601 NaMBT, 50%
mr 169 . ,,,___J%ZS - __Thiotax4
Lomr 170 . - 1612 .. " Thivfide- )
— g™ : 118 - Santocure -~ €4S
" 172 15255 Santocure MOR:
17 6940 Santocure Ns. — T38S
17 0144 NIBS
252 20242 Santogard PVI 19W¢
25 hs68 Phthalimide <—
25 o5 Santoflex 77
2040 Santoflex IP
22423 Santoflex 13
bn50 Santoflex AW .
26658 Santoflex 14 ¥
i7i27 Santoflex DD
307 Sulfasan R
2181 Santovar A
27017 Santovwhite MK
1815 Santowhite crystals
FA 1815 Santonox R cryszals
15575 Vocol
61957 N-gcyclohexylthio§trimethylacetami Ao

"
"
”
4
¢
"
L
"
"
"
"
”
"
"
"

38849 N-(cyclohexylthio)benzamide
38852 N-(cyclohexylthio)acetamide #

(cont.)
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P R. Graham
Pebruary 10, 1977
DPage - 2 -

CP N:mber

Rainbow trcut Bluegill
96-hour LCsc 96-hour LCs0
(me/1, _ing/1) Toxicity

1548
1601
1975

( 1612
118

... 29242
4668
250
20l08
2ch423

4069
26658
17127

307
2181
27017
1815
FA 1815
15575

61957
388k
38852

*rec.

:Tatively lov order of toxiecity
mldly toxic
relatively high order of toxicit
to trout, miidly toxic to bluegii
‘relstively low order of toxicit:
mildly toxic
mildly tcxic
mi’cly toxic
mildly toxic
relatively high order of toxicit
to trout,m.1ldly toxis to dluegill
relatively lovw order »f Soxicit:
relsatively low order of toxicit:
relatively high osrder of toxici .-
relatively nigh crder cf toxicis
nildly toxic
1rclatively high order of toxicit
relavively low order of toxicit:
mildly toxic
reiatively low order of toxicaty
miidly toxic
relatively high order of toxici?t
reletively high order of texieitl
mildiy toxic to trout, relative:
low order of %toxicity to biuegill
relatively low osrder of toxicit:-
miidly toxic
milidly %ozic to trout, relativel
high order of toxicity to tluegi’.
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REFERENCE

TO : P. R. Graham -~ 82SL

The acute toxicé+: tests .cheduied to be conducted with Thivfide
;lyﬂng 1379 have been completed. The results are summrizzd as
ollows:

96-Hour LC50 No Effect
Species (mg/1) Conc. .mg/1

Selenastrum sp. 7 (chlarophyll a) <0.3
6 (cell count) <0.3

fathead minnow >5200 o >1000
48-Hour EC50 (mg/1)

Daphnia magna 32 32

The data suggest that Thiofide is relatively non toxic to fathead
minnows and Daphnia magna. However, this product appears to be
higniv toxic to the green alga, Selenastrun. Variatioi in the toxicity
from one species to another is usuaily less than an order of magni-
tude. Excessiv~ variation. ssseenwith Thiofide, is usually an_
fadication the chemical was not truiy in solutioi. during the test.
2_believe this to be the case for Thiofide. This chemical is highly
insoluble in water and no satisfactory soivent was found to use as
a carrier. We did use dimeth:1formamide a5 a carrier solvent,
however, it was not particu'laﬂy effective. [ suggest we re+un the
rathead test using a wate: saturated solution of :Thiofie.

J. Adans

IN - 10 rRREY. 2T




Toxicity of Thiofide (.- /2-1384364-le)

to the freshwataer alga Selenastrum

capricornutum

Tuxicity Test Report
Submitted to
Mconrante Induszrial Chemi~als Company

St. Louis, Missouri

Project Numbecr H97-500 EG:G, Bionomics
Marine Research Laboratory
Report Number BP-79-7-105 Route 6, Rox 1002
Pensacola, Florida 2507
July 1973




A phytotoxicity test was performed at Bionomics Marins Research
Laboratory (BMRL), Pensacola, Florida, to determine the effect of
Thiofide (BN-79-1384364-ie¢) on the freshwater alga Selenastrur.
capricornutum. Results ol the test are reported as 24-, 48-, 72—,
and 96-hour EC50'3 (the concentrations'of the test material esti-
mated t3 cause a 508 decrease of in i.vo chlorophyll o in exposed
culfures as compared to the control a: the specified times). Celli
numkers in exnosad and control cultures were alsc determined aftar
86 hours' of expwsure and ancther 96-hocur E£C50 was calculated {(the
concentration of the tes: material estimated to cause a 50% decrease
of cell numbers in exposed cultures as compared to the ccatrol).
Confirmatier: of =fiect by measurcment of two different growth factors
is import:int, in our opinion,'becausa of the various alga respouses
in the presence of toxicants (Hall, 1973).

All raw data related to this test are storel at BMRL.
MATERIALS AND METHODS

Test material

The sample was received at BMRL on 22 M2y 197%. The sample
was contained in a clear-glass bottle labeled "Thinfide (lot NL0Z2-023);
BN-79~1384364-1e."” The test material wvas a yellow white powder. Con-

centrations are repcrted here as milligrams (mg) of test material per

liter (&) of aligal growth medium or parts per mi.iiva (ppm).

Test alga

The freshwater alga tested was the unicellular green alga,

Selenastrum capricormutum. The culture was obtained from the U.S.




2

Environmental Protection Rgency's Envircnmental Research Laboratory,;
Corvallis, Oregon, and maintained in stock culture at BMRL.

Test conditions

Culture and test procedures fcllowed those of U.S. Environmental
Protection Agency (1971; except as noted. Beginning cell numbers
in the tes: flasks were 20 x 103 cells/milliliter {mi). oui-
were incubateC at 2411 degrees Celsius (¢} under ~3,800 lax il-
lumination. Triplicate cultures were emploved for each of th2 test
conceniratinons and the contr~is. Tes* containers were 125-nl flasks
eaclh containira 50 mf of test mediur. Conrentrations for the defini-~
tive test werz2 based on the resulte -f a $€-hour raage-finding tast.
Twst concencrations were preparcd Ly 2ddiug aspropriate velumes of
a2 stock solution of test material +o esach Flask. 2 primary stock
sclution -vas prepared by adding a weiched amount of tesc material
to reageat grile dimethvltormamids /NMF) and secondary stock solutions
were prepar=d by serizi dilution for the range~-finding 2nd definitive
tests. A sclvent control was also maintained to which was added
0.05 mf of DMF, the maximur volume added to a test flaskx fo  rhsa
efinitive test.

Measuremeats of in vivo ~hloropnyl®? = in cultures were performed
by using & Turner Model 111 fluorometer. Cell ccunti wz—e
using a hemacytometer and a Z.iss Standard 14 compournd microscope.

The definitive test was conducted 5-9 June 19735.

Statistical analyses

Each test concentraticn was converted tu a logarithm and the

corresponding sarce.tage decrease of in vivo chlorocphyll a or cell

numbers was conver®:" to a probit {(Finney. 1971). The 48-, 72-, and




96~hour EC50's and 95% confidence limits were then calcuiated by
linear regression. ’

To determine whether growth of the solvent coantrol differed
from that of the culture medium contcol, data w:re analyzed by
"Student's” t~.zs3t {Steel and Torrie, 1960). Differences were con-

sili~sred significant at tiie 95% couiilunce level (PL0.05).
RESULYZ AI'D DISIUSSTON

The toxicity of Thinfide to Sclenastrum capricornutum appcared

to reach maximum aicer 48 hours of exposure. Based on decrease of

in vivo chlorophyll a, *the calculated %3-hour FRC30 was (.7 ppm

while the calculated 72- and 96-hour ECS0's were both 0.6 ppm. The
calculcted 96-hour EC50, based on cell umkar dec "case, was 0.7 ppm
with 95%% confidence limits of j.1-3.4 pm (Table 1). After 96 hours

of exposure, decrease of in vivo chlorophyil o was from 15% in cultures
exposed to 0.3 ppm to 21% in those exposed to 5.6 ppm. Decrease cf
cell numbers was from 12% in cul-ures exposed to 0.3 ppm to 90% in
those exposed to 5.6 ppw after 96 hours. The pH was from 7.4~7.6€

after 96 hours of exposure.

™arve was ne significant difference between - rowth of the con-

trol and solvent control cultures after 96 hours of expisire, based

on bocth in vivo chlorophyll o« and cell numbers.
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TABLE 1. Estimated and calculated ECS50's for the freshwater alga

Sslenastrum capricornutum exposed to Thictide (BN=-79~
64-le). %ﬁe eritez.cn for effect was decreass of

in vivo chlorophyll a in expeosed cultures as compared
to the conirol at 24, 48, 72, and 96 hours or decrease
of cell numbers in exposed cuitures as compared to the
control at 96 hours. Calculations were baced on nominal
concentrations of Thiofide in algal growth medium.

Effect Hcour ECS0 95% confidence limits
criterion {mg/%; ppm) (rmy/%; ppm)

In vivo 24 >5.6
chloroptyil o

o."'

Cell number




Risults of a 96-hcur exposure of the freshwater alga
Selenastrum cacricornutum to Thiofide (BN-72-1384364-le).
Percentage changa 1s 1increase or decrease of in vive
chlorophyll a in exposed cultures as compared to the
control at 24, 45, 72, and 96 hours and decrease of cell
numbers in exrosed cultures as compared to the control
at 96 hours.

Nominal Percentags change
concentration : ~__Chlorophyl) a- Cell no.
(mg/1; ppm) ?a : ]

n % h 96 h

Control —-— — ——- -—- --
Sol. control +4 +3 0
0.3 -12 -17
0.6 -38 -59
1.0 -46 -79
3.2 -50
5.6 -48
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- A. M. Spivey
THIOFIDE® - Evaluation of Potential A. Munn
Hazards by Deimal Conta Toxdata
SH-82~009 :

P. R. Graharm

The final report for the referenced study has been received
and reviewed. A quality assurance review was conducted by the
testing laboratory. A review of the data and an evaluation of
the conclusions of this report are summarized below.

Methods

The potential for 2,2'-dithio=bis~benzcthiazole (THIOFIDT™ )
to cause primary skin irritation and /or sensitization was
assessed ‘n 53 volunteer human subjects. This chemical was
tested as a 70% prepa - “ion in petroleum. Using a specially
prepared, occlusive - . sive bandage, 0.2 grams of test material
was placed in cortac .th a selected site on the back of each
subject for 24 hours. Following this exposure, the test material
was removed and the reaction of the gite of application was
evaluated and graded (scores 0 through 4) by the clinical
investigator. The test material was applied in this manner for
four consecutive 24 hour perisis eaci week (Monday through
Friday) for three consecutive weeks (induction phase). Subjects
were then allowed a two week rest period, during which nc
exposures to the test material occurred. During the sixth week
of the study, the test material was applied to a new site on each
subject for four consecutive 24 hour periods (challenge phase)
with grading of the skin response again conducted folloxing each
24 hour period. Hinor differences in the above procedure
occurred at the discretion of the investigator ii individual
subjects demonstrated a cstrong irritation response, or were
absent, during the study or if holidays interfered with normally
scheduled dates for the study.

Results

All 53 subjects completed the study. No evidence of
irritation was observed in any subject at any time during the
study. No primary or cumulative irritation was no*ed during the

induction phase, and no response which would indicate a
sensitization reaction was noted during the challenge phase.

Conclusion

There was no evidence that 2,2'dithio-bis-benzothiazole,

" when tested as a 70% preparation in petrolatum, was a primary or

cumulative irritant or a sensitizer in humans following repeated

dermal coatact. m“/ m .

M. W. Stevens
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The conditions of this study are designed purposelv to facilitate the elicitation
of latent skin-damaging propensities, either primary irritation or esenritization, or
both.

The propensity of the tec: material to produce irritation of the non-allergic type
under the test conditions should, thirefore, not be construed as a contra-indication
to the use of thir mwaterial. It siwuld be understood that the propensity a=
manifested in the procedure exists as a potential omly, and that it may require
conditions as rigorous as those of the test to convart that potential into reality.
The probability th:t the frritation may result from the use of the material wcula
depend upon the conditions of actual use. Under ccaditions less stringent than
those of the test, the propensity would, in all likelihood, diminish; and, theoreti-
cally, if the conditious of use are far endvy's removel, it may disappear altogether.

1f, under the test conditions, a material is incapable of producing irritation, it
would, therefore, qualify as very ianocuous in actual wee with regard to non-allergic
frritation.

Minimal irritation under the conditions of this procedure is not indicative of a
significant irritative capability, sspecially when the continuity of tiat irritation
s interrupted by the apparent retura of the skin to its normal condition. The
appearance and Aisappearance of irritation may be a manifestation of the ability
of the skin to adapt to the presence of the contactant, or it may be a phenomenon
varelated to the test material.

without significant contimuity), aitribution to a deleterious effect of the test
wmaterial is temuous at best.

As the int-:sity and frequency of the responses increase, the likelihood that the
test sample was responsible iacreases as well

The attribution of irritation to a test material is strengthened when confirmation
of irritation is obtained by subsequent applications on the same site. Atitribution
is strongest when confirmation of jirritation is obtained oo naive sites.
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Selection of Panciists:

Fifty-three (53) gualified individuals from the local population volun~
teered to narticipate in this evaination. The criteria for qualification
is referenc:: ia Apyendix I.

Application of Test Material:

One technician was assigned solely to the task of applying the test
material. This aided in minimizing the variables associated with
the multitude of applications performed during the study.

Grading of Respomses:

Cnpe technician was assigned solely to the function of examining the
contact sites and grading the condition of the skin at these sites.
This helped to maintain a wniform evaluation of responses and
consistent application of the scoring criteria throughout the study.
The investigator confirmed the grades assigned to the mable
sponses throughcut the evaluation.

A site on the back of each individual was selected and identified
as the intac: contact site.

Specially prepared Parke-Davis Readi-Bandages were used for natch-
ing in this study. Appromately 0.2 gm oi the materiai, iesied as
a 70% preparation in petrolatum, was placed zn the webril pad of
a Parke-Davis Readi-Bandage. The treated patch was then applied
to a designated site. The adbesive was pressed ail around to assure
firm contact of the test material with the skin and to form a seal
to retard ioss of the test material

Material Preparation:

70 grama of the test material, as supplied, were mixed ia a mortar
with 30 grams of petrolatum tc give a ncn-powdery, lumpr prepara-
don.




evaluation in a randomly selected

!to- the ‘ocal population. The test material was

Inh‘ aluated concurrently on this panel. Each

udpod distinct and separate contact site for both
challenge phases.

procedure was not designed to evaluate the photosensitization
capabilities of the test material

OUTLINE:
Induction ~ Weeks #1, 42, and #3:

A series of twelve applications, each of tweaty-fowr hours' duration
was scheduled to be carried out during Weeks 41, #2, and #3.

Rest Period~ Weeks ¢i and #5
Challenge - Week #6:

A serim of four applications on virgin sites was scheduled to be
carried out during the challzage week.

R X C L




Kepuzt Number: 260C

Frocedawe: Induction Period

Week #1: Approrimately 0.2 gm of the materizl, tested as a 70% preparation in
petrolatum, was placed on the webril pad of a Parke~-Davis Readi-Bandage
and positicaed on iis designated site.

Monday « Th~ tect material was applied to an intact site. After application,
ithe participants ware given these imstructions:

1. If the test material could be tolerated without substantial
difficulty, the panelists were to endeavor to keep the patch
in place until the next visit to the clinic, so that it could
be removed by the technician at the end of twenty-four
hours.

2. If the test material caused substantizl pain or discomfcrt,
the panelists were instructed to:

a. remove thc test material

b. report immediately by phone to arrangz for an
examination by the investigator.

After tweniy-fcur hours, the paich was removed and discarded.
The contact site was examined and graded {cf. Criteria for
Grading of Responses, Appendix II). If the reaction was a Grade
2 or loss, a freshly prepared patch was applied to the same ute.
If reapomses of Grade 3 or 4 intensity were observed ut this
time, the investigator employed one or more of the options which
were available to him for subssquent applications (cf. Alternate
Procedurer Awailable for Use by the Investigator During the
Induction Period, Appendix II). The pariicipants were instructed
to return the next day and were dismissed.

Tuesday's procedure was repeated.

Tuesday's procedure wazs repeaied.

After ‘wenty-four hours, the patch was remocved and discardd.
The contact siie was examined snd graded (cf. Triteria for
Grading of Resnonses, Appendix ). The participants were die-
wissca for the weekend with instructions to examine the ccntact
site daily and to notify the investizator immediately if irritation
[Saagt .. -
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Procedwrss Induction Period (Cont'd)
(Cont'®)

Week #2: Approximately 0.2 gm of the material, tesied as a 70% preparation in
petrolatum, was placed on the webril pad of a Parke-Davis Recadi-Bandage
and positioned on its designated site.

Monday = The test material was applicd to the same site vsed during Week
¢1 unless responses of Grade 3 or 4 intensity had resulted from
the previous week's applications {cf. Alternate Procedures Avail-
able for Use by the Investigator, Appendix Ill). After application,
each participant was instructed as before (cf. Monday, Wenk #1,
Page 7) and dismissed.

After twenty-four hours, the patch was removed and discarded.
The contact site was examined and graded (cf. Criteria for
Grading of Respouses, Appendix ). I the reaction severity was

& Grade 2 or less, a freshly preparcd patch was applied to the
same site. If responses of Grade 3 or 4 intensity were observed,
the investigator employed one or more of the options .vailable
to him for subsequent applications {cf. Alternate Procedures
Available for Use by the Investigator, Appendix IlI. The partici-
pants were instructed as before and dismissed.

Tuesday’'s procedure was repeated.
Tussday's procedure was repeated.

After twenty-four hours of contact, the patch was removed and
discarded. The conmiact site was examined ard graded (cf. Criteria
for Grading of Responses, Appendix IIl. The paciicipants were
dismissed for the veekend with imstructions to return to the
laboratory on the following Monday and to examined the contact
sites daily, notifying the investigator immediately if irritation
occurred.
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Procedawret Induction Period (Cont'd)
{Cont’

Week #3: Approximately 0.2 gm of the material, tested as 2 70% preparation in
strolatum, was placed on the webril pad of a Parke-Davis Readi-Bandage
and positioned on its designated site.

~Monday - The test materiai was applied to the same site used during Week
#2 unless responses of Grade 3 or 4 intensity had resulted from
the previous week's applications (cf. Alternate Procedures Avail-
able for Use by the icvestigator, Appendix ). After application,
each participant was instructed as before (cf. Monday, Week #1,
Page 7) and dismissed.

After twenty-four hours, the patch was removed and discarded.
The contact site was examined and graded (cf. Criteria for
Grading of Responses, Appendix II). If the reaction severity vas
a Grade 2 or less, a freshly prepared patch was applied to the
same site. If responses of Grade 3 or 4 intensity were observed.
the investigator employed one or more of the options available
to him for subsequent applications (cf. Alternate Procedures
Available for Use by the Investigator, Appendix II). The partici-
pants were instructed as before and dismissed.

Tuesday's procedure was repeated.
Tuesday's procedure was repeated.

After twenty-four hours of contact, the patch was removed a.d
diacarded. The contact site was examined and graded (cf. Criteria
for Grading of Respouses, Appendix II). The participants were
dismissed ~ith instructions to return tc the laboratory on ‘he
third Monday following (19 July 1982) and to examine the contact
site daily and notify the investigator immediately i’ irritation
cccurred.
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Procedwme: Alternate Procedures used during the I luction Period:

None were necessary.

Deviations in Procedure:

None were necessary.




Rest Period: - Week #4: Entire Week
Week #5: Entire Week

Nc patchus of the test material were applied to the panelists during
this period. This hiatus in applications provided a period of time for
the skin to rest and recuperate from whkataver trauma and injury the
induction series had engendered.

The panelists were instructed to keep o close watch on the contact
sites throughout the recess and to notify the investigator immediately
it they oberved any adversz changes in the contact sites.
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Procedawe: Chall Period
e

Week #6: The sixth week was schedulad for the challenge appiications. Approxi-~
mately 0.2 gm of the material, tested as a 70% preparation in petrolatnm,
was placed on the webril pad of a Parke-Davis Readi-Bandege and
positioned omn its designated aite.

Monday -

Tuesday -

Wednesday -
Thursday -
Friday -

The test material was applied to a Parke-Davis Readi-Bandage,
placed on virgin sites, and sealed. The participants were then
dismissed with instructions to return tc the laboratory in twenty-
four hours. :

After twenty-four hours, the patch was ~emoved and discarded.
The contact site was examined and graded (cf. Criteriu for
Grading of Responses, Appendix II). If the reaction severity was
& Grade 2 or less, a freshly prepared patch was applied to the
same site. If responses of Grade 3 or 4 intensity were obeerved,
the investigator employed one or more of the options available
to him for subsequent applications (cf. Alternate Procedures
Available for Use by the Investigator, Appendix Il. The partici~
pants were imstructed to retwn the following day and were
aismissed.

Tuesday’'s procedure was repeated.
Tuesday’s procedure was repeated.

The contact sites were examined and graded (cf. Criteria for
Grading of Responses, Appendix @lj. This conciuded the scheduied
study. The panelists were dismissed with instruction to examine
both the induction and challenge sites daily for the next week
and to report to the investigator is any rash should appear at
these sites.




PANEL #82-33
Summary: Number of Responses in Each Grade

INDUCTION PHASE CHALLENGE PHASE

Application
Number 9 10 11 12 13 14 15 16

Reaction
Grade

0
1

NOTE: Refer to Appendix II for definitions o’ symbols.
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Interpretation of Results:
Induction Phase:

Application No. 1:

The 2bsence of visible irritation as a result of the firsi appliction indicated that
Sample No. SH-82-009, 2, 2’ - dithio-bis-bensothiasole, tested as a 70% preparation
in petrolatum, was incapable of acting as a primary irritant of the iramediste type
in any of the individuals under test.

Application Nos. 2_through 12:

The abseace of visible irritation as a resuit of two or more applications indicated
that the material, tested as a 70% preparation in petrolatum, was incapable of
acting &2 a primary irritant of the cumulative type in any of the individuals under
test.

Challenge Phase:

The absence of visible irritation as a result of the challenge appiications indicated
that the material, tested as a 70% preparatior in petrolatum, was incapable of
actirg as a primary irvitant of either the immediate or the cumulative type in any
of the individuals on the sites utilizad for the challenge applications.

There war no evidence that the material was capable of sensitizing ary of the
individuals under teet.




Cenchwsicns

Monsanto Company’s Sample No. SH-82-009, 2, 2’ - dithio-bis-bensothiasole, was
evaluated, a¢ a 70% preparation in petrolatum, by the Modified Shelanski Repeated
Imsult Patck Test.

An estimation as to how well a general population will tolerate this product can
be extrapolated from the results of the study within the limitations imposed on
suck extrapolation by the comsiderations discussed in Appendix VII.

Insofar as irritation of the non-allergic type, the results may be interpreted to
indicate that the test material will be well 1 lerated by the majority of users
if the recommended conditions of use are commensurate with or less st ‘ngent
than those of the test procedure.

With regard to allergic responses, the hazard of sensitization should be exceedingly

small even under occlusive conditions, e.g., based on the results >f this study in

which none of the 53 participants were sensitized under the test conditions, it

is possible to state with 95% confidence that the material will be tolerated by

no less than 93.27%, and by as much as 100% of the population at risk (cf.
V).

procedure did not evaluate the effect of UV light on the reactivity of the
in the presence of the test material. Therefore, no comment concerning
risk of photosemsitisation can be made by the investigator on the basis of
results obtained in this study.

PRODUCT INVESTIGATIONS, INC.

V. SHELANSKI, M.D., C.M., F.R.S.H.
Director

Director, Quality Assurance




APPENDIX 1
Criteria for Selection of Participants
Aduits (Ages 18 and older)
The test panel was selected from a larger group of local residents who volunteered
to participate in this stucy. The prospective panelists were notified by posted notice,
phone calls or personal interviews that a test was to take place.
Each candidate was screened on both a personal and medical basis in order to select

a panel in which every individual qualified under the stated criteria of this study.
Unless specified otherwise, these were the criteria.

Criteria for Initial Qualification:

1. Villingness to cooperate.

2. Dependability and perseverance.

3. Ability to understand the purpose and requirements of the procedure.

4. Ability to comprehend that participation involved risks su:h as those defined in
the statement of agreement to participate.

5. Ability to undenstand the items in the consent form which he or she was required
1o sign before the start of the study.

Review of Health Status:

A history of past and present health status and medication intake was obtained from
each of the individuals being considered azd a brief physical examination was performed
in order to detect and eliminate those individuals who evidenced any finding waich
weaid not be in the best interest of the study.

Exclusion Criteria:

Candidates were excluded for any one of the fuilowing reasons:
1. Systemic illness which might have cont:: .idicated participation.

2. Skin disease with wanifestations %' r might be confused with effects of the
test material.

3. Intake of medications whica might augr-snt or impede the irritant effects of the
test material.

4. A medical history which indicated zn unacceptable risk either to the person or
to the integrity of the study.

Pregnancy.
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Criteria {.: Grading of Respouses
bﬂtntlmwm&hndyu have been caused one or more of
the following: o >
1. The test material
2. The adhesive (if applicable).

3. Extranecus contactants, e.gsy solvents, etc., used to remove residual test
material (if applicable).

4. Trauma such as bruises coincidental with the procedure.
5. Dermatitis c~incidental with the procedure.

The investigaior has use< his judgment to ascertain the cause of the irritation.
I in his estimation the irritation observed was caused by Items 2, 3, 4, o 5
above, he has made a note of the presence of the irritation and the cause. If,
bowever, in his judgment, the irritation was caused by the test material, he has
then included that observation in the data concerning the test material proper.

The observations were converted into data by assigning a numerical grade to
the response at the time of examination. The assigned grade was an attempt
to express the severity of the response. In this study, a numerical grade of 0
to 4 was used according to these criteria:

0 - No visible irritation, or no difference from swrounding, untreated

o Y
BERAESe

Erythema confined to the contact site which exceeds that of the
untreated skin.

Erythema confined to the contact site which definitely exceeds
that of untreated skin, papules may or may not be present.

Erythema, with some degree of induration, papules may or may not
be present. .

Erythema, induration, with one or more complicationi such as:
extension beyond margins of contact area, vesiculation, ulceration.




APPENDIX NI
Criteria for Geading of Responses (Cont'd)

It is important to be aware that these grades, although numerical, were not
intended to be cquantitative linearly. Consequently, « Grade 2 reaction
would not necessarily have been considered twice as severe as a Grade 1
reaction, and a matzrial causing a Grade 3 reaction would not have been
considered three times as i;ritating as a material causing a Grade 1 reaction.
The intent was to indicate direction onmly, e.g., a Grade 1 reaction was
worse than a 0, a Grade 2 reaction was worse than a Grade 1, etc.

Other symbols used for Notaticn of Observations are:

ACD Allergic contact derma::iis.
NP No patch applied.
Underlined grade signifies the grade recorded for the
application on the new site.
Abeent. .

Fresent, not read.
Cracking.

Drying.

Excoriation.

Fissuring.

Giazing.

Itching.

Peripheral.

Peeling.

Scaling.

.tippling.

Tape reaction.

No patch, tape reaction.
New Site.

A
P
(o4
D
E
F
G
1
pPr

- 90
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The appearance of severe irritation necessitates a change of procedure in order
to prevent further damage to the site involved without compromising the
continuity of the study. There are several options available to the investigator
wiizh he may use at his discretion to preserve the continuity of the study and
to obtain additional data to either confirm or refute his diagnosis as to the

Alternate Procedures Available for Use by the Investigator

Duriag the Induction Period

cause and mechanism of the irritation.

1.

2.

4.
5.
6.

Discontinue further applications on that site for the
remainder of that particular week (sigaified by NP
in the attached charts).

Select a new site for subsequent applications and
continue the sit:dy with the same concentration. (A
change of site will he signified by underlining the
grade recorded for th: first application on the new
site.)

Reduce the concentration of the test material and
coniinue with the twenty-four-howr contact period.

Shorten the duration of contact.
Use semi-occlusivc or non-occlusive patches.

Discontinue application of the test materis! during
the scheduled phases of the study, both induction
and challenge. This option is usually ome to which
the investigator may resort in cases in which a
grouvp of similar test materials are being evaluated
concurrently and discrimination requires application
of one material at a time.




APPENLIX IV
Criteria for Interp-etation of Results
The responses were judged individually sad cumulatively in order to ascertain the
pattern of reactivity which the test material was capable of eliciting. This pattern

was the basis for characterizing the test material since it was a reflection of the
mechanism by which an irritant acts.

For this study, the mechanisms of action were divided into Direct and Indirect catagories,
to wit:

1.0 Direct Effects -~ Primary Irritation
1.1 Direct Effect by Single Contact - Immediate Primary Irritation

Irritant action of the test material was sufficiently strong to cause a visible
response as a result of the first contact. The irritation was usually elicited
during the contact period so that, when the patch was removed, the changes
associated with irritants were visible. However, it was also possible for
the irritation resulting from the twenty-four-hour application to be delayed
in becoming visible. This delayed primary irritant effect could be confused
with the delayed reaction which may accompany a true sensitization.

a. A resr-nse was produced as a result of the initial twerty-four-hour
con’act period and subsequent twenty-four-hour application on the

mmimn o alla
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b. The response persisted for a minimum of thirty minutes after removal
of the test material

c. The magnitude of the response usually did not increase after removal
of the test material

d. The response was confined to the contact site.
e. Subjective sensations, if present, consisted mainly of pain components.

f. Confirmation of the immediate irritant effect was usually obtained
when the test material was placed on & virgin site adjaceat to the
original site.




APPENDIX IV
Criteria for Interpretation of Results (Comt'd)

Direct Effect by Repeated Contacts - Fatigue or Cumulative Primary Irritation

Irritant action of the test material wi- not sufficiently intense to produce a
visibie respomse within twenty-four hours. However, the cumulative action of
two or more twenty-four-hour contact periods with the irritants suffices to
produce a visible rcspomse. Materials eliciting responses in this manner were
called f3tizuing agents.

a. No resronse was produced by the first application.

b Response consisting of some degree of eryii»ma was elicited as a result
of the second or later application in the series.

The response persisted for a minimun of thirty minutes following
removal of the test materiai

The magnitude of the response dic not usually increasc after the removal
of the test material

The reaponse was confined to the comtact site.
Subjective sensations, if present, tonsisted mainly of pain components.

Confirmation of the fatiguing effect was usually o“tcined when tne iost
material wss applied a sufficient number of times on a virgin site
adjacent to the original site.

Combination - Immediate and Cumulative Primary Irritation

A material may have acted as an immediate primar~ irritant = “‘mes z:nd a
cumulative priaary irritant at other times, depending upon the circumstances,
the weather, the site of application, etc.

Indirect Effects - (Hypersensitivity)

The sffect of the test material on the skin was mediated via some immunclogical
mechanism initiated by prior contact ¢f the skin with the test material. The
prior contact may have been completely devoid of any visible deleterious effect
on the skin.

2.1 Immediate Reaction Type

Histamine relesse phenomencn, wheal and flare, urticaria, Arthus phe-
nomencn.

2.2 Delayed Reaction Type
Macular or maculo-papulsr eruptions, induration, itch .g.




APPENDIX IV
Criteria for Interpretation of Results (Coat'd)

2.3 Criteria for Scnsitization

2.3.1 Presumptive Criteria:

&

b.

Initial application may or may not have been typica! of a primary
irritant.

Some time after the initial application, a response whick may not
have been visible immediately upon removal of the test material had
appeared. This response increased in magnitude but may rot have
reached a maximum until thirty-six to forty-eight hours after initiation
of contact.

Erythema occurred and was usually accompanied by induration. Papule
formation, vesiculation, and ulceration were possible complications.

The response may have extended beyond the limits of the coatact
site.

Subjective sems>‘ion of itching accompanied the lesions.

The possibility that the irdividual entering into the test may have
already been semsitized by previous exposure to the tezt material was
considered and eliminated if the individual responded to the initial
application of the test material

Definitive Criteria:
One or more of the following may have been manifested:

After initial reacticn had been elicited, any skin site contacted
thereafter responded with a reaction of a sizmilar order of magnitude
on first coptact. The validity of this criteria was predicated on
contact of sufficient duration to allow a supra-threshold quaatity of
sensitizer to penetrate the skin.

Previous contact sites, heretcfore quiescent, manifested erythema,
induration, and itching concurrent with the eruption at the site of
most recent contact.

Alterations in the ability of the skin to tolerate the test material
was detected by clusely comparing the history of reactivity during
the first week with that oboerved during the challenge week.




PANELIST NO.

STATEMENT OF UNDERSTANDING FOR INDIVIDUALS CONSENTING
T0 PARTICIPATE IN TESTING OF SXIN CONTACTANTS

1 hareby agree 10 participete in & test conducted hv Product Investigations, Inec.

1 understand that the purpose of the tast i to determine whether or not the test materiak
are capahis of irritating my skin.

1 understand that, in order to achieve this purpose, sach test material will be applied to my
skin in & marner which the investigator will select, i.e., under a closed pateh, under a partially
- open pateh, & without a eover.

1 understand that the test materials may irritate my skin and 1 may become allergic to anv
or all of tham. Furthermore, | may be subjected to risia and discomforts of which neither
the investigator nor his sponsors have current knowlsdge.

1 understand that it may be necesary to rrepare my skin in a manner which the investigator
may select, i.s., by washing, by pretreating with detergents such as sodiuni lauryl suifate, by
sbrading, or bv other means which the investigator may wish to use. 1 understand that the
pretreatment itself may cause irritation and skin damage.

1 am 18 years of age or older and | enter hito this test of my own free will and without
ressrvations.

lamhgcodmmhmmwolmnmnwhylshwldmtbeabh to endure the rigors of
the procedures which will be performed.

1 am taking medications now:. Yes No
if YES, I have indicated which medications on my Medical History Form.

1 agree to cooperate fully with the investigator and his agents and to follow the instructions
which the investigator will give me, and 1 will try W perform the procedures as directed.

I agree 0 report immediately to the investigator any adverse reactions or discomfort which

during the course of the test. The investigator’s telephone number has been supplied
to me 30 that | may call him sny hour of the day if an adverse reaction occurs. 1 agree to
anme t the investiwatort office or other designated premises in order to he examined as
quiekly as possible in the event of any adverse effect. Otherwise, 1 will be examined by the
investigator at the times specified in my instructions.

In the event of any adverse reactions, I understenc that the irvestigator will provide medical
treatment and reimburse me for any expenses which 1 may incur. 1 agree to czly on the
judgement of the investigator for treatment in the event of eny adverse reactions and to
meke myse¥ available ®©o receive such treatment as the investigator or his designated agent
may dispense.

1 understand that | will receive payment for participating in this test. This payment will be
mads after the conchsion of the test. I understand that I am nt liberty to drop out of the
test at sny time of my own choosing, and, if 1 do s0, my compensation will be pro-rated
socording o the durstion of my sctual participation.

1 have carefully read this document. 1 have asked for and received explanations of any and
all pars which 1 did not understand. [ beleve that sl my questions have been snswered to
my satisfaction end that [ now understand fully the contents of this document.

~Higrature - Please sign here Date

Date

— Withes
PLEASE PRINT THE POLLOWING INFORMATION:
NAXER AGE SEX COLOR: W B A

ADDR"SS TELEPHONE NO.
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APPENDIX VI

Participant Roster (Cont'

PANKL 82-33

Initials

K.Y.
R.Y.
c.z.




APPENDIX VII
DISCUSSION OF LIMITING FACTORS

The evidence of safety engendered during this evaluation was used as a basis for
determining whether or not the test material would be safe for use by a general

population. Such determination required an extrapolation which was based upon these
assumptions:

1. The test population was representative of a general population.

2. The conditions of test employed in this evaluation were, at the
very least, representative of, or optimally exaggerations of the
exposure which would be experienced in actual use.

The period devoted to this evaluation was of sufficient duration to
justify a conclusion that the tolerance experienced within that
period would continue throughout a lifetime of use.

The investigator was not able to estimate how these assumptions affected the statistical
tables on which he based his extrapolations.

Therefore, he must caution the reader that the figures cited from these tables may
be more optimistic in defining the hazard of sensitization by the product than that
which would be associated with the actual use cf the product by a general population.
From the table (cf. Statistical Tables, Appendix VII), it is apparent that, if none of
the study panel was sensitized, the theoreticai upp.r iimit of icierance remains at
100% of any population. If even one panelist in the stuly was sensitized, the theoretical
upper limit is less than 100%, thus indicating that the test material could be expected
tc be a possibie hazard in general use.




STATISTICAL TARLES

Statistical Tables for Extrapolating the Results
of a Patch Test Study in Various Sized Panels

The table defines the upper and lower percentages of a
general population =hich may, with 95% confidence:, bde
expected to tolerate the test material if 9, 1, 2, 3 or 4
panelists were sensitized during the course of tde patch test.

Number 95% Size_of Panel
Sensitized Confidence Limits 50 _people 100 people 200

Upper 100% 100% 100%
os

Lower 92.89% 96.36% 98.17%
89.34% 94.55% 97.24%

99.51% 99.76%

92.9%0%

98.74% 99.38% 99.69%
83.43% 91.47% 95.68%

Upper 97.71% 98.90% 99.45%
Lower 80.75% 90.07% 94.96%
% (Reference: Table IX, "Binomial Confidence Limits, Tables for Use with Binomial
Samples”, by Lonald Mainland, Lee Harrera, and Marion 1. Sutcliff>, Department of
edical Statistics, New York University, College of Medicine, 1956.)

¢ Table V: ibid.
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P.R. Graham *
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The referenced report has been received and reviewed.

In this study, THIOFIDE was evaluated for mutagenic activity
in the mouse lymphoma assay. This assay evaluates materials
for specific locus forward mutation induction in L5178Y TK
(Thymidine Kinase) mouse lymphoma cells. THIOFIDE was tested
both with and without a metabolic activation system in the
assay.

The test material did not induce significant mutagenic

activity at the TK locus. THIOFIDE was evaluated as being
non-mitagenic under the conditions of this assay.
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PREFACE

This report contains a susmary of the data compiled during the
evaluation of the test compound. The report is organized to present
the resuits in a concise and easily interpretable manner. The
first part contains items I-IX. Iter I-IV provide sponsor and
compound identification information, ype of assay, and the protocol
reference number. A1l protocol references indicate a standard pro-
cedure described in the Litton Bionetics, Inc. “Screening Program
for the Identification of Potential Mutagens and Carcinogens.” Item V
provides the initiation and completfon dates for the study, and

Item VI provides {dentification of supervisory personnel. Item VII
identifies the tables and/or figures containing the data used by the
study director in interpreting the test results. The interpretation
1?011' is in Item VIII. [tem IX provides the conclusion and evalua-
tion.

The second part of the report, entitled PROTOCOL, describes the

materials and procedures employed in conducting the assay. This part
of the report also contains evaluation criteria used by the study
director, and any appendices. The evaluation criterfa are included
to acquaint the sponsor with the methods used to develop and analyze
the test results.

A1l test and control results presented in this report are supported
by fully documented raw data which are permanentiy maintained in
the #41gs oF the Departaent of Genetics anmd Call Biology or in the
archives of Litton Bionetics. Inc., 5516 Nicholson Lame, Kensington
Maryland, 20795.

Copies of raw data will be supplied to the sponsor upon request.

BIONETICS




SPONSOR: Monsanto Company

MATERIAL (TEST COMPOUND): LBI ASSAY NUMBER #3578

A. Identification: Thiofide B0-78-239

8. Date Received: September 6, 1978

C. Physical Description: Cream-colored powder

TYPE OF ASSAY: Mouse Lymphome Forward Mutation Assay
PROTOCOL NUMBER: 431 (DMT-106)

STUDY DATES:

A. Initfation: Octcber 12, 1978

B. Completion: February 20, 1979

SUPERVISORY PERSONNEL:

A. Study Director: Brian Myhr, Ph.D.

B. Laboratory Supervisor: Marie McKeon

RESULTS:

The data are presented in Tables 1-4 on pages 4-7.

INTERPRETATION OF RESULTS:

The test material, Thiofide B0-78-239, was insoluble in water

at high concentrations and was placed in DMSO at a concentration
of 333 mg/ml for the preliminary cytotoxicity test. The materiai
was not completely soluble and formed a fine, milky-white
suspension even at the lower stock concentrations (5 mg/ml to

50 mg/m1) used for mutation experiments. Dilutions were performed
with DMSO prior to final 1:100 dilutions into growth medium to
obtain an applied concentration ranje of 3333 ug/ml to 6.5 ug/mil,
Concentrations of 6.5 ug/ml and 13 ug/ml were toxic and 26 ug/ml
was completely lethal (without activation) to the cells within

24 hours of treatment. Therefore, the mutation assay was initiated
with a series of applied concentrations from 50 wa/mi to 0.1 ug/ml,

Five trials of the mutation assay were initiated because of
tecnnical deficiencies and variability in the toxicity of the test
material tu the mouse iymphoma cells. The results of four assays
are presented in Tables 1 to 4, in seguence of performance. The
unreported assay was invalidated by an unacceptably low cloning
efficiency of 43% ior the negative controls.

BIONETICS
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VIII. INTERPRETATION OF RESULTS: {continued)

Under nonactivation conditions, the mutant frequencies in the
treated cultures were all comparable to the background frequency
(average of the solvent and untreated negative control values)

in the first trial (Table 1). A 2.5-fold increase over the
background frequency is considered necessary to demonstrate
mutagenic activity at any given dose level. This assay was
marred by the lack of mutagenic activity for the EMS positive
control (which appeared to be the resuit of hydrolytic decomposition,
since little toxicity was observed), and the assay needed to be
extended to more toxic treatments with the test material in order
to adequately test for the absence of mutagenic activity.

In the nonactivation trials shown in Tables 2, 3, and 4, treat-
ments causing high toxicity (minimum percent relative growth
values of 5.3%, 2.6%, and 12.0%, respectively) diu not induce
mutant frequencies significantly elevated over the concurrent
background frequencies. Several trials were performed because
the toxicity in the second trial (Table 2) was much greater
than in Trial 1; the additionai trials showed fu-ther varia-
bility in the toxicity associated with a given dose. Within
each trial the toxicity increased regularly with the applied
concentration, so the variability between tr4als may represent
a variable sensitfvity of different stock cultures to the test
material or an unknown varfation in the actual applied concen-
trations ( resulting from variable solubility in DMSQO and arowth
medium). Thus, the applied concentrations causing about 2% - 5%
relative growth varied from 50 ug/ml (Table 3) to 12.5 ug/mi
(Table 2), and 1.56 ug/ml was nontoxic in Table 4 but caused
38.1% relative growth in Table 2. Nevertheless, the test

 materfal was consistently inactive as a mutagen over the range
of concentrations that caused a wide range of cytotoxicities.

In the presence of the S9 microsomal activation mix, the
toxicity of the test material was reduced, and the first
mutation assay {(Table 1) showed no cignificant changes in the
mutant frequencies for nontoxic treatments with 50 ug/ml to

3.13 ug/ml. In the second trial (Table 2), SO ug/ml was toxic
(34.8% relative growth). At 75 ug/ml, the percent relative
growth was only 13%, but the mutant frequencies in all the
treated cultures remained comparable to the background. In

the two additional trials, highly toxic treatments corresponding
to about 7% relative growth were obtained with 100 ng/mi(Table 3)
and 50 ug/ml (Table 4). The mutant frequencies remained comparable
to the concurrent backgrounds. [An elevated mutant frequency (6-
fold increase) was observed in Table 3 for an extremely toxic
treatment with 150 ug/ml (0.6% relative growth). This result

is of questionable reliability because the relative cloning
efficiency of 13.8% was so low. Mutation assays are not normally
completed for such extreme treatments-this was performed by
technical oversight--so little or no significance should be
attached to any mutagenic activity appearing under these
conditions. ]

EB BIONETICS
Uitton




VIII. INTERPRETATION OF RESULTS: (continued)

The validity of the mutagenesis assays can be assessed by the results
obtained for the positive and negative controls. The average cloning
efficiencies for the solvent and untreated negative controls varied from
54% (Table 3) to 82% (Table 4) for ronactivation and from 59% (Table 3)
to 88% (Table 4) for activation, which demonstrates acceptable to
excellent culturing conditions for the assays. The background
frequencies were all within the normal range, and the positive contral
compounds yielded frequencies greatly in excess of the backgrounds
(except for EMS in Table 1). The EMS-induced mutant frequencies

in Tables 2 and 3 and the DMN-induced frequency in Table 3 were all
higher than the usual upper values of about 800 x 10-5. The treatments
were more toxic than usual, which would induce more mutants, and the
low relative cloning efficiencies probably artificially inflated the
observed frequencies.

. CONCLUSIONS:

The test material, Thiofide B0-78-239, did not induce an increase in
mutations at the TK Tocus in L5178Y mouse lymphoma cells for applied
concentrations of 0.39 ug/ml to 50 ug/ml without activation and for
3.13 ug/ml to 100 ug/m! with microsomal activation. These concentration
ranges included highly toxic treatments (less than 10% reilative growth).

Therefore, the test material is consfdered to be inactive in the
Mouse Lymphoma Forward Mutation Assay.

Submitted by:

Study Director

bg@/nhﬁﬁ 3_|q-79
B8rian Myhr, Ph,D. date

Section Chief
Mammalian Genetics
Oepartment of Genetics
and Cell Biology

Reviewed by:

Co e
O A Y
David J. Brusick, Ph.D.  date
Director

Department o Genetics
and Cell Bialogy
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98JECTIVE

The objective of this study is to evaluate the test material for its
ability to induce forward mutation in the LS178Y TK+/- mouse 1ymphoma
cell line, as assessed by colony growth in the presence of S-bromo-2°'-
deoxyuridine (8rdU).

RATIONALE

Thymidine kinase (TK) is a cellular enzyme that allows cells to salvage
thymidine from the surrounding medium for use in ONA synthesis. [f a
thymidine analog such as BrdU s included in the growth medium, the
analog will be phosphorylated via the TK pathway and be incorporated

into DNA, eventually resulting in cellular death. Cells which are hetero-
zygous at the TK locus (TK+/-) may undergo a single step forward mutation
to the TX -/- genotype in which l1ittle or no TK activity remains. Such
mutants are as viable as the heterozygotes in normal medium because ONA
synthesis proceeds by de novo synthetic pathways that do not involve
thymidine as an intermediate. The basis for selection of the TK-/-
mutants is the lack of any ability to utilize toxic analogs of thymidine,
which enables only the TK-/- mutants to grow in the presence of Brdu.
Cells which grow to form colonfes in the presence of BrdU are therefore
assumed to have mutated, either spontaneously or by the action of a test
substance, to the TK-/- genotype.

MATERIALS
A. Indicator Cells

The mouse iymphoma ceii iine, L3178Y TK+/-, used in this assay is
derived from the Fischer L5178Y line of Or. Donald Clive. Stocks
are maintained in 1iquid nitrogen and laboratory cultures are period-
ically checked for the absence of mycoplasma contamination by
culturing methods. To reduce the negative control frequency (spon-
taneous frequency) of TK-/- mutants to as low level as possible, cell
cultures are exposed to conditions which select against the TK-/-
phenotype (exposure to methotrexate) and are then returned to normal
growth medium for three or more days before use.

Media

_ The cells are maintained in Fischer's mouse leukemia medium supple-
mented with L-glutamine, sodium pyruvate, and horse serum (10% by
volume). Cloning medium consists of the preceding growth medium
with the sddition of agar %o a final concentration of 0.35% to achieve
a semisolid state. Selection medium is cloning medium containing
50 or 100 ug/m? of Brdu.

EB BIONETICS
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3. MATERIALS (continued)

C. Control Compounds
1. Negative Controls

A negative control consisting of assay procedures performed

on untreated ceils is performed n ajl cases. If the test
compound is not soluble in growth medium, an organic solvent
(normally OMSO) is used; the final concentration of soivent
in_the growth medium will be 1% or less. (Cells exposed to -
solvent in the medium are also assayed as the solvent negative
control to determine any effects on survival or mytation caused
by the solvent alone. For test substances assayed with activa.
tion, the untreated and solvent negative controls will include
the activation mixture.

Positive Controls

Ethyimethane sylfonate (EMS) is highly mitagenic via alkylation
of cellular DNA and will ba used at 0.5 ui/ml as a positive
control for nonactivation studies.

Dimethylinitrosamine (OMN) requires metabolic activation by
microsomal enzymes to become mutagenic and will be used at

0.3 ul/ml as a positive control for assays performed with acti-
vation.

D. Sample Forms

Solid materials are dissolved in growth medium, if possible, or in
OMSO. unless another eolvans s requested. Liquids are tested by
direct addition to the test system at predetermined cencentrations cr
following dilution in a syitable solvent.

EXPERIMENTAL DESIGN

A. Dosage Selection (Cytotoxicity testing)

The solubility of the test chemical in growth medium and/or CMSO is
first determined. Then 2 wide range of chemical concentrations is
tested for Cytotoxicity, starting with a maximum applied dose of 10
mg/ml for test chemicals soluble in media or 1} mg/ml for solutions in
organic solvents. Aftsr an exposure timm of four hours, the calls are
washed and a viable cell count is obtained next day. Ralative
cytotoxicities expressed as the reduction in growth compared to the
growth of untreated cells are used to selact seven to ten doses that
cover the range from 0 to 50-90% reduction in 24-hour growth. Thesa
selected doses are subsequently applied ty cel} cultures prapared

for mutagenicity testing, but only four or five of the doses will be
carried through the mutant selection process. This procecure compen-
sates for daily varfations in cellylar cytotoxicity and ensures the
choice of four or five doses spaced from 0 to 50-90% reducticn in
cell growth.

BIONETICS
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8. Mutagenicity Testing
1. Nomactivation Assay

The procedure used is based on that reported by Clive and
Spector (1975) and is summarized as follows. Cultures ex-
posed to the teit chemical for four hours at the preselected
doses are washed and placed in growth medium for two or three
days to allow recovery, growth and expression of the induced
TK=/- phenotype. Cell counts are determined daily and appro-
priate dilutions are made to allow optimal growth rates.

At the end of the expression period, 3 x 105 cells for each
selected dose are seeded in soft agar plates with selection
medium and resistant (mutant) colonies are :ounted after 10 days
incubation. To determine the actual number of cells capable of
forming colontes, a portion of the cell suspension is also
cloned in normal medium (nonselective). The ratio of resistant -
colonies to total viable cell number is the mutant frequency.

A detatled flow diagram for the mutation assay is provided in
Figure 1.

Activation Assay

The activation assay can be run concurrently with the nonactiva-
tion assay. The only difference is the addition of the S9
fraction of rat liver homogenate and necessary cofactors (CORE)
during the four-hour treatment period. CORE consists of NADP
(sodium salt) and 1socitric acid. The final concentrat;ians of
the activatise system components in the ceil suspension are:
2.4 mg NADP/mi; 4.5 mg isocitric acid/mi; and 50 ul S9/ml.

Preparaticn of 9,000 x g Supernataat (S9)

Fischer 344 male rats are normally used as the source of hepatic
microsomes. Induction with Aroclor 1254 or other agents is performed
by injections five days prior to sacrifica. After decapitation and
bleeding, the liver is immediately dissected from the animal using
aseptic technique and placed in ice cold 0.25M sucrose buffered with
Tris ot pH 7.4. When an adequate number of livers is obtained, the
collection is washed twice with fresh buffered sucrose and completely
homogenized. The homcgenate is centrifuged for 10 minutes at 9,000
x g in a refrigeratad centrifuge and the supernatant (S9) from this
centrifuged sample is retained and frozen at -80°C until used in

the activation system. The $9 fraction my be obtained from induced
cr noninduL>d rats or other species, as requested.




EVALUATION CRITERIA
A compound {s considered sutagenic in this assay if:

* A dose-response relationship is observed over 3 of the S
dose levels employed.

The minimum increase at the low lavel of the dose-response
curve is at least 2.5 timm; greater than the solvent and/or
negative contrel valuas,

The solvent and negative control data are within the normal
range of the spontaneous background for the TK locus.

All evaluations of mutagenic activity are based on consideration of the
concurrent solvent and negative controi values run with the axperiment
in question. Positive control values are not used as reference points,
but are includad to ensure that the current cell population responds tao
direct and promutagens uiider the appropriate treatment conditions.

Occasicnally, a single puint within a _oncentration range will show an
increaze 2.5 times greater than the spontanecus background. I[f the
increase is at the high dose, i{s reproducible, and if an additicnal
higher dose lave! is not feasible because of toxicity, the chemical can
be considered mutagenic. € the increase is intarnmal within the dosa
range and 1s not raproducible, the increase will normally be considered
aberrant. If the internal increase is reproducible, several doses

clustered around the positive concentration will be examined to either
confirm or reject tha raliahility of the sffact.

As the data base on the assay increases, the evaluation criteria can be
expected to become more firmly established.

‘ I ‘:mugﬂcs




The screenad doses, cell counts, and mutant and viable colony counts
ml t: entared into a computer program. The results are analyzed and
nted.

REFERENCE

Clive, 0. and Spector, J.F.S.: Laboratory procedure for assessing
specific locus mutations at the TK locus in cultured L5178Y mouse 1ym-
phoma cells. Mutation Res., 31:17-29, 1975,

| BIONETICS




1HYHD MOT4 ONINOTO VWOHIWAT “I 3UnDid

"SUOKNYIP UNOD eIqEA 10] W | O (RACWS) Ml poppY,

I3 SIQEIA = $9{U0L0D
e cage] owd/aped 00 x4

sjuvinur = Se|U00)
lw 56l oreidysyiea gOt ¥t

bk ) |
Si1e2 01X suonniia @ O ‘
“ v
0t ; ! \

—— gnun

re— e~

v 08 = ownjon = 01:
1ewBpso] nem) OA ,, .A/E./

tiw el eam g (] I,

s o 0

wse))
A —————

[rovy sod $Hed 0L XE
w oo ppy] mby >

{iw gg = ownoa wnbyo} wse)} @
\ 011 — o os
Joumnw Jo) sioegee| 14 20 pig

[ T

ogni/ses 01 X € OF peisnipe Kisuep 1eO

1w o1 = ewnjoa) sqm Awssy




T rroM NAME & tocation)  Dept. of Medicine & Environmental Health . J. Laveglia, A2SC

‘OATE:  pDecember 16, 1976 cc:

| SUBKCT: Microbial Mutagenicity Evaluation
—— of Rubber Chemicals
* BIO-76~-175 through BIO-76~182

TO

P. R. Graham *
B2SL

Microbial mutagenic plate assays were conducted with the
following matexrials: .

CP_Number Compound Test Number
1548 Benzothiazole BIO-76-175
1601 NAMBT-50% BIO=-76-176
1975 Thiotax BIO-76-177
1612 Thiofide

118 Santocure BIO-76-179
15255 Santocure MOR . BIO~-76-180
6910 Santocure NS BIO-76-181
26144 NIBS BIO-76-182

Each material was evaluated at five dose levels by both
nonactivation and rat liver microsome activation conditions.
The test organisms included five strains of the bacteria
Salmonella typhimurium (TA-98, TA-~100, TA-1535, TA-1537,
and TA-1538) and one strain of the yeast Saccharomyces
cerevisiae (D4).

None of these compounds demonstrated mutagenic activity
when tested by the standard plate assay technique.

/bkp

*rec. reports (8)

IN-10M 12/7%
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October 6, 1976

Dr. David Brusick
Litton-Bionetics

56516 iilehoclson Lane
¥ensinzton, D 2079%

re: BIO-T5-175: CP 1548 (Benzothiazole)
BIO-76-176; CP 1601 (I aBT-50%)
BIO-76-177: CP 1975 (THICTAX)
BI0-76-173: CP 1612 (TIIOFIDZ
BIO-76-179: CP 118 (SAMNTCCURE
BIO-76-180: CP 15255 (SAHTOCURE MOR)
BI0-76-181: CP 6910 (SANTCCURE NS)
BIO-756-132: CP 20144 (IMIBS)

Dear Dr. Brusick:

Under scnarate cover you will receive sazples of the eizht
refarencad 22terials.  We would lile you to conduct micro-
bial nlate assays uwit i and without the addition of mazualian
metabollic actiivation preparations using the five Salncnella
strains and the yeast Saz-charoavees.

The stated cost for these studiss was $300 each for a total
of 4200, Plcase prepare separate reports for cach cof the
eigsht raterials.

Very truly yours,

James Lavezlia, PhD
Senior Toxicologist

fokp
be&: P. R. Graham
M. Thompson
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SPONSOR: Monsanto
MATERIAL: BI0-76-178 CP1612 Thiofide
SUBJECT: FINAL RZPORT MUTASRENICITY PLATE ASSAY

1. O0BJECTIVE

The objective of this study was to evaluate the test compound for genetic
activity in misrobial assays with and without the addition of mammalian
metabolic activation preparations.

MATERIALS
A. Test Comoound

1. Date Received: October 12, 1976

2. Description: Beige powder
Indicator Microorganisms

Salmonella typhimurium, strains: ;2-}333
-153
TA-1538

Saccharomyces cerevisiae, strain: 04

Reaction Mixture

Component “inal Concentratica/ml

TPN 4 ymoles
Glucose-6-phosphate 5 umoles
Sodium phosphate (diabasic) 100 umoles
MgCl, 8 umoles
KC1 33 umoles
Homoqgenate fraction equivalent 0.1-0 5 ml1 9,000 x

to 25 mg of wet tissue supe .tant of rat liver

§-9 Homogenate

A 9,000 x g supernatant was prepared from Sprague-Dawiey
adult male rat liver induced by Aroclor 1254 five days
prior to k{11,
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'S = Frameshift

cPreviously shown to be nonmutagenic
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were ade in either deionized water or DOMSO.
and its concentration are recorded in the Results Section.

SOLVENT

Water or Saiine
Dimethylsul foxide®
Water or saline

o
C

Dimethylsulfoxide
Dimethyisulfoxide

Dimethylsul foxide®

' 2. MATERIALS (Continued)
D. Positive Control Chemicals
Table 1 below 1ists the chemicals used for positive controls in
the nonactivation and activation assays.
TABLE 1
ASSAY CHEMICAL?
Nonactiva- Methylnitrosoguanidine
tion (MNNG)
2-Nitroflucrene (NF)
_ Quinacrine mustard {QM)
Activation 2-Anthramine (ANTH)
2-Acetylaminofluorene
(AAF)
8-Amino;uinoline (AMQ)
Concentrations given in Resuylts Section

Either deionized water or dimethylsulfexide (DMSO) was used to prepare
A1l dilutions of test materials
The solvent employed

PROBABLE
MUTAGENTC
SPECIFICITY

grs?




3. EXPERIMENTAL DESIGN

A. Plate Test (Overlay Method*)

Approximately 10° cells from an overnight culture of each indicator
strain were added to separate test tubes containing 2.0 m! of molten
agar supplemented with biotin and a trace of histidine. For non-
activation tests, the four dose levels of the test compcund were
added to the contents of the appropriate tubes and poured over the
surfaces of selective agar plates. In activation tests four dose
Tevels of the cest chemical were added to the appropriate tubes
with cells. Just prior to pouring, an aliqust of reaction mixture
(0.5 mi containing the 9,000 x g Tiver homogenat~) was added

to each of the activation overlay tubes, which were then

mixed, and the contents poured over the surface of a minimal

agar plate and allowzd to s0lidify. The plates were incubated

for 48 hours at 37C, ard scored for the number of colonies

growing on each plate. The concentrations of ali chemicals

arz ‘ven in the Results Section. Positive and solvent con-

truis using both directly active positive chemicals and those

that require metaboiic activation were run with each assay.

Recording and Presenting Data

The numbers of colonies on each plate were counted and recorded

on printed forms. These raw data were analyzed in a computer
program and reported on a printout. The results are presented

as revertants per plate for each indicator strain employed in the
assay. The positive and the solvent controls are provided as
reference points. Other relevant data are provided on the computer
printout.

*Certain classes of chemicals known to be mutagens and carcincgens do not
produce detectable responses using the standard Ames overlay method. Some
dialkyl nitrosamines and certain substituted hydrazines are mutagenic in
suspension assays, but not in the plate assay. Chemicals of these classes
should be screened in a suspension assay. .
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INTERPRETATION OF RESULTS AN CONCLUSIOHS

The test compound was eiamincd for mutsgenic activity in a series
of in vitro microbfal assays employing Salmonella and Saccharomyces
indTcator organisms. The compound was tested directiy and in t*e ]
presence of liver microsomal e¢nzyme preparations from Aroclor-
induced rats. The following results were obtainad:

A. Toxicity

The compound was tested over a series of concentrations such that
there was efther quantitative or qualitative evidence of some
chamically induced physiological effects at the high dose level,
The low dose in all cases was below a concentration that demon-
strated any toxic effect. The dose range employed for the eval-
uation of this compound was from 0.1 ug to 500 ug per plate.

Nonactivation Test Results

The results of the tests conducted on the zompound in the absence
of a metabolic system were all neyative.

Activation Test Results

The results of the tests conducted on tha ccmpound in the presence
of the rat liver activation system were all negative.

Conclusions

The test compound, BIO-76-178 CP 1612 Thiofide, did not demonstrate
mutagenic activity in any of the assays canducted in this evaluation
and was considered not mutagenic undsr these test conditionms.

Submitted by:

oL L
David J. Brusick, Ph.D.
Director

Department of Genetics

rt L]
Vice Président




EXPLANATION OF EVALUATION PROCEDURES FGR PLATE ASSAYS

Plate test data consist of direct revertant colony counts obtained
from a set of selective agar plates seeded with populations of mutant
cells suspended in a semisolid overlay. Because the test chemical
and the cells are incubated in the overlay for 2 to 3 days, and a few
cell divisions occur during the incubation period, the test is semi-
quantitative in nature. Although these featurss of the assay reduce
the quantitation of results, they provide certain advantages rot con-
tained in a quantitative suspension test:

. The small number of cell divisions permits potential
mutagens to act on replicating ONA, which is often more
sensitive than nonreplicating DNA.

The combined incubation of the compound and the cells in
the averlay permits constant exposure of the indicater
cells for 2 to 3 days.

Surviving Populations

Plate test procedures do not permit exact quantitation of the
number of cells surviving chemical treatment. At low concen-
trations of the test chemical, thc surviving population on the
treatment plates is essentially the same as that on the nega-
tive control plate. At high concentrations, the surviving
population is usually reduced by some fraction. Our protocol
normally employs several duses ranging over two or three log
concentrations, the highast of these dosas being selected to
show slight toxicity as determined by subjectiva criteria.

Dose Response Phenomena

The demonstration of dose-related increases in mutant counts is
an important criterion in establishing mutagenicity. A factor
that might medify dose-response results for a mutagen would be
the selection of doses that are too low (usually mutagenicity
and toxicity are related). If the highest dose is far lower
than a toxic concentration, no increases may be abserved over
the dose range selected. Conversely, if the lowest dose em-
ployed is highly cytotoxic. the test chemical may kiil any
mutants that are induced, and the compound will not appear to
be mutagenic.

BIONETICS
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EXPLANATION OF EVALUATION PRICEDURES FOR PLATE ASSAYS (Continued)
C. Control Tests

Positive and negative control assays are conducted with each
experiment and consist of direct-acting mutagens for nonactiva-
tion assays and mutagens that require metaboiic biotransforma-
tion in activation assays. Negative controls consist of the
test compound solvent in the overlay agar together with the
other essential components. The negative control plate for
each strain gives a reference point to which the test data are
compared. The positive control assay s conducted t» demon-
strate that tise test systems are functional with know.. mutagens.

Evaluation Criteria for Ames Assay

Because the procedures used to evaluate the mytagenicity of the
test chemical are semiquantitative, the criterfa used to determine
positive effects are inherently subjective and are based primarii y
on a historical data base. Most data sets are evaluated using
the following criteria:

1. Strains TA-1535, TA-1537, and TA-1538

If the solvent control value is within the normal range, a
chemical that produces a positive dose response over three
concentrations with the lowest increase equal to twice
the solvent control value is considered to be mutagenic,

Strains TA-98, TA-100, and D4

If the solvent control value is within the rormal range,

a chemical that produces a positive dose resnonse ~var thres
concentrations with the highest increase equal to twice the
solvent control value for TA-100 and two to three times the
solvent control value for strains TA-98 and 04 is considered
to ba mutagenic. For these strains, the dose response
im]:mso should start at approximately the solvent control
v. u..

Pattern

Beczuse TA-1535 and TA-100 were both derived from the same
parental strain (G-46) and because TA-1538 and TA-98 were
both derived from the same parental strain (03052), there
is a2 built-in redundancy in the microbial assay. In general
the two strains of a set respond to the same mutagen and
such a pattern is sought. It is also anticipated that if a
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EVALUATION OF EVALUATION PROCEDURES FOR PLATE ASSAYS (Continued)

E.

BIONETICS

Evaluation Criteria for Ames Assay
3. Pattern

given strain, e.g. TA-1.,37, responds to a mutagen in
nonactivation tes¢s it will generaliy do so in activation

tests. (The converse of tnis relationship is not expected.)

While similar response patterns are not required for all
mutagens, they can be used to enhance the reliability of
an evaluation decision.

4. Reproducibility

If a chemical produces a response in a single test that
cannot be reproduced in one or more additional runs, the
initial positive test data loses significance.

The preceding criteria are not absolute and other extenuating
factors may enter into a final evaluation dezision. However,
these criteria are applied to the majority of situations and
are presented to aid those individuals not familiar with this
procedure. As the data base is increased, the criteria for
evaluation can be more firmly establiched.

Relationship Between Mutagenicity and Carcinogenicity

It must be emphasized that the Ames Salmonella/microsome test
is not a definicive test for chemical carcinogens. It is
recognized, however, that correlative and functiona! relation-
ships have been demonstrated between these two end points.

The resuits of comparative tests on 300 chemicals by McCann et
al. (Proc. Nat. Acad. Sci. USA, 72:5135-5139, 1975) show an
extremely good correlation between results of mizrobial muta-
genesis tests and in vivo rodent carcinogenesis assays.

A1l evaluation and interpretation of the data presented in
this report are based only on the demonstration of or lack of
mutagenic activity.




STANDARD OPERATING PROCEDURES

To ensure an accurtte an reliable mutagenicity testing program, LBI
instituced tha following procedures:

. The tast compound was registared in a bound log book recording
the date of receipt, complete client identiﬂ...uon. physical
description and LEI! code number.

Complete records of weights and dilutions associated with the
testing of the submitted material were entered 1nto a bound
notebook.

Raw data information was recorded on special printed forms that
were dated and initialed by the individual performing the data
collection at the time the observations were made. These forms
were filed as permanent records.

All animal tissue S-9 preparations used fn the activation tests
ware taken {rom dited and pretes‘ed frozen ‘ots identified by
a unigue nunber. The S-9 preparations were monitored for uni-
formity and the information recorded.

E BIONETICS
Litton
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ACUTE ORAL TOXICITY
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suspension in corn oil

Mg/Kg

Dosage
My/Kp
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Mg/Kg
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Dept. of Medicine & Erwironmentsl Hesith - M.W. Stevens, A2SA
" april 11, 1979 | -
Mutagenicity Testing of THIOFIDE
BO-78-239

P.R. Graham *
B2SL

The referenced report has been received and reviewed.

In this study, THIOPIDE was evaluated for mutagenic activity
in the mouse lymphoma assay. This assay evaluates materials
for specific locus forward mutation induction in L5178Y TK
(Thymidine Kinase) mouse lymphoma cells. THIOFIDE was tested
both with and without a metabolic activation system in the
assay.

The test material did not induce significant mutagenic
activity at the TK locus. THIOFIDE was evaluated as being
non-mutagenic under the conditions of this assay.

fiw He

M.W., Stevens

1N-10M (ABV. 2/78)
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PREFACE

This report contains a summary of the data compiled during the
evaluation of the test compound. The report is organized to presen:
the results in 2 concise and easily intsrpretable manner.
first part contains items I1-IX. Items [-IV provide sponsor and
compound fdentification infimation, type of assay, and the protocol
reference number. A1l protocol references indicate a standard pro-
cedure described in the Litton Bionatics, Inc. "Screening Program
for the Identification of Potentiai Mutagens and Carcinogens.” Item V
provides the initiation and completion dates for the study, and
Item VI provides identification of supervisory personnel. Item VII
fdentifies the tables and/or figures containing the data used by the
study director in interpreting the test results. The {nterpretation
330" is in Item VIII. Item IX provides the conclusion and evalua-
on.

The second part of the repo—t, entitled PROTOCOL, describes the

materials =nd procedures exployes in conducting the assay. This part
of the report also contains evaluation criteria used by the study
director, and any appendices. The evaluation criteria are included
*0 acquaint the sponsor with the methods used to develop and analyze
the test results.

A1l l* t &nd control results presented in this report are supported
% fil'y documented raw data which are permanently maintained in
tha files o' the Department of Genetics and Cell Biology or in the
archives of L.itun Sionetics, inc., 5516 Nicnoison Lane, Kensington
varyland, 20735.

Copies of raw ¢.2= will be supplied to the sponsor upon request.
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SPONSOR: Monsanto Company

MATERIAL (TEST COMPOUND): LBI ASSAY NUMBER #3578
A. Identification: Thicfide 80-78-239 °

8. Daze Received: September 5, 1978

C. Physical Description: Cream-colored powder
TYPE OF ASSAY: Mouse Lymphoma Forward Mutation Assay
PROTOCOL NUMBER: 431 (OMT-106)

STUDY DATES:

A. Inftiation: October 12, 1978

8. Completion: February 20, 1979

SUPERVISORY PERSONNEL:

A. Study Director: Brian Myhr, Ph.D.

8. Laboratory Supervisor: Marie McKeon

RESULTS:

The data are presenved in Tables 1-4 on pages 4-7.

INTERPRETATION OF RESULTS:

The test material, Thiofide B80-78-239, was inscluble in water

at high concentrations and was placed in OMSO at a concentration
of 333 mg/ml for the preliminary cytotoxicity tast. The material
was not completely soluble and formed a fine, milky-white
suspension even at the iower stock concentrations (5 mg/mi to

50 mg/ml1) used for mutation experiments. ODilutions were performed
with DMSO prior to final 1:100 dilutions into growth medium to
obtain an applied concentration range of 3333 ug/ml to 6.5 ug/ml.
Concentrations of 6.5 ug/ml and 13 ug/ml were toxic and 26 ug/ml
was completely lethal (without activation) to the celis within

24 hours of treatment. Therefore, the mutation assay was initiated
with a series of applied concentrations from 50 ug/ml to 0.1 wg/mi.

Five trials of the mutation assay were initiated because of
technical deticiencies and variability in the toxicity of the test
material to the mouse lymphcma cells. The resylts of four assays
are presented in Tables 1 to 4, in sequence of performance. The
unreportcd assay was invalidated by an unacceptably low cloning
efficiency of 43% for the negative ccatrols.

[:EEi BIONETICS




VIII. INTERPRETATION OF RESULTS: (continued)

Under nonactivation conditions, the mutant frequencies in the
treated cultures were all comparable to the background frequency
(average of the solvent and untreated negative control values)

in the first trial (Table 1). A 2.5-fold increase over the
background frequency is considered necessary to demonstrate
mutagenic activity at any given dose level. This assay was
marred by the lack of mutagenic activity for the EMS positive
control (which appeared to be the result of hydrolytic decomposition,
since 1ittle toxicity was observed), and the assay needed to be
extended to more toxic treatments with the test material in order
to adequately test for the absence of mutagenic activity.

In the nonactivation trials shown in Tables 2, 3, and 4, treat-
ments causing nigh toxicity (minimum percent relative growth
values of 5.3%, 2.6%, and 12.0%, respectively) did not induce
sutant freguencies significantly elevated over the concurrent
background frequencies. Several trials were performed because
the toxicity in the second trial (Table 2) was much greater
than in Trial 1; the additional trials showed further varia-
bility in the toxicity associated with a given dose. Within
each trial the toxicity increased reguiarly with the applied
concentration, so the variability between trials may represent

a variable sensitivity of differeni stock cultures to the test
material or an unknown variation in the actual applied concen-
trations ( resulting from variable solubility in DMSO and arowth
medium). Thus, the applied concentrations causing about 2% - 5%
relative growth varied from 50 ug/ml (Table 3) to 12.5 ug/ml
(Table 2), and 1.56 ug/ml! was nontoxic in Table 4 but caused
38.1% relative growth in Table 2. Nevertheless, the test
material was consistently inactive as a mutagen over the range
of concentrations that caused a wide range of cytotoxicities.

In the presence of the S9 microsomal activation mix, the
toxicity of the test material was reduced, and the first
mutation assay (Table 1) showed no significant changes in the
mutant freausncisc for nontoxic trsatments with 50 ua/ml to

3.13 ug/ml. In the second trial (Table 2), 50 ug/ml was toxic
(34.8% relative growth). At 75 ug/ml, the percent relative
growth was only 13%, but the mutant frequencies in ail the
treated cultures remained comparable to the background. In

the two additional trials, highly toxic treatments corresponding
to about 7% relative growth were obtained with 100 wug/ml(Table 3)
and 50 ug/ml (Table 4). The mutant frequencies remained comparable
to the concurrent backgrounds. [An elevated mutant freguancy (6-
fold increase) was observed in Table 3 for an extremely toxic
treatment with 150 ug/ml (0.6% relative growth). This result

is of questionable reliability because the relative cloning
efficiency of 13.8% was so low. Mutation assays are not ncrmally
completed for such extreme treatments-this was performed by
technical oversight--so 1ittle or no significance should be
attached to any mutagenic activity appearing under these
conditions.]

[ overc

D SN




y111. INTERPRETATION OF RESULTS: (continued)

The validity of the mutagenesis assays can be assessed by the results
obtained for the positive and negative controls. The average cloning
efficiencies for the soivent and untreated negative controls varied from
54% (Table 3) to 82% (Table 4) for nonactivation and from 59% (Table 3)
to 88% (Table 4) for activation, which demonstrates acceptable to
excellent culturin? conditions for the assays. The background
frequencies were all within the normal range, and the positive contro!
compounds yielded frequencies greatly in excess of the backgrounds
(except for EMS in Table 1). The EMS-induced mutant frequencies

in Tables 2 and 3 and the DMN-induced frequency in Table 3 were all
higher than the usual upper values of about 800 x 10°€. The treatments
were more toxic than usual, whicih would induce more mutants, and the
low relative cloning efficiencies probably artificially inflated the
observed frequencies.

. CONCLUSIONS:

The test material, Thiofide B0-78-239, did not induce an increase in
mutations at the TK locus in L5178Y mouse lymphoma cells for applied
concentrations of 0.39 ug/ml to 50 ug/ml without activation and for
3.13 ug/ml to 100 ug/ml with microsomal activation. These concentration
ranges included highly toxic treatments (less than 10% relative growth).

Therefore, the test material is considered to be inactive in the
Mouse Lymphoma Forward Mutation Assay.

Submit*ed bv:

Study Directar

[:)dig1v’/y214,kg; 2. )q-79
Brian Myhr, Ph.D. date

Section Chief
Marmalian Genetics
Department of aJenetics
and Cell Biolegy

David J.

Director

Department of Genetics
and Cell Biology
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1. QJECTIVE
The objective of this study is to evaluate the test material for its
ability to induce forvard mutstion in the LS178Y TK+/- mouse 1ymphoRa
cell 1ine, as assessed by colony growth in the presence of S-bromo-2'-

deoxyuridine (Brdv).

MATIONALE
dine kinase (TK) i3 a cellular enzyme that allows cells to salvzge
thymidine from the surrnunding medium for use in DNA synthesis. If a
thysidine analog swch as srdU 1s included in the growth medium, the
analog will be phosphorylated via the 7K pathway and be incorporated
into , eventually resulting in cellular death. Cells which are hetero-
s at the TK locus (TKk+/-) may undergo 4 single step forward mutation
to the TX -/~ genotype in which 1ittle or no TK activity remains. Such
sutants are as viable as the heterozygotes in normal medium because ONA
thesis proceeds by novo synthetic pathways that do not invoive
thymidine as an int i3te. The basis for selection of the K-/~
sutants is the lack of any ability to utilize toxic analogs of thymidine,
which enables only the TK-/- mutants to grow in the presence of Brdu.
Cells which grow to form colonies in tha presence of 8rdyU are therefore
assumed to have mutated, either spontaneously or by the action of a test
substance, to the TK-/- genotype.

MATERIALS
A. Indicator Cells

The mouse 1ymphoma cell line, LE178Y TK+/-, used in this assay is
derived from the Fischer LS178Y line of Or. Donald Clive. Stocks
are maintained in 1iquid nitrogen and laboratory cultures are period-
fcally checked for the adpsence of mycoplacme contamination by
culturing methods. To reduce the negative control frequency (spon-
taneous frequency) of TK-/- mutants to as low level as possible, cell
cultures are exposed to conditions which select against the TK-/-
phenotype (exposure to methotrexate) and are then returned tc normal

growth medium for three or more days before use.
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Media

 The cells are maintained in Fischer's mouse leukemia medium supple-
mented with L-glutamine, sodfum oyruvata, &nd horse serum (163 by
Cloning medium consists of the preceding growth medium
with the addition of agar to 2 final concentration of 0.35% to achieve
a semisolid state. Se ection medium is cloning medium centaining

S0 or 100 ug/ml of BrdU.
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3. MATERIALS (continued)

C. Contrml Compounds

Litton

A.

1. Negative Controis

A negative control consisting of assay procedures performed

on untreated cells is performed in all cases. If the test
compound 1s not soluble in growth medium, an organic solvent
(normally OMSO) is used; the final concentration of solvent
in the growth medium will be 1% or less. Cells exposed to
solvent in the medium are also assayed as the solvent negative
control to determine any effects on survival or mutation czused
by the solvent alone. F:r test substances assayed with active-
tion, the untreated and solvent negative controls will include
the activation mixture.

2. Positive Controls

Ethylmethane sulfonate (EMS) is highly mutagenic via alkylation
of cellular ONA and will be used at 0.5 ul/ml as a positive
control for nonactivation studies.

Dimethylnitrosamine (DMN) requires metabolic activation by
microsomal enzymes to become mutagenic and will be used at
0.31u1/ml as a positive control for assays performed with acti-
vation.

Sample Forms

Solid materials are dissolved in growth medium, if posgible, or in
DMSO, unless another solvent is requested. Liquids are tested by
direct addition to the %est system at predetermined concentrations or
following dilution in a suitablc solvent.
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Dosage Seizction (Cytotoxicity testing)

The soiubility of the test chemical in growth medium and/or DMSO is
first determined. Then a wide range of chemical concentrztions is
tested for cytotoxicity, starting with a maximum applied dose of 10
mg/ml for test chemicals soluble in media or ! ng/ml for solutions in
organic solvents. After an exposure time of four hours, the calls are
washed and a viable cell count is abtained the next day. Ralative
cytotoxicities axoressed as the reduction in growth compared to the
arowrh of untreated cells arc used o seiect s&ven 2o ten doses that
cover the range froa 9 to 50-9C. reduction in 24-rour growth. These
celected doses are subsequently applied to cell cultures prepa: a
for mutagenicity testing, but only four or five of the doses will be
carried through tha mutant selection process. This procedure crmpan-
sates for daily variations in cellular cytotoxicity and eusures the
choice of four or five doses spaced from O to 50-30% reduction in
cell growth.

BIONETICS




8. Mutagenicity Testing
1. Nonactivatich Aesay

The procedure used 15 based on that regorted by Clive and
Spector (1975) and is susmarized as follows. Cultures ex-
posed to the test chemical for four hours at the preselected
doses are washed and placed in growth medium for two or three
days to allow recovery, growth and expression of the induced
TK-/- phenotype. Cell counts are determined daily and appro-
priate dilutions are made to allow optimal growth rates.

At the end of the expression period, 3 x 105 cells for each
selected dose are seeded in soft agar plates with selection
medium ard resistant (mutant) colonies are counted after 10 days
incubation. To determine the actual number of cells capable of
forming colonies, a portion of the ce!l suspension is also
cloned in normal medium (nonselective). The ratio of resistant
colonfes to total viable cell number is the mutant frequency.

- e e b

A detailed flow diagram for the mutation assay is provided in
Figure 1.

2. Activatfion Assay

The activation assay can be run concurrently with the nonactiva-
tion assay. The only df fference is the addition of the 9
fraction of rat 1iver homogenate and necessary :ofcctors (CORE)
during the four-hocur treatment period. CORE c.r: u:5 of NADP
(sodium salt) and isocitric acid. The final cancentrations of
the activation system components in the cell suspension are:
2.4 mg NADP/ml; 4.5 mg isocitric acid/ml; and 50 ul $9/ml.

Preparation of 9,000 x g Supernatant (S9)

Fischer 344 male rats are normally used as the source of hepatic
microsomes. Induction with Aroclor 1254 or other agents is performed
by injections five days prior to sacrifice. After decapitation and
bleeding, the 1iver is immediately dissected from the animal using
aseptic technique and placed in ice cold 0.25M sucrose buffered with
Tris at pH 7.4. When an adequate number of livers is obtained, the
ccllection {s washad twice with fresh buffered sucrose and completely
omogenized. The homogenate is centrifuged for 10 minutes at 9,000
x g in a refrigerated centrifuge and the supernatant (S9) from this
centrifuged sample is retained and frozen at -809C until used in

the activation system. The S9 fraction may be obtained from induced
or noninduced rats or other species, as requested.
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EVALUATION CRITERIA
A compound is considered mutagenic fn this assay if:

* A dose-resporse relationship fs observed over 3 of the §
dose levels employed.

The minimum increase at the low level of the dose-response
curve is at least 2.5 times greater than the solvent and/or
negative control values.

The solvent and negative control data are within the normal
range of the spontanecus background for the 7K locus.

11 evaluations of mutagenic activity are based on consideratisn of the
concurrent solvent and negative control values run with the experiment
in question. Positive control values are not used as reference points,
but are included to ensure that the current call population responds to
direct and promutagens under the appropriate treatment conditioms.

Occasfonally, a single point within a concentration range will show an
increase 2.5 times greater than the spontanecus background. If the
increase is at the high dose, is reproducible, and if an additional
higher dose level is not feasible because of toxicity, the chemical can
be considered mutagenic. If the increase is intermal within the dose
range and is not reproducible, the increase will normally be considered
aberrant. If the intermal increase is reproducible, several doses
clustered around the positive concentration will be examined to either
confirm or reject the reliability of the effect.

As the data base on the assay increases, the evaluation criteria can be

P | -
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The screened doses, cell counts, and mutant and viable colony counts
:1'} 1 t:: entered into a computer program. The results are analyzed and
ntad.

Clive, D. and Spector, J.F.S.: Laboratory procedure for assessing
specific locus mutations at the TX locus in cultured L5178Y mouse 1ym-
phosa cells. Mutation Res., 31:17-29, 1975,
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