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Mr. T. 0'Bryan — —im
Document Control Office w %252
Management Support Division (TS-793) = v
Office of Toxic Substances == 53
Environmental Protection Agency &5 2>
401 M Street, S. W. ‘ = =
Washington, D. C. 20460 =

Dear Mr. 0'Bryan:

This is in response to Mr. Frank Kover's letter reguesting‘information on four
chemicals, namely dimethy) methyl phosphonate, propionitrile, ziram, and methyl-
cyclopentadienyl manganese

tricarbonyl, for use by EPA in preparing Chemical
Hazard Information Profiles (CHIPs) on the chemicals.

A1l of the chemicals except for methy]cyc]opentadieny] manganese tricarbonyl
have been tested or are being tested by the

National Toxicology Program (NTP)
for one or more toxicological endpoints.

Dimethyl methyl phosphonate is in the chronic phase of a gavage carcinogenesis
bioassay in rats and mice. It was negative in Salmonella straing TA98, TA100,
TA1535, and TA153? bo;h with and without metabolic activation. It has been

ter printouts containing the results of dimethyl
methyl phosphonate in the four » @ well as an outline of the
Salmonella protocol and a sample computer printout containing explanations of
all the entries in the printout

. Also, enclosed is a copy of a letter to
Dr. Bentley Gregg, Dynamac, from Dr. June Dunnick, chemical manager for the

NTP carcinogenesis bioassay of dimethyl methyl phosphonate, listing the data
on the chemical being forwarded tg him. I understand from Hank Appleton, EPA,

that Dr. Gregg is involved in preparing the CHIP on dimethyl methy] phosphonate
for EPA.

Propionitrile has been selected for testing in the Salmonella assay as part of

a class study of the genotoxic potential of nitriles in this test system. No
other testing of the chemical has been scheduled.
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Mr. T. 0'Bryan 2

Ziram was positive when tested by the NTP in a feeding study in rats and mice,
inducing increased incidences of C-cell carcinomas of the thyroid gland in
male F344 rats. Although increased incidences of alveolar/bronchiolar adeno-
mas and of combined alveolar/bronchiolar adenomas or carcinomas were observed
in female B6C3F]1 mice, the interpretation of these increases in lung tumors is
complicated by an intercurrent Sendai virus infection. Hank Appleton has in-
formed me that EPA already has a copy of the final technical report of the
bioassay, so I am not enclosing another copy.

The chemical was positive in Salmonella strain TA100 with and without metabolic
activation. It was also positive in strain TA1535 with hamster liver activation.
It yielded positive and equivocal results in strain TA98 with hamster Tiver
activation. Finally, ziram was negative in strain TA1537 both with and without
metabolic activation. Enclosed are copies of the computer printouts of the
results of ziram in the four tester strains.

If you have any questions regarding the NTP genotoxicity testing performed or

presently underway on the three chemicals, kindly contact Dr. Errol Zeiger at

FT5-629-4481. Please do not hesitate to contact me at 496-3511 if I can be of
further assistance.

Sincerely yours,
D Mg A Gl

Dorothy A. Canter, Ph.D.
Assistant to Director, NTP

Enclosures
cc: Dr. D. Rall-
Dr. J. Moore
Dr. J. Dunnick
E. Zeiger

Dr.
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June 10, 1983

Dr. Bentley Gregg

Dynamac Corporation
11140 Rockville Pike
Rockville, MD 20852

Dear Dr. Gregg:

The NTP subchronic study reports in mice and rats for Dimethyl Methyl
Phosphonate are enclosed. A copy of the April 15, 1983, letter from
Arthur D. Little, Inc., is also enclosed and specifies the reports they
have prepared.

I hope this information {s useful to you in preparing your report on
DMMP for the Environmental Protection Agency. Please furnish the NTP
with a copy of your completed report.

Sincerely,

June K, Dunnick, Ph.D.
Toxicologist
National Toxicology Program

Enclosures
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SALMONELLA PROTOCOL

- A1) chemicals tested and evaluated blind
1A98, TAI00, TA1535, TA1537

hNon-activation; Aroclor 1254 - induced Sprague-Dawley rat
and Syrian hamster S-9

Preincunation protocol (20 min. at 37°C)
Solvent control;

Tositiver control;y

5 doces, np greater than half-log intervals
High duse determined by toxicity or solubility
ALY plates in tiiplicate

Incubated 37°C / 2 davs

lest repeated at least 1 week later
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P.O. Box 12137
Research Triangle Park,

President, Hobert A. Neal, PhD. North Caroli
Vice President, Director of Research, James E. Gibson, Ph.D. orth Carolina 27709
Vice President, Administration and Secretary, Donald A. Hart, Ed.D. {919) 541-2070

June 21, 1983

f f
(ofﬁ/ :

Mr. Frank D. Kover

."Chief, Chemical Hazard Identification

Branch (T15-778)

Office of Pesticides and Toxic Substances

U. S. Environmental Protection Agency N )(q
Washington, DC 20460 Ui é:/,

Dear Mr. Kover:

CIIT has not carried out any studies of the potential toxic effects of
dimethyl methyl phosphonate or any other of the compounds noted in your
recent letter. In addition, none of these compounds are on our priority
chemicals list. Therefore, I do not contemplate that we will be carrying
out any studies on these compounds in the foreseeable future.

If we can be of further assistance to you, please do not hesitate to
contact us at any time.

Sincerely,

ey

ﬁobert A. Neal
President

RAN:ewb

NG00 6
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American Cyanamid Company — mg
One Cyanamid Plaza = ;:_;-
Wayine, NJ 07470 = S
MYt 0Ts- 0783.025 | Sugpl. & %
July 8, 1983 556? 3

Document Control Of ficer

Management Support Division (TS-793)
Of fice of Toxic Substances

/ oﬁ/c—fﬁ
401 M Street, S.W.
Wa shington, DC 20460

Attention: T. O'Bryan

Reference: Propionitrile (CAS 107-12-0)
Gentleﬁzen:

Per your recent request
health and safety da

€ Cheint
Hazard Information P

nufacturers Association for

on propionitrile to be used to prepare a Chemical
5 Tg & copy of a toxicity report

prepared October 28, 1953 (Our Report 73-95),

We trust that our submission will be of assistance in your evaluation of

propionitrile,

Sincerely,

(P, £

Ph.D
Manager Chemical Petitions and
Regulatory Affairs
AES:sa

Toxicology and Product Safety Dept.
05/13 74¢g

NOND0S
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N of: DPe Ne B. Sommer ‘ | Dr. G. B. Ayers
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MI‘. W. Ro Bradley (2)
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" Report: October 28, 1953 | Mr, F. M. Cowen
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 SUMMARY AND CONCLUSIONS = .

" Propionitrile is a moderately toxie compound by ingestion
and inhalation, The acute oral IDcy hag been found to bs "
approximately 6% mg/kg. An atmosphére saturated with vapor
killed all animals after an exposure of one hour. It pene~’
trates the skin readily to produce systemic effects. - By
skin penetration the single dose ID o has been found to be

- approximately 128 mg/kg. This placgs the compound in the
category of a IAPI poison. The compound is not a strong

- primary irritant to the skin or eyes. The hazard from in-

- - gestion and skin contact appears to be equal to that of .
acrylonitrile, and in these respects it should be handled with
all of the precautlons accorded the latter compound. The
hazard from inhalation is only 8lightly less than that of . ,
acrylonitrile because of the difference in vapor pressure.

_ Single or repeated contact with propionitrile by any .
route of exposure whatsoever should be avoided., Splashes of . -
the materlal on skin or in eyes should be removed promptly by
thorough washing, = : S o K

.nnnnp3
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DETAIIED REPORT

SAMPIE: The sample was recelved by Food Research Laboratories
August 27, 1953, and assigned thelr Serial No. 67576. It
wag a colorless liquid identified by ACCO Code No. S=476-=150,

SINGLE ORAL DOSES: The reference report shows propionitrile to be

- a moderately toxle substance in single doses by mouth to male\/
'glblggrgggg, with an approximate IDgg of 64 (44-93) mg/kg.

Death from single oral doses was prompt; accelerated resplr-
ation and prostration were the most prominent symptoms
obgserved. Survivors were held for a 7-day observation )
period, following which they were sacrificed and autopsled.

No unusual gross pathology was found.

SKIN ABSORPTION AND TRRITATION: Proplonitrile is a IAPI poison
by skin contact. In the present investigation the undiluted
material was applied to the closely-clipped abdomen of the
albino. rabbif{ under a cuff of plasgtic sheeting which encircled
-he trunk of ‘the animal. The perilod of contact was 24 hours. v
Groups of % animals were tested at 6% mg/kg, 128 mg/kg and
256 mg/kg respectively, and the IDgy was calculated to be
128 (§6-191) mg/kg. Al the lower 2osage levels, moderate
edema and erythema of the skin were observed at the end of
the 24-hour period. However, at the highest dosage level,
vhich was fatal to all animals, no gross skin leslions were
seen externally, but at autopsy vascular dilation was observed
in the skin and in other areas of the body. Spleens were
dull in color and flaccid, livers were friable and the lungs
were extremely hemorrhagic. .. .

-

Notes Compare these findiﬁgs with a similar study repofted
by Smyth et al in the A.M.A. Archives of Industrial Hygiene
and Occupational Mediecine 4: 119-22, 1951, _

EYE TRRITATION: A O.1 ml gquantity of the compound was instilled .
into the conjunctival =sac of the eyes of each of 6’”@52:@ /
out wit

and 10 seconds thereafter the materilal was washed
20 ml of saline solution. Under these conditions, propio-

nitrile was found to be only slightly irritating to the eye,

VAPOR TNHAIATION: A group of 6‘a1bino rgis!was exposed to air sub-
stantlally saturated with vapor of the compound for a period
of 1 hour. The alr-stream supplying the exposure chamber was
passed at a rate of 4 1/min through a quantity of the

nnnno4




Propionitrile ._ , July 8, 195%

compound contalned in a gas-washing bottle, and in this
manner 24 gm of the material was evaporate& during the

1l-hour exposure. The animals exhlbited excessive sallivation
accelerated resplration with gasping, prosiration and narcosis.
€11%0r<ths ‘animals died within,l;to-7:-hours: from the start
6fﬁ$ﬁﬁﬂﬁxpgsu:§,

(Propionitrile has a vapor pressure of %0 mm Heg at '
220C. From this it may be ecalculated that air gaturated with
vapor of the compound at that temperature and 760 m baro-
metrie pressure would contain approximately 120 mg/1 .
/approximately 53,000 ppm/ of proplonitrile. It 1§ possible
to make a very rough estimate of the concentration attalned
In the 1-hour exposure from the rate of airflow and weight
of material evaporated. This value 1s 100 mg/1.)

REPEATED INTAKE: Over a 28-day perlod, 3 groups ofdglbino ratsJ
males and 5 females ver group, were furnished drinking |
water containing propionitrile at the following concentra=-

tilonss 2.5 mg/l, 12.5 mg/l and 62.5 mg/l, respectively.
From records of water consumption, the mean dally intake of
proplonitrile is calculated as 0.32 mg/kg, 1.3% mg/kg and .
3.72 mg/kg for the animals receiving the three concentrations, -
respectively. Over the 28-day period of the experiment,
there were no significant differences between +he groups
recelving the two lower concentrations of the compound and -
thelr respective controls insofar as mortality, food Intake
and weight gain were concerned. .

- At the highest concentration of the compound in the
drinking water (62.5 mg/l) there was one death., This
occurred in the male group at 1% days, and hemorrhaglec lungs
were found in this animal at autopsy. The food consumption
.of both sexes at this level was somewhat less than the -
control intake, and the weight gain was quite significantly
lower than tha% of the controlg. There was definite inpaire-
ment of efficiency of food utilization.

H. H. Golz, M.D,
HHG:1js | -

000005
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The Linear Free-Energy Relationship between Partition
Cocfficients and the Aqueous Solubility of Organic Liquids!
Corwin Hanscn,? Joun E. QUINLAN, AND GaRY L. LAWKENCE

Department of Chemistry, Pomona College, Claremont, California 91711
Receitved July 14, 1967

In this report it is shown that there is a linear relationship between the logarithms of the aqueous solubilities

1angar FrRee-ENERGY RELATIONSHIP

34

of organic liquids and their octanol-water partition coefficients. Since the logarithm of the partition coeffi-
cient is an additive—constitutive property of organie molecules, the water solubility of liquids whose partition
cocfficicnts have not been measured can be caleulated. Or, onc can simply construct a table of constants for
the water solubility of organic liquids analogous to parachor values or molar refractivities. A problem of
increasing importanee in physical biochemistry and pharmacology is the selection of a suitable solvent pair

(water and an apolar liquid) to serve as a model for the
have been using octanol-water partition coeflicients

aqueous and lipid phases in biological systems. We

for whole molecules or parts of molecules to estimate

relative strengths of hydrophobic bonding in such gystems.  The present study would indicate that, with the
exception of hydrocarbons, ene could expect similar results from almost any monofunctional liquid, such as
an sleohol, alkyl halide, ester, ketone, etc., representing the lipid phase.

Since the classic work of Meyer? and Overton,*
scientists concerned with the correlation of chemical
structure with biological activity have been secking
suitable solvents to approximate the aqueous and fatty
phases of living tissue.  We hiave been using 1-octanol
and water to obtain partition coefficients which could
serve as hydrophobic bonding constants. When
combined with suitable electronic and steric constants,
these would form the basis for a multiple-parameter
approach to structure-activity relationships in bio-
chemical systems.$

Following the lead of Hammett® and Taft,® we have
formulated” a substituent constant defined as in eq 1,

T = log Px —_ log Pﬂ (l)

where Py is the partition coefficient of a derivative and
Py that of the parent molecule. Thus » is propor-
tional to the free energy of transfer of the function X
from one phase to another. Our work, as well as that
of others,s has shown = to be an additive—constitutive
property of organic compounds. We have shown that
it can be used to account for the hydrophobic forces
involved in the binding of organie compounds by
proteins® and enzymes.®®

Because of the analogy between the dissolving of an
organic liquid in water and its partitioning between
iwo solvents, it occurred to us that log P and = might
be of use in correlating chemical structure with
aqueous solubility.

The equilibrium between an organic liquid and its
saturated aqueous solution may be thought of as the
partitioning of the organic compound between itself

(1) Thie work was supported by Research Grant GM-07492 from the
National Institutes of Health.

(2) John Simon Guggenbeim Fellow.

(3) H. Meyer, Arch. Exptl. Pathol. Pharmakol., 43, 109 (1889).

(4) E. Overton, Vierteljahresachr. Naturforach. Ges. Zuerich, 44, 88 (1809).

5) (a) C. Hansch and T. Fujita, J. Am. Chem. Soc., 86, 1618 (1964);
M) C. Hansch, E. W. Deutach, and R. N. Bmith, ibid., 87, 2738 (1965);
) K. Kiehe, C. Hanach, and L. Moore, Biochemiatry, 5, 2602 (1966); (@)
E. W. Deutsch and C. Hansch, Nature, 811, 75 (1966); (¢) C. Hansch and
E w. Deutach, Biockim. Biophys. Acta, 126, 117 (1066).
_(6) J.F. Leffler and E. Grunwald, *Rates and Equilibria of Organic Reac-
tions,"” John Wiley and Sons, Ine., New York, N. Y., 1963.

(7} T. Fujita, J. Iwass, and C. Hanach, J. Am. Chen. Soc., 88, 5175 (1964).

(8) (a) J. Twaea, T. Fujita, and C. Hansch, J. Mfed. Chem., 8, 150 (1965);
®) C. Hanach and S. M. Anderson, J. Org. Chem., 38, 2583 (1967); (¢) D. J.
Currie, C. E. Lough, R. F. Silver, and H. L. Holmes, Can. J. Chem., 44, 1035
(1866) ; (d) P. Brachs and R. D. O’Brien, J. Econ. Entomol., 89, 1255 (1968).

and water. We therefore sought a linear relationship
between the free-cnergy changes for the two kinds of
partitioning represented by S and P in eq 2, where S is

logg,=a]ogP+b (2)

the molal solubility of t. ranic liquid in water and
P is its partition_coefficient between_l-octanol and
water. Fitting the data in Table I to eq 2 by the
method of least-squares vields the sets of slopes and
intercepts in Table II. The correlation coefficient is
represented by r and s is the standard deviation of the
regression of log 1/8 on log P. The numbers fol-
lowing the slopes and intercepts are the 909, con-
fidence intervals on these quantities.

All of the correlations are quite good, especially
when one considers that only a small fraction (22 out
of 156) of the partition coefficients were actually
measured and that the solubility data were taken from
the work of many investigators whose results were
obtained by different techniques on compounds of
various degrees of purity over a temperature range of
15-25°, The slopes of sets 1-9 are remarkably
similar; the 909 confidence intervals all overlap or
come very close to the slope 1.21 of set 10.

Most interesting are sets 10 and 11. Set 10 corre-
lates the solubility of 140 liquids (alkanes excluded)
with about as much precision as one could expect,
considering the nature of the data. The equation
with these constants accounts for 919, (r* = 0.91) of
the variance in the data, leaving only 99 to imper-
fections in the mathematical model and experimental
error in measuring S and calculating log P. The
hydrocarbons behave somewhat differently as indi-
cated by the intercept in set 9. The correlations
embodied in set 1-11 show that the solubility of
organic liquids in water is susceptible to evaluation
by a Hammett-type substituent constant, linear, free-
energy relationship.

Experimental Section

Only for those compounds in Table I marked by asterisks
were experimentally determined partition coefficients used.
Partition coefficients for the other compounds were calculated
taking advantage of the additive nature of » and log P. The
= values for CH; and CH. were taken as 0.50; for a double
bond 0.30 was subtracted from the value for the corresponding
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CORRELATION oF WATER SOLUBILITY WiTH PArTITION COEFFICIENTS

Compoynd

. Butanol
. 2-Methyl-1-propanol

2-Butanol

. Pentanol

. 3-Methyl-1-butanol

. Methylbutanol

. 2-Pentanol

. 3-Pentanol

. 3-Methyl-2-butanol

. 2-Methyl-2-butanol

. 2,2-Dimethylpropanol

. Hexanol

. 2-Hexanol

. 3-Hexanol

. 3-Mecthyl-3-pentanol

. 2-Methyl-2-pentanol

. 2-Methyl-3-pentanol

. 3-Methyl-2-pentanol

. 4-Methyl-2-pcentanol

. 2,3-Dimethyl-2-butanol
. 3,3-Dimethyl-1-butanol
. 3,3-Dimethyl-2-butanol
. Heptanol

. 2-Methy!-2-hexanol

. 3-Methyl-3-hexanol

. 3-Ethyl-3-pentanol

. 2,3-Dimethyl-2-pentanol
. 2,3-Dimethyl-3-pentanol
. 2,4-Dimethyl-2-pentanol
. 2,4-Dimecthyl-3-pentanol
. 2,2-Dimethyl-3-pentanol
. Octanol

. 2,2,3-Trimethyl-3-pentanol
. Cyclohexanol

. 4-Penten-1-ol

. 3-Penten-2-0l

. 1-Penten-3-ol

. 1-Hexen-3-ol

. 2-Hexen-4-o0l

. 2-Methyl-4-penten-3-ol -
. Benzyl alcohol

. 2-Butanone

. 2-Pentanone

. 3-Pentanone

. 3-Methyl-2-butanone

. 2-Hexanone

. 3-Hexanone

. 3-Methyl-2-pentanone

. 4Methyl-2-pentanone

. 4-Methyl-3-pentanone

. 2-Heptanone

. 4-Heptanone

. 2,4-Dimethyl-3-pentanone
. 5-Nonanone

. Ethyl formate

. Propyl formate

. Methyl acetate

. Ethyl acetate

. Propyl acetate

. Isopropyl acetate

. Butyl acetate

. Isobuty! acetate

. Methyl propionate

. Methyl butyrate

. Ethyl butyrate

. Propyl butyrate

. Ethyl valerate

Log P»

0.84
0.61
0.61*
1.34
1.14
1.14
1.14
1.14
0.91
0.89*
1.368*
1.84
1.61
1.61
1.39
1.39
1.41
1.41
1.41
1.17
1.86
1.19
2.34
1.87
1.87
1.87
1.67
1.67
1.67
1.71
1.69
2.84
1.99
1.23*
1.04
0.81
0.
1
1
1
1
0
0
0
0
1
1
1
1
1
1
1
1
2
0
0
0
0
1
1
1
1
0
1
1
2

81

.31
.31
.11
.10*
.29~
.79
.79
.59
.29
.29
.09

le
Log '
ogs

obsd

—0.
—0.
—-0.
.592¢
.07
. 460

|

HM*‘OOOOOQOOOOOOOOQOO—N'—'-‘OOOOO—'—'O—OOCCOOOO'—OOOOOOOO

| ]
—— OO~ OO0 OON

026¢
0984
2854

276
211
176+
1474
386¢
212

.867/
L7951
3617
4857
697/
LT3
T8/

3707
125/

613/

809«
0749
984#
8329
8710
843

L9320

2179
1489
346¢

273
417¢

1541

0557

015/
5881
403/
502/
454¢
678k
169*
232+
124>

LT79x
.827¢

671
711*%
812¢
422¢
4447
299+

.5754
.076¢
.49)¢
517
. 040~
.733¢

519
693¢
237
094¢

J779°
275
907
767

TanrLg I

1%

Log ~
ot g

|

|

|

.....-—cc-—-»—oococomo»—-—-occcccocooocccccc-—w-—-—»—-—-—-»—-»—-—w:—-coooco—-—-—ooocc:oo

caled

0.

0

(=]

169

110
110
.776
.534
.534
534
.534
. 254

230
801
383
104
104
837
837
861
861

. 861
.570
408
.94
990
.420
.420
.420
77
77
177
.226
. 201
597

566
643
412
133
133
740

.740

497

.485

498
109

.109

134

.716
.716
473
.473
.473
.323
.323
.837
.537
.571
.036
.571

036

.643
-400
.250
.007
.036
.643
.250
.857
857

68.
69.
. Ethyl octanoate
71.
72.
73.
74.
. Methyl! isobutyl ether
76.
77.
78.

-
4

The Journal of Organic Chemistry

Compound
Ethyl hexanoate
Ethyl heptanoate

Ethy! nonanoate
Ethyl decanoate
Diethyl ether
Methyl butyl ether

Methyl! sec-butyl ether
Methyl t-butyl ether
Ethyl propyl ether

. Ethyl isopropyl! ether
80.
81.
82,
. Methyl isopropyl ether

84.

85.

56.

87.

88.

89.

90.

91.

92.

93.

94.

93.

96.

97.

98.

99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111,
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.

Dipropyl ether
Propyl isopropyl ether
Methyl propyl ether

Cyclopropy! ethyl ether
Chloroethane
Chloropropane
2-Chloropropane
Chlorobutane
Isobutyl chloride
1,3-Dichloropropane
Chloroform
Bromoethane
Bromopropane
2-Bromopropane
Bromobutane
Isobutyl bromide
Isoamyl bromide
1,3-Dibromopropane
Todomethane
Iodoethane
Iodopropane
Iodobutane
Diiodomethane
(CICH,CH,).S
1-Pentyne
1-Hexyne
1-Heptyne
1-Octyne
1-Nonyne

1,8 Nonadiyne
1,6-Heptadiyne
1-Pentene
2-Pentene
1-Hexene
2-Heptene
1-Octene
4-Methyl-1-pentene
1,6-Heptadiene
1,5-Hexadiene
1,4-Pentadiene
Cyclopentene
Cyclohexene
Cycloheptene
Benzene

Toluene
Ethylbenzene
Propylbenzene
Fluorobenzene
Chlorobenzene
Bromobenzene
Nitrobenzene
1,2,4-Trimethylbenzene
o-Xylene
Isopropylbenzene

www-—mwnwuwmmm—-wmwwwmmwwwwwwm—-wwwmw—mmmm'—w-—-:—_w.w_m—g—:—:-.cg—g—.to:-:—.--:-g-g-:-ghgu.:.:.c.:_u.

.10*
.90
.60
.40
.80

70
50

.50

.50
.73
.98*
.48

.48
.98

46
46

.20
.20
.70
.20
.70

.90
-40
.90
.75
.16
.87
.13
.69°*
.15*
.68*

27*

.84*
.99*
.85*
.65
.15
.43

Ll
o(s

obed

.356~
L7137
.387~
796

097~
063
992
899
734
210°
665°

.554°
317+
.335°
.372¢
.028
.638»

051
527

.358¢
.143¢
.000¢
.614¢
.920°
.055!
733
.631¢
.366¢
.432!
. 886!
.0817
.000°
.600°
.290°
.960°
.340°

370°

.640°
.360°
.010¢
. 660~
.240¢
.980*
.750°
.670°
.540°
.230°

820°

.620°
.240°
.340°
.690°
.080*
.100°
.580*
.160°
.637¢
.292¢
.880¢
.302¢
.796¢

363¢

.547¢
77
.320°
.780°
.380°

1

Log —
0‘8

caled
.464
.071
.678
.285
.892

.415
.974
.617

905
.597
.780

396
.581
.974
.314
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TasLe I (Continued)

le 1

Log E' Log 5'

Compound Log P+ obsd caled
135. m-Nitrotoluene 2.42 2.439" 2.088
136. o-Dichlorobenzene 3.55 3.006¢ 3.459
137. m-Dichlorobenzene 3.55 3.077¢ 3.459
138. Ethyl benzoate 2.62 2.280° 2.330
139. Aniline 0.90* 0.410 0.242
140. Propionitrile 0. 16* 0280 —0 656
141. Pentane 2.50* 3.270¢ 3.340
142. Isopentane 2.30 3.180¢ 3.092
143. 2-Methylpentane 2.80 3.790° 3.711
144. 3-Methylpentane 2.80 3.830° 3.711
145. Hexane 3.00 3.960° 3.958

¢ 8 is the molal concentration. *® Calculated values for com-
pounds 1-140 were made using constants in set 10, Values for
compounds 141-156 were found using constants in set 9.
<J. A. V. Butler, D. W. Thompson, and W. H., Maclennan, J.
Chem. Soc., 674 (1933). ¢S. R. Palit, J. Phys. Chem., 51, 837
(1947). ¢+ P. M. Ginnings and R. Baum, J. Am. Chem. Soc., $9,
1111 (1937). /P. M. Ginnings and R. Webb, 7bid., 60, 1388
{1938). ¢ P. M. Ginnings and M. Hauser, /bid., 60, 2581 (1938).
AP. M. Ginnings and D. Coltrane, ibid., 61, 525 (1939). 7 A.
Seidell, “Solubilities of Organic Compounds,” Vol. 2, 3rd ed, .
Van Nostrand Co., New York, N. Y., 1941, i P. M. Ginnings,
E. Herring, and D. Coltrane, J. Am. Chem. Soc., 61, 807 (1939).

alkane’ and for a branch in the chain (e.g., isopropyl vs. n-pro-
pyl) 0.20 was subtracted from the value for the straight-chain
compound. The value for cyclohexane was estimated in two
ways. Subtracting log P for phenoxyacetic acid from 4-cyclo-
hexylphenoxyacetic acid® gives log P for cyclolexane as 2.51
(hydrogen is taken as zero). The = value for OH is —1.16
(log P n-propy! alcohol —1.50); subtracting this from log P
for cyclohexanol yields 2.39. We have chosen the value of
2.46 for cyclohexane and hence the value of 0.41 for each eyclic
CH: group. Other cycloparaffins were calculated by adding
or subtracting 0.41 for each CH, to cyclohexane. Log P for
(CICH:CH,),S, mustard gas, was calculated by adding 2(0.39),
x for 2 Cl, to log P of 1.95 for diethyl sulfide. = for Cl is
found by subtracting 2.00 (log P CH,CH,CH.CH;-) from
log P of 2.39 for 1-chlorobutane. The values for the alcohols
were based on 1-propanol (log P 0.34) and t-butyl aleohol (log P
0.37) in addition to the values marked in Table 1. The values
for the ethers were based on log P 2.03 for ethyl buty] ether.
The example of compound 40, Table 1, serves to illustrate the
method of ealculation. To the value of 0.61 for 2-butanol
was added 1.00 for the two additional carbon atoms. From
1.61 was subtracted 0.20 for a branch in the chain and 0.30
for the double bond to obtain the figure of 1.11. Cyclopropyl
ethyl ether was calculated as follows. Subtraction of 2.00
from 2.03 for butyl ethyl ether yields the value of 0.03 for the
-OLt fragment. Subtracting 0.20 for 2-butanone from the
value? of 1.50 for CH;COCH.CH-c-C;H, yields a value of 1,21
for the cyclopropyl group. Thus 0.03 + 1.21 = 1.24 for com-
pound 84, Table 1.

The partition coefficients were determined as previously
dgscribed.“ Where possible, analysis of the phases was done
using a Cary Model 14 spectrophotometer. For those mole-
cules not adsorbing strongly in the ultraviolet region, vapor
phase chromatography was used for analysis. Complete details
of this latter method will be published elsewhere.

_The values for log 1/S in Table I were selected, where pos-
8ible, for solubility at 20-25°. In some instances several values
were given for a particular compound at different temperatures
and in these cases we interpolated to 25°.

Discussion

In,considering the correlations obtained with sets
1-11, one must face the result that, except for the
alkanes and possibly the alkenes, each of the liquids
8ppears to partition between itself and water in much
thesame way asit partitions between octanol and water.

hat equations with constants of sets 10 and 11 should

]
—
-

Log — Log —s'

Compound Log P* obsd caled

146. Heptane 3.50 4.530° 4.577
147. 2,4-Dimethylpentane 3.10 4.390° 4.082
148. 2,2-Dimethylpentane 3.10 3.670° 4.082
149. Octane 4.00 5.240 5.195
150. Cyclopentane 2.05 2.650° 2.783
151. Cyclohexane 2.46 3.180° 3.290
152. Methyleyclopentane 2.35 3.300° 3.154
153. Cycloheptane 2.87 3.510° 3.797
154. Methylcyclohexane 2.76 3.850+ 3.661
155. Cyclooctane 3.28 4.150° 4.304
156. 1,2-Dimethylcyclohexane  3.06 4.270 4.032

*P. M. Ginnings, D. Plonk, and E. Carter, 1bid., 62, 1923
(1940). ' H. Fihner, Ber., 57, 510 (1924). = A. P. Altshuller
and H. E. Everson, J. Am. Chem. Soc., 75, 1727 (1953). =~ H,
Sobotka and J. Kahn, ibdd., 53, 2935 (1931). ° G. M. Bennett
and W. G. Phillip, J. Chem. Soc., 1930 (1928). » 1. Fischer and
L. Ehrenberg, Acta Chem. Scand., 2, 669 (1948). ¢ P. Gross,
J. Am. Chem. Soc., 51, 2362 (1929). rP. M. Gross, J. H.
Saylor, and A. Gorman, ibid., 55, 650 (1933). + C. McAuliffe,
J. Phys. Chem., 70, 1267 (1966). *P. M. Gross and J. H.
Saylor, J. Am. Chem. Soc., 53, 1744 (1931). + Experimentally
determined partition coeflicients were used for compounds
marked by asterisks (sec Experimental Section).

hold can be ratijonalized from the thermodynamic point
of view as follows. Consider the ith solute of a group
whose solubilities and partition coefficients are being
compared. For pure solute in equilibrium with a
saturated aqueous solution we can equate the chemical
potentials of the solute in the two phases. In eq 3,

w) = p°(H:0) + RTIn § 3)

ui(l) and p;°(H,0) are the chemical potentials of the
pure liquid solute and of the solute in a 1 M ideal
aqueous solution, the hypothetical standard state for
the solute. S is the molar concentration of solute in
the saturated aqueous solution. This expression
ignores any nonideality of the solution and the thermo-
dynamic activity of the solute has been replaced by its
molar concentration. )

Similarly for the partitioning of the same solute
between water and octanol, we have at equilibrium

#i°(H:0) + RT In Ci(H,0) = w°(oct) + RT In Ci(oct) (4)

where p,° has the same significance as in eq 3, in one
case referring to the aqueous solution and in the other
to the octanol solution.” C; refers to the molar con-
centration of the solute in each of the phases. Sub-
stituting P, the partition coefficient for the ratio
Ci(oct)/Ci;(H:0), eq 3 and 4 yield

#°(H10) = pi()) —RTIn 8 = x;°{oct) + RTIn P %)
from which we obtain

wi®loct) — ()

1
log g = log P + =—oorrr (6)

which is of the same form as eq 2. The last term in
eq 6 is related to the free-energy change in dissolving
1 mole of pure solute in octanol to give a 1 M ideal
solution. For the ideal solution the only contribution
to this term is the entropy of mixing. The value of
the intercept calculated on this basis is —1.28.

The octanol-water partition coefficients were all
determined at low concentrations, 10~* to 10~* M in
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TasrLe 11
No. of
Type of compd compdse Slope?* Intercept® r ’
1. Alcchols 1-41 1.113 + 0.08 -0.926 £ 0.12 ' 0.967 0.138
2. Ketones 42-54 1.229 +0.13 ~0.720 £ 0.19 0.980 0.164
3. Esters 55-72 1.013 £ 0.08 —~0.520 £ 0.15 0.990 0.201
4. Ethers 73-84 1.182 + 0.25 -0.935 £ 0.35 0.938 0.160
5. Alkyl halides 85-104 1.221 £ 0.20 —0.832 £ 0.45 0.928 0.235
6. Alkynes 105-111 1.294 + 0.37 —1.043 £ 1.13 0.953 0.319
7. Alkenes 112-123 1.294 + 0.13 —0.248 + 0.33 0.985 0.131
8. Aromatics 124-139 0.998 +£0.11 —~0.339 £+ 0.31 0.975 0.179
9. Alkanes 141-156 1.237 £ 0.18 0.248 + 0.54 0.953 0.199
10. All compounds less alkanes 1-140 1.214 £ 0.05 ~0.850 £ 0.11 0.955 0.344
11. All compounds 1-156 1.339 £ 0.07 —0.978 £ 0.15 0.935 0.472
« Number of compound in Table II. *aineq3. cbineq?2.

octanol and 103 to 10~* Af in water. The assumption
of ideality in eq 4 is therefore reasonable. However,
almost half of the compounds in Table I have solu-
bilities exceeding 0.1 M and ten have solubilities
greater than 1.0 M. The effect of considering non-
ideality would be to add a term, RT In v;, toeq 3 and 6
where v; is the activity coefficient of the 7th sclute in its
saturated aqueous solution. Inasmuch as most of
these aqueous solutions would be expected to show
positive deviations from Raoult’s law,. most values of
v; would be greater than one. The correction term
RT In v would therefore account for at least part of
the difference between the contribution of the intercept
of —1.28 due to entropy of mixing and the observed
value of —0.85 in set 10.

We are concerned here with the common solubility-
limiting characteristics of a large group of compounds.
The dissolution of such compounds in water is a
complex process and a variety of forces such as hydro-
gen bonding, dipole interactions, and dispersion
forces have been recognized as factors which must be
considered.?
which has been developing from the studies of Frank
and Evans'® seems to us to be useful in understanding
the results.

The hydrophobic ‘“bond” is complex, involving
polar and apolar interactions. While the concept has
been particularly fruitful in rationalizing biochemical
phenomena,®1~1? Scheraga!4 and his coworkers have
applied it to association of organic molecules in
agueous solution.

It has been shown that the transfer of a hydrocarbon
from a nonpolar environment to an aqueous one is
exothermic for aliphatic hydrocarbons and approxi-
mately athermal for aromatics. The low solubility
of these and other organic compounds in water is
associated with a large negative entropy of solution!®
which is due to the formation of a loosely held but
highly structured envelope of water molecules around
the apolar portions of the organic molecules as they
enter the solution. It is predominantly the molecular
size and shape which determines how many water
molecules enter into the structured sheath around the

(9) J. H. Hildebrand, **Bolubility of Non-Electrolytes,” Reinhold Pub.
lishing Co., New York, N, Y., 2nd ed, 1938.

(10) H. 8. Frank and M. W. Evans, J. Chem. Phys., 18, 507 (1945).

(11) G. Némethy and H. A. Scheraga, J. Phys. Chem., 66, 1773 (1962).

(12) C. Tanford, J. Am. Chem. Soc., 84, 4240 (1962).

(13) 1. M. Klots, Brookhaven Symp. Biol., 18, 25 (1960).

(14) A. Y. Moon, D. C. Poland, and H. A. Scheraga, J. Phys. Chem., 88,
2060 (1965).

(15) W. Kausmann, Advan. Protein Chem,, 14, 37 (1959).

The concept of the hydrophobie “bond” -

apolar portions of the organic solute molecule and
therefore determines the magnitude of the negative
entropy of solution.

The linear free-energy relationships embodied in sets
1-11 as well a8 the constitutive and additive nature of
r indicate that the major factor determining the
partitioning of organic molecules between aqueous and
organic phases is the extent to which they form hydro-
phobic bonds. The effects of hydrophobic bonding so
outweigh the various inleractions of solute molecules with
the organic member of the solvent system that the
excellent correlations of sets 10 and 11 result. Thus
using these equations and = values derived from
measurements of octanol-water partition coefficients
for a limited number of organic compounds, it is
possible to predict aqueous solubility of large numbers
of organic liquids with quite satisfactory precision.

One of the important problems of structure-activity
studies in biochemical systems is the selection of a
suitable apolar liquid to model the lipid phases in
biclogical systems. A suitable solvent pair such as
water and l-octanol eould then be used as a reference
system in the study of apolar interactions. Many
different studies have been made attempting to
correlate various kinds of biological responses with the
way in which enzyme substrates or drugs distribute
themselves between two phases. While many dif-
ferent solvents or combinations of solvents have been
used, no extensive comparative studies of the relative
value of different solvents have been made. The
results in sets 1-11 would indicate that most mono-
functional aliphatic liquids (except the alkanes) might
give similar results.

In conclusion, one can say that the correlation
obtained with the constants of set 10 justifies the
agsumptions made in deriving eq 6. As has been
repeatedly pointed out,!*-!¥ one of the justifications for
studies of apolar interactions of small molecules with
themselves is that it enables us to understand better
their interactions with proteins and the internal
bonding of proteins. In addition to showing that the
water solubility of organie liquids is an additive—
constitutive property, the present results help to
clarify our understanding of the Meyer-Overton model
using organic solvents to approximate biolipophilic
phases.

Acknowledgment.—We are indebted to Susan M.
Anderson, Smith Kline and French research associate,
for the determination of a number of the partition
coeflicients used in this work.
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INTRODUCTION

Toxicity measurements are important in evaluating potential adverse environ-
mental response of organisms to chemical exposure. For chemical wastewaters,
discharge concentrations may be related to response of aquatic organisms,

e.g. fish, daphnia, etc., reported as acuteiletbal concentrations resultiné
in fifty percent population reduction (LCSO)' Testing is generally compli-
cated and time-consuming.  Simpler toxicity measurement techniques are useful
in screening chemical components in proposed or existing watewater discharges,
and in decision making processes for wastewater handling. The Beckman Micro-
toxTM EC50 (effective concentration resulting in inzevivationgef fAfty

percent of the bacteria, Photobacterium phosphoreum has been proposed as an

alternative toxicity measurement. The usefulness, reliability, and relation-
ships of ECSO to LCSO testing are important factors in application of
EC50 toxicity data. Work performed in Air Products and Chemicals (APCI)

laboratories using the EC50 measurements is reported herein.

PURPOSE OF STUDY'

Three principal areas of interest were investigated:

o Testing a variety of chemicals to determine ECSO and the effects of

exposure time on the EC50 measurement.

o Testing the MicrotoxTM as a screening device ‘for EC reliability

50
as a relative toxicity indicator.
o Comparing and correlating ECSO with reported aquatic acute toxicity

data (LCSO)'
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MICPOTAN: THE INSTRUMENT

. ™ . . . .
The Microtox ', designed to operate with the Beckman reagent, is a precision

photometric instrument. Using a marine luminescent bacterium (Photobacterium

phosphoreum) the MicrotoxTH is sensitive to a wide variety of chemical compounds
both organic and inorganic. To qualify the data reproducing capabilities of

its instrument, Beckman ensures the genetic stability of its reagent. In
addition, the routine use of a standard of known toxicity, in this case
2,6-dinitrophenol, provides a check on viability/consistency of the results.

The MicrotoxTM is simple in design and is easily calibrated and oﬁerated. The
instrument includes: a fifteen compartment temperature controlled incubation
area; a reaction chamber; and a digital display of percht light loss.

There are also voltage and temperature checks, a chart recorder which graph-
ically dépicts percent light, a digital display, and system zero and temper-

ature adjustments.

The theory of operation and instrumental procedures are discussed fully in

Beckman technical literature (1).

DATA REDUCTION . ’

A certain amount of light loss occurs naturally in the bacteria reagent;
this is not due to any toxic effect. All data is calculated to compensate

for this independent loss of light .which accurs during the testing time.
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The egquation for this normalized light loss is (1):

Normalized 9 iight Loss = BR (Io) - (It) X 100%

BR 1
o

where: BR = blank ratio
- this is derived by dividing the final time blank by

the initial blank

BR = Bt
B
o
Io = zero time light reading of any cuvette
It = final time light reading of any cuvette

Selected organic and inorganic compounds were chosen for toxicity testing by
MicrotoxTM depending on availability of their LC50 data. Original reagents
of 98% purity or less were further purified by simple distillation prior to

MicrotoxTM testing. Sample concentrations were checked by total organic

carbon analysis where applicable.

RESULTS AND DISCUSSION

Standard Toxicity Check

To insure the integrity of the MicrotoxTM, a standard of known toxicity
(ECSO) is-tested prior to any analyses of suspected toxins. The use of

2,6-dini€rophenol as a standard has been adopted.

-3-
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Figure 1 illustrates the repeatability of results when the standard was
tested. Also shown are two.instances where-grossly different results were
seen. Since the instrument contains internal checking mechanisms, a change
in results may indicate a problem with the reagent bacteria or'a problem
with the standard. 1In both cases shown, a new standard was prepared and
replicate testing showed poor results, indicating that a problem existed

in the reagent. The lot of bacteria was nearly outdated, and use of a

fresh lot gave expected toxicity response for the standard.

Repeatability of ECSO Testing

All EC50 tests were done in duplicate to assure validity of results. Figure 2
shows duplicate test results for Ccyanide. Excellent agreement was obtained

" for cyanide at all exposure times tested. Figure 3 shows duplicate test
results fof 2,4~toluenediamine, and represents "worst-case" results obtained
for the chemicals tested. Even this "worst-case" shows very good répeat-

ability.

30

5 ;
EC 50 versus EC 50

ECSO measurements were compared for each of the chemicals to determine
exposure time effects, and the results are shown in Table 2. 1In all cases

except 2,4-toluenediamine, ECSSO (the'EC50 measured at 5 minutes) was

30

equal to or greater than EC 50 (the EC50 measured at 30 minutes). The

greatest changes observed were cyanide, with decrease of EC from 5.6 mg/l

50
to 0.08 mg/l (see Figure 7) and cyclohexylamine, 4300 mg/l to 120 mg/l (see

Figure 8) for ECSSO and EC3050 respectively. These changes may

Y




reflect time for either lethal accumulation or kinetic effects on enzyme
systems of the bacteria. In the case of 2,4-toluenediamine, the increase in
EC50 aF longer exposure times may be due to a stimulation/excitation
chemical effect on the bacteria. Of the fourteen chemicals tested, eight
showed no or insignificant (<1%) change in EC50 with time, five showed

greater toxicity, and one showed lesser toxicity.

Comparison of EC50 to LC50

EC50 measurements have been compared to LC50 values for concentration
relationships and hierarchy of toxicity. Table 1 lists reported MicrotoxTM
and observed fish assay results (2). Table 3 shows the results of the

chemicals tested in this study for the range of LC50 values. The general

trendsvobserved are that for the highly toxic chemicals, LCSO and ECSO

values show good correlations in most cases. As LCSO toxicity decreases,
EC50 toxicity also decreases, with_ECso being less conservative an

indicator of toxic concentrations with decreasing toxicity.

Tables 5, 6 and 7 compare ECSO with specific fish species (fathead minnow,

golden orfe, and bluegill sunfish, respectivély) LC50 toxicity. ECSO

is generally a good indicator of higher toxicities for all three fish
species, and becomes less conservative with increasing EC50 concentra-

tions. There are notable exceptions in each fish species for low LC50

concentrations. Propionitrile gave an EC50 of 5200 mg/l and an LC50

of 10 mg/l for fathead minnows. Similarly, TNT had an EC,. of 20 mg/1

50
and an LC50 of 2.6 for the same species. The ECSO of allylamine

measured 12500 mg/l1 and the LC50 for that compound was 70 mg/l for the




golden orfe. EC50 results showed an order of magnitude difference higher

LC50 values for five of eight compounds in bluegill sunfish toxicity tests.

data, and

Mathematical relationships were formulated from literature LC50
Beckman literature and APCI generated ECSO data. An exponential model
of the form
_ n
LC50 = K(ECSO)

- yielded the model results for K and n shown in Table 4;

TABLE 4
Linear Correlation
Species K _n_ Coefficient
Fathead Minnow 1.9 0.72 0.85
Bluegill Sunfish 0.52 0.77 0.85
Golden Orfe - 39.8 0.30 0.61

Corresponding linearized plots of the data and fitted model are shown in
Figures 4, 5, and 6, respectively. The model results are best viewed

as preliminary, based on the small data sets available for ECSO’ Addi-
tionally, the assumption of a direct relationship between chemical species
toxicity for simple bacteria and macrovertebrates is simplistic. However,

the models, ‘in reality the data, show that EC50 gives a useful- indication

of higher toxicity chemical species, i.e. low EC50 values correspond to
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low LCSO values. As the toxicity data bases increase, this hypothesis
will be further tested, the model refined, and better relationships

developed.

SUMMARY AND CONCLUSTIONS

o The Beckman MicrotoxTM is a quick and effective method for toxicity
screening. Mixrotox?% compares favorably with other aquatic toxicity
tests for relative toxicity determinations, i.e. the general order

of toxicity is the same for LC50 and ECSO results.
o The use of a toxicity standard is necessary for valid testing results.

© Repeatabilitiy of MicrotoxTM testing is excellent. Although results indi-
cate the need is not absolute, duplicate testing is recommended because

of the ease and quickness- of the MicrotoxTM procedure.

o A preliminary exponential relationship for specific fish test toxicity
(LCSO) and MicrotoxTM toxicity (ECSO) has been developed. This first-
pass model agrees well for more highly toxic chemicals, with ECSO

becoming a more liberal estimator for less toxic substances.
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TABLE 1

SAMPLE COMPARISON OF SPECIFIC TOXICANTS (2)
(all results in mg/L)

Fish Assay

) Microtox

Toxicant (5 min ELSO) (96 hr LCSO")
Mercury (1I) 0.065 0.01 - 0.9
Pentachlorophenate 0.5 0.21 - 0.6
Aroclor 1240 0.7 0.3 - 1.0
p-Cresol 1.5 3.5 - 19
Ammonia (free) 2.0 0.068- 8.2
Benzene 2.0 17 - 32
Sodium Lauryl Sulfate 2.5 5 = 46
Zinc (II) 2.5 0.26 - 7.2
Malathion 3.0 0.07 - 19.5 .
Formaldehyde 3.0 18 - 185
Copper (1I) 8.0 0.1 - 10.7
Cyanide as HCN 8.5 0.1 - 0.44
Trinitrotoluene 20 2.6
Phenol 25 9 - 66
Chromium VI 70 29 - 133
1-Butanol 3,300 1,200- 1,940
Isopropanol 4,200 4,200~ 11,130
Urea 24,000 12,000
Ethanol 31,000 13,500
*LCSO: The concentration of a substance which is lethal to 50% of the

test group.
Note: LC 0 data ranges were compiled using averages of testing per-

formed using the following aquatic species:

Fathead Minnow Goldfish

Bluegill Sunfish Guppy

Rainbow Trout
Water Flea
Daphnia

Channel Catfish

Striped Bass
Golden Orfe
Bay Shrimp




Compound

Cyanidea

4,6-Dinitroorthocresol?

Ammonia
2,4-Dinitrophenola
2,4-Dinitrotoluene
2,4-Toluenediamine
Cyclohexylamine

Picric Acid

Propionitrile

Allylamine
n-Butylamine
Acetonitrile
Ethylamine
Diethylamine

* EC50

AVERAGE EC

TABLE 2

(mg/2Y"

. DATA

5 minutes

WAL
- O W

3

73
4,200
535
5,200

13,000
18,500
24,000
31,350
38,000

is an average of replicate testing.

a: Defotes a compound which EPA has listed

‘pollutants.

 TABLE 3

30 minutes

8

AP O
-~ O WU o

21
86
120
535
5,200

12,500

18,500

24,000

31,000

32,000

as one of the 129 priority

Comparison of Relative Toxicity Using LC50 and EC50 Data

Compound

4,6-Dinitro-o-cresol
Ammonia

Picric Acid

Cyanide
2,4-Dinitrophenol
2,4~Toluenediamine
Propionitrile

“Cyclohexylamine
Allylamine
n-Butylamine
Ethylamine

" Diethylamine
Acetonitrile

LC
(96°Rr)
0.003 - 2.0
0.068 - 0.358
0.09 - 0.167
0.1 - 0.3
0.41 - 0.62
8 - 20
10 - 30
58 =195
6 - 76
171
40 - 240
850
1000 - 7050

EC

63
2.0
535
5.6
6.1

73

5200

4200

13000
18500
31500
38000
24000

(5 még

)

EC50

(30 min)

15
2.0
535
0.08
6.1
86
5200

120
12500
18500
31000
32000
24000

¥




ECSO Toxicity Results Comparison to Fathead Minnow LC

Compound

Cyanide
Aroclor 1240
p-Cresol
Ammonia
Benzene
Malathion
Phenol
Trinitrotoluene
1-Butanol
Isopropanol
Propionitrile
Acetonitrile
Ethanol

BC50 Toxicity Results Comparison to Golden Orfe LC

Golden Orfe

Benzene
Formaldehyde
Cyclohexylamine
n~-Butylamine
1-Butanol
Allylamine
Acetonitrile
Ethylamine
Ethanol

EC50 Toxicity Results Comparison to Bluegill Sunfish LC

Compound

Cyanide

Aroclor 1240
Benzene

Malathion
2,4-Dinitrophenol
Phenol
2,4-Toluenediamine
Acetonitrile

TABLE 5

50 Assays
LC50(3) ECSO
0.12 0.08
0.3 0.7
20 i 1.5
1.6 - 2.0 2.0
30 2.0
9.0 3.0
29 25
2.6 20
1900 3300
11000 4200
10 5200
1000 24000
13500 31000

TABLE 6

50 Asiays
LC50(3) ECSO
33/45/62 2.0
75 3.0
130 120
170 1850
1200 3300
70 12500
6500 24000
240 31000
4000 31000

TABLE 7

LCg, (3)

0.20
0.984
22
0.11
0.62
26

8
1850

-10-

Asays

50
EC
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FIGURE 3-TOXICITY EFFECTS OF 2,4 TOLUENEDIARINE
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FIGURE 7-TOXICITY EFFECTS OF CYANIDE
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" FIGURE 8 - TOXICITY EFFECTS OF CYCLOHEXYLAMINE
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