
F-

EVAL UATION OF HEALTH EFFECTS DATA
ON THE REUSE OF SHOWER AND LAUNDRY WATERS

BY FIELD ARMY UN ITS V’

FINAL REPORT

DAVID R. COGLEY WESLEY FOY
WILLIAM 6. LIGHT MARCUS MASON

WALDEN DIVISION OF ABCOR , INCORPORATED
W ILMI NGTON , MASSACHUSETTS 01887

and
JAMES C. EATON , JR.

(CONTRACTING OFFICER ’S TECHNICAL REPRESE NTATIVE)
U.S. ARMY MEDICAL BIOENGINEER I NG RESEARCH AND DEVELOPME NT LABORATORY

SUPPORTED BY:
U.S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND

FORT DETRICK
FREDERICK , MARYLAND 21701

CONTRACT NO. DAMO 17-78-C-8057

Approved for public release; distribut ion unlimited .

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

(C-162) 1 0 1 ~ 0 6 09 6
— 

—~~



~

SE CU RITY CLASSI FICATION OF T HIS PA GE (W~t .i, fl at. Ens.r.d)

D DADT rtn ui~ kJ TA T I(~IJ A~~ 
READ INSTRUCTIONS

‘ ‘~~~~~~“ ~~~~~ ““ I ~~ ~~~~~ “ BEFORE COMPLETING FORM
I REPOAT NUMbER 2. GOVT ACC ESSION NO. EC1PIENT S C A T A L O G  NUMBER

4. TIT~~~ (~~~ SubUUi) ?YPE OF REPORt è PERIOD COVEREO

~ 
\~valuation of ~~alth ~~fects ~~ ta on the ~~ use / ~~nal Rep~~t,

.~~ (of Shower and Laundry Waters ~y Field Army Units, 11 Au1,_ . -31 Oct T~7~ ~
~~ ~~~~~~O”M4NG ORG. RtP~~ FP WUM~~~~

~ Au TNO*(a~ 8. C O N T RA C T  OR G R A N T  NUMBER(S)

11 )~~~vid ~~ )~~ g1ey, ~~ SleY)~~~Y . ‘ )

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

-~ DA~~J7-78-C-8~ 57/

I. IRFO ~~~~~N MA*f At~IO ADORç 5S 10. PROGRAM ELEMENT. PROJE CT . TASK
A R EA 8 WORK UNIT NUMbERS

Wal den Division of Abcor , Inc.1 
62720A

850 Main Street /~
,) 3E162729A835.00.057

Wilmington , Massachusetts 01887 ..—~~

II . CONTROLL ING OFFICE NAME AND AD DRESS A*~ REPORT DATE 1 
-

US Army Medical Research and Development Cousnand ( Apri 79 _ /7jii~ ~~

‘

Fort Detrick, Frederick , Maryland 21701 ,~~~lMeeR o9eAot4—124
14. MONITORING AGENCY NAME 8 AOORESS(I1 dlU.amt Ira. , Cor,EroISIná OIIlc.) I S. c~~~~~RITY CLASS. (a t this r•pa v~)

Unclassified

ISa. OECLA S$IFIcAT I0N/D0w NGRADING —
SCHEDULE

14. DISTRIBUT ION STATEM E NT (at this R.port)

Approved for public release: distribution unlimited.

I?. DISTRIB UTION STAT EMENT (at UI. abstract .nt.,.d in Block 20. It dltt.r.nt Ira., R.port)

11 SUPPLEMENTARY NOTES

IS. KEY WORDS (Canttnu. on r.v. ,a. .Id. It n.c..aary id I4.nf1t~ by block numb .r)
Shower water reuse , laundry water reuse , shower wastewater composition , laundry
wastewater composition , shower wastewater treatability , laundry wastewater
treatability, shower wastewater toxicity evaluation , laundry wastewater
toxicity evaluation , wastewater reuse protocol.

25 A~~~ r~~ACr (C~~~~ a. a. s v r a .  .t~~ Vt a.s.a.asy d Ida.tI fr by block nu.,b.,)
4Health effects of short—term shower and laundry water reuse have been assessed
In a four task program covering: wastewater composition , engineering evaluatioi
of treatability. toxicity, and previous Army—sponsored research. Available data
do not indicate that water reuse would result in toxic effects. It is concludel
that the next phase of work to consider is human clinical trials. To assess the
reasonablenss of such trials , it is recommended that consideration be given to
the preparation of five documents , one each on the following topics: the need
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EXECUTIVE SUMMARY

The hea lth effects of short-term shower and laundry water reuse
have been assessed by invest igating wastewater compositio n , wastewater
treatab il ity , the toxicity of wastewater components , and previous
Army-sponsored research . This has led to a consideration of other
factors affecting reuse including esthetics and the engineering state-
of-the-art for systems compatible with field Army operations. Fina lly,
it has become apparent that health effects evaluations cannot be per-
formed withou t considering deta ils of the reuse scenario.

Composition of Shower and Laundry Wastewaters

The composition of shower and laundry wastewaters was estimated
by determining the constitutents of cleansi ng and health care pro-
ducts. Information was obtained through telephone contacts , computer-
ized data base searches , and assessment of books and printed reports.

Calculations of wastewater component concentrations were based on
USAMBROL -supp lied lists of products present in shower and laundry
wastewater and the concentration of each type after a single use of the
water . For each of the product types noted , composition data were
obtained for several types or brands of products. Constituent concen-
trations were calculated for each product , corresponding to product
concentrations. The highest concentration of each constitutent was
selected for each product type , and these were summed by product. Final
concentrations of constituents in wastewaters were calculated for shower H
wastewaters , laundry wastewaters , and a mixture of the two . Ingredient
concentrations for laundry, shower , and mixed (55% shower , 45% laundry)
wastewater also are given .

Eng ineering Evaluat ion

On the basis of a literature survey and relevant experience , five
representative wastewater treatment systems were evaluated which
appeared to be particu l arly promising for treating shower and laundry
wastewaters generated by field Army units. The relative system per-
formances at 70-90% conversion were estimated from calculations of the
concentrations of nine problem contaminants present in treated waste—
water which had been recycled an infinite number of times. The prob l em
contaminants consisted of six organic chciiicals rank-ordered from the
list of total contaminants based on hi gh concentration , low remo v a l
efficiency, and toxicity; and three inorganic chemicals selected from
the list of total contaminants based on hi gh concentration. Of the five
systems evalua ted, the system producing the hi ghest purity water was a
system wh i ch included an ultrafiltration unit followed by a reverse
osmosis un it. A system wh ich may be more practical for the given
application was dilution , filtration and disinfection.
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Five wastewater treatment systems were se.~ected for evaluation:

• ultrafiltration , reverse osmosis

• ultrafiltration

• activated carbon adsorption , ion exchan ge

• ERDLa tor

• dil ution

Two of the Systems were chosen on the premise that a system consisting
of processes for removing suspended solids followed by processes for
removing dissolved solutes would be required for reliable system perfor-
mance. The other three systems were selected on the premise that
satisfactory performance would be obtained by emp l oying only processes
typically used for removing suspended solids. A final step in each of
the systems would be some form of disinfection (e.g., hypoch iorination ,
ultraviolet radiation , ozonation , UV-a ctiv ated ozonation). Certain
methods of disinfection (e.g., hypoch lorination ) have the added advan-
tage of destroy ing problem chemical contaminants (viz., urea). t

An objective of this program is to determine the effectiveness
of the representative wastewater treatment systems for removing specific
chemica l  contaminants from wastewaters. Data are available on the
specific removal efficiencies for unit processes desi gned for removing
dissolved solids (e.g., IX , ACA , and RO). However , no such chemical -
specific data are available for unit processes generally emp l oyed for
removing suspended solids (e.g., DEF , UF , and OAF), and these data are
required for evaluating the wastewater treatment systems. For this
reason , an approach was developed for estimating removal efficiencies
which was based on comparing removal efficiencies for a suspended solids
removal process to those for a dissolved solids removal process. The
removal efficiencies which were compared generally were total organic
carbon and total dissolved solds. The removal efficiency for a sus-
pended solids removal process was expressed in terms of a percentage
of the removal efficiency for a dissolved sol ids removal process. This
percentage was then applied on an individual chemical basis to supply
the data required for the evaluation of each system.

Toxicity Evaluation and Previous Army Testing

Toxicity data were sought for each of the compounds predicted to
be presen t In shower or laun dry waters . Oral , dermal and ocular toxi-
city were considered . The factors most strong ly influencing the toxi-
city of particular compounds were assumed to be: inherent chemical
reactivity, chemical formulation (e.g., powder , sus pens i on , emulsion ,
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solution), transformation products (e.g., products of chlorination),
concentration , and exposure time . References listed in the bibliography
were consulted for toxicity data. Data were assembled on a compound-
by-compound basis. Notations of test compound concentration , test
duration , etc. were made.

No protocol has been estab lished specificall y for the assessment
of health effects due to shower and laundry water reuse. The present
assessment is based on the following assumpti ons:

(1) toxicity data are required for compounds at concentrations
expected in treated , recycled wastewaters.

(2) ocular and dermal exposures of several minutes duration
are to be expected ,

(3) oral exposures will be minimal , amounting to only a few
milliliters of recycled water per shower.

The toxicity data for indivi dual wastewater components did not
indicate that human toxic responses would be expected from short-term
shower or laundry water reuse by fi eld Army units. However , at least
some data were lacking for 36 compound s. Previous Army -sponsored
toxico logy testing of shower and laundry wastewaters gives further
evidence that no toxic responses are expected for the wastewaters.

Summary and Conclusions

In attempting to assess hea lth effects of water reuse , we have
learned that at least under certain cond iti ons , limited water reuse is
likely to benefit the soldier . Benefits of water reuse can be maximized
if , for a carefully defined reuse scenario , we delineate the basis for
health effects criteria.

Of all possible kinds of water reuse , consideration has been
limited to short-term shower and laundry water reuse by field Army
units. These are high -volume uses under field Army conditions wh ich can
be readil y segregated from other uses. Both the wastewaters and the
users of the recyc l ed water are well -de fined and subject to a degree
of control which will minimize health impacts. One need worry neith ~about septic wastes nor about unu sually sensitive water users (e.g.,
infants , elderly persons , or medical patients). Concern may be focused
on possible acute effects, since exposure would be too short to produce
chronic effects.

‘iii 
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Results achieved to date indi cate that it should be possible to
treat and reuse shower and laundry waters without any si gnificant health
effects. Literature studie s have uncovered no data to indicate adverse
health effects. Animal and human (skin patch) tests of wastewater and
wastewater concentrates indicate no adverse health effects (oral , dermal
or ocular) at concentrations up to several times those expected in
treated , recycled water.

Since the present evaluation suggests there will be no adverse
effects , what further tests are required to establish the safety,
w~thout question , of shower and laundry water reuse by field Army
units? If the answer is to be obtained under conditions other than
battlefield conditions , human clinical trials must be performed .

U.S. Army Medical Research and Development Command Regulation No.
70-25 , “Use of Human Subjects in Research Development , Test , and
Evaluation ,” establishes procedures for conduct of human clini c a l
trials. This r egulation specifies three conditions which must be
satisfied before and durin g the conduct of human cl i n i c a l  trials:
adequate scientific justifi cation , adoption of appropriate measures
to minimize risk , and adoption of administrative rev i ew procedures.

tt is recommended that consideration be g iven to:

(1) Preparation of an assessment of the benefits of short-term
shower and laundry water reuse by fi eld Army unit s. This assessment
should be phrased in terms meaningful to members of the U. S. Army
Medical Research and Development Command and other Army officials; to
memb c- rs of a human use Commi t tee  as de f ined  in USAMRD C R e g u l a t i o n
0—25. paragraph 2-4-1; and to prospective human test subjects for a

clinical trial. At least preliminary estimates of acceptable engi-
neering conf i gurations and performance characteristics of suitable
wastewater treatment systems should be specified , including a target
val ue for the extent of water recycle.

(2) Preparation of an assessment of acceptable risks associated
with short-term shower and laundry water reuse in a combat situ ation.
Topic s covered might include digestive tract irritation due to acci-
dental ingestion , skin irritation , and eye irritation.

(3) Preparation of criteria defining acceptable risks for human
test subjects in clinical trials of water reuse. Acceptable (and
unacceptab le)  t o x i c  symptoms should be def ined together w i t h  the
minimum profes sional qualifications to be possessed by the person or
persons responsible for evaluation of toxic responses in human test
subj ects.
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(4) Preparation of a protocol for animal studies designed to assess
the p oss ib i lity of human tox ic response to shower and laundr y water
reuse. The protoco l must specif y ~he composition of products to be used
dur ing showering or launder ing, the wastewater treatment system to be
used and its mode of operation , chemica l analysis to be performed , and
respor~ses to be mon itored . It should also specif y criteria for test
adequacy, i .e., criter ia for cessation of anima l tests and for consider-
ation of human clin i ca l trials.

(5) Preparation of a protocol for human clin i cal trials of short-
term shower and laundry water reuse. It is assumed that human cl inical
trials wou ld be proposed only after assessments have been completed for:
benef its to be expected , acceptable risks in a combat situation , accep-
table risks for human test subjects , and likel y risks for test subjects
as projected from an i ma l studies . The human use protocol should then
focus on early detection and treatment of tox ic symptoms which might
arise during the course of the c linical trials.

v

:~i::L



TABLE OF CONTENTS

Ti tle Pane

EX ECU TI V E SUMM A RY i

OBJECTIVE 1

APPROACH 1

TASK I - COMPOSITION OF SHOWER AND LAU NDRY WASTEWATERS 2

Litera ture Search 9

Literature Obtained 10

Concentrations of Wastewater Components 12

TAS K II  - ENGINEERING EVALUATION 16

Introduction 16

Wastewater Treatment Systems 16

1. Recycle Model 16

2. Treatment System 18

Wastewater Components and Treatability 23

1. Was tewa ter Componen ts 24

2. Chlorination and Ozonation Products 24

3. Wastewater Treatability - Unit Processes 25

4. System Performance for Challenge Contaminants 30

D iscuss ion an d Conclus ions 36

1. General Considerations 36

2. Engineering Systems Versus Conversion Ratio 37

3. Special Product Formulation 37

4. Pre—r inse 37

5. Simp les t Trea tmen t System 37

6. Sophisticated Treatment Systems 39

vi

__A ~~~~~~~~~~~~~~ ~ 
_



-~~~~~~~~~~~~ .- - -~~~~~ - . _

~~~~

--

~~~~~

-

I

TABLE OF CONTENTS ( Co ntin ued )

Title Page

References 40

TASK III - TOXICITY EVALUATION 41

Approach 41

Results 44

Conclus ions 46

TASK IV - EVAL UATIO N OF ARMY SPONSORED RESEARCH 47

SUMMAR Y AND CONCL USIONS 49

BIBLIOGRAPHY 52

APPENDIX I MATHEMATICAL DERIVATION OF CONCENTRATION
BUILD-UP EQUAT IONS 55

APPENDI X II DATA ON CHEMICALS FORMED BY CH LORINATION . . . . 58

APPENDIX III DATA ON WASTEWATER TREATMENT SYSTEM PER-
FORMANCE IN A RECYCLE MODE 65

APPENDIX IV TOXICOLOGY DATA ON INDIVIDUAL COMPONENTS . . . . 78

vii



_ _ _ _ _  --~~-~~~~~~ -~~~~-~~~~---~~~~~~~~~ -. _ -~ _ . -

LIST OF FIGURES

F i gure T i t l e

1 WASTEWATER TREATMENT SYSTEM FLOW SCHEMATIC 17

2 COMPAR ISON OF TREATMENT SYSTEMS FOR VARI OUS
CONVERSION RATIOS 38

r

viii

• -.~~~- _ -~~~~~~~~~~~ ~~
-_
~~~~~ •~~~~~~~~~ -~~~~

—_ --
~~~~ ~~~~~~~ 

_
~~-~~~~~

. - ~~
. - . ~~_ ._ ,

_ 
•~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_-
~~~~~~~



LIST OF TABLES

Tab le Ti tle Page

SHOWER WASTEWATER PRODUCTS 3

2 LAUNDRY WASTEWATER PRODUCTS 3

3 SUCCESSFUL TELEPHONE CONTACTS 4

4 UNSUCCESSFUL TELEPHONE CONTACTS 8

5 SHOWER WASTEWATER CONSTITUENTS 13

6 LAUNDRY WASTEWATER CONSTITUENTS 14
I

7 CONSTITUENTS OF MIXED WASTEWATER 15

8 CHEMICALS FORMED BY CHLORINATION 26

9 PREDICTED ACA AND RO REMOVAL EFFICIENCIES 27

10 PREDICTED ACA AND RO REMOVAL EFFICIENCIES FOR
CHALLENGE CONTAMINANTS 32

11 CONCENTRATIONS OF CHALLENGE /PROBLEM CONTAM INANTS
I N TREATED WASTEWATER PRIOR TO REUSE FOR AN
INFINITE N UMBER OF RECYCLES (7 D~ CONVERSION ) 33

12 CONCENTRAT IONS OF CHALLENGE /PROBLEM CONTAMINANTS
IN TREATED WASTEWATER PRIOR TO REUSE FOR AN
INFINITE NUMBER OF RECYCLES (90% CONVERSION ) 34

13 CONCENTRATIONS OF CHALLENGE/PROBLEM CONTAMINANTS
IN TREATED WASTEWATER PRIOR TO REUSE FOR AN
INFINITE NUMBER OF RECYCLES (90% CONVERSION ) 35

14 LIST OF INDIVIDUAL COMPOUNDS 42

15 COMPOUNDS FOR WHICH TOXICITY DATA WERE LACKING . . . . 45

ix

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



— • • ~~~~~~~~~~~
_ .  

~~~ . -• --- 

7

OBJECTIVE

The objective of the present program has been to evaluate health
effects related to the reuse of shower and laundry waters by field
Army unit s. Walden Division of Abcor , Incorporated has performed thi s
evaluation in a four task program.

(1) A list of ingredients used in shower and laundry operation
has been prepared which includes a range cf products of each type.

(2) An eng ineerin g evaluation has been made of the treatab ility
of each ingr edient by five different wastewater treatment systems .

( 3 ) O c u l a r , dermal and oral toxicity data availability and
adequacy were assessed for each ingredient.

(4) Previous Army-sponsored studies related to shower and laundry
water reuse have been assessed .

APPROACH I -

The health effects of short-term shower and laundry water reuse
have been assessed by investi gating wastewater compositi on , wastewater
treatability , the toxicity of wastewater components , and previous
Army-sponsored research . This has led to a consideration of other
factors affecting reuse including esthetics and the engineering state—
of-the-art for systems compatible with field Army operations. Finally,
it has become apparent that health effects evaluati ons cannot be per- 

Fformed without considering details of the reuse scenario.
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TASK I - COMPOSITION OF SHOWER AND LAUNDR Y WASTEWATERS

The composition of shower and laundry wastewaters was estimated
by determining the constitutents of cleansing and health care pro-
ducts. Informat i on was obtained through telephone contacts , computer-
ized data base searches , and assessment of books and printed reports.

Calcu lations of wastewater component concentr ation s were based on
USAMBRDL -supplied lists (Tables I and 2) of products present in shower
and laundry wastewater and the concentration of each type after a
sing le use of the water. For each of the product types noted , compo-
sition data were obtained for several types or b~ands of products.
Constituent concentrati ons were calculated for each product , ccrres-
ponding to product concentrations. The hi ghest concentration of each
constitutent was selected for each product type, and these were sjmmed
by product. Final concentrations of constituents in wastewaters were
calculated for shower wastewaters , laundry wastewaters , and a mixture
of the two . Ingredient concentrations for laundry , shower , and mixed
(55% shower , 45% laundry) wastewater are given in Tables 5, 6, and
7.

Product List

Lists of products present in shower and l aundry wastewaters we’e
supp lied by the U.S. Army Medical Bioengineering Research and Develop-
ment Laboratory . The concentrations of each produ ct after a singl~euse are indicated in Tables 1 and 2. In a previous study by Tardifif
and Mul laney , a single brand of each product was chosen and the compo-
sition of each of these products was used to estimate the compositions
of a typ ical wastewater. In the present study , the compositions of five
brands of each product were sought and used to predict a composition
range for shower wastewater , laundry wastewater , and a mixed wastewater.
The objective has been to include a broad ranqe of product brands in the
health effects assessment.

Literature Search: Telephone Contracts

Several agencies and organizat ions were contacted by telephone
and requested to supply any information they mi ght have regarding
shower or l aundry product compositions and health effects. Details of
these contacts are provided in Tables 3 and 4.

2 
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TABLE 1

SHOWER WASTEWATER PRODUCTS

Prjduct Concentration mg/ l

Shower Cleaner 100-220
Salt 60-180
Soap, Deodorant 50-150
Hair Oil 25-150
Soil (Kaolinite) 20-50
Talc 20-50
Hair Shampoo 10-50
flEET 1-20
Ep ithelium 18
Lactic Acid 5
Urea 1-3
Toothpaste 2
Hair 2
Potassium 1.5
Shav i ng Preps 1
Disinfectant 1
Lotions 1
Mouthwash 1
Deodorant 1
Suntan Preps 1

TABLE 2

LAUNDRY WASTEWATER PRODUCTS

Product Concentration mg/i

Sodium Carbonate 499
Detergent Type 1 433
De tergen t Type II  172
Vegetable Oil 166

— Kaolinite Clay 133
Sour (Do wney ) 116
Urea 13
flEET 12

3
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Literature Search

Sixteen computer i zed data bases were searched with keyword terms
specified below :

Chemical Data Base (Chemical Abstracts)

Keywords :

Soap Fabric All Lotion
All Detergent All Softener Suntan
All cosmetic All Rinse Hair
All Deodorant Sizing All Spray
Insect Spray
All Repe llant Starch

The keywords were crossed with toxicity or composition .

NTIS Da ta Base

Keywords :

Soap All Fabric All Lotion
All Detergent All Softener Suntan
All Cosmetic All Rinse Creme
All Deodorant Sizing
Insect Spray
All Repellant Starch

The keywords were crossed with toxicity or composition or
all ingredients.

To x li ne Da ta Base

Keywords:

Soap Fabric Softeners Sizing
Detergent Creme Rinse Lotion
Cosme t ics Creme or Cremes
Deodoran t Gels
Insect Repel lant Spray Starch

The keywords were crossed with wash or laundry or shower.

The keywords were also crossed with composition or ingredients.

l~.

9

- .  -. — - .5— •• -5 •~~~~ • 
. p 

— - — - ~~~~~~~~~~ - - - - &_ ~~~~~~~ __5 - —— -• - - -. .- - ~~~~~~~~ —

~~



-5 - ---5-55- -. - -

The following data bases a ll employed the same keyword strategy:

Chemical Abstracts. Chemica l Abstr acts Service.
Government Reports Announcements and Index. National Technical

Informat ion Service.
Technical Report Program - Past Research. Defense Documentation

Center .
Research and Technology Work Unit Information System , Defense

Documentation Center .
Environment Index. Environment Information Center , Inc .
Pollut ion Abstracts. Environment Information Center , I nc.
Biological Abstracts. Biolog ical Sciences Inform ation Service.
Engineering Index . Eng ineering Index , I nc.
Energy Index. Environmental Informat ion Center , I nc.
Nuclear Science Abstracts. Atomic Energy Comm ission .
Atomindex . Internat ional Atomic Energy Commission , Vienna.
Selected Water Resources Abstracts. U.S. Department of the

Interior , Office of Water Research and Technology .
Energy Info Data Base. U.S. Department of Energy .

Keywords:
Ultraf I ltrat ion Laundry
Hyperf iltration Laundr?
Reverse Osmosis Shower?
Membrane ? Wash?

Domestic
? = truncation

Literature Obtained

The following textbooks , identified in telephone contacts or
literature searches , were obtained :

De Navarre , The Chemistry and Manufacture of Costmetics , Van
Nostrand , 1941.

Cosmetics , Science and TechnoloQy, Wi ley-Interscienc e , M S  Brasa m ,
Edward Sagarirs. (Vol 1 and Vol ~).

Winter , Ruth , A Consumer ’s Dictionary of Cosmetic Ingred ients.
1976.

Synthetic Detergents, 6th Ed., A. Davidso hn and B. M. Milmosky,
1978.

Jellinek , J. S . , Formulation and Function of Cosmetics, Wiley -Inter -
science , 1970.

Ni ven , Wm. W., Fundamentals of Detergency .

10
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The following reports or literature here mailed to Wald en as a
result of telephone conversations.

From: FDA Cosmetics Div ision
Title or Topic: Instructions and General Information for the

Voluntary Cosmetic Regulatory Program.
Comments: Contains product code list for 83 cosmetic

categories . Walden has written for formulations
for specific categories . -

‘

From : C.P.S.C.
Title or Topic: Detergent Survey Toxicity Testing (1971-1976).
Comment: A survey of 145 detergent products involving

biolog ical testing, chemical analyses and
product labe l reviews .

From : CTFA
Title or Topic: Grouping of Ingredients for Literature Searching.
Comment: List includes 189 ingredients on CFTA ’s final

first pricing list.

From : NASA
Title or Topic: 2 Reports

(1) Reports of the Panel on Potable Water Quality
in Manned Spacecraft , August 1972.

(2) Recommended Tentative Standards for Wash
Water in Manned Spacecraft , December 1971.

Comment: Walden has contacted NASA requesting more recent
data.

From : Union Carbid e
Title or Topic: Product information on surfactant , Terg ito l . - I
Comments : Contains chemical composition , biodegradable low-

foam surfactant information and properties .

From: Soap & Detergent Association
Title or Topic: Letter listin g range of combinations for

phosphate and non-phosphate detergents.

From : Soap & Detergent Association
Title or Topic: Human Safety and Environmental Aspects of

Major Surfactants.
Comments: 546 page report prepared by Arthur 0. Little

for the Soap and Detergent Association .

From : ASTM
Title or Topic: ASTM publications 1977-1978.

11 

_ .A  ~- ——--a.— - — — —  • — - - ~~~~~ -~~~~~A i_ _ — -. —5—-.—.- 
- -



- -5 - —-5

~~~~1

Concentr~t ions of Wastewater Components

For each of the product types noted , composition data were obtained
for several types or brands of product. Component concentrations were
calculated for each product corresponding to product concent rations
g iven in Tables 1 and 2. The hi ghest concentration of each const ituent
was selected for each product type and these were summed by product.
Final concentrations of constituents in wastewaters were calculated for -

shower wastewaters (Table 5), laundry wastewaters (Table 6) and a -

mixture of the two (Table 7). Concentration ranges are spec ified for I

constituents of products with concentration ranges.
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TABLE 5

SHOWER WASTEWATER CONSTITUENTS

mg /1
S ili ca Flour 100 - 210 The follow ing compounds
Sodium chloride 60 - 180 present at <0.2 mg /i
Castor o il 20 - 130
Isopropy l alcohol 18 - 105 Alum i naEthano l 15 — 85 Alum i num ch lor id eKa o lin ite 20 - 50 Aluminum sulfateOle ic acid 16 - 50 Amon i um alumTalc 41 Bees waxTallow 13 - 38 Boric acidStearic acid 11 — 31 Cety l alcoholCoconut oil 9 - 30 Cor-ti starchCastor o il , sulfonated (75%) 6 - 30 Benton i teUltrawet 60-L 5 - 25 HexachloropheneAninonium laury l sulfate 5 - 25 Isopropy l myr istateSodium laury l sulfate S - 22 Jamaican rumEp ith el ium cells 18 Magnesium carbonateN ,N— Diethy l-m -toluamide 1 - 15 Magnesium oxideSodium dodecy lbenzenesu lfonate 3 - 13 Glycerol monostearateSod i um tripo lyphosphate - Methyl parabenOlive oil , sulforiated (75%) 2 — 10 Lano linTannic acid 1 - 8 PetrolatumTriethanolamide alky lbenzene PABAsulfonate (60%) 1 - Isopropyl palmitatePotassium oleate (20%) 1 - 6 Polyethylene sorbitan mono-Ka loin , colloidal 5 stearateLactic acid Saccharin sodiumTriethanolamine 1 - Sodium-6-ch loro-2-phen yl-phen -Urea 1 - olateGlycerol 1 - Sodium hydroxidePotassium hydroxide 0.7 - SorbitolZinc stearate SpermacetiCoconut diethanolam i ne (92%) 0.5 - Sorbitan monostearateHair 2 Stannous fi ‘orideMineral oil 0.5 - 2 VeegumPotassium 1.5 Zinc chlorideCalcium carbonate 0.9 Sodium stearateAluminum hydroxide 0.9
Sorbitol 0.7
Dicalcium phosphate 0.6
Sodi um-ortho-phenyipheno late 0.6
Sodium-4-chloro-2-phenylphenolate 0.5
Sodium metaphosphate 0.4
Aluminum formate solution 0.4
Propylene glycol 0.3
Trica lcium phosphate 0.2
Volatile silicone 02
Tegacid 0.2
Aluminum chlorhydrate 0.2
Tween 80 0.2
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TABLE 6

LAUNDRY WASTEWATER CONSTITUENTS

Concen tration rng/l

Sodium carbonate 530
Vegetable oil 170
Kaolinite 130
Sodium alky l benzenesulfon ate 120
So di um sul fate 110
Sodium tripo lyphosphate 90
Sodium silicate 80 F -I
Sodium fluosilicate 80
Ethoxylated alcohol 60
Urea 13
N , N-Diethyl -rn-to luamide 9
Sodium carboxymethy lcellulose 6
Protease 3
Fluorescent whitening agents 3
Ethanol 3
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TABLE 7
CONSTITUENTS OF MIXED WASTEWATER*

mg/l mg/ l
Sodium carbonate 240 Calcium carbonate 0.5
Silica flour 50-110 Aluminum hydroxide 0.5
Sodium chloride 33-100 Sorbitol 0.4
Kaoliriite 70—90 Dicalciurn phosphate 0.3
Vegetable oil 75 Sodium ortho-phenyl-
Castor oil 12-70 phenolate 0.3
I sopropyl alcohol 10-60 Sodium 4-chloro-2-
Sodium alky l-. phenylpheno late 0.3
benzenesu lfonate 55 Sodium meta-phos phate 0.2

Sodium sulfate 51
Ethanol 10—50
Sodium tripo ly-phosphate 40-45 

Compounds present at <0.2 mg/l

Sodium silicate 35 A lum i na
Sodium fluosilicate 35 Aluminum chiorhydrate
Ethoxy l ated alcohol 30 Aluminum chloride
Oleic acid 10-30 Aluminum formate
Talc 20 Aluminum sulfate
Ta llow 1-21 Amm onium alum
Stearic aci i 6—17 Bees wax 

~-1Coconu t oil 5— 16 Boric acid
Castor oil , sulfonated 3—16 Cetyl alcohol
Ultrawet 60L 3—1 4 Corn starch
Amrnon i um laury l sulfate 3-14 Bentonite
N ,N-Diethyl-m- Hexachiorophene
toluamide 5—12 I sopropy l myristate

Sodium laury l sulfate 2-12 I sopropyl pa lmitate
Ep ithe lium cells 10 Jama i ca n rum
Urea 6-8 Magnes iu m car bonate Ii
Sodium dodecy l Magnesium oxide
benzenesu lfonate 1-7 Glycerol monostearate

Ol i ve o i l , sulfonated 1-5 Methy l paraben
Tannic acid 0.7-5 Lanol i n
Triethano l amide alkyl- Petrol atum
benzenesulfonate 0.7-4 PABA

Potassium oleate 0.7—3 Propy lene g lycol
Kaolin , colloidal 3 Polyethylene sorbitan mono— H
Sodium carboxymethy l- stearate

F ce l lu lose  3 Saccharin sodium
Lactic acid 3 Sodiurn-6-chloro-2-phenylphe-
Tr iethano lamine 0.5—2 nolate

F Glycero l 0.8-2 Sod i um hydroxide
Potassium hydroxide 0.4-1 Sodi um steara te
Z i nc Steara te 1 Spermace ti
Coconut diethanol -amine 0.3-1 Sor bit an monos teara te
F luo rescen t Stanno u s fluor He
whitening agents 1 Tegac id

Ha i r 1 Trica lcium phosphate
Mi neral oil 0.2-0.9 Tween 80
Potassium 0.8 Veegum

Vola tile silicone
Zinc chloride

55% shower water , 45% laundry water
15
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TASK II - ENG INEERING EVALUATION

~\ .  INTRODU CTION

The prim ary objective of the eng ineering evaluation is to evaluate
the efficien cy of several wastewater treatment systems for the removal
of chemical contaminants from shower and laundry wastewaters. Given the
low toxicity of these wastewaters and the constraints imposed by field
Army operati ons , it was a further objective to assess the relative
merits of treatment systems for various levels of treatment.

On the basis of a literature survey and relevant experience , five
representative wa stewater treatment systems were evaluated which
appeared to be particularly promising for treating shower and laundry
wastewaters generated by field Army units. The relative system per-
formances at 70-90% conversion were estimated from calculations of the
concentrations of nine problem contaminants present in treated waste-
water which had been recycled an infinite number of times. The problem
contaminants consisted of six organic chemicals rank-ordered I rom the
list of total contaminants based on hi gh concentration , low removal
efficiency, and toxicity; and three inorganic chemica ls selected from
the list of total contaminants based on hi gh concentration . Of the five
systems evaluated , the system producing the h i ghest pur i ty water was a F

system which included an ultrafiltration L .nit followed by a reverse
osmosis unit. A system which may be more practical for the g i ven
application was dilution , filtrat ion and dis infec t ion .

B. WASTEWATER TREATMENT SYSTEMS

The five wastewater treatment systems considered in this engineer-
ing evaluati on all incorporate treatment and recycle of 70 to 90%
of the shower and laundry wastewaters. This recycle , in effect ,
multiplies the avai lable water supply three and one-third to ten-fold
for shower and laundry purposes. The char acteristics of the treatment
systems are considered in terms of: recycle mathematics , treatment
systems , and unit process characteristics.

1. Recycle Mode l

A generalized flow schematic for a wastewater treatment system
with partial recycle is shown in Fi gure 1. Wastewater enters the system
at a volumetric flow rate of Q liters per minute with a contaminant
concentrat ion X 1 mg/liter . This concentration , X1, is , for shower
wastewater , the concentration of a particular substance in the shower
water due to the initial use of fresh water. It is the contaminant
concentration as the water enters the shower drain. The water passes to
Treatment Process 1 (Unit Process 1) and to Treatment Process 2. In
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con tam inant input
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X Y  X
1 /

Showe r/Laundry ~~
‘

+ 1 = X Y  y = (l-R 1 )(1-R ,):

(l-:)Q,
mak e-up wa ter

Un it Process 1 Unit Process 2
ZQ, treate d was~~ i t ~ r

(l-Z)Q, concentra te di sc ha rge

chemical contaminan t concentrat ion in w a s t e w a t e r  res u lt i n Q from
shower/laundry operation , mg/l iter.

Q = volumetr ic flow rate of wastew ater , liter /mm .

removal efficiency for process 1.

= removal effici ency for process 2.

Z conversion , fraction of wastewater recycled.

X~ Y = chemical contaminant concentratio n in recycled water prior to
reuse after n recycles .

X fl+j = chemical contamina nt concentration in wastewater following n
recycles.

y fract ion of unremoved chemi cal contam inant fol low ing each cycle.

FIGURE 1

WASTEWATER TREATMENT SYSTEM FLOW SCHEMATIC
17
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these Processes the water is treated to remove a portion of the contain -inant. A portion of the wastewater , (1-.Z)Q, is disch arged. The treated
por tion of the wastewater , ZQ, togeth er with fresh make-up water ,
(1- )Q, is recycled to the shower (or laundry ). As the water is reused ,the contaminant concentration builds up to a limit whi ch is a function
of the tr eatment effi c ien cies (R 1 & R7) and water conversion ().
The effects of these factors are described quant~tat ivei y for a single
contaminan t , X . The mathem at ical treatment applies separately to each
Contaminant since treatment efficien cies vary from cont aminant to
contamin ant.

It is assumed that the treatment system is operated at constant
conversion (Z) and that the circulation rate of the recycle is constant
due to the additi on of uncont aminated make -up water . It also is assumed
that there is a constant input of contamin ants from the shower/laundry
operation (xi) which is additive to the contaminants present in therecycled water (X e ) .

The fraction of unremoved chemi cal contaminant for each cycle
(y) is a functi on of the removal effici encies for the two processes(R j and R2) and the conversion :

y = (1-R j)(1—R 2)Z (1)

The cc,,itaminant concentr ations after an in finite number of recycles may
be expressed as the convergent infinite series.

x x1 ( 1 + 
~~~~~ 

(2)

Thus , there is an upper limit on the concentration build -u p of
wastewater contamin ants. See App endix I , p. 55 , for the derivati on ofequation (2). As wil l be demonstrated below , for 80% water recycle
the system with zero treatment efficiency gives a five-fold bui ldup in
contaminant concentrati on and the system with hi ghest treatment
efficiency shows virtually no build -up .

2. Treatment System

five wastewater treatment systems were selected for evaluation :

• ultr afi ltration , reverse osmosis

• ultrafiltration

• activated carbon adsorption , ion exchange

18
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• ERDLator

• dilut i on

Two of the systems were chosen on the premise that a system consisting
of processes for removing suspended solids followed by processes for
removing dissolved solutes would be required for reliable system perfor-
mance. The other three systems were selected on the premise that
satisfactory performance would be obtained by emp l oying only processes
typically used for removing suspended solids . A final step in each of
the systems would be some form of disinfection (e.g., hypochlorination ,
ultraviolet radiation , ozonation , UV-activated ozonation). Certain
methods of disinfection (e.g., hypochlorination ) have the added advan-
tage of destroy ing problem chemical contaminants (viz., urea).

An objective of this program is to determine the effectiveness
of the representative wastewater treatment systems for removing specific
chemical contaminants from wastewaters . Data are available on the
specific removal efficiencies for unit processes desi gned for removing
dissolved solids (e.g., IX , ACA , and RO). However , no such chemical -
specific data are available for unit processes generally employed for
removing suspended solids (e.g., DEF , UF , and DAF), and these data are
required for evaluating the wastewater treatment systems . For this
reason , an approach was developed for estimating removal efficiencies
which was based on comparing removal efficiencies for a suspended solids
removal process to those for a dissolved solids removal process. The
removal efficiencies whi ch were compared generally were total organic
carbon and total dissolved solds. The removal efficiency for a
suspended solids removal process was expressed in terms of a percentage
of the removal efficiency for a dissolved solids removal process. This
percentage was then applied on an individual chemical basis to supply
the data required for the evaluation of each system .

a. UF-RO System

This system would consist of ultrafiltration (UF) unit for
removing suspended solids followed by a reverse osmosis (RO) unit for
removing dissolved solids. The UF unit would function principally to
pretreat the wastewater for satisfactory operation of the RU unit.
Because free chlorine destroys polyamide RO membranes , a method of
disinfection other than chlorination may be required for operation in a
recycle mode . On the basis of studies with shower and laundry waste-
wa~ers~,6, it was estimated that the dissolved solids removal for UF
would be 40% of that for RO. The rejection of dissolved species by UF
is primarily a result of the adsorption of these species onto suspended
parti culates.
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Ultrafiltration (UF) and reverse osmosis (RO) are pressure-
driven membrane separation processes in which water selectively perme-
ates through a semi-permeable membrane while suspended and dissolv ed
species are rejected at the membrane surface . The mechanisms by which
rejection occurs are the following:

—- the “sieving ” mec h an i sm , in which constituents larger
than the membrane pore diameter are rejected , and

-- the “solution -diffusion ” mechanism , in which the per-
meability of the membrane to any constituent is pro-
portional to the product of its solubility in the
membrane and its diffusivity through the membrane .

Rejection by UF membranes occurs predominantly by the sieving mechanism ,
whereas rejection by RO membranes occurs predominantly by the solution -
diffusion mechanism. For UF membranes the degree of rejection is
determined solely by the size of the rejected species . For RO membranes ,
as the size of the rejected solute increases , its diffu sivity through
the membrane decreases resulting in a hi gher degree of rejection . On
the other hand , small solutes with hydrogen -bonding tendencies are
poorly rejected by RO membranes because of their hi gh diffusivity and
hi gh solubility in the membrane . Ionic species are hi ghly rejected by
interaction with fixed charges on the membrane surface. In general ,
ionic species and large organics will be hi ghly rejected by RO mem-
branes; small hydrogen — bonding organics and non -ionized acids and
bases will be poorly rejected.

There are three basic types of commer cially available
membrane modules: tubular , spiral -wound , and hollow -fiber. Spiral —
wound and hollow-f iber modules are more compact and less expensive than
tubular modules , but tubular modules are less susceptible to plugging by
parti culates and can be easily cleaned if fouled. In a practical
membrane module there are several factors which influen ce the concentra-
tion of feed at the membrane surface and thereby influence both the flux
(volume of effluent produced per unit membrane area per unit time ) and
rejection . If a module is operated at a si gnificant conversion , the
feed, in passing through the module , becomes progressively concentrated.
The higher the cnversion , the higher the average feed concentration and
the lower the average module flux and rejection.

b . tJF System

This system would consist of a UF unit containing membranes
having a smaller poros i ty (i.e., they are “ti ght”) than the UF membranes
which would be includ ed in the UF-RO s,ystem. On the basis of results of
studies with “tight” UF membranes ’, 4. 6, it was estimated that
the rejection of all contaminants by the UF system would be 50% of that
for an RO unit.
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c. Pretreat -ACA -IX System

This system would consist of a suspended solids removal ,
pretreatment unit (viz ., diatomaceous earth filtration (DEF) or dis-
solved air flotation (DAF)) followed by an activated carbon adsoprtion
(ACA ) unit to remove dissolved organic chemicals and an ion exchange
(IX ) unit to remove dissolved inorganic chemicals. Because the pre-
treatment requirements for ACA -IX are not as strict as those for RO , it
was reasoned that a unit less expensive and efficient than a UF unit
would be adequate. Based on studies with such unit s 3,7, it was
estimated that 30% of the RO rejection would be obtained by the pre-
treatment method.

Diatomaceous earth filtration (DEF) is a physical strain-
ing process which is used to remove suspended solids by virtue of
physical restrictions at the surface of a filter which has no appre-
ciable thickness in the direction of flow . A thin l ayer of precoat
formed around a porous septum is utilized in DEF to strain out the
suspended solids in the wastewater which passes through the filter
cake and septum . The driving force can be imposed by vacuum from the
product side or pressure from the feed side . As filtration proceeds ,
headloss through the cake increases due to solids deposition unt il a
maximum is reached . The cake and associated solids are then removed
by flow reversal and the proces s is repeated. Generally, the DE
filtration process is capable of removing suspended solids , but not
colloidal matter .

Dissolved air flotation (OAF ) is used as a sludge thick-
ening method , frequentl y in treating laundry wa stewater~°. The
objective of DAF is to concentrate suspended substances in a floating
l ayer which can be skimmed. The principal advantage of DAF is the
formation of a singl e l ayer for removal irrespective of suspended
material density . Difficult -to -settle particles are first flocculated
and then carried to the surface by large numbers of small air bubbles.
Bubble formation is caused by air saturation of a portion of the waste
stream using compressed air followed by bubble nucleation when the F.
stream is released to atmospheric pressure.

Ion exchange (IX) involves a solid phase containing bound
groups that carry on ionic charge in conjunction with free ions of
opposite charge which can be displaced. Ion-exchange resins are in-
soluble solid materials which carry exchangeable positive or negative
ions. These ions can be exchanged for a soichioinetrica lly equivalent
amount of other ions of the same si gn when the resin is in contac t
with an electrolytic solution . The exchange process is reversible.

The characteristic properties of ion-exchange resins are
due to their structure. They consist of a crosslinked polyelectroly-
tic framework which is held together by chemical bonds. This framework
forms a hydrophobic matrix which is an irregular , macromolecular ,
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three-dimensional network of hydrocarbon chains. The resins are made
insoluble by the introduction of cross l inks which interconnect the
hydrocarbon chains. The matr ix carries hydrophil l ic ionic groups ,
such as carboxyl groups ,. which g ive it a net sur plus charge. This
charge is compensated by ions of opposite si gn cal led counter - ions.
The counter-ions are free to move within the framework and are the
ions that are replaced by other ions of the same sign from the solu-
tion. The ion—excha nge capacity of a resin , expressed in mil l iequiva—
lents per gram of resin , is a measure of its counter-ion content at
equilibrium. This capac i ty is a constant and is determined by the
magn itude of the matrix charge.

The degree of cross linking of the matrix and the charac-
ter and number of the fixed ionic groups enable ion-exchange resins to . 

-adsorb certain counter -ions preferentially, based on their size,
valence , or electrostatic interactions. Because of this ability
selectively to adsorb charged substances from feed streams , io n-
exchange resins have been emp l oyed in various separati on processes.
However , the nature of this adsorption process precludes continuous
operation of a fixed bed of resins unles s a resin regeneration period
is included as part of the process.

Activated carbon adsorption (ACA ) is used for removing
organic chemicals from water. There are a number of facto rs whi c h
influence the extent to which organics adsorb on activated carbon .
These incl ude the carbon surface area, the nature of the organics ,
interactions with other solutes , the pH , the temperature , and the
nature of the carbon. Of these the most critical factor is generally
the nature of the organi cs present in the water. As a rule , the more
insoluble (hydrophobic) a contaminant , the better it is adsorbed by
activated carbon.

A number of sequential steps are involv ed in the adsorp-
tion of organic molecules. First , molecules in the bulk of the
solution must mi grate to the carbon part ic le. Then they must migrate
across a liquid f i lm surrounding the part ic le , and thus into a pore .
Thereafter they mi grate through the pore to finally come to rest on the
ul t imate adsorpt ion s i t e .  Wh en a l l  of the a v a i l a b l e  s i t es  are
occupied , the carbon particle is in equilibrium with the surrounding
solution , and its capac i ty for further adsorption is exhausted .

Three pr inc ipa l  fa c to rs  a f fect  the ease w i t h  wh ich
organic compounds are adsorbed: polarity, structure , and molecular
weight. Highly polar molecules are generally more water soluble and
poorly adsorbed . Molecular structure affects the ease with which the
molecules attach to the surface of the carbon part icle (e.g.,  aromatic
rings are conducive to adsorption). Molecular weight affects the ease
of adsorption through two effects: solubil i ty and surfac e attraction .
The h i gh molecular weight compounds are generally less soluble , and

22

— 5 - i  
~~~~~~~~~~___ -5



_ _ _ _ _ _  
_____ -

and consequent ly  more e a s i l y  adsorb ed.  In addition , t h e su rf ace
attraction is genera lly greater for large molecules , so that they are
more eas i l y adsorbed .

The extent of the adsorption is inf luenced by the equil i-
brium adsorption capacity and the rate of adsorption , which  can be
determined from adsorpti on isotherm and column tests .  The two major
parameters for desi gning an adsorption system are:

(1) Contact time - which indicat ’?s the amount of carbon
required at any g iven time , and thus , determines the
size of the equipment and the capi ta l  cost .

(2) Carbon usage rate - wh ich indicates the rate at whi ch
the carbon must be replaced , and thus defin es the
operating costs of the system . Once the contact time
is determin ed , the carbon usage rate can be deter-
mined through a column test.

d. ERDLator System

This Army system , an upflow c lar i f ier , ori g i na l l y  desi gned - -

for sol ids removal has also been used for removal of organ ic compounds
from water by sorption onto act ivated carbon. For the present app l i ca-
tion this system would consist  of powdered carbon plus polye lectrolyte
addit ion fol lowed by hypoch lorination and a pressure diatom ite f i l ter .
On the basis of removal ef f ic iencies using such a unit for total organic
carbon , hexane solubles , detergents , sal ts , and suspended so lids 1, it
was estimated that the rejections of individual chemical contaminants
would be 75% of those for ACA .

e. Dilut ion System

The f i f th treatment system is simp ly a dilution system
wherein a portion of the wastewater is discarded and fresh make-up
water is added. A sand f i l ter is assumed for removal of gross parti-
culates and a chlorination unit for disinfect ion .

C. WASTEWATER COMPONENTS AND TR EATABIL ITY

Wastewater component s and t reatabi l i ty  are considered in four
sections: Wastewater components , chlorination and ozonation products,
treatabil ity for each unit process , and system performances for chal-
lenge contaminant s.
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1. Wastewater components

Wastewater components are l isted in Tables 5 , 6 , and 7 wi th
concent ra t ions expe cted to be present a f te r  a s ing le water  use.

2. Chlorination and Ozonation Products

Chemicals could be created during the dis infect i on of treated
wastew ater s . Chlorination could result in the formation of chlorinated
organic chemica ls , and ozon a t ion  could resu l t  in the format ion  of
partial ly oxidized organic chemicals.

Hypochior ination is an attract ive method for disinfection ,
especial l y in this application , because it offers the added feature of
destroy ing a diff i cult-to-remove contaminant , urea. Total removal of
urea can be accompli shed in practice by using twi ce the stoich iometric
quantity of hypochiorite , according to the fo l lowing equation:

(NH2 ) 2 C0 + 3H0Cl-’~ N2 + 2H20 + CO 2 + 3HC 1

For the predicted urea concentra tion of 13 ppm in laundry and
3 ppm in shower wastewaters , the concentr ation of 0C1 required for
complete urea des t r uc t ion  would be 67 and 15.5 ppm , respec t i ve ly .
One half , or 33.5 and B ppm, of the OCl would remain in solution .
Since in a saturated solution of chlorine , the concentrati on of HOC 1
is one half of that for C l 2 , the equiva lent  concentrat ions of Cl 2would be 92 and 21 ppm. These concentrations of Cl 2 would be avail-
able to react with the organic chemicals present in the wastewaters.
The concentrations of the created chemicals would be determined by
the chemi cal reaction kinetics , and limited by either the concentration
of the precursor chemical or the concentration of Cl 2.

Chemical groups like ly to be chlorinated include:
- A l kanes
— Aromatics and alkyl aromat ics
- Carbonyl compounds
- Amines and amides
- Carboxylic acids

A limited number of chemicals were selected for the engineering evalua-
tion . Of primary concern here are those organic chemicals which are
likely to be chlorinated and are poorly removed by RO and ACA. Some of
these chemicals which could be formed by chlorination of laundry and
shower wastewat ers are listed in Table 8.
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Ozonation is an attractive method of disinfection , especially
for membrane -systems operated in a recycle mode in which the membranes
could be destroyed by free chlor i ne . Incompl ete ozonat ion , however ,
can produce partially oxidized organic chemicals. Some of these
(e.g., epoxides and dio ls) could be carcinogenic.

Treatment efficiencies for chlorination and ozonation products
were not considered in the present report .

3. Wastewater Treatabil ity - Unit Processes

The efficacy of the unit processes and systems for remov ing the
shower and laundry contaminants from wastewaters is discussed in this
section . Several simplif ying assumptions were made:

- Insoluble chemicals which are solid at room temperature
would be 100% removed by any of the seven unit processes .
This applies to 19 contaminants.

- Insoluble chemicals which are liquid at room temperature
would be 100% removed by both ACA and RO. These chemicals
plus the large organics (i.e., C~, n> 8) account for 35
chemicals. Both types would be 100% removed by ACA and RO.

- Inorganic salts would be approximately 100% removed by RO
and IX , but 0% removed by ACA . This applies to 18 contam-
inan ts.

- Organic chemicals would be 0% removed by IX. The IX removal
efficiencies for inorganic chemicals are the same as the RO
removal efficiencies for inor gan ic chemicals.

- The most important group of chemical contaminants consists
of water soluble organic chemicals which are small and
polar. These chemicals are poorly removed by both RO and
ACA , and are discussed in detail below . This applies to
12 contaminants.

Because it is assumed that the removal efficiencies for all
of the unit processes can be expressed as a function of the removal
efficiencies for RO and ACA , estimates were made of the RO and ACA
removal efficiencies for each of the contaminants in shower and
laundry wastewaters. These removal efficiencies were estimated on the
basis of published data 7~

9 and related practical experience . The
removal efficiencies are listed in Table 9.
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TABLE 8

CHEMICALS FORMED BY CHLOR I NATION

Precursor Chemical Created

Ethanol Cl-CH 2.-CH2-OI1
2-chloroethanol
(ethylene chlorohydrin)

Isopropy l alcohol Cl-CH 2-CH-CH3

OH
l-chloro -isopropy l alcohol

O 0
II I I

Urea Cl-HN-C-NH 2, C1 2-N-C—NH 2
mono and di-N-ch loroamides

Lactic acid CH3-CH-C
~~~Cl

OH
acid ch l oride

Cl -CH 2-CH-C

\
\OH

chioro acid

,
,~H2CH20H

Triethanolamine Cl-N-CH2CH2OH
diethanolchloroamine

Propylene glycol Cl-CH 2-CH-CH2

OH OH

3-chloro propylene glycol
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TABLE 9

PRED !CTED ACA AND RO REMOVAL EFFICIEN CIES

Removal E fficienc ies (%)

Substance ACA RO

Alum ina * *
Alum i num ch loro hydra te 0 98
A lum inum chl or id e 0 98
Alum inum formate 40 80
Aluminum hydroxide * *

Alum i num lf ate 0 98
Ammon ium a’um 0 98
Ammon i um laury l sulfa te 100 98
Bees wax * *
Bentone gel 0 98

Boric ac id 40 65
Calcium carbonate * *
Castor oil 100 100
Cety l alcohol 100 100
Coconut diethano lam ide 100 100

Coconut oil 100 100
Dicalc ium phophate 0 98
N,N-diethy l-m-to luam ide 100 100
Epithe lium * *
Ethanol 10 30

Ethoxylated laury l alcohol 100 100
Fluorescent whitening agents - -
Glycerol 25 80
Glycerol monostearate 100 100
Hair * *

Hexach l orophene 100 100
Isopropy l alcohol 40 85
Isopropy l myristate 100 100
Jamaican rum 100 100
Kaolin , colloidal 10 30

* Inso l uble in water , would be removed during pretreatment
step if solid; if li quid , would be removed 100% by ACA
or RO.

- Not enough information for a prediction .

- _ 

27 

- .-



7

TABLE 9 (Continued)

PREDICTED ACA AND RU REMOVAL EFFICIENCIES

Removal Eff iciencies (%)

Substance ACA RO

Kaol in i te * *
Lact ic acid 60 60
Lano l in 100 100
Magnesium carbonate * *

Magnesium oxide * *

Methyl paraben 100 100
Mineral o i l  100 100
Ole ic acid 100 100
Petrolatum 100 100
Polyethylene sorbitan monostearate 100 100

Potass ium 0 lOU
Potassium hydroxide 0 100
Potassium oleate 80 100
Propxylated PABA 100 75
Propylene glyco l 35 80

Protease 100 100
Silica flour * *

Sodium alkylbenzene sulfonate 100 100
Sodium carbonate 0 100
Sodium carboxymethy l cellulose 100 100

Sodium chloride 0 98
Sodium 4-ch loro-2-pheny lpheno late 100 100
Sodium 6-ch loro-2-phenylpheno late 100 100
Sodium dodecyl benzene sulfonate 100 92
Sodium fluosi licate * *

Sodium hydroxide 0 98
Sodium hypoch lorite 0 Destroys most

membranes
Sodium lauryl sulfate 100 92
Sod i urn-ortho-pheny i pheno late 100 100
Sodium saccharin 100 100 k

* Insoluble in water , would be removed during pretreatment
step if solid; if liquid , would be removed 100% by ACA
or RO.

- Not enough information for a prediction.
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TABLE 9 (Continued)

PREDICTED ACA AND RO REMOVAL EFFICIENCIES

Removal Efficiencies (% )

Substance ACA RO

Sodium silicate 0 98
Sodium stearate 100 100
Sodium sulfate 0 98
Sodium tripolyphosphate 0 98
Sorbitan monostearate .~0O 100

Sorbitol 75 85
Spermaceti - -
Stannous fluoride 0 98
Sulfonated castor oil 100 100
Sulfonated olive oil 100 100

Ta lc * *Tal low * *
Tannic acid 100 100
Tegacid - -
Tricalcium phosphate 70 90

Triethanolamine 70 90
Triethanolamine alkylbenzene—

sulfonate 100 100
Tween 80 -

Ultra-wet 60L 100 100
Urea 5 35

Veegum 0 98
Vegetable oil 100 100
Vola tile silicone * *
Zinc chloride 0 98
Z inc steara te * *
* Insolu b le i n wa ter, would be removed during pretreatment

step if solid ; if liquid , would be removed 100% by ACA
or RO.

— Not enough information for a prediction .

- -  - ___ - 
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4. System Performance for Challenge Contaminants

By apply ing simplifying assumptions , the removal efficiencies
for the wastewater treatment systems (REs) can be expressed in terms
of the reverse osmosis rejection (R), the activated carbon adsorption
removal efficiency (A), and the combined effect of activated carbon
adsorption removal for organ i cs and ion exch ange removal (assumed equa l
to RU) for inorganics (AR). The expressions for RE 5 are given as
follows :

Co
In general , RE s = 

C
1 

— - 
C 1

wP~ere C1 = initial concentration of chemical contaminant in wastewater
C0 = final concentration of chemical contaminant in treated effluent

For the UF-RO system,

RE S1 = 1 - [(1-0.4R)(1-R)] = 1.4R-0.4R2 (3)

For the UF system ,

RE S2 1 - [(l-0.5R)) O.5R (4)

For the Pretreat -ACA -IX system,

RE~3 I - [(l-O .3R) (l-AR)] = l.3R - O.3R 2 for inorganic compounds (5)
= A + 0.3R - 0.3AR for organic compounds (6)

For the EROLator system,

RE S4 = I - ((l-0.75A)] 0.75A (7)

The RE S values apply to concentration prior to the addition of make-up
water . The corresponding fraction of contaminant not removed is I -RE 5.
Including the effect of dilution with make-up water one obtains

y = (l-RE 5) Z (8)

where y and Z are the variables given in equat i on 1 and Figure 1 .
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of the many contaminants of shower and laundry wastewaters , the evalua-
tion was based on removal efficiencies for nine problem contaminants
which would pose a challenge to the five systems . The shower and
laundry wastewater contaminants were rank ordered based on:

- high concentration of water soluble chemicals in wastewater

- low removal efficiency for both RO and ACA

- hi gh toxicity at the ~4astewater concentration

These three factors were wf.i ghted equally to g ive a list of nine
chemicals which would pose a challenge to the wastewater treatment
system:

1 - ethanol
2 - urea
3 - isopropy l alcohol
4 - lactic acid
5 - triethanolam i ne
6 - sodium carbonate
7 - sodium chloride
8 - sod i um sulfate
9 - glycerol

The treatment efficiencies of Table 10, together with equa-
tions 2-8, can be used to calculate contaminant concentrations in
wastewater for an infinite number of recycles. Concentrations of these
nine challenge contaminants were calculated . The chemical concentra-
tions in treated , recycled water prior to reuse for an infinite
number of recycles (x y) were calculated for the five systems at 70,
80, and 90% conversion and are given in Tables 11. 12, and 13, respec-
tively. Data used to prepare these tables are shown in Ap pendix
III.

31
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TABLE 10

PREDICTED ACA AND RO REMOVAL EFFICIENCIES
FOR CHALLENGE CONTA M INA NTS

Remova l Efficiencies (%)

Su bstance ACA RU

Ethanol 10 30

Glycerol 25 80

Isopropyl alcohol 40 85

Lactic acid 60 60

Sod i um carbonate 0 100

Sodium chloride 0 98

Sodium sulfate 0 98

Triethariolamine 70 90

Urea 5 35

32
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0. DISCUSSION AND CONCLUSIONS

Engineer ing aspects of treatment and reuse of water for non-potab le
purposes have been reviewed and sufficient data are available to allow
the choice of a prototype wastewater treatment system for short-term
field Army use. However , choice of such a system depends not only on
engineering factors but also on: supply and support logistics , tactical
requirements , toxicology and esthetics. Given that toxicity appears to
be a minor factor , it would seem that logistics , tactical requirements
and esthetics will be the dominant factors in system specification .

Requirements for short-term use (7 days or less) may be such that
madng do with a very limited water supply may be preferable to trans-
porting and maintaining a wastewater treatment system to provide high
quality water . Alternatively, short-term reuse of wastewater with
minima l treatment may be the best tactical choice in situations where
esthetics are secondary to function .

If log istics and tactical requirements are the dominant factors
governing the choice of a wastewater treatment system , one may consider
engineering and procedural solutions to the problem of getting maximum
use from limited supplies of water . Six topics bear on a wastewater
treatment system for short-term use:

• General consi derations

• Engineering systems versus conversion ratio

• Special product formul ations

• Pre-rinse

• Simplest system

• Sophisticated treatment systems

1.. General Considerations

The most important procedural factor which should be considered
is the possible danger of using treated laundry wastewaters for shower
use. Several types of materials potentially present on clothes could
present serious risks to the health (combat read i ness) of Army person-
ne l. These materials include : biological agents , chemical agents ,
lubrication products , solven ts, fuels , and septic wastes. It is recom-
mended that treated laundry wastewaters not be used for showers.
Treated shower waters might , however , be used for l aundering. It seems
likely that conservation of water in l aundries may be limited to the
norma l practice of counter-current flow of laundered i tems and water ,
with the cleanest water being used for final rinsing of laundered
products.
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2. Engineering Systems Versus Conversion Ratio

Data of Tables 6-8 were assessed to determine , for each treat-
ment system, the poorest removal efficiencies . These poor removal
efficien cies and similar data for conversion ratios below 70% are
plotted in Figure 2. This figure can be used to assess the effects of
various conversion ratios and treatment systems on the build -up of
difficult -to-treat wastewater contaminants.

A hypothetical case is considered in which health , esthetic , or
cleansing criteria dictate that wastewater contaminant build—up be
limited to a 3-fold concentration increase. For either the UF-RO or the
ACA -IX systems this presents no prob l em since at all conversion ratios ,
buildup is no greater than 1.2. For the UF system , the contaminant
build up is less than 3-fold for conversion ratios below 0.87.

For the ERDLator or Dilution systems, conversion ratios are
limited to 0.75 or less. Thus , if 75% conversion ratio is adequate ,
any of the systems would do in this hypothetical case. If 85% conver-
sion ratio is required , only three of the five systems qualif y.

3. Special Product Formulation

An alternative means of improving water reuse would be to
use specially formulated products in showers or l aundries . Concentra-
tions of potentially toxic substances could be lowered . Products could
be reformulated to function at higher leve ls of total dissolved solids.
Such products are presently available for such applications as washing
with saline water .

4. Pre-rinse

An operational procedure which could be imp l emented as
required would be to require a shower pre-rinse and/or l aundry pre-wash.
These pre-rinse and pre-wash waters would be the waters marked concen-
trate discharge in Figure 1, which in the case of the “dilution system”
would be as clean as the treated wastewater . After use, the pre-rinse
and pre-wash waters would be discarded without treatment.

5. Simplest Treatment System

If it meets health and esthetic criteria (yet to be sped —
fied), a simple dilution system with a sandfi lter and chlorination would
be an eminently practical system for maximizing use of limited water
supplie s . Such a system, consisting of a sand filter , flow splitter and
chlorination unit could be constructed as a li ghtweight , very reliable
unit possibly as a part of a portable shower or laundry unit. It would
be not so much a system but rather a means of replumbing existing
showers an d l aun dr ies to a l lo w for wa ter reuse as necessa ry .
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6. Sophisticated Treatment Systems

Sophisticated systems for wastewater treatment are not
likely to be chosen for applications involving short-term reuse for
non-potable uses such as showers and laundries of field Army units.
Apparentl y, the logistica l factors are such that , for the short time
periods involved (7 days or less) field Army units will use existing
systems; use simple treatment systems; or do without showers and laun-
dries. For larger periods of time , the options are supplying water by
pipeline with only a single quality water (potable) or installing and
operating wastewater treatment systems to supply water for non-potable
uses.

In conclus i on , many factors will affect the choice of a
wastewater treatment system to provide water for short-term reuse in
showers and laundries by field Army units. Toxicity data from the
compan i on report entitled “Health Effects Data on the Reuse of Shower
and Laundry Waters by Field Army Units: Toxicology Data on Individual
Com ponen ts,” indicate that these wastewaters are not expected to
produce toxic effects. The present engineering evaluation provides
sufficient data for choice of a treatment system to meet any particu-
lar health or esthetic criteria and water reuse goal. The more strin—
gent these criteria are , the more complex the required treatment
system is likely to be.
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TASK III - TOXICITY EVALUATION

APPROACH

Tox ic i ty  data were sought for each of the compounds predicted to
be present in shower or laundry waters (Tables 5, 6, 7 and 14). Oral ,
derma l and ocular toxicity were considered. The factors most strong ly
influencing the tox ic i ty  of particu lar compounds were assumed to be:
inherent chemica l  r e a c t i v i t y , chemica l  f o rmu la t ion  (e .g . ,  powder ,
su spension , emulsion , solut ion ),  transformation products (e.g. , products
of chlor inat ion ),  concentration , and exposure time . References l isted
in the bibliography were consulted for tox ic i ty  data. Data were as-
sembled on a compound-by-compound basis. Notat ions of test compound
concentration , test duration , etc. were made.

It is essential to point out that toxicity data are not ava ilable
in a specif ied set of tables. Rather they are an amorphous body of
approximations of the averaging of millions of observations in many
species of animals under a great variet y of experimental condit ions.

The data presented here have been c u l l e d  from the pub l i shed
observat ions of physicians , chemists and b iologists.  They have been
the results of research sponsored by pr ivate industry , research organi-
zations and governmental agencies. Data have often been presented wi th
entirely different bias and objectives. Differences in experimental -•
protocols and design , contradict ions in terminolog y and interpretation
as wel l  as gross omissions are r i fe and ever- present. The greater part
of the data has been accumulated through animal experimentation . Much
of it has not been d i rec t l y cor re la ted  or corroborated w i t h  human
exposure . Despite these deficiencies , steady improvement over the past
few decades is very evident and this effort is made to reveal the data
gaps and to show how they might be eliminated .

Human or anima l toxicity can be described as unwanted , harmful or
adverse effects on the individual. There are more than 20 factors that
can influence the toxicity of a chemical or compound. Factors which
may influence the toxicity of recycled shower and laundry wastewater
include:

(1) Inherent chemical reactivit y of each compound. Some
compounds such as kaolin are relativel y i nert while others such as
sodium hydroxide are very active in the ir interaction with animal
tissue or other chemicals.

(2) The chemical formulation of a compound may often determine
how active the product might be. The compound mi ght take the form of a
powder , solution , suspension of particles or an emulsion. It may also
be made more or less reactive by virtue of the solvent used .
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(3) Ch emical s may intera ct with each other . For examp le ,chlorin e blea ch and complex organi c compounds can react to form trans-formation products wi th entir ely different physi cal and physi ologica lacti vities than the start ing compounds.

(4) Fi nally, toxici ty is marke dl y inf luen ced by increas edconcentrations of most chemi cals and by increase in the time of expo-sure.
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RESULTS

The toxicity data for indi vidual wastewater components did notindicat e that human toxic responses would be expected from short-termshower or laundry water reuse by field Army units. However , at leastsome data were lacking for 36 compoun ds. Previou s Army -sponsored
toxicology testing of shower and laundry wastewaters gives furtherev i dence that no toxic responses are expected for the wastewaters.

Literature survey results are presented in detail in Appendi x II.For the concentrations of substances expected in shower , laundry, ormixed was~ewaters, available data do not indicate that toxic responsesare to be expected for shower and laundry water reuse. Compounds forwh i ch toxicity were not found are indicated in Table 15.

From an appraisal of toxicity data, it would appear that oculartoxicity is probably the most sensitive human endpoint of toxicity . Itis discouraging to note that in the compilati on of toxicity data , thegreatest data gap occurs in ocular toxicity in regard to activity ofthe pure chemical , at different concentrat i ons and for various times ofexposu re. 
•

Another area which may be very troublesome is the paucity of data
concerned wit h derma l sensitization and phot osensitization . Thefollowing list of compounds is illustrat i ve of chemicals that havebeen shown to cause dermal sensitization . Some of these are further
activated when skin so exposed is subjected to bright light such assunlight:

nickel propylene glycol
protease triethanolami ne
parabens sorb-i c acid
lanolin hexachlorophene
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TABLE 15

COMPOUNDS FOR WHICH TOXICITY DATA WERE LACKING

Compoun d Ora l Ski n Eyes

Aluminum ch l oride X
Aluminum formate X
Aluminum hydroxide X
Aluminum sulfate X
Benton i te X

Castor oil X
Cety l alcohol X
Corn starch X
Dica lcium phosphate X
Ethoxylated laury l alcohol X X X

Glycerol monostearate X X X
Isopropyl myristate X
Isopropy l palrnitate X X
Lanolin X
Magnes iu m carbona te X

Magnesium oxide X
Methyl paraben X
Potass ium o lea te X
Polyethylene sorbitol monostearate X
Propoxylated PABA X

Sodium-4-chloro-2-phenyl phenolate X X
Sodium-6-chloro-2-phenyl phenol -ate X X
Sodium dodecy l benzene sulfonate X X
Sodium ortho—phenyl phenolate X X
Sodi um saccharin X

Sodium silicate X
Sodi um stearate - X
Sodium sulfate X
Sorbitol X
Spermaceti X X X

Sulfonated castor oil X X X
Tegac id X X X
Tricalcium phosphate X
Veegum X X X
Wh i tening agents X X X

Zinc stearate X
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CONCLUSIONS

No protoco l has been established specifically for the assessment
of health effects due to shower and laundry water reuse. The present
assessment is based on the follow i ng assumptions :

(1) toxicity data are required for compounds at concentrations
expected in treated , recycled wastewaters.

(2) ocular and dermal exposures of several minutes duration
are to be expected ,

(3) oral exposures will be minima l , amounting to only a few
milliliters of recycled water per shower .

Since the consequences of ocular toxicity can be very serious to
the individual and to a unit’ s combat readiness , good estimates of human
ocu l ar toxicity (based on an imal tests) are important. Dermal irrita-
tion and sensitizati on data can be acquired through anima l testing or
with human vol unteers. Due to the minim al oral exposure , hi ghly
precise data may not be required .

Availabl e toxicity data are incomplete . Neither complete data for
indivi dual wastewater components nor complete data for well character-
ized wastewaters (synthetic or actual) are available. Such data as are
available indicat e that no toxic effects are to be expected from
short-term reuse of shower and laundry waters by field Army units.
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TASK IV - EVAL UATIO N OF ARMY SPO N SORED RESEARC H

Four reports of Army-sponsored research were evaluated to deter-
mine the extent to which they provided information applicable to
an assessment of the health effects of shower and laundry water reuse by
field Army units. These reports are considered below in chronological
order.

R.G. Tardiff and J. L. Mullaney prepared a report on “The Corn-
pounds in the ‘Must’ Waste Water as They Relate to Hazards in the
Product Water: A Toxicity Evaluation ” , (1973). Industrial product
identities and their concentrations were furnished by the U.S. Army
Medical Research and Development Command. Tardiff and Mullaney deter-
mined the concentrations of product components , performed a literature
search and provided lists of: (1) compounds requiring no further
study, (2) compounds requiring control (treatment) in product (recycle)
water , and compounds requiring additional study. The report was
extremely concise but adequately documented with references and appen-
dices. There was no discussion of the basis for compound classifica-
tion , no discussion of the effects of compound concentration or expo-
sure time on toxic responses , no discussion of the applicability of
retrieved data to water reuse , and no discussion regarding the speci-
fication of a toxicology protocol for wate reuse evaluation . Such
matters were left to the judgement of the sponsor. Much of the data
presented in the appendices applies to the compounds in concentrated
form and is thus not applicable to evaluations of water reuse .

Of the 104 compounds studied , three which appear in the present
report were found to require treatment: boric acid , hexachlorophene ,
and tripolyphosph ates . Three compounds were found to require further
study, N,N-diethy l-m-toluamide , isopropyl myristate , and oleic acid.

Bernard P . McNamara prepared a report , “Toxicology Program on
Certain MUST Wastewater Components ,” (1974). Included in his tests of
nine compounds (or mixtures ) were tests of two substances found in
shower wastewaters : pyrogallol and isopropyl myristate. The tests of
dermal absorption , skin irritancy , eye irritancy, and skin sensitiza-
tion were carefully performed according to accepted protocols. The
first three tests were performed with pure compounds according to
protocols not necessarily applicable to the evaluation of health
effects of water reuse. Isopropyl myristate was shown to be not toxic
by dermal sorpt i on , not a skin irritant , not an eye irritant , and not a
skin sensitizing agent. At the low concentrations expected in shower
wastewaters it would be expected to be non-toxic by these tests.
Pyrogallol was shown to be not toxic by dermal sorption , not a primary
skin irritant , a positive eye irritant , and a possible skin sensitizer.
At the low concentrations present in shower wastewaters , pyroga llol
mi ght or mi ght not be an eye irritant.
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Robert B. Grieves and Dibakar Bhattacharyya prepared a report
on “Membrane Ultraf l tration to Treat Non—Sanitary Military Wastes,” •

(1976). Their tests of synthetic and actual shower and laundry waste—
waters demonstrated that ultrafiltration can be used to effectively
treat these wastewaters to provide recyclable water up to at least 90%
water conversion . They provided wastewaters, ul t ra fi l tra te (permeate)
of trea ted was tewaters , an d concen trates of trea ted was tewaters to
Witherup and Emmett for toxicolog ical investigations.

Sylvan Witherup and Edward A. Emmett prepared a report on “The
Toxicity and Irritancy of Ultrafiltrat es of Non-San itary Military
Was tes ,” (1977). Witherup and Emmett tested the samples provided by
Grieves and Bhattacharyya as well as freeze—dry concentrates of the
samples . Except when the freeze-dry concentrates were used , no toxic
effects were noted in ocular , derma l , or oral toxicity tests. The
freeze—dry concentrates with solids contents in the range of 2 to 9%
did produce toxic responses as might be expected of many substances.
Though strictly applicable only to the wastewaters tested, the resul ts
of Witherup and Emmett tend to confirm that at least for some waste-
waters, neither the untreated nor treated wastewaters produce toxic
responses at concentrations expected in field Army situations.
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SUMMARY AND CONCLUSIONS

In attempting to assess health effects of water reuse, we have learned
that at least under certain conditions , limited water reuse is likely to
benefit the soldier . Benefits of water reuse can be maximized if , for a
careful ly defi ned reuse scenar i o, we delineate the basis for health
effects criteria. What kinds of tests under which conditions , an d on
wh i ch test groups, need to be performed to assess the health effects of
water reuse?

Of all possible kinds of water reuse, consideration has been limited
to short-term shower and laundry water reuse by field Army units.
These are hi gh-volume uses under field Army conditions which can be
readily segregated from other uses. Both the wastewaters and the
users of the recycled water are well-def ined and subject to a degree
of control which will minimize health impacts. One need worry neither
about septic wastes nor about unu sually sensitive water users (e.g.,
infants , elderly persons, or medical patients). Concern may be focused
on possible acute effects, since exposure would be too short to produce
chronic effects.

Results achieved to date indicate that it should be possible to treat
and reuse shower and laundry waters without any significant health
effects. Literature studies have uncovered no data to indicate adverse
health effects. Animal and human (skin patch y tests of wastewater and
wastewater concentrates indicate no adverse health effects (oral , dermal
or ocu l ar) at concentrations up to several times those expected in
treated , recycled water.

Since the present evaluati on suggests there will be no adverse effects,
what further tests are required to establish the safety, without ques-
tion , of shower and laundry water reuse by field Army units? If the
answer is to be obtained under conditions other than battlefield condi-
tions , human clinical trials must be performed .

U.S. Army Medical Research and Development Command Regulation No.
70-25, “Use of Human Su bjec ts i n Researc h Develo pmen t , Tes t , and
Eva l ua ti on ,” establishes procedures for conduct of human clinical
trials. This regulation specifies three conditions which must be
satisfied before and during the conduct of human clinical trials:
adequate scientific justification , adopti on of appropr i ate measures
to minimize risk , and adoption of administrative rev iew procedures .

• A human clinical trial is scientifically justified if the benefits of
the study (importance of the knowledge to be obtained ) outwe i gh the
risks to test subjects, and if the results are not obtainable except
by means of a human clinical trial. This is phrased in var ious ways
in paragraphs 1-5-2a , 1-5-2e, and 2-4-2a of the regulation .
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Measures to minimiz e risk to human test subjects include provisions
ror: qualified personnel to conduct the study (paragraph 1-5—2g and
2— 3a); consent of human test subjects (1-5-1); adequate facilities
for conducting the test and for administration of any medical treat-
ment that mi ght be necessary (1-5-2f , 2-3b, 2-3d); sufficient anima l
or laboratory experiments or other evaluations to give assurance of
acceptable risk prior to use of human subjects (1-5-2d); a written
research proposal to be reviewed either by HQDA (SGRD-RP) in the case
of civilian contractors or by HQDA (DASG-RDZ-H) in the case of USAMROC
laboratories (1-12); and research protocols (2-5 , 3-4a, 3-8). Of these
measures to minimiz e risk to human test subjects , conditions pertaining
to subject consent are covered in the most detail. Consent must be
voluntarily given and the subject must be fully informed of the value of
the tests and the risks associated with the tests. The subject must be
free to withdraw his consent at any t ime  prior to or during the study
without penalty . “It should be emphasized that the essence of volun-
tary, informed consent is a full discussion of the nature of the study
by a scientifically competent person with the prospective human subject ,
in the presence of a witness not directly involved in the project.”
Thus, the scientific justifi cation for the study and the risks of the
study are assessed by: the planners of the study, the qualified persons
conducting the study, and the subjects of the study .

Administrative review procedures have been specified to insure that
the spirit and letter of the regulations are followed. These proce-
dures include : Surgeon General approval of all studies before they
may commence (paragraph 1-6), filing of assurances and certificates
pr ior to study commencement (3—4, 3-5); establishment of a human use
committee with contin uing review responsibilitie s (2-4-1 , 2-4-2 ,
Appendix D); and detailed procedures for record -keeping to verify
compliance with regulation s (1-13).

It is recommended that consideration be given to:

(1) Preparation of an assessment of the benefits of short-term 
—

shower and laundry water reuse by field Army units. This assessment
should be phrased in terms meaningful to members of the U. S. Army
Medical Research and Development Command and other Army officials ; to
members of a human use Committee as defined in USAMRD C Regulation
70-25, paragraph 2-4-1; and to prospective human test subjects for a
clinical trial. At least preliminary estimates of acceptable engi-
neering configurations and performance characteristics of suitable
wastewater treatment systems should be specified , including a target
value for the extent of water recycle.
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(2) Preparation of an assessment of acceptable risks associated
with short -term shower and laundry water reuse in a combat situation .
Topics covered migh t include di gest ive tract i rr i tat ion due to acci-
dental ingestion , skin irritation , and eye irritati on.

(3) Preparation of criteria defining acceptable risks for human
test subjects in clini cal trials of water reuse. Acceptable (and
unacceptable) toxic symptoms should be defined together with the
minimum professional qualifi cations to be possessed by the person or
persons responsible for evaluation of toxic responses in human test
subjects.

(4) Preparation of a protocol for animal studies desi gned to assess
the possibility of human toxic response to shower and laundry water
reuse . The protocol must specify the composition of products to be used
during showering or laundering, the wastewater treatment system to be
used and its mode of operation , chemical analysis to be performed , and
responses to be monitor ed . It should also spec i fy criteria for test
adequacy , i.e., criteria for cessation of animal tests and for consider-
ation of human clinical trials.

(5) Preparation of a protocol for human clinical trials of short—
term shower and laundry water reuse. It is assumed that human clinical
trials would be proposed only after assessments have been completed for:
benefits to be expected , acceptable risks in a combat situati on , accep-
table risks for human test subjects , and likely risks for test subjects
as projected from anima l studies. The human use protocol should then
focus on early detection and treatment of toxic symptoms which mi ght
arise during the course of the clinical tr ials.
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It is assumed that the treatment system is operated at constant
conversion (Z)  and that the c i rculat ion rate of the recycle is constant
due to the addit ion of uncontaminated make-up water . It also is assumed
that there is a constant input of contaminant s from the shower /laundry
operation (x i) which is addit ive to the contaminants present in the
recycled water (xn).

The f r act ion of unremoved chemica ~ contaminant for each cycle
(y) is a function of the removal “f f ic iencies for the two processes - 

-(R 1 and R2) and the conversion :

y (i-R 1)(i-R 2 )Z ( 1)

The contaminant concentrations after one cycle (x2, n 1), two cycles
(x3 , n— 2), and three cycles (x4, n= 3) are given as

X2 = X~y+x~
x3 = x~y+x~
X4 = X3y+x~

The equation for x~ as a function of xi and y is

x4 = [(x~y+x1)y÷x~] y+x~
= x1 + x 1 (y +y +y)

By induction , the contaminant concentration after n cycles (xn+i) is
gi ven as

xn+i xi (i+Sn)

n
where 5n = :yk

k = i

The seri es S~ is a geometrical progression with common ratio y which
is also given as

s — y(l-y~)
1 -y

Theref ore,

X~~1= X1 [1 + 
_________ 

(2)
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For an nf in i t  e number o f rec yc l e s , the expr~ c si or-i s im p l if i e~ a’~fo l lows :

11 n+lSince y ‘~ 1 and S + y ( l-v ) v y

l-y 1-v l~y
as ii -‘ - , 

~~~~~~~~~ 0 and S

Therefore , for the convergent in f in i te series

= x 1 (l ÷ Y ) 
_____ (3)

Thus , there is an upper limi t on the concentrati on build -up of
wastewater contaminants . In the worst case , where the contaminant
passes una f fec ted  throug h the t reatmen t  system (or wh ere there is
no treatment other than dilution with mak e-up water), t he frac ti on
of unremoved contaminant per cycle becomes equal to the recycle ra t io :

= xl

l-~
For 80% recycle and zero removal efficien cy

xlx = = 5 x 1
l-0.~10

Svct ~ ms w i t h  the highest treatment e f f ic ienc ies for part icular
cont a m inint s chow v i r t ua l l y  no build-up of thos e contaminants. An
e~amp l~-’ ~s t h .~ t’ffectivene ss of the tJF-RO system in removin g dissolved
sa lt s ~~u i h  iS  .~~1iij m ch lor ide arid sodium su l fa te .
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Chemical created :

Cl - CH~ - CH - OH MW 80.51
2-ch loroeth ano l vp 10 ton -

~ 3O~C

(eth ylene chiorohydrin ) bp 129”C
1 ’ )p

~ sol . H20
~ sol . ethanol

Precursor:

Ethanol

Concentration of precursor:
>100 ppm

Predicted concentrati on of created chemical
limited by C l2 concentrat ion *, 25 ppm max.

Biolog ical effects data for created chemical

TLV TWA 1 ~pm STEL 1 ppm skin effects
skin 3 mg/m~ 3 mg/rn3

Has produced fatal poisonings. Is espec ia l ly  dangerous because is not
irritating in inhale , and is rapidly absorbed through the s k i n  either as pure
liquid or from water soluti on. The lethal dose for man is <5 ml w hen held in
contact with skin. Inhalation of 2 ppm for 1 hour was fatal for rats.

LDL 0 = 5000 mg/kg (skin-human), LD50 = 580 ~g/kg (oral-rat)
LCL 0 = 32 ppm/4 hour (inhl rat).

Effects of created chemical at predict ed concentration : Could be a serious
problem even in trace amounts .

Carc i nogen analog: epich lorohydri n , viny l chlori de
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Chemical created :

Cl - CH2 - CH - CH3

OH
l-chloro-isopro pyl alcohol

Precursor:
Isopropy l alcohol

Concentration of precursor:
>100 ppm

Predicted concentration of created chemical:

limi ted by Cl 2 concentration *, 25 ppm max .

Biological effects data for created chemic al

Presumed similar to ethy l ene chlorohydri ne
Fcr 2-chloro-l-propanol (UA89250)

L0 50 = 220 mg/kg (oral-rat)

LCL 0 500 ppm/4 h (inhl-rat)

LDL 0 = 200 mg/kg (oral-dog)
LD 50 = 480 mg/k g (skin-rabbit)
L050 = 720 mg/kg (guinea pig-oral)

Effects of created chemical at predicted concentration : Mo data available.
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Chemical created :

Cl - HN - - NH 2, Cl 2 - N - - NH 9
mono and di-N -ch lorarn ides

Precursor:

urea

Concentrati on of precur sor:
10 ppm 

t

Predicted concen tration of created chemi cal:
>9O~ should be destroyed by Cl 2; 1 ppm max. remains

Biological effects data for created chemical: No data availab le.

- 
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Chemical created :

0 0
I /

CH~~- C H - C  , C 1 - C H ~~- C H - C
J

OH Cl OH OH

acid chloride chior acid

Precursor :

Lactic acid

Concentration of precursor:

3 ppm

Predicted concentration of created chemical:

1 ppm

Biolog ical effects data f~r created chemical:

For 3 - chioropropionic acid (UE87500) 
- -

LDL0 = 1 ,040 mgjkg (skin-mouse)
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Chem ical created :

CH~CH OH
~. 2Cl - 

~~~~ CH 2CH
2OH

dietha nojchloroarnin e

Precursor:

Triethanol amjii e

Concentration of precursor: 

LS ppm

Pred icted concentration of created chemi cal :
2 pprn
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Chemical created :

Cl - CH
2 

- CH - CH
2

OH OH
3-chloro propylene glycol
1-chloropropane-2 ,3-dio~

Precursor:
Propylene glycol

Concen tra ti on of precu rsor :
<200 ppb

Pre di cted concen tra ti on of crea ted chem i cal :
<1 00 ppb

Biological effects data for created chemical:
For 1-chloropropane-2 ,3-d-jol (TY40250)

LD 50 = 150 mg/kg (oral-rat)
LCL0 = 125 ppm/4 hr (inhl-rat)
LDL Q = 10 mg/kg (ipr-rat)
LD50 = 160 mg/kg (oral-mouse)
L0 50 = 73 mg/kg (ipr-mouse )
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APPEND IX III
DATA ON WASTEWAT ER TREATM ENT SYST EM PERF ORMANC EIN A REC YCLE MOD E
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APPENDIX IV

TOXICOLOGY DATA ON IND I VIDUAL COMPONENTS
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A lkyl aryl sulfonate AZ 84000*

Human Body Use: Synthetic anionic detergent

Toxic ity :

Ora l : Ra ts: LD50 2320 mg/kg
Mouse: LD50 2010 mg/kg
Rabbit: L050 1730 mg/kg
Hams ter: LD50 1131 mg/kg

Skin: Mild irritant

Eyes: Probably irritating H

A lumina (powder) A1203 H

[1344-28-1] A071-9664

Human Body Sur face Use: Too thp aste

Toxicity :

Oral: None

Skin: None

Eyes: Insoluble mechanical irritant

Aluminum chloride 80 05250* Aid 3

Alum inum trich lor ide

Human Body Use: Antiperspirant

Toxicity :

Oral:  Ra ts: LD50 3700 mg/kg
Mouse: LD50 3800 mg/kg
Human: Highly toxic

— Skin: Slight irritation

Eyes: ?

In hala ti on: -

* Access ion No. , Re gi stry of Tox ic Effec ts of Chem ical Su bstances ,
1977.
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Aluminum chlorhydrate BD 05250* A 1C1 3.H20

Human Body Use: Antiperspirant

Toxicity :

Oral : Rats : LD50 3700 mg/kg
Human : Subacetate Sol. “ In ges ti on of la rge doses may

cause severe nausea , vomiting, diarrhea , melena ,
hematuria ” - Merc k In dex.

Ski n: Solu ti ons of 10 - 25% are use d as deodoran ts.
“Irritating to sensitive skin ” — Merc k In dex .

Eyes -. Irritant

Aluminum formate A1(CHO 2)3

Human Body Use: Antiperspirant

Toxicity: “These compounds have little or no toxicity ” (Sa x )

Ski n: None

Eyes: ?

Aluminum hydrox ide gel BD 09400*

Human Body Use: Water purification
Gastric antacids
Antiperspirant

Toxicity :

Oral: Human : > 2.4g w i l l  cause cons tip ati on

Ski n: None

Eyes: ?

* Access ion No. , Registry of Toxic Effects of Chemical Substances,
1977.
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Aluminum sulfate 80 17000* A1 2 (S04)3

Human Body Use: Water purification

Toxicity :

Ora l: None (Sax ) -

Skin: None (Merck Index)

Eyes: ?

Ammon i um a l um - A 1NH4(S04)2

Human Body Use: As tr i ngen t, styptic , water and sewage treatment.

Toxicity : “In gestion of large quantities may cause burning in
mouth and pharynx , vomiting and diarrhea ” (Merc k In dex)

Skin: Sli ghtly irritating if concentrated

Eyes: Used for conjunctivitis in weak solutions

Ammonium lauryl sulfate

Probably made from Ammon i um laurate anhydrous C11H23C00NH4
Human Body Use: Production of oil in water emulsions with hi gh

o i l con ten t; cosme ti cs

Toxicity:

Oral : Irr it ati ng to mucous membranes

Skin: Low toxicity

Eyes: Irritant

* Access ion No. , Registry of Toxic Effects of Chemical Substances ,
1977.
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8ees wax

Human Body Use: Cosme ti cs , lipstick

Toxicity :

Oral: None

Skin: None

Eyes: None

Benton i te CT 94500* Al 203. 4 Si02.H20

Human Body Use: As emulsifier for oils , as a bulk laxat i ve

Toxicity :
Oral:  None

Sk i n : None

Eyes: ?

Boric acid ED 45500* H3B03

Human Body Use: Mild astringent , antiseptic

Toxicity :

Oral: less than 5 grams may be fatal for infants , lethal
to adults in doses of 5-20 grams .

Sk in: Ex ternal chron ic use may cause bor i sm ( dry ski n ,
eruptions and gastric disturbances)(Merck index)

Eyes: Boric acid can be used as a saturated solution for
topical treatment of inf l amed eyes. Its toxicity
is negligible if only used two or three times a day
for several days.

Inhalat i on: “Exper imental animals shows no deleterious effects -

from the daily i ngesti on of modera te amounts of the
compound (Frost & Richards 1945)”(Goodmand & Gilman )

* Access ion No. , Reg istry of Toxic Effects of Chemical Substances ,
1977.
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Calcium carbonate EV 95800* CaCO3

Human Body Use: Dentifrice , cosmetics , gastric antacids
Oral dose - I gram

Toxicity :

Oral: practically nil - may cause constipation

Ski- n: None

Eyes: Mild irritant

Castor oil Fl 41000* C17H32OHCOOH

Human Body Use: Skin emollient , hair tonics (10% in alcohol)
M e d i c a l :  C a r t h a r ti c  f rom 4 - 60 ml orally. (Merck index)

Toxicity:

Oral: Only toxic in very large doses of the pure oil.
(Goodman and Gilman )

Skin: Not toxic but can be absorbed to cause catharsis

Eyes: ?

Inhalation : Would cause a severe pulmonary edema and pneumonia

Cetyl alcohol

Alcohol C-16

Human Body Use: Perfumes, emollients , cosmetics , lipsticks

Toxicity :

Oral: ?

Sk in: None

Eyes: ?

k Accession No., Registry of Toxic Effects of Chemical Substances ,
1977.
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Coconut diethanolamide 97% C14H2~NO2

[142-78-9] A454-6429

Human Body Use: Shampoo

Toxicity :

Oral: -

Skin: -

Eyes: -

Coconut oil GG 60400*

Human Body Use: In soa ps, ointments and hair dressings

Toxicity :

Oral: None (Merck i ndex)

Skin : None

Eyes: Very slight irritant

Inhalation : Severe irritant

Corn starch (C6H1005)n

Human Body Use: Medicinal products and dusting powders

Toxicity:

Oral:  None

Skin: None ‘- 
-

Eyes: ?

* Accession No., Registry of Toxic Effects of Chemical Substances ,
1977.
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Dicalcium phosphate

Calcium phosphate dibasic CaHPO4

Human Body Use: In dental products

Toxicity :

Oral: None

Skin: None

Eyes: ?

N,N—Diethyl -m-toluamide XS 36750*

m-Toluam ide , N—N -diethyl -; DEET
Molecular formula CH3C6H4CON(C2H5)2

Human Body Use: Insect repellant , redsin solvent

Toxicity :

Oral: Rat: L050 2000 mg/kg

Skin: Rabbit: LD50.. 3180 mg/kg

Eyes: Irritating

INV : Rabbit: LD20 75 mg/kg
Condensed Chemical Dictionary

Mucuous Membrane - Irr it ati ng

Epithel ~im

The epithelium found in laundry and shower wastewater are the
surface cells of the body that are no longer living and form
the keratinized layer on the surface of the skin. It is in the
form of flakes (dander) and of shriveled fla ttened cells. They
do contain some protein and oil s from the sebaceous glan ds.

There is no toxicity associ ated with this material but it
will support the growth of bacteria and mold.

* Accession No., Reg istry of Toxic Effects of Chemical Substances ,
1977.
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Ethano l Ethyl alcohol KQ 63000* C2H5OH

Human Body Use: Topical antiseptic

Toxicity:

Oral: Rat : L050 14 g/kg
Human : TDL0 50 mg/kg

Ski n: None

Eyes: Irritating above 10%
Necrosis above 90%

Air: 1000 ppm. TLV

Inhalation : ?

Ethoxylated lauryl alcohol JR 59,600 - 900*

Dodecy l alcohol condensed with ethylene oxide .
A non i onic surfactant , controls sudsing.

Human Body Contact Use: Detergent Type I (Foam depressant)

Toxicity:

Oral: Mouse: LD50 1170-3500 mg/kg
Ethoxylated alcohol
Ethoxylated alkyl phenols
Ethoxylated amines or amides
Ethoxylated fatty acids
Fatty amine oxides

Glycerol MA 80500* HOCH2CHOHCH2OH (C3H803)

Human Body Use: Solvent , humectant , emoll ient, antiseptic , in
soaps, used in cough medicine

Toxicity:

Oral: Mouse: 
~-~5O 

470 mg/kg
Human: Very low tc’xicity

Sk i n - None

Eye - Irritation . Irritant in concentrated solution (Tardiff)

* Accession No., Reg istry of Toxic Effects of Chemical Substances ,
1977.
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Glycerol monostearate RG 19250* (C17H35)COOCH2CHOHCH2OH

Human Body Use: Cosmetics

Toxicity : Unknown

Hair

Since it is an epithe lial derived structure it has protein and
is parti culate and not readily soluble.

It can only act as an irritant if small pieces get into the eye.

There is no toxicity associated with hair. Skin sensitivity
of humans to human hair would be unusual.

Hexachiorophene SM 07000*

Phenol , 2,2 methylene bis 3,4,6-trich l oro

Human Body Use: Anti sept ic~, bactericide , cosmetics , dentifrice

Toxicity :

Oral: Human: LOLO 50 ug/kg
Rat: LD50 60 mg/kg
Dog: LD50 40 mg/kg

Skin - Child TDL0 300 mg/kg
Rat LD20 600 mg/kg

Eye - Non-toxic in doses up to 2% F
* Accession No., Reg istry of Tox i c Effects of Chem i cal Substances,
1977.
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Isopropyl alcohol NT 80500* CH3CHOHCH3

Human Body Use: Sol vent , toiletries
(Perfumes, after-shave lotions , antiseptics )

Toxicity :

Oral: Human : 100 ml can be lethal
Mouse: LDL50 192 mg/kg
Rat: LD50 5840 mg/kg

Skin: Very low to skin

Eyes: Would irritate at concentrations over 10%.

Isopropyl myristat e C27H3402

Human Body Use: Cosmetics , Skin medications

Toxicity :

Oral: Non-toxic H

Skin: Very low with continued use a hyperkeratosis may evolve .

Eyes: ? unknown (Tardiff )

Isopropy l palmitat e RI 49000*

Palmitic acid , isopropyl ester

Human Body Use: used i n soaps

Toxicity :

Oral: ?

Skin - None

Eyes: ?

In terperitoneal: Mouse - LDL0 - 100 mg/kg
Very low toxicity in any other mode

* Accession No., Reg istry of Toxic Effects of Chemical Substances ,
1977.
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Jamaican Rum L
There is no special toxicity to Jamaican R”m over the toxicityof a 30% to 50% ethyl alcohol solution . There are some specialflavors and odors but these have no inherent toxic acti vities .Jama i can or Bay Rum i s used as an odor enhancement in aftershave lotions. It would certainly irritat e the eye.

Kaolin colloidal H2A1 2Sj2O8.fi20
China clay

Human Body Use: An adsorbent

Toxicity:

Oral : None

Skin: None

Eyes: Insoluble mechanical irritant

Kaol m ite

Clay or soil

Human Body Use: Picked up as dust, etc.
loxicity:

Ora l : None

Skin - None

Eyes: Mechani cal irritation

Inhala ti on: ?
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Lactic Acid 00 28000* C3H503

Human Body Use: This material is part of sweat and sebaceous
secretions. It is not used on the body but
is a res il t of muscular activity and g l andular
secretions.

Toxicity :

Oral : Rat: LD50 3730 mg/kg
G.Pi g: L050 1810 mg/kg

Skin: None

Eyes: None (Unless concentrated )
Inhalation : ?

Lactic acid in nature never reaches a hi gh percentage of purity .
It is found in fermented milk products most commonly.

Lanolin

Wool fat
Human Body Use: Soaps, Cosmetics , Hair set preparations
Toxicity :

Oral: None
Skin: None
Eyes: Unknown - (Tardiff)
Inhalation : Foreign body pneumonia

Linear alky lbenzene sulfonates (LAS )

Human Body Use: Detergents and surf actants
Toxicity :

Acute Oral: Rats LD50 404-1525 mg/kg
Mice : 1575-1850 mg/kg
Rats: .5% in food for 12 weeks - no response .

Skin powder: G.P. 30% sol - 10’ to 2 hrs - irritating
G.P. .4% - non -irritating

Rabbit eyes: - Powder - irritating
1% sol - non-irritating
>5% - irritating

* Accession No ., , Registry of Toxic Effects of Chemical Substances ,
1977.
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Magnes i um carbonate OM 24700* MgCO3
Human Body Use: costmetics

dent ifr ices
antacids

Toxicity :

Oral: Human: low toxicity
used as laxati ve

Skin: none
Eyes: ?

Magn esium oxide 0(1 38500* MgO

Magnesia

Human Body Use: antacid - dose , 250 my
laxative - 4 g

Toxi city :

Oral: low toxicity
skin: - none
eyes: - ?
inhal ation : ?

Methyl paraben OH 24500* C8H803
Human Body Use: cosmetics

lotions

Toxicity :

Oral: very low; greater than 500 mg/kg
skin: very low; chronic use can cause sensitizati on
eyes: ?

* Accession No., Registry of Toxic Effects of Chemical Substances ,1977.
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Miner al oil

Petroleum

Human Body Use: cosmetics
laxatives
rubbin g oils

Toxic ity:

Oral: excessive laxativ e
low toxicity

Ski n: none
Eyes: none

Inhalation : Foreign body pneumonia

Nitri lotriacetat e , NTA AJ 01750*

Human Body Use: detergent

Toxicity :

Oral: Chronic Rat : - 20,000 ppm in food
caused sl i ght kidney damage

Rabbit: - no absorption
Dogs: - good clearance through urine

no toxicity
Skin: - none
Eyes: —

Ole ic acid RG 22750* C-j8H3402

9 Octadecenoic Acid

Human Body Use: in soaps

Toxicity:

Oral: low oral toxicity
Skin: mild irritant
Eyes: low
Mouse: L050 230 mg/kg

* Accession No., Registry of Toxic Effects of Chemical Substances ,
1977.
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Petrolatum

Mineral Wax , Petroleum Jelly

Human Body Use: As a base for ointments
Cosmetics

Tox icity:

Oral: none (large doses as laxative)
Skin: none
Eyes: none
Inhalat i on : almost impossible

Pol yethylene sorbitan monostearate WG 29310, 25, 30, 40*

This compound is one of the “Tween ” compounds that is a
surfactarit. They are polyoxyethy lene derivations of fatty
acids partial esters of sorbita l anhydrides.

This is a class of compounds usually of low toxicity.

Potassium

Dces not occur in nature as a pure element.

Some salts that are comonly encountered are:

pot. carbonate pot . chloride
alum , pot, sulfate pot. chromate
pot. phosphate pot. eyenate
pot. dium inate pot , glutamate
pot. bicarbonat e pot. glycerophosphate

Human Body Use: manufacture of soaps ?

Toxicity: depending on the salt complex
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Potassium hydrox i de IT 21000* KOH

Caustic potash

Human Body Use: in soap manufacture

Toxicity:

Oral: Rat - L050 - 365 mg/kg

Skin: Hi ghly caustic - injury directly proportional to
concentration and duration of contact.

Eyes: Same as skin but much lower concentration and
time duration will bring about severe eye damage

Potassium oleate

Human Body Use: textile soaps
emulsif y ing agent
detergent

Toxicity:

Oral: unkwnon

Skin: none

Eyes: 1

Inhalation : ?

Propoxy lated PABA DG 14000* C7H 7N02

para am i no benzoic acid

Human Body Use: as a sun screen - in conjunction with local
anesthetics

Toxicity :

Oral:

Skin:

Eyes:

* Access ion No., Registry of Toxic Effects of Chemical Substances,
1977. : 1
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Propylene g l ycol TY 200000* C3H802
1 ,2 prop anedi al

Human Body Use: drug solvent
ointments
ant iseptics

Toxicity :

Oral: very low
Rat: L050; 30 g/kg
Skin: none
Eyes: very low

Protease

A class of enzymes which hydrolyze pept ide linkag es Intopepti des and proteins. The subgroup of enzymes are:
pept idases
proteinase s
They so lubil i ze proteins and are used along with and in

economical washing powders.

Human Body Use: laundry presoak

Toxi city:

R3t: LD50 - 2.9 g/kg
Oral: none
Eyes: 100% enzyme mod. conjuncti on - mild irrit ant
Skin: 0-90% no reaction - not inherently toxic

but can set up skin sensiti zat ion ,
Enzymes increase the derma l toxicity of
detergents.

Silica flour vv 73300* Si02
powder

Human Body Use: water filtration , filler in cosmetics and
insec ticide

Toxici ty:

Oral : Rat LD50; - 3160 mg/kg
Skin: none
Eyes: onl y as a mechanical irrit ant

* Accession No., Reg istry of Toxic Effects of Chemical Substances ,1977.
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Sodium a~ky lbenzene sulfonate DB 45500*

alk y lbenzene sulfonate (ABS)

Human Body Use: detergent (resistant to biod egradat ion )

Toxicity:

Oral: Fish - 5-20 mg/i
Rat - L050 260-20,000 mg/Kg (Tardiff)

Skin: 1% sol occluded patches cause primary irritant
Eyes: Rabbit - very sli ght reaction at 1% soi.

marked irritation at 10% sol .

Sodium carbonate VZ 40500* Na2CO 3

soda ash 
- 

-

Human Body Use: ingredient of cleaners
solubi lized calcium
used tox ically for dermatitis

Toxicity: - -

Oral: Rat LOLO 4000 mg/K g
Skin: low toxicity - chronic use may cause sensitization
Eyes: concentrated solution may cause necrosis.
Inhalation : ?

Sodium carboxymethyl cellu ~ose FJ 59500*

Human Body Use: as a suspending agent
hair dressings

Toxicity :

Oral: Rat LD50: 27 g/Kg very low toxicity
Guinea Pi g L050: 16 g/Kg very low toxicity

Skin: none
Eyes: none
Inhalation : ?

* Accession No., Registry of Toxic Effects of Chemi cal Substances ,
1977.
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Sodium chloride VZ 47250* NaC l

common table sal t

Human Body Use: manufacture of soap

Toxicity :

Oral: Rats LD50 2.5 g/Kg 
1:

Humans : very low 1 gram is well tolerated by adults
Ski n: none below 3% sol

above 3% pickling and dehydration occurs.
Eyes: no toxicity up to 1%

increased concentration causes increased
dehydration and necrosis.

Sod ium 4-chloro-2-phenylphenolate DV 68250*

4 chioro 2 phenylphenol sod. salt
2 8. phenylol , 5 ch loro sod. sal t

Human Body Use: fungicide
disinfectent

Toxicity:

Oral: LD~0 3500 mg/KgSk in: ? —

Eyes: ?
Inhalation: ? DOW

Sodium 6—chloro-2-phenylphenolate DV 7000*

2 81 phenylol , 6 chioro— sod. salt

Human Body Use: fung icide
dis infectent

Toxicity:

Or~~: Rat LD50 3500 mg/Kg
Skin: ?
Eyes: ?

Dow

* Accession No., Registry of Toxic Effects of Chemical Substances,
1977.
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Sodium dodecy l benzene sulfonate OB 68250*

benzene sulfonic acid , dodecyl sod. salt
detergent H0-90

Human Body Use: detergent

Toxicity:

Oral: rat - LD50 1260 mg/Kg
mouse - LD50 2000 mg/Kg

Intravenous: - mouse - LD50 105 mg/Kg
Skin: ?
Eyes: irritant

Sodium fluosi licate VV 84100* Na2SiF 6

Human Body Use: water fluoridization
laundry use

Toxicity:
Oral: rat - LD50 125 mg/kg

in its pure form it is hi ghly toxic by ingestion and
inhalatio n , and is irritating to skin and eyes.

Sodium hydroxide WB 49000* NaOH

caustic soda

Human Body Use: cleaning ingredient

Toxicity :

Oral: Rabbit LOLO 500 mg/Kg
Skin: very corrosive even with chronic dilute solutions
Eyes: severe irritation and necrosis
Inhalation : lungs - air - tolerance 2 mg/rn3 (TLV)

* Accession No., Registry of Toxic Effects of Chemical Substances ,
1977.
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Sodium laury l sulfate WI 10500* C l2 1-42S NaO4S

dodecyl sod i um sulfate

Human Body Use: wetting agent
detergent
toothpaste

Toxicity :

Oral: Rat LD~0 1288 mg/K g
Skin: sli ght irritation depending on time

and concentration
Eyes: irritant

Sod i um ortho pheny lpheno late DV 77000* C6H4(C6HS)ONa.4H2O
sodium ortho phenyiphenate

Human Body Use: bactericide and antifunge

Toxici ty:

Oral: Rat L050 1160 mg/K g
Rat LD50 530 mg/Kg
Cat LD50 2.7 g/Kg Tardiff

Skin: ?
Eyes: ?
Inhalation : ?

Sodium saccharin DE 45500*

Human Body Use: dentrifice sweetener

Toxicity :

Oral: very low
Skin: none
Eyes: ?
Inhalation : ?

* Accession No., Registry of Toxic Effects of Chemica l Substances ,
1971.
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Sodium silicate VV 92750* 2Na2O 1 S1O2

water g l ass

Human Body Use: in soaps and bleaches

Toxicity :

Oral: very low to none
Skin: none
Eyes: ?
Inhalation : ?

Sod i um stearate WI 42750* C18H35Na02

stearic acid , sod . salt

Human Body Use: soap manufacture
tooth paste
topically in some skin ?

Toxic ity : generally unknown

Oral : mouse LDL0 400 mg/K
Skin: very low
Eyes: ?
Inhalation : ?

Sodium sulfate WE 16500* Na2SP4

Human Body Use: in the manufacture of detergents

Toxicity:

In travenous: Rabb it - LD50 4470 mg/Kg
Oral: low - used as a cathartic
Skin: none
Eyes: ?
Inhalat ion : 7

* Access ion No., Reg istry of Toxic Effects of Chemical Substances,
1977.
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Sod i um tripolyphosphate YK 49000* NaSP3OlO

triphos phoric acid sod . salt

Human Body Use: detergent
water softener

Toxicity:

Oral: violent catharsis in human
esophageal stricture in human

Skin: moderate irritant
Eyes: irritant
Intrapert - mouse LD50 700 mg/K

Sorbitan monostearate WG 29340*

sorbitan fatty acid esters

Human Body Use: emulsifiers in cosmetics

Toxicity:

Oral: probably low
Skin: “

Eyes: “

Inhalation: probably low

Sorbitol LZ 42900* C6H6(OH)5

sorbo, or D-Sorbitol

Human Body Use: cosmeti cs, lotions , and toothpaste

Toxicity:

Oral: none -mild cathartic, used for potential eliminat i on
Ski n: none
Eyes: ?
Inhalat i on: ?

* Accession No., Reg istry of Toxic Effects of Chemical Substances,
1977.
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Spermaceti

whale oil , spermateceti

Human Body Use: o intment bases, emollient
soaps
laundry wax

Toxicity:

Oral: unknown ; probably low
Skin: unknown; probably low
Eyes: unknown ; probably low
Inhalation: unkwnon ; probably low

Stannous fl uor ide SnF2

flouristan

Human Body Use: dentifrice
2% oral topical , to prevent cavities

Toxicity:

Oral : highly toxic
Skin: strong irritant
Eyes: strong irritant
Inhalati on: tolerance 2 mg per cubi c meter of a ir

Stearic acid WI 28000* CH3(CH2)16C02H

n-octadecanoic acid

• Human Body Use: soaps
cosmeti cs

Toxicity:

Oral: very low to none
Intravenous: Rat - LD50 22 mg/Kg

Mouse - LD50 23 mg/Kg
Cat - LD50 5 mg/Kg

Skin: none
Eyes: very little

* Accession No.. Reg istry of Toxic Effects of Chemical Substances,
1977.

102

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ L - - — - 5 —  -•-—---•
~
- - - —--- -.-— — -— --- — -—5-- - L__ ~~~~~~~~~~~~~~ - -



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

- - - - - - -
~~~~~~~~~~
--- -~~~~~ 

- - - - —-
~~~~~~~~

• Sul fonated castor oil

[8002-33-3) 8637-9037

Human Body Surface Use: sh ampoo

Sulfonated oliv e oil

Human Body Use: shampoo

Toxicity:

Oral: none
Ski n: none
Eyes: none

probably a sulfonated oil used in the preparation of soap

Talc Mg3Si4O10(OH)2
talcum powder

Human Body Use: dus ti ng powder
Toxicity:

Oral: none
Ski n: none
Eyes: mild irritant
Air: chronic inhalation can cause pulmonary fibrosis

tolerance 20 million particles per cu ft of air
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Tal low

anima l body fat

Human Body Use: i n soa p
cosmetics

Toxici ty:

Ora l: none

Ski n: none

Eyes: none

Inhalati on : ?

Tannic Acid WW 50750*

Human Body Use: astringent?

Toxicity : none except by inhalation used orally as an
anti diarrhea med. used topi cally for burns

Tegacid

Human Body Contact Use: Anti -perspir ant

* Accession No., Registry of Toxic Effects of Chemical Substances ,1977.
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Tricalcium phosphate Ca3(PO4)2

calcium phosphate triba sic

Human Body Use: toothpaste

Toxicity :

Ora l : none
Skin: none L
Eyes: ? (possibly only mechanical irritant)
Inhalation : ?

Trieth anolamine KL 92750* (HOCH2CH2)3N

ethanol 2,2,2, nitril otris

Human Body Use: soap manufa cture
detergents
insecticides

Toxicity:

Oral: G.P: LD50 8000 mg/k
Skin: sli ght irritant
Eyes: sli ght irritant
Inhalation :

Triethanol amine alkylbenzene sulfonate

Human Body Use: surfactants

Toxicity :

Oral: moderate
Skin: moderate
Eyes: modera te

* Access ion No. , Registry of Toxic Effects of Chemi cal Substances ,1977.
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Tween 80 WG 29325*

This is one representative of a class of surface active
compounds - similar to polyethylene sorbitan monostearate.

Tween 80 has been used extens ively as a depressant for drugs
given orally on the skin and parentally. This compound has
a very low toxicity when it is used in very dilute solutions.

Ultra Wet 60L DB 68250*

Trademark for a series of biodegradable linear alkylate
sulfonate (LAS) anionic detergents or surface active agents.
Condensed Chemical Directionary
see HLinear Alky lbenzene Sulfonates ” . t
Toxicity :

Oral: very low

Skin: sli ght

Eyes: irritant

Urea YR 62500* CO(NH2)2

Human Body Use: major constitutent of urine

Toxicity :

Oral: Rat - none up to about 10 grams/Kg
Dog - LDLO 3000 mg/Kg

Skin: none (acute exposure)

Eyes: none at low concentration

Inhalation : ?

* Accession No., Regis try of Toxic Effects of Chemical Substances ,
1977.

106

.1_I ~ -5--- — 
t

-5 __s___ 
- - -  _~_-_-__ —~~- —•— --. — —•—- — — — -— --5 -—— A____ •_ — —_ __~__ 

- k~~~ 
-



p.. •~-- - -~ 
---— — -—-

5- 

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

Veegum

[1327-43-1] B 790-4224

Bentonite famil y - (mag + alum inum s ili ca tes)

Human Body Use: after shave lotion

Toxicity :

Oral:
Skin: ?
Eyes:

Vanderbilt Co. - Norwa lk, CT

Vegetable oil

(cotton seed, linseed , tung, peanut)

Human Body Use: soap manufacture
shampoo

Toxicity :

Oral: none (hi gh dose laxative)

Skin: none

Eyes: none

Inhalation : foreign body pneumonia

Vola ti le s i licone 7207

A group of organo siloxane polymers of silicon and oxygen atoms
with various organic radicals attached to the silicone.
(Diethyl cyclic tetramer)

Human Body Use: antipers pi rant emoll ient

Toxicity :

Oral: rat L050 > 64 mi/Kg non-toxic

Skin: rabbit LD50 > 16 mi/Kg non-toxic L
human sensiv itity - no reaction to patch test in 200
volunteers

Eyes: not an Irritant by FHSA procedure

Union Carbide
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Whitening Agents

No information available

Zinc chloride ZH 14000* ZnC1 2

butter of zinc

Human Body Use: dentifri ces
mouth washes
ant iseptic

lox ic I ty:

Oral: 2-5% mouth rinse wel l  tolerated

Skin: O.K. 1-2% sol topically. Irritant if stronger

Eyes : irritant

Inhalation : Tolerance 1 m g  per cu meter of air

Zinc stearate ZH 52000* Zn(C 18H35O2)2

Human Body Use: cosmetics

Toxicity :

Oral: very low

Skin: very low

Eyes: ?

Inhalat i on : ?

* Access ion No. , Registry of Toxic Effects of Chemical Substances ,
1977.
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~~ For an infinite number of recycles , the expression simplifies as
fol l ows:

- e n+1
• 

,.~~~~~~~ Since y < 1 and + ~l~ I~ f ) 
_____

l-y l-Y l-y
_____ as n -~~~~ ~~, ~n~L_, 0 and S —.

~~~~ 
Y

__ n~~ 1-y
I Therefore, for the convergent infinite series

x~ = x1 (l + Y 
- _ _ _ _  

( )
l-y 1-y

—Thus, there is an upper limit on the concentration build up of
wastewater contami nants. In the worst case, where the contami nant

- :. passes unaffected throug h the treatment system (or where there is
no treatment other than dilution with make-up water), the fraction
of unremoved contaminant per cycle becomes equal to the recycle ratio:

-

~~~~~~~~ 
X~~~ 1

:~ r 1-a
U’

For 80% recycle and zero removal efficiency

F i __ Xlx l - • 5 x 1
1-0.80

•1 1’ Systems with the highest treatment efficiencies for particular
contaminants show virtua lly no build -up of those contain~nants. An
example is the effec~iveness of the UF -RO system in removing dissolved
salts such as sod i um chloride and sodium sulfate.
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