AD=A067 541  CINCINNATI UNIV OHIO DEPT OF ENVIRONMENTAL HEALTH F/6 6/20 \‘
THE TOXICITY AND IRRITANCY OF ULTRAFILTRATES OF NON=SANITARY MI==ETC(U)
AUG 78 S WITHERUP» E A EMMETT DAMD17=76=C=6006

UNCLASSIFIED .

W

HEENNN
=] 1 I ) )

--- '
b
]

4




SECURITY CLASSIFICATION OF THIS PAGE (Whan Date Entered)

REPORT DOCUMENTATION PAGE
1. REPORT NUMBER

GOVY ACCESSION NO

/g

READ INSTRUCTIONS
BEFORE COMPLETING FORM
RECIPIENT'S CATALOG NUMBER

TITLE (and Subtitl

{

The Toxicity and Irritancy of Ultrafiltrates of

Non-Sanitary Military Wastes , {‘

e

EROD CO
Final re P —

1 JulsdilR76-80 1 Augwelylg?

. PERFORMING ORG. REPORT NUMBE

THOR(®))
D Sylvan
Edward A. [mett

ithemp% B.S., Adj. Assoc. Prof.

M.B., B.S., M.S., Assoc. onf.C

5
- lzupn-'is-c

OR GRANT NUMBER(s;

Sy

KRFORMING ORGANIZATION NAME AND ADD'E?‘
Department of Environmental chtn -
iversity of Cincinnati &ney Medici

Cincinnati, Ohio 45267
11. CONTROLLING OFFICE NAME AND ADDRESS
U.S. Army Medical Research and Development
Command, Washington, D.C. 20314

27627208835 | ouses]

10. PROGRAM ELEMENY, PROJECT, T
5.22 & WORK UNIT NUMBERS i

i

17

12. REPORT DATE

August 1, 1977
13. NUMBER OF PAGES
221

I 1T WONITORING AGENCY NAME & ADDRESS(If dill

15. SECURITY CLASS. (of this report)

Unclassified
mwmr‘

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, il ditferent (rom Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side I necessary and identily by block number)
Laundry waste water; shower waste water; synthetic shower waste water; real
shower waste water; chlorinated; ultrafiltrates; skin irritation; eye

. irritation; toxicity

'a'fauna.c!fcnm--mn 2ido I nocessary Gnd Identily by Mock sumber)

A growing demand for water coupled with decreasing suwpply in many parts of the
world has indicated a need to recycle and reuse water vhenever possible. The

continued reuse of limited water supply is feasible if hazards to health in-
herent to the accumulated wastes can be eliminated by efficient purification

Pprocesses.

(continued)

DD 7%y W73  eomon or 1 wov e8 15 ossoLETE

o AT




DO NoE TYPL TH THIES SPACE-BINDING MARGIR

R Y T ey
v T T T o e e ——

Continuation page

| not seem to be an important variable.

20. Abstract (continued)

A process of membrane ultrafiltration and post chlorination has been developed to
treat laundry and shower waste waters for potential recycle and reuse. Samples of
water taken at various stages in the purification process have been evaluated in
respect to their immediate toxicity when given orally to mice, as a primary skin
irritant wvhen kept in contact with the intact and abraded skin of rabbits and as an
irritant to the ocular tissues in rabbits. Each of these tests provided quantitative
data which correlated with the efficiency of the purification process. ;

The sample waters investigated were identified as: (1) synthetic laundry waste
water, (2) synthetic or real shower waste water, (3) ultrafiltrates of Group 1,
(4) ultrafiltrates of Group 2, and (5) concentrates (10 to 1000 fold) of waters from
each of the 4 groups. The synthetic waste waters were constituted by adding to tap
water known amounts of the chemical components identified in the real waste water,
thereby providing for study water of known chemical composition which could be dupli-
cated or altered as required. The various real wastes and ultrafiltrates were con-
centrated by a process of freezing. — -

Ninety-five water samples have been tutcd.év The ultrafiltrates (including those feon-
centrated by freezing) caused no irritation in the skin or eye of rabbits, and were
not toxic when given orally to mice.-{Highly concentrated wastes led to skin irri-
tation ranging from mild ema to necrosis and corrosion; evoked mild to severe
conjunctivitis in the éye of rabbits and were toxic when given orally in massive
dosage to mice. KThe severity of these responses was directly related to increasing
concentration of waste chemicals as measured by the total organic carbon content

of the watct.\/_ 1
Ten of the water samples tested for mutagenic activity by the Ames test were all '
non-mutagenic; of these ten, six have been tested for irritation to the skin of
volunteer human subjects.

Using a 21-day Continuous closed patch test technique in humans as a test for
cumulative irritancy, two out of eight tested water samples namely S40 (100X
synthetic shower waste) and L7 (50X synthetic laundry waste) were found to be
significantly irritating. Irritation resulting from any of the ultrafiltrates and
from actual shower waste was insignificant; waters 8§50, 853, S55A, L1l4, pooled
Cincinnati tap water and distilled deionized water did not produce significant s
irritation under the circumstances of the test. The observed reactions to the two
irritant samples showed a consistently different morphology and developed at aif-
ferent rates. Because of these differences, the relative degree of irritance
assigned to the samples varied depending on the method used to score the overall
irritation. No evidence of allergic contact sensitization was seen with either
water; challenge patch testing was negative in both cases. Males appeared to be
more easily irritated than females with both water samples. All testing was per-
formed on the upper back; within this region ol the skin relative patch position did




Unclassified

THE TOXICITY AND IRRITANCY OF ULTRAFILTRATES OF
NON=SANITARY MILITARY MASTES

Final Report

Sylvan Wwitherup, B.S., Adj. Assoc. Prof.

Edvard A. Emmett, M.B., B.S., M.S.
Associate Professor

August 1, 1978

R

Supported by

U.S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND
Washington, D.C. 20314

For

; Dr. Jack C, Dacre

? Environmental Protection Research Division

; _ U.8. Army Medical Bioengineering Resesrch and
| Development Leboratory

Fort Detrick, Maryland 21701

[ ACCEOY for

NTS White Scoion 4
Contract No. DAMD]7-76-C-6006 o ol Sotties T
UNANNOURCE® C
JUSTIFICATION o —
Department of Environmental Health |- G
University of Cincinnati College of Medicine Y

Cincinnati, Ohio 45267 STRRCTGRIEAT A T A E.
jaticos CIAL 1
O e R
Approved for Public Release
Distribution Unlimited

mcumam.mmmuumm.-noznmxm-
ment of the Army position unless so designated by other authorized documents.

G N Tl

AR PR ™ 7 T T RO

. Rt i 5 2 i T
s il s e i bl i AN SN A M Ll ” >




T . = o = ™ - o 2 Ty v e

4 TOXICITY AND IRRITANCY OF ULTRAFILTRATES OF
-‘ LAUNDRY AND SHOWER WASTE WATERS

SYLVAN O. WITHERUP, Edward A. Emmett, Department of Environmental Health,
coﬁcge of llnaclm. University of Cincinnati, Cincinnati, Ohio.

: EXECUTIVE SUMMARY

A growing demand for water coupled with decreasing supply in many parts

* ' of the world has indicated a need to recycle and reuse water whenever possible.

The continued reuse of limited water supply is feasible if hazards to health

- inherent to the accumulated wastes can be eliminated by efficient purification
processes.

: - A process of membrane ultrafiltration and post chlorination has been |

developed to treat laundry and shower waste waters for potential recycle and

AR

reuse. Samples of water taken at various stages in the purification process have
been evaluated in respect to their immediate toxicity when given orally to mice,

as a primary skin irritant when kept in contact with the intact and abraded skin

oy

of rabbits and as an irritant to the ocular tissues in rabbits. Each of these
tests provided quantitative data which correlated with the efficiency of the

purification process.

Y

The sample waters investigated were identified as: (1) synthetic laundry

waste water, (2) synthetic or real shower waste water, (3) ultrafiltrates of

Group 1, (4) ultrafiltrates of Group 2, and (5) concentrates (10 to 1000 fold)

of waters from each of the 4 groups. The synthetic waste waters were constituted

by adding to tap water known amounts of the chemical components identified in

the real waste water, thereby providing for study water of known chemical composi-
tion which could be duplicated or altered as required. The various real wastes
and ultrafiltrates were concentrated by a process of freezing. 1
Ninety-five water samples have been tested. The ultrafiltrates (including
those concentrated by freezing) caused no irritation in the skin or eye of rab-

j.j,"-” bits, and were not toxic when given orally to mice. Highly concentrated wastes




led to skin irritation ranging from mild erythema to necrosis and corrosion;

evoked mild to severe conjunctivitis in the eye of rabbits and were %oxic when
given orally in massive dosage to mice. The severity of these responses was
directly related to increasing concentration of waste chemicals as measured by
the total organic carbon content of the water.

Ten 6f the water samples tested for mutagenic activity by the Ames test

were all non-mutagenic; of these ten, six have been tested for irritation to the

skin of volunteer human subjects.

T Using a 21-day Continuous closed patch test technique in humans as a test
for cumulative irritancy, two out of eight tested water samples namely S$40
(100X synthetic shower waste) and L7 (50X synthetic laundry waste) were found
to be significantly irritating. Irritation resulting from any of the ultra-
filtrates and from actual shower waste was insignificant; waters §50, 8§53, 85SA,
L14, pooled Cincinnati tap water and distilled deionized water 4id not produce

significant irritation under the circumstances of the test. The observed

reactions to the two irritant samples showed a consistently different morphology

and developed at different rates. Because of these differences, the relative

degree of irritance assigned to the samples varied depending on the method used
to score the overall irritation. No evidence of allergic contact sensitization

was seen with either water; challenge patch testing was negative in both cases.

Males appeared to be more easily irritated than females with both water samples.
All testing was performed on the upper back; within this region of the skin
relative patch position 4id not seem to be an important variable.
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I Introduction

A growing demand for water coupled with decreasing supply in many parts
of the world has indicated a need to recycle and reuse water whenever possible.
The continued reuse of limited water supply is feasible if hazards to health

inherent to the accumulated wastes can be eliminated by efficient purification

w
ST AR 2 TR e

processes. The University of Kentucky\ in contract with the U.S. Army Medical

Anom o oox

, Research and Development Command (C £72-C-2050) has developed membrane
ultrafiltration and post chlorination as a waste treatment and water renova- ;
tion process for the potential recycle and reuse of laundry wastes, shower
wastes and combined wastes containing both laundry and shower waste consti-

’ tuents.

In this research, toxicity tests served two purposes: Pirst to detect
changes in the toxic and irritant properties which were occasioned by changing
the treatment process and which quantitated physiological effects in correla-
tion with the efficiency of the treatment process. Secondly tests were needed

also which would provide data suitable in part for judging the safety of water

§ ": processed by the procedure.
. II. Materials

The technical details of the purification process have been described in

the final report submitted by Dibakar Bhattacharyya and Robert B. Grieves (2),
Department of Chemical Engineering, University of Kentucky. A schematic dia-

gram of the system is presented in Figure 1 which may clarify the description

of the water samples.
The sample waters investigated were identified as: (1) synthetic laundry

waste water, (2) synthetic or real shower waste water, (3) ultrafiltrates of

s RO G
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TABLE 1. The Composition of Synthetic IX (First Use)
Shower and Laundry Wastes

Shower Waste Laundry Waste
Component mg/1 Component mg/1
Soap (deodorant) 70 Nonionic surfactant

(primary alcohol
Shampoo 50 ethoxylates) 100

g » Carboxymethyl

Hair tonic 25 celluloss 5
Tooth paste 40 0il 200
Shower-lavatory Ca(2+) 50
cleaner 100

P 100
Disinfectant
(sodium-o-phenyl Silicates 1c0
phenolate) 20
Insect repellant 20 Bleach (C1,) 10
Soil (0.2 clay) 20 Clay 100

Total organic carbon (TOC) content

86 mg/1 186 mg/1

11
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Group 1, (4) ultrafiltrates of Group 2, and (5) concentrates (10 to 1000
fold) of waters from each of the 4 groups. The synthetic waste waters were
constituted by adding to tap water known amounts of the chemical components
identified in the real waste water, thereby providing for study water of known
chemical composition which could be duplicated or altered as required. The
various real wastes and ultrafiltrates were concentrated by a process of
freezing.

The concentrations of the chemical components normally found in the
respective wastes after one use are given in Table 1; these group concentra-
tions expressed as 1X have been taken arbitrarily as a unit of waste resulting
from a single use. Multiples of these 1X units represent the accumulated wastes
resulting from repeated reuse of the watey without any purification.

In all, ninety-five samples of water were tested. Shipped in lots of five

or more from Lexington, Kentucky via United Parcel Service, they wers received

at the Kettering Laboratory the next morning. The samples were transferreqd

¢ from plastic containers to pyrex glass bottles, sealed and stored under refrigera-
tion until used in the experiment. Usually five consecutively numbered samples

¢ were taken from the refrigerated supply, identified by number only and studied

without reference to the components or treatment process.

The order in which the samples of water were submitted for study, their

initisl identification and the detailed test results obtained with each semple

are contained in a series of progress reports submitted periodically to the

J U.S, Army Medical Research and Development Command, which have been included in
in this report as Appendix B. A full description of each sample is provided in

Table IA contained in Appendix A. A descriptive summary of all the samples is 3

given in Table 2. In this tabulstion, the first column shows the number of :

samples taken while processing a feed water containing the units of waste of

Table I specified in the column headed Type of Sample; the remaining columns

Py
L3
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TARLE 2. Description of Water Samples, their Number, Type and Source

N:g'r Tvl;‘ Total Organic Carbon ( 70C ) me/)
Samples  Sample :::::' {;;d glr:::t%%l;) '2:2:.,““;::0:0
Synthetic Shower Wagste
7 1x 30-55 26 141 115-367 (vP)
1 sX 624 (UF)
10 10X 204-210 49-113 129-1052
3 20X 1030
4 30X 1556-1620
2 50X 2181-3093
4 100X 2758-6044
3 200X 1556-4942
2 300X 15,000-18,000
2 500X 28,000
2 1000X 56,000
; Actual Shower Waste
21 1X 47-1215 19-68 104-1427  188-756 (F
& 147-337(UF
Synthetic Laundry Waste
{A) ¥With Neodol Detergent
2 2x 4 4o (UF)
1 5X 15
3 10X 252 50
1 50X 846
1 75X 930
1 1X+20 g.(A)/1 936
2 100X 2643
3 500X ?2,000-106,250
2 500X/2 42,000
1 500%/3 24,000
AB) With Army Tvpe 1 Detergent
1 1X + 20 g/1 (B) 986
2 1X+ 50 g/l 1843
2 1X + 100 g/1 2687
3 1X + 500g/1 75,000-77,000
Mixture of Synthetic Shower and Laundry Wastes (Equal Volumes S00X)
1 With Neodal (A) 46,000
1 With AT1 detergent 60,000

Spacial Samples
Rescrintion.

Tap water, freese concentrated
Na-O-phenyl phenolate (1000 mg/1)
Shower Cleanser (1000 mg/1)

i i i
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give the locations in the recycling system from which the samples were obtained
and the extent to which some of the samples were concentrated by a freezing
process; occasional wastes were diluted variously with tap water. The numbers
under the various categories refer to the content (mg/l) of total organic
carbon (TOC) found in the individual samples by chemical analysis at the
University of Kentucky.

Male CF mice received in lots of 250 per week from Carworth Farms were
distributed randomly, 5 per cage, among 50 cages contained on one rack. Male
New Zealand white rabbits weighing 24 to 3% kg were obtained weekly in lots
of 24 from various local rabbitrys; these were caged individually and were ob-
served with respect to their activities for 4 or 5 days prior to their use.

SECTION A - MAMMALIAN TESTING
Methods
Oral Toxicity

After two weeks or more of observation with respect to their normal
activity, 10 mice were weighed individually and given by intubation a dosage
of 10, 25, 40, 63 or 100 ml/kg of a spccj.f:ic water; a total of 50 mice were
given the respective dosages of any one water and 5 water samples were studied
with each lot of mice. After dosage, the animals were observed daily during
14 days for signs of illness. All fatalities and any change in normal activity
were noted in the records. The animals in each cage were weighed as a group
on days 3, 7 and 14 after their dosage.

Primary Irritation

The ability of each water to produce primary irritation in the skin was
measured according to the patch test technique described in paragraph 19I,1
of Regulations under the Federal Hazardous Substances Act, Part I9I, Chapter I,
Title 21, Code of the Federal Regulations published by the U,S, Department of

Health, Bducation, and Welfare, Food and Drug Administration (5) in 1965 and
as revised and smmended by the Consumer Product Safety Commission (4) in I973.

u
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TABLE 3. Scoring Primary Skin Irritation

NP E VRO S A

Erythema and Edema |
Eschar Formation Score Formation Score g
No erythema 0 No edema 0 |
Very slight erythema Very slight edema | 1
(barely perceptible) 1 (barely perceptible) 1 5
Well defined erythema 2 Slight edema (edges ;
of area well-defined ;
Moderate to by definite raising) 2 =
severe erythema 3 o= |
Moderate edema (raised | 1
Severe erythema (beet approximately one mm ) 3 | 4
] redness) to slight
eschar formation Severe edema (raised
(injuries in depth) 4 more than one mm and

extending beyond_ the
area of exposure

E Summary Tabulation of Scores

E Condition Time Average Condition  Time Average {
(hrs.) score (hrs.) score .
* (Q) | 1
5_ Erythema Edena
’ Intact skin 24 TR Intact skin 8 oo |
| T R SO s
Abraded skin 24 AT g Abraded skin 24 ___
" " 72 e " " ?2 B o, ‘
Subtotal (S1) Subtotal (S2) __ ___ I

Primary irritation score = (S1 + S2)/4 =___

(*) The score recorded in each of the eight categories is the
average value for the six animals used in each test.

15
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Test water (0.5 ml) was placed on a cotton swab about one square inch
in area and placed in contact with the bare abdominal skin of a rabbit; two
such patches were used with each water, one placed upon intact skin and the
other upon an area of abraded skin on each of 6 rabbits. The patches were
covered with a plastic sheet encircling the trunk of the animal and covered
with a denim corset which kept the assembly in place and permitted the animal
to be returned to its cage. After 24 hours, the coverings and patches were
removed and the reactions in the skin were scored according to their severity

as described in the procedural regulations summarized in Table 3.

Eye Irritation
The irritation produced in the eye following contact of the ocular tissues

with a specific water was measured according to the definitive test described

in paragraph 191.12 of the regulations cited above. Six rabbits were used for
each test. Each eye was examined for redness and chemosis in the palpebral and
bulbar conjunctivae and for any abnormality in the cornea or iris. If the
ocular tissues were not normal in appearance the animal was excluded from the
study. The test water was placed in one eye of each animal by gently pulling
the lower 1id away from the eye ball to form a cup into which 0.1 ml of the water
was dropped. The lids were held together for one second and the animal released.
The eyes were examined and the ocular reaction was recorded at 24, 48 and 72
hours. Grades for scoring the ocular lesions as defined in the Regulations are
shown in Table 4.
Results
Oral Toxicity - Mortality

Of the 95 samples submitted, 87 were administered orally to mice, the
volumes of three synthetic shower wastes (S-63, 64, 65) and five laundry wastes
(L-22, 23, 24, 25 and 26) being insufficient for the oral study. In the course
of the experiments six mice were accidentally injured and were discarded; they
were not included in the mortality data. Occasional mice escaped from their

cages and were at liberty for a few or several hours; when recaptured they

16




TRy T

TABLE 4. Grades for Scoring Ocular Lesions

Rabbit 24 nr“n 48 hours _zz.nﬁm_
Ident. |Con- Cor- Con- Cor- conj- Cor-
Number 323:?' i nea Iris Jg::t- nea |Iris 322:" nea [IFis
[ o R * *
1
i
|
Conjunctiva : Cornea
. Rodg:;:r. %o Palpebral No ulceration or opacity-------- 0
and bulbar conjunctivae Scattered or diffuse areas of
excluding cornea and iris. opacity (other than slight
dulling of normal luster)--- (1)
Vessels normal----eeceeecec== 0 Easily "'S"“Ifl' ;r:n:lueont
areas, details of iris
- I;}::t:df!ff?fffff---- 1 ulich%ly obscured --==--==- - 2
- Nacreous areas, no details of
D"’“gz;,ﬁﬁif'sﬁ.ftfg é:t iris visible, size of pupil
easily discernadle--- (2) barely discernible --------- 3
Diffuse beefy red ---cee-- 3 Complete corneal opacity, iris

sneussesense
® Chemosis. not discernabdle

E No swelling ===e-sececcccc-a 0 Icd ;
Any swelling above normal rmal R 0
(an1331n¢ nicti- No
tating membrane)----- 1 Markedly deepened folds con-

gestion, swelling, circum- ]

Obvious swelling with par- corneal injection, sluggish 1

| tial eversion of 1lids -(2) reaction to light; of
Swelling with 1ids about these or any combination
2 GI00U0 sesmssnes . 3 thereof -- (1)
Swelling with 1ids more No reaction to light, hemor-
than half closed----- & rhage, gross distruction;

any or all of theSe-e=-ccec-

-

( ) Bracketed numbers indicate the iovout grades considered positive
under the Pederal Hasardous Substances Labeling Act Regulations.




were isolated for the remainder of the period of observation. All of the
escapees lived and were included among the survival data; their weights were
not included in the group body weight.

The fatalities nsultix;g among mice after intubation of the respective
wastes are sumnarized in Table 5 according to the source of the waste, the
volume dosages administered and the range in their TOC contents. The mortality
shown in the top four cells of Table 5 was in each instance apparently unrelated
to the magnitude of the TOC dose administered and no peculiarity could be found
in the components of the individual wastes which could account for the fatali-
ties. Spontaneous deaths occurred also among undosed mice in the same lots
from which the respective experimental groups had been constituted; this
mortalits ranged from 0.5 to 2.5 percent in specific lots, the incidence usually
being as great or greater than in the intubated animals. This low sporadic
mortality was attributed to extraneous diseases unrelated to ingestion of the
respective wastes.

Four of the synthetic shower wastes (S5-56, 57, 58, 59) and ten of the
laundry wastes (consecutively numbered L-12 through 21) were found to be toxic.
The TOC dose-mortality responses were evaluated by probit analysis of the
combined data in the respective categories using the maximum likelihood method

described by Finney (6). The TOC LD_, values were 2382 and 2740 mg/kg for the

50
spynthetic shower and laundry wastes respectively; 100X or greater concentrations

of either waste were required to achieve such dosages in mice.
8igns of Illness

Mice given a lethal dose of either waste became hypersensitive to auditory
and tactile stimuli and exhibited increased ambulatory activity, mild tremors,
occasional tonic convulsions, dyspnea and terminal coma. MNice given sublethal
dosages exhibited less severe responses and also developed anorexia accom-
panied by decreased gain or actual loss in body weight.

%o signs of illness were noted among mice given any of the ultrafiltrates




TABLE 5. The Mortality Among Mice According to the Volume Dose
of Water and its Waste Contents

Volume . Range in Fatilities Range in Fatalities
Dose ' 20C Dose t 70C Dose &
n1/kg mg/kg p_ 12 »g/kg D_T

Tap water (3 samples) Real Shower Waste (21)

10 0.2-1.1 0-30 0.2-14. 1-210

25 0.6-2.8 0-30 0.5-36. 3-209

40 : 0.9-4.4 0-30 0.8-57. 2-210

63 1.4-6.9 0-30 1.8-90. 2-210

100 2.3-11. 0-29 2.0~-143. $-210
Mortality 0-149 13-1049 (1.2%)

Low TOC Concentrations

Syn. Shower Waste (38) Laundry Waste (11)
10 0.2-60. 5-378 0.04-18 0-110
25 0.4-151. 1-379 0.1-46 0-110
40 0.6-242. 1-378 0.2-74 2-110
63 1.0-381. 2-379 0.3-116 0-110
100 1.6-604 . 5-381 0.4-184 4-110
Mortality 14-1895 (0.7%) 6-550 (1.18)

3 Toxic TOC Concentrations

I Syn. Shower Waste (4) Laundry Waste (10)
10 280-580 0-40 26-1065 0-100
25 700-1450 0-39 66-2662 17-97
‘ 40 1120-2320 7-39 106-4260 3)-96
63 1764-3650 26-39 166-6710 41-95
’ 100 2800-5800 30-37 264-10650 74-94
LD50 2382 mg/kg 2740 mg/xg
Piducial limits 1664 »g/k9 1700 »g/kg
3410 mg/kg 4100 ®mg/kg
k &
s
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r TABLE 6, Wastes Irritating to the Eye of Rabbits.
Sample Wagte Totali gositive Eyz
units organic esponses Irri-
number carbon tant
Lexington Tap Water Concentrated
T8 0 ¢ 110 3/12 No
Synthetic Shower Wastes
S6 10X 210 L/6 Yes
S3 10X 204 1/6 No
| Sk 10X 296 0/6 No
% S26 100X 3602 4/6 Yes
S59 500X 28161 0/6 No
S57 (1000X)/2 28000 3/6 Yes
S58 1000X 56000 10/12 Yes
Synthetic Laundry Wastes
L1, L4 10X 252 L/18 No
L12, L13 100X 2643 8/12 Yes
L15, L24 500X 72000 12/12 Yes
L18 1X
+500 g/1 ATI(*) 75000 3/6 Yes
; Equal Volume Mixtures of Shower & Laundry nustes
i L17 = L15 + (500X +
i S59 500X)/2 46000 6/6 Yes
L19 = L18 +
S59 60000 0/6 No
(*) ATI = Army Type 1 Detergent.
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and their growing body weight was not affected by the waters ingested. Growth

rate among the animals given the real shower waste was also normal.

Eye Irritation in Rabbits
In the progress reports (Appendix B) the eye irritation scores were reported

as the total score elicited in each group of six riabbits and as the number of
zabbits in each group of six or more which showed any reaction of sufficient
severity to be classified as a positive response as defined in the regulations
for judging eye irritation (cf. Table 4). The data showing the number of
positive responses resulting from each type of waste, the original constitution
of the feed water and the location from which the sample was taken in the puri-
fication process are summarized in Table 2A, Appendix A. Those wastes for which
the positive responses were sufficient in number of classify the sample as an
eye irritant are shown in Table 6.

No ultrafiltrate of any waste and none of the actual shower wastes including
the feed water and the concentrates was found to be an eye irritant as defined
by the regulations. An occasional individual response to these waters and to the
less concentrated synthetic shower and laundry wastes oconsisted of moderate
(Grade 2) erythema in the palpebral and bulbar conjunctivae with no swelling and

no involvement of the cornea or the iris.

Contact of the oculhr tissues with laundry wastes of 100X or greater con-
centration, synthetic shower waste of 1000X concentration and with a mixture
containing equal volumes of 500X synthetic shower and laundry waste resulted in
severe erythema and swelling with partial closure of the eyelids, opacity of the
cornea (Grade 2) and occasional congestion and swelling in the folds of the iris.
Recovery was cosplete in all instances within a period of seven days, the eye
reacting normally to light stimulus and showing no corneal scars.

Primary Skin Irritation in Rabbits

The average skin response resulting in six rabbits after 24 hours of con-
tact with each of the various actual and synthetic shower wastes is shown in
Pigure 2 in relation to the TOC content of the respective sample. The data
pertaining to the laundry wastes are presented in like manner in FPigure 3.
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Each point represents the response to a specific water. In both figures

the severity of the response is indicated by gradations in equally spaced
arithmetical units along the ordinate; the TOC gradations along the abscissa are

Squally spaced log units. If the abscissa also is arithmetical units, then the
coordinates of the data fall along a straight line of the general equation

y = bx + ¢ in which "b" is the slope of the regression line and "c" the inter-
cept on the "y" axis. Each set of data was fitted to a linear equation and the

goodness of fit evaluated by Covariance analysis.
: For the shower wastes - both actual and synthetic - and the tap water
controls (Fig. 2) the equation was Y = 0.00042 + 0.75; the correlation coeffi-

cient r was 0.8229 having a statistical significance (p) of less than 0.001.
Laundry wastes containing Neodal 25-9 detergent were more irritating to the skin
than those containing Army Type 1 (ATI) detergent; the differentiation was
remarkable and the two sets of data were analyzed separately. For the response
to the wastes containing neodal detergent:
Y = 0.00065X + 1.36
r = 0.8512 p < 0.001

For the response to the wastes containing ATI detergent
Y = 0.00013X + 0.39
r = 0.9541 p < 0.001

The log scale has been used in the two figures to reduce the abscissa
to a convenient dimension; the log scale gives the curvature to the linear
function and to the distribution of the coordinate points.

In either figure, certain responses are labelled corrosion and placed
above the graduated response scale. These responses occurred only to samples
with TOC concentration greater than 10,000 mg/l and ranging from 100X to 1000X

in usage concentration; these reactions are described as follows.

Upon removal of the gauze patch containing the test sample after twenty-
four hours of contact, the skin was found to be greyish white in color con-
trasting sharply with the normal pink skin; it was soft and pliable with but
slight or no erythema nor edema in the surrounding tissue. Occasionally
there were small non-hemorrhagic lesions in the exposed skin. After 72 hours
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the skin was hard and dry occasionally fissured and with but slight or no
reaction in the bordering tissues. This reaction was considered necrosis,
and was arbitrarily labelled corrosion; there was no histological study of

tﬁe tissues.

Mutagenicity Evaluation

Since its publication in 1971, the Ames test for detecting mutagenic
chemicals (I) has reached a high level of popularity and has applied to
a wide variety of chemicals in numerous laboratories. There is rapidly
accumulating evidence that with few exceptions, carcinogens are
mutagens. In a compilation of results obtained in various laboratories
when the test was applied to 300 chemicals including known carcinogens
and non-carcinogens, McCann, et al.,, (9) found that 90 percent of the
known carcinogens were mutagenic. McCenn and Ames (I0) have reviewed the
development of the test system and discussed recent improvements which
have increased the sensitivity of the test.

In brief, compounds or suspect mixtures of compounds are tested on petri
plates with specially constructed mutants of Salmonella typhimurium as the test
strain. When a small amount of a mutagenic chemical is spotted on a lawn of
the bacterial test strain in a petri dish, a positive result is seen by the
growth of revertant bacteria around the spot.

For quantitative results different concentrations are tested individually
by incorporating the mutagen into a thin agar overlay along with the bacteria;
the numbers of revertent colonies are correlated with the corresponding concen-
tration of the mutagen and dose-response curves obtained.

By adding a microsomal activation system of rat liver to the petri plates a
variety of carcinogenic chemicals whose metabolites are the active agent are
converted to mutagens and are easily detected.

Although the chemicals incorporated in the respective \;uu wvaters had long
been used in commercial toiletries, soaps, deodorants, launary detergents,
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cleansers, etc., without apparent ill effect, still no information was found
in the literature which demonstrated their harmlessness with continued usage.
It seemed prudent, therefores, to test the waste waters for mutagernicity before
applying them repeatedly upon the skin of human subjects.
Materials and Methods

After completion of the animal tests, ten waters that were non-toxic when

given orally to mice, but which had elicited various degrees of irritation in
the skin of rabbits were selected for mutagenicity testing. Of the ten waters,

three were concentrated synthetic shower waste feed waters (SSWFC), one was
actual shower waste concentrate (ASWC), two were ultrafiltrates (ASWF) of
actual shower waste, three were synthetic laundry waste feed waters (SLWF) and
one was a sample of Army type I (ATI) detergent. The identification of the

waters and the results of the animal tests are given in Table 7. Certain dupli-

cate or alternate preparations are noted in the table; for these the TOC values
were somewhat higher than for the related water indicated in Table IA, Appendix. A,
Animal tests were not performed on two of the alternate samples but it was pre-
sumed that the results would have differed but slightly from those obtained
with the original sample.

These samples were shipped by Dr. Bhattacharyys from the University of
Kentucky, Lexington, Ky. to Litton Bionetics, Inc., 5516 Nicholson Lane,

Kensington, Maryland 20795, who performed the tests.

Results of Tests

A complete report (7) on each of the ten waters, including the methods and
materisls employed, the test data, an interpretation of the data and the con-
clusions is supplied in Appendix C (pege I150). It suffices to state here that

each of the ten samples was found to be not mutagenic.
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TABLE 7 - Identification and Description of
Waters Tested for Mutagenicity

"';';f ’o"‘"f i Irritation in Rabbits o:f":“
Number Waste PPM Skin Eye ll‘!’
526 SSWFC 3602 2.0 4/6 >100.
S26A SSWFC *3964

540 SSWFC 8167 3.6 0/6 >100.
§50 ASWC 1427 0.6 0/6 100.
53 ASUF 51 0.8 0/6 >100.
S55A ASUF * 200 1.6 0/6 >100.
L7A SLWF * 456

% SLWF 800 2.6 0/6 >100.
112 SLWF 2643 3.5 3/6 100.
114 ATI 2370 1.2 0/6 5100.

-

* A duplicate or alternate preparation; the TOC value is somewhat higher
than in the original sample identified in Table IA, Appendix A,

Discussion

The sporadic low incidence of mortality noted among the mice particularly
in the early weeks of the experiments was apparently unrelated to the amount
of waste in the dose administered and occurred at the same or higher rate among
mice that had ingested none of the waste waters. The survival of large numbers
of mice that had ingeated much larger dosages of the same or more concentrated
waste supports the opinion that the fatelities did not result from toxic
effects of the respective wastes. Neither could they be attributed to a specific
component of the wastes. Therefore, we have concluded that such fatalities
resulted from extraneous disease.

Expression of the concentration of the waste cosponents in terms of actual
use provides some idea of the element of risk involved in partial or complste
failure of the filtration mesbrane. The effects in animals, namsly mortality,
severe skin injury and eye irritation cccurred only when the waste concentration
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approached or exceeded 100 X. No adverse effect (as measured by these tests) 3
resulted from any ultrafiltrate, any freeze concentrate of ultrafiltrate, or ;
from any actual shower waste. V'

Likewise, as measured by a 21 day continuous patch test, ultrafiltrates and
actual shower wastes werse not irritating to the skin of human subjects. 50 X
laundry waste and 100 X synthetic shower waste were severely irritating to
human skin ( see section B, pages 37 and 40 ) 1

It is noteworthy also that effects resulting from the two mixtures of
shower and laundry wastes were in accord with those expacted from the concen-
trations employed and provide no suggestion of synergism or potentiation.

All of the tests were concerned only with immediate injury resulting from
the waste waters. No chronic or long-term feeding tests were performsd. Such
tests logically should be the next step in the program. The components of the
respective wastes were materials that generally have been found safe for their
respective purposes. Information regarding long-term effects of the products
: in low concentrations within a reuse system has not been found. It is sig-

nificant, however, that ten waste waters in most instances concentrated samples

of representative waters in the recycle system and ranging from mild to severe i

in their skin irritation score were in each instance found to be not mutagenic.
VI. Conclusions

Actual shower waste water, ultrafiltrates of synthetic shower and laundry
wastes and water containing the respective wastes in concentrations ranging

uwp to five times the amounts expected from actual use (5 X) were not toxic when

administered orally to mice in the largest dosage feasible, were not irritating
E to the eye of rabbits and elicited only minor and insignificant irritation in
the skin of humans.

Irritation in the skin of rabbits was directly proportionate to the con-
centration of the total organic carbon (TOC) content of the respective wastes
applied on the skin. The irritation was minor and of little physiological

significance with TOC concentrations ten times greater than those resulting

from actual use (I0 X). Severe skin injuries resulted from 50 and 100 X use
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concentrations of either waste. Synthetic shower and laundry wastes in 10 x
use concentrations were occasionally irritating to the eye of rabbits.

In 100 X concentrations, synthetic shower and laundry wastes were toxic
when given orally to mice; in terms of TOC concentrations the respective
LDSO values were 2382 mg/kg and 2740 mg/kg. In 100 X concentrations the wastes
also were severely irritating to the eye and skin of rabbits.

Three samples of synthetic shower waste concentrate, one sample of actual
shower waste, two ultrafiltrates of actual shower waste and four samples of
synthetic laundry shower waste taken as concentrated samples of representative
waters in the recycle and ranging from mild to severe in their skin irritation score
were in each instance found to be not mutagenic.

Using a 21-day Continuous closed patch test technique in humans as a test for
cumulative irritancy, two out of eight tested water samples, namely S40 (100 X
synthetic shower waste) and L7 (50 X laundry waste), were found to be significantly
irritating. Waters §50, 8§53, §55A, Ll4, vooled Cincinnati tap water and distilled
deionized water did not produce significant irritation under the circumstances of
the test. The observed reactions to these two samples showed a consistently
different morphology and developed at different rates. Because of these differences
the relative degree of irritance assigned to these samples varied depending on
the method used to score the overalil irritation. No evidence of allergic contact
sensitization was seen with either water, challenge patch testing was negative in
both cases. Males appeared to be mors easily irritated than females with both the
water samples. All testing was performed on the upper back; within this region of
the skin relative patch position did not seem to be an important variable.
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SECTION B - HUMAN SKIN IRRITATION TESTS

Introduction

After completion of the animal toxicity and irritation tests, ten water
samples representing a range in the animal responses were tested for muta-
genicity and each was found to be non-mutagenic (see page 24 and Appendix C,
page 150). From among those ten, six waters were then jointly selected for
human irritancy testing by Dr. Jack Dacre, U.S. Army Bioengineering Researéh
and Development Laboratory, Dr. Dibaker Bhattacharyya, Department of Chemical
Engineering, University of Kentucky and Dr. Edward Emmett, Department of
Environmental Health. These waters were selected on the basis of their respec-
tive composition, lack of serious toxicity on animal testing and lack of muta-
genicity by standard testing procedures.
Objective

To determine the relative potential of the waters to cause irritation in
human skin by using a cumulative insult patch test technique.

Materials and Methods

A. Water Samples

Eight water samples were tested. Six samples provided by the University of

Kentucky were shipped from Lexington, Kentucky via United Parcel Service upon
receipt. The samples were transferred from plastic containers to pyrex glass
bottles, sealed and stored in a refrigerator until used in the experiments.

In order to minimize handling and changes in temperature, aligquots for several
days use were transferred after careful mixing to smaller bottles for day by day
use. These bottles were also refrigerated between use. Bach sample was warmed
to redissolve any metpingo and was thoroughly mixsd before any aligquot was
gemoved. Samples were tﬁutiod by number only and studied without reference
to the components or treatment process. These waters are listed and described
as vaters 1 to 6 in Table 8. The sasple number is the number given to identify
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TABLE 8 - List and Description of Water Samples Used for

Numan Cumulative Insult Patch Testing
Sample
Mater No. Tdentity Description of Sample T0C (o) TS
Number
b | $40 Concentrated synthetic 8167 20,800
shower waste feeld
(unfiltered)
2 8§50 Concentrated actual 1427 4,020
shower waste feed
3 8§53 Actual shower waste S1 280
ultrafiltrate
4 S$55A Actual shower waste 200 727
ultrafiltrate
5 17 Synthetic laundry waste 800 28,000
feed concentrated
6 L14 Concentrated U.S. Army 2370 $5,000
detergent 23
2 None Deionized distilled
wvater
8 None Pooled shower water
(a).Total Organic Carbon (TOC) and Total Solute (TS) Levels (PPM)
TABLE 9 - Summary of Results of Animal Tests
Water T Rabbit Eye Rabbit Skin
Vater Identity $0 Irritatiop . Irzritation
Ne. Number Mice Score (b) Avg. Score Mutagenicity
- | 840 100 ml/xg 6 3.6 Negative
2 830 100 ml/kg S 0.6 Negative
3 853 100 al/kg [ ] 0.83 Negative
4 S8SSA 100 ml/kg 11 1.63 Negative
] 7 2100 ml/kg 10 2.6 Negative
[ ] L14 100 ml/kg ? 1.23 Negative

(d) Total score among € rabbits. Very slight or minor irritation; not
sufficient in any instance to qualify as a positive response.

31




e

RISV SIS —

them in other parts of the contract. The results of the toxicological testing
of these water samples in animals are summarized in Table 9.

A 7th water sample oconsisted of deionized distilled water as usually pre-
pared in the Department of Environmental l-lulth‘. University of Cincinnati. 1It
was stored and handled in the same manner.

The 8th sample was of pooled Cincinnati tap water. This was collected from
a shower at the Cincinnati General Hospital, at the heat usually used for
showering. The water was let run for 2 minutes, then 150 ml. was collected.
Such collections were made every day for 5 days. The collections were pooled

and stored and handled in the same manner as the other samples.

B. Subjects

Twenty-one volunteers took part kn the cumulative insult patch test program.
Ten subjects were females, two Negro and eight Caucasian, with a mean age of
thirty-one. Eleven subjects were male, two Negro and nine Caucasian with a
mean age of thirty. The demographic characteristics of the subjects are shown
in Table 10. The informed consent form agreed to by the volunteers is shown
in Table IIIA, Appendix A.

A directed medical history was taken from each volunteer and an examination

of the skin was performed. Subjects with active skin disease, a history of

severe dermatitis or currently under medical treatment were excluded from testing.

C. Testing Methods

(1) 21-Day Continuous Closed Patch Test
The method used was a modification of the 21 day continuous closed
patch test (8,II,I2), The subjects were studied in two groups, a first group of
ten (five males and five females) and a second group of eleven (six males and
five females). Two by two cm patches of nonwoven fabric ( 'obrilm).nrt
impregnated with 0.2 ml of the test fluid dispensed by a glass tuberculin syringe.
Care was taken to ensure that the water sasples from which aliquots were taken

were evenly dispersed. Patches of each of the eight water sasples were placed
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TABLE 10 - Demographic Characteristics of Subjects

gGroyp ) 2 i
Subjects Subjects ’
Tdentify Sex Race Age | Identify Sex Race Mge i
—Spmpo)l 1 _svabol ;
3 r c 24 4 r [ sl f :
3 r w 30 L1 r ¢ 26 |
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TABLE 11 - Scoring Criteria for Observed Reactions

0 = No reaction

4+ = Questionable; 1ll-defined erythema not
covering entire patch area

1 = Exythema vith a definite margin in patch area
2 - Erythema with induration or cracking
3 = Vesiculation, pustule formation or fissuring |

4 = Application of the test water was discontinued
when the subject reached a Grade 3 reaction, and |
this score was used for each of the days remain- |
ing in the 21 day period |




on paraspinal locations on each subject's upper or midback, four on each side
of the midline. The patches were occluded with impermeable plastic tape
mondongi Minnesota Mining and Manufacturing Corporation). At the end of
24 hours the patches were removed, the test site was read 30 minutes later,
and then freshly prepared patches were reapplied to the same area. Patches
were applied daily for 21 days.

Reactions were scored as shown in Table 1ll. Other types of reactions
such as scaling or changes in pigmentation and subjective responses such as
itching or burning were also recorded. An example of the form used for record-
ing reactions is shown in Table IVA, Appendix A. Testing at a given site was
continued until a Grade 3 reaction was obtained.

In the first group of subjects the relative positions of the various
tested waters on the back remained constant in all individuals; in the second
group of subjects the order was changed.

Subjects in the study were instructed to avoid prolonged immersion of
the patched area while the patches were in situ but had no other restrictions.

(2) Challenge Patch Testing

Challenge patch testing was performed with samples 1 and 5 on 6 subjects
in the second tested group, in order to determine if the reactions observed to
these waters were due to allergic sensitization. Patches impregnated with each
water could be applied to a previously untested area of the skin of the upper
back in the same manner as described above. The patches were removed 48 hours
later and were observed and read 30 minutes later and again 72 hours after appli-
cation.

D. Computation of Irritancy
Two different approaches were used to compute the irritancy of the individual
samples in order that the results could be cospared.
(1) Cumulative Irritation Index
This index was derived in the manner described by Phillips et al. (II).
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Rally scores for each material are added and the sum of the daily scores for
each subject divided by the total nusber of subjects. The + and 0 scores are
assigned no numerical value. As testing was discontinued vhen a score of 3 was
reached this score was assigned to each subsequent reading for that material.
The maximum cumulative irritation index which could be obtained for this test

in our study was 63, and the least was 0.

(2) Cumulative Percent Reacting
The cumulative percentage of subjects reacting each day can be repre-
sented graphically (3). We used esach of three end points namely a 1, 2 and 3
scored reaction in plotting such a relationship.

(3) S08 Irritation Time

From a graph of the cumulative percentage of subjects reacting each day,

the time taken for 50% of subjects to develop significant irritation can be

computed. More precisely the time taken for 508 of subjects to reach each
reaction score; i.e., a 1, 2 or 3 score reaction can be computed. We have ;
designated these points as:

Irritation time for 1 score reaction in 508 of subjects

(Ili'so)

Irritation time for 2 score reaction in 508 of subjects

(12!'50)

Irritation time for 3 score reaction in 50% of subjects

In order to distinguish such values determined for humans from those
dstermined for experimental animals the postscript human could be added. Thus
a cosplete abbreviation could read I, T, (human) .
IV. Approval by Paculty Committee on Human Research
Approval of this study was obtained from the Faculty Committee on Euman

Research at the University of Cincinnati.
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v. Results

A. Study Progress

Experimental subject compliance with the protocol was good. During the
first several days of the experiment most subjects reported mild to moderate
pruritus over the entire area in contact with the llondoue tape. With most
nt;jocu this improved, but one male subject withdrew from the study after ¢
days because of severe pruritus experienced after riding a certain distance on
his bicycle each day. The results of the incomplete testing on this subject are
aot reported further here. A female subject developed an erythematous reaction
to the tape which was very irritating and she withdrew from the study after the
16th application.

With the exception of one water sample, patches adhered well. In general
patches placed higher on the back adhered slightly better., Sample No. 6, the
concentrated U.S. Army detergent slipped from its original position on an average
of 8 out of the 21 applications on each subject. The patch generally remained
within 1 cm of the original application site and in no case contaminated the site
of application of another patch. The slipping of patches impregnated with this
sampie was independent of the position on the back and appeared to be due to the

nature of the wvater sample.

B. Relative Irritancy of Waters

1) Results with Individual Waters

Sample 1

This sample, concentrated synthetic shower waste, produced significant
irritation on all subjects. It produced a characteristic response which ini-
tially consisted of erythema which progressed to deeper erythema, induration,
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Figure 4. Irritation to Human Skin Resulting from Sample 1,
(S-40) 100X Synthetic, Shower Waste.
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scaling, cracking then painful fissuring. No vesicles or pustules were observed
as a reaction to this sample. The resolution of these changes generally took a
week or more after application of this sample ceased. In several subjects
hyperpigmentation was noted over the area tested with this water as the re-
action resolved. The appearance of a typical reaction to sample 1 is shown in
Figure 4.

The sequential pattern of response to water sample 1 was as follows: A
grade 1 or greater reaction developed in half the subjects by day 6 and in all
subjects by day 12. The average time of progression from a grade 1 reaction to
a grade 3 reaction was 7 days. The percentage of subjects exhibiting a grade 1
response Oor greater, a grade 2 response Or greater and a grade 3 response to
sample 1 on each day of the study is shown in Figure 5.

Using the data from the 10 males and 9 females who completed the study,
the Cumulative Irritation Index for S40 was 31.6 in females, 40.3 in males and
36.2 for all subjects combined. For all subjects tombined the 11"50 was 6 days,

the 12'1'50 was 8 days and the 13'1’50 13.5 days.

Sample 2

This sample, concentrated actual shower waste water, produced a single
Grade 1 response in each of 4 subjects and a single grade 2 response in one fe-
male subject. The Cumulative Irritation Index for Sample 2 was 0.5 for females,
0.1 for males, and 0.3 for both sexes combined. The I .T_ _ was greater than 21

1750
days.

Sample 3

This sample, actual shower waste ultrafiltrate, produced a single Grade
1 reaction in each of 4 female subjects and no significant reactions in the male
subjects. The Cumulative Irritation Index for Sample 3 was 0.4 for females, 0

for males, and 0.2 for both sexes combined. The tl'rso was greater than 21 days.
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Sample 4
This sample, actual shower waste ultrafiltrate, caused a single Grade 1

reaction in each of 3 female subjects, three grade 1 reactions in one male sub-
ject and 4 days of a Grade 1 reaction in another. These reactions were tran-
sient, did not progress, and reverted to negative readings. The Cumulative
Irritation Index for sample 4 was 0.3 for females, 0.8 for males, and 0.5 for
both sexes combined. The Il"so was greater than 21 days.

Sample 5

This sample, synthetic laundry waste feed concentrate, produced a char-
acteristic response which began with perifollicular inflammation followed by
the development of pustules. In some cases pustules developed without previous
erythema or papules being observed. The un'if.om induration, cracking or fissur-
ing seen as a reaction to Sample 1 was not produced in response to the applica-
tion of Sample 5. The appearance of a typical reaction to sample S is shown in
Figure 6. An average of 10 days of application was required to produce a Grade
1 or greater response in half the subjects. After 16 days application of Sample

S all subjects exhibited a Grade 1 or greater reaction. The average time neces-

sary for subjects to progress from a Grade 1 to Grade 3 response was only 2 days,
reflecting the rapid development of pustules. The Cumulative Irritation Index

for Sample 5 was 25.8 for females, 35.1 for males and 30.7 for both sexes com-

bined. The cumulative percentage of subjects exhibiting a Grade 1 or greater,

a Grade 2 or greater, and a Grade 3 response to Sample 5 on each day of reading

; is shown in Figure 7. The 11’50 was 10 days, 121'50 was 11 days and 13‘1‘50 11.5
‘ _ days. ‘
Sample 6
This sample, concentrated U.§. Army detergent, produced a Grade 2 reaction
|
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Figure 6.
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TARLE 12 - Irritancy of Water Samples Ranked According to
Their Cumulative Irritation Index

Cusmulative Irritation Index

Sample _ Males Females Soth Sexes Combined

1 40.3 3.6 36.2 |
5 35.1 25.8 30.7 i
4 0.8 0.33 0.58
Q 3 0.3 0.44 0.37
2 0.1 0.58 0.32
3 () 0.44 0.21 4
”. 0.1 () 0.05
8 ( (] ()
:
'? TABLE 13 = Irritation Times in Days for the
Various Tested Water Samples
~ Sample ¥o. 3, 70" 1,7, 1,7,
ﬂ 1 6 8 13.8
E s 10 1 1.5
' 2 >21 »21 21
g 3 »21 »21 »21
' | 4 »21 »21 s21
6 »21 21 *21
7 2. »21
o & »21 »2 »21
45 *gee text xor definition of symbols
ksl ‘ sk T R
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in one female on the final 2 days of the study and & Grade 1 reaction on days

19 and 20 in one male subject. All other readings were negative. The Cumula-
tive Irritation Index for Sample 6 was 0.4 for females, 0.3 for males, and 0.3
for both sexes combined. The I T, was greater than 21 days. As noted patches

1°50
impregnated with this sample adhered poorly to the Ihtudon@upo and showed a

marked tendency to slip. The extent to which this may have influenced the ob-

served results is unknown.

Sample 7

This sample, deionized water, produced no reactions except for one Grade
1 reaction in one male subject for one day. The Cumulative Irritation Index for
this sample was 0 for females, 0.1 for males and 0.05 for both sexes combined.

The Il‘rso was greater than 21 days.

Sample 8
This sample, pooled shower water, produced no reactions in any of the sub-

jects. Consequently its Cumulative Irritation Index for males, females and both

s&xes combined was O. The 11'1'50 was greater than 21 days.

(2) Comparison of Irritancy of Individual Waters

The irritancy of the various waters ranked acocording to their cumulative
irritation index is shown in Table 12. It will be seen that Sample 1 was the
most irritating, Sample 5 was somewhat less irritating, but whereas these samples
both produced a significant degrese of irritation the other 6 samples produced
very low order or no irritation.

A comparison of the irritation times for 508 of subjects for the differ-
ent samples is shown in Table 13. It will be seen that only to waters 1 and 5
could be attributed finite irritation times. If responses with a score &f 1 or

2 were used as the basis for comparison, water I was significantly more irritating




TABLE 14 - Results of Responses to the Initial Application and of
Challenge Testing to detect Possible Allergic Sensitization

Sample 1 Sample S

Initial Challenge Initial Challenge

Application Application _ Application _ Application

Subject 48 hr. 48 hr. 22hr. | 48hx.  48hr. 22 hr,
N 0 0 0 0 o 0
H 0 & 0 0 0 0
K 2 0 0 0 0 0
T 0 0 0 o 0 0
P 1 1 0 0 0 0
Q 1 + 0 0 & 0

TABLE 15 - Cumulative Irritation Indices for the 4 Positions on the Back

Position : Cumulative Irritation Index | &
Water 1 Water 5 Average both E

. wvaters

1 (uppermost) 35.2 35.2 3s5.2
2 32.3 28.0 30.2 ! J
3 42.3 29.3 35.8 4

4 (lowest) 36.7 23.3 30.0
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than wvater 5, wvhereas water 5 was the most irritating 1f the time taken to reach a

g o
A

score of 3 in 508 of individuals was used as the basis for comparison.
These results reflect the difficulties inherent in comparing morphologically
different types of responses.

C. Challenge Testing for Allergic Sensitization

e A VRN BT e 3 w0 I

( In order to exclude the possibility that the observed reactions were

‘ due to allergic sensitization, 6 subjects where challenge tested with samples
1 and 5 applied for 48 hours as described in the methods section. The results
: of testing are shown in Table 14. No significant alterations in reactivity to

samples 1 and 5 were observed with challenge testing in any of the subjects
tested.

D. Effect of Sex

: It will be seen in Table 12 that males had a higher cumulative irritation
: index than females for both Sample 1 and Sample 5, the difference being statis-
2
¢

tically significant (p <0.01) in each instance.
i E. Effect of Sites

To determine the effects of the position of a sample on the back, the sites

of application were rotated in the second group of 10 subjects. Table 15 shows a

comparison of the Cumulative Irritation Indices for the 4 positions on the back.

Although there was some variation in the results no consistent trend was seen to

g s

suggest that position on the back was an important variable.

R

Vi. Conclusions
Using a 21-day Continuous closed patch test technique in humans as a test

for cumulative irritancy, two out of eight tested water samples, namely §40 and

L7, were found to be significantly irritating. Waters 850, 853, 855A, Ll14,
pooled Cincinnati tap water and distilled deionized water 4id not produce signifi-
cant irritation under the circumstances of the test. The cbserved reactions

Y] i N NN e A AR e
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to these two samples showed a consistently different morphology and developed

at different rates.

Because of these differences the relative degree of irri-

tance assigned to these samples varied depending on the method used to score the

overall irritation.
either water; challenge patch testing was negative in both cases.

to be more easily irritated than females with both the water sasples.

No evidence of allergic contact sensitization was seen with

Males appeared

All testing

was performed on the upper back, within this region of the skin relative patch

position did not seem to be an important variable.
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Explanatory Notes

Table IA:
"

"S" in the sample number denotes shower waste, either actual
or synthetic.

"L" in the sample number denotes laundry waste or some specific
component of laundry waste.

LI7 and LI9 samples were equal volume mixtures of shower and
laundry waste.

! SI and S7 samples were unchlorinated; all other samples were
i properly chlorinated unless otherwise specified.

i Among some of the samples concentrated by freezing, the actual

| Total Organic Carbon (TOC) contents did not increase proportionately
i with the decrease in water volume; note the TOC valyes for SI and S2.
! TS 4indicates Total Solutes.

A dilution factor of a:I means a factor of a + I,

All of the water samples were within the pH range of 7 to 8.

Table IIA:
In this tabulation, the respective wastes are listed in terms of
the initial usage units (Type of Water), number of samples (N),
the location in the recycle system from which the samples were
taken, their TOC content and whether freeze concentrated or not.

Under the heading R(+) in the tabulation is given the number of
rabbits showing significant eye irritation ( positive response)
among the total number tested with the specific water; those
which were sufficient to classify the waste as an eye irritant
are marked with an asterisk (*),
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TABLE IA: Description of Water Samples
Sample TOC TS
Number Type of Sample mg/1 mg/1
31 Synthetic 1X, filtered (0.45 u) SS 260
82 Synthetic 1X, filtered, then freeze* concen-
trated 10:1 (by volume) 367 2200
83 Synthetic 10X, filtered 204 460
3 sS4 Synthetic 10X, filtersd, then freeze concen-
‘, trated 1.30:1 296 440
s 85 Synthetic 10X, ultrafiltered (PSAL) 98 250
‘ sé Synthetic 10X (without Ajax, disinfectant,
DEET), filtered 210 340
87 Ultrafiltrate (PSAL) of unfiltered Sé 49 130
s8 Chlorinated S5 98 270
s9 Actual waste, filtered 47 -
sl0 S9, freeze concentrated 12:1 les -
s11 Ultrafiltrate of actual waste 25 150
s12 S11 freeze concentrated 10:1 147 2125
' 813 Actual waste, ultrafiltrate (PSAL) 19 210
s14 Synthetic 10X, ultrafiltrate (PSAL), unchlor-
inated 113 -
815 Chlorinated S14 113 -
816 Synthetic 10X, filtered, then freeze concen-
trated 10:1 1052 3200
817 Synthetic 1X, ultrafiltrate (Fluxo) 26 100
Synthetic 20X, filtered 1030 1580
Synthetic 50X, filtered, unchlorinated 3093 4500
Synthetic 50X, filtered 3093 -
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TABLE IA: ( Continued)
Sample ' TOC TS
Number Type of Sample »g/1 wg/1
820 Actual waste, filtered, freeze concentrated
20:1 340 4850
821 Actual waste, ultrafiltrate (PSAL), then
freeze concentrated 12:1 337 4050
822 Synthetic SX, ultrafiltrate (PSAL) at high
water recovery, then freeze concentrated 20:1 624 - 4200
823 Actual waste, filtered, freeze concentrated
20:1 215 3417
824 Synthetic 20X, ultrafiltrate (PSAL), freeze
concentrated 15:1 704 1970
825 Actual waste, ultrafiltered (PSAL), freeze
concentrated 38:1 202 4712
$26 Synthetic 100X, filtered 3602 10,396
827 1000 mg/1 Na-ortho-phenyl-phenclate 540 -
$28 $27 + 100 =g/l CJ.2 $40 -
829 1000 mg/1 Ajax, filtered 16 228
830 Synthetic 30X, filtered, unchlorinated 1620 4792
831 Synthetic 30X, filtered 1620 5326
832 Same as S31 1620 $326
833 Same as S§31 1620 8326
$34 Synthetic 1X, concentrate (UOP225) at 738
wvater recovery, filtered 141 355
835 Synthetic 1X, ultrafiltrate (UOP225) at 738
water recovery, then freese concentrated 42:1 118 6065
836 Sane as $34 14 355
83?7 Synthetic 100X (without phenyl-phenclate),
filtered 3748 -
838 Synthetic 1Xx, filtered 30 330
839 Synthetic 10X, filtered, then freeze concen-
trated 9:l 602 2480
840 Synthetic 100X, unfiltered c0es 27,388
841 Exact duplicate of 818 3030 1580
S0
7 ey N L
e BT e PN

# 3 .
e PU—— 8 A i AN b n




Table IA:

(Con tinued)
Sample
Type of Sample TOC TS
Number ng/1 ng/1
$42 Actual waste, ultrafiltrate (VOP22S), thcn°
concentrated by evaporation at temp. 30-35°C,
35:1 by volume 309 8512
843 Synthetic 200X, filtered 4942 9500
B44 Synthetic 200X, diluted 1:1, filtered 2738 4418
845 Synthetic 200X, diluted 1.5:1, filtered 2181 -
846 Synthetic 200X, diluted 3.0:1, filtered 1556 2174
$47 Same as §46 - -
848 Actual waste, concentrate (PSAL cassette) at
850 recovery, filtered 104 793
549 Actual waste, ultrafiltrate (UOP225) at high
Tecovery 40 307
€50 Actual waste, concentrate (UOP225) at 938
Tecovery 1427 4020
851 Actual waste with urine, filtered, thea
freeze concentrated 20:1 746 -
852 Actual waste with urine, filtered 72 464
853 Actual waste with urine ultrafiltrate {PSAL) S1 280
854 Actual waste, concentrate (3rd pass, PSAL
cassette) at 928 recovery, filtered 116 -
855 Actual waste, uitrafiltrate (3rd pass, PSAL
cassette) at 92\ recovery 68 $00
856 Synthetic 1000X, unfilteced $8,000 96,000
857 8§56 diluted 1:1 28,000 47,000
$58 Synthetic 1000X, filtered $6,000 71,500
859 Synthetic 500X, filtered 28,161 41,630
860 Actual waste, concentrate (7th pass DPO6
sembrane) at 90\ recovery 1 3865
861 Bigh concentration, actual waste, uafiltered 1218 1156
862 861 filtered
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TABLE IA: (Continued)
Sample Type of Sample TOC TS
Number mg/1 mg/1
863 856 diluted 3:1 15,000 -
864 857 diluted 3:1 - -
865 $58 diluted 3:1 18,000 -
T8 lexington tap water freeze concentrated
33:1 ; 110 3130
T9 lexington tap water freeze concentrated
20:1 40 -
T10 lexington tap water freeze concentrated 23 3830
p AL Synthetic 10X, filtered 252 75850
12 Synthetic 10X, ultrafiltrate (Fluxo) S0 4830
13 Synthetic 5X, ultrafiltrate (PSAL) at high
Tecovery 15 1013
14 Same as 1l
15 Synthetic 2X, ultrafiltrate (PSAL) at high
recovery 4.0 810
16 15 freeze concentrated 10:1 40.0 -
7 Synthetic 50X, filtered 846 28,000
18 Synthetic waste with 20.0 gm/1 Axmy Type I
detergent, filtered 986 2,476
L9 Same as 18 but using TIDE detergent 936 16,322
110 Synthetic waste with 50.0 gm/1 Army Type 1 '
detergent, filtered 1643 19,500
111 Same as 110 - -
112 Synthetic 100X, filtered 2643 72,340
113 Same as 112 - g
114 Synthetic waste with 100 gn/l Army Type 1
detergent, filtered 2678 54,000
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TABLE IA: ( Continued )

Sample TOC TS
Number Type of Sample /1 S
s Synthetic $S00X, filtered 72,000 .248,000
36 118 diluted 1:) 42,000 130,000
n? Mixture of 115 ¢ §59 (equal wolume of each) 46,000 134,000
pAY Same as L14 but with S00 gm/1 detergent, F
€iltered 75,000 283,000
9 Mixture of 118 ¢ 8§59 (equal volume of each) 60,000 209,500
120  Synthetic waste with SO0 gu/l Army Type I
detergent ¢ vegetadble oil, filtered 77,500 230,000
21 unfiltered 115 106,250 $20,000
122 115 diluted 2:1 24,000 -
123 120 diluted 3:1 19,000
124 Same as .15 72,000
125 124 diluted 1:1 36,500
Synthetic 75X, filtered 930

End of Table IA,
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TABLE 1I1JA: Informed Consent to Participate in a Medical Study. | 4

Before agreeing to participate in this study it is important that the
following explanation of the proposed procedures be read and understood. 1t
describes the purpose, benefits, risks and precautions of the study. It also
describes the alternatives availadble and the right to withdraw from the study
at any time. It is important to understand that no guarantee Oor assurance
can be made as to the results.

Gbjectives

p P , agree to participate in a medical study the
purpose of which is to determine the potential for producing irritation of the
skin of water which has been processed to remove waste materials (Such as de-
tergents, tooth paste etc.). The samples will include Cincinnati tap water as
well as other water.

Procedures

The study will use a standard technique, 21 day cumulative insult patch
testing. Between four and eight small patches of gauze wetted with the water
to be studied will be applied to the skin of my back every day for 3 weeks.
The next day the patches will be removed, the skin observed and after a period
of 30 minutes patches will be reapplied. During the period that patches are
on my skin I should avoid prolonged immersion in water such as swimming or i
taking a bath. I will however be able to take short showers. '

Risks and Precautions

The sanmples of water may produce mild irritation of the skin including
redness and scaling confined to the area of application. This i considered
unlikely because all samples will pass the chemical and biological standards
for reuse shower water of the National Academy of Science. In addition all
water samples will have been tested for their irritant effect on the skin of
animals before they are used in this study.

If any significant irritation should occur from any water sample on my
skin, further testing of that sample on me will be discontinued. 1In the un-
likely case that it were necessary, appropriate dermatologic treatment, such
as the application of a cream or ointment to such an area, would be given.

Availability of Information
I am free to ask additional questions regarding the study at any time.

The Right to Withdraw

I am free to withdraw from the study at any time, preferadbly, using a
signed and witnessed statement such as this.

Volunteer Date
Investigato: Date
Witness Date
Witness Date
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1VA - Tabulation Form

21

19

18

17

16

15

14

13

12

11
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! APPENDIX B
i
!
;
|
i A series of Progress Reports on the Toxicity and Irritancy of Ultra-
! filtrates of Non-sanitary Military Wastes which were presented pesriodically
{ during the course of the study to the U,S, Army Medical Research and
. ; . Development Command. They contain the detailed results obtained with each
: ? water.
E |
‘ %
é Papoet Page 1
| First Quarterly Report !
i October 28, 1975 60
} Progress Report for November, 1975
November 30, 1975 79
Progress Report for December 31, 1975 90 {
§ Progress Report for January 31, 1975 108
| Progress Report for February 1
! March 31, 1976 116
% Progress Report for April 1
May 31, 1976 128
{
Progress Report for June 1
September 20, 1976 143
58
MRS e T e e e T




PROGRESS REPORTS

The Toxicity and Irritancy of Ultrafiltrates of
Non-sanitary Military Wastes

Contract No. DAMD17-76-C-6006

First Quarterly Report, Fiscal Year 1976

e amrs

From: Kettering Laboratory
Department of Environmental Health
University of Cincinnati

i 3223 Eden Avenue

Cincinnati, Ohio 45267

e e e .

Approved :

oyl Qwéé/mé

3y1vﬁn Witherup, B.S.
Assistant Professor of Toxicology
Principal Investigator

AZj;;&!Z_Jf3:_Jézﬁ"*“"vv”1r"5£2>,<
Paul B. MM' D.V.M., .’hopo

Toxicology Division Head

H¢; Date: October 28, 1975

-
|
.
.
f



Introduction

The University of Kentucky in contract with the U.S. Army Medical
Research and Development Command (DADA17-72-C-2050) is developing membrane
ultrafiltration as a waste treatment and water renovation for non-sanitary
military wastes, specifically (a) laundry wastes, (b) shower wastes and
(c) combined wastes containing both laundry and shower waste constituents.
The components expected in the respective wastes have been described in the
U.K. contract.

In this research, toxicity tests serve two purposes: First to detect |
changes in the toxic and irritant properties of the water which are occasioned 1

by changing the treatment process; these tests must quantitate physiological

effects in correlation with the efficiency of the treatment process. Secondly
tests are needed alsoc which will provide data suitable in part for judging the
safety of water processed by a specific procedure. These toxicity tests are
being performed in the Division of Toxicology, Department of Environmental

Health, University of Cincinnati and are the subject of this report.

Materials and Methods

Samples of water provided by the University of Kentucky have consisted

of synthetic and real shovnr.and laundry wastes before treatment, samples of
the same water after specific treatment process and samples of the concentrated
Qut.n remaining. To date, 31 samples have been received, of which 20 are
included in this report. Shipped from Lexington, Kentucky via United Parcel
Service they were received at Kettering the next morning. The samples were

transferred from plastic containers to pyrex glass bottles, sealed and stored
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in refrigeration until used in the experiments. Usually five consecutively
numbered samples were taken from the refrigerated supply, identified by number

only and studied without reference to the components or treatment process.

{ Male CF mice received in lots of 250 per week from Carworth Farms were
’ distributed randomly, S per cage, among 50 cages contained on one rack.

Male New Zealand white rabbits weighing 24 to 34 kg were obtained weekly in lots |
of 24 from various local rabbitrys; these were caged individually and were
observedwith respect to their activities for 4 or 5 days prior to their use.

Oral Toxicity

After one week of observation with respect to their normal activity,
10 mice were weighed individually and given by intubation a dosage of 10,25,
40,63, or 100 ml per kg of a specific water; a total of 50 mice were given the
respective dosages of any one water and 5 water samples were studied with each

lot of mice. After dosage, the animals were observed daily during 14 days for

L signs of illness. All fatalities and any change in normal activity were noted

.

in the records. The animals in each cage were weighed as a group on days 3,7,
and 14 after their dosage.

Primary Irritation

: The ability of each water to produce primary irritation in the skin was

measured according to the patch test technique described in paragraph 191.1 of

Regulations under the Federal Hazardous Substances Act Part 191, Chapter 1,

Title 21, Code of the Federal Regulations first published by the U.S. Department
of Health, Education, and Welfare, Food and Drug Administration , February 196S.

0.5 ml of the test water was placed on a cotton swab about one square inch in

area and placed in contact with the bare abdominal skin; two such patches were
used with each water, one placed upon intact skin and the other upon an area

of abraded skin on each animal. The patches were covered with a plastic sheet

st
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‘encircling the trunk and covered with a denim corset which kept the assembly
in place and permitted the animal to be returned to its cage. After 24 hours,
the coverings and patches were removed and the reactions in the skin were
scored according to their severity as described in the procedural regulations
summarized in Table 1.

Eye Irritation

The irritation produced in the eye following contact of the ocular tissues

with a specific water was measured according to the definitive test dsscribed
I in paragraph 191.12 of the regulations cited above. Six rabbits were used
for each test. Each eye was examined for redness and chemosis in the palpebral

and bulbar conjunctivae and for any abnormality in the cornea or iris. 1If the

T — Y T ————r

ocular tissues were not normal in appearance the animal was excluded from the
study. The test water was placed in one eye of each animal by gently pulling the
lower lid away from the eye ball to form a cup into which 0.1 ml of the water

was dropped. The lids were held together for one second and the animal released.

The eyes were examined and the ocular reaction was recorded at 24,48 and 72
hours. Grades for scoring the ocular lesions as defined in the Regulations are

shown in Table 3.

Results

Primary Irritation

: The average scores for erythema and for edema in the intact and abraded

skih coOntact with the respective waters are given in Table 4. The overall

|
okin of 6 rabbits immediately following and on the 3rd day after 24 hours of ;
|
{

irritation score is obtained by adding the two sums (for erythema and edema)
and dividing the total by 4 (two skin conditions and 2 time periods). ;

The skin reaction to any of the 20 samples listed in the tabulation consisted i




of no more than a mild to moderate erythema with occasional mild edema. The
maximum skin irritation score was 1.2 for sample Sl.

The procedural regulations define a primary skin irritant as any substance
which produces an empirical score of 5 or more when tested in this manner.

Eye Irritation

A swmary of the irritant effects of the specific waters when placed in
contact with the ocular tissues of rabbits is given in Table 5. There was no
involvement of the cornea or the iris in any instance; the responses consisted
of no more than slight to moderate erythema (redness) in the palpebral conjunc-
tiva (without chemosis or swelling).

In the procedural regulations, eye irritancy is judged not by the average
socre, but by the number of rabbits (in a group of 6) which show a given severity
of any response (as indicated by the bracketed scores in Table 3) at any time
during the 72 hours of observation. The number of animals showing a significant
degree of erythema is indicated under N in the tabulation. Only water S6 was
judged an eye irritant; the results with three waters (T8, L1 and 14) each with
3 animals showing a positive response were inconclusive and we will repeat the
test with these samples. The total eye irritation score is provided in the tabu-
lations as a basis for comparing the irritation potential of the respective waters.
Oral Toxicity

The data pertaining to the oral toxicity of the respective water samples
are given in TAbles 6A,8,C, and D. An occasional small mouse became entangled
in the wire mesh of the cage. If this occurred during the weekend, the animal
was removed from the experiment and was killed, otherwise it was extricated and
if uninjured was returned to the experiment. A few spontaneous deaths occurred
in each lot of mice before the animals were dosed with the water assigned. An
occasional death after a low dose of any one of the waters was believed also to

zesult from extraneous disecase unrelated to the water ingested. Such conclusion

64

o~

TR e T L 2
RESRIR S £ Bty et




Sodei

T " o " " " ™ d

is supported in part by no mortality among mice given much larger dosayes of
the same samples.

Changes in the body weight of the mice during two weeks post dosage
observation are being evaluated for the statistical significance of differences
with respect to dosage level and the water sample intubated; these computations
have not been completed as yet. In general however, the body weights reveal
no outstanding inhibition of growth attributable to any one of the specific

vaters.

Snmrx

Overall comparison of the several samples is provided in Table 7, a
summary of the data for each water. In general the implications of the
results to date are as follows:

1. None of the samples described in this report was considered a
primary skin irritant as judged by the definitive tests of the Hazardous Sub-
stances Act. Each had a primary irritation score much smaller than the
empirical score of 5 required to classify the water as such.

2. One sample, S4, was judged to be an irritant to the eye, the effect
being limited to erythema in the palpebral conjunctiva. There was no edema
in the conjunctiva and no injury in the cornea or iris. Three samples require
additional study.

3. All of the water samples investigated to date were non-toxic when

given orally to mice.




List and Description of Water Samples Received to Date from the University
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of Kentucky for Toxicological Study
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Date Rec'd Description of Sample
Sample No.
2/30/75
sl Synthetic Shower Waste Feed Water |

8s2
83
sS4
85
86
Y
58
T8
1l
L2
13
14

8/20/74

§9

sl0
s1l
812
813
si4
8§15
slé
817
LS

16

10/8/75
sle
819
S1%a
8§20
s21
822
$23

Synthetic Shower Waste Feed Water Concentrated
Synthetic Shower Waste Feed

Synthetic Shower Waste Feed Concentrated
Synthetic Shower Waste Ultrafiltrate |
Synthetic Shower Waste Feed with Ajax Disinfectant DEET

Synthetic Shower Waste Ultrafiltrate (Minus Ajax Disinfectant DEET)
Synthetic Shower Waste Ultrafiltrate Chlorinated |
Tap Water Concentrated

Synthetic Laundry Waste Feed

Synthetic Laundry Waste Ultrafiltrate

Composite Laundry Waste Ultrafiltrate from Long Run
Synthetic Laundry Waste Feed

Shower
Shower
Shower
Shower
Shower
Shower
Shower
Shower
Shower

Laundry Waste
Laundry Waste

Synthetic Shower Waste Feed Filtered High Concentrated

Synthetic Shower Waste Feed Filtered Very High Concentrated

Synthetic Shower Waste Feed Filtered Very High Concentrated Chlorinated
Real Shower WAste Feed Chlorinated Filtered Concentrated

Concentrated Ultrafiltrate from real Shower Waste

Concentrated Ultrafiltrate from Synthetic Shower Waste

Concentrated Filtered Unchlorinated real Shower Waste Feed

Waste
Waste
Waste
Waste
Waste
Waste
Waste
Waste
Waste
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Table 5

Erythema Resulting When the Specified Water Was Placed In Contact
With the Ocular Tissues In Rabbits (CF Table 3)

Sample Erythema in the Conjunctiva Number of Rabbits
(Sum of 6) Judged Positive

Lapsed Hours Total
24 48 72 Score

Sl 5 3 6 14 2
S2 4 3 1 8
Ss3 3 4 1 8 1
84 3 3 0 6
8§S 5 3 3 1 2
86 3 4 6 13 4 (a)
s7 1 5 1 7 1
88 0 4 2 6
T8 7 3 4 14 3 (b)
1l 8 2 2 12 3 (b)
L2 4 1 1 6 1
L3 6 3 3 12 2
14 ? 3 5 15 3 (b)
89 6 4 3 13 2
$10 6 4 2 12 1
sil 6 ? b 14 1
812 2 1 1 4
813 3 2 b | 6
sl4 1 2 3 6

; __815 1.3 B 7

‘i"w (a) Sufficient to classify the water as an eye irritant.

b (b) Water as an eye irritant uncertain; additional animals required for classification.
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Table 6 A

) The Immediate Toxicity of Specific Water Samples When Given Orally
f to Mice. (CF Table 1 for description of samples; mice from Lot 1)

sample & Deaths Average Body Weight (9) Change in
Dossge (10 mice VWeight
al/kg _per_dose) o 3 7 14 (percent)
(3
10 (1 k) 14.3 16.8 19.4 23.2 62
25 15.8 17.0 20.4 24.5 L 1] |
40 a k) 16.2 17.0 20.1 23.9 48 1
63 17.8 20.0 21.6 25.1 4
100 1.5 17.0 19.6  23.8 54 |
; Average 15.9 7.6 20.2 24.1 51
‘, s2
[ 10 2 (7 days) 13.6 15.9 16.3 22.4 80 |
25 16.3 17.5 20.2 24.0 47 |
40 16.8 18.7 21.0 25.4 51 |
63 15.1 18.0 19.9 23.8 58 {
100 15.7 17.4 20.2 23.4 4 !
Average 15.5 17.5 19.7 23.9 54 '
83
10 14.5 17.2 18.6 23.1 59
1 f 25 15.2 16.8 19.8 23.3 53 |
! 40 16.6 18.0 20.8 25.4 53 |
i 63 16.4 17.9 20.2 24.3 48
g 100 15.9  17.8 20.8 24.2 s2_
! Average 15.7 17.5 20.0 24.1 54
¢
| s¢
i 10 1 (6 days) 14.2 17.5 17.8 20.9 47
25 15.4 17.7 20.7 24.2 $7
, 40 15.7 17.3 20.6 24.2 54
! 63 15.1 17.0 17.8 23.2 54
» 100 15.3 16.0 18.9 22.6 48
L Average 15.1 17.1 19.9 23.1 53
85
10 15.1 18.4 20.9 23.9 S8
25 16.6 19.7 21.6 23.9 44
40 18.3 20.9 22.0 24.2 32
63 18.3 20.4 23.3 248.7 35
100 1 17,7 19.2 22.2 25.1 42
Average 17.2 19.7 21.8 24.) 42

(x) Accidentally killed.
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Table 6 B

The Ismediate Toxicity of Specific Water Samples When Given Orally

to Mice. (CF Table 1 for description of samples; mice from Lot 2)

Sample & Deaths Average Body Weight (g) Change in
Dosage (10 mice Weight
nl/kg per dose) 0 3 7 14 (percent)

86

10 18,2 22.3 24.6 25.6 40.6
25 17.5 21.3 22.3 23.4 33.7
40 19.8 22.4 23.9 25.1 26.8
63 19.5 23.1 23.2 24.0 23.1
100 9.1  23.3  23.0  24.3 27.2
Average le.8 22.5 23.4 24.5 30.
s?
10 1 (2 days) 18.3 20.0 23.0 26.0 42.1
25 17.8 20.8 21.6 23.6 32.6
40 18.7 21.6 23.2 24.8 32.6
63 20.1 24.0 24.1 26.0 29.3
100 18.2 21.2 22.8 24.0 31.9

Average 18.6 21.6 22.9 24.9 33.6

S8
10 16.6 20.1 21.86 23.8 43.4
25 19.2 21.1 23.3 25.9 34.9
40 18.6 21.4 22.1 23.8 28.0
63 19.5 22.7 23.2 23.6 21.0

100 20.3 22.1 22.0 23.5 15.8

Average 18.8 21.5 22.5 24.1 28.3

T8
10 17.1 20.3 21.5 23.5 37.4
25 18.6 21.1 22.6 24.6 32.2
40 18.1 17.2¢ 20.2 22.9 26.5
63 19.7 22.6 23.0 25.1 27.4

100 (1 k) 18.0 21.8 22.4 24.3 35.0

Average 18.3 20.6 21.9 24.1 3l1.7

11 3
10 18.7 20.7 22.6 24.5 31.0 1
25 19.1 21.5 22.4 23,9 25.1 '
40 18.6 21.6 22.4 22.7 22.0
63 18.9 21.9 23.5 25.1 32.8

100 19.4 22.0 21.1 22.7 17.0
Average 18.9 21.% 22.4 23.8 25.8

*Five mice escaped from their cage and had no access to food; they were
recaged and fed. Weight loss due to lack of food.

(k)Accidentally killed.




Table 6 C
The Immediate Toxicity of Specific Water Samples When Given Orally
to Mice. (CF Table 1 for description of samples; mice from Lot 3)
Sample ¢ Deaths Average Body Weight (g) Change in
Dosage (10 mice Weight
»l/kg per dose) 0 3 7 14 (percent)
12
10 15.5 16.8 19.7 21.3 37.4
25 20.6 21.3 23.5 24.4 18.4
40 18.9 18.9 20.4 21.2 12.2
63 19.8 20.7 23.0 25.4 28.3
100 1 (2 days) 19.5 20.7 23.2 24.9 27.7
Average 18.9 19.6 21.9 23.4 23.8
L3
10 16.8 17.9 19.5 21.1 25.6
25 18.9 19.8 22.4 24.2 28.0
40 ’ 18.3 19.4 21.6 22.6 23.5
€3 20.5 21.1 23.1 24.9 21.5
100 1 (12 days) 18.5 18.3 20.3 22.6 22.2
Average 18.6 19.3 21.4 23.1 24.1
14
10 16.3 17.8 20.1 20.9 28.2
25 18.4 20.1 22.2 23.8 29.3
40 1 (6 days) 20.1 19.9 22.2 22.8 13.4
63 19.5 20.3 22.8 24.5 25.6
100 20.1 20.2 21.6 22.6 12.4
Average 18.9 19.6 21.8 22.9 21.1
s9
10 16.5 17.5 20.2 20.9 26.7
25 19.6 20.3 22.4 23.8 21.4
40 17.8 18.3 20.9 22.7 27.5
63 1 (10 days) 25.0 23.9 24.8 26.7 6.8
100 - 18.2 18.2 20.3 21.2 16.5
Average 19.4 19.6 21.7 23.0 18.3
8§10
10 20.2 22.5 23.9 23.1 14.4
25 20.1 21.3 22.5 22.0 9.4
40 24.5 23.2 27.0 27.0 10.2
63 24.1 25.5 27.2 26.8 11.2
100 2 (3 days) 23.4 24.0 26.1 27.1 15.8
Average 22.8 23.4 25.5 25.4 1.4
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Table 6 D
The Dmmediate Toxicity of Specific Water Samples When Given Orally
to Mice. (CF Table 1 for description of samples:; mice from Lot 4)
Sample & Deaths Average Body Weight (g) Change in
Dosage (10 mice Weight
nl/kg _per dose) 0 3 7 4 (percent)
8§11
10 18.8 18.3 18.7 23.3 23.9 !
25 19.0 18.5 17.1 22.7 19.5 |
40 19.7 19.2 17.8 22.0 11.7
63 1 (3 days) 18.5 19.3 20.2 22.8 23.2
100 8.0 18.7 18.4 20.4 13.3
Average 18.8 18.8 18.4 22.2 18.0
812
10 19.2 19.7 21.1 23.6 22.9
25 19.2 20.1 20.4 23.1 20.3
40 1 (5 days) 18.6 21.0 21.7 25.1 34.9
63 19.4 21.4 21.2 24.1 24.2
100 20.5 22.6 20.5 25.1 22.4
Average 19.4 21.0 20.5 23.7 22.0
s13
10 19.3 20.6 20.8 24.2 25.4
25 18.9 19.7 19.4 22.7 20.1
40 1 (7 days) 19.1 20.6 20.4 24.3 27.2
63 19.4 21.6 21.4 23.1 19.1
: 100 18.8 20.2 20.5 23.8 26.6
; Average 19.1 20.5 20.5 23.6 23.5
814
10 18.3 19.3 21.4 23.5 28.4
25 18.0 19.6 18.8 24.2 34.4
40 20.2 20.9 21.1 24.0 18.8
63 20.0 21.2 21.5 24.3 21.5
100 18.6 18.9 18.1 22.2 19.4
Average 19.0 19.9 20.1 23.6 24.3
E 515
: 10 19.0 20.5 21.4 24.0 26.3
E 25 19.4  20.8  20.5 23.8 —
40 18.8 20.3 20.7 24.8 3.9
63 1 (12 days) 19.9 19.3 18.8 24.5 23.1
100 19.7 20.4 19.0 23.8 20.8
Average 19.4 20.2 20. 24.2 24.5
77
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Table 7

Summary of Results

vater Irritation Oral Toxicity in Mice
Ident. Scores Mortality Average Wt (g) all doses
Number Eye Skin Aver. 100 ml/kg (days after dose)
Sum N* Score 10 mice 0 3 2 14
sl 14 (2) 1.2 15.9 17.6 20.2 24.1
82 0.9 15.5 17.5 19.7 23.9
s3 1) 0.7 15.7 17.5 20.0 24.1
s4 6 0.7 15.1  17.1 19.9 23.1
sS 11 (2) 1.0 1 (6 days) 17.2 19.7 21.8 24.3
s6 13 (1) 1.1 18.8 22.5 23.4 24.5
s7 (1) 0.5 18.6 21.6 22.9 24.9
s8 6 0.5 18.8 21.5 22.5 24.1
T8 14 (3) 0.8 1(k)-6 days) 18.3 20.6 21.9 24.1
Ll 12 (3) 0.6 18.9 21.5 22.4 23.8
L2 6 ) 0.8 18.9 19.6 21.9 23.4
L3 12 (2) 0.5 1 (12 days) 18.6 19.3 21.4 23.1
14 15 (3) 0.8 18.9 19.6 21.8 22.9
s9 13 (2) 1.1 19.4 19.6 21.7 23.0
810 12 (1) 0.7 2 (3 days) 22.8 23.4 25.5 25.4
811 14 () 1.0 18.8 18.8 18.4 22.2
s12 4 0.6 19.4 21.0 20.5 23.7
813 6 0.8 19.1 20.5 20.5 23.6
814 6 0.3 19.0 19.9 20.1 23.6
815 ? 0.5 19.4 20.2 20.1 24.2

*Number of rabbits with a redness score of 2 (a definitive score).
There was no effect on the cornea or iris.

(k) Killed

accidentally.




Unclassified

THE TOXICITY AND IRRITANCY OF ULTRAFILTRATES OF
NON-SANITARY MILITARY WASTES

Progress Report for November, 1975
Sylvan Witherup, B.S.

November 30, 1975

Supported by

U.S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND
Washington, D.C. 20314

Contract No. DAMD17-76-C-6006

Department of Environmental Health
University of Cincinnati College of Medicine
Cincinnati, Ohio 45267

Approved for Public Release
Distribution Unlimited

The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other
authorized documents.

Unclassified

7
v .,..r' °~ :;:., g",--z




TABLE OF CONTENTS

P ]

: k

Table of Contents
htzd“e“on..ooo.o....0.'..‘........0..'.......0......00. 31
.‘“1"..o.oooo..o.o-..00oo.oo-o.0..ool.oo......o...o..o.. al

‘M.....'..‘......‘..‘O"'.'..'............‘...'...... 33

Table 1 - Identification of the NWaters
Studied 83

Table 2 - Primary Irritation Induced in the 8kin
of Rabbits; Scored According to
Procedural Regulations 84

Table 3 - Eye Irritation Induced in Rabbits by
Placing the Water in Contact with
the Ocular Tissue; Responses Scored
According to Procedural Regulations

at the Times Specified 86
Table 4A- The Immediate Toxicity of Specific Water
Samples When Given Orally to Nice 87
Table 4B-The lmmediate Toxicity of Specific Water
Samples When Given Orally to Mice €8
Table S Susmary of Results L
00

bl ' o b a it

T e ey AR TN e

v N

o
- 3 EPRNLVEETS, s SO P S

st i e S vl




Introduction

This report contains data pertaining to the immediate oral toxicity and
the irritant effects of ten water samples described in Table 1 and which
continue in consecutive order from those described in the Quarterly Report
dated October 28, 1975. It also includes a repeat of the eye irritation
studies with samples Ll and L4. The experimental methods employed and the
definitions of the empirical scores used in the irritation studies all have 5

been described in the Quarterly Report.
Results

Skin Irritation

The average scores for erythema and for edema in the intact and abraded

abdominal skin on six rabbits, immediately following and on the 3rd day
after 24 hours of skin contact with the respective waters are given in Table
2. These water samples were somewhat more irritating to the skin of rabbits

than were the preceding samples. The empirical scores ranged from 2.1

(Sample S 19) down to 0.6 (Sample S 17). The responses consisted of mild
or moderate erythema and occasional mild edema which subsided repidly in the
intact skin and persisted but slightly longer in the abraded areas of skin.
The scores, although somewhat higher than those obtained with the previous
samples, were in all instances well below the empirical score of S required

to classify a material as a primary skin irritant.
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Eye Irritation

A summary of the eye irritation scores is provided in Table 3. None
of the samples elicited sufficient response to be classified as an eye
irritant. Two of the samples, (S 19a and S 20) resulted in a mild
edema in the palpebrum which had not occurred previously. There was
no involvement of the iris or cornea in any instance.

It had been noted previously that 3 of 6 rabbits had exhibited res-
ponses of sufficient severity to be considered positive after contact of
the eyes with sample Ll or L4. 1Is a repeat test no rabbit exhibited suf-
ficiznt response to L1 to be judged positive by the standards, this water .
is not considered an eye irritant. One of 6 rabbits responded positively
to L4. Although a 3rd test is necessary to classify the water as an ir-
ritant to the eye, I believe that for the purposes of these experiments,
the data from the two experiments suffice and that the water should be con-
sidered irritating to the eye. It is noteworthy that in each instance the

total scores for the two experiments were almost identical.

Oral Toxicity

Data pertaining to the oral toxicity of the respective waters are
summarized in Tables 4A and 4B. As with the previous waters, these specific
samples were not toxic when given orally to mice in dosages ranging from 10
to 100 ml/kg inclusively. Occasional deaths among the mice of Lot 5 were
not dose related and were attributed to extraneous diseases. Diarrhea was
noted in mice given 63 or 100 ml/kg of water S 18; a sanguineous excrement
seen on the rear quarters and tail of some of the mice was not identified
as to its source or contents.

Terminally the body weights of the mice were normal and not notably

affected by any one of the waters.
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Summary

Ten water samples have been tested with respect to their irritancy

and oral toxicity using methods described previously.

The pertinent cbservations are sumnarized in Table 5. None was

judged to be a primary skin irritant. None was judged to be an irritant

to the eye.

However, both the skin and eye irritation scores were among

the high values of all the waters tested to date. None of the waters

was toxic when given orally to mice.

Table 1

Identification of the Waters Studied

8§16
817
s18
819

§19%

Laundry Waste

Laundry Waste

Shower Waste

Shower Waste

Synthetic Shower Waste Feed, Filtered, Righ Concentrate

Synthetic Shower Waste Feed, Filtered, Very High Concentrate
Synthetic Shower Waste Feed, Filtered, Very High Conc. Chlorinated
Real Shower Waste Filtered, Chlorinated Concentrated

Real Shower Waste Ultrafiltrate, Concentrated

Synthetic Shower Waste, Ultrafiltrate Concentrated
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Table 3

Eye Irritation Induced in Rabbits by Placing the Water in Contact with
the Ocular Tissue; Responses Scored According to Procedural Regulations
at the Times Specified

o 15 S ST T ST e e

Ident. Lapsed Hours Total Number of Rahbits
No. of 24 48 22 Score Judged Positive
: Sample R*C R*C R¢*C
15 2 2 1 5 0
16 2 b 3 4 7 (o}
slé 2 3 4 9 0
s17 1 3 4 8 0
‘ s18 5 4 1 10 1
8§19 4 5 2 1l 1
’ sl9% 4 1 R ¢ < 12 bl
§20 4 2 S | > s | 10 1
s21 2 0 2 4 0
E 8§22 5 2 2 9 1

‘ Repeat of Two Samples Studied Previously
| Ll 3 5 5 13 0

3 14 6 S 5 16 1

®R = redness; C = Chemosis (edema) in the palpabral conjunctiva. There was no
noticeable effect in the cornea or iris.




Table 4 A
The Immediate Toxicity of Specific Water Samples When Given Orally |
to Mice. (Lot M5) |
Sample Deaths Average Body Weight (g) Change in |
Dosage (10 mice Weight '
nl/kg _per dose) 0 3 7 14
816
10 13.7 14.4 17,0 22.6 68 :
25 13.3 20.0 23.8 79 |
40 14.5 20.2 24.1 66
63 15.7 19.6 24.6 57
100 2; (1-9 days) _14.6 18.1 24.2 66 s
Average 14.4 14.4 18.8 23.8 66 5
817
i 10 13.7 14.8 19.5 22.6 €5
? 25 1; (6 days) 15.3 1l8.6 22.2 45
| 40 13.6 16.7 20.8 53
63 12.9 16.6 21.9 70
100 15.8 18.0 22.3 41
Average 14.3 14.8 17.9 21.9 53
15
10 1(k-5 days) 12.5 14.7 18.5 23.7 90 i
25 15.6 17.0 20.9 34
40 1 (8 days) 15.6 16.7 20.4 31
€3 15.5 20.2 24.2 56
100 15.2 19.3 23.4 54
Average 14.9 14.7 18.3 22.5 51
]
16
10 * (12 days) 13.4 16.0 17.6 20.5 53
25 13.6 18.4 24.2 78
40 13.8 20.6 26.2 90
63 15.3 20.2 23.9 56
100 1 (8 adays) 14.8 18.8 20.8 40
Average 14.2 16.0 19.2 23.3 64

E *Two mice escaped; eliminated from the experiment weights on 14th day. 3




Table 4 B ]
The Immediate Taxicity of Specific Water Samples When Given Orally
to Mice. (Lot M6)
Sample Deaths Average Body Weight (g) Change in
Dosage (10 mice Weight
ml/kg _per dose) 0 3 2 4 (percent)
818
i 25 17.6 19.1 ° 21.6 23.4 33
40 19.6 21.0 23.6 23.9 22
63 19.8 21.8 21.9 23.0 16
i 00 7.2 19.0 _21.8 _23.4 36
: Average 18.6 20.5 22.3 23.3 25
{ 519
10 15.5 17.4 19.6 21.9 41
25 16.5 17.4 20.1 20.3 23
40 l6.1 18.4 21.1 22.6 40
- 63 17.0 19.8 22.4 24.0 41
! 100 15.6 17.4 20.9 23.0 44
i Average le6.1 18.1 20.8 22.3 38
819a
10 17.4 l8.8 20.9 2.6 30
25 20.3 22.4 23.5 24.7 22
40 18.7 20.2 22.0 22.9 22
63 19.0 29.4 21.4 23.0 21
100 6.8 19.2 2).3 " 259 28
Average l8.4 20.0 21.9 23.1 26
k] 520
10 15.7 17.5 20.7 22.5 43
25 18.1 20.5 22.1 23.4 29
40 18.5 18.4 21.4 22.8 23
63 19.1 22.7 20.5 22.7 19
100 17.7 19.7 20.7 23.0 30
Average 17.8 19.7 21.0 22.8 G 28
8§21
a0 4.6 17.6 20.2 22.4 _.--83
25 18.6 21.2 22.5 23.1 o 24
L 40 ' 18.0 20.6 21.5 22.9 : 27
63 20.5 23.3 25.0 25.8 24
¥ 100 17.1 17.5 19.5 _22.3 30
b Average 17.8 20.0 21.7 23.2 30,
88
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Tadble 5
Sumary of Results
Nater Irritation Oral Toxicity 4n Mice
Jdent. _Scores Mortality Average Wt (g) all doses’ Change
Number Bye Skin Aver. 100 m1/kg : (days after Bose) in e,
Sur (N*) BScore 10 mice 0 3 ? 14 (Pexcent)
15 5 1.0 4.9 8.3 22.5 S1
16 7 1.3 1 (6 days) 4.2 9.2 23.3 64
816 9 1.2 2 (10 days) 4.4 le.e 23.8 66
817 8 0.6 14.3 17.9 21.9 53
LI €818 10 1 1.8 8.6 20.5 22.3 23.3 25
b s n 4 tad 6.1 18.1 20.8 22.3 38
$l% 12 b | 1.5 18.4 20.0 21.9 23.1 26
$20 10 1 1.2 7.8 19.7 21.0 22.8 28
821 4 0 1.8 7.8 20.0 21.7 23.2 30
822 9 1 1.6 Inml‘te‘ ¢ ¢ ¢ ¢¢ & ¢ ¢ ¢ ¢ ¢ ¢ ¢ O
50 0 : ]
14 16 b -
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Introduction

This report contains dats pertaining to the immediste Oral
toxicity and the irritant properties of twenty water samples described in
Table ) and which continue in consecutive order from those described in
the Noverber Progress Report dated November 30, 1975. 13It also includes
& Tepetition of the eye irritation study with sample T8. The experimental
methods employed and the definitions of the empirical scores used in the

irritation studies all have been described in the Quarterly Report dated

October 28, 1975.

Results

Skin Irritation

The average scores for erythema and for edema in the intact and
abraded abdominal skin on six rabbits, immediately following and on
the 3rd day after 24 hours of skin contact with the respective waters
are given in Table 2. None of the samples was found to be & primary
skin irritant as defined by the Procedural Regulations which regquire an
empirical score of 5 or more for this classification.

The average skin irritation scores obtained with laundry water samples
ranged from a high of 3.5 for sample L12, 3.4 for L13, 3.1% for LY and 2.65
for L7 (these were concentrated samples) down to a low of 0.3 and 0.4 for
waters L10 and L11. It should be noted that the high average scores ob-

tained with the specified laundry waste concentrates represent soderate




T —

to severe erythema and edema with ulceration and eschar formation in
some ©f the animals; usually these injuries had not healed completely
within the 3 days period of observation.

A skin irritation score of 2 resulting froz water $26 was the highest
obtained among the shower waste waters; the values generally were less than
one. '

Eye Irritation

The empirical scores by which the irritant effects of the respective
waters on the eyes of rabbits were graded are listed in Table 3. 1In all
instances £h¢ response consisted of some degree of erythema in the pal-
pebral conjunctiva, without noticeable swelling of the tissue and with
no injury in the cornea or iris. The severity and extent of the responses
was sufficient to classify sample 526 and Sample 113 as an eye irritant.
The responses to L13 are equivocal, since there was a positive response
in 3 of the 6 rabbits tested. An additional test is needed to classify
the water; however in consideration of the skin irritation resulting
fzom this sample (Table 2) it should be considered an eye irritant until
more tests are performed.

A zepetition of the eye irritation test with water T8 indicated that
this water was not an eye irritant as has been suggested by the equivocal
zesults obtained in the first test.

Inmediate Oral Toxicity
Data pertaining to the immediate toxicity of the respective waters

when given orally to mice are summarized in Tables 4A,5,C and D. Death




occurred only among mice that were given 100 ml/kg of 17, 112 or L13,
the respective mortalities being 1/10, 6/10 and 3/10. Mice that were
given sublethal dosages of these three samples usually showed some degree

of weight loss or reduced growth that was related to the magnitude of

the dose.

Of 12 shower waste water samples only $26, a concentrated synthetic
waste feed was found to be an eye irritation; slight irritation in the skin
was not sufficient to classify the product as a primary skin irritant.

No deaths occurred among mice that were given orally, 100 ml of any one

of the shower wastes per kg body weight.
: Laundry waste water samples L12 and L13 were classified as eye

irritants and were moderately irritating to the skin of rabbits, although

the severity and extent of the injuries on the skin were not sufficient

to classify either water as a primary skin irritation. A mortality of

10, 60, and 30 percent occurred respectively among mice that were given

orally, 100 ml/kg of water L1, L12 or L13.
Of the 20 samples tested, §25, 17, L12 and L13 were exceptional in

the extent of the responses they elicited.




Table 1

Jdentification of the Waters Studied

$-22
$-23
$-24
§-25
8§-26
§-27
§-28
$-29
§-30
§-31
§-32
§-33
-9

T-10
-7

1-8

1-10
L-11
L-12
1-13

Concentrated Ultrafiltrate from Real Shower Waste.
Concentrated Filtered Unchlorinated Real Shower Waste Feed.
Synthetic Shower Waste Ultrafiltrate-Concentrated.
Real Shower Waste Ultrafiltrate-Concentrated.
Synthetic Shower Waste Feed-Concentrated.

{OPSS) Concentrated Disinfectant.

(OPSS) Concentrated Disinfectant.

Concentrated Ajax Solution.

Synthetic Shower Waste Concentrated Feed.
Synthetic Shower Waste Concentrated Feed.
Synthetic Shower Waste Concentrated Feed.
Synthetic Shower Waste Concentrated Feed.

Tap Water; Concentrated.

Tap Water Concentrated.

Synthetic Laundry Waste Feed Concentrated.

U.S. Army Detergent; Concentrated.

Concentrated Tide Detergent.

Army Detergent Concentrated.

Army Detergent Concentrated.

Synthetic Laundry Waste Concentrated.
Synthetic Laundry Waste Concentrated.
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Tadble 3

Eye Irritation in Rabbits Resulting When the Specified Water Was Placed 3
in Contact with the Ocular Tissues; Responses Scored According to Pro-
cedural Regulations at the Times Specified

Erythema® in the Conjunctiva
(Sum of Scores in 6 Rabbits) _
Water
ldent. Lapsed Hours Total Number of Rabbits
Humber 48 Score Judged Positive

N
o
~
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23
24
25
26
27
28
29
30
3l
32
33

9
10

9

8

9
10
11
12
13
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Repeat of one sample studied previously

T8 0 1 1 2 ks

*There was no chemosis in the conjunctiva, no lesion or clouding of the cornea
and no effect on the iris resulting at any time from contact with the speci-
fied waters.

*¢Water sample T 8 is not an cye'irritant as defined by the Procedural
Regulations.
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The Immediate Toxicity of Specific Water Samples When Given

Table 4A

Orally to Mice (lot M 8)

.Average Body Weight (g)

vt e e

S e o it s o P

Sample Deaths (day after dosage) Change in
Dosage (10 mice/ Weight
ml/kg per dose) .0 3 7 14 L)
8§22
10 23.2 24.2 25.2 25.3 9.0
25 24.0 23.5 26.0 25.3 5.2
40 24.3 24.6 26.8 26.8 1C.3
63 22.7 22.3 22.6 21.2 -€.6
100 24.5 23.4 24.9 23.4 -4.6
Average 23.7 23.6 25.1 24.4 2.7
s23
10 24.3 24.6 26.1 26.6 9.7
25 24.2 24.6 25.5 26.3 8.6
40 22.8 22.7 24.6 24.7 8.4
63 24.1 24.4 25.7 24.5 1.5
100 22.5 21.9 22.3 20.7 -8.3
Average 23.6 23.6 25.0 24.5 4.1
824
10 22.5 22.4 23.6 24.2 7.5
25 23.2 24. 26.3 26.3 13.6
40 24.6 24 26.0 25.2 2.6
63 23.7 23.8 25.2 25.4 7.4
100 23.6 22.9 24.8 24.9 5.6
Average 23.5 23.6 25.1 25.2 7.3
s25
10 23.4 23.8 24.9 26.6 13.8
25 23.5 23.6 25.1 25.3 7.5
40 23.9 24.2 26.4 26.4 10.3
63 23.2 23.9 26.4 27.0 16.4
100 22.5 23.1 24.8 26.2 16.3
Average 23.3 23.7 25.5 26.3 12.8
526
10 24.8 24.8 25.8 26.4
25 23.8 24.2 25.8 26.2
40 22.7 22.1 24.4 25.3
63 24.1 22.2 24.8 25.8
100 22.6 21.4 23.5 24.3
Average 23.6 22.9 24.9 25.6
100
5 ! A L
- = *a*
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. Table 4B
The Immediate Toxicity of Specific Water Samples When Given .
: Orally to Mice (Lot M 9)
Average Body Weight (g)

Sample Deaths (day after dosage) Change in

Dasage (10 mice/ Weight

nl/kg _per dose) 0 3 7 33 L)

$27

10 22.6 22.5 25.3 24.4 8.2
25 22.7 19.8 21.9 23.4 3.2
40 24.1 24.4 24.9 25.6 6.3
63 21.9 24.6 25.4 24.5 11.7
100 25.2 25.2 25.1 26.6 $.8
Average 23.3 23.3 24.1 24.9 7.0
$28
10 1 (14 days) 22.6 21.7 22.6 22.9 1.4
25 21.4 23.0 23.1 24.8 16.0
40 1 (14 days) 19.1 22.9 22.4 24.3 27.7
63 22.8 24.4 25.2 26.7 17.2 i
100 23.9 24.8 25.2 26.2 9.7 |
Average 22.0 23.4 23.7 25.1 14.2 g
§29
10 24.8 24.8 24.7 23.4 -5.%
25 21.9 22.8 23.2 24.2 10.7
40 & 22.5 23.6 24.2 4.3 8.0
63 i 23.5 24.2 25.1 25.5 8.4
100 24.0 25.0 26.0 27.4 14.1

Average 23.3 24.1 24.6 25.0 4.2

L7
10 23.5 23.3 23.8 25.4 7.8
25 22.8 24.4 25.2 26.9 18.8
40 21.2 21.8 22.4 23.8 12.6

1 63 24.3 22.8 24.0 25.6 5.3
; ‘ 100 1 (6 days) 21.3 22.2 22.8 24.5 14.9

A"tl’l 22.6 22-’ 23.3 25.2 1105'

18 {
10 22.4 23.8 24.4 a4.0 7.% s
25 21.4 23.6 23.9 23.2 8.2 -
40 22.6 23.0 23.6 24.8 9.9
6 21.6 22.4 23.1 24.4 12.9 |

1 23.1 23.6 24.0 23.8 2.8

Av.t‘g'-‘ 22.2 23.3 23.8 24.0 6.2

*One mouse escaped; not included in 15 day weights.
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.Table 4C
The Immediate Toxicity of Specific Water Samples When Given
Orally to Mice (Lot M 10)
Average Body Weight (g)
Sample Deaths (day after dosage) Change in
Dosage (10 mice/ Weight
nl/kg _per dose) 0 3 7 14 L)
19
10 24.8 23.2 24.1 25.6 3.2
25 24.9 22.9 25.5 25.9 4.0
40 25.0 23.7 25.4 26.1 4.4
63 26.2 24.4 26.6 27.4 4.6
100 . 25.6 21.7 23.7 25.2 -1.6
Average 25.3 23.2 25.1 26.0 2.9
110
10 25.3 23.8 25.1 25.0 -1.2
25 24.5 23.2 25.2 25.7 4.9
40 24.3 23.3 24.9 25.8 6.2
63 25.3 24.1 26.5 27.0 6.7
100 25.6 24.7 26.8 27.0 5.5
Average 25.0 23.8 25.7 26.1 4.4
L1l
10 24.6 23.9 24.8 25.8 4.9
25 L 25.4 24.5 26.6 26.8 5.5
40 - 26.2 25.4 26.3 27.9 6.€
63 25.9 24.8 25.4 27.6 6.6
100 23.0 22.1 24.2 25.0 8.1
Average 25.0 24.1 25.4 26.6 - €.4
T9
10 25.4 23.9 24.8 26.4 3.8
25 25.8 24.4 26.6 26.7 3.4
40 25.2 23.8 24.3 26.6 5.6
63 26.6 24.4 26.4 26.8 0.8
| 100 28.1 26.0 28 .4 29.4 4.8
i Average . 26.2 24.5 26.1 27.2 s 3.7
i
[ T10
10 25.6 25.1 26.4 27.8 8.9
g; 25 26.1 24.4 26.6 28.2 8.2
& 40 23.2 21.7 23.6 24.2 4.3
3 63 25.3 23.4 25.2 26.8 5.8
100 26.1 24.4 26.4 26.0 0.4
Average 25.3 23.8 25.6 26.6 5.3

*Only 9 mice per dose.
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Table 4D

The Immediate Toxicity of Specific Water Samples When Given {
Orally to Mice (Lot M 11) 5
; {

Average Body Weight (9)

Sample Deaths (day after dosage) Change in
Dosage (10 mice/ Weight 1
nl/kg per dose) 0 3 ? _J4 L ’
112 s
10 30.3 28.6 30.0 30.7 1.3 g
25 29.8 27.9 30.2 31.0 4.0 |
; 40 31.2 27.5 29.4 31.0 «0.6
63 30.6 27.2 29.3 30.2 -1.3
100 6 (1-3 days) 28.6 22.2 22.9 26.9 -5.9
Average 30.1 27.2 29.1 30.3 0.8
113 : g
10 31.4 30.4 32.3 4.1 8.5 e
25 28.9 25.8 28.5 28.2 -2.3 %
40 31.6 28.8 30.8 32.1 1.4 .
63 29.8 26.0 27.6 29.2 &2,2 |
100 3 (2 days) 29.5 25.0 26.4 28.3 -4.1 ;
Average 30.2 27.3 29.2 30.4 0.6 g
$30 i
10 28.2 28.1 30.5 31.3 10.7 |
25 30.4 29.9 31.7 32.9 8.3 |
40 30.2 29.7 31.1 32.2 6.3
63 29.4 27.8 28.5 30.0 2.0
100 29.5 26.7 28.1 30.3 2.7
7{' Average 29.5 28.4 30.0 31.3 6.0
|
g 831
, 10 29.8 27.% 29.1 30.0 0.7
/ 25 29.3 28.6 30.7 3.5 7.3
| 40 30.0 29.0 30.7 29.2 -2.6
- 63 30.0 28.3 30.7 31.7 5.6
3 100 30.7 25.3 27.2 29.9 -2.5
k Average 29. 27.7 29.7 30. 1.7
|
‘ 832
@ 10 29.0 27.3 28.3 28.7 -0.9
i 25 29.1 29.4 30.5 30.5% 4.7
ki 40 28.7 28.0 29.3 30.3 5.5
e 63 28.% 26.5 27.6 27.8 2.5
& 100 29.1 26.2 27.9 88.7 -1.3
I Average 8.9 2.4 2.  29.2 e = ¢
5_ .
i
L" *Drinking water unavailable for 18 hours.
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Table S i
Summary of Results J
1
Nater Irritation ©Oral Toxicity in Mice
Ident. _Scores Mortality Average Wt (g) all doses Change |
Number Eye Skin Aver. 100 ml/kg (days after dose) in wt. '
Sum (N*) Score (10 mice) 0 3 7 14 L
8§22 9 ) 1.6¢ 23.7 23.6 25.1 24.4 2.7
823 9 0.6 23,6 23.6 25.0 24.5 4.1
824 9 0.4 23,5 23.6 25.1 25.2 7.3
8§25 9 0.3 23.3 23.7 25.5 26.3 12.8 1
s2¢ 5 2.0 23.6 22.9 24.9 25.6 8.4
8§27 8 0.4 23.3 23.3 24.1 24.9 7.0
8§28 9 0.5 22.0 23.4 23.7 25.1 14.2
8§29 9 0.6 23.3 24.1 24.6 25.0 4.2
8§30 5 1.0 29.5 28.4 30.0 31.3 6.0
s31 6 1.1 29.9 27.7 29.7 30.4 1.7
832 11 2 1.7 28.9 27.4 28.7 29.2 1.1
833 12 3.5 (Incomplete)
T9 7 0.6 26.2 24.5 26.1 27.1 3.7
T10 4 0.4 25.3 23.8 25.7 26.6 5.3
L? 10 2.6 1 22.6 22.9 23.8 25.2 11.5
; L8 2 0.6 22.2 23.3 23.8 24.0 8.2
| L9 - 5 8 3.2 25.3  23.2 25.1 26.0 2.9
Ll10 5 0.4 25.0 23.8 25.7 26.1 4.4
Ll S 0.3 25.0 24.1 25.4 26.6 6.4
L12 14 3 3.5 6 30.1 27.2 29.0 30.3 0.8
Ll13 25 3.4 3 30.2 27.3 29.2 30.4 0.6

*From November Report.
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Introduction

This report contains data pertaining to the immediate oral toxicity and
the irritant properties of ten water samples described in Table 1 and which
continue in consecutive order from those dsscribed in the December Progress
Report. Data pertaining to the last sample listed in the December Report,

(S33) were incomplete at that time; they are completed herein.

Results

Skin Irritation

The average scores for erythema and for edema in the intact and abraded
abdominal skin on six rabbits, immediately following and on the 3rd day
after 24 hours of skin contact with the respective waters are given in
Table 2. None of the samples was found to be a primary skin irritant as
defined by the Procedural Regulations. The highest skin irritation scores
obtained with this series of waters were 3.58, 2.48, 1.75 and 1:5 obtained
with samples S-40, $-37, S-41 and S-33. The remaining six values in this

series ware less thi.: one.

Eye Irritation
The empirical scores which quantitatively summarize the irritant effects

of the respective waters on the eyes of rabbits are listed in Table 3. The
eye irritation consisted of no more than slight to mild palpebral erythema

which was of sufficient intensity to be considered positive (a score of 2)

in only one of the 60 eyes examined. None of the waters was found to be

irritating to the eyes of rabbits.
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Immediate Oral Toxicity
Data pertaining to the immediate toxicity of the respective waters

wvhen given orally to male mice are summarized in Tables 4A and 4B. No
deaths occurred at any of the dosage levels ranging from 10 to 100 mui/kg.

T™wo mice given waters S-37 and S-41 respectively were injured in some un-

known fashion during the 5ti nijht and were removed from their groups on

the 6th morning. One mouse given water S-35 was discovered to be a female

and pregnant; her weight was not included in the dose group averages. Only
9 mice were given water S-37 at each level of dosage, this sample being a

concentrated water in short supply.

S ——

St 458

Summary

All of the ten water samples tested were various concentrations of

synthetic shower waste. None was found to be irritating to the eyes of

i rabbits.

Samples S-40 and S-37 caused moderate irritation in the skin of some
rabbits, however the extensiveness of the responses was insufficient to

classify the samples as primary skin irritants.

None of the waters was toxic when given orally to mice.




Table 1

Identification of the Waters Studied

§-33
§-34
§-35
§-36
§-37
s-38
§-39
§~40
s-41

§-42

Synthetic Shower Waste Concentrated Feed

Synthetic Shower Waste Normal Feed

Synthetic Shower Waste Concentrate Ultrafiltrate
Synthetic Shower Waste Feed

Concentrated Synthetic Shower Waste Feed

Synthetic Shower Waste Feed

Concentrated Synthetic Shower Waste Feed
Ooncoﬁtrated Synthetic Shower Waste Feed (Unfiltered)
Concentrated Synthetic Shower Waste Feed

Concentrated Real Shower Waste Ultrafiltrate
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Table 3

Eye Irritation in Rabbits Resulting When the Specified Water Was Placed
in Contact with the Ocular Tissues:; Responses Scored According to Pro-
cedural Regulations at the Times Specified

.Erythema® in the Conjunctiva
(Sum of Scores in 6 Rabbits)

Water
Ident.
Sikber Lapsed Hours Total Number of Rabbits
24 48 72 Score Judged Positive
s34 (o] 1 1 2 L]
835 (o] 2 1 3 0
8§36 2 1 3 6 ]
837 3 2 1 6 0
s38 2 2 2 6 1
839 0 1 ] 1 ]
840 3 2 b § 6 0
841 (o} 0 (o} 0 1]
E 842 2 2 2 6 0
1
*There was no chemosis in the conjunctiva, no ulceration or clouding of
the cornea and no effect on the iris resulting at any time from contact
with the specified waters.
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Table 4A |
‘The Immediate Toxicity of Specific Water Samples When Given 3
Orally to Mice (Lot M12) | ]
|
Average Body Weight (g) |
Sample ‘Deaths (day after dosage) ' Change in
Dosage (10 mice/ Weight
ml/kg per dose) 0 3 ? 14 L)
833
10 30.0 29.0 30.4 30.8 2.6
25 31.8 30.0 30.4 31.5 «0.9
40 31.3 27.5 29.4 30.7 -1.8
63 32.0 29.6 30.3 32.2 0.4
100 31.1 29.1 30.1 32.1 3.2
Average 31.2 29.0 30.1 31.4 0.7
834
10 30.0 3l.0 32.4 32.9 9.6
25 31.5 30.3 30.5 32.2 2.1
40 31.8 1.8 29.6 32.2 1.1
63 3.7 28.6 31.0 32.3 1.8
100 31.7 27.7 30.3 31.8 0.2
Average 31.4 29.8 30.8 32.3 2.9
835
10 30.5 30.4 31.3 32.2 5.3
25 33.5 33.2 32.9 34.1 1.6 |
40 31.6 30.5 30.2 31.0 -2.0 |
63 . 32.1 32.1 31.0 33.1 3.1 { ,
100 32.1 30.4 31.3 32.1 =0,1 i
3 Average 32.0 31.3 31.3 32.5 1.5
: 836
10 31.6 32.4 33.0 34.0 7.6 '
25 3006 29-7 2’00 3007 o.‘ |
40 31.7 31.4 32.1 32.5 2.3 i
63 32.0 32.0 32.4 33.5 4.4 |
100 31.7 31.2 3.8 32.6 2.8 |
L |
Average 31.5 31.3 3.8 32.6 3.5 {
837
10 31.3 32.0 33.5 32.9 4.8 §
25 0/9 34.2 33.6 33.9 35.4 3.3 |
40 0/9 34.5 4.8 .6 35.6 3.2 |
100 0/8 35.1 33.4 34.1 35.0 =0.3
Average 33.8 33.2 33.9 34.6 2.2

*pregrant female removed before 7th day weighing
**killed because of physical injury. ;
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. Table 4B ]
] - The Immediate Toxicity of Specific Water Samples When Given
3 Orally to Mice (Lot M13)
i Average Body Weight (g) ]
Sample Deaths " (day after dosage) .Change In
i Dosage (10 mice/ Weight
§ nl/kg per dose) 0 3 7 14 L)
s38 ;
! 10 32.6 32.3 32.8 33.5 2.6
{ 25 33.9 33.5 34.4 35.0 3.1
i 40 33.7 34.0 34.4 35.6 5.6
; 63 33.6 33.5 33.6 34.0 1.3
§ 100 33.5 32.7 _32.9 33.9 1.2 |
’ E Average 33.5 33.2 - 536 34.4 2.8 3
! |
§39
i 10 31.7 31.2 32.0 32.2 1.5
! 25 33.4 33.6 33.9 34.6 3.5
40 33.7 33.4 33.3 34.6 2.4 :
63 33.7 33.4 33.6 34.4 1.8
100 33.6 33.5 33.5 34.5 2.6
! Average 33.2 33.0 33.2 34.0 2.4
i S40
10 32.7 31.6 32.4 32.6 -0.4
L ‘ 25 33.7 32.5 32.9 34.1 1.2
b i ‘0 32.5 32-1 320‘ 33-8 ‘.0
1 63 32.3 31.2 31.7 33.3 3.0
100 32.3 29.6 30.1 31.5 «2.6
Average 32.7 3l.4 31.9 33.0 1.0
S41
1 32.5 32.3 33.3 33.2 2.1
25 33.2 33.1 33.3 35.0 S.4
40 33.4 33.3 33.3 34.8 4.1
63 32.6 33.0 33.2 - 34.4 5.3
100 1 (k-6 days) 33.8 31.6 33.3 34.4 1.9 j
Average 33.1 32.6 33.3 34.3 3.7
842
10 33.3 33.0 33.9 34.9 4.7 :
25 32.8 an.e 327 34.0 4.3 %
40 33.9 34.2 34.6 35.1 3.7 =
63 32.7 32.1 32.0 33.7 3.0 ]
100 31.2 31.0 31.2 32.4 4.0 [ 4
Average 32.7 32.4 32.9 3¢.0 3.9 '
(k) killed because of physical injury.
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Table S
Sumnary of Results

Water Irritation Oral Toxicity in Mice

Ident. Scores Mortality Average Wt (g) all doses Change

Number Eye Skin Aver. 100 m1/kg (days after dose) in wt.

Sum (N*) Score (10 mice) 0 3 7 14 Ly
§33e¢ 12 1.5 3.2 29.0 30.1 3.4 0.7
s34 2 0.78 .31.4 29.8 30.8 232.3 2.9
835 3 0.5 32,0 31.3 3.3 32.5 1.5 J
s36 6 0.95 31.5 31.3 3.8 32.6 3.5
537 6 2.48 33.8 33.2 33,9 3.6 2.2
538 6 1 0.73 33.5 33.2 33.6 34.4 2.8
839 1 0.95 33.2 33.0 33.2 3.0 2.4 °
840 6 3.58 32.7 3l.4 3.9 3.0 1.0
s41 0 1.75 1 (x) 33.1  32.6 33.3 34.3 3.7 s
842 6 0.7 32.7 32.4 32.9 3.0 3.9
é *Number of rabbits judged positive

**Irritation scores for rabbits previously reported, December 31, 1975.
(k) One mouse killed on day 6 because of physical injury.
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INTRODUCTION

This report contains data pertaining to the immediate oral toxicity
and the irritant properties of 14 water samples described in Table 1 and
wvhich continue in consecutive order from those described in the January
Progress Report (Feb. 5, 1976).

RESULTS

Skin Irritation

The average scores for erythema and edema in the intact and abraded
abdominal skin on six rabbits, immediately following 24 hours of -contact
with the respective waters and 48 hours after the contact was terminated
are given in Table 2. Of the 14 waters tested, Sample §-43, a concentrated
synthetic shower waste feed water, with an average score of 3.0 was the
most irritating to the skin. Sample S-44 was 2nd high with a score of 2.1;
Sample S-45 with a score of 1.65 was 3rd in order of severity. The remaining
11 samples evoked scores ranging from 0.6 to 1.63.
Eye Irritation

The empirical scores which quantitatively summarize the irritant effects
of the respective waters on the eyes of rabbits are listed in Table 3. The
eye irritation consisted of no more than mild to moderate palpebral erythema
vwhich was of sufficient intensity to be considered positive (a score of 2
or more) in 4 of the 84 eyes examined; one of six rabbits showed a positive
response in each of the four groups subjected respectively to contact with
vaters §-43, 5-44, S-45, and §-46. 1In no instance was there any edema in

the palpebrum or involvement of the cornea or iris.

Y

|




Immediate Oral Toxicity

Data pertaining to the immediate toxicity of the respective waters
when given orally to mice are summarized in Tables 4A, 4B and 4C. One
of ten mice in each of 4 groups given respectively 100 ml/kg of L-14,
§-45, 5-47 and 5-51 died in 1 to 8 days. One of ten mice given 63 al/kg
of S-43 died after 8 days; there was also one death in each of three
groups given 25 ml/kg of §-51, §-52 and §-55 but these deaths may have been
incidental since in each instance 29 mice survived much larger dosages of

the same water.

Mice given large dosages (40 to 100 ml/kg) of the concentrated waters

developed tremors,mild ataxia, excessive urination, diarrhea, anorexia,
inanition and weight loss, with recovery in 7 to 14 days. Body weights of
the mice may have been influenced to some extent by malfunctioning of the
room temperature control system which permitted the room temperature to
drop to 50-60°F on the 11th and 13th days. Exceptional weight gains of the
mice in lot M-16 given samples S§52, 53, 54 and 55) were in large part
attributable to the fact that these animals were younger than those in lots

M-14 and M-15.

SUMMARY
The quantitative data pertaininoc to the effects of the respective waters
when kept for 24 hours in contact with the intact and abraded abdominal
skin of rabbits, when placed in contact with the ocular tissues of rabbits
and wvhen given orally to mice are summarized in Table 5. Physiological
changes of sufficient severity to warrent concern occurred only with the

highly concentrated samples.

N




Table 1

Identification of the Waters Studied

Ll4- Concentrated US Army Detergent, Filtered

8§43~ Concentrated Synthetic Shower Waste Feed, Filtered
844~ Concentrated Synthetic Shower Waste Feed, Filtered
845~ (bnéontutod Synthetic Shower Waste Feed, Filtered
S46~ Concentrated Synthetic Shower Waste Feed, Filtered
847~ Concentrated Synthetic Shower Waste Feed, Filtered
848~ Concentrated Real Shower Waste Feed, Filtered
849~ Real Shower Waste Ultrafiltrate

8§50- Concentrated Actual Shower Waste Feed

851- Filtered, Concentrated Actual Shower Waste Feed
852- Piltered, Actual Shower Waste Feed

§53-  Actual Shower Waste Ultrafiltrate

854~ Filtered Actual Shower Waste Feed

855~ Actual Shower Waste Ultrafiltrate




e r———

€21 sz°1 £€°1 S0°1
S°T (3 L1 £°€ 1°2 Z°€ £°1 6°2
W 0°0 z°0 0°0 0°0 0°0 0°0 €0 z°0
V 0°0 z°0 0°0 0°0 0°0 £°0 0°0 0°0
m $°t 8T z°t 0°z €1 AR § L°0 0°Z
i 0°0 z°t $°0 €1 8°0 2t £°0 L°0
6ys 8vs Lys 9ps
1 $9°T 1°2 0°€ €21 ®300§ UOFIMITIAY
9°1 0°S z°€ z°s S°€ S°8 6°1 0°€ sung
€0 01 [0 8'0 o't €z 0°0 ) TL papeIqy
0°0 £°0 L°0 8°0 z°o 0°2 0°0 z°0 TL 39w3ux
o't s°2 z'1 8'T 8°1 L'z z't 8°1 2 pepeaqy
€°0 8 ¢ 8°0 81 $°0 S°T L°0 0°t " 29w3uy
Sps vs £vs 20
[T T7) [T T ey (s1y) (33T
vep3 -Ax3 vwop3 -Kx3 suepa -&x3 wepa -Kx3 Ty a3 3o
UOFITPUOD

(837qqey 9) 91005 sbwISAY

SUOTIVING3Y TRINPIDOIg O3 HUFPIOOIY PIx0IS
1837qqey JO UTAS Y3 U PIONPUI UOFILITIII AIvwag

T 8Iqey




€9°T SS°T 93038 uorIwIFIIY
F.“ Q.n moN hlﬂ !‘
s°0 €°1 : s°0 0°T L popRaqy
0°0 0°0 0°0 0°0 L dNug
0°e 0°2 81 [ A 4 [ 74 pspeaqy
z°o s°0 z°0 s°0 "2 ow3ug
SSS ¥ss
€8°0 . 0°T 0°t 9°0 93095 UOCTITIFIIX
[ § 1°C | A § 9°T 9°1T LAk 4 8°0 9°1 sung
0°0 [ 0°0 z°0 0°0 0°‘t 0°0 Lo TL popeaqyY
0°0 0°o 0°0 0°0 0°0 s°a 0°0 o TL WUy
0t 81 [ ¢ L't [ ¢ L0 8°0 Lo ” pepeaqy
T°o €0 T°o Lo €°0 T°0 0°o 0°0  £4 Pwnug
€SS (41 1SS 0SS
Wyl Y3 way3 eyl (sxy) urys
"o p3 -kx3 wepl -Aaz wuepa -Ax3 wwepa -K23 owyy a3 3o
UoFIYPUO)

(8379qwy 9) ©3005 ebevasay

i i Rt cmdi b

S RN e WP i

SUOTIRINDHIY TeaINPADOId 03 DUFPIOIIY PEI0dS
I83TQQRY JO UFYS Y3 UT PIdNPUI UOTIVITIXI LIWwfag

(penuj3uo)) z erqelr

B AP I A < S AP T

122




Table 3

Eye Irritation in Rabbits Resulting When the Specified Water Was Placed
in Contact with the Ocular Tissues; Responses Scored According to Pro-
cedural Regulations at the Times Specified

Erythema* in the Conjunctiva
(Sum of Scores in 6 Rabbits)

-Water

Ident. Lapsed Hours Total Number of Rabbits
Number 24 48 72 Score Judged Positive

R¥e Ro¢ Re¢

Ll4 2 3 2 7 0

843 7 1 4 12 1

844 o 5 2 4 11 1

545 s 5 6 16 1

546 3 -y 5 16 1

847 4 2 1 7 0

848 3 2 2 7 0

849 4 2 2 8 0

850 1 2 2 5 0

8§51 5 2 1 8 0

8§52 3 3 2 8 0

8§53 2 4 1 6 0

8§54 4 3 5 12 0

855 4 3 4 1l 0

*There was no swelling of the palnebrum, no clouding or ulceration of the
the cornea and no noticeable change in the iris. Pupillary responses to
light were normal.

**R = redness
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Table 4A

The Immediate Toxicity of Specific Water Samples When Given
Orally to Mice (Lot M14)

Average Body Weight (g)
(day after dosage)

Sample Deaths Change 1In
Dosage (10 mice/ Weight
ml/kg  per dose) 0 3 7 14 L)
843 10 32.4 32.0 31.8° 32,6 0.46
25 33.6 33.4 33.4 35.0 4.17
40 33.6 32.8 31.9 32.3 -4.13
63 1(8 days) 32.1 31.9 32.7 33.4 4.17
100 33.1 33.1 33.4 34.1 3.02
Average 33.0 32.6 32.6 33.5 1.52
844 10 32.4 32.1 32.0 32.9 1.39
25 33.3 33.2 33.6 35.1 5.53
40 32.1 31.4 1.7 30.8 =3.93
63 33.2 32.6 33.0 33.5 0.78
100 34.0 33.8 33.7 34.1 0.21
Average 33.0 32.6 32.8 33.3 0.82
S$45 10 32.7 32,3 32.0 32.6 =0.37
25 31.3 31.5 32.1 32.9 4.95
40 32.4 32.7 34.2 34.2 5.53
63 33.4 32.8 33.6 34.9 4.40
100 1(8 days) 33.2 32.6 31.9 32.3 -2,66
Average 32.6 32.4 32.8 33.4 2.40
46 10 33.1 32.9 33.0 34.9 5.19
25 31.6 32.1 32.9 34.8 9.83
40 32.0 32.2 32.6 34.2 6.75
63 32.7 32.9 33.7 34.5 5.33
100 31.2 30.4 31.5 32.3 3.56
Average 32.1 32.1 32.7 34.1 6.10
847 10 ° 32.6 32.3 33.4 4.5 5.74
25 32.6 32.9 33.8 35.0 7.27
40 33.6 34.1 34.9 36.6 8.38
63 33.2 33.2 33.3 34.9 5.18
100 1(1 day) 32.7 30.9 32.1 32.5 =0.49
Average 33.0 32.7 33.5 34.7 $.37




Table 4B

The Immediate Toxicity of Specific Water Samples When Given
Orally to Mice (Lot M19)

Average Body Weight (g)
(Gay after dosage)

Sample Deaths Change In
Dosage (10 mice/ Weight
ml/kg __ per dose) 0 3 7 14 2
L4 10 33.3 32.8 33.8 30.8 «7.63
25 34.1 32.7 33.2 35.3 3.67
40 35.2 34.7 35.4 36.0 2.30
63 32.9 31.6 32.5 33.2 0.91
100 1(2 days) 36.1 34.2 36.3 37.2 3.25
Average 34.3 33.1 34.4 4.4 0.42
848 10 32.7 32.3 32.7 33.4 2.14
25 35.2 34.1 35.4 36.5 3.72
40 33.3 31.9 32.9 33.7 1.23
63 35.1 33.6 35.4 36.0 2.68
100 33.5 32.3 33.3 4.6 3.19
Average 33.9 32.8 33.9 35.5 2.6
849 10 31.7 31.2 32.0 33.6 6.16
; 25 32.8 32.1 32.9 34.5 $.09
; 40 34.6 32.6 34.2 34.6 0.14
63 33.0 3l1.4 32.8 34.0 3.06
100 34.3 33.0 33.8 34.9 1.81
Average 33.3 32.0 33.1 34.3 3.19
850 10 33.2 31.9 32.7 30.3 -8.91
25 3.2 33.4 34.7 35.1 2.78
40 31.9 k) U § 32.7 33.0 3.5
63 33.7 32.4 33.7 33.6 «0,27
100 34.4 32.9 3.7 33.9 =1,87
Average ; 33.5 32.3 33.7 33. =0.91
851 10 34.0 33.2 33.9 3.7 «0,.94
25 1 (6 days)* 32.5 30.3 32.1 32.5 0.01
40 32.7 32.3 33.5 33.5 2.48
63 33.0 32.5 33.5 3.1 3.46
100 1 (3 days) 32.6 2.8 33.9 34.7 6.35
Average 33.0 32.2 33.4 33.7 2.29

*Only 9 mice in this dose group.
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Table 4C
The Immediate Toxicity of Specific Water Samples When Given
Orally to Mice (lLotMlé )
Average Body Weight (g)
(day after dosage)
Sample Deaths Change In
Dosage (10 mice/ Weight
al/kg _per dose) 0 3 7 14 ]
8§52 10 25.4 26.0 27.8 30.5 20,0
25 1(7 days) 25.6 24.8 27.7 30.5 19.0
40 27.7 27.2 29.2 33.6 21.5
- 63 26.0 26.1 28.4 31.7 22.1
100 . _24.8 24.8 27.5 31.9 16.8
Average 26.3 25.8 28.1 1.6 20.0
8§53 10 27.6 26.6 28.6 31.6 14.3
% 25 27.5 26.9 29.4 33.0 19.9
40 26.2 27.1 29.2 33.1 26.3
63 26.7 26.6 29.1 32.6 22.0
, 100 26.3 26.1 28.5 32.3 21.6
i Average 26.9 26.6 29.0 32.5 20.7
| 554 10 25.5  25.8  27.6  30.4 19.0
i 25 26.1 26.5 28.8 32.3 23.7
i 40 27.0 27 .4 29.8 33.0 21.9
§ 63 26.4 27.4 30.0 33.2 25.4
§ 100 26.7 27.0 29.6 32.7 22.1
! Average 26.3 26,8 29.1 32.3 22.4
855 10 1 (14 days) 25.9 25.8 27.2 29.7 1¢4.5
25 1 (1 day) 26.9 26.7 28.8 32.4 20.6
40 Y 25.9 25.9 28.1 31.4 21.1
63 26.1 27.3 29.8 33.0 26.3
100 28.0 26.2 28.9 32.3 15.5
Average 5 26.6 26.4 28.5 al.s 19.7
ald 126
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Table 5

‘Summary of Results

Ry
P o
S e o ATEPE

WS T AT

‘Water ‘Irritation ‘Oral Toxicity in Mice
Ident. Scores Mortality Average Wt (g) all doses Change
Number “Eye Skin Aver. 100 ml/kg (days after dose) in Wt.
Sum (N*) Score (10 mice) 0 3 7 14 L
L4 7-0 1.23 1 (2 days) 34.3 33,1 M4 M4 0.42
843 12 -1 3.0 33.0 32.6 32.6 2.5 1.52
s44 11 -1 2.1 33.0 32,6 32.6 3.3 0.82
8§45 16 - 1 1.65 1 (8 days) 32.6 32.4 32,8 33.4 2.40
546 16 - 1 1.05 32.1 32,1 32,7 3. 6.10
847 72-0 1.33 1 (1 day) 33.0 32.7 33.5 MM.7 5.37
s48 7-0 1.25 33.9 32.8 33.9 355 2.6
549 8-0 1.23 3.3 32.0 33.1 363 3.19
; §50 5-0 0.6 33,5 32.3 33.7 33.2 -0.9:
8§51 8-0 1.0 1 (3 days) 33.0 32.2 3.4 33.7 2.29
8§52 7-0 1.0 26.3 25.8 2?.1 31.6 20.0
8§53 8-0 0.83 26.9 26.6 29.0 32.5 20.7
854 12 - 0 1.55 . 26.3 26.8 29.1 32.3 22.4
8§55 11 - 0 1.63 26.6 26.4 28.5 31.8 19.7
*Number judged positive.
127
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Introduction

This report contains data pertaining to the immediate oral
toxicity and the irritant properties of the fourteen water samples
described in Table 1, and which continue in consecutive order from
those described in the Progress Report for February 1 - March 31, 1976

(April 8, 1976).

Results

Skin Irritation

Table 2 lists the average scores for erythema and for edema in
the intact and abraded abdominal skin of six rabbits, immediately
following 24 hours of contact with the respective waters, and 48 hours
after the contact was terminated. Nine of the samples, S56 - 59 and
L17 - 21, were judged to be corrosive substances, causing necrosis
(and also, in some animals ulceration and eschar formstion in the skin).
Because corrosion is more severe than the effects scored by procedural
regulations, average irritation scores for these samples are not given,

Sample L15, with an average score of 5.40, was found to be a
primary irritant, causing ulceration and eschar formation. Testing
with ssmple L16 was limited to one rabbit because of a technical error
related to an insufficient volume of the water. The remaining three
samples, S60, 61 and 62, had average scores of 0.98, 1.13, and 1.15,

respectively,
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Eye Irritation

A summary of the eye irritation scores is provided in Table 3.
The severity and extent of the responses was sufficient to classify
samples S56, S58, L15, L17, and L21 as eye irritants. Irritation
responses to these waters consisted of severe erythema and moderate
chemosis of the palpebral conjunctiva. Positive responses in the

cornea and in the iris were also noted. The laundry samples induced

generally more severe reactions than did the shower samples.

The responses to 557 and L18 are equivocal, since there was a
positive response in 3 of the 6 rabbits treated in each test. An
additional test is needed to classify each water; however, in
consideration of the skin irritation and the oral toxicity resulting
from these samples (fables 2 and 4, respectively), both waters should
be considered eye irritants until more tests are performed,

Testing with sample L16 could not be completed. Eye irritations

caused by the remaining samples (§59-62, L19-20) consisted of no

more than mild palpebral erythema. There was no chemosis in the

conjunctivae nor involvement of the cornea or iris.

Immediate Oral Toxicity

Data pertaining to the {mmediate toxicity of the respective waters
wvhen given orally to mice are summarized in Tables 4A, B, and C.
The LD50's of some specific waters are shown in Figure 1.

Except for samples $59-62, all animals treated at 100ml/kg and

8 high percentage of the mice treated at 63 and 40 ml/kg died. Only &
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PERCENT MORTALITY (Probability Scale)
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i Figure 1 continued: LDgo of Specified Water Samples
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samples (L16, 19, 20, and 21) caused deaths at 25 ml/kg. There
were no deaths at 10 ml/kg of any water. Twenty-seven per cent
of the deaths occurred in less than 1 hour, 557 in less than
12 hours, 93% in less than 24 hours, 100% in less than 3 days
after treatment, In general, the signs of illness before death
included ataxia, labored breathing, trenois, and convulsions.

Sample S59 caused 2 deaths of 9 mice treated at 100 ml/kg.
There was no mortality among animals treated with S60. Most
animals that survived, in all 14 tests, experienced some weight
loss, but generally recovered in 7-14 days.

Some of the waters were in short supply, so 10 animals were

not treated at all dose levels,

Summary

Fourteen water samples have been tested with respect to their
irritancy and oral toxicity. The observations are summarized in
Table 5. Samples S60, 61, and 62 produced no eye or skin irritations
on rabbits and were not toxic to mice, Sample S59 was corrosive to
the skin of rabbits but caused no eye irritation or oral toxicity.
The other 10 samples caused severe physiological changes in rabbits
and a high incidence of mortality in mice; these eleven samples were

highly concentrated.




TABLE 1

Identification of the Waters Studied

$56 - Unfiltered Concentrated Synthetic Shower Waste
§57 - Unfiltered Concentrat2d Synthetic Shower Waste
S§58 - Concentrated Synthetic Shower Waste Filtrate

$59 - Concentrated Synthetic Shower Waste Filtered

S60 - Multiple Pass Concentrate from Real Shower Waste
S61 - Unfiltered Real Shower Waste

S§62 - Filtered Real Shower Waste

L15 - Concentrated Laundry Waste, Filtered

L16 - Concentrated Laundry Waste, Filtered

L17 - Concentrated Mixture of Synthetic Shower and Laundry Waste, Filtered
L18 - Concentrated Army Detergent

L19 - Mixture Concentrated Army Detergent and Concentrated Synthetic
Shower Waste

L20 - Concentrated Army Detergent

L21 - Unfiltered Concentrated Laundry Waste
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TABLE 3

§ Eye Irritation Induced in Rabbits by Placing the Water in Contact with
the Ocular Tissue; Responses Scored According to Procedural Regulations
at the Times Specified

‘ i Ident. Lapsed Hours Number of
i B 2 48 72 Total Rabbits Judged
; : Sample R ¢ ¢ I1*x| R ¢ch ¢ 1*| R Ch C 1 | Score Positive
| $56 % o9 2 9 6 10 & €50 6 2 76 6
5 | 557 D T S ST SR S e R 3 |
i $58 R St S i SN, b 20 o0 © 36 4 i
é $59 N e i 0o 0o 00 0 0 5 0 §
| S60 3 000 3" 6 00 A S 10 0 |
s61 10 e o g0 00 350 0 0 4 0
562 § -0 4 0 0 o 2% G- 0 12 1
L15 21 W 4 |di10 BV 2 | 335 6 1 faes 6 |
L16 Insufficient volume of sample to conclude the test. z
g é 117 19 12 6 3 s ol SO i &5 e ® 55 6 g
? L18 30 F s g ORI k] e Y SR | 3 3 §
§ L19 CHEEN el 1“6 0o I““% o ® 3 0 {
f 120 3 S0 0 I, o b 0 0 0 0O 4 0 ?
; ; 121 18, 1602 6 11001 1006 Jib s 12 s lass 6 f i
;, ! 3
*R=redness, Ch-chemosis (edems) in the palebral conjunctiva; C=corneal opacity;
: I=irritation response in the iris.




i TABLE 4A

The lamediate Toxicity of Specific Water Samples
When Given Orally to Mice (Lot M17)
| Sample Deaths Change in

Dosage (10 mice Weight
ml/Kg per dose) 0 3 7 14 %
i $56 10 36.7 36.4 37.3 38.0 3.7
25 3.4 33.1 33.9 35.2 2.1
i' 40 2 35.4 35.6 3.l 3.6 2,2
63 9 34.4 34.0 32.5 3.5 0.2
100 10 35.6 - - - -
Average 35.3 3%.1 34.8 35.9 1.9
§57 10 36.4 36.1 37.0 37.9 3.9
25 35.9 35.1 35.4 37.5 4.5
40 4 35.1 32.1 33.4 35.7 1.6
63 ? 35.3 33.8 3.2 36.2 2.5
100 10 34.5 - - - -
Average 35.4 3.8 35.4 37.1 4,7
Sé61 10 35.1 35.4 36.4 36.9 5.2
25 32,7 32,7 33.2 3.6 5.8
40 34.0 33.6 34.4 35.0 2.8
63 33.9 33.8 3.8 34.4 1.4
100 1 - 33.6 33,6 34,6 33.4 -0.7
Average 33.9 33.8 3. 34.9 3.0
. S62 10 35.6 34.5 35.4 36.4 2.4
25 37.4 36.8 37.1 39.3 5.0
F 40 33.2 32,7 33.2 35.5 6.7
63 34.5 34.4 35.2 35.9 4.1
1 100 1 34,6 34,0 34.8 36.7 6.2
3 Average 35.1 34.5 35.1 36.8 4.9

$
| L15 10 33,7 32,6 33.6 35.0 4.0
g 25 33.3 1.3 32.4 35.0 5.0
: 40 9 34.9 28.0 29.5 32.5 6.9
' 63 10 34.4 - - - -
100 10 3.3 - - - -
— Average 3.1 31.7 32.8 3.9 2.2
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TABLE 4B
The Immediate Toxicity of Specific Water Samples
When Given Orally to Mice (Lot Ml18)
{
Sample Deaths Change in
Dosage (10 mice Weight
ul/kg per dose) 0 3 7 14 %
! §58- 10 30.0 29.4 30.2 32,1 6.9
} 25 32,2 32.8 33.7 35.1 9.0
40 1 32.4 31.9 32.9 35.1 8.1
i 63 10 32.1 = A% -
; 100 8/8* 30.3 - - -
Average 31.4 31.3 32,2 34.0 8.3
% $60- 10 30.5 29.9 31.6 33,2 8.8
: 25 30.7 30.5 31.5 32.8 6.8
} 40 31.3 32.2 32,4 33.9 8.0
§ 63 31.5 31.2 32.4 34.0 7.7
: 100 30.7 30,4 31.7 33.4 8.8 .
i Average 30.9 30.8 31.9 33.4 8.0
! 116- 10 30.6 29.4 30.7  32.3 5.4
| e 1 29.8 28.1 29.7 31.8 6.7
( 40 1 33.1 30.2 30.8 33.3 0.5
{ ; 63 6 32.0 28.3 31.1 3.6 8.2
‘ ; 100 10 31.0 - - - -
E Average 31.3 3.1 32.5 34.9 11.4
§ 120- 10 31.5 31.3 32.6  33.6 6.4
§ 25 10 32.3 - - - -
f 40 9/9* 32,0 - - - -
: 63 9/9* 31.9 - - - -
3 100 8/8* 33,2 - - - -
' Average 32,2 31.3 32.6 33.6 4.3
121- 10 32,0 32.1 32.8 32.3 0.9
25 3 32,9 32.2 33.9 34.9 6.1
{ 40 10 32,0 - - . .
63 10 33,8 - - - -
‘100 5/5 32.6 - - - -
Average 32,7 2.1 3.2 33.4 2.1
*There was not enough solution to treat 10 animals




o G
. e N o £ : N -
i i i vt i ol e,

TABLE 4C

The Immediate Toxicity of Specific Water Samples

When Given Orally to Mice. (Lot M19)

Sample Deaths Change in
Dosage (10 mice
al/kg per dose) 0 3 7 14 %
L17 10 24.8 25.3 28.0 30.4 22.3
25 0/9* 25.8 24,6 27.2 27.7 7.1
40 0/9* 25.4 26.2 28.8 30.7 21.0
63 0/8* 24.1 23.9 25.6 28.6 19.0
100 8/8* 23.6 - - - -
Average 24.8 25.0 27.4 29.4 18.6
118 10 23.5 23.9 26.5 28.8
25 0/8* 25.0 25.0 26 .4 28.3
40 2/8* 25.7 24.4 26.6 30.6
63 8/8* 25.7 - - -
100 8/8x* 24.5 - - -
Average 24,8 24 .4 26.5 29.1
L19 10 23.4 24 .4 27.3 29.8
25 3 25.1 24.9 27.1 30.0
40 23,7 23.2 25.0 27.7
63 4 24.6 23.3 24,2 27.8
100 10 23.7 - - -
Average 24,1 26.3 28.6 31.7
$59 10 24.3 24,8 27.1 29.7
25 0/9* 24.3 25.4 27.4 30.9
40 0/9* 24.8 25.3 27.3 30.1
63 0/9* 24.3 24.6 26,2 29.8
100 2/9% 24,3 22,9 25.4 29,2
Average 24,4 24,7 26.7 30.0
*There was not enough solution to treat 10 animals,
141
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TABLE §
Summary of Results

Ir;:::::on Horcnlity(b) Average Wt.(g) all doses i
Water Eye Skin Average SERyb-RELaE Monn) Change
Ident. (a) in wt,
Number Sum N Score o 3 7 14 Percent
$56 % 6 Corcontvi T’ 35.3 34.1 34.8  35.9 1.9 ;
§57 21 3 Corrosive 35.4 3.8 35.4 37.1 4.7 %
$58 36 4 Corrosive 31.4 31.3 32,2 34.0 8.3 1
$59 5 0 Corrosive 2.6 247 26,7 30.0 22.8 1
$60 10 o 0.98 3.9 30.8 31.9 33.4 8.0
s61 4 0 1.13 33,9 33.8 3.7 34.9 3.0 %
s62 TR 1.15 35.1 3.5 35.1  36.8 4.9
L15 105 6 5.40 3%.1 31.7 32.8 3.9 2.2
116 Insufficient volume of sample 31.3 31.1 32,5 3.9 11.4
117 55 6 Corrosive 24,8 25.0 27.4 29.4 18.%6
118 3 3 Corrosive 24,8 24.4 26.5 29.1 17.2
L19 3 0 Corrosive 24,1 26,3 28.6 31.7 31.5
L20 b4 0 Corrosive 32,2 31.3 32.6 33.6 4.3
121 139 6 Corrosive 327  32.1 33.2 33.4 2.1
(s) Number judged positive
(b) Mortality data for mice listed in Table 4 and Figure 1.
(c) Irritation scores are not applicable to corrosive substances since corrosion

is more severe than the highest scored irritations.
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Introduction

This report contains data pertaining to the irritant properties of the nine
water samples described in Table 1, and which continue in censecutive order from
those described in the Progress Report for April 1, - May 31, 1976 (June £, 1976).
The immediate oral toxicity tests were not performed because of insufficient

volumes of the samples.

Results

$kin Irritation

Table 2 lists the average scores for erythema and for edema in the intact
and abraded abdominal skin of six rabbits, immediately following 24 hours of
contact with the respective waters, and 48 hours after the contact was termi-
nated. Six of the eight samples tested (S-63, S-64, §-65, 1-22, 1L-24 and L-25)
were corrosive, czusing necrosis of the skin, and since corrosion is more severe
than irritation, scores for these samples are not applicable. The small volume
of 5-66 was insufficient for skin tests. The other samples, L-23 and 1-26,

had average scores of 2.75 and 3.48, respectively.

Eye Irritation

A summary of the eye irritation scores is provided in Table 3. The
severity and extent of the responses were sufficient to classify samples L-22,
1~24 and 1-25 as eye irritants. Irrication responses to these consisted of
severe erythema apd severe chemosis of the palpebral conjunctiva. Positive
responses in the cornea and in the iris were also noted. Responses induced
by sample L-24 were particularly severe.

Except or three animals that exhibited #2 degree redness at the 24-hour
reading (two treated with 563, one with 565), eye irritations caused by the

remaining six samples consisted of no more than mild palpebral erythema. There
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was no chemosis in the conjunctivae and no involvement of the cornea or iris.

Summary

Nine water samples have been tested with respect to their irritancy. The

ocbservations are summarized in Table 4.

Samples L-22, 1~24 and L-25 caused severe physiological changes in both the

e TR e SR

skin and the eyes of rabbits. Samples §-63, 6-64 and §-65 were corrosive to the

skin of rabbits, but produced only mild irritation in their eyes. Samples 1~-23

e AT

and L-26 produced very mild reactions in the eyes of rabbits and were mildly
drritating to the skin, but insufficient to classify as a primary skin irritant.
Sample 566 caused mild irritation in rabbit eyes; because of its short supply,
§ it was not tested for skin irritancy. None of the nine samples was tested for

ismediate oral toxicity.

P —

Table 1

Identification of the Waters Studied

863 Unfiltered Concentrated Synthetic Shower Waste (556 diluted 1:4)
: 864 Unfiltered Concentrated Synthetic Shower Waste (S57 diluted 1:4) 1
% 865 Concentrated Synthetic Shower Waste 1

866 Concentrated Synthetic Shower Waste Filtered (S59 diluted 1:2)

L22 Concentrated Laundry Waste, Filtered (L15 diluted 1:3)

123 Concentrated Army Detergent (L20 diluted 1:2)

124 Concentrated Synthetic Laundry Waste

125 Concentrated Synthetic Laundry Waste

126 Concentrated Synthetic Laundry Waste

146
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Table 3

Eye Irritation Induced in Rabbits by Placing the Water in Contact with the Ocular
Tissue; Responses Scored According to Procedural Regulations at the Times Specified.

Ident. Lapsed Hours Number of

No. of 24 48 72 Total | Rabbits Judged

Sample R Ch C I*] R Ch C I*) R Ch C 1'1 Score | Positive
563 e 0 o ol s o 0 0} 4 0o 0 O] 1?7 2

. 864 6 0 o 0|l 2 o o 0] 2 o o o] 10 0
855 & 6 o0 o1 » o o ol 2 0 D 7 1 1
566 4 0 o ol 3 o 6 ol 2 ¢ o © 9 0
122 12 &8 2 116 3 o 0] 2 1 o o] 35 4 (a)
123 . 0 ¢ olo o o of 6 o 0 ® (] 0
124 18 2¢ 12 6 |16 23 12 6|14 18 7 3| 159 6 (a)

1 125 328 2 116 3 o o] 21 o o ] =B S (a)
126 6 o0 o0 o|l1 o o of 0 o0 O O 7 0

®R = redness, Ch = chemosis (edema) in the palpebral conjunctiva, C = corneal
opacity, I - irritation response in the iris.

(a) sufficient to classify as an eye irritant.
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Table 4

Sumnary of Results

Irritation Scores

Water

Zdent. Eye 8kin

Mumber Sum n@ Aver. Bcore
863 1?7 2 Corrosive (P)
564 10 0 Corrosive
865 1l 1 Corrosive
866 79 0 (c)
122 35 4* Corrosive
123 0 0 2.75
L24 159 6* Corrosive
L25 - 36 5¢ Corrosive
L26 7 0 3.48

(a) Number judged positive; * Classified as an eye irritant.

(b) Irritation scores are not applicable to corrosive substances,
since corrosion is more severe than the highest scored irri-
tations.

(c) Insufficient volume of sample to perform test.
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APPENDIX C ~ Rsports of Mutagenicity Evaluations
Reports of Mutagenicity Evaluations

Submitted to U.S. Army Medical Research and Development Command
Washington, D.C. 20314

Submitted by Litton Bionetics, Inc., 5516 Nicholson Lane
Kensington, Maryland 20795 1BI Project No., 2683

Explanation of Evaluation Procedures for Plate Assays
(applicable to each evaluation)

Mutagenicity evaluation of $26 synthetic shower waste
Final Report August 27, 1976

Mutagenicity evaluation of S26A synthetic shower waste
Final Report August 27, 1976

Mutagenicity Evaluation of S40 synthetic shower waste
Final Report August 27, 1976

Mutagenicity evaluation of S50 actual shower :ste
Final Report August 27, 1976

Mutagenicity evaluation of S53 actual shower waste
Final Report August 27, 1976

Mutagenicity evaluation of S55A actual shower water
Final Report August 27, 1976

Mutagenicity evaluation of L7A synthetic laundry waste
Final Report August 27, 1976

Mutagenicity evaluation of L7 synthetic laundry waste
Final Report August 27, 1976

Mutagenic evaluation of L12 synthetic laundry waste
Final Repofrt August 27, 1976

Mutagenicity evaluation of L1l4 synthetic laundry waste
Final Report August 27, 1976
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181
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200
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EXPLANATION OF EVALUATION PROCEDURES FOR 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 features of the assay reduce
the quantitation of results, they provide certain advantages not con-
tained in a quantitative suspension test:

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

. The combined fncubation of the compound and the cells in
the overlay permits constant exposure of the indicator
cells for 2 to 3 days.

A. 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, the surviving population on the
treatment plates is essentially the same as that on the nega-
tive control plate. At high concentrations, the surviving
population §s usually reduced by some fraction. Our protocol
normally employs several doses ranging over two or three log
concentrations, the highest of these doses being selected to
show slight toxicity as determined by subjective criterfa.

B. Dose Response Phenomena

The demonstration of dose-related increases in mutant counts is
an important criterion in establishing mutagenicity. A factor
that might modify 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 toxfic concentration, no increases may be observed over
the dose range selected. Conversely, if the lowest dose em-
ployed s highly cytotoxic, the test chemical may kill any
mutants that a~e fnduced, and the compound will not appear to
be mutagenic.

g g st et
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6. EXPLANATION OF EVALUATION PROCEDURES FOR PLATE ASSAYS (Continued)

C. Control Tests

Positive and negative contro) assays are conducted with each
experiment and consist of direct-acting mutagens for nonactiva-
tion assays and mutagens that require metabolic 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 is conducted to demon-
strate that the test systems are functional with known mutagens.

D. Interpretation of Results

The demonstrat on of dose-related increases in mutant counts is
the most reli 'e method to demonstrate mutagenicity. Mutant
increases at u:..y one or two doses may be significant 1f they
occur at the higher doses. Increases at low or intermediate
concentrations followed by reduced mutant counts at higher doses
may indicate that the test chemical has a narrow activity range
or that the high dose levels were toxic and the induced revertant
; cells were kfilled. We are able to detect the latter possibility
} by fnspecting the background growth, and the former possibility
can be investigated by looking at a narrow series of dose levels
bracketing the presumptive active range.

It §s difficult to detect mutagens with 1ittle or mo toxicity in
this assay since such agents are generally weak mutagens and pro-
duce only two to threefold increases in mutant counts. Variations
of two to threefold are often within normal fluctuations of the
spontaneous counts, and the use of even higher concentrations is
often difficult because of the 1ikelihood of overloading the sys-
tem with large quantities of the chemical. To resolve the muta-
genicity of such a chemical, other assays to which statistical
evaluations can be applied may be necessary.

E. Relationship Between Mutagenicity and Carcinogenicity

It must be emphasized that the Ames Saimonella/microsome test
fs not a definitive test for chemical carcinogens. It is
recognized, however, that correlative and functional relation- ,
ships have been demonstrated between these two end points. 1
The results 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 microbial
mutagenesis tests and {n vivo rodent carcinogenesis assays.

A11 evaluatfon and interpretation of the data presented in
this report are based only on the demonstration of or lack
of mutagenic activity. Implications of Egtentia! for car-
cinogenicity cannot be made without additionasl evaluation.
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MUTAGENICITY PLATE ASSAY
0BJECTIVE
The objective of this study was to evaluate the test compound for
genetic activity in microbial assays with and without the addition
of mammalian metabolic actfvation preparations.
MATERIALS
A. Indicator Microorganisms
Salmonella typhimurium, strains: TA-1535 TA-98
e i TA-1537  TA-100 %
TA-1538
Saccharomyces cerevisiae, strain: D4
B. Activation System (Ames et al., Mutation Research 31:347, 1975)
1. Reaction Mixture
Component Final Concentration/ml
TPN 4 umoles
Glucose-6-Phosphate § umoles
Sodium Phosphate 100 wmoles
MgCl, 8 umoles
KC1 33 ymoles
Homogenate fraction equivalent 0.1-0.15 m1 9,000 x ‘?
to 25 mg of wet tissue supernatant of rat liver

2. $-9 Homogenate

A 9,000 x g supernatant was prepared from Sprague-Dawley
adult male rat 1iver induced by Aroclor 1254 five days
prior to kill.
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MUTAGENICITY PLATE ASSAY
OBJECTIVE
The objective of this study was to evaluate the test compound for
genetic activity in microbial assays with and without the addition
of mammalian metabolic activation preparations.
MATERIALS
A. Indicator Microorganisms
Salmonella typhimurium, strains: TA-1535 TA-98
TA-1537  TA-100 %
TA-1538
Saccharomyces cerevisiae, strain: D4
B Activation System (Ames et al., Mutatfon Research 31:347, 1975)
1. Reaction Mixture
nent Fina) Concentration/ml
TPN 4 wmoles
Glucose-6-Phosphate § umoles
Sodium Phosphate 100 wmoles
llgtl, 8 wmoles
KC1 33 umoles
Homogenate fraction equivalent 0.1-0.15 m1 9,000 x a_
to 25 mg of wet tissue supernatant of rat liver
2.  $-9 Homogenate

A 9,000 x g supernatant was prepared from Sprague-Dawley
adult male rat liver induced by Aroclor 1254 five days
prior to kill.
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MATERIALS (Continued)
C. Positive Control Chemicals
Table 1 below 1ists the chemicals used for positive controls in
the nonactivation and activation assays.
TABLE 1
PROBABLE
a MUTAGENIC
ASSAY CHEMICAL SOLVENT SPECIFICITY
Nonactiva- Methylnitrosoguanidine Water or Saline BPSb
tion (MNNG)
2-Nitrofluorene (NF)  DimethylsulfoxideS Fsd
Quinacrine mustard (QM) Water or saline Fsb
Activation 2-Anthramine (ANTH) Dimethy1sulfoxide® gpsP
2-?::; laminofiuorene Dimethylsulfoxidec FSb
8-Aninoquinoline (AMQ)  Dimethylsulfoxide® FsP
Dimethylnitrosamine Saline BPSb
(DMNA)
3Concentrations given in Results Section
: bBPS = Base-pair substitution
FS = Frameshift
Cpreviously shown to be nonmutagenic
D. Solvent

Either defonized water or dimethylsulfoxide (DMSO) was used to prepare
stock solutions of solid materials. A1l dilutions of test materials
were made in efther defonized water or DMSO. The solvent employed

is recorded in the Results Section.
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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 bfotin and a trace of histidine. For non-
activation tests, the four dose levels of the test compound were
added to the contents of the appropriate tubes and poured over the
surfaces of selective agar plates. In activation tests four dose
levels of the test chemical were added to the appropriate tubes
with cells. Just prior to pouring, an aliquot of reaction mixture
(0.5 m1 contafning the 9,000 x g 1iver homogenate) 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 allowed to solidify. The plates were incubated

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

growing on each plate. The concentrations of all chemicals

are given in the Results Section. Positive and solvent con-

trols using both directly active positive chemicals and those

that require metabolic 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.
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§.  INTERPRETATION OF RESULTS AND CONCLUSIONS

The test compound was examined for mutagenic activity in a series
of in vitro microbial assays employing Salmonella and Sacchagg%*Ees
indicator organisms. The compound was tested directly a n
presence of liver microsomal enzyme preparations from Aroclor-
induced rats. The following results were obtained:

A.

Joxicity

The compound was tested over a series of concentrations such that
there was either quantitative or qualitative evidence of some
chemically 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-
vation of this compound was from 1 ul to 100 ul per plate.

Nonactivation Test Results

The results of the tests conducted on the compound in the absence
of a metabolic system were all negative.

Activation Test Results

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

Conclusions
The test compound S26 Synthetic Shower Waste did not demonstrate

mutagenic activity in any of the assays conducted in this evaluation
and was considered not mutagenic under these test conditions.

Submitted by:

¥ rusick, Ph.D.
Director
Department of Genetics
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MUTAGENICITY PLATE ASSAY

1.  OBJECTIVE

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

2. MATERIALS
A. Indicator Microorganisms

T

Salmonella typhimurium, strains: TA-1535  TA-98 |
e ¢ S ?

Saccharomyces cerevisiae, strain: D4

} B. Activation System (Ames et al., Mutation Research 31:347, 1975)

1. Reaction Mixture

E | nent Final Concentration/ml
F | TPN 4 umoles
| Glucose-6-Phosphate 5 wmoles
Sodium Phosphate 100 umoles
Ng(:l 2 8 wmoles
kC1 33 ymoles
3 Homogenate fraction equivalent 0.1-0.15 m 9,000 x % !
| to 25 mg of wet tissue supernatant of rat liver |

2.  $-9 Homogenate

A 9,000 x g supernatant was prepared from Sprague-Dawley
adult male rat 1iver {nduced by Aroclor 1254 five days
prior to kill.
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2.

C.

MATERIALS (Continued)

Positive Control Chemicals

Table 1 below 1ists the chemicals used for positive controls in

the nonactivation and activation assays.

TABLE 1

ASSAY CHEMICAL® SOLVENT
Nonactiva- Methylnitrosoguanidine Water or Saline
tion (MNNG)
2-Nitrofluorene (NF) Dimethylsulfoxide®
Quinacrine mustard (QM) Water or saline

Activation 2-Anthramine (ANTH) Dimethylsul foxide®©
2-Acetylaminofiuorene  Dimethylsu)foxide®

{AAF
8-Aminoquinoline (AMQ)  Dimethylsulfoxide®
Dimethylnitrosamine Saline

(DMNA)

3concentrations given in Results Section

bBl’s = Base-pair substitution
FS = Frameshift

Cpreviously shown to be nonmutagenic

Solvent

PROBABLE
MUTAGENIC

SPECIFICITY

gpsP

Fsb
Fsb

gpsb
Fsb

Fsb
gps®

Either defonized water or dimethylsulfoxide (DMSO) was used to prepare
stock solutions of solid materfals. All dilutions of test materials
were made in either defonized water or DMSO. The solvent employed

is recorded in the Results Section.
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§ 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 ml of molten
agar supplemented with biotin and a trace of histidine. For non-
activation tests, the four dose levels of the test compound were
added to the contents of the appropriate tubes and poured over the
surfaces of selective agar plates. In activation tests four dose
levels of the test chemical were added to the appropriate tubes
with cells. Just prior to pouring, an aliquot of reaction mixture
(0.5 ml containing the 9,000 x g liver homogenate) 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 allowed to solidify. The plates were incubated

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

growing on each plate. The concentrations of all chemicals

are given in the Results Sectfon. Positive and solvent con-

trols using both directly active positive chemicals and those

that require metabolic activation were run with each assay.

Recording and Presenting Data

The numbers o7 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.
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5.  INTERPRETATION OF RESULTS AND CONCLUSIONS

g The test compound was examined for mutagenic activity in a series

i of in vitro microbial assays employing Saimonella and Saccharomyces

¢ indTcator organisms. The compound was tested directly and in Eﬁe

! presence of liver microsomal enzyme preparations from Aroclor-
{nduced rats. The following results were obtained:

A. Toxicity

The compound was tested over a series of concentrations such that
there was either quantitative or qualitative evidence of some
chemically 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-
vation of this compound was from 1 ul to 100 ul1 per plate.

i B. Nonactivation Test Results %

The results of the tests conducted on the compound in the absence
of a metabolic system were all negative.

C. Activation Test Results

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

i D. Conclusions

The test compound S26A Synthetic Shower Waste did not demonstrate
mutagenic activity in any of the assays conducted in this evaluation 3
and was considered not mutagenic under these test conditions.

Submitted by:

f} éé;:g grusic:. pﬁ.%.

Director
Department of Genetics

Reviewed bhy:
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L MUTAGENICITY PLATE ASSAY
1.  OBJECTIVE
: The objective of this study was to evaluate the test compound for
i genetic activity in microbial assays with and without the addition
of mammalian metabolic activation preparations.
: .
: 2. MATERIALS
A. Indicator Microorganisms
‘f Salmonella typhimurium, strains: TA-1535  TA-98 |
TA-1537  TA-100 ;
TA-1538 ;
Saccharomyces cerevisiae, strain: D4
B. Activation System (Ames et al., Mutation Research 3' 24/, 1975)
1. Reaction Mixture
Component Final Concentration/ml
|
f TPN 4 ymoles
i Glucose-6-Phosphate 5 wmoles ;
Sodium Phosphate 100 umoles ‘
MgCl, 8 umoles
KC1 33 uymoles
Homogenate fraction equivalent 0.1-0.15 m1 9,000 x
to 25 mg of wet tissue supernatant of rat liver

2. S-9 Homogenate

A 9,000 x g supernatant was prepared from Sprague-Dawley
adult male rat liver induced by Aroclor 1254 five days
prior to kill.
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3
2. MATERIALS (Continued)
C. Positive Control Chemicals
Table 1 below lists the chemicals used for positive controls in
the nonactivation and activation assays.
TABLE 1 :
! PROBABLE '
i 5 MUTAGENIC
i ASSAY CHEMICAL SOLVENT SPECIFICITY
% Nonactiva- Methylnitrosoguanidine Water or Saline gps®
: tion (MNNG) ?
; 2-Nitrofluorene (NF) Dimethylsul foxide® Fsb
E Quinacrine mustard (QM) Water or saline Fsb
! i
: Activation 2-Anthramine (ANTH)  Dimethylsulfoxide® Bps® |
’ 2-Acetylaminof luorene Dimethy1sulfoxide® Fsb
8-Aminoquinoline (AMQ) Dimethylsulfoxide® Fsd |
Dimethylnitrosamine Saline BPSb
(DMNA)

8Concentrations given in Results Section

bBPS = Base-pair substitution
FS = Frameshift

cPreviously shown to be nonmutagenic

D. Solvent

Either deionized water or dimethylsulfoxide (DMSO) was used to prepare
stock solutfons of solid materials. A1l dilutions of test materials
were made in either defonized water or DMSO. The solvent employed

is recorded in the Results Section.




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 ml of molten
agar supplemented with biotin and a trace of histidine. For non-
activation tests, the four dose levels of the test compound were ’
added to the contents of the appropriate tubes and poured over the |
surfaces of selective agar plates. In activation tests four dose
levels of the test chemical were added to the appropriate tubes
with cells. Just prior to pouring. an aliquot of reaction mixture
(0.5 m1 contafning the 9,000 x g 1iver homogenate) was added
to each of the activation overlay tubes, which were then
mixed, and the contents poured over the surface of a minimal | 9§
agar plate and allowed to solidify. The plates were incubated :
for 48 hours at 37C, and scored for the number of colonies 1
growing on each plate. The concentrations of all chemicals
are given in the Results Section. Positive and solvent con-
trols using both directly active positive chemicals and those

. that require metabolic activation were run with each assay.

; B. Recording and Presenting Data

i 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
re:erence points. Other relevant data are provided on the computer
printout.
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INTERPRETATION OF RESULTS AND CONCLUSIONS

The test compound was examined for mutagenic activity in a series
of in vitro microbial assays employing Salmonella and Saccharomyces
fndTcator organisms. The compound was tested directly and in t*e
presence of 1iver microsomal enzyme preparations from Aroclor-
induced rats. The following results were obtained:

A.

C.

Toxicity

The compound was tested over a series of concentrations such that
there was either quantitative or qualitative evidence of some
chemically induced physiologfcal 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 1 1 to 100 ul per plate.

Nonactivation Test Results

The results of the tests conducted on the compound in the absence
of a metabolic system were all negative.

Activation Test Results

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

Conclusions
The test compound S40 Synthetic Shower Waste did not demonstrate
mutagenic activity in any of the assays conducted in this

evaluation and was considered not mutaaenic under these test
conditions.

Submitted by:

Director
Department of Genetics

Reviewed by:

r
Vice President
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SPONSOR: U. S. Army Medical Research and Development Command
MATERIAL: S50 Actual Shower Waste

4 1. NAME OR CODE NUMBER: S50 Actual Shower Waste
- 2. DATE RECEIVED: June 9, 1976
3. DESCRIPTION: White Liquid

‘ SUBJECT: FINAL REPORT MUTAGENICITY PLATE ASSAY
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2
1
MUTAGENICITY PLATE ASSAY '
4
1. OBJECTIVE
The objective of this study was to evaluate the test compound for
genetic activity in microbial assays with and without the addition
of mammalian metabolic activation preparations.
2. MATERIALS
A. Indicator Microorganisms
Salmonella typhimurium, strains: TA-1535 TA-98
j ' TA-1537  TA-100
i TA-1538
§ Saccharomyces cerevisiae, strain: D4
!
B. Activation System (Ames et al., Mutation Research 31:347, 1975)
;* 1. Reaction Mixture '
: nent Final Concentration/ml
| TPN 4 ymoles
Glucose-6-Phosphate S umoles
Sodium Phosphate 100 umoles
:zﬂg 8 umoles
| . 1-0 133 5“3]330
i Homogenate fraction equivalent 0.1-0.15 ml1 9, X
; to 25 mg of wet tissue supernatant of rat ﬁver
2. $-9 Homogenate
i A 9,000 x g supernatant was prepared from Sprague-Dawley
adult male rat liver induced by Aroclor 1254 five days
prior to kill.
176




2.

c.

0.

MATERIALS (Continued)

Positive Control Chemicals

Table 1 below 1ists the chemicals used for positive controls in

the nonactivation and activation assays.

TABLE 1

ASSAY CHEMICAL® SOLVENT

Nonactiva- Methylnitrosoguanidine Water or Saline
tion (MNNG)

2-Nitrofluorene (NF) Dimethylsulfoxide®
Quinacrine mustard (QM) Water or saline

Activation 2-Anthramine (ANTH) Dimethylsul foxide®
2-Acetylaminofluorene  DimethylsulfoxideS
(AAFY

8-Aminoquinoline (AMQ) Dimethylsulfoxide®

Dimethylnitrosamine Saline
(DMNA)

8concentrations given in Results Section

bIPS = Base-pair substitution
FS = Frameshift

‘Previously shown to be nonmutagenic

Solvent

Efther defonized water or dimethylsulfoxide (DMSO) was used to prepare
stock solutions of solid materials. A1l dilutions of test materials
were made in either defonized water or DMSO. The solvent employed

is recorded in the Results Section.

PROBABLE
MUTAGENIC
SPECIFICITY

gps®
Fsb
Fsd

gps®
Fsd
Fsb
gps®
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3.

EXPERIMENTAL DESIGN

A.

Plate Test (Overlay Method)

Approximately 10° cells from 2n 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 compound were
added to the contents of the appropriate tubes and poured over the
surfaces of selective agar plates. In activation tests four dose
levels of the test chemical were added to the appropriate tubes
with cells. Just prior to pouring, an aliquot of reaction mixture
(0.5 m1 containing the 9,000 x g liver homogenate) 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 allowed to solidify. The plates were incubated

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

growing on each plate. The concentrations of all chemicals

are given in the Results Section. Positive and solvent con-

trols using both directly active positive chemicals and those

that require metabolic 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
regerence points. Other relevant data are provided on the computer
printout.
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INTERPRETATION OF RESULTS AND CONCLUSIONS

The test compound was examined for mutagenic activity in a series
of in vitro microbial assays employing Salmonella and Saccharomyces
indTcator organisms. The compound was tested directly and in tﬁe
presence of liver microsomal enzyme preparations from Aroclor-
induced rats. The following results were odbtained:

A. Toxicity

The compound was tested over a series of concentrations such that
there was either quantitative or qualitative evidence of some
chemically 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-
vation of this compound was from 1 ul to 100 ul per plate.

B. Nonactivation Test Results

The results of the tests conducted on the compound in the absence
of a metabolic system were all negative.

C. Activation Test Results

The results of the tests conducted on the compound in the presence
of the rat liver activation system were all negative. The 100 ul
per plate dose with TA-1535 was repeated because of a slightly
increased mutant frequency. The repeat test was negative.

D. Conclusions
The test compound S50 Actual Shower Waste did not demonstrate

mutagenic activity in any of the assays conducted in this evaluation
and was considered not mutagenic under these test conditions.

bmitted by:

rusick,
Director
Department of Genetics

Reviewed by:

r
Vice Président
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]
MUTAGENICITY PLATE ASSAY
1. OBJECTIVE
The objective of this study was to evaluate the test compound for
genetic activity in microbial assays with and without the addition
of mammalian metabolic activation preparations. _1
2. MATERIALS
A. Indicator Microorganisms
Salmonella typhimurium, strains: TA-1535 TA-98
TA-1537  TA-100
TA-1538
Saccharomyces cerevisfae, strain: D4
B. Activation System (Ames et al., Mutation Research 31:347, 1975)
1. Reaction Mixture
Component Final Concentration/ml
: TPN 4 umoles
Glucose-6-Phosphate S wmoles
4 Sodium Phosphate 100 umoles
, MgCl, 8 umoles
KC1 33 ymoles
Homogenate fraction equivalent 0.1-0.15 m1 9,000 x % ;
to 25 mg of wet tissue supernatant of rat liver |
. |
2. $-9 Homogenate
] A 9,000 x g supernatant was prepared from Spngue-l)cwley
3 adult male rat liver induced by Aroclor 1254 five days
; prior to kill.




2.

c.

MATERIALS (Continued)

Positive Control Chemicals

Table 1 below Vists the chemicals used for positive controls in
the nonactivation and activation assays.

TABLE 1
PROBABLE
; MUTAGENIC
ASSAY CHEMICAL SOLVENT SPECIFICITY
Nonactiva- Methylnitrosoguanidine Water or Saline BPSb
tion (MNNG)
2-Nitrofluorene (NF)  Dimethylsulfoxide® Fsb
Quinacrine mustard (QM) Water or saline Fsb
Activation 2-Anthramine (ANTH) Dimethylsulfoxide® gpsP
2-?::: laminofluorene DiuethyIsulfoxidec FSb
8-Aminoquinoline (AMQ) Dimethylsulfoxide® Fsb
Dimethyinitrosamine Saline BPSb
(DMNA)

3Concentrations given in Results Section

bBPS = Base-pair substitution
FS = Frameshift

CPreviously shown to be nonmutagenic

Solvent

Either defonized water or dimethylsulfoxide (DMSO) was used to prepare
stock solutions of solid materials. A1l dilutions of test materials
were made in efther defonized water or DMSO. The solvent employed

is recorded in the Results Section.
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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 compound were
added to the contents of the appropriate tubes and poured over the
surfaces of selective agar plates. In activation tests four dose
levels of the test chemical were added to the appropriate tubes
with cells. Just prior to pouring, an aliquot of reaction mixture
(0.5 ml containing the 9,000 x g Viver homogenate) 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 allowed to solidify. The plates were incubated

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

growing on each plate. The concentrations of all chemicals

are given in the Results Section. Positive and solvent con-

trols using both directly active positive chemicals and those

that require metabolic 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 an2alyzed 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
re:erence points. Other relevant data are provided on the computer
printout.
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INTERPRETATION OF RESULTS AND CONCLUSIONS

The test compound was examined for mutagenic activity in a serfes
of in vitro microbial assays employing Salmonella and Saccharomyces
{ndTcator organisms. The compound was tested directly and in Eﬁe
presence of 1iver microsomal enzyme preparations from Aroclor-
induced rats. The following results were obtained:

A. Toxicity

The compound was tested over a series of concentrations such that

there was either quantitative or qualitative evidence of some ]
chemically 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-
vation of this compound was from 1 w1 to 100 ul per plate.

B. Nonactivation Test Results

The results of the tests conducted on the compound in the absence
of a metabolic system were all negative.

C. Activation Test Results

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

D. Conclusions
The test compound S53 Actual Shower Waste did not demonstrate

mutagenic activity in any of the assays conducted in this evaluation
and was considered not mutagenic under these test conditions.

Submitted by:

L
év;z EY‘US icg. ﬁi.é.

Director
Department of Genetics

Reviewed by:

r
Vice President
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MUTAGENICITY PLATE ASSAY
# 1. OBJECTIVE
The objective of this study was to evaluate the test compound for
genetic activity in microbial assays with and without the addition
of mammalfan metabolic activation preparations.
2. MATERIALS
A. Indicator Microorganisms
Salmonella typhimurium, strains: TA-1535 TA-98
e TA-1537  TA-100 ‘
TA-1538
Saccharomyces cerevisiae, strain: D4
B. Activation System (Ames et al., Mutation Research 31:347, 1975)
1. Reaction Mixture
Component Final Concentration/ml
TPN 4 umoles
Glucose-6-Phosphate 5 ymoles
Sodium Phosphate 100 umoles
MgCl, 8 umoles
KC1 33 umoles
Homogenate fraction equivalent 0.1-0.15 m1 9,000 x *
{ to 25 mg of wet tissue supernatant of rat liver
2. S-9 Homogenate 7
A 9,000 x g supernatant was prepared from Sprague-Dawley
adult male rat liver induced by Aroclor 1254 five days ;
prior to kill. 1
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2. MATERIALS (Continued)
C. Positive Control Chemicals
: Table 1 below lists the chemicals used for positive controls in I
1 the nonactivation and activation assays. ‘
: TABLE 1
' PROBASLE
] ’ MUTAGENIC
| ASSAY CHEMICAL SOLVENT SPECIFICITY
Nonactiva- Methylnitrosoguanidine Water or Saline BPSb
tion (MNNG)
2-Nitrofluorene (NF)  DimethylsulfoxideS Fsb
Quinacrine mustard (QM) Water or saline l-‘Sb
Activation 2-Anthramine (ANTH) Dimethylsulfoxide® gpsd
2-?::1: laminofluorene  Dimethylsulfoxide® FsP
F
8-Aminoquinoline (AMQ) Dimethylsulfoxide® Fsb
Dimethylnitrosamine Saline BPS"
(DMNA)

8Concentrations given in Results Section

bBPS = Base-pair substitution
FS = Frameshift

Sefients

cl’revit:msl,y shown to be nonmutagenic

D. Solvent |

Either defonized water or dimethylsulfoxide (DMSO) was used to prepare
k. stock solutions of solid materfals. A1l dilutions of test materials
I were made in either defonized water or DMSO. The solvent employed
is recorded in the Results Section. . ;
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(S5 LIRS SE

B

EXPERIMENTAL DESIGN

e — T :M-ﬂ_,::zaeazza===nn-vm-u

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 compound were
added to the contents of the appropriate tubes and poured over the
surfaces of selective agar plates. In activation tests four dose
levels of the test chemical were added to the appropriate tubes
with cells. Just prior to pouring, an aliquot of reaction mixture
(0.5 m1 containing the 9,000 x g liver homogenate) 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 allowed to solidify. The plates were incubated

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

growing on each plate. The concentrations of all chemicals

are given in the Results Section. Positive and solvent con-

trols using both directly active positive chemicals and those

that require metabolic 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 !
re:erence points. Other relevant data are provided on the computer i
printout. ;
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INTERPRETATION OF RESULTS AND CONCLUSIONS

The test compound was examined for mutagenic activity in a serfes
of in vitro microbial assays employing Salmonella and Saccha ces
indTcator organisms. The compound was tested directly and in t*e
presence of liver microsomal enzyme preparations from Aroclor-
induced rats. The following results were obtained:

A. Toxicity

The compound was tested over a series of concentrations such that
there was either quantitative or qualitative evidence of some
chemically 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-
vation of this compound was from 1 ul to 100 ul per plate.

B. Nonactivation Test Results

The results of the tests conducted on the compound in the absence
of a metabolic system were all negative.

C. Activation Test Results

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

D. Conclusions

The test compound S55A Actual Shower Water did not demonstrate

mutagenic activity in any of the assays conducted in this evaluation

and was considered not mutagenic under these test conditions.

ZS:SE;ted by:

David Erus;ci. Ph.D.
Director

Department of Genetics

Reviewed b
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|
MUTAGENICITY PLATE ASSAY ‘
?
0BJECTIVE '
The objective of this study was to evaluate the test compound for ’
genetic activity in microbial assays with and without the addition
of mammalian metabolic activation preparations.
MATERIALS
A. Indicator Microorganisms
Salmonella typhimurium, strains: TA-1535  TA-98
TA-1537  TA-100
TA-1538
Saccharomyces cerevisiae, strain: D4
B. Activation System (Ames et al., Mutation Research 31:347, 1975) ‘ 1
1. Reaction Mixture
Component Final Concentration/ml
TPN 4 wmoles
Glucose-6-Phosphate 5 wmoles
Sodium Phosphate 100 wmoles
MgC1, 8 umoles
KC1 33 wmoles
Homogenate fraction equivalent 0.1-0.15 m1 9,000 x %
to 25 mg of wet tissue supernatant of rat liver
2. S-9 Homogenate |

v ™ i

A 9,000 x g supernatant was prepared from Sprague-Dawley
adult male rat liver induced by Aroclor 1254 five days
prior to kill.
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INTERPRETATION OF RESULTS AND CONCLUSIONS

T:e'tes: co-p?undb:ng examined f?r :uta e?ic a:%ivi:z ;: ah:eries
of in vitro microbial assays employing Salmonella a c es
indTcator or?anisns. The compound was tested directly a%i Tn %*e
presence of liver microsomal enzyme preparations from Aroclor-
induced rats. The following results were obtained:

A. Toxicity

The compound was tested over a serfes of concentrations such that
there was efther quantitative or qualitative evidence of some
chemically 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 ﬁmgloved for the eval-
vation of this compound was from 1 ul to 100 u) per plate.

B. Nonactivation Test Results

The results of the tests conducted on the compound in the absence
of a metabolic system were all negative.

C. Activation Test Results

The results of the tests conducted on the compound in the presence
of the rat liver activation system were all negative. The 100 ul
per plate dose with TA-1535 was repeated because of a slightly
increased mutant frequency. The repeat test was negative.

]

D. Conclusions

The test compound L7A Synthetic Landury Waste did not demonstrate
mutagenic activity in any of the assays conducted in this evaluation
and was considered not mutagenic under these test conditions.

bmitted by: | 4
- !
| %
v rusick, Ph.D.

Director
Department of Genetics

Reviewed by:
Ao

r r,
Vice President }
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SPONSOR: U. S. Army Medical Research and Development Command
MATERIAL: L7 Synthetic Laundry Waste

1. NAME OR CODE WUMBER: L7 Synthetic Laundry Waste

2. DATE RECEIVED: June 9, 1976

3. DESCRIPTION: Cloudy Soapy Liquid

SUBJECT: FINAL REPORT MUTAGENICITY PLATE ASSAY
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MUTAGENICITY PLATE ASSAY

0BJECTIVE
The objective of this study was to evaluate the test compound for

genetic activity in microbfal assays with and without the addition
of mammalian metabolic activation preparations.

MATERIALS
A. Indicator Microorganisms

Salmonella typhimurium, strains: TA-1535 TA-98
il S

Saccharomyces cerevisiae, strain: D4

B. Activation System (Ames et al., Mutation Research 31:347, 1975)
1. Reaction Mixture

Component Final Concentration/ml
TPN 4 umoles
6lucose-6-Phosphate § umoles
Sodium Phosphate 100 umoles
MgC1, 8 wmoles
KC1 33 umoles
Homogenate fraction equivalent 0.1-0.15 m1 9,000 x q_
to 25 mg of wet tissue supernatant of rat liver

2. S-9 Homogenate

A 9,000 x g supernatant was prepared from Sprague-Dawley
adult male rat 1iver induced by Aroclor 1254 five days
prior to kill.
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2. MATERIALS (Continued)

c.

Positive Control Chemicals

Table 1 below 1ists the chemicals used for positive controls in
the nonactivation and activation assays.

TABLE 1
PROBABLE
5 MUTAGENIC
ASSAY CHEMICAL SOLVENT SPECIFICITY
Nonactiva- Methylnitrosoguanidine Water or Saline BPSb
tion (MNNG)
2-Nitrofluorene (NF)  Dimethylsulfoxide® Fsb
Quinacrine mustard (QM) Water or saline FSb
Activation 2-Anthramine (ANTH) DimethylsulfoxideS gpsP
Z-I(\::t laminofluorene  Dimethylsulfoxide® fsb
F
8-Aminoquinoline (AMQ) Oilnethylsu'lfox‘ldec Fsb
Dimethylnitrosamine saline gpsP
(DMNA)

3Concentrations given in Results Section

bDPS = Base-pair substitution
FS = Frameshift

Cpreviously shown to be nonmutagenic

Solvent

Either defonized water or dimethylsulfoxide (DMSO) was used to prepare
stock solutions of solid materials. A1l dilutions of test materials
were made in either defonized water or DMSO. The solvent employed

{s recorded in the Results Section.
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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 m1 of molten
agar supplemented with biotin and a trace of histidine. For non-
activation tests, the four dose levels of the test compound 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 test chemical were added to the appropriate tubes
with cells. Just prior to pourin?. an aliquot of reaction mixture
(0.5 »1 containing the 9,000 x g Tiver enate) 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 allowed to solidify. The plates were incubated

for 48 hours at 37C, and scored for the number of colonfes

growing on each plate. The concentratfons of all chemicals

are given in the Results Sectfon. Positive and solvent con-

trols using both directly active positive chemicals and those

that require metabolic activation were run with each assay.

Recording and Presenting Data

The numbers of colonies or 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 i
reference points. Other relevant data are provided on the computer :
printout.
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INTERPRETATION OF RESULTS AND CONCLUSIONS

The test compound was examined for mutagenic activity in a series
of in vitro microbial assays employing Salmonella and Saccharomyces
indicator organisms. The compound was tested directly and in t*e
presence of 1iver microsomal enzyme preparations from Aroclor-
induced rats. The following results were obtained:

A. Toxicity

The compound was tested over a serfes of concentrations such that
there was either quantitative or qualitative evidence of some
chemically 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-
vation of this compound was from 1 ul1 to 100 ul per plate.

B. Nonactivation Test Results

The results of the tests conducted on the compound in the absence
of a metabolic system were all negative.

C. Activation Test Results

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

D. Conclusions
The test compound L7 Synthetic Laundry Waste did not demonstrate

mutagenic activity in any of the assays conducted in this evalua-
tion and was considered not mutagenic under these test conditions.

Submitted by:

Director
Department of Genetics

Reviewed by:
Yice President
206

AR T A L T A




MUTAGENICITY EVALUATION
x :
L12 SYNTHETIC LAUNDRY WASTE B |

FINAL REPORT

SUBMITTED T0

U. S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND
WASHINGTON, D, C. 20314

SUBMITTED BY
LITTON BIONETICS, INC. :

§516 NICHOLSON LANE
KENSINGTON, MARYLAND 20795

LBI PROJECT NO. 2683

AUGUST 27, 1976

207

T T WO T ey
R .:Z.-,:,z.; P AL ey
. - ) LA % .

o 4




‘. mzc‘lvsl.........l'..‘.'...‘....
2. mmlus.00......0....00....0.0..
A. Indicator Microorganisms .
B. Activation System. . . . .
C. Positive Control Chemicals
D. “]v.nt. L] L] L ] » L] L2 L[ ] L] L]
3 L] ExPERl!“TAL oEs IGN L] L] L] L ] L ] L] e [ ] L] L ] L] L] L] L] L] L] L] L] L] L]

A. Plate Test (Overlay Method) .
8. Recording and Presenting Data . . ¢« ¢« ¢« ¢ ¢ ¢ ¢ ¢ & .

4. SUMMARY OF PLATE TEST RESULTS . « & ¢ ¢ o ¢ o o ¢ o o o o o
S. INTERPRETATION OF RESULTS AND CONCLUSIONS . . . . . . . . .
6. EXPLANATION OF EVALUATION PROCEDURES FOR PLATE ASSAYS . . .

SPONSOR: U, S. Army Medical Research and Development Command
MATERIAL: L12 Synthetic Laundry Waste
1. NAME OR CODE NUMBER: L12 Synthetic Laundry Waste
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MUTAGENICITY PLATE ASSAY
ECTIVE
The objective of this study was to evaluate the test compound for
genetic activity in microbial assays with and without the addition
of mammalian metabolic activation preparations.
MATERIALS
A. Indicator Microorganisms
Salmonella typhimurium, strains: TA-1535  TA-98
TA-1537  TA-100
TA-1538
Saccharomyces cerevisiae, strain: D4
B. Activation System (Ames et al., Mutation Research 31:347, 1975)
1. Reaction Mixture
Component Final Concentration/ml
TPN 4 uwmoles
6lucose-6-Phosphate S wmoles
Sodium Phosphate 100 wmoles
C1, 8 wmoles
1 33 ymoles
Homogenate fraction equivalent 0.1-0.15 m1 9,000 x %
to 25 mg of wet tissue supernatant of rat liver

2. $-9 Homogenate

A 9,000 x g supernatant was prepared from Sprague-Dawley
adult male rat Viver induced by Aroclor 1254 five days
prior to kill.
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2. MATERIALS (Continued)

C.

Positive Control Chnicns

Table 1 below 1ists the chemicals uml for positive controls in

the noractivation and activation assays.

TABLE 1

ASSAY CHEMICAL® VENT
Nonactiva- Methylnitrosoguanidine Water or Saline
tfon (MNNG)
2-Nitrofluorene (NF) Dimethylsulfoxide®
Quinacrine must.rd (QM) Water or saline

Activation 2-Anthramine (ANTH) Dimethylsulfoxide®

2-?:::_: laminofluorene Dilethylsulfoxidec

8-Aminoquinoline (AMQ) Dimethylsulfoxide®
Dimethylnitrosamine Saline
(DMNA)

8concentrations given in Results Section

"BPS = Base-pair substitution
FS = Frameshift

FProviously shown to be nonmutagenic

Solvent

PROBABLE
MUTAGENIC

SPECIFICITY

gpsb

Fsb
Fsd

gps®
FsP

Fsb
gpsb

Efther defonized water or dimethylsulfoxide (DMSO) was used to prepare
stock solutions of solid materfals. A1l dilutions of test materials
were made in either defonized water or DMSO. The solvent employed

1s recorded in the Results Section.

210
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3.

EXPERIMENTAL DESIGN

A.

s e

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 compound 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 test chemical were added to the appropriate tubes
with cells. Just prior to pourin*. an aliquot of reaction mixture
(0.5 m) containing the 9,000 x g liver homogenate) 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 allowed to solidify. The plates were incubated

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

growing on each plate. The concentrations of all chemicals

are given in the Results Section. Positive and solvent con-

trols using both directly active positive chemicals and those

that require metabolic 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
re‘ertnce points. Other relevant data are provided on the computer
printout.
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INTERPRETATION OF RESULTS AND CONCLUSIONS

The test compound was examined for mutagenic activity in a serfes
of in vitro microbial assays employing Salmonella and Saccha ces
indTcator organisms. The compound was tested directly and In %ﬁe
presence of liver microsomal enzyme preparations from Aroclor-
induced rats. The following results were obtained:

A Toxcity

The compound was tested over a series of concentrations such that
there was efther quantitative or qualitative evidence of some
chemically 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-
vatfon of this compound was from 1 ul to 100 ul per plate.

B. Nonactivation Test Results

The results of the tests conducted on the compound in the absence
of a metabolic system were 211 negative.

C. Activation Test Results

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

D. Conclusions
The test compound L12 Synthetic Laundry Waste did not demonstrate

mutagenic activity in any of the assays conducted in this evalua-
tion and was considered not mutagenic under these test condfitions.

Submitted by:

v
Director
Department of Genetics

Reviewed by:
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Vice President
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MUTAGENICITY PLATE ASSAY

0BJECTIVE

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

MATERIALS

A. Indicator Microorganisms

Salmonella typhimurium, strains: TA-1535  TA-98
P e

Saccharomyces cerevisiae, strain: D4

B. Activatfon System (Ames et al., Mutation Research 31:347, 1975)

1. Reaction Mixture

Component Final Concentration/ml
TPN 4 ymoles
Glucose-6-Phosphate 5 ymoles
Sodium Phosphate 100 wmoles
MgCl, 8 umoles
KC1 33 ymoles
Homogenate fraction equivalent 0.1-0.15 ml 9,000 x g_
to 25 mg of wet tissue supernatant of rat liver
2. $-9 Homogenate

A 9,000 x g supernatant was prepared from Sprague-Dawley
adult male rat liver induced by Aroclor 1254 five days
prior to kill.




2.

MATERIALS (Continued)

C.

Positive Control Chemicals

Table 1 below lists the chemicals used for positive controls in
the nonactivation and activation assays.

TABLE 1
PROBABLE
4 MUTAGENIC
ASSAY CHEMICAL SOLVENT SPECIFICITY
Nonactiva- Methylnitrosoguanidine Water or Saline BPs®
tion (MNNG)
2-Nitrofluorene (NF)  DimethylsulfoxideS Fsd
Quinacrine mustard (QM) Water or saline FSb
Activation 2-Anthramine (ANTH) Dimethylsulfoxide® gps®
2-?::; laminofluorene Dimethy13u1fox1dec FSb
8-Aminoquinoline (AMQ) Diucthy1sulfox1de° FSb
Dimethy1nitrosamine saline gps®
(DMNA)

concentrations given in Results Section

bBPS = Base-pair substitution
FS = Frameshift

cPreviously shown to be nonmutagenic

Solvent

Either defonized water or dimethylsulfoxide (DMSO) was used to prepare
stock solutions of solid materfals. A1l dilutions of test materials
were made in either defonized water or DMSO. The solvent employed

is recorded in the Results Section.
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3. EXPERIMENTAL DESIGN

A.

Plate Test (Overlay Method)

Approximately 108 cells from an overnight culture of each indicator
strain were added to separate test tubes containing 2.0 ml of molten
agar supplemented with biotin and a trace of histidine. For non-
activation tests, the four dose levels of the test compound were
added to the contents of the appropriate tubes and poured over the
surfaces of selective agar plates. In activation tests four dose
levels of the test chemical were added to the appropriate tubes
with cells. Just prior to pouring, an aliquot of reaction mixture
(0.5 m1 containing the 9,000 x g liver homogenate) 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 allowed to solidify. The plates were fncubated

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

growing on each plate. The concentrations of all chemicals

are given in the Results Section. Positive and solvent con-

trols using both directly active positive chemicals and those

that require metabolic 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
re;erence points. Other relevant data are provided on the computer
printout.
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INTERPRETATION OF RESULTS AND CONCLUSIONS

The test compound was examined for -utag:nic activity in a serfes
of in vitro microbfal assays employing Saimonella and Saccha es
indTcator organisms. The compound was tested directly and in Eﬁe
presence of liver microsomal enzyme preparations from Aroclor-
induced rats. The following results were obtained:

A. Toxicity

The compound was tested over a series of concentrations such that
there was either quantitative or qualitative evidence of some
chemically 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 1 ul to 100 ul1 per plate.

B. Nonactivation Test Results

The results of the tests conducted on the compound in the absence
of a metabolic system were all negative.

C. Activation Test Results

The results of the tests conducted on the compound in the presence
of the rat liver activation system were all negative. The 1 ul
and 5 ul per plate doses with TA-1535 were repeated because of
s11gh:1y increased mutant frequencies. The repeat test was
negative.

D. Conclusions

The test compound L14 Synthetic Laundry Waste did not demonstrate
mutagenic activity in any of the assays conducted in this evalua-
tion and was considered not mutagenic under these test conditions.
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