
AD—A067 Ski CINCINNATI UNIV OHIO DEPT or ENVIRONMENTAL HEALTH F.’G 6~2OTHE TOXICITY AND IRRITANCY OF ULTRAFILTRATES OF NON—SANITARY MI——ETC IIJ)
AUG 78 S WITHERUP , £ A EMMETT DAMDI7—76—C—60fl

UNCLASSIFIED NL
3

UI_
_ __ _ __ _ _ _ _  

t



SECURITY CLASSIFICATION OF THIS PAGE (IIR~~ D.i. E,,dSc.d) 
_________________________________

REPORT DOCUMENTATION PAGE READ INSTRUCTiONS
- BEFORE COMPL.ETDIO FORM

~~ REPORT NUMBER GOVT ACCESSION NO S. RECIPI(N? $ CATAI.OO NUMRER

~i Toxicity and Irritancy of U1trafi1trates~~~~~ ~~~~~~~~~~~~~ 
~~~ 

CoV!~~ I(:
~ 

TITLE (i ~ SubIIU. j

_____ _____  1 J u’ 7 6 -  1 Augu~~~~~7—sanitary Military W stes • 
~~~~~~~~~~~~~~ ORG. REPORT NUMSEdF~~~

1 CONTRACt OR GRANT NUM SER I .)(
~ 

~~ylvan/SIitMrup B.S., Adj . Assoc. Prof. ç

~~ 
A./E~~~~j~~’M.L, B.S., 14.5., Aseoc. Prof. ~~~ 1~

17_76_C.jogk’

~~.RERFORKING ORGANIZAT ION NAME AND ADDRESS 10. PROGRAM £LEMINT~ PROJECT. T ASK

I~Dspart.ent of Environmental N.a1ti~~ 
ARu.A S WORK UNIT NUMRER $

¼ljniversity of Cincinnati~~~11e SI MsdiCiTs~~j~j  ~~~~~~~j a~~:r (~IE~r~ ~::iCincinnati , Ohio 45267 ___________________________

II. CONTROL LING OFFICE NAME ANb ADDRESS IS. REPORT DATE

U.S. Army Medical ~~search and Development August 1, 1977
comeand, Washington , D.C. 20314 II. NUMBE R OF PAGE S

221
14. MONITORING AGENCY NAME S ADDRE$S(SI ~~U f 1  C fr.IIMI ) $0. SECURITY CI.ASS. (.5 Ci. Np ,S)

(~/Tj A ‘
~: 

‘75 Unclassified

. 

II& 
f~1~~~~~SI1ICATION/OOWNGRADING

Is. DISTRIBUTION STATEMENT (.1 sOS. R.p.,t)

Approved for public release; distribution unlimited 

( 1III)~:~~1
I?. DISTRIBUTION STATEMENT (of lb. *b.~~.cI .nS.r.d S. 1l.c* 30, St dIU.t.nl Sr.. Jtuposf)

IS. SJPPLEMENTARY NOTES

it . KEY WORDS (C.ntM.,. on r.v.ri. aid. SI .....~~~ .td IdsnfUy Op $t.c& n~~ b.r)

Laundry waste waters shower waste water: synthetic shower waste water; real
shower waste water; chlorinated; ultrafiltrates; skin irritation; eye
irritation; toxicity

OS. ANSTRACY (ConIMU. .~~~on old. H .uon~~MV d Sd..HII Op 11s* .... .O..)

A grvwtr.q ‘~~~ ‘d for water cotç~1M with decreasing s~çply in a m y  parts of the
S.

w e n d  has indicated a need to recycl, and reuse water whenever possible. The
continued reuse of limited water s~ iply is feasible if hazards to health in-
herent to the accueulated wastes can be eHR4Tlated by efficient purification
p~~casGOs .

(continued)

J’~ I DO ~ ~~~~ 
1Q3 GO’TSOSI OP I NOV 30 10 OSSOI STI

I*
~ I ISCURITY C$.AISPICAYIOW OF Twit

_ _ _ _ _  -‘ — -—.
. . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~

-. . 
~~~~~~~~~~~~ ~~~~ 

. 
S .’- ~~~~~~~~~~~~~~~~~~~~~ ~.

‘j~ 
.
~~~~ ~~~~~~~~~~ 

- 
- ‘

- - ~~ ~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~ ~~~~~~~~~~~~~~~ .2.l~. I



_
~~~~~~~~~~~~~~

Continuation page

20. Abstract (continued)
process of membrane ultrafiltra tion and post chlorina tion has been developed to

treat laundry and shower waste water s for potential recycl, and reuse. samples of
water taken at various stages in th. purification process have been evaluated in
respect to their i diate toxicity when given orally to mice, as a primary skin
irritant when kept in contact with the intact and abradsd skin of rabbits and as an
irritant to the ocular tissues in rabbits . Each of these tests provided quantitative
dat. which correlated with the efficiency of the purification process.

Th. sampl. waters investigated were identified as: (1) synthetic laundry waste
water , (2) synthetic or real shower waste water , (3) ultrafi ltrate s of Group 1,
(4) ultrafiltrates of Group 2, and (5) concentrate s (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 wate r of known chemical composition which could be dupli- ¶
catad or altered as required. The various real wastes and ultrafiltr at.s ware con-

= csntrat.d by a process of freez ing. ~~~~
Ninety-five wat er samples have b e n  test .d.~1The ultraf iltrates (including those ~cn—
centrated by freezing ) caused no irritation in the skin or eye of rabbits, and were
not toxic when given orally to miçs....-4 Highly concentrated wastes led to skin irri-
tation ranging from mil4 .xythàii~ to necrosis and corrosion~ evoked mild to severe

= conjunctivitis in ~~s iye of rabbits and were toxic when given orall y in massive
dosage to mice . ,lhTh. severity of thes . response s was directly related to increasin g
concentration of waste chemicals as measured by the total organic carbon content

• of the wat er.

~, 
Ten of the wa samples tested for autagenic activit y by the Ames test wars all
non-autagenic; of these ten , six have been tested for irritation to the skin of

5’2 volunteer human subjects .

Using a 21-day Continuous closed patch test tschoique in humans as a test for
cumulative irritancy , t~~ out of eight tested water e~~~1es namely $40 (100*
synthetic shower waste) and L7 (SOX synthetic laundry waste) ware found to be
significantly irritating. Irritation resulting fro. any of the ult rafilt rates and

~~ from actual shower wast e was insignificant ; waters $50, 953, 955*. L14, pooled
Cincinnati tap water and distilled deionized water did not produce signi fican t 

%
irritation undsr the circumstances of the test. The observed reactions to the two
irritant samples showed a consiste ntly different aurphology and developed at dif-
ferent rat es. Because of these differe nces , the relative degre. of irritence
assigned to the s~~~les 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 appeare d to be
more easily irritated than females with both wate r samples. *11 testin g was per-
formed cm the upper back, within this region o~ the skin relative patch position did
not sea to be an important variable.
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TOXICITY AND IRPITANCY OF ULTMFILTRATES OF
LAUNDRY AND SIIOWER WASTE WATERS

SYLVAN 0. WITHERTJP, Edward A. Emeett, Department of Environmental Health,
Collage of Msdicine , University of Cincinnati . Cincinnati , Ohio.

E~~CUTIVE SU$MARY

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

of the world has indicat ed a need to recycle and reuse water whenever possible

The continued reuse of limite d wate r supply is feasible if hazards to health

inherent to the accumulat ed wastes can be eliminated by efficient purific ation

processes .

A process of membrane ultrafiltration and post chlorination has been

developed to trea t laundry and shower waste waters for potential recycle and

reuse . Samples of water taken at various stage s in the purification proc ess have

bean evaluated ii, respect to their innediate toxicity when given orally to mice,

• as a primary skin irritant when 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 wat ers investigate d were identified as: (1) synthetic laundry

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

Group 1, (4) ultrafi ltrat es of Group 2 , and (5) concentrate s (30 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 duplicat.d or altered as required . Th. various real wastes

and ultrafiltrat.a were concentrated by a process of freezing.

Ninety-five water samples have been tested. The ult rafi ltrat .s (including

those concentrated by freezing) caused no irritation in the skin or eye of rib-

bits, and ware not toxic when given orally to mice. Highly concentrated wastes
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led to skin irritation ranging from mild erythema to necrosis and corrosion1

evoked mild to severe conjunctivitis in the eye of rabbits and ware toxic when

given orall y in massive dosage to mice. The severity of thses responses was

directly related to increasing concentration of waste chemicals as measured by

the total organic carbon content of the water.

Ten Of the water samples tested for miatagsnic activit y by the Ames test

war. all non-aatagenic; of these tsn, six have been tested for irritation to the

skin of volunteer human subjects.

Using a 21-day Continuous closed patch test technique in hun~ i• as a test

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

(lOOX synthetic shower waste ) and L7 (50X synthetic laundry waste) ware found

to be significantly irritating. Irritation resulting from any of the ultra-

filtrates and from actual shower waste was insignificant, waters 550 , 553, USA ,

Ll4, pooled Cincinnati tap water and distilled deionized water did not produce

significant irritation under the circ~~~tances of the test. The observed

reactions to the two irritant samples showed a consistently different morphology

and developed at different rates • Because of these difference s, the relative

degree of irritance assigned to the s~~~les varied dependi ng on the method used

to score the overall irritation . No evidence of allergic contact sensitization

was seen with eithe r water s challenge patch testing was negativ, in both cases.

Males appeared to be more easily irritated than females with both water samples.

All testing was performed on the mpper back s with in this region of the skin

relative patch position did not seem to be an important variable .
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FOREWORD

• In conducting the research described in this report,

the investigators adhered to the principles described in the

• GUIDE FOR THE CARE AND USE OF LABORATORY ANIMALS

Prepered by the
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NATIONAL RESEARCH COUNCIL

Contract PH-43—64-44
ANIMAL RESOURCES BRANCH
DIVISION OF RESEARCH RESOURCES
BETHESDA , MARYLAND 20014

DHEW Publication No. (NIH) 73 .23
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• I. Introduction

A growing demand for water coupled with decreasin g 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 haxards to health

inherent to the accumulated wastes can be eliminated by efficient purifica tion

processes. The Univer sity of X.ntucky in nt ract with the U.S. Army Medical

• Research and Dev.loprient Ccminand (DAD~~~~~~~C~2O 5O) has developed membrane

ultrafiltration and post chlorination as a waste treat ment And water renova-

tion process for the potential rec ycle and reuse of laundry wastes, shower

wastes and combined wastes containing both laundry and shower waste consti-

tuents.

t In this research, toxicity tests served two purposes: ?irst to detect

changes in the toxic and irritant properties which were occasioned by changing

the treatment process and which quantitated physiolog ical effects in correls-

tion with the efficiency of the treatment process. Secondly tests were needed

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

processed by the procedure .

II. Materials

The technical details of the purification pr ocess have been descr ibed in

the final report sulanitt.d by Dibakar Bhattacharyya and Robert I. Grieves (2),

Department of Chemical Engineering , University of Kentucky. A schematic die-

— gram of the system is pr esented in Figure 1 which nay clarify the description

of the water samples.

The sample waters investigated wars identified as $ (1) synthetic laundry

• waste water , (2) synthetic or real shower waste water , (3) ultrafiltr ates of

10
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TABLE 1. Th. composition of Synthetic IX (First tie.)
- 

Shower and Laundry Wastes

Shower Waste Laundry Waste

Component mg/i Component mg/i

Soap (deodorant) 70 Nonionic surfactant
(primary alcohol.
ethoxylates ) 100Shampoo ‘+0

Carboxymethy].Hair tonic 25 cellulose 5
Tooth paste 4.0 Oil 200

Shower-lavatory ~a (2
~~ 50

cleaner 100
P 100

Disinfectant
(sodium—o—pheny i Silicates 100
phenolate) 20

Insect repellant 20 Bleach (Cl 2 ) 10

Soil. (0.2 clay) 20 Clay 100

Total organic carbon (TOC) content

86 ~j i 186 mgJl

11.

-

~~~~ 
•
~ 

•

- -~~~~ t;~: - j :. :.
L. -~~~~~~~~-~~-~~-- - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~— •  ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • • •—

~~—~~~
. —

~~——--—-•-



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 wer e

constituted by adding €0 tap wate r known ounts 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 afte r 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 watay 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 were received

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

front plastic containers to pyrex glass bottles , sealed and stored under refrigera-

tion until used in the experiment. Usually five consecutively numbered samples

were ta ken from the refri gerated supply, iden ti fied by nu~~er only and studied

without reference to the components or trea ~~~nt process .

The orde r in which the samples of water were submitted for study , the ir
initial identification and the detailed test results obtained with each sample
are contained in a series of progress reports submi tted periodically to the
U .S. Arm y Medical Researc h and Developeent Coama nd , which have been included in
in this report as Appendix B. A full descri ption of each sample is provided in
Table IA contained in Appendix A. A descriptive su ary of all the samples is

given in Table 2. In this tabulation , the first column shows the number of
samples taken while processing a feed wate r contain ing the units of waste of

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

12
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TA~~E 2. Description of Water Samples, their Numbe r, Type and Source —

Number ?Yçe rotsi Oramnic Carbon ( TOC ) ma/i
a ? .~ie. s’~~’i 

Waste Peed Ultref ii- Conc entrates
“ Water (F) trats (UP) Waste Pree n.

Synth etic Shower Waste

7 Il 30—55 26 141 115-36? (UP )
1 51 624 (UP )

10 lOX 204—210 49-113 129-1052
3 20X 1030
4 301 1556-1620
2 501 2181-3093
4 1001 2758-6044
5 2001 1556-4942
2 300X 15, 000—18 ,000

2 500X 28,000
2 X000X 56,000

Actual Shower Waste~
21 1X 47—1215 19—68 104-1427 188—756 (F

14?-337(UP

Synthetic Laundry Waste
jAtWith Neodol Detera.nt

2 21 11 4o(u7)
1 51 15
3 lOX 252 50
1 50X 846

-
• 

1 75X 930
1 11+20 g. U)/l 936
2 b O X  2643
3 5001 72, 000—106, 250

• 2 5001/2 42,000
1 5001/3 24 ,000

(B) With Arm-v 1vne 1 Deter ment
1 11+ 20 g4 (B) 986
2 11+ 50 g/1 1843

1x + 100 g4 268?
3 11 + 500g/l 75, 000—77 ,000

Mixture of Synthetic Shower and Laundry Wast e. (Sausi Volumes 5001)
1 With N.oda3. (A) 46,000
1 With AT1 deter gent 60 , 000

Snecial Samnie s

Number Deicrintion ~~C 1ma/l)
3 Tap water, freese concentrated 23 - 110

-
• 2 Na-O-phenyl phenolate (1000 mg/i) 540

1 Shower Cleanser (1000 agJi) 16

13
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give the locations in the recycling system front which the samples were obtained

and the extent to which sante of the samples were concentrated by a freezing

process: occasional wastes were dilute d variously with tap water. The numbers

under the various categories refer to the content (mg/i) 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, S per cage , among 50 cages contained on one rack . Male

New Zealand white rabbits weighing 21i to 3i kg were obtained weekly in lots

of 24 from various local rabbi tr ys ; the se were caged individually and were ob-

served with respect to their activities for 4 or S days prior to their use.

SECTION A - 1PJOIALIAN TESTING

I. Methods

Ora l Toxicity

After two weeks or more of observation with respect to their normal

activity , 10 mice were weighed individuall y and given by intt~~ation a dosage

of 10, 25 , 40 , 63 or 100 mi/kg of a specific water; a total of 50 mice were

given the respective dosages of any one wate r and 5 wate r samples were studied

with each lot of mice . After dosage , the animals were observed daily during

14 days for signs of illness. All fatalitie s and any change in normal activity

were noted in the records . The animals in each cage were weighe d as a group

on days 3, 7 and 14 afte r their dosage .

Primary Irrit at ion
• 

• 
The ability of each water to produce primary irri tation in the skin was

measured according to the patch test techni que described in paragraph 191.1
of Regulations under the Federa l Hazardous Substances Act , Pa rt 191, Cha pter I ,
Tit le 21, Code of the Federal Re gulations published by the U. S. Depa rtment of

Health , Education , and Welfare , Food and Drug AdmI nistration (5) in 1965 and
as revised and •amended by the Consu mer Produc t Safety Comeisalon (4) in 1973.

14 j
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TABLE 3. Scoring Primary Skin Irritation

Erythema and Edema
Eschar Formation Score Formation Score

No erythema 0 No edema 0

Very slight erythema Very slight edema
(barely perceptible) 1 (barely perceptible) 1

Well defined erythema 2 Slight edema (edges
of area well-defined

Moderate to by definite raising) 2
severe erythema 3 Moderate edema (raised
Severe erythema (beet approximately one m m )  3
redness) to slight
eschar formation Severe edema (raised
(injuries in depth) Li. more than one mm and

extending beyond the
area of exposure)

Summary Tabulation of Scores
Condition Time Average Condition Time Average

(hrs.) score (hz’s.) score
(•) (•)

Ervthema Edema

Intact skin 2k 
_____  

Intact skin 2k _____

72 “ 72 _______

Abraded skin 2k 
____ 

Abraded skin 2k _____

72 ____ “ “ 72 _____

Subtotal (Si) _ _ _ _ _ _ _ _  
Subtotal (S2) _ _ _ _ _ _ _

Primary irritation score = (Si + S2 )/ k =

C’) 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

oovered with a plastic sheet encircling the trunk of the animal and covered

with a denim corset which kept the asseitly in place and permitted the animal

to be returned to its cage . Afte r 24 hour s , the coverings and patches were

removed and the reactions in the skin were score d according to their severity

as described in the procedural regulations s~~~~rized in Table 3.

Eye Irritation

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

with a specific water was measure d according to the definitive test describe d

in para graph 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 front the

study. The test water was placed in one eye of each animal by gently pulling

the lower lid sway from the eye ball to form a cup into which 0.1 ml of the water

was dropp ed. 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.

II. Results

Q!~al Toxicity 
- ~~rta1ity

Of the 95 samples submitted , 87 were admi nistered orally to mice, the

volumes of three synthetic shower wastes (S-63, 64 , 65) and five laundry wastes

(1— 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 fsw or several hours ; when recaptured they
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TABLE i~. Grades for Scoring Ocular Lesions -

• On ad Reiv.nae Score __________________

Rabbit 24 hpur. — 
48 1 nirs 

— 
12 h ~ars 

—

Ident, Con— Cor— Con— c conj— c
Numbe r nsa Iris 

~~~~~~~~~~ ~ Ir is junct- 
~:~

- Iris
______ t * C R • C _____ — .L!_L..... —

Conj unctiva - Cor nea
Redness

Refers to Palpebral No ulceration or opacity 0
and bulbar conjunct iv*e Scattered or diffuse areas of
excluding cornea and iris , opacity (other than slight

dulling of normal luster)--- (1)
Vessels normal 0 Easily discernable translucent
Some vessels definitely areas, details of iris

inj .cted slightly obscured 2
Diffuse , crimson red, in Nacrsous areas , no details of

dividual vessels not iris visible , sit, of pupil
easily discernable——— (2) barely discernible 3

Diffuse beefy red ~ 
Complete corneal opac ity , ir is

not diec.rn abl . Si
• Chemosis.
No swilling 0 

______

Any swellin4 above normal Normal 0
tat ing ~~~bran .) Narkedl~ deepened folds con-

gestion, swelling , circu.—Obvious swellini with par- corneal injection, sluggish
tial eversion of lids -(2) reaction to ligttt i any of

Swellint with lids about thes e or any combination
half closed 3 the reof (1)

Swelling with lids more No reaction to light . hsmor-
than half closed ii. rhage , gross dist ru ctior t ,

any or all of these 2

( ) brac keted numbers indicate the lowest grades considered positive
unde r the Federal Hasar dous Substances Labeling Act Regulations .

17
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were isolated for the remainder of th. 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 resultin g among mice after intubation of the resp ective

wastes are s~amaa rized in Table 5 according to the source of the waste • the

volume dosages adeinistered and the ran ge in their TOC conten ts. The mortality

shown in the top four cells of Table ~ was in each instance appar ently unrelate d

to the magnitude of the TOC dose admi nistered 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

mortalit” 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 sporadi c

mortality was attributed to ext ran eous diseases unrelate d to ingestion of the

respective wastes.

Four of the synthetic shower wastes ( S—56 , 57 , 58, 59) and ten of the

• laund ry waste s (consecutively numbered L—12 through 21) were found to be toxic.

• The TOC dose-mortal ity resp onses were evaluated by probit analysis of the

co*ined data in the respective categories using the maximum likelihood method

described by Finney (6) . The ‘fOC LD50 values were 2382 and 2740 ag/kg for the

yntbetic shower and laundry wastes respectively; 100X or greater concentrations

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

Ii~~s of Illness

Nice given a lethal dose of either waste became hypersensitive to auditory

• -
_ and tactile stimuli and exhibited increased ambulatory activity, mild tremors ,

occasional tonic convulsions, dyspnsa and terminal coma. Nice given sublethal

dosages exhibited less severe responses and also developed anorexi a acoos-

pmaied by decreased gain or actual loss in body weight .

Sc si~~s of illness were noted among mice given any of the ultrafiltrates

18
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TABLE 5. The Mo rt ality Mon g Mice Accordi ng to the Volume Dose
of Water and its Waste Contents

Pangs in Fatu ities Pangs in Fatalities
Dose • TOC Dose * ~~~
al/kg ag/k g D T ag/kg

Tap water (3 samples) Pal l 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—23.0

100 2.3—11 . 0—29 2.0—143. 5—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—3 79 0.3—116 0—110
100 1.6-604. 5—381 0.4—184 4—110

Mortality 14—1895 (0. 7% ) 6—550 (1.1% )

Toxic TOC Concentrations

Syn. Shower Wasts (4) Laundry Waste (30)

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

LDSO 2382 ag/kg 2740 ag/kg
Fiducial limits .( 1664 ag/kg (1700 mg/kg

(3410 ag/kg (4100 ag/kg

-
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TABLE 6. Wastes Irritating to the Eye of Rabbits .

Sample Waste Total Posit ive Eye
b units organic Responses Irri-num er carbon tant

Lexington Tap Water Concentrated
T8 0 110 3/12 No

Synthetic Shower Wastes
— S6 lOX 210 14/6 Yes

S3 lOX 20Z1. 1/6 No
sLi lOX 296 0/6 No
S26 100X 3602 Z~/6 Yes

S59 500X 28161 0/6 No
S57 (l000X)/2 28000 3/6 Yes
S58 i000x 56000 10/12 Yes

Synthetic Laundry Wastes
Li, LLf LOX 252 11./18 No
L12 , L13 100X 2614.3 8/12 Yes
Li5, L214. 500X 72000 12/12 Yes

H L18 lx
+500 g/l ATI( ) 75000 3/6 Yes

Equal Volume Mixtures of Shower & Laundry niBteg
L17 = L 15-+ (~ ooX +

S59 500X)/2 11.6000 6/6 Yes

L 19=L 18 +
S59 60000 0/6 No

( )  ATI Army Type 1. Detergent .
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and their growing body weight was not affected by th. waters ingested. Growth

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

~ye Ir ritation in Rabbits

In the pro gress reports (Appendix 5) the eye irritation scores were reported

as the total score elicited in each group of six rabbits and as the number of

rabbits in each group of six or more which showed any r a ction of sufficient

severity to be claslified as a positive response as defined in the regulations

for judging eye irritation (cf. Table 4) .  The data showing the n~~~er of

positive responses resulting from each type of waste, the original consti tution

of the feed wate r and the location from which the sample was taken in the puri-

ficati on process are swmearized in Table 2A , Appendix A. Those wastes for which

the positive responses were sufficient in nuch.r of classify the sample as an

eye irritant are shown in Table 6.

ISo ultrafilt rate of any waste and none of the actual shower wastes including

the feed water and the concentra tes was found to be an eye irritant as defined

by the regulations . An occasional individual respons. to these waters and to the

less concentrated synthetic shower and laund ry wastes consisted 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 ocular tissues with laund ry wastes of lOOX or greater con-

centration. synthetic shower waste of 1000X concentration and with a mixture

containing equal volumes of SOOX synthetic shower and laundry waste resulted in

severe erytheaa and swelling with partial closure of the eyelids, opacity of the

cornea (Grads 2) and occasional congestion and swelling in the folds of the iris .

Pacov ery was complete in all instances within a period of seven days , the eye

reactin g normally to light stimulus and showing no coru sal scars .

Primary Skin Irritation in Rabbits

The averag e skin respo nse resultin g in six rabbits after 24 hour s of con-

tact with each of the vario us actual --I synthetic shower wastes is shown in

Figure 2 in relation to the ‘fCC content of the respective e~~~le. The dat a

• 
-

- 
- pertai ning to the lamedry wastes are presented in like ~~~~er in Figure 3.
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Each point represents the response to a specific wat er. In both figures

the severity of the response is indicated by gradations in equally spaced

arithmetical units along the ordinate s the ‘ICC gradations along the abscissa are

equally spaced log units. If the abscissa also is arithm etical uni ts , then the

coordinates of the data fall along a straight line of the general equation

y - bx + c in which b” is the slope of the regression line and c the inter-

cept on the 0y axis. Each set of data was fitted to a linear equation and the

goodeess of fit evaluated by covarianc s anal ysis.

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.

Laund ry 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 waste s containing neodal detergent :
Y — O.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 s ples

• with ‘ICC concentration greater than 10,000 ag/i and ranging from lOOX to l000X

in usage concentration s these reactions are described as follows .

Upon rseoval of the gause patch containing the teat sample after twenty-

four hours of contact , the akin was found to be greyish white in color con-

- •  
trenting sha~~ly with the noreal pink skins it was soft and pliable with bct

slight or no erythena nor edsea in th. surrounding tissue. Occasionally

there were emaIl non-hemorrhagic lealose in the espos.d skin. kft r 72 hours

23
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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 ; the re was no histological study of

the t~ssues.

IV. Mutagenicity Evaluation

Since its publication in 197 1, 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 labora tories . There is rapidly
accumulating evidence tha t with few exceptions , carcinogens are
autagens . 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. McCann and Ames (tO) have reviewed the
developmen t of the test system and discussed recent improvements which

have increased the sensitivity of the test.

In br ief , compounds or suspe ct mixtures of compounds are tested on petri

plate s with specially constructe d mutants of Salmonella typhimurium as the test
• strain . When a small amount of a autageni c 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 differ ent concentrations are teste d individually

by incorporating the mutagen into a thin agar overlay alon g with the bacteria ;

the n~abers of revertent colonies are correlated with the corresponding concen-

tration of the autage n and dose-response curves obtained.

Sy addi ng a microsomal activation system of rat liver to the petri plate s a

variety of carcinogenic chemical s whose metabolites are the active agent are

con~srted to mutagens and are easily detected.

Although the chemicals incorporated in the respective vast, waters had long

bean used in oo~~~rcial toiletries , soaps , deodorants, laundry detergents.

24 
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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, there fore • to test the waste wate rs for autage~icity before

applying them repeatedly upon the skin of human subjec ts.

Mate rial s and Methods

Afte r 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 akin of rabbits were selected for mutagenicity testing. Of the ten waters,

three were concentrated synthetic shower waste feed waters (SSWFC), one was

actu al shower waste concentrate (ASWC) , two were ultrafi ltrat es (ASWF ) of

actu al shower waste , thre e were synthetic laund ry 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 somewha t 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-

s~~~d that the re sults would have differed but slightly from those obtained

with the original sample .

These samples were shipp ed by Dr. Bhattach aryya from the University of

Xentucky, Lexington, K y. 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 wa ters , incl uding the method s and

materials employed , the test data , an interpretation of the data and the con-

clusions is supplied in Appendix C (page 150). It suffices to state here that

each of the ten samples was found to be not mutsgenic .

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~ ~-~-—— ~~~~~~~
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TABLE 7 — Identification and Description of
Waters Tested for Nutagenicity

Water Type Irrita tion in ~~~~it. c~~~~~~ se
Nue~er Waste PPM Skin Eye

826 SSWFC 3602 2.0 4/6 >100.
S26A SSWFC •3964
S40 SSWFC *8167 3.6 0/6 >100.
S5O ASWC 1427 0.6 0/6 >100.
S53 ASLW 51 0.8 0/6 >100.
SS5A ASUF * 200 1.6 0/6 >100.
L7A SLUT * 456
L7 SLWF 800 2.6 0/6 >100.
Ll2 SLWT 2643 3.5 3/6 100.
1,14 AT! 2370 

- 

1.2 0/6 >100.

* A duplicate or alternate prep aration; the ‘10C value is somewhat higher -

than in the original sample identified in Table IA , Appendix A .

V. Discussion

Th. sporadic low incidence of mortality noted among the mice particularly

in the early week s of the experiments was apparently unrelated to the amount

of waste in the dose administered and occur red at the same or higher rate among

mice that had ingested none of the waste waters. The survival of large n~~~ers

of mice that had ingested much larger dosages of the same or more concentrated

waste supp orts the opinion that the fatalities did not result from toxic

effects of the respective wastes • Neither could they be attributed to a specific

co~~cnent of the wastes. There fore , vs have concluded that such fatalities

res ulted from extraneous disease .

Empression of the concentration of the waste ~oWonents in t.r of actual

us provides some idea of the element of risk involved in partial or esuptete

failure of the filtration aswhran e. The effects in animals, na ly mortality,

severe skin injury and eye irritation occurred only when the vests coneentration

26
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approached or exceeded 100 x. No advers e effect (as measured by these taste )

resulted from any ultrafiltrat, • any freeze concentrate of ultrafiltrat., or

from any actual shower waste .

Likewise , as measured by a 21 day continuous patch test, ultraf iltrate s and

actual shover wastes were not irritating to the skin of human subj ects. 50 x

laund ry waste and 100 x synthetic shower waste were severely irritating to

human skin C see section B , pages 37 and 40 )

It is noteworthy also that effects resultin g from the two mixtures of

shower and laundry wastes were in accord with those expected from the concen-

trations employed and provide no suggestion of syner gism or potentiation.

All of the tests were concerned only with i~ nediate injury resulting from

the waste waters • No chronic or long-term feeding tests were performed. Such

tests logically should be the next step in the program. The components of the

resp ective wastes were materials that generally have been found safe for their

resp ective 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

in their skin irri tation score were in each instance found to be not mutagenic .

VI. Conclusions

Actual shover waste wate r , ultrafiltrat .s of synthetic shower ani laundry

wastes and water containing the respective wastes in concentrations ranging

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

administered orall y to mice in the largest dosage feasible, were not irritating

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 an the skin . The irritation was minor and of little physiological

- - 

- significance with TOC concentrations ten times greater than those resulting

from actuil yes (10 X) • Severe skin injurie , resulted from 50 and 100 X use
~~
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concentrations of either waste . Synthetic shower and laundry wastes in lo 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 terse of 7CC concentrations the respective

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 , two ultrafiltrates of actual shover waste and four samples of

synthetic laund ry shower waste taken as concentrated a ample. 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 irri tancy, two out of eight tested water s~~~les , namely 540 (100 x

synthetic shower waste) and L7 (SO X laund ry w a st ) ,  were foun d to be significantl y

irritatin g. Waters S50 , 553, S55A, Ll4 • oool.ed Cincinnati tap water and distilled

deionized wate r 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 differen t rates . Because of these differences

the relative degree of irritance assigned to these samples varied depending on

the method used to score the overall irritati on. 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 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 - BUNAN SKIN IRRITATION TESTS

1 • 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). Froui among those ten, six waters were then jointly selected for

human irritancy testing by Dr. Jack Dacr e , U.S. Army Iioengineering Researdh

and Development Laboratory , Dr • Dibaker $hattacharyya, Department of ø~emica1

Engineering, University of Kentucky and Dr. Edward I ett , Department of

Environmental Nealth. 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.

II. ~~jective

To determine the relative potential of th. waters to cause irritation in

human skin by using a cumulative insult patch test technique.

III. Materials and Methods

A. Water Samples

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

Kentucky were shippe d from Lexington, Kentucky via United Parcel Service upon

receipt. The samples were transferred from plastic contaii~ers to pyrex g l s

• bottles , sealed and stored in a refrigerator until used in the .sperimsn ts.

In ord er to minimize handling and changes in temperature • aliquots for several

days use were transferred afte r careful mixing to smaller bottles for day by day

use. These bottles were also refrig erated between use. Bach sample was warmed

to xsdisso]ve any precipitate and was thoroughly mixed before any aliqunt was

removed. $~~~les were identified by n~~~er only and studied withou t rstsren cs

to the componen ts or treatmen t process. These waters are lieted and described

watars 1 to 6 in Table S. The sample n~~~er is the n~~ er given to identify

30
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TABLE S — List and Description of Wate r I~~~1es Used for
h uman Cumulative Insult Patch Testing

$~~~1e
Water No. Identity Description of Sample 7CC (a) TA

- W~srber

2. 640 Concentr ated synthetic 8167 20, 800
shower waste fee )

• (unfiltered)

2 550 Concentrated actual 1427 4.020
shower waste feed

3 553 Actual shower waste 51 250
ultrafiltrate

4 $SSA Actual shower waste 200 727
ultrafiltr ate

1.7 Syntheti c laund ry waste 500 28,000
feed concentrated

6 Ll4 Concentrated U.S. Army 2370 55,000
detergent 23

7 None Deionized distilled
water

8 None Pooled shower water

(a) Total Organic Carbon (7CC) and Total Solute (75 ) Levels (PPM)

TABLE 9 - S~~ ary of Results of Animal Tests

Water Rabbit Eye *abbit Skin
Water Identity SO Irritation Irritation
tic. rn~~ er Mice Score (b) Avg. Score Nutagenicity

I $40 >100 al/kg 6 3.6 Negative

2 550 >100 al/kg S 0.6 Negative

3 153 ‘100 al/kg 5 0.83 Negative

4 USA >100 al/kg 11 1.63 Negative

S L7 >100 al/kg 10 2.6 Negative

6 1.14 >100 n3/kg 7 1.23 Negative

(b) Total score among 6 rabbits . Very slight or minor irrit a tion ; not
sufficient in any instance to qualify as a positive response.
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them in othe r parts of the contract . The results of the toxicological testing

of these water samples in animals are sus~ari zed in Tbble 9.

A 7th wate r sample consisted of deionized distilled water as usually pre-

• pared in the Department of Environmental Health , University of Cincinnati. It

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 minute s, then 150 ml. was collected.

• Such collections were made every day for 5 days. The collections were pooled

• and store d and handled in the same manner as the other samples.

B. Subjects

Twenty-one volunteers took part in the cusna lat ive insult patch test program.

Ten subjects were females , two Negro and sight Caucasian, with a mean age of

thirty-one . Eleven subjects were male, two Negro and nine Caucasian with a

an age of thirty. The derographic characte ristics of the subjects are shown

in Table 10. The informed consent form agreed to by the volunteers is shown

in Table 111k, 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. Test ing Nsthods

(1) 21-Day Continuous Closed Patch Test

The method used was a modification of the 21 day continuous closed

patch test (8 ,11,12). The subjects were studied in two groups , a first group of

ten (five males and five female .) and a second group of eleven (six males and

five females). Two by two on patches of nonwoven fabric (Webri 1 ® ) were

impregeated with 0 2  ml of the test fluid dispense d by a glass tuberculin syrin ge.

Care was taken to ensure that ths water s~~~1es from which aliquots were taken

ware evenly dispersed. Patches of each of the sight water s~~~1es were placed

-
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TABLE 10 — Demographic Q~aracteristics of Subjects

_  1Subjects I Subjects

Identify Sex Moe Age Identify Sex Moe Age
• $)sb~?1 

• L Svubol 
—

A P C 24 K F C 51

I P 11 30 1. P C 26

• C P C 32 N F C 2$

P C 30 11 P C 24

K P C 33 0 F ti 32

F N C 27 P N 11 49

G K N 33 0 N C 31

H N C 36 N N C 25

I N C 31 N C 2S

.7 41 C 38 T N C 28

U N C 30

TABLE 11 - Scoring Criteria for ~~served Reactions

0 — Mo reaction

• - Questionable: ill-defined erytheaa not
• covering entire patch area

1 - Zxytheaa with a definite margin in pat ch area

2 - Erytheaa with induration or cradiinq

3 — Visiculationi pustule formation or ti.soring

4 - Application of the test water was discontinued
when the subject readied a Grade 3 reaction, and
this score was maid for each of the days remain-
ing La the 21 day period
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on paraspinal locations on each subj ect ’s upper sr midback , four on each side

of the midline. The patches were occluded with impermeable plastic tape

(Ilen4sxis~? Minnesota Mining and Nanufacturing ~~rporation) . At the end of

24 hours the patches were removed, the test site was read 30 minutes later,

end then freshl y prsparsd patches were reapplied to th. same area . Patches

were applied daily for 21 days.

Reactions were scored as shown in Table 11. Other types of reactions

such as scaling or changes in pigmentation and subjecti ve responses such as

itching or burning were also recorded. An example of the form used for record-

• Lug reactions is shown in Table VIA, 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 wat ers on the back remained constant in all individuals ; in the second

group of subjects the order was changed.

Subject. in the study were instructed to avoid prolonged i isrsion of

the patched area while the patches were in situ but had no other restrictions.

(2) Challenge Patch Testing

Challenge patch tasting 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 impregnate d with each

water could be applied to a previously untested area of the skin of the upper

back in the s manner as described above. The patches ware 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 orde r that the results could be compared.

• (1) Cueula ttve Irritation Index

This index was derived in the manner described by Phillips St al. (II ) .

—k ~~~~~~~~~~~~ _________ ~~~~~~ ~~~~~~~~~~~~~~~
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naily scores for each material are added and the sue of the daily scores for

each subject divided by the total ni~~ er of subjects . The ± and 0 scores are

assigned no n~marics1 value. As testing was discontinued when a score of 3 was

reached th is score was assigned to each subsequent reading for that material.

The maxi~~~ cusulative irritation index which could be obtained for this test

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

(2) Cusulatiws Percent Reacting

The cueulativ. percentage of subjects reacting each day can be repre-

sented graphically (3) • We used each of three end points namely a 1, 2 and 3

scored reaction in plotting such a relation ship .

(3) 50% Irr itation Time

From a graph of the cusulative 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 50% 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 50% of subjects
• (I1T~~)

Irritation time for 2 score reaction in 50% of subjects
(12T50)

Irritation ti for 3 score reaction in 50% of subjects
(13T50)

In order to distinguish such values determined for hinins from those

determined for e3q~erL.ent a1 animals the postscri pt hiaan could be added. Thus

a complete abbreviation could read I1T50 (homan) .

IV. Approval by Faculty Co ittee on Homan Resear ch

Approval of thin study was obtained from the Faculty ~~~~~~~~tteS cm Imean

!— ~rdi at the U*tveraity of Cincinunti.
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V. Results

A. Study Progress

~~cper imenta l subject compliance with the protocol was good. During the

• first several days of the experiment most subjects repoited mild to moderate

pruritus over the entire area in contact with the Rlendexii tape. With most

subjects this improved , bet one male subject withdrew from the study aft er 4

days because of severe prur itus experienced after riding a certain dista nce on

his bicycle each day . The results of the inc~~~lete testing on this subject are

not reported further here . A f meals subject developed an eryth s.atous react ion

to the tape which was very irritating and she withdre w 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 Ho • 6, the

concentrated U.S. Army detergent slipped from its original position en an average

of 8 out of the 21 applications on each subject. The patch generally rmeain.d

• within 1 cm of the original application site and in no case contaminated the site

of appl ication of another patch. The slipping of patches impregnated with this

sample was independent of the position on the back and app eared to be due to the
nature of the ister s ple.

I. Relative Irritancy of Waters

1) Results with Individual Water s

This sample, concentrated synthetic shower waste , produced significant

irritation on all subj ects. It produced a characteristic response which m i -
tially consisted of erythema which progressed to deeper erytbema, induration,

4 
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figure 4. Irritation to H~~tan Skin Resulting from £~~~le 1,
(S—40 ) b O X  Synthetic. Shower Waste.
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scaling, cracking then painful fissuring . No vesicles or pustules were observed

as a reaction to this sample . Th. resolution of these chan ges generally took a

week or more after application of this sample ceased. In several subjects

hyp.rpig.entation 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

• gr ade 3. or greater reaction developed in half the subjects by day 6 and in all

subj ects by day 12. The average tin, of progression from a grade 2 reactio n to

a grad e 3 reaction was 7 days . The percentage of subjects exhibiting a grade 1

response or greate r , a grad. 2 response or greater and a gr ade 3 respon se to

sampl e 1 on each day of the study is shown in Figur e 5.

Using the data from the 30 males and 9 females who completed th. study,

• the Cumulative Irritation Index for $40 was 31.6 in females, 40.3 in males and

• 36.2 for all subjects combined . For all subjects Uombined the XiT~o was 6 days ,

the 12T50 was 8 days and the 13T50 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 subj ect. The Cumulative Irritation Index for Sample 2 was 0.5 for females,

0.1 for males , and 0.3 for both sexes combined . Tb. 11T50 was greater than 21

days.

~~~~1 e3

m~s sample, actual shower waste ultxafiltrat ., produced a single Grad.

1 reaction in ach 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 I3.T50 was greater than 21 days.

____- 
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This sample , actual shower waste ultiafiltrate , caused a single Grade 1

reaction in each of 3 female subjects, three grade 3 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 readi ngs. The Comulativ.

Irritation Index for sample 4 was 0.3 for females , 0.8 for males and 0.5 for

both sexes combined . Tb. 11T50 was greater than 21 days.

S~~~l .5

This sample , synthetic laindry waste feed concentrate , produced a char-

acteristic response which began with perifollicu 1ar inflasmation followed by

the development of pustules. In some cases pustules developed without previous

erythema or papules being observed . The uniform induration , cracki ng or fissur-

ing seen as a reaction to Sample 1 was not produced in response to the applica-

tion of Sample 5. Th. appearance of a typical reaction to sample 5 is shown in

Figure 6. An average of 10 days of application was required to produce a Grade

1 or greater resp onse in half the subjects After 16 days application of Sample

5 all subjects exhibited a Grade 1 or greater reaction . Th. average time neces-

sary for subjects to pr ogress from a Grad. 1 to Grade 3 resp onse was only 2 days ,

reflecting the rapid development of pustules. The Cumulative Irritation Index

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

bined. The cumulative percentag. of subjects exhibiting a Grade 3. 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 ~~~~~ 
was 10 days , 12T50 was 11 days and 13T50 13.5

days.

This sample , concentrated u.g. Army detergent , produced a Gra de 2 reaction

39
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Figure 6~ Irritation to ftum~n Skin Resulting from Sample 5,
(L—7 ) SOX Laundry Waste •
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TABLE 32 - Irritancy of WStSZ Samples Banked According to
Their Cumulative Irritation Index

C~~~ulative Irritation Inde”

S~~~le Bales Fema le. Both Sexes Combined

1 40.3 31.6 36.2

5 35.1 25.8 30.7

4 0.8 0.33 0.58

• 6 0.3 0.44 0.37

2 0.1 0.55 0.32

3 0 0.44 0.21

7. 0.1 0 0.05

8 0 0 0

• TABLE 13 — Irritation Times in Day. for the
Various Tested Wate r Samples

Sample No. I3T50 12T50 13T50

1 6 8 33.5

5 10 11 11.5

2 121 ‘21 ‘21

3 ‘21 ‘23 121

4 121 121 121

6 ‘21 ‘21 ‘21

7 ‘21 121 ‘21

S ‘21 ‘23. ‘21

‘lee text tor definition of symbols
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in one female on the f inal 2 days of the study sud a Grade 1 reaction on days

19 arad 20 in one male subject. All other readings were negative. The C~au1a-

tive Irritation Index for Sample 6 was 0.4 for females , 0.3 for males, and 0.3

• for both sexes combined. The 11
T
50 was greater than 21 days • As noted patches

impregnated with this sample adhered poorly to the Blender s tape 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 Irr ita t ion Ind ex for

this sampl. was 0 for females, 0.1 for males and 0.05 for both sexes combined.

The 1
1
T50 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

sexes combined was 0. The 11T50 was greater than 21 days .

(2) O~mpax~ison of Irritancy of Individual Waters

The irritancy of the various waters ranked according to their cumulative

irritation inde x is shown in Table 12. It will be seen that Sample 1 was the

most irritating , S~~~le S was somewhat less irritating , but whereas these samples

both produced a significant degre. of irritation the othe r 6 samples produced

very low order or no irritation .

A comparison of the irritation times for 50% of subjects for the differ—

ant samples i. 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 èf 3. or
2 were used as the basis for comparison , water I was significantly more irritating

42
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TABLE 14 — Results of Responses to the Init ial Application and of
Challen ge Testing to detect Possible Aller gic Sensitiza t ion

Sample 1 Sample S

Initial Challenge Initial Challenge
Application Application Application Application

Subject 48 hr. 48 hr. 72 hr. 4~~hr. ~~~~~ 72~~~

N 0 0 0 0 0 0

N 0 + 0 0 0 0

X 2 0 0 0 0 0

T 0 0 0 0 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 S Aver age both

- waters
— 

1 (uppermost) 35.2 35.2 35 .2

2 323 28.0 30.2

3 42.3 29.3 35.S

— 

• 

4 (lowest) 36.7 23.3 30.0

- 
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than water 5, whereas wate r 5 was the most irritating if the time taken to reach a

score of 3 in 50% of individuals was used as the basis for comparison .

Thes. results reflec t th. difficulties inherent in compar ing morphologically

different type s of responses.

C. Challen ge Testing for Allergic Sensitization

Zn order to exclude th. possibility that th . observed reactions were

due to allergic sensitization , 6 subjects where chaLlenge tested with samples

• 1 &nd 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 observ ed with challeng, testing in any of the subjects

tested.

D. Effe ct of Sex

It will be seen in Table 12 that males had a higher cimnalative irritation

index than females for both Sample 1 and Sample 5, the difference being statis-

tically significant (p (0.01) in each instance .

I. 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 ~~~~~ ~

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

suggest that position on the back was an importan t variable.

VI. Conclusions

Using a 21—day Continuous closed patch test technique in humans as a test

for cumulative irritancy • two out of eight t s t d wate r samples , namely S40 and

L7, were fouod to be signifi can tly irritating . Waters 850, 153 , 155k , LId ,

pooled Cincinnati tap water and distilled deionized wate r did not produce signifi-

cant irritation aider the circ~~mtances of the test. The observed reactions

1:
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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 . No evidence of allergic contact sensitization was seen with

either water ; challeng e patch testing was negative in both cases • Mice appeared

to be more easily irritated than females with both the w a t r  samples . All testing

was performed on the upper back, within this region .f th. skin relativ e patch

position did not seen to be an important variable.
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Table 11* Irri tancy to the Eye of Rabbits 54
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Table IVA Form for Tabulation of Irr itanc y in Human Skin 57

Explanatory Notes

Table IA:
“ S” in the sample number denotes shower waste , eithe r actual
or synthetic.

“L” in the sample number denotes laundry waste or some specific
component of laundry waste .
L17 and L19 samples were equa l volume mixtures of shower and
laundry waste.
SI and 87 samples were unchlorinated; all other samples were
properly chlorinated unless othe rwise specified .
Among some of the samples concentrated by freezing, the actual
Total Organic Carbon (TOC) contents did not increase proportionately
wi th the decrease in water volume ; note the TOC valVes for SI and 82.

• TS indicetes Total Solutes.

A dilution factor of a:! means a factor of a + i.

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

Table h A :
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 fro. which the samples were
taken , their ‘IVC content and whether freeze concen trated or not.
Under the heading R (+) in the tabulation is given the number of .• 

•

rabbits showing significant eye irritation C positive response)
• among the total number tested with the specific water; those

which were sufficient to classify the waste as an eye irritant
are ma rked with an asterisk (*) •
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TABI~ IA: Description of Water Samples

Sample TOC TS
Number Type of Sample mg/i mg/i

Si Synthetic lX, filtered (0.45 u) 55 260 —

52 Synthetic lX , filtered , then freeze 5 concen-
trated 10:1 (by volume) 367 2200

S3 Synthetic lox , filtered 204 460

S4 Synthetic lOX , filtered, then freeze concen-
trated 1.30:3 296 440

$5 Synthetic lOX, ultrafiltered (PSAL) 98 250

S6 Synthetic lOX (without Ajax, disinfectan t ,
DEET) , filtered 210 340

S7 Ultrafiltrat. (PSAL) of unfiltered 56 49 330

SB Chlorinated 55 98 270

59 Actual waste, filtered 47 —

SlO S9, freeze concentrated 12:1 166 —

$11 Ultrafiltrate of actual waste 25 150

$12 511 freeze concentrated 10:1 147 2125

813 Actual waste , ultr afiltrate (PSAL ) 39 210 —

514 Synthetic lOX , ultrafiltrate (PSAL) • unchior-
inate.d 113 —

515 Chlorinated Sl4 313 —

516 Synthetic lOX , filtered , then f reeze concen-
trated 10~1 1052 3200

537 Synthetic 1X , ult r af ilt r ate (Fluxo) 26 100

$19 Synthetic 20X , filtered 1030 3 580

$19 Synthetic SOX , filter ed , unchior inated 3093 4500

519A Synthetic 50X , filtered 3093 —
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TABLE IA: C Continued)
Sample TOC TB

Number 
Type of Sample mg/ i mg/i 

-

120 Actual waste • filtered , freeze concentrated
20:1 340 4850

• lfl Actual waste , ultra? iltr ate (PSAL), then
freeze concentrated 32:1 337 4050

122 Synthetic SX, ultra ? ilt rate (PSAL ) at high
water recovery , then freeze concentrated 20i1 $24 4200

523 Actual waste , filtered , freeze concentrated
20:1 215 3117

124 Synthetic 20X, ultrafiltzate (PU!.) • freeze
concentrated 15:1 704 1970

525 Actual waste , ultrafiltered (PU!.) • freeze
concentrat ed 38: 1 202 4712

126 Synthetic l OOX , filtered 3602 3.0,396

127 1000 mg/i Wa-ortho-phenyl—phenolate 540 —

£28 £27 + 100 .g/l 
~~2 540 —

129 3000 mg/i Ajax , filtered 36 228

£30 Synthetic 30X , filtered , unchlorinated 1620 4792

533 Synthetic 30X , filtered 1620 5326

532 Same as S31 -1620 5326

£33 Sane as 531 1620 5326

134 Synthetic 1X, concentrate (0CP225) at 73%
water recovery, filtered 141 355

£35 Synthetic lx, ul tzafiltr ate (UOP22S) at 73%
water recovery , then freeze concentrated 42:1 115 6065

536 Sane as 534 141 355

137 Synthetic 100X (without phenyl—phenolate ) •
filtered 374$ —

13$ Synthetic 2*, filtered 30 330

139 Synthetic 10*, filtered, then freeze concen-
trated 9.1 $02 2480

140 Synthetic 100*, unfi ltered $044 37.38$

141 ~~act duplicate of $18 1030 3 180
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Table IA : (Continued )

Sample
Type of Sample TOC TB

Number mg/i mg/i

• $42 Actual waste , ultra ? ilt .rate (U0P225), then
concentr a ted by evaporatio n .t t~~p. 30—35°C.
35:1 by volume 309 $512

$43 Synthetic 200X, filtered 4942 *500

$44 Synthetic 200X, diluted 1.1, filtered 273$ 4418

$45 Synthetic 200X, dilmted 1.5:1, filtered 2181 —

$46 Synthetic 200X , diluted 3.0 :1, filtered 1556 2174

$47 Same as 546 — —
$48 Actual waste , concentrate (PU!. cassette ) at

85% recovery , filtered 104 793

549 Actual waste , ultrafiltrate (U0P225) at high
recovery 40 307

$50 Actual waste , concentrate (U0P225) at 93%
recovery 1427 4020

$51 Actual waste with urine , filter ed , tMa ~
freeze concentrated 20:1 746 —

£52 Actual waste with urine , filtered 72 464

$53 Actual waste with urine ultr a? iltrate ~PSAL) 51 280

$54 Actual waste , concentrat e (3rd pass . PU!.
casset te ) at 92% recovery , filtered 116 —

$55 Actual waits , ultr a? iltra te (3rd pass . PS?.!.
cassette ) at 92% r ecovery 68 500

£56 Synthetic 1000X , unfiltered 58,000 96,000

£57 $56 diluted 1:1 28 ,000 47 ,000

158 Synthetic 1000X , filtered 56,000 71,500

Synthetic SOOX, filtered 28 ,161 41,630

160 Actual waste , concentrate (7th pass DPO6
aenbrane) at 90% recovery 941 3865

$61 Sigh concentration, actual waste , unfiltered 1215 1156

162 161 filtered — 564
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TABLE IA: (Continued)

Sample Ty pe of Sample Lw TB 
—

Number mg/i mg/i

$63 $56 diluted 3:1 ‘35,000 —

144 $S7 diluted 3:l —

165 158 diluted 3:1 18,000 —

TB Lexington tap water freeze concentrated
33:1 310 3130

TB Lexington tap water freeze concentrated
20:1 40 —

T10 Lexington tap wate r freeze concentrated 23 3830

1.1 Synthetic lOX , filtered 252 7550

1.2 Synthetic lOX, ult r afiltr ate (Fluxo) 50 4830

L3 Synthetic SX, ultra ? iltrate (PS?.!.) at high
recovery 15 3013

Li Same as Ll

L5 Syntheti c Zx, ultrafi ltrate (PS?.!.) at high
recovery 4.0 53.0

1.6 L5 freeze concentrated 10:1 40.0 —

L7 Synthetic 50X . fi lter ed $46 28 ,000

LB Synthetic waste with 20.0 gm/i Army Type I
— 

detergent , filtered 986 2,476

1.9 Same as LI but using TIDE detergent 936 16.322

1.30 Synthetic waste with 50.0 gm/i Army Type I
detergent , filtered 1843 19,500 - 

-

Lii £aae as Lio — — 
- •

1.12 Synthetic 100*, filtered 3643 72,340

1.13 Same as 1.12 — -

LII Synthetic waste with 100 gm/i Army Type I
detergent, filtered 2678 14,000
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TABLE IA: C Continued )
Sample TB
Number Ty pe of Sample mg/i mg/i

1.13 Synthetic b OX , filtered 72.000 .341.000

1.36 LII diluted 1*1 42,000 130,000

1.17 Mixture of 1.15 + 159 (equal volume of sach) 46.000 134,000

1.3$ lane as Lii but with 500 ~~/l detergent ,
filtered 71,000 183,000

1.19 Mixture of 1.18 * 559 (equal volume of each) 40,000 109,500

1.20 Synthetic waste with 500 gm/i Army Type I
detergent • vegetable oil • filtered 77,500 230,000

*21 unfiltered 1.35 106,250 520,000

1.22 1.15 diluted 2:1 24 ,000 —

1.23 1.20 diluted 3:1 19,000 —

1.24 Sans as 1.35 72,000 —

1.25 Wi diluted 1:1 36.500 —

*26 Synthetic 75x, filtered 930

End of Table IA. 
-
; -
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TABLE lilA: Informed Consent to Participate in a Medical Study.

Before agreeing to participate in this study it is important that the
following explanation of the proposed procedures be read and understood. it
describes the purpose, benefits , risks and precautions of the study. It also
describ es the alternativ is available and the right to witMraw from the study
at any time. it is important to understand that no guarantee or assurance
can be made as to the results .

~~jectives

I, _______________________, agree to participate in a medical study the
purpose of which is to deter mine the potential for producing irritation of the

• skin of water which Ms been processed to r amove waste materia l s (Such as dc-
ter gants • tooth past. etc.). Th. samples will include Cincinnati tap water as
well as other water .

Procedures
The study will use a standard technique, 21 day cumulative insult patch

tasting. Between four and eight a11 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 rwaoved, the skin observed and after a period

• of 30 minutes patches will be reapplied . Daring the period that patches are
on my skin I should avoid prolonged ~mersion in water such as sviwaing or
taking a bath. I will however be able to take short showers.

*.tsks and Precautions
The samples of water may produce mild irrita tion of th , skin including

redness and scaling confined to the area of application . This in considered
unlikely because all samplea Will pass the chamical and biological stand ards
for reuse shower water of the National Midway of Science • In addition all
water samples will have been teste d for their irritant effect on the skin of
animals before they are used in th is study.

If any significant irritation should occur from any water sample on my
skin • further testing of that sample on as will be discontinued. In the un-
likely case that it were necessary, appropriate d.rmatologic trea~~snt , such
as the application of a crea m or oin~~ent to such an area , would be given .

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

The Xight to WitMr aw
I free to wi tMra w ftc. the study at any tine, preferably, using a

signed and witnessed sta t ent such is this.

Volunteer __________________________________________ Date ______________________

Investigat si________________________________ 
Date 

__________________

4 Witness___________________________________________ Data _____________________

Witness_______________________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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APPENDIX B

A series of Progress Reports on the Toxicity and Irritancy of Ultra-
filtrates of Non—sanitary Military Wastes which were presented periodically
during the course of the study to the U.S. Army Medical Research and

Development Command . They contain the detailed results obtained with each
wa ter.

~Report•

First Quarterly Report
October 21, 1975 60

Progress Report for November , 1975
November 30, 1975 79

Progress Report for December 31, 1975 90

Progress Report for January 31, 1975 105

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
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PROGRESS REPORI S

I
The Toxicity and Irritancy of Ultrafiltrates of

Non-sanitary Military Wastes

Contract No. DAMD 17—76-C-6006

First Quarterly Report, Fiscal Year 1976

Prom : Xettering Laboratory
Departhent of Environmental Health
University of Cincinnati
3223 Eden Avenue
Cincinnati, Ohio 45267

Approved ;

4e~~~~~~~ 2u~L~Syl an Wither up, B.S.
Assistan t Professor of Toxicology

• Principal Investigator

& 2L~~ J~Paul B. Hwond, D.V.M.. Ph.D.
Toxicology Division Head

Date : October 28, 1975
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Introduction

The University of Kentucky in contract with the U.S. Army Medica l

Research and Developa ent Command (DAD&17-72—C—2050) is developing membrane

• ultrafiltration as a waste treatment and water renovation for non—sanitary

milita r y wastes, specifically (a) laundr y wastes , (b) shower wastes and

(c) combined wastes containing both laundry and shower waste constituents.

Th. 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

by changing the treat ment process; these tests must quantitate physiological

effects in correlation i.ith the efficiency of the treatme nt process. Secondly

tests ar e needed al so which vifl provid, 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, Depar tment 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 shower and laundry wastes before treatment samples of

the same water after specific treatment process and samples of the concentrated

wastes 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. Tb. samples were

transferred from plastic containers to pyrex glass bottles, sealed and stored

L ~~~~~~~~~~~~~~~~~~~~~ 
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in refrigeration until used in the exper iments. Usually five consecutively

number ed samples were taken from the refrigerated supply , identified by nm~ey

onl y and stud ied 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 2~ to 3~ kg were obtained weekly in lots

of 24 from various local rabbitrys; these were caged individually and were

observed with 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 in tubation a dosage of 10,25 ,

40.63, or 100 ml p.r 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

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

signs of illness. All fatalities and any change in normal activity wer e noted

in the records. The an imals 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

Regulation s under the Federal Hazardous Substances Act Part 191 , Cha pter 1.

Title 21, Code of the Federal Regulations first published by the U.S. Department

of Health, Education, and Wel fare, Food and Drug Administration , February 1965.

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 wi th each wat er , one placed upon intact skin and the other upon an area

of abx ad.d skin en each animal. The patches were covered with a plastic sheet
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encircling the trunk and covered with a denim corset which kept the assembly

in plac . 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

suamarized in Table 1.

Eye Irr itation

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

with a specific water was measur ed 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 chamosis in the palpebral

and bulbar con~unctivae 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 lid away from the eye ball to form a cup into which 0.1 ml of the water

was dropped . The lids wer e 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 averag , scores for eryt hema and for edema in the intact and abraded

skin of 6 rabbits ismediate ly following and en the 3rd day after 24 hours of

skit~ cbntact with the respective waters are given in Tab le 4. The overall

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

: 
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of no more than a mild to moderate eryth ema with occasional mild edema . The

max imum skin irr itation score was 1.2 for sample £1.

The procedural regulations define a primary skin irritant as any substance

which produces an empirical score of 5 ox more when tested in this manner.

Eye Irritation

A sususary of the irritant effects of the specific waters when placed in

contac t 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 er ythema (redness) in the palpebral con~unc-

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

dur ing the 72 hours of observation . The number of animals showing a significant

degree of erythema is indicated under N in the tabulation. Only water $6 was

judged an eye irritant, the results with three waters (TB , 1.1 and 1.4) each with

3 animals showing a positive response were inconclusive and we will rep eat 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 resp ective water samples

are given in TAbles 6A,1,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 r~~~v d  from the exper iment 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 animal s were dosed with the water assigned . An

occasional death aft er a low dose of any one of the waters was believed also to

result from extraneous disease unrelated to the water ingested . Such conclusion
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is supp orted in part by no mortality among mice given much larger din~ qe~ a

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 resp ect to dosage level and the water sample intu bated ; these computatio ns

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

waters.

Susmary

Overall comparison of the several samples is provided in Table 7 . a

suJ!m~ary 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 pr imary irritation score much smaller than the

empirical score of S 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 inju ry in the cornea or iris . Three samples require

additiona l study .

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

given orally to mice.
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Table 1

List and Description of Water Samples Received to Date fro. the University
of Kentucky for Toxicological Study

Date Rec ’d Description of Sample
Sample No.

7/30/75
$1 Synthetic Shower Waste Feed Water
$2 Synthetic Shower Waste Feed Water Concentrated
53 Synthetic Shower Waste Feed
54 Synthetic Shower Waste Feed Concentrated
$5 Synthetic Shower Waste Ultrafiltrate
S6 Synthetic Shower Waste Feed with Aj ax Disinfectant DEET
$7 Synthetic Shower Waste tJltrafiltrate (Minus Ajax Disinfectant DEET)
SB Synthetic Shower Waste Ul trafiltrate Chlorinated
TB Tap Wate r Concentrated
1.1 Synthetic Laundry Waste Feed
1.2 Synthetic Laundry Waste Ultrafiltrate
1.3 Composite Laundr y Waste Ultrafiltrate from Long Run
1.4 Synthetic Laundr y Waste Feed

8/20/74
59 Shower Wast e
$10 Shower Waste
$11 Shower Waste
$12 Shower Waste
Sl3 Shower Waste
514 Shower Waste
$15 Shower Waste
$16 Shower Waste
517 Shower Waste
1.5 Lau ndry Waste
1.6 Laundry Waste

10/8/75 
-

$18 synthetic Shower Waste Feed Filtered High Concentrated
£19 Synthetic Shower Waste Feed Filtered Very High Concentrated
Sl9a Synthetic Shower Waste Feed Filtered Very High Concentrated Chlorinated
£20 Real Shower WAste Feed Chlorinated Filtered Concentrated
£21 Concentrated Ult r afilt rate from real Shower Wa ste
$22 Concentrated Ultr afiltrate from Synthetic Shower Waste
523 Concentrated Filtered Unchiorinated rea l Shower Waste Feed
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Table 5

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

Sample Eryth ina in the Con~unctiva Wumbar of Rabbits
(Susa of 6) Judged Positive

Laps.d Hours Total
24 48 72 Score

Si 5 3 6 14 2

52 4 3 1 8

53 3 4 1 8 1

S4 3 3 0 6

$5 5 3 3 1.1 2

S6 3 4 6 13 4 (a)

57 1 5 1 7 1

SB 0 4 2 6

TB 7 3 4 14 3 (b)

Li 8 2 2 12 3 (b)

L2 4 1 1 6 1

L3 6 3 3 12 2

L4 7 3 5 15 3 (b)

59 6 4 3 13 2

£10 6 4 2 12 1

6 14 1

£12 2 1 1 4

£13 3 2 1 6

£14 1 2 3 6

515 1 2 4 7

(a) Sufficient to classify the wats~ as an eye irritant .

(b) Water as an eye irritant aanc.rtaina edditional anisals r quired for classification .
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Table 6 ii

The Iamedi at . Toxicity of Specific Water Samples When ( iv*n Orally
-
‘ f to Nice. (CF Table I for descri ption of sa~plesa mice fron Lot 1)

Sample ~ Deaths Average lody Weight (g) Ct~a,~q. in
Dosage (10 mice Weight

per dos.) 0 3 7 14 (percent)

51
10 (3 k) 14.3 16.8 19.4 23.2 62
25 15.6 17.0 30.4 24.3 55
40 (1 k) 16.2 17.0 20.1 23.9 48
63 17.8 20.0 21.6 . 25.1 41

100 15.5 37.0 19.6 23.8 54
Average 15.9 20.2 24.1

52
10 2 (7 days) 13.6 35.9 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 49

- Average 35.5 17.5 19.7 23.9

$3
10 14.5 17.2 18.6 23.1 59
25 15.2 16.8 19.8 23.3 53
40 16.6 18.0 20.8 25.4 53
63 16.4 17.9 20.2 24.3 48

100 15~~ 17.8 20. 24.2 52 L

Average 3.5.7 17.5 20.0 24.1

S4 H

10 1 (6 days) 14.2 17.5 37.8 20.9 47
25 15.4 17.7 20.7 24.2 57
40 157  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
Average 15.1 17.1 19.9 23.1 53

55
10 15.1 18.4 20.9 23.9 58
25 16.6 39.7 21.6 23.9 44
40 18.3 20.9 22.0 24.2 32 - 

-

63 18.3 20.4 23.3 24.7 35
100 1 17d 19.2 22.1

Average 17.2 19.7 21.8 24.3 42

~~ Accidentally killed.
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Tabl e 6 B

The Iam. diate Toxicity of Specific Water Samples When Given Orally 
- 

-

to Nice. (CF Tabl e I for description of samples: mice fxoa Lot 2) - -

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

16
10 3.8.2 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 19.1 23.3 23.1 24.3 27.2
Average 18.8 22.5 23.4 24.5 30.2

$7
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 33 ,9
Average 18.6 21.6 22.9 24.9

SB
10 16.6 20.1 21.8 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 2 235 15.8

Average 18.8 21.5 22.5 24.1 
~ii

TB
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.) 27.4

100 (1 k )  18.0 21.8 22.4 24.3 35.0
Average 18.3 20.6 21.9 24.1 31.7

10 38.7 20.7 22.6 24.5 31.0
25 19.1 21.5 22.4 23.9 25.1
40 18.6 21.6 22.4 22.7 22.0
63 38.9 21.9 23.5 25.1 32.8

100 19.4 
____ 

21.3. 22.7 17.0
Average 18.9 21.5 22.4 23.8 25.8

flve mice escaped from their cage and had no access to food ; they w r e
r.c.ged and fed . Weight loss due to lack of food .

-
- (k)Accidentally killed.
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Table 6 C

The Immediate Toxicity of Specific Water Samples When Given Orally
to Mice . (CF Table I for descript ion of samples ; mice from Lot 3)

Sample a Deaths Average Body Weight (g) Change £~~Dosage (10 mice Weight
*1/kg per dose) 0 3 7 14 (percent)

L2
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
63 198 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 2 3 5
63 

- 20.5 21.1 23.) - 

24.9 21.5
100 1 (12 days) 18.5 18.3 20.3 22.6 22 .2

Average 186 19.3 21.4 23.1 24.1

IA
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 22.8 134
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 2~~~ 21.1

$9
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 2 7 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

£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 25.3 27.2 26.8 11.2
100 2 (3 days) 23.4 24.0 26.1 27.1 15.8 —

Average 23.4 1~~~T 1S4 lI
_
i ~~ 

-
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Table 6 0

The J~.ediate Toxicity of Specific Water Samples When Given Orally
to Nice. (CF Table 1 for description of samples ; mice from Lot 4)

Sample I Deaths Average Body Weight (9) Change in
Dosage (10 mice Weight

al/kg per dos.) 0 3 7 14 (percent)

£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 18.0 18.7 18.4 20.4 13.3

Average 18.8 18.8 18.4 22.2 18.0

£12
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

Si 3
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.]. 20.5 20.5 23.6 23.5

~l4
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 38.8
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

515
10 19.0 20.5 21.4 24.0 26.3
25 19.4 20.8 20.5 23.8 22.7
40 18.8 20.3 20.7 24.8 31.9
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 20.1 24.2 24.5
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Table 7

Summary of Results

-
t -5—

Water Irritation Oral Toxicity in Mice
Ident. Scores Mortality Average Wt (g) all doset
Number Eye Skin Aver . 100 al/kg (days afte r dose)

—~ Sum N~ Scor e lO mice 0 3 7 14

£1 14 (2) 1.2 15.9 17.6 20.2 24.1
52 8 0.9 15.5 17.5 19.7 23.9
S3 8 (1) 0.7 15.7 17.5 20.0 24.1
S4 6 0.7 15.1 17.1 19.9 23.1

S5 11 (2) 1.0 1 (6 days) 17.2 19.7 21.8 24.3
S6 13 (4) 1.1 18.8 22.5 23.4 24.5

- 57 7 (1) 0.5 18.6 21.6 22.9 24.9

SB 6 0.5 18.8 21.5 22.5 24.]

TB 14 (3) 0.8 1(k )—6 days) 18.3 20.6 21.9 24.1
LI. 12 (3) 0.6 18.9 21.5 22.4 23.8
1.2 6 (1) 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
1.4 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

£10 12 (1) 0.7 2 (3 days) 22.8 23.4 25.5 25.4

Sil 14 (1) 1.0 18.8 18.8 18.4 22.2

512 4 0.6 19.4 21.0 20.5 23.7

$13 6 0.8 19.1 20.5 20.5 23.6

$14 6 0.3 19.0 19.9 20.1 23.6

515 7 0.5 19.4 20.2 20.1 24.2

Nu,uiber of ra bbits with a redness score of 2 (a definitive score) .
There was no effect on the cornea or iris.

(k) Killed accidentally.
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Intr oduction

This report contains data pertaining to th. 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 LI. and IA • The experimental *ethod s employed and the

definitions of the empirical scores used in the irritatio n studies all have

been descr ibed 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 hour s of skin contact with the respective waters are given in Table

2. These water samples were somewhat more irritating to the skin ot rabbits

than were the precedin g samples . The empirical scores ringed from 2.1

(Sample S 19) down to 0.6 (Sampl e 5 17) . The responses consisted of mild

or moderate erythsaa and occasional mild edema which subsided rapidly 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 wsll below the empirical score of 5 required

to classify a material as a primary akin irritant. —

_  
_  
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lye Irritation

A summary of the eye irritation scores is provided in Table 3. Won.

of the samples elicited sufficient response to be classified as an •ye

irritant. Two of the samples. (S l9a 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 Li or 1.4. Ia a repeat test no rabbit exhibited suf-

fici~ nt resp onse to U to be judged positive by the standards , this water -

is not considered an eye irritant. One of 6 rabbits responded positively

to 1.4. 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 th. respective waters are

summarized in Tables 4A and 48. As with the previous waters , these specific

samples were not toxic when given orally to mice in dosages ra nging frost 10

to 100 mi/kg inclusively. Occasional deaths among the mice of Lot S were

not dose related and were attributed to extraneous diseases . Diarrhea was

noted in mice given 63 or 100 mi/kg of water $ 1$; a sanguineous excrement

seen on the rear quarters and tail of saute 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.

H
82
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Ten water samples have been tested with respect to their Lrritancy

arid oral toxicity using method s described previously.

The pertinent observations are summarized in Table S. None was

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

1.5 Laundry Waste

1.6 Laundry Waste

£16 Shower Waste

517 Shower Waste

518 Synthetic Shower Waste Feed • Filtered, Nigh Concentrate

£19 Synthetic Shower Waste Feed , Filtered , Very High Concentrate

£19. Synthetic Shower Waste Feed, Filtered, Very High Conc. Chlorinated

£20 - Real Shower Waste Filt ered , chlorinated Concenttat.d

521 Real Shower Waste Ultrafiltrate , Concentrated

£22 Synthetic Shower Waste , Ultrafiltrate Concen tr ated

I

, -; -
~~~~~~~~~~~~~~~
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Table 3

Eye Irritation Induced in Rabbitq by Placing the Wat er in Contact with
the Ocular Tissue ; Responses Scored According to Proce dural Regulations

at the Times specified

Ident. Lapsed Hours Total Number of Rabbits
No. of 24 48 72 Score Judged Positive
Sample R C  R C  R~~ C

1.5 2 2 1 5 0

1.6 2 1 4 7 0

$16 2 3 4 9 0

Sl7 1 3 4 8 0

518 5 4 1 10 1

519 4 5 2 11 1

S19a 4 1 1 1 3 1 12 1

520 4 2 1 1 1 1 10 1

521 2 0 2 4 0

£22 5 2 2 9 1

Repeat of Two Samples Studied Previously

1.1 3 5 5 13 0

1.4 6 5 5 16

- redness ; C • Chemosis (edema) in the palpebral conjuncti va . There was no
noticeable effect in the cornea or iris.

-5 
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The Immediate Toxicity of Specific Water Samples When Given Orally
to Nice. (Lot $5)

Sample Deaths Average Body Weight (g) change in
Dosage (10 mice Weight
al /k g per dose) 0 3 7 14

$16
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.~~.. _____ 
18,i_ 24 .2 . 66

Average 14.4 14.4 18.8 23.8 66

517
10 13.7 14.8 19.5 22.6 65

25 1; (6 days) 15.3 18.6 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

1.5
10 1(K- 5 days) 12.5 14.7 18.5 23.7 90
25 15.6 17.0 20.9 34
40 1 (8 days) 15.6 16.7 20.4 31
63 15.5 20.2 24.2 56

100 15.2 19.3 23.4 54
Avera ge 34.9 14.7 18.3 22.5 51

1.6
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 days) 14~i.. — 

18.8 20.8 40
Average 24.2 16.0 19.2 23.3 64

•Tw~ mice escaped ; eliminated from the experiment weights on 14th day.

— _ _
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Table 4 1

The Immediate Toxicity of Specific Water Samples lihen Civam ~~a11y
to Nice . (Lot N6)

sample Deaths Avera ge Body Weight (9) Change ~~ 
—

Dosage (10 mice Weight
al/kg per doie) 0 3 7 14 (Percent ) 

—

$18
10 .18.9 22.4 22.6 23.8 26
25 17.6 3.9.1 21.6 23.4 33
40 3.9.6 21.0 23.6 23.9 22
63 19.8 21.8 21.9 23.0 16

100 17.2 19.0 21.8 23.4 36
Average 18.6 20.S 22.3 23.3 25

*19
10 25.5 17 .4 19.6 21.9 41
25 16.5 17.4 20.1 20.3 23
40 16.1 18.4 21.1 22.6 40
63 17.0 19.8 22.4 24.0 41 I 

-

100 15~~ 17.4 20.9 23~0 44
Average 16.1 18.1 20.8 22.3 3$

S19a
10 17.4 18.8 20.9 12.6 30
25 20.3 22.4 23.5 24.7 22
40 2.8.7 20.2 22.0 22.9 22
63 19.0 19.4 21.4 23.0 21

100 16.8 19.2 21.3 22,2 28
Average 18.4 20.0 21.9 23.1 26

£20
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 3.9
3.00 17.7 19.7 20.7_ 23 ,0 30

Average 37.8 19.7 21.0 22.8 • 28

£21
3.0 14.6 17.6 20.2 22.4 - -53 - 

-

25 18.6 21.2 22.5 23.1 ,
‘ 24

40 18.0 20.6 21.5 22.9 . 27
63 20.5 23.3 25.0 25.5 24

100 17.1 17.5 _19.5 22.3 _3p .-
Average 17.8 20.0 21.7 23.2 30 .

JL . 
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Table S

5w~~ary of Results

iSats? Irrita tion Oral Toxicity in Nice
ident. Score s Nortality Average Nt (g) .11 doses Change

Number ~ye Skin Aver • 300 al/kg - (days after Bose) in at.
Sum (Ne) Boor. 10 Rice 0 3 7 14 (Percent)

1.5 5 1.0 14.9 18.3 22.5 51

1.6 7 1.3 1 (8 days) 14.2 3.9.2 23.3 64

516 9 1.2 2 (10 days) 14.4 18.8 23.8 66

£17 8 0.6 14.3 17.9 21.9 53

ssie 10 1 1.8 18.6 20.5 22.3 23.3 25

519 3.1 1 2.1 16.1 18.1 20.8 22.3 38

S19a 12 1 1.5 18.4 20.0 21.9 23.1 26

*20 10 1 1.2 17.8 19.7 21.0 22.8 28

$21 4 0 1.8 17.8 20.0 21.7 23.2 30

522 9 1 .1.6

Li .13 0 -

1.4 16 3. -

tv- I

- -  - 
- 
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introduction

t This report contains data perta ining to the ~~~~edLI$S ral

toxicity snd the irritant pro perties of twenty water samples descr ibed in

Table 1 end which continue in consecutive order from thos. described in

the November Pr ogress Report dated November 30, 1975 . It also includes

• repetition of the ey. irritation study with sample TB. The experimental

methods employed and the definitio ns of the .mçiri cal scores used in the

irr a tation studies all have been descr ibed in the Quarterly Report dat*d

October 28, 1975.

Results

Skin Irritation

The aver age scores for erythema and for edema in the intact n6

abraded abdominal skin en six rabbits • immediatel y following and or.

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 irr itant as defined by the Procedural Regulations which r equire an

empirical score of S or sor e for this classification.

The average skin irritation scores obtained with laundry water samples

ranged tram a high of 3.5 for sample 1.12, 3.4 for 1.13. 3.15 for 1.9 and 2.65

for 1.7 (these were concentrated samples) down to a low of 0.3 and 0.4 for

waters 1.10 and LII. it should be noted that the high avera ge scores ob-

tained with the specified laundry waste concentrates represent moderate

- -5 - . ~~~~~ 
- - -a:--- —-—-— --- -V -- _____

-- - -- 
______
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to severe erythema end edema with ulceration &~sd ..char formation in

•~~~ of the animals; usually these in~uri.s had not healed co~~1eta1y

within the 3 days period of observation .

A akin irritation score of 2 resultin g fr om wa t er 526 was the highest

obtained among the shower waste watsrs~ the values generally were less than

one .

!Y’ Irritation

Th. empirical scores by which the irritant effects of the respective

waters on th. eyes of rabbits were graded are listed in Table 3. In all

instances the response consisted of acme d.gr~~ of erytheaa in the pal—

pebral con3unctiva, without noticeable swelling of the tissu* and with

no injury in the cornea or iris. The severity and extent of the responses

was sufficient to classify sample 526 and Sample 1.13 as an eye irritant.

The responses to 1.13 are equivocal • since there was a positive response

in 3 of the 6 rabbits tested . An additiona l test is needed to classify

the water ; however in consideration of the skin irritation resulting

from this sample (Table 2) it should be considered an eye irritant until

more tests are performed.

A r epetition of the eye irritation test with water TB indicated that

this water was not an eye irr itant as has been suggested by the equivocal

results obtained in the first test.

Imme diate Oral Toxicity

Data pertaini ng to the immediate toxicity of the zespective waters

when given oral ly to mice are s~ammari zed in Ta b3es 4A,8 .C slid D. Death

- - -
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occurred only among mice that were given 100 al/kg of 1.7, 1.12 or 1.13.

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 less or reduced growth that was related to the magnitude of

the dose .

Of 12 shover waste water samples only 826 , 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 ware given orally. 100 ml of any one

of the shower wastes per kg body weight.

Laundry waste water samples L12 and 1.13 were classified as eye

irrita nts and were moderately irritating to the skin of rabbits , although

the severity and extent of the injur ies on the akin were not sufficient

to classify either water as a pr imar y skin irritation . A mortality of

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

orally. 100 al/kg of water 1.1, 1.3.2 or 1.13.

Of the 20 samples tested , $25. L7 . L12 and Ll3 were exceptional in

the extent of the responses they elicited .

L ~~~~~
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Table 1

Identification of the Waters Studied

-
- 5—22 concentrate d Ul tra filtrat e from Real Shower Waste .

8-23 Concentrated Filtered Unahiorinated Real Shower Waste Feed .
8-24 Synthetic Shower Waste Ultrafiltrat e-Conc.ntra t.d .

1-25 Real Shower Waste Ult r afilt r& te Concan trata d .
5-26 Synthetic Shower Waste Feed-Concentrated .

- 1-27 (OPSS ) Concentrated Disinfectan t.
£-28 (OPSS ) Concentrated Disinfectant.
S-29 Concentrated A3ax Solution .

- S-30 Synthetic Shower Waste Concentrated Feed.
8-31 Synthetic Shover Waste Concentrated Feed.

- 1-32 Synthetic Shower Waste Concentrated Feed .

- S-33 Synthetic Shower Waste Concentrated Feed .
T-9 Tap Water ; Concentrated.
T-10 Tap Water Concentrated .
L-7 Synthetic Laundry Waste Feed Concentrated.

- L—8 U .S. Army Detergent; Concentrated .

1 
L—9 Concentrated Tide Detergent .

- 1.-b Army Detergent Concentrated.
1.-il Army Deter gent Concentrated .
L-12 Synthetic Laundry Waste Concentrated .
L—13 Synthetic Laundry Waste Concentrated.

_ _  
_ _ _ _ _ _  
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Table 3

!y. Irritation in Rabbits Resulting When the Specified Water Was Place d
in Contact with the Ocular Tissues ; Responses Scored According to Pro-

cedural Regulation. at the Times Specified

£rythema in the Conjunctiva
(Sum of Scores in S Rabbits)

Water
Ident . Lapsed )Iours Total Number of Rabbits

24 48 72 Scar. Judged Positive 
—

S 2 3  3 4 2 9
5 2 4  3 3 3 9
S 2 5  2 3 4 9
S 2 6  9 5 6 21 4
$2 7  2 3 3 8
$ 2 8  4 4 1 9
5 2 9  4 3 2 9
$ 3 0  2 1 2 5
S 3 1  3 2 1 6
S 32  5 4 2 11 2
$ 3 3  5 3 4 12
T 9  3 3 1 7
T b  2 1 1 4
L 7  6 1 3 10
L 8  0 1 1 2
L 9 7 4 1 12 2
L i 0  1 2 2 5
Lii 4 1 0 5
L 12  8 4 1 14 3
L13 10 8 4 22 S H

Repeat of one sample studied previously

T8 0 1 1 2 *0

•The re was no cheinosis in the con~unctivs, no lesion or clouding of th. cornea
and no effect on th. iris resul ting at any time from contact with the speci-
fied waters.

•~Water sample T 8 is not an eye irritant as defined by the Procedural
Regulations .
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Table 4A

The Iimediat e Toxicity of specific Water Samples When Given
Orally to Nice (Lot N 8)

Average lady Weight (g)
.Sample Deaths (day after dosage) change in
Dosage (10 mice/ Weight
al/kg p.r dose) .0 .3 7 .14

522
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 10.3

63 22.7 22.3 22.6 21.2 —6.6

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

524
10 22.5 22.4 23.6 24.2 7.5

25 23.2 24.0 26.3 26.3 13.6

40 24.6 24.9 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

£25
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 30.3

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 6.5

25 23.8 24.2 25.8 26.2 9.7

40 22.7 22.3 24.4 25.3 11.4
63 24.1 22.2 24.8 25.8 4.2

100 22.6 21.4 23.5 24.3 7.5
Average 73.6 22.9 24.9 2S.6 8.4

160
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Table 4$

The Iaa.diate Toxicity of Specific Water Samples Wham Givam
Orally to Nice (Lot N 9)

Average lady Weight (9)
Sample Deaths (day after dosage) Change in
Dosage (10 mice/ Weight
alJkg per dose) 0 3 7 .15

$27 
—

10 22.6 22.5 25.3 24.4 8.2
25 22.7 19.8 21.9 23.4 3.2
40 2 4 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 25.3. 26.6 5.8
Average 23.3 23.3 24.1 24.9 7.0

528
10 1 (14 days) 22.6 21.7 2 2 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

100 23.9 24.8 25.2 26.2 9.7
Average 22.0 23.4 23.7 25.1 14.2

$29
10 24.8 24.8 24.7 23.4 —5 .5
25 21.9 22.8 23.2 24.2 30.7
40 • 22.5 23.6 24.2 24.3 8.0
63 * 23.5 24.2 25.1 25.5 8.4

100 24.0 25.0 26.0 27.4 14.1
Average 23.3 24.2. 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
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
Average 22.6 22.9 23.8 25.2 1l.5~

31
10 22.4 23.8 24.4 24.0 7.5

;~~~
, - 25 21.4 23.6 23.9 23.2 8.2

40 22.6 23.0 23.6 24.8 9.9
23 . ( 22.4 23. 1 24.4 12.9

11)0 23.1 23.6 24.0 23.8 _ 2.8
Av•rage 23.3 23.8 24.0 82

One mouse escaped, not m c i



Table 4C

The Imeediate Toxicity of Specific Water Samples When Given
Orally tO Nice (Lot N 10)

~veraqe lady Weight (g)
Sample Deaths (day after dosage) Change in
Dosage (10 aice/ Wt ight
al/kg per dose) , 0  3 7 14 8

1.9
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

1.10
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

Lii
10 24.6 23.9 24.8 25.8 4.9

25 * 25.4 24.5 26.6 26.8 5.5

40 * 26.2 25.4 26.3 27.9 6.6

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 - 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

Average 36.2 24.5 26.1 27.2 3 .7

710
10 25.6 25.1 26.4 27.8 8.9
25 26.1 24.4 26.6 28.2 8.2
40 23.2 21.7 23.6 24.2 4.3
63 25.3 23.4 25.2 26.8 5.8

100 26.1 2 4 4  26.4 26.0 0.4
Average p5.) 238 25.6 26.6

•Only 9 mice per dose
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Table ID

The Imeediate Toxicity of Specific Water Samples When Given
Orally to Nice (lot N 11)

Average lady Weight (9)
Sampl e Deaths (day afte r dosage) Change in
Dosage (10 aic / Weight
al/kg per dose) .0 .3 .7 .14 8

1.12
10 30.3 28.6 30.0 30.7 1.3

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

1.13 
-

10 31.4 30.4 32.3 34.1 8.5

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

£30
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

Average 29.5 28.4 30.0 31.3 6.0

£31
10 29.8 27.5 29.1 30,0 0.7

25 29.3 28.6 30.7 31.5 7.3
40 30.0 29.0 30.7 29.2 —2.6
63 30.0 28.3 30.7 31.7 5.6

100 30 25.3 27.2 29.9 —2.5
Average 29.9 27.7 29.7 30.4 

- 
1.7

832
10 29.0 27.3 28.3 28.7 —0.9

25 29.1 29.4 30.5 30.5 4.7

40 28.7 28.0 29.3 30.3 5.5

63 28.5 26.5 27.6 27 .8
100 29.1 26.2 27.9 88.7 4.3

Average 28.9 27.4 28.7 29.2 1.1

•Drinking water unavailable for 18 hours.

_ _ _ _
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Tab]. S

Susaary of Results

Water Irritation Oral Toxicity in Nice
2derit . Scores Mortality Average Wt (g) all doses Change
Niinber Eye Skin Aver . 100 al/kg (days after dose) in Vt.

Sum (Me ) Score (lO mice) 0 3 7 14 8

522 9* 1 1.6k 23.7 23.6 25.1 24.4 2.7

523 9 0.6 23.6 23.6 25.0 24.5 4.1

$24 9 0.4 23.5 23.6 25.1 25.2 7.3

525 9 0.3 23.3 23.7 25.5 26.3 12.8

$26 21 4 2.0 23.6 22.9 24.9 25.6 8.4

S27 8 0.4 23.3 23.3 24.1 24.9 7.0

S28 9 0.5 22.0 23.4 23.7 25.1 14.2

529 9 0.6 23.3 24.1 24.6 25.0 4.2

£30 5 1.0 29.5 28.4 30.0 31.3 6.0

£31 6 1.1 29.9 27.7 29.7 30.4 1.7

532 11 2 1.7 28.9 27.4 28.7 29.2 1.1

533 12 1.5 (Incomplete)

79 7 0.6 26 .2 24.5 26.1 27.1 3.7

710 4 0.4 25.3 23.8 25.7 26.6 5.3

1.7 10 2.6 1 22 .6 22.9 23.8 25.2 11.5

LB 2 0.6 22.2 23.3 23.8 24.0 8.2

1.9 12 2 3.2 25.3 23.2 25.1 26.0 2.9

LiD 5 0.4 25.0 23.8 25.7 26.1 4.4

Lii 5 0.3 25.0 24.1 25.4 26.6 6.4

1.12 14 3 3.5 6 30.1 27.2 29.0 30.3 0.8

1.13 22 5 3.4 3 30.2 27.3 29.2 30.4 0.6

•?rom November Report. -

1.
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Introduction

This rep ort contains da ta pertaining to the i ediate oral toxicity and

the irritant properties of ten wate r samples described in Table 1 and which

continue in consecutive order from those described in the Decamber Pr ogress

Report. Data pertaining to th. last sample listed in the Decamber Report ,

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

Results

Skin Irritation

The average scores for erythama and for edama in the intact and abraded

abdo minal skin on six rabbits, jamediately following and on the 3rd day

after 24 hours of skin contact with the resp ective 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 thi, series of wate rs were 3.58, 2.48 , 1.75 and 1.5 obta ined

with samples 5—40. 5—37 , S—41 and S—33. The ramaining six values in th is

series were less th&.4 one .

Eye Irritation

The ~~~irical scores which quantitati vely s~~~ arise 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 eryth a

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

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

• irritating to the eyes of rabbits .

3.07
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lamediate Oral Toxicity

Data pertaining to the iuunediate toxicity of the respective waters

when given orally to male mice are susmariced in Tables IA and 41. No

- deaths occurred at any of the dosage levels ranging from 10 to 100 mi/kg .

T~~ mice given waters 5-37 and S-Il respectively were injured in some un-

known fa shion during the 5ti~ ‘~ij ht and were reisoved from th.ir groups on

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

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*~~ ary

All of the ten water samples tested were various concentrations of

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

rabbits.

Samples S—40 and S—37 caused moderate irritation in the skin of some

• rabbits, however the extensiveness of the resp onses was insufficient to

classify the samples as primary skin irritants .

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

108
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Table 1

Identification of the Waters Studied

S-33 Synthetic Shower Waste Concentrated Feed

5-34 Synthetic Shower Waste Normal Feed

S—35 Synthetic Shower Waste Concentrate Ultr afilt rate

S-36 Synthetic Shower Waste Feed

S-37 Concentrated Synthetic Shower Waste Feed

5-38 Synthetic Shower Waste Feed

5-39 Concentrated Synthetic Shower Waste Feed

S—40 Concentrated Synthetic Shower Waste Feed (Unfiltered )

S-4l Concentrated Synthetic Shower Waste Feed

S-42 Concentrated Real Shower Waste Ultrafiltrate

109
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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 ProS

cedural Regulations at the Times Specified

• Erythema in the Conjunctive
(Sum of Scores in 6 Rabbits )

Water
Ident; Lapsed Hours Total Number of Rabbits

24 48 72 Score Judged Posit ive

S34 0 1 1 2 0

535 0 2 1 3 0

536 2 1 3 6 0

537 3 2 1 6 0

538 2 2 2 6 1

$39 0 1 0 1 0

540 3 2 1 6 0

$41 0 0 0 0 0

$42 2 2 2 6 0

There was no chemosis in the conjunctive , 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 4*

The Imeediate Toxicity of Specific Wate r Samples When Given
Orally to Mice (Lot $112)

Average lody Weight (q)
Sample Deaths (day after dosage) Change in
Dosage (10 mice/ Weight
al/kg per dose ) 0 3 7 14

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 3 2 0  29.6 30.3 32.2 0.4

3.00 31.1 29. 1 30.1 32.3 3.2_
Average 31.2 29.0 30.1 314 0.7

834
10 30.0 31.0 32.4 32.9 9.6
25 31.5 30.3 30.5 32.2 2.1
40 33.8 31.8 29.6 32.2 1.1
63 31.7 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 a 32.1 32.1 31.0 33.1 3.1
100 32.1 30.4 31.3 32.1 —0.1
Average 32.0 31.3 31.3 32.5 1.5

536
10 31.6 32.4 33.0 34.0 7.6
25 30.6 29.7 29.8 30. 7 0.4
40 31.7 33.4 32.1 32.5 2.3
63 32.0 32.0 32.4 33.5 4.4

100 31.7 31.2 31.8 32.6 2.8
Average 31.5 31.3 31.8 32.6 3.5 5

.5 537
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 34.8 34.6 35.6 3.2
63 1/9(X—Sd ) 34.4 33.7 33.3 34.2 —0.6

100 0/8 35.1 • 33.4 34.1 35.0 
_______

I’ Average 33.8 33.2 33.9 34.4 2.2
•prsgr nt f al. removed before 7th day weighing
‘ killed because of p$~.icsl injury.
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Table 4$

The Imeediate Toxicity of Specific Water Samples When Given

• Orally to Mice (Lot $113)

Avera ge Body Weight (g)
Sample Deaths (day after dosage) Change In
Dosage (10 m,ice/ Weight
mi/kg per dose) 0 3 7 .3.4 1

~38
10 32.6 32.3 32.8 33.5 2.6
25 33.9 33.5 34.4 35.0 3.1
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

Average 33.5 33.2 33.6 34.4 2.8

S39
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

S40
10 32.7 31.6 32.4 32.6 —0.4
25 33.7 32.5 32.9 34.1 1.2

• 40 32.5 32.1 32.4 33.8 4.0
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 31.4 31.9 33.0 1.0

S4l
10 32.5 32.3 33.3 33.2 2.1
25 33.2 33.1 33.3 35.0 5.4
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 j j  34.4 1.9
Average 33.1 32.6 33.3 34.3 3.7

142 
-

10 33.3 33.0 33.9 34.9 4.7
25 32.5 31.8 32.7 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
Average 32.7 32.4 32.9 34.0 3.9

(k) killed because of physical injury .
.5 . 
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P
Table 5

S~mCDary of Results

Water Irritation Oral Toxicity in Mice
Ident. Scores Mortality Avera ge Wt (g) all doses Change
Number Eye Skin Aver. 100 al/kg (days after dose) in vt.

Sum (N) Score (10 mice) 0 3 7 14 1

533*5 12 1.5 31.2 29.0 30.1 31.4 0.7

S34 2 0.78 .31.4 29.8 30.8 32.3 2.9

835 3 0.5 32.0 31.3 31.3 32.5 1.5

$36 6 0.95 31.5 31.3 31.8 32.6 3.5

$37 6 2.48 33.8 33.2 33.9 34.6 2.2

838 6 1 0.73 33.5 33.2 33.6 34.4 2.8

839 1 0.95 33.2 33.0 33.2 34.0 2.4

540 6 3.58 32.7 31.4 31.9 33.0 1.0

841 0 1.75 1 (k) 33.1 32.6 33.3 34.3 3.7

542 6 0.7 32.7 32.4 32.9 34.0 39

‘Number of rabbits judged positive
• “Irritation scores for rabbits previously reporte d . December 31, 1975.

(k) One mouse killed on day 6 because of physical injury .

- • •
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DlT~~OUCTIOt1

This report contains data pertaining to the L .diate oral toxicity

and the irritant properties of 14 water samples described in Table 1 end

which continue in consecutive order from those described in the January

Progress Report (Feb. S. 1976) .

RESULTS

Skin Irritation

The average scores for er/th a and edema in the intact and abraded

abdominal skin on six rabbits , imeediately following 24 hours of contact

with the respective waters and 48 hours after the contact was t r.inated

are given in Table 2. Of the 14 waters testad, Sample 5-43, a concentrated

synthetic shower waste feed water, with an average score of 3 • 0 was the

most irr itating to the skin . Samp Le 8-44 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 s~s’.arise 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 palpsbral erythema

which 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

water s 5—43, 8-44 , S—4 5, and 8—46. In no instance was there any edema in

the palpebrum or involvement of the cornea or iris.
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I i ediate Oral Toxicity

Data pertaining to the i ediate toxicity of th. respective waters

when given orally to mice are summarized in T bles 41, 41 aM 4C. One

of ten mice in each of 4 groups given respectively 100 al/kg of 1—14 ,

5—45 , 5—47 and 5-51 died in 1 to 8 days . One of tan mice given 63 al/kg

of 8-43 died after 8 days , there was also one death in each of three

groups given 25 mi/kg of S—Si, S-52 and S-55 but these deaths may have been

incidental since in each instanc e 29 mice survived much lar ger dosage s of

the same water .

Mice given larg. dosages (40 to 100 al/kg) of the concentratsd waters

developed tremors mild ataxia, excessive urination , diarrhea , anorexia ,

inanition and weight loss , with recover y in 7 to 14 days . Body weights of

the mice may have been influenced to same extent by malfunctioning of the

room temperatur e control system which permitted the room temperature to

drop to 50-60°? on the 11th and 13th days. Exceptional weight gains of the

mic. in Lot 11-16 given samples S52, 53, 54 m d  55) were in large part

attributable to the fact that these animals were younger than those in lots

11-14 and 11-15.

The quantitativ e data pertainin g to the effects of the respective water s 
•

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 when given ~ra lly to mice are iausiarized in Table S. Physiological

changes of sufficient severity to warr ant concern occurred only with the

highly concentr ated samples .
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Table 1

Identification *f the Waters Studied

114- Concentrated US Army Detergent , Filtered

843- Concentrated Synthetic Shower Waste Peed , Filt red

544- concentrated Synthetic Shower Waste reed , Filtered

845- Concentrated Synthetic Shower Waste ?ed , Filtered

546- Concentrated Synthetic Shower Waste Feed, Filtered

$47— Concentrated Synthetic Shower Waste Peed , Filtered

$48- Concentrated Real Shower Waste Feed, Filtered

$49- Real Shower Waste Ultrafi ltrate

$50- Concentrated Actual Shower Waste Feed

$51- Filtered, Concentrated Actual Shower Waste Feed

$52- Filtered, Actual Shower Waste Feed

853- Actual Shower Waste Ultrafilt rate

554- Filtered Actual Shower Waste Feed

$55- Actual Shower Waste Ultra filtr at
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Table 3

Eye Irritation in Rabbits Resulting When the Specified Water Was Placed
in Contact with the Ocular Tissues , Responses Scor ed According to Pro-

cedural Regulations at the Times Specified

Erytheaa* in the Conju nctiva
(Sum of Scores in 6 Rabbits)

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

Re* R~~

L14 2 3 2 7 0

S43 7 1 4 12 1

$44 5 2 4 11 1

S45 5 5 6 16 1

$46 6 5 5 16 1

547 4 2 1 7 0

S48 3 2 2 7 0

849 4 2 2 8 0

$50 1 2 2 5 0

551 5 2 1 8 0

$52 3 3 2 8 0

553 2 4 1 6 0

854 4 3 5 12 0

$55 4 3 4 13 0

There was no swelling of the pal!~.brum , no clouding or ulceration of the
- 

- the cornea and no noticeable chan ge in the iris. Pupillary responses to
light were normal.

— redness
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Tabl e 4A

The Imeediate Toxicity of Specific Water Samples When Given
Orally to Mice (Lot 1114)

Average Body Weight (g)
(day after dosage)

Sample Deaths Change In
Dosage (10 aice/ Weight
al/kg per dose) 0 3 7 14 C

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

$44 10 32.4 32.1 32.0  32.9  1.39
25 33.3 33.2 

- 

33.6 35.1 5.53
40 32.3. 31.4 3~.7 30.8 —3.93
63 33.2 32.6 3 3 0  33.5 0.78

100 34.0 33.8 3 3. 7 34.1 0.21
Average 33.0 32.6 32.8 33.3 0.82

545 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

S46 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 3~ .7 34.1 6.10

547 10 32.6 32.3 334 345 574
25 32.6 32.9 33.8 35.0 7.27

• 40 33.8 34.1 34.9 36.6 8.38
63 33.2 33.2 3 3 3  3 4 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 5.37
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T.bX. 4~
The Ixmi.diate Toxicity of Specific Water Samples When Given

Orally to Mice (Lot 1115)

Avera ge Body Weight (9)
(day after dosage )

Sample Deaths Change In
Dosage (10 aice/ Weight
al/kg per dose) 0 3 7 14 C

L14 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 34.4 0.42

148 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 34.6 3.39

Average 33.9 32.8 33.9 35.5 2.61

149 10 31.7 31.2 32.0 33.6 6.16
25 32.8 32.1 32.9 34.5 5.09
40 34.6 32.6 34.2 34.6 014
63 

- 33.0 31.4 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

550 10 33.2 31.9 32.7 30.3 —8.91
25 34.2 33.4 34.7 35.1 2.78
40 31.9 31.1 32.7 33.0 3.51
63 33.7 32.4 33.7 33.6 —0.27

100 34.4 32,9 34.7 33.9 —1.57
Average • 

33.5 32.3 33.7 33.2 —0.91 
- -

$51 10 34.0 33.2 33.9 33.7 .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 34.1 3.46

100 1 (3 days) 32.6 32.0 33.9 34.7 6.35
Average 33.0 32.2 33.4 33.7 2.29

cnly 9 mice in this dose group.
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Table 4C

The Zianediate Toxicity of Specific Water Samples When Given
Orally to Mice (Lot$36 )

• 
- 

Average Body Weight (g)
(day *ft•r dosage)

Sample Dsaths Chan ge In
Dosage (10 mice/ Weight
al/kg per dose) _ 0 3 7 - 34 C

152 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 31.6 20.0

S53 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 32.1 21.6
Average 26.9 26.6 29.0 32.5 20.7

554 10 25.5 25.8 27.6 30.4 3.9.0
25 26.1 26.5 28.8 32.3 23.7
40 27.0 27.4 29.8 33.0 21.9
63 26.4 27.4 30.0 33.2 25.4
3.00 26.7 27.0 29.6 32.7 22.1

Average 26.3 26.8 29.1 32.3 22.4

555 10 1 (14 days) 25.9 25.8 27.2 29.7 14.5
25 1 (1 day) 26.9 26.7 28.8 32.4 20.6
40 - 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 15.3
Average 26.6 26.4 28.5 31.8 l9~7

- - -

126
—-—

.5— —
~~~~~~~~~

- —
~~~

- . 5—- . 5 - — - -  t . _ ~~.. ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ . 5 .  - - - 
- 

- - •



--‘5.- ———— .5- ...—. - — - - - - - - --— —--- - - 5 . - —- -

Table 5

- 
S~~ iary of Results

Water ‘Irritation Oral Toxicity in Mice
Ident. Scores Mortality Average Nt (g) all doses Change
Number Eye Skin Aver. 100 al/kg (days after dose) in Nt.

Sum ($*) Score (10 mice) 0 3 7 14 S

1.14 7 — 0  3.23 1 (2 days) 34.3 33.1 34.4 34.4 0.42

$43 12 — 1 3.0 33.0 32.6 32.6 33.5 1.52

$44 11 — 1 2.1 33.0 32.6 32.8 33.3 0.82

$45 16— 1 1.65 1 (8 days) 32.6 32.4 32.8 33.4 2 .40

846 16 — 1 1.05 32.1 32.1 32.7 34.1 6.10

$47 7 — 0  1.33 1 (1 day) 33.0 32.7 33.5 34.7 5.37

$48 7 — 0 1.25 33.9 32.8 33.9 35.5 ’ 2.61

849 8 — 0 1.23 33e3 32.0 33.1 34.3 3.19

550 5 — 0 0.6 33.5 32.3 33. 7 33.2 —0.9i

• $51 8 — 0  1.0 1 (3 days) 33.0 32.2 33.4 33.7 2.29

552 7 — 0 1.0 26.3 25.8 28.1 31.6 20.0

S53 B — 0 0.83 26.9 26.6 29.0 32.5 20.7

554 12 — 0 1.55 . 26.3 26.8 29.3. 32.3 22.4

155 11 — 0 1.63 26.6 26.4 28.5 31.8 39.7

N*absr )udged positive. - 
-
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lot roduc t ion

This report contains data pertaining to the i~~ediate oral

toxic i ty  and the irritant properties of the fourteen v*ter samples

described in Table 1, and vhich continue in consecutive order fr~~

those described in the Progress Report for Februa ry 1 - March 31, 1976

(April 8, 1976).

Results

Skin Irritation

Table 2 lists the average scores for erythems and for edema in

the intact and abraded abdominal skin of six rabbits , iiaa ediately

follow ing 24 hours of contact with the respective waters, and 48 hours

after the contact was terminated . Nine of the samples , 556 - 59 and

1.17 - 21, were judged to be corrosive substances , causing necrosis

(and also , in some animals ulceration and eschar formation 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 1.15, with an average score of 5.40, was found to be a

pri ma ry irritant , causing ulceration and eschar formation. Testing

with sample 1.16 was limited to one rabbit because of a technical error

related to an insufficient volume of the water. The remaining three

samples , $60 , 61 and 62, had average scores of 0.98 , 1.13, and 1.15,

respectively.
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Eye Irritation

A a~~~~ry of the eye irritation scores is provided in Table 3.

The severity and extent of the responses was sufficient to classify

samples S56, S58, LlS, 1.17, and 1.21 as eye irritants. Irritation

responses to these waters consisted of severe erythe ma 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 showe r 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

additiona l test is needed to classify each water; however, in

consideration of the skin irritation and the oral toxicity resulting

from these samples (Tables 2 and 4, respectively), both waters should

be considered eye irritants un til more tests are performed.

Testing with sample 1.16 could not be completed. Eye irritations

caused by the remaining samples (959-62, L19—20) consisted of no

more than mild palpebral erythe ma . There was no chemosis in the

conjunctivse nor involvement of the cornea or iris.

1—sediate Oral Toxicity

Data pertaining to the Lemediate toxicity of the respective waters

when given orally to mice are swmaarized in Tables 4A, B, and C.

The 1.050 ’. of some specific waters are shown in Figure 1.

Except for samples S59-62, all animals treated at l00.1/k~ and

- 
-~ a high percentage of the mice treated at 63 and 40 mllkg died. Only 4

131
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samples (1.16, 19, 20 , and 21) caused deaths at 25 al/kg. There

were no deaths at 10 al /kg of any vater. Twenty-seven per cent

of the deaths occurred in less than 1 hour , 55Z in less than

12 hours, 93Z in less than 24 hours , 1OO~ in less than 3 days

after treatment . In general , the signs of illness before dea th

included atax ia , labored breathing, tremors, and convulsions.

Samp le 559 caused 2 deaths of 9 mice treated at 100 at/kg.

There was no mortality among animals treated with S60. Most

animals that survived , in all 14 tests , experienced some veight

= 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.

Sumeary

Fourteen water samples have been tested with respec t to their

irritancy and oral toxicity . The observations are su~~~rized in

Table 5. Samples $60, 61, and 62 produced no syt 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 ora l toxicity .

The other 10 samp les caused severe physiological changes in rabbits

and a high incidenc e of mortality in mice ; these eleven samples were

highly concen trated .
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TABLE 1

Identification of the Waters Studied

S56 - Unfiltered Concentra ted Synthetic Shover Waste

S57 - Unfiltered Concentrat,d Synthetic Shower Waste

S58 - Concentrated Synthetic Shower Waste Filtrate

S59 - Concentrated Synthetic Shower Waste Filtered

SbO - Multip le Pass Concentrate from Rea l Shover Waste

S6l — Unfil tered Real Shower Waste

S62 - Filtered Real Shower Waste

115 - Concentrated Laundry Waste , Filtered

1.16 - Concentrated Laundry Waste, Filtered

1.17 - Concentrated Mixture of Synthetic Shower and Laundry Waste, Filtered

Ll8 - Concentrated A rmy Detergent

1.19 - Mixture Concentrated Army Detergent and Concentrated Synthetic
Shower Waste

1.20 - Concent rated Army Detergent

1.21 - Unfiltered Concentrated Laundry Waste
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TABLE 3

Eye Ir r i ta t ion Induced in Rabbits by Placing the Water in Contact with
• the Ocular Tissue; Responses Scored According to Procedura l Regulations

at the T imes Specified

Ident. Lapsed Hours Number of
tk, . ~ f 24 48 72 Total Rabbits Judged
Sample K Ch C 1* K Ch C 1* R Ch C 1* Score Positive

S56 1 4 7  9 2  9 6 1 0 4 6 2  6 1  76 6

S57 1 0 2  2 0  4 1 1 0 1 0  0 0  21 3

S58 1 1 4  4 1  7 3  2 2  2 0  0 0  36 4

S59 4 0  0 0  1 0  0 0  0 0  0 0  5 0

S60 3 0  0 0  3 0  0 0  4 0  0 0  10 0

S6l 1 0  0 0  0 0  0 0  3 0  0 0  4 0

S62 5 0  0 0  4 0  0 0  3 0  0 0  12 1

115 21 12 12 4 14 10 11 2 7 5 6 1 105 6

116 Insufficient volume of sample to conclude the test.

117 19 12 6 3  7 4  1 0  2 1  0 0  55 6

118 10 3 4 1  6 1  2 1  2 1  2 1  34 3

119 1 0 0 0  1 0  0 0  1 0  0 0  3 0

120 3 0 0 0  1 0  0 0  0 0  0 0  4 0

121 18 16 12 6 10 16 12 6 10 16 12 5 139 6

*R rednes,, Ch-chemosis (edems) in the palebral conjunctive; C—corned opacity;
I—irritation response in the iris.
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.5 TABLE 4A

The Imeediate Toxicity of Specific Water Samples
When Given Orally to Mice (Lot P117)

— 

Sample Deaths Change in
Dosage (10 mice Weight
al /Kg per dose) 

— 

0 3 7 14 7.

S56 10 36. 7 36.4 37.3 38.0 3.7
25 34.4 33.1 33.9 35.2 2.1
40 2 35.4 35.6 33.1 34.6 -2.2
63 9 34.4 34.0 32.5 36.5 0.2

100 10 35.6 - 
____ 

-

Average 35.3 34.1 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 7 35.3 33.8 34.2 36.2 2.5
100 10 34.5 - - -

Average 34.8 35.4 37.1 4.7

S6l 10 35.1 35.4 36.4 36.9 5.2
25 32.7 32.7 33.2 34.6 5.8
40 34.0 33.6 34.4 35.0 2.8
63 33.9 33.8 34.8 34.4 1.4

100 1 - 33.6 33.6 34.6 -
~~~~~~~~~~

Ave rage 33.9 33.8 34.7 34.9 3.0

S62 10 35.6 34.5 35.4 36.4 2.4
25 37.4 36e8 37.1 39.3 5.0
40 33.2 32.7 33.2 35.5 6.7
63 34.5 34.4 35.2 35.9 4.1

100 1 34.6 i4~Q 36J
Average 35.1 34.5 35.1 36.8 4.9

L15 10 33.7 32.6 33.6 35.0 4.0
25 33.3 31.3 32.4 35,0 5.0
40 9 34.9 28.0 29.5 32.5 -6.9
63 10 34.4 - - -
100 10

Average 34.1 31.7 32.8 34.9 2.2
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TABLE 45

The Imeediate Toxicity of Specific Wa ter Samples
When Given Orally to Mice (Lot P118)

Sample Deaths Change in
.5 .5 Dosage (10 mice Weight

al/kg per dose) 0 3 7 14 7.

S58- 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
63 10 32 ,1 — — — —

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 
____ ____ 

8.8
Average 30.9 30.8 31.9 33.4 8.0

1.16- 10 30,6 29.4 30.7 32,3 5,4
25 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 34.6 8.2

100 10 31.0 — — — —
Average 31.3 31.1 32.5 34.9 11.4

L20- 10 31.5 31.3 32.6 33.6 6.4
25 10 32.3 - — - —
40 9/9* 32.0 - - -
63 9/9* 31.9 - - - —100 8/8* 33.2 - - - -

Average 32.2 31.3 32.6 33.6 4.3

1.21- 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 3~ .8 - - —

100 5/5 32.6 - - — —Av rage ~FT

~Th.re was not enough solution to treat 10 animals

-

.5 

.5
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TABLE 4C

The I~~ediate Toxicity of Specific Water Samples
When Given Orally to Mice. (Lot P119)

Sample 
— 

Deaths Change in
Dosage (10 mice Weight
al/kg per dose) 

— 
0 3 7 14 7.

Lii 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 18.6

Ll8 10 23.5 23.9 26.5 28.8 22.4
25 0/8* 25.0 25.0 26.4 28.3 13.4
40 2/8* 25.7 24.4 26.6 30.6 19.1
63 8/8* 25.7 - - - —

100 8/8* 24.5 - - -

Average 24.8 24.4 26.5 29.1 17.2

Ll9 10 23.4 24.4 27.3 29.8 26.9
25 3 25.1 24.9 27.1 30.0 19.7
40 23.7 23.2 25.0 27.7 16.8
63 4 24.6 23.3 24.2 27.8 12.7

100 10 23.7 - — — -
Average 24.1 26.3 28.6 31.7 31.5

S59 10 24.3 24.8 27.1 29.7 22.0
25 0/9* 24.3 25.4 27.4 30.9 27.1
40 0/9* 24.8 25.3 27.3 30.1 21.0
63 0/9* 24.3 24.6 26.2 29.8 22.7

100 2/9* 24 3 
____ 3i.~ ~~~Average 24.4 24.7 26.7 30.0 22.8

*There was not enough solution to treat 10 animals.

‘ . 5—

.5 . 
.5
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TABLE 5

Su~~ary of Results

Irritation
Scores Mortality ’ ‘ Average Wt . (g) all doses

(days after doss)Water Eye Skin Ave rage Cha n ge
Ident . a) in V t .

Number Sum N Score 0 3 7 14 Percent

S56 76 6 Corrosive~~ 35.3 34.1 34.8 35,9 1.9

$57 21 3 Corrosive 35.4 34.8 35.4 37.1 4 ,7

$58 36 4 Corrosive 31.4 31.3 32.2 34.0 8.3

$59 5 0 Corrosive 24.4 2 4 7  26 .7 30.0 22.8

$60 10 0 0.98 30.9 30.8 31.9 33.4 8.0

S61 4 0 1.13 33.9 33.8 34.7 34.9 3.0

$62 12 1 1.15 35.1 34.5 35.1 36.8 4.9

1.15 105 6 5.40 34.1 31.7 32.8 34.9 2.2

1.16 Insufficient volume of sample 31.3 31.1 32.5 34.9 11.4

1.17 55 6 Corrosive 24.8 25.0 27.4 29.4 18.6

1.18 34 3 Corrosive 24.8 24.4 26.5 29.1 17.2

1.19 3 0 Corrosive 24,1 26.3 28.6 31.7 31.5

1.20 4 0 Corrosive 32.2 31.3 32.6 33.6 4.3

1.21 139 6 Corrosive 32.7 32.1 33.2 33.4 2.1

(a) Number judged positive
(b) Mortality data for mice listed in Table 4 and Figure 1.
(c) Irritation scores are net 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 irr itant properties of the nine

water samples descr ibed in Table 1, and which continue in c.nsecutive order from

these described in the Progress Report for April 1, — Nay 31, 1976 (June 8 , 1976) .

The iemediate oral toxicity tests were not performed becau se of insufficient

.5 
volumes of the samples.

Results

.5 
Skin Irritation

.5 Table 2 lists the average scores for erythema and for edema in the intact
.5 and abraded abdominal skin of six rabbits , inunediatel.y following 24 hours of

contact with the respective waters, and 48 hours after the contact was termi-

nated . Six of the eight samples tested (5—63, S—64, 5—65, L—22, L-24 and L—25)

were corrosive , cassing necrosis of the skin, and since corrosion is more severe

than irritation, scores for these samples are not applicable. The unnail volume

of 5—66 was insufficient for skin tests . The other samples, 1—23 and 1—26,

had average scores of 2.75 and 3.48, respectively.

.5 Eye Irritation

A suumtary of the eye irritation scores is provided in Table 3. The .5

severity and extent of the responses were sufficient to classify samples 1—22, 
.5

1—24 and 1—25 as eye irritants. Irritation responses to these consisted of

severs erytbema a~d severe chemosis of the palpebral canjunctiva. Positive

re sponses in the cornea and in the ir is were also noted . Responses induced

by sampl e L-24 were particularly severe. .5

.5 

Racept or three an imals that exhibited 12 degree redness at the 24-hour

reading (two treated with 563, one with 565) , eyo irritations caused by the
- 

remaining six samples consisted of no more than mild palpebral erythema . Ther e

T 
.5
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was no chenosis in the con~unctivae and no involvement of the cornea or iris .

S~~~ary

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

observation s are suiiinarized in Table 4.

Samples 1—22 , 1—24 and 1, 25 caused severe physiological changes in both the

akin and the eyes of rabbits. Samples -1-63, 5 -64 and 5-65 were corrosive to the

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

and 1-26 produced very mild reactions in the eyes of rabbits and were mildly

.5 irritating 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,
.5 it was not tested for skin irritancy. None of the nine samples was tested for

ijunediate oral toxicity.

Table 1

Identification of the Waters Studied

$63 Unfiltered Concentrated Synthetic Shower Waste ($56 diluted 1:4)

$64 Unfiltered Concentrated Synthetic Shower Waste (S57 diluted 1:4)

165 concentrated Synthetic Shower Waste

166 Concentrated Synthetic Shower Waste Filtered ($59 diluted 1:2)

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

1.23 Concentrated Army Detergent (L20 diluted 1:2)

1.24 Concentrate d Synthetic Laundr y Waste
.5 1.25 Concentrated Synthetic Laund ry Waste

1.26 Concentrated Synthetic Laundry Waste .5
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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 ~udged.5 

Sample ~ Ch C 1* R Ch C I~ R Ch C I~ Score Positive

$63 B 0 0 0  5 0 0 0  4 0 0 0  17 2

.5 . 564 6 0 0 0  2 0 0 0  2 0 0 0  10 0

565 6 0 0 0  3 0 0 0  2 0 0 0  11 1

566 4 0 0 0  3 0 0 0  2 0 0 0  9 0

1.22 1 2 8 2 1  6 3 0 0  2 1 0 0  35 4 (a)

1.23 0 0 0 0  0 0 0 0  0 0 0 0  0 0

.5 1.24 18 24 12 6 16 23 12 6 1 4 1 8 7 3 1 5 9  6 (a)

LL25 12 1 1 2 1  6 3 0 0  1 0 0 0  36 5 (a)

1.26 6 0 0 0  1 0 0 0  0 0 0 0  7 0

CR • redness, Ø~ • chenosis (edema) in the palp.br*l conjunctiva, C — corne ai
.5 opacity , I — irritation response in the iris.

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

$~~~sary of Results

Irritition Scores

Ident. Eye Skin
.5 W~~~sr Stun. Aver. Score

p

163 17 2 corrosive (b)

164 10 0 Corrosive

165 11 1 Corrosive

166 9 0 (a)

L22 35 4* Corrosive

1.23 0 0 2.75

1.24 159 6 Corrosive

L25 36 5* Corrosi ve

1.26 7 0 3.48

(a) N~xnber judged positive; * Classified as an eye irritant.

(b) Irritation scores are not applicable to corrosiv, substances,
since corrosion is more severe than the highest scored irri-
tations. .5

(a) Insufficient volume of sample to perform test.

.5 .5
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APPENDIX C - Reports of Mutagenicit~, Evaluations

Reports of Mutagsntcity Evaluations

Submitted to U.S. Army Medical Research and Development ‘~n mand
Washington , D.C. 20314

Submitted by Litton Bionetics, Inc., 5516 Nicholson Lana
Exnsington, Maryland 20795 LBI Project No. 2683

Explanation of Evaluation Procedures for Plate Assays
(applicable to each evaluation) 151

Nutagsn.tcity evaluation of S26 synthetic shower waste
Final Report August 27, 1976 153

Mutagenicity evaluation of S26A synthetic shower waste .5
Final Report August 27, 1976 3.60

Mutagenicity Evaluation of $40 synthetic shower waste 
.5

Final Report August 27, 1976 167

Mutagenicity evaluation of S50 actual shower ste
Final Report August 27 , 1976 174

.5 Mutagenicity evaluation of S53 actual shower waste
.5 Final Report August 27 , 3.976 181

Mutagsnicity evaluation of SSSA actual shower water
Final Report August 27, 3.976 188

Mutagsnicity evaluation of L7A synthetic laundry waste .5
Final Report August 27, 1976 195

Mutagenicity evaluation of L7 synthetic laundry waste
Final Report August 27, 3.976 200 - 

.5

Mutagenic evaluation of L12 synthetic laundry waste .5
Final Mpott August 27, 1976 207

Mutagsnicity evaluation of L14 synthetic laundry waste
Final Report August 27, 1976 214

150 .5
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.5 6. UPLANATION OF EVALUAT ION f~Q~1~~R S FOR PLATE ~~
Plate test data consist of direct revertant colony counts obtained
f rom 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 quantitatiori 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
-se nsitive than nonreplicating DNA.

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

A. .~ jjin 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 sega-
tive control plate. At high concentrations, the surviving
population Is usually reduced by some friction. Our protocol
normally employs several doses ranging over two or three log .5
concentrations, the highest of these doses being selected to
show slight toxicity as determined by subjective criteria.

B. Dose Response ~~~~~
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 .5
than a toxic concentration, no Increases may be observed over
the dose range selected. Conversely, If the lowest dose em-
ployed Is highly cytotoxic, the test chemical may kill any
mutants that a?e induced, and the compound will not appear to
be mutagenic.

.5- 
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6. EXPLANATION OF EVALUATiON PRO CEDURES FOR PLATE ASSAYS (Continued)

C. Control Tests

Positive and negative control assays are conducted with each
.5 experiment and consist of direct-acting mutagens for nonactiva-

tion assays and mutagens that require metabolic biotransforina-
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 demonstra1-~on of dose-related increases In mutant counts Is
the most rell !e method to demonstrate mutagenicity. liutant
increases at ~~~. y one or two doses may be significant If 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 killed. We are able to detect the latter possibility
by Inspecting the background growth, and the former possibility
car. be investigated by looking at a narrow series of dose levels
bracketing the presumptive active range.

it Is difficult to detect mutagens with little or no 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 difficul t because of the likelihood of overloading the sys- - .5

tern with large quantities of the chemical . To resolve the mute- .5

genicity of such a chemical , other assays to which statistical
evaluations can be applied may be necessary. .5

E. Relationship Between Nut,agenicitl ~~ Carcinopenicit,y

It must be emphasized that the Ames Salmonel la/microsome test
Is 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.
The results of comparative tests on 300 chemicals by McCann .5
et al., (Proc. Nat. Acad. Sci. USA, 72:5135-5139, 1975) show
an extremely good correlation between results of microbial
mutagenesls tests and In yj!2 rodent carcinogenesis assays.

All evaluation and Interpretation of the data presented In
this report are based only on the demonstration of or lick
of mutagenic activity. Impl ications of potential for car-
cinogenIcity cannot be made without additlonil evaluation.

- 
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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 maemallan metabolic activation preparations.

2. IIATERIALS .5

A. Indicator Microorganisms

Salmonella typhimurium, strains : TA-1535 TA-98
TA-1537 TA-lOO
TA- I 538

Saccharomyces cerevislae, stra in: D4

B. Activation System (~daes et al., Mutation Research 31:347, 1975)
1. Reaction Mixture .5

Component Final Concentration/mi

TPN 4 umoles
Glucose-6—Phosphate 5 umoles
Sodium Phosphate 100 umoles
MgC12 8 .oles
KC1 33 ~imo1esHomogenate fraction equivalent 0.1—0.15 ml 9,000 x 2to 25 mg of wet tissue supernatant of rat liver

.5 2. 
~~ 

Homogenate
A 9,000 x j  supernatant was prepared from Sprague-Dawley
adult male rat liver induced by Aroclor 1254 five days

.5 prIor to kill.

j J  155
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PIJTAGENICITY PLATE ASSAY 
.5

.5 1. OBJECTIVE

The objective of this study was to evaluate the test compound for
genetic activity in microbial assays with and without the addition

.5 of masmialian metabolic activation preparations.

2. VIATERIALS .5

A. Indicator Microorganisms

Salmonella typhimurium, strains: TA-l535 TA-98
TA-1537 TA-lOO.5 TA-l538

Saccharcmyces cerevisiae, strain: 04

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

Final Concentration/ml
TPN 4 oles
Glucos.4-Phosphat. 5 amoles .5

.5 

SodIum Phosphate 100 waoles
Mod 2 8 umoles

33 umoles .5

Homogenate fraction equivalent 0.1-0.15 ml 9,000 x g
to 25 mg of wet tissue supernatant of rat lTver

2. 
U~~~~~~~~~~~~~~~~~~~~~~~~~~

.5 A 9,000 x j supornstant was prepared frcm Sprague-Dawley
adult .. l• rat liver Induced by Aroclor 1254 fIve days
prior to kill.
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2. MATERIALS (Continued)

C. Positive Control Chemicals

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

TABLE!

PROBABLE
NUTAGENIC

ASSAY CHENICALa SOLVENT SPECIFICITY

Nonactiva- Methylnitrosoguanidine Water or Saline BPSb
tion (MNNG)

2-Nitrofluorene (NF) DlmethylsulfoxideC FSb

Qufnacrine mustard (QM) Water or saline FS~’

Activation 2-Anthramine (ANTH) DimethylsulfoxldeC BPSb

2-Acetylaminofluorene Dimethylsul foxideC FSb
(UF)

.5 

8-Pdninoquinoline (AMQ) DimethylsulfoxldeC FSb

Dimethylnitrosamine Saline BPSb
.5 (ONNA)

aconcentratlons given in Results Section

.5 - 

bps — Base-pair substitution
FS — Frameshift

Cpreviously shown to be nomnutagenic

D. Solvent

Either deionized water or dimethylsulfoxide (DMSO) was used to prepare
stock solutions of solid materials. All dilutions of test materials
were made in either deionized water or DM50. The solvent employed
Is recorded In the Results Section.

.5 356
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3. EXPERIMENTAL DESIGN

A. Plate Test (Overlay Method)

Approximately IO~ cells from an overnight culture of each Indica tor
strain were added to separate test tubes containing 2.0 ml of molten
agar supplemented with blotin 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.5 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 j  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-
.5 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.

B. Recording and Presenting Data

- .5 The numbers of colonies on each plate were counted and recorded.5 

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.

.5 
.
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5. INTERPRETATION Q
~ 

RESULTS AND CONCLUSIONS

The test compound was examined for mutagenic activity in a serIes .5

of in vitro microbial assays employing Salmonella and Saccharomyces
f ndT~ator organisms. The compound was tested directly and In the
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 ii per plate.

B. Nonactivatlon 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 526 Synthetic Shower Waste did not demonstrate
mutagenic activity In any of the assays conducted fri this evaluation
and was considered not mutagenic under these test conditions.

.5 Submitted by:

Director
.5 

Department of Genetics

Reviewed by: .5
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*JTAGENICITY 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 ,aririlian metabolic activation preparations.

2. MATERIALS -

A. Indicator Microorganisms

Salmonella typhimurium, strains: TA-l535 TA-98 .5

TA— l 537 TA—lOO
TA-1538

.5 
Saccharomyces cerevislae, strain: 04

.5 B. Activation System (ames et al., Mutation Research 31:347, 1975) 
.5

1. ReactIon Mixture

Final Concentrat1~~/ml

TPN 4 umoles
61 ucose-6-Phosphate 5 simol es
Sodium Phosphate 100 umoles 

.5

NgCl2 8 umoles
33 amoles .5

Homogenate fraction equivalent 0.1-0. 15 ml 9,000 x j
.5 to 25 ag of wet tissue supernatant of rat liver .5

2. LU~~~~~~~~ .5

A 9,000 x g supernatant was prepared from Sprague-Dawley .5
adult male rat liver induced by Aroclor 1254 five days .5

.

prior to kill. .5

.5 ¶ .5
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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 -

.5 PROBABLE
NUTAGENIC

ASSAY CHEMICALa SOLVENT SPECIFICITY
.5

- Nonactiva- Methylnitrosoguanidine Water or Saline BPS~’tion (MNNG)
2-Nitrofluorene (HF) DimethylsulfoxldeC FSb

Quinacrine mustard (QM) Water or saline FSb

- Activation 2-Anthrainine (ANTH) DimethylsulfoxldeC BPS~’.5 2-Acetylaminofluorene DimethylsulfoxideC FSb
-

. 
(UF)

8—Am inoqulnoline (AMQ) DimethylsulfoxideC FSb
I 

Dimethylnitrosamine Saline 6~5b
.5 (OMNA)

aconcentratlons given in  Results Section .5

bBPS • Base-pair substitution
ES • Frameshift .5

cpreviously shown to be not~iutagenic

D. Solvent
Either deionized water or dimethylsulfoxide (DMSO) was used to prepare
stock solutions of solid materials. All dilutions of test materials
were made In either deionized water or ONSO. The solvent employed.5 is recorded In the Results Section.

-K- -

. 5-  - .~~~~~ ~~~
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3. EXPERIMENTAL DESIGN

A. Plate 
~~~ 

(Overlay Method)

ApproxImately 108 cells from an overnight cul ture 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

.5 (0.5 ml containing the 9,000 x j 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

.5 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. ~~~.rd
1n and Presenting t

The numbers o-F 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 .5

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 .5 5. INTERPRETATION OF RESULTS AND CONCLUSIONS .5

The test compound was examined for mutagenic activity in a series
of In vitro microbial assays employing Salmonella and Saccharoinyces
indTEator organisms. The compound was tested directly and In the
presence of liver microsomal enz)lne 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 . 

.5

The low dose in all cases was below a concentration that demon-
.5 strated any toxic effect. The dose range employed for the eva)-

uation of this compound was from 1 ul to 100 ~il per plate.

B. Nonactivation Test Results .5

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

.5 
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 S26A Synthetic Shower Waste did not demonstrate
mutagenic activity In any of the assays conducted in this evaluation

.5 and was considered not mutagenic under these test conditions.
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MUTAGENICITY PLATE ASSAY

1. OBJECTIVE .5

The objective of this study was to evaluate the test compound for 
.5

genetic activity in microbial assays. wlth and without the addition
of manmialian metabolic activation preparations.

2. MATERIALS

.5 A. Indicator Microorganisms

Salmonella typhimuriun, strains: TA- l535 TA-98
TA-1537 TA-’I0O
TA-l 538

Saccharomyces cerevislae, strain: 04

B. Activation System (Ames et al., Mutation Researc h ~1:34 - , ‘)975)

1. Reaction Mixture

Component Final Concentration/mi

TPN 4 stoles
Glucose-6—Phosphate 5 mioles
Sodlwn Phosphate 100 ~ioles
MgCl2 8 umoles
KC1 33 imoles
H~~genate fraction equivalent 0.1—0.15 ml 9,000 x 

~to 25 mg of wet tissue supernatant of rat liver

2. S-9 Homogenate
A 9,000 x j  supernatant was prepared from Sprague-Dawley
adult male rat liver Induced by Aroclor 1254 five days
prior to kill.
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2. MATERIALS (Continued)

~~. 
Positive Control Chemicals
Table 1 below lists the chemicals used for positive controls In
the nonactivatlon and activation assays.

TABLE~~
PROBABLE
MUTAGENIC

ASSAY CHENICALa SOLVENT SPECIFICITY

Nonactiva- Methylnitrosoguanidine Water or Saline BPSb
tion (NNNG) .5

2—Nitrofluorene (NF) ~~~~~~~~~~~~~~ Fsb

Quinacrine mustard (QM) Water or saline FSb

Activation 2-Anthramine (ANTH) Dimethylsulfoxidec BPSb
2-Acetylamiruofluorene Dimethylsulfoxidec FSb

(AAF )
8-Aminoquinoline (AI’~ ) Dimethylsulfoxlde C rsb 

.5

Dimethylnitrosamine Saline BPS~’
.5 

( 0MM)

aconcentrations given In Results Section 
.5

b
Bp$ • Base-pair substitution
FS • Frameshift

Cpreviously shown to be nonmutagenic

0. Solvent
Either deionized water or dimethylsulfoxide (ONSO) was used to prepare
stock solutions of solid materials. All dilutions of test materials
were made in either deionized water or 01450. The solvent employed
is recorded in the Results Section.

.5 
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3. EXPERIMENTAL DESIGN

A. Plate Test (Overlay Method)

Approximately lO~ cells from an overnight culture of each Indicator
strain were added to separate test tubes contaIning 2.0 ml of molten .5
agar supplemented with biotin and a trace of histidine. For non-
activation tests , the four dose levels of the test compound were .5
added to the contents of the appropriate tubes and poured over the
surfaces of selective agar plates . In activation tests four dose .5

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 j  liver homogenate) was added 

.5
to each of the activation overlay tubes, which were then
mixed , and the contents poured over the surface of a minimal .5 .5
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-
tro l s using both directly active positive chemicals and those

- that requ ire metabolic activation were run with each assay.

B. 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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5. INTERPRETATION Qf RESULTS AND CONCLUSIONS

The test compound was examined for mutagenic activity in a series
of in vitro microbial assays employing Salmonella and Saccharomyces
indEator organisms. The compound was tested directly and In the
presence of liver microsomal enz.~ e 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 . 

.5

The low dose in all cases was below a concentration that demon-
.5 

strated any toxic effect. The dose range employed for the eval-
uation of this compound was from 1 il to 100 ii per plate.

B. Nonectivatlon ]~~.-t Results

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

C. Activation Test Resul ts
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 S40 Synthetic Shower Waste did not demonstrate
mutagenic activity in any of the assays conducted in this
evaluation and was considered not mutanenic under tl~ese test
conditions.

Submitted by:

_ _

U.vid Brusick, Ph.D.
Director
Department of Genetics

Reviewed by:

Vi ce PresIdent .5
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MUTAGENICITY PLATE ASSAY

1. OBJECTIVE
.5 The objective of this study was to evaluate the test compound for

genetic activity in microbial assays with and without the addition
of maninalian metabolic activation preparations.

2. tIATERIALS
A. Indicator Microorganisms

Salmonella typhimuritmi, strains: TA-1535 TA-98
- TA-l537 TA-i 00

TA-i 538

Saccharosnyces cerevisiae strain: 04

B. Activation System (s%nes et ala - , Mutation Research 31:347, 1975)
1. Reaction Mixture

Component Final Concentration/mi

TPN 4 iinoles
Glucose—6-Phosphate 5 ~moles.5 
Sodium Phosphate 100 ianoles
rgCla 8 umoles

33 ~imoiesHomogenate fraction equivalent 0.1—0.15 ml 9,000 x
to 25 mg of wet tissue supernatant of rat liver

2. ~~~~~~~~~~
A 9,000 x j  supernatant was prepared from Sprague-Dawley
adult male rat liver induced by Arocior 1254 five days
prior to kill.
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2. MATERIALS (Continued) .5

C. Positive Control Chemicals

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

TABLE 1

PROBABLE
PBITAGENIC

ASSAY CHEMICAL a SOLVENT SPECIFICITY

Nonactiva- Methylnitrosoguanidine Water or Saline
tion (NNNG )

2-Nitrofluorene (NF) DimethylsulfoxideC

Quinacrine mustard (QM) Water or saline FSb

Activation 2-Anthramine (ANTH) Dimethylsulfoxidec

2-Acetylaminofluorene Dimethylsulfoxidec
(AAF)

8-Aminoquinoline (AMQ ) DimethyliulfoxldeC

Dimethyinitrosamine Saline 8~5b
(OMNA)

aConc.ntratlons given in Results Section

‘BPS Base-pair substi tution
FS • Frameshift

cprevlowsi, shown to be nonsnutagenlc

D. Solvent
Either deionized water or dimethylsulfoxide (DMSO) was used to prepare
stock solutions of sol id materials. All dilutions of test materials
were made in either deionized water or DM50. The solvent employed
is recorded In the Results Section.

_ _ _ _  
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3. EXPERIMENTAL DESIGN

A. Plate Test (Overlay Method)

Approximately lO~ 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 j  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.

B. 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 .5

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 
~~~Q CONCLUSIONS

The test compound was examined for mutagenic activity in a series
of in vitro microbial assays employing Salmonella and Saccharam.yces
IndT~ator organisms. The compound was tested directly and In the
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-

.5 strated any toxic effect. The dose range employed for the eval-
uation of this compound was from 1 ul to 100 ul per plate. .5

B. Nonactivation Test Results

The resul ts of the tests conducted on the compound in the absence
of a metabolic system were all neqative.

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 ~slper plate dose with TA-1535 was repeated because of a slightly

.5 increased mutant frequency. The repeat test was negative.

D. Conclusions

The test compound 550 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. 

.5,

)~bmitted by:

Day rus ck, Ph.D.
Director

-

.5 Department of Genetics

.5 
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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 mamnalian metabolic activation preparations .

2. MATERIALS

A. Indicator ~icroorganisms
-

.5 Salmonella typhimuriuin, strains: TA-1535 TA-98
TA-i 537 TA-lOO
TA-1538

Saccharcmyces cerevisiae, strain: 04

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

1. Reaction Mixture

Component Final Concentration/!].

TPN 4 s~o1es
Glucose-6-Phosphate 5 ~imoies
Sodium Phosphate 100 ~moles
NgCl2 8 simoles
KC1 33 imoles
Homogenate fraction equivalent 0.1—0.15 ml 9,000 x j

to 25 mg of wet tissue supernatant of rat liver

2. S-9 Homogenate

A 9,000 x j supernatant was prepared from Sprague-Dawity
adult male rat liver Induced by Arocior ‘1254 five days
prior to kill.

.5,- -
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- 2. MATERIALS (Continued)

C. Positive Control Chemicals

Table ‘1 b low lists the chemicals used for positive controls in
.5 the nonactivation and activation assays .

TABLE 1

PROBABLE
MUTAGENIC

ASSAY CHEMICALa SOLVENT SPECIFICITY

Nonactiva- Nethyinitrosoguanldine Water or Saline BPSb
tion (NNNG)

2-Nitrofluorene (NF) DimethyisulfoxideC FSb

Quinacrine mustard (QM) Water or saline FSb

Activation 2-Anthramine (ANTH) Dimethyisulfoxidec BPSb

2-Acetylaminofluorene Dimethylsulfoxidec FSb
(AAF)

8-Aminoquinoline (AMQ) DimethyisulfoxideC FSb
Dlmethylnftrosamlne Saline BPSb

(0MM )

aconcentrations given in Results Section
bBpS Base-pair substitution

FS • Frameshift
Cprevlousiy shown to be nomiutagenic

0. Solvent

- .5 EIther deionized water or dimethylsulfoxide (ONSO) was used to prepare
stock solutions of solid materials. All dilutions of test materials
were made In either deionized water or ~~O. The solvent employed
Is recorded in the Results Section.

IlGil 
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3. EXPERIMENTAL DESIGN

A. Plate Test (Overlay Method)

Approximately IO~ cells from an overnight culture of each indicatorstrain 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 .5

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 j liver homogenate) was &ided
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.

B. 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.5 program and reported on a printout. The results are presented
as revertants per plate for each indicator strain employed ‘In the .5
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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S. INTERPRETATION OF RESULTS AND CONCLUSIONS

The test compound was examined for mutagenic activity in a series
of in vitro microbial assays employing Salmonella and Saccharoin.yc.es
indT~ator organisms. The compound was tested dfr~ectly and In the
presence of liver microsomal enzyme preparations from Aroc’lor-
induced rats. The following results were obtained:

A. Toxicity 
- 

.5

The compound was tested over a series of concentrations such that
there was either quantitative or qualitative evidence of some
chemically Induced physiological effects it 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 al to 100 il 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 ill negative.

Da- Conclus ions
The test compound S53 Actual Shower Waste did not demonstrate
inutaqenic activity In any of the assays conducted In this evaluation
and was considered not mutagenic under these test conditions.
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MUTAGEN ICIlY 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 maumiallan metabolic activation preparations.

2. 1IATERIALS

A. Indicator Microorqanisms

Salmonella typhimurluin, strains: TA—1535 TA-98.5 TA-1537 TA-lOO
TA-1538

Saccharomyces cerevisiae, strain: D4

S 

B. Activation System (Ames et ala- Mutation Research 31:347, 1975)
1. ReactIon Mixture

Component Final Concentration/mI

TPN 4 iamoles
Glucose-6—Phosphate 5 simoles
Sodium Phosphate 100 umoles
MgCl 2 8 i~moles
KC1 33 iimoles
Homogenate fraction equivalent 0.1-0.15 ml 9,000 x j
to 25 mg of wet tissue supernatant of rat lTver

2. ~~~~~~~~~~~~~~~~~~~~~~

A 9,000 x j  supernatant was prepared from Sprague-Dawl*y
adult male rat liver Induced by Aroclor 1254 five days .5
prior to kill.

*.5

I, - 
.5
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2. MATERIALS (Continued)

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

.5 

TABLE !
PROBABLE
NUTAGENIC

ASSAY CHEMICALi SOLVENT SPECIFICITY
Nonactiva- Methylnitrosoguanidine Water or Saline BPSb 

.5

tion (HNNG)
2—Nitrofluorene (NF) Dilnethylsulfoxidec rsb

.5 Qulnacrine mustard (QM) Water or saline FSb

Activation 2-Anthramine (ANTH) DimethylsulfoxideC

2-Acetylaminofluorene DimethylsulfoxldeC FSb .5

(AAF)
.5 8-Aminoqulnoline (AMQ ) DimethylsulfoxideC FSb

Dintethylnl trosamine Saline BPSb
.5

- 
(ONNA )

.5 a
~~ncentrat1ons given in Results Section
bBPS Base-pair substitution
FS • Frameshift

Cpreviously shown to be normiutagenic

Da- Solvent

Either deionized wa ter or dimethylsulfoxide (DM50) was used to prepare
stock solutions of solid materials. All dilutions of test materials .5

were made in either deionized wa ter or DNSO. The solvent employed -
.5

is recorded in the Results Section. .5

191
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3. EXPERIMENTAl DESIGN

A. Plate Test (Overl ay Method)

Approximately IO~ cells from an overnight culture of each Indicator
.5 strain were added to separate test tubes containing 2.0 ml of molten

agar supplemented with biotin and a trace of histidinea - For non- .5
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

.5 with cells. Just prior to pouring, an aliquot of reaction mixture
.5 .5 (0.5 ml containing the 9,000 x j liver homogenate) was added .5

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.

.5 B. Recording and Presenting Data

The numbers of coloni es on each plate were counted and recorded .5

F 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 .5

reference points. Other relevant data are provided on the computer .5
printout.

I

~ 
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S. INTERPRETAT ION OF RESULTS 
~~ 

CONCLUSIONS

The test compound was examined for mutagenic activity In a series
of in vitro microbial assays employing Salmonella and Saccharomyces
indT~ator organisms . The compound was tested directly and In the
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 ial per plate.

B. Nonactivatlon Test Results

The results 0f 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.

3ub~1tted by:

~~~kLJ.
DavId~~rus1ck , Ph.D.
Director
Department of Genetics

Reviewed by
~~~~~~~ ~~~~~~~~~~~ 

~ I
ber . Weir, Ph.D.

Vice P sldent
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NUTAGENICITY 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 maumiallan metabolic activation preparations.

2. IIATERIALS

A. Indicator Microorganisms

Salmonella typhimuriuin, strains: TA— 1535 TA-98
TA-1537 TA-lOO
TA-1538

Saccharomyces cerevisiae, strain: D4

B. Activation System (~ ,es et al., Mutation Research 31:347, 1975)

1. Reaction Mixture

Component Final ConcentrationJ,nl

TPN 4 ~o1es
Glucose-6-Phosphate 5 ,.oles
Sodium Phosphate 100 , oles
MgCl2 8 oles
KC1 33 simoles
Homogenate fraction equivalent 0.1—0.15 ~1 9,000 x j
to 25 ig of wet tissue supernatant of rat liver

2. ~~li!~B!!il ~
• A 9,000 x 

~ 
supernatant was prepared from Sprague-D.wl*y

adult male rat liver induced by Aroclor 1254 five days
prior to kill.
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5. INTERPRETATION OF RESULTS ~~ CONCLUSIONS

The test compound was examined for mutagenic activity In a series
of in vitro microbial assays employing kimonel la and Saccharomyces
1ndT~ator organisms. The compound was tested directly and In thepresence 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 fr om 1 s~l to lou ~l ~er 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 ~‘1per plate dose with TA-1535 was repeated because of a slightly
Increased mutant frequency. The reI~eat test was negative.

D. Conclusions

The test compound h A  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.
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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 sauunal ian metabolic activation preparations.

2. MATERIALS

A. Indicator Microorganisms

Salmonella typhimurium, strains: TA-1535 TA-98
TA—1537 TA-lOO
TA-l538

Saccharomyces cerevisiae, strain: D4

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

1. Reaction Mixture

Component Final Concentration/mi

TPN 4 saoles
Glucose-6-Phosphate 5 smsoles
Sodium Phosphate 100 ~~o1es
MgC12 8 s.oles
KC1 33 samoles
Homogenate fraction equivalent 0.1—0.15 ml 9,000 x j

• to 25 mg of wet tissue supernatant of rat liver

2. 5-9 Homogenate

A 9,000 x g supernatant was prepared from Sprague-Dewley
adult male rat liver Induced by Aroc lor 1254 f ive days
prior to kill.

-
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2. MATERIALS (Continued)

C. Positive Control Chemicals

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

TABLE~~
• PROBABLE

NUTAGENI C
ASSAY CHEMICALa SOLVENT SPECIFICITY

Nonactiva- Methylnitrosoguanidine Water or Saline
tion (MNNG)

2-Nitrofluorene (NF) DimethylsulfoxideC FSb

Qulnacrine mustard (QM) Water or saline

Activation 2-Anthramine (ANTH) DimethylsulfoxldeC BPSb

2—Acetylaminof 1 uorene ~~~~~~~~~~~~~ FSb
(AAF)

8-Am inoquinol ine (AIIQ) Olmethylsulfoxldec

Dimethylnitrosamine Saline BPSb
(DMNA)

aConcentratlons given in Results Section
bps — Base—pair substitution

FS • Frameshift
Cprevlously shown to be nonmutagenic

0. Solvent

Either deionized water or dlmethylsulfoxide (D4SO) was used to prepare
stock solutions of solid materials. All dilutions of test materials
were made In either deionized water or DM50. The solvent employed
is recorded in the Results Section.
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3. EXPERIMENTAL DESIGN

A. Plate Test (Overlay Method)

Approximately l0 cells from an overnight culture of each indicator
strain were added to separate test tubes containing 2.0 ml of molten
agar supplemsnted 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 al iquot of reaction mixture
(0.1 ml containing the 9,000 x 5 liver homogenate) was addedto each •f the activation overlay tubes, ubich were then
mixed, and the contents poured over the surface of a minimal
agar plate and allowed to solidify. The plates were incubated
for 4$ hours at 37C, and scored fir the mi~~er of coloniesgrowing on each plate. The ti—rentrstfsna of all chemicals
are given in the Results S ctiis. Pssitlve and solvent con-
trols using both directly active ppsitIv~’ chemicals and thosethat require metabolic activatio, were run with each assay.

B. Recording and f!!~~
t1 

~~~
The numbers of colonies on sack 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 4

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 co~~uterprintout.

~~~~~~

. 

4~I

204

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - - • -— --

• •
• 

- -~~d - - 
- -.‘Y~~

•
~ v- ’. ‘:. - - -

~~~~~~
‘ 

--• - - -—~~-
_ - - - --—-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~ • - - • ~~~~~~~ ~~~~~~~~~~~~~~~ -— - — - •-



-
~ - —~

~~~IS PAGZ IS B~~T Qt)AIt?T flLCflCA3LI
moe oqr.! ~~~~~~~

ii•41
~~ 2 ,-. ~~ O~I- p.. p-.~~ ~~~~~~

~~~~

.1
•• •P O 2  •$4 P 0  44$ I~ e

I 
— !

A A

p... •j ~~G o  ~ ,~~~~ ,,,_ 
~

~ I$4 ~$O •~~$ M $ )  I•
~ $ Z I  2 • e

~~ I ,  —
~~ 4

S I Aa au •
I I

2 •Ø
~
. II, Q a S S S 22 S iIifl

o
— ~111 J~ 0 D~~~ f~J C  00  O P - .O

2 # ~~ — .  — — ~~~ 0 0 0 0 0 0
-‘ —

~~ 1 A

S I a
I 2 2 2 4 4 2 2— 0 fl
2 S -.

U $1 00  ~~ - - N  4~~$ J I 0 I~• ~ — $4 Ai• I~~~~~ &I %~ j$ U~ mAi i~~r.~S 0 4 ~I~~~M o
I — I .A tS~ ’S~ C0• .1 2 ao I 1 1 1 1 1
I I 4 44 4 4 4

— I I ~~~~~~~~~~~~~~~~Ii’

S 2 2  2 2 2 2
2 ~~~~• I I  S i l l
— I I  l i i i
S I I  1 1 1 1  j j

— S

S
I..., -, I I S I I S ~~~~~ . ~~~~~~~~~M I S S S S 5 4 4  4 4 4 4u_ ,_  

~#• S I  5 5 5 $  22 S2~2% W •-~~-P-~~~~~~P.
~~ 4 —•  p.. 4 4 4 4 4 4

• ;2 .f ~~ 4

!~~~~~~
1s

• • •~~ S.. .
w 2 J 2  . 0 2 2  0 00 0  S 0 0 0 0 0 S  4•e~~ c • s t s  s .c .• S 4  S• •5  S * 0 5 5S •• •*  S • 7 • 3  5—S S .... e • .  • • 2• — e  ~ — j o .  •
‘.1 W 2 — 0  ..1 5 —~~— — z i..m * - ~~ ~~—

p
• I —~ a t J J* .g 

1 1 4 , 5 1 . .
— 5- .

— 1.1 b5-  M l..~~ S 21 • 4 4 4 4 sU 4 * $4

J ~~~~~~~~ ~~~ I ’ :
*

• 205

- •~~ ~~~~~~~

-

•

_

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 
-~~~~~~~~ --~~~~~~~~ •~~• ~ ___~~_~~~~~~~l



• 

6

5. INTERPRETATION ~~ RESULTS ~~ CONCLUSIONS

The test compound was examined for mutagenic activity In a series
of in vitro microbial assays employing Salmonella and Saccharomyces
IndT~ato r organism s. The compound was tested directly and I~ thepresence of liver slcros omal enzyme preparations from Aroc lor-
Induced rats. The following results were obtained :
A. Toxicit y

The compound was tested over a seri es of concentrations such that
there was either quantitativ e or quali tative 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 ~1 to 100 ~l per plate.

B. Nonactlvation 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 Li 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
Dep rtaent of Genetics

Reviewed by:

• rice President
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NUTAGENICITY PLATE ASSAY

1. OBJECTIVE

The objective of this study was to evaluate the test compound for
genetIc activi ty in mIcrobial assays with and without the addition
of ~~~~lian metabolic activation preparations .

2. MATERIALS
A. Indicator Microorganisms

Salmonella typhimurium, strains: TA-i 535 TA-98
TA-l537 TA-i 00
TA-l 538

$accharcmyces cerevisiae, strain: D4

B. Activation System (Mnes .!~ ai., Mutation Research 31:347, 1975)
1. Reaction Mixture

Component Final ConcentrationJ~]
TPN 4 iiioles
Gl ucose -6—Phosph ate S ~moies
Sodium Phosphate 100 vmoles
MgC12 8 i.oles
KC1 33 .oles• Homogenate fraction equivalent 0.1—0.15 .1 9,000 x j

• to 25 .g of wet tissue supernatant of rat lTver
• 2. ~~~~~~~~~~

A 9,000 x 
~ 
supernatant was prepared from Spraque-Dawley

adult male rat liver Induced by Aroclor 1254 fIve days
prior to kill.
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2. MATERIALS (Continued) -

C. PosItive Control Chemicals

Table 1 below lists the chemicals used for positive controls In
the nonactlvation and activation assays.

TABLE!

PROBABLE
*ITAGENIC

ASSAY CHEMICAL SOLVENT SPECIFICITY
Nonactiva- N.thylnitrosoguanldine Water or Saline

tion (WING)
2-Nitrofluorene (NP) Dimethylsulfoxidec

• Qulnacrine must~rd (QM) Water or saline ~sb

Activation 2-Anthramine (*14TH) DlmethylsulfoxideC BPSb

2—Acety iamlnof luorene Dimethylsu lfox idec FSb
(AAF)-

8-~n1noquino11ne (AMQ) DimethylsulfoxideC

Dimethylnitrosamine Saline BPSb
(OMNA)

1Concentrations given In Results Section
bIPS Base-pair substitution

FS • Frameshift
Cpreviously shown to be nomiutagenic

0. Solvent
Either deionized water or dimethylsulfoxlde (OMSO) was used to prepare
stock solutions of solid materials. All ~11ut1ons of test materials
were made In either deionized water or OMSO. The solv ent çloyed
is recorded in the Results Section.

~~~~~~~~~~~~~~~~~~~~~~~~~ 
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3. EXPERIMENTAL DESIGN

A. Plate Test (Overlay Method)

Approximately lOS cells from an overnight culture of each Indicator
strain were added to sepa rate test tubes containing 2.0 .1 of molten
agar supplemented with blotin 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 j 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 .

B. ~~ 4in and Presenting 
~~~

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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S. INTERPRETATION Qf~ 
RESULTS AND CONCLUSIONS

The test compound was examined for mutagenic activity in a series
of In vitro microb ial assays employing Salmonella and Saccharou~yces
IndT~at Firganisms. The compound was tested directly and In the 

-presence of liver microsoma l enzyme preparations from Arocior-
Induced rats. The following results were obtained:
A. Toxicit y

The compound was tested over a series of concentrations such that
there was eithe r quantitative or qualitative evidence of some
chemicall y induced physiological effects at the high dose level .
The low dose In all cases was below a concentration that demon-
stra ted any toxic effect. The dose range employed for the eva l-
ua4ion of this compound was from 1 ui to 100 ul per plate.

B. Nonactivatlon Test Results

The resul ts 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.

0. Conclusions
The test compound Ll2 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:

~~ .rt J/ W.lr, Ph.D.
V ice 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 mammalian metabolic activation preparations.

2. MATERIALS

A. Indicator Microorganisms

Salmonella typhimurium, strains: TA-1535 TA-98
TA-1537 TA-lOG
TA-l 538

Saccharomyces cerevlsiae , strain: D4

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

I. Reaction Mixture
component Final Concentration/mi

TPN 4 ~mo les
Glucose-S-Phosphate 5 umoles
Sodium Phosphate 100 ~no1es
NgC12 B i.oles
KC1 33 ~amoles
Homogenate fraction equIvalent 0.1—0.15 ml 9,000 x j

to 25 .g of wet tissue supernatant of rat liver

2. 5 9 Homogenate

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

C. Positive Control Chemicals
Table 1 below lists the chemicals used for positive controls In
the nonactivation and activation assays .

TABLE I
PROBABLE
MUTAGENI C

ASSAY CHEMICALa SOLVENT SPECIFICITY
Nonactiva- Methylnitrosoguanidine Water or Saline BPSb

tion (MNNG)
2-Nitrofluorene (NF) DimethylsulfoxideC FSb
Qu-inacrine mustard (QM) Water or saline FSb

Activation 2-Anthramine (*14TH) Dlmethylsulfoxidec BPS~’
2-Acetylaminofluorene Dimethylsul foxideC FSb
(uF)

8-Aninoquinoilne (AMQ) DimethylsulfoxideC FSb
Dimethylnitrosamine Saline BPSb

(ONNA)

aconcentratlons given in Results Section
b
Bps • Base-pair substitution
FS • Frameshift

Cpreviously shown to be nonmutagenic

0. Solvent
Either deionized water or dimethylsulfoxide (014S0) was used to prepare
stock solutions of sol id materials. All dilutions of test materials
were made In either deionized wa ter or ONSO. The solvent employed
is recorded in the Results Section.
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3. EXPERIMENTAL DESIGN

• A. Plate Test (Overlay Method)

Approximately IO~ cells from an overnight culture of each indicatorstrain were added to separate test tubes containIng 2.0 ml of molten
agar supplemented with blot-in 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

• level s 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 j  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 thoie
that require metabolic activation were run with each assay.

B. 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 ~ilate for each indicator strain employed in the
assay. The posithe and the solvent controls are provided as
reference points . Other relevant data are provided on the computer
printout.
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5

S INTERPRETATION OF RESULTS ~~ CONCLUSIONS
The test compound was examined for mutagenic activity In a series
of in vItro microbial assays employing Salmonella and Saccharomyces
1ndTEa~(ir organisms . The compound was tested directly and In the
presence of liver microsomal enz~ina 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 concentr ation that demon-
strated any toxic effect. The dose range employed for the eval-
uation of this compound was from 1 p1 to 100 ~l 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 p1
and 5 p1 per plate doses with TA-1535 were repeated because of
sl ightly increased mutant frequencies. The repeat test was
negative.

D. conclusions

• J The test compound Ll4 Synthetic Laundry Hoste did not demonstrate
mutagenic activity in any of the assays conducted in thi s evalua-
tion and was considered not mutagenic under these test conditions.
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