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PREFACE 

The U . S .  Army must be prepared to maneuver in any 
environment , including harsh desert regions , where both 
permanent bases and field operations may be required. A 
maj or need at such s ites is  a rel iable supply o f  potable 
water . Bes ides  requiring water for human consumption and 
food preparation , a large amount of nonpotable water 
(water not suitable for drinking) is needed for a variety 
o f  purposes. Unfortunately , the only water available in 
mos t  desert regions is brackish ground water and , in some 
locations , the ocean. Such source l imitations dictate 
that all available water be managed and used with maximum 
efficiency. Thus , the Army has had an interes t  in water 
conservation , reuse , and recycle as a viable means of 
reducing the logistic  burden of  supplying water for 
military operations in desert areas . 

Under a contract executed in December 1 9 8 5  between the 
National Academy o f  Sc iences and the U. S. Army Corps o f  

.Engineers Cons truct ion Engineering Research Laboratory 
( CERL) , the National Research Counc i l  (NRC ) agreed to 
form a Committee on Recycl ing , Reuse and Conservation in 
Water Management for Arid Areas . This  committee , 
es tab l i shed under the NRC ' s Water Sc ience and Technology 
Board and cons is t ing of  spec ial ists knowledgeable in 
water supply and was tewater treatment technology and in 
environmental toxicology , microb iology ,  and pub l ic 
health , was charged to review the CERL ' s program 
concerning water recycl ing and reuse of  field laundry and 
shower was tewater and to advise on the implementation o f  
a research and deve lopment program des igned to meet  the 
Army ' s water requirements in arid areas. 

The committee he ld i t  firs t mee ting in Washington , 
D . C . , on February 6 - 7 , 19 8 6 . At this mee ting the 
committee heard presentations by CERL personnel and 
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others on the Army ' s needs and proposed methods to supply 
water of suitable quality for water use in the field. In 
concert with representatives of CERL , the committee 
agreed to focus initially on the reuse of  general 
personnel field laundry and shower wastewater and 
as soc iated health - related issues. To this end , CERL 
suppl ied the committee with numerous reports on the 
subj ect for its review and use in preparing its report . 
I t  should be pointed out that this report is not a 
comprehens ive s tate - of- the - art review of  water 
reuse - recycle , even as i t  might apply to shower and 
laundry was tewaters . Rather , based on review and 
evaluation of  the Army ' s pas t research program on the 
recyc ling of  shower and laundry was tewaters , i t  addresses  
the important is sues associated with the recycl ing of  
shower and laundry was tewaters and as  a resul t , makes 
spec ific recommendations that the Army can use as 
guidance in developing its future research program. 

The members of the committee and their affil iations are 
l i s ted in the front of this report , while a brief 
biography o f  each individual is  provided in Appendix C .  
Because of  the short time available to prepare this  
report , the members gave will ingly of their time and as  a 
resul t , actively partic ipated in the effort . All deserve 
equal credit for the subs tance and recommendations found 
in this report. The valuab le ass i stance provided by 
She ila  D .  David , S taff Officer , and other s taff of  the 
NRC ' s Water Science and Technology Board ; E .  D. Smith , 
Proj ect Officer , and R .  Scholze , both associated with the 
Wate r - Qual i ty Management Team of  the Environmental 
D ivis ion at CERL; and others with the U. S. Army who 
attended the committee ' s  meetings , is gratefully 
acknowledged . 

Richard S .  Engelbrecht , Chairman 
Committee on Recycl ing , Reuse and 

Conservation in Water Management 
for Arid Areas 
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SVMMARY 

The committee wishes to commend the U . S .  Army 
Cons truction Engineering Research Laboratory ( CERL) for 
having the fore s ight to review concepts of water 
recycl ing , reuse , and conservation at various types of 
Army installations . S ignificant water , energy , and cos t 
savings could be realized by ins t i tuting a 
water -management program and by us ing s tate - of - the - art 
technology to conserve water and recycle or reuse 
was tewater . 

The overall obj ective of the committee ' s  s tudy was to 
evaluate the CERL ' s program on recycl ing and reuse of 
field laundry and shower was tewater with respect to its 
technical and scientific merit  and to recommend 
additional research needs , if any , required to achieve 
the goals o f  the recycl ing/reuse program . S ince Army 
policy , as presented to the committee , prohibits  water 
recycle/reuse under conditions of  nuclear , biological , or 
chemical warfare ; the asses sment of the CERL ' s program 
was posed agains t a background of water use as it might 
occur in a normal population . 

The s tudies funded to date by the CERL and other 
branches or agenc ies within the Department of Defense on 
recycle/reuse of laundry and shower wastewaters in 
military field operations and reviewed by thi s  committee 
provide only a l imited data base to evaluate the overall 
technical feas ibility of recycle/reuse options , with 
respect to assess ing any potential health risks . 

TREATMENT SYSTEMS 

The technical feas ibility of treatment sys tems has 
rece ived the greatest attention in the s tudies reviewed 

- 1 -
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- 2 -

by the committee , with only l imited attention to 
water - quality cons tituents of health concern . 

The recycling of  laundry wastewater presents a 
subs tantially different exposure of  troops than that of  
recycled was tewater from showers . Specifically , wearing 
clothing laundered in recycled water can be viewed as an 
indirect exposure to res iduals in such clothing , while 
exposure to chemicals or microorganisms that could be 
present in recycled shower water would be direct. Thus , 
more s tringent criteria ( and hence testing) will be 
required to ensure the safety of direct exposure· to 
recycled was tewater . While the committee believes that 
both recycl ing options are achievable with exis t ing 
treatment technology , additional pilot and field tests 
should be performed for evaluating the success  of  the 
treatment sys tem in reliably providing a s afe supply for 
both water uses . 

The apparent succes s  of the recycle s tudies performed 
to date indicates that laundry recycle seems to be 
aes thetically viable for use in mil itary combat 
operations . There is a clear need ,  however ,  to expand 
the testing of recycle systems in the area of health 
effects cons iderations if  shower recycle is pursued . The 
performance evaluations of the treatment sys tem have not 
gone far enough in assuring the public health safety of  
e i ther the shower or laundry recycle practice. Four 
spec ific issues  mus t  be addressed in completing this 
evaluation , as  follows : 

1 .  A characterization of  the wastewaters with respect 
to organic , inorganic ,  and microb ial cons tituents of 
potential health concern mus t be completed . To date this  
task has rece ived inadequate attention . 

2 .  Any proposed treatment system should be evaluated 
agains t the es tablished s tandards to determine the 
adequacy of  the proposed treatment technology . 

3 .  The rel iab i l ity of the treatment methodology mus t  
b e  asses sed i n  the context of  the recycle and treatment 
operations that are antic ipated by the military . 

4 .  Surrogate water - quality characteristics should be 
defined for operational monitoring of  the treatment 
sys tem during field appl ication of the recycl ing sys tems. 
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- 3 -

HEALTH EFFECTS CONSIDERATIONS 

Two maj or routes of exposure need to be cons idered when 
us ing recycled was tewater for shower and laundry : 
inhalation and topical contact . Presumably , incidental 
inges tion of recycled water would be minimal , as specific 
ins tructions could be issued to personnel us ing shower 
fac i l ities  under these conditions . In addi tion , two 
levels of exposure should be recognized : that of  the 
operators who work in the facility and those  who use the 
fac i l i ty ( e . g. ,  shower)  or its product ( i . e . , laundry) .  

With the use o f  recycled water for showering , the 
inhalation and topical routes must be cons idered the 
primary routes for sys temic exposure for mos t  chemical 
and microb iological agents. The inhalation route has 
essentially been overlooked in pas t Army s tudies .  

Chemicals 

Because of the importance of the inhalation route of 
exposure , the committee recommends that some model ing 
work ( including experimental confirmation) be cons idered 
for any chemical that appears to be present at sufficient 
concentrations in the recycled was tewater . Tes t ing of 
the wate r - treatment sys tems proposed for recycling shower 
and laundry was tewaters has relied heavily on general 
treatment parameters. While these  parameters are of  use 
in j udging the general e fficiency of  the wate r - treatment 
system , from a toxicological point of  view they are 
virtually useless  for determining whe ther the final water 
is  safe for the proposed use . 

The committee recommends that any additional tes t ing of  
treatment sys tems focus on  the characterization of 
chemical s  being introduced into the water by its previous 
use , as well as documenting their individual occurrence 
in the was tewater and in the finished , recycled water . 
The available l i terature can then be searched for adverse 
health effects of  concern that are as soc iated with those  
chemicals that remain at appreciable concentrations in 
the recycled water . 

Those  chemicals for which adequate data do not exis t  
( except those that may generally be regarded a s  safe , 
such as normal dietary constituents ) should be 
inves tigated for those toxic e ffects that are cons idered 
unacceptable under battle field conditions . In 
particular , s tudies should focus on resp iratory and 
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- 4 -

topical irri tation . These  data should b e  used t o  develop 
s tandards where it seems appropriate . 

An alternative to the approach of  asses s ing the 
toxicology of individual chemicals that should be 
cons idered is  toxicological testing of  concentrates of 
the organic elements present in product waters by 
appropriate routes in experimental animals . If such an 
approach is  adopted , care mus t  be taken to document the 
performance of any concentration techniques that are 
used . It is also pos s ible to prepare an artificial 
concentrate based on known organic chemical constituents 
in the product water . If this  approach is used , care 
should be taken to include by - products of treatment 
processes  in the mixture that are qualitatively and 
quantitatively s imilar to those  produced under field 
conditions . 

An i s sue that has c learly rece ived too little attention 
in the reuse and recycl ing of field laundry and shower 
was tewater i s  the level of chlorine that is  used for 
dis infection , the nature of the by-products that are 
potentially irritating to the skin and mucous membranes ,  
and the exten� to which some of  these  by- products might 
accumulate in the recycled water . High levels  of 
chlorine have been assoc iated with depres sed immune 
function when adminis tered in drinking water . The extent 
to which thi s  might be produced by other routes of  
adminis trat ion , particularly inhalation , is not clear . 

Therefore , the committee recommends that explic i t  
cons ideration of  the concentrations of  chlorine and its  
by - products in air that are achieved in the laundry room 
or shower i s  neces s ary . These  data should then be 
compared with the l iterature -based information on the 
inhalat ion toxicology of these compounds to determine 
whether workers in the laundry or showers are at risk 
from repeated inhalation . 

Microorganisms 

Recycle of water for shower ing could theoretically 
provide a direct avenue for microb ial infection , 
predominantly by inhalation of  aerosols  or nasal 
depos it ion of larger droplets , by dermal contact , or by 
inge s t ion .  The conj unc t iva and the al imentary , 
respiratory , and urogeni tal tracts  offer eas ier pathways 
for microb ial pene trat ion than in the case of intact 
outer skin . I t  i s  noteworthy that the infectious dose 
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for many viruse s  associated with respiratory diseases 
such as rhinovirus , adenovirus , and Coxsackievirus A21 
can be very low when adminis tered by nasal drops or 
aerosols . 

The infection of individuals through the wearing of 
clothing laundered in recycled water seems remote . 
Selected bacterial pathogens as well  as enveloped viruses  
should be suscep t ible to the action of  detergents. In 
addition , many microorganisms are relatively susceptible 
to des iccation and should be inactivated by the proces s  
of  clothes drying . Thus , multiple barriers of  both 
was tewater treatment and laundry processes  should 
adequately protect individuals from infectious agents 
transmitted by clothing . Furthermore , the maj or route of  
exposure for personne l would be contact with external 
skin , a relatively impenetrable barrier . However , the 
exposure of laundry operations personnel could paralle l 
that discussed above for shower exposure . 

S ince an infectious epidemic could be devastating in a 
combat s i tuation , was tewater recycle mus t  be des igned to 
ensure the removal of infectious agents . The mos t  
effective means t o  accompl ish this  task i s  adequate and 
cons is tent dis infection ( i . e . , chlorinat ion) . I f  any 
variation in chlorination practice i s  made neces s ary by 
the generat ion of unacceptable levels  of toxic chemical 
by -products , the e ffectiveness  and safety of any 
alternative dis infection processes  must  be we ll  
documented. Infectious agents , including bacteria , 
viruses , protozoa and helminths may be found in raw 
domestic was tewater . Sewer workers and others assoc iated 
with treatment and disposal of  domestic was tewaters are 
l ikely to have a high inc idence of  exposure to infectious 
microb ial agents . S tudies have been performed in the 
last 10 years to determine the health risk assoc iated 
with thi s  exposure . Therefore , CERL personnel may want 
to review this  body of  l iterature with respect to its 
s ignificance in evaluating health risks assoc iated with 
recycl ing o f  laundry and shower wastewaters . 

Of the reports provided to the committee , only one 
documented a s ingle experimental series in which an 
indicator bacterial group ( total col iforms ) was 
enumerated during the course of shower was tewater 
recyc le . The committee recommends that further s tudies , 
spec ifically with regard to shower was tewater recycle , 
begin by characteriz ing the microb ial content of  
untreated was tewater .  Subsequently , organi sms detected 
in such was tewaters can be enumerated in recycled waters 
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to assess  the efficacy of the treatment train and the 
potential health effects of this  water . Additionally , 
the e stab l ishment of  such a data base would provide a 
better framework from which to addres s  the appl icab ility 
of  wate r - qual i ty criteria and s tandards to microbial 
health e ffects assoc iated with shower and laundry 
wastewater recycle. 

WATER- QUALITY CRITERIA AND STANDARDS 

As defined by the committee , water- quality criteria are 
those sc ientifically es tablished values that have been 
identi fied as be ing important in asse s s ing the intended 
use of  a given water and that are ideally expres sed in 
terms of  a dose - response relationship . 

Standards may subsequently be developed from criteria 
taking into account spec ial conditions or requirements 
such as degree of personnel exposure , acceptable health 
risks , availab i l i ty of water- treatment technology , and 
costs  o f  var ious treatment options . The development of  
wate r - qual ity standards i s  impeded by lack of sc ientific 
information defining the dos e - response of chemical 
cons t i tuents and biological organisms in humans . Thus , 
estab l ishment of  s tandards often depends on experimental 
work in animals in the case of chemicals or from past 
experience in which water of a given quality ( as 
evaluated by indicator organisms ) has been s afely used by 
a consuming population in the case of  microorganisms . 

Recently , the Department of  the Army promulgated 
s tandards for recycled water for other than potable uses , 
setting maximum acceptable l imits for pH , turb idity , and 
hardnes s  and requiring free chlorine res iduals for a 
prescribed contact time . I t  should be recognized that 
the es tablished values , reflect ing operational 
measurements ,  have not evolved through the proces s  of  
es tablishing wate r - qual i ty criteria and subsequently 
applying j udgments to reach standards. Rather , these 
standards presumably reflect pos it ive , his torical 
experiences in the use of water mee ting these cons tituent 
levels . 

The committee bel ieves that further development o f  
health criteria for shower and laundry was tewater 
recycl ing mus t first resolve the fo llowing : 

• What are acceptable and unacceptable health effects? 
• What is  the probab i l i ty within s tated degrees  of  

confidence that an adverse health effect  may occur? 
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Clear policy s tatements in these  two areas will  greatly 
s impl i fy the development of s tandards from available 
l i terature and provide a clear focus for any experimental 
work that is deemed necessary . For example , if  diarrhea 
is  cons idered an unacceptable health e ffect , then some 
dec is ion needs to be made concerning the upper limit of  
incidence that is  acceptable (perhaps cons idering 
background inc idence of this disease in combat areas ) . 
To date the only condition placed on potable water by the 
Army is that no performance degradation should result 
from its use . Recycled waters should not impair the 
health o f  exposed personnel , and no increased risk should 
be placed on personnel by water reuse/recycle . Such 
general , qual itative s tatements ignore the real ities of  
water use  and reuse . 

An evaluation of the l ikely health effects from each 
type of product water will have to cons ider 

• Volume of water inge s ted , 
• Volume of  water inhaled , 
• Estimation of  the dose of  volatilized and 

aerosolized cons t i tuents inhaled , 
• Effect ive dose to the skin , 
• The comb ined systemic dose  derived from each of  

these  routes , and 
• Local and sys temic toxic effects of chemical 

cons t i tuents . 

Integration of the above information for individual 
components and/or the product waters as a whole will 
allow determinat ion of which alternate recyc le options 
are safe . Imp lementation of laundry or shower was tewater 
recyc le requires the es tabli shment of  water - qual i ty 
criteria and standards . Therefore , the committee 
recommends that the process of criteria review and 
s tandards development ongo ing for potable water be 
extended to nonconsumptive water use as soon as 
pos s ible . Judicious cons ideration should be given to the 
various routes of exposure described above for both 
troops and operations personnel , recogniz ing that 
individuals  in the latter group will have the greates t  
exposure . 

RESEARCH NEEDS 

The commi ttee believes that the available data are 
encouraging for the field Army laundry was tewater 
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recycle. The data required to ensure the safety o f  field 
laundry was tewater recycle are achievable with minimal 
additional s tudies. A pilo t - scale s tudy should be 
performed with the proposed laundry treatment system. A 
representative source water should be used and the 
laundry operated through a number of recycles . I t  is  
poss ible that characterization of laundry was tes is not 
neces sary , provided that topical and toxicological 
s tudies are conducted and no sens itization is  observed in 
human volunteers. 

S ince shower wastewater recycling will involve direct 
human exposure largely through inhalation and dermal 
contact , the committee recommends more detailed s tudies 
to provide the data necessary to ensure safe shower 
wastewater recycle . Additional pilot s tudies should be 
performed to better characterize the qual ity of water 
assoc iated wi th the shower recycle sys tem . The tes ts 
should be des i gned to ensure that an adequate number of  
recycles are included to  achieve operational s teady s tate 
( sys tem is  running in equil ibrium) . The data made 
available to the committee indicate that s teady s tate was 
either not accomplished or j us t  minimally reached in 
previous tes t ing . 

The committee bel ieves that the emphas is of  this 
program should be focused on characteriz ing the 
wastewater with respect to chemical and microbiological 
qual ity . In the development of  the data base necessary 
to conclude this program , the committee recommends·that a 
quality assurance program be developed . Particular 
attention should be focused on the area of detection 
l imits of analytical procedures , reproduc ibil ity of  
results , microb iological determinations , and the 
val idat ion of zero recovery results . 

The committee believes that the proof of the success o f  
the treatment process  can only be accomplished through 
additional interdiscipl inary s tudies . Engineers , 
chemists , and microbiologists must identify the 
contaminants to be added to the water by its  previous use 
and determine the extent to which the treatment proces s e s  
alter the compos i tion of the was tewater . This type of  
information is  needed before toxico logical and 
microb io logical data that es tabl ish dose - response 
relationships can be used to deve lop health criteria 
appropriate to the specific use . Because dec is ions in 
one area invariably have an impact on another ,  it  is  
e s s ential that contributors from all these discipl ines b e  
involved from the beginning of  the proj ect . 
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INTRODUCTION 

The reuse of water , including domes t ic and industrial 
wastewaters , is  not a new concept. The indirect reuse of 
was tewater ,  which occurs "when water , already used one or 
more times for domes tic or indus trial purposes , is  
discharged into fresh surface or underground water and 
used again" (World Health Organization , 197 5 ) , is a 
common , everyday practice . In this  sense , our rivers and 
l akes often receive treated and sometimes untreated 
domestic  and industrial wastewaters and at the same t ime , 
serve as sources  for potable water suppl ies. Likewise , 
the planned , del iberate reuse of dome s t ic or indus trial 
wastewaters for some bene fic ial purpose or direct reuse 
i s  not a new concept or practice . Throughout the world , 
was tewaters have been reclaimed for irrigation purposes 
for many years . There also have been ins tances of  
reclaiming was tewaters as a source water for recreational 
ponds and for ground water recharge . Industries 
frequently use reclaimed was tewaters for cool ing , 
quenching , and washing operations .  Further , the 
reclamat ion o f  was tewater for po table reuse in arid 
countries  or areas where a water shortage exi s ts has been 
inve s t i gated in the United States and elsewhere in the 
world . As a resul t  of extens ive research s tudies 
init iated in South Afr ica in the early 1960s , a 
ful l - scale , advanced was tewater reclamation fac i l ity was 
c ons truc ted and has been providing intermittently 13-20 
and , occas ional ly , up to 50 percent of the to tal potable 
water consumed by the c i ty o f  Windhoek , Namib i a  (South 
We s t  Africa) , s ince 1969 wi thout any ob served health 
e ffec t  due to microb ial dis ease s . Al though there has 
been no apparent heal th e ffec t  in Windhoek to date as a 
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result of  chemical contaminants i n  the water , additional 
s tudies  are required before thi s  issue can be answered 
unconditionally (Water Research Commi s s ion , 198 5 ) . 

Water reuse may also be prac ticed under special 
c ircums tances . For example , there are three types of 
artific ial swimming pool : rec irculating , fil l - and- draw , 
and flow- through . Of these , the rec irculating type is  
mos t  common . In a typ ical recirculating - type swimming 
pool , the water is removed from the pool , filtered 
through e i ther a gravity rapid- sand filter , a pres sure 
sand or anthrac i te filter , or a diatomaceous earth 
pres sure or vacuum filter , dis infected , usually by the 
addition of chlorine , and returned to the pool . Water 
lost  by evaporation , splashing , and backwashing of  the 
filters is replaced by fresh water , usually us ing a 
munic ipal potable supply ; however , a minimum amount of  
makeup water i s  normal ly required . Such sys tems are 
generally operated to replace the water in the pool , on 
the average , every 6 to 8 hours . If cons truc ted , 
operated , and maintained properly , recirculating - type 
swimming pools are accepted from the pub l ic health po int 
of view , de sp i te the fact that the water is subj ect to 
bodily contamination from the users of such pools. A 
fraction of  the populat ion is  sens itive to chlorine ; 
however , this  risk i s  accepted . As another example of a 
spec ial case of water reuse , The National Aeronautics and 
Space Adminis tration (NASA) is currently investigating 
was tewater reclamation and reuse for its space s tation 
program . 

In cons idering the subj ect of  water reuse , the term 
"water reus e "  is  frequently differentiated from "water 
recycle . "  While water reuse would refer to the 
reclamat ion of a was tewater and its subsequent use for a 
different purpose , water recycle would involve us ing 
reclaimed was tewater for the same purpose . In thi s  
context , the u s e  of treated domes tic was tewater for 
irrigation purposes  would be an example of water reuse . 
On the other hand , water recycle might involve an 
indus try treat ing a was te washwater and us ing i t  again in 
the same washing operation that generated the waste 
washwater . 

A tactical Army base , operating in an arid cl imate , 
requires water for a variety of  purposes . In addit ion to 
potable water for human consump t ion , personal hygiene , 
and mes s/kitchen operation, the se include 
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• Shower operat ions , 
• Laundry operat ions , 
• Hosp ital operat ions, 
• Cons truct ion act ivities , 
• Aircraft and other vehicle equipment cleaning , 
• Pho toproces s ing , and 
• Firefight ing . 

D i fferent water - qual i ty requirements are as soc iated 
with thes e  var ious uses,  ranging from a high - quality 
potable wate r  to pos s ibly the use of  untreated 
was tewate r , which could be used in certain cons truct ion 
ac t ivities . Based on the expected quality o f  the used 
waters , the princ ipal sources of water that could be 
recycled or reused , s imply and wi thout creat ing a 
s ignificant problem , include the was tewaters from the 
shower , l aundry , and mes s/ki tchen operations assoc iated 
with e i ther temporary field or fixed-base ins tal lations . 
In the case o f  a field operation , the used water from the 
o ther use categories  would be so  l imited in vo lume or of  
such a poor qual i ty as to prec lude its  reuse . 

In view o f  the above and after dis cus s ing the matter 
w i th repres entat ives o f  the Cons truction Engineer ing 
Re search Laboratory ( C ERL) , it was agreed that the 
committee would ini t ially focus its  attention on the 
reuse of general personnel laundry and/or shower 
was tewater as generated at a temporary field 
ins tallation . The term "general personnel" i s  used to 
di fferentiate this  s ource of used water from that 
produced from the s ame operat ions in a hosp i tal . In thi s  
re gard , i t  i s  inter e s t ing t o  no te that another 
inve s t igat ive laboratory o f  the Army is  s tudying the 
treatment requirements of us ing recyc led hosp ital laundry 
r inse wate r in both hosp i tal and nonho sp i tal settings . 

The major reus e - recycle options as sociated with shower 
and laundry was tewaters , under field conditions , include 

• Shower use/recycle to shower , 
• Shower us e/reuse with laundry , 
• Laundry use/recyc le to l aundry , 
• Laundry use/reuse with shower , 
• Mixture o f  shower and laundry was tewater and 

r eus ejrecyc le with e i ther shower or laundry . 

In each case , the was tewater would be collec ted , treated 
to achieve an acceptable qual i ty ,  and reused/recyc led as 
indicated. Having ident ified the various water 
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reuse/recycle options, a dec i s ion was made t o  narrow the 
committee's focus further by cons idering only the 
poss ib i l i ty of recyc l ing shower was tewater for shower use 
and laundry was tewater for laundry use . This dec is ion i s  
re inforced b y  the statements made i n  the Department o f  
the Army Technical Bulletin , TB MED 577  (March 1986 ) , 
"Occupational and Environmental Health: S ani tary Control 
and Surve illance of  Field Water Supplies . "  The following 
is  quo ted from thi s  publ icat ion: 

The concepts of water conservation, recycle, and 
reuse have not been widely practiced in the field. 
However, in certain areas where water supplies are few 
and demand is high, recycle and reuse of water may be 
necessary to effectively use those quantities of water 
that are available. 

Certain types of wastewater, mainly from shower and 
laundry operations, can be treated on site and recycled 
for the same purpose. Shower and laundry wastewater can 
be collected, batch treated, disinfected, and pumped back 
to the unit. Such recycling operations are more easily 
used in a cantonment area than in mobile field 
operations. 

Field laundry and shower operat ions require large 
quant ities  of water . Table 1.1 gives an estimate of the 
daily shower and laundry water requirement for 100 , 000 
personnel at a field ins tallation , the quanti ty of  new 
water s aved with recycl ing ( as suming 90 percent recycle 
because o f  water losses) , and the quant ity o f  new water 
required . Without any recycl ing , potable water would 
normal ly be used with a once - through mode o f  operation . 
To produce the potable water needed each day for shower 
water for 100 , 000 pers onne l would require , without any 
recyc l ing , the availab i l ity and operation o f  10 - 600 gal/h 
or 2 - 3000 galjh reverse o smo s i s  treatment units , which is  
the Army's s tandard treatment proce s s  for  produc ing 
po table water in the fie ld. Likewise , in the case of the 
required laundry water wi thout any recycl ing , 15 - 600 
gal/h or 3 - 3000 galjh reverse osmo s i s  units would be 
needed to produce the potable water required . Thus , with 
90  percent recycl ing o f  shower and/or laundry was tewater , 
the logistic burden o f  providing the addi tional reverse 
osmo s i s  units to produce po table water and the ir  cost o f  
operat ion would be e l iminated .  The c o s t  o f  produc ing 
po table water by the Army's reverse osmo s i s  treatment 
units is approximately $20 per 1000 gal lons , exc luding 
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TABLE 1 . 1  Daily Water Requirement and Saving with Shower 
and Laundry Recycle ( gal/100 , 000 personnel )  

Water Water Saving 
Operation Requirement with Recycle 

Shower 130 , 000 117 , 000 
Laundry 200,000 180,000 

SOURCE : Department of the Army , 1986 . 

New Water 
Requirement 
with Recycle 

1 3 , 000 
20 , 000 

capital , transportation , labor , and distribution cos ts, 
while a comparable cos t of  separately treating shower or 
laundry was tewater for recycle has been estimated to be 
less  than half that amount . In addi tion to economic 
cons iderations , a number of other benefits would be 
real ized by recycl ing shower and/or laundry was tewater, 
e . g . , with a l imited source of water , recycl ing would 
permit more personnel to be accommodated or provide more 
water for other purposes . 
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2 

SUMMARY OF REPORJS 

OVERVIEW 

The overall obj ective of the committee ' s  s tudy was to 
evaluate the CERL ' s program on recycling and reuse of 
field laundry and shower was tewater with respect to its 
technical and sc ientific merit  and to recommend 
additional research needs, if any , required to achieve 
the goals of the recycl ing/reuse program . Toward this  
end , the committee was provided with 2 9  documents or 
reports produced s ince 1971 that addressed the full range 
of i s sue s assoc iated with the program . The preparation 
of thes e  documents was directed by CERL or by other 
agenc ies  in the Department of Defense with interes t  or 
s tatutory respons ib i l i ties  in recycle/reuse in field 
s ituat ions . 

The contents of thes e  documents are summarized in Table  
2 . 1 . Included is  the document number ( see Appendix B for 
ful l b ibl iography) , the date and author ( s ) , recycling 
alternative inve s t i gated or evaluated , technologies 
evaluated, and finally whether the document is  a 
l iterature review ; whe ther it  reports on bench - scale , 
p i lot - scale, or field- scale studies of alternatives ; and 
whether health e ffects data and s tandards development 
were discus sed . Twe lve of the reports are e i ther 
l i terature reviews or contain reviews of certain key 
i s sue s as part of a more extens ive report . Only s ix of  
the reports contain data on bench - or  p i lot - scale s tudie s  
evaluating the technical feas ib i l i ty o f  recyc le/reuse 
options . Only l imited resources have been inves ted in 
field- scale evaluat ions of any opt ions for recyc le/reuse 
of shower or laundry was tewaters, and only two of the 
s tudies attempted to demons trate recyc le alternatives at  
that scale . Final ly, four of  the documents discus s 
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TABLE 2.1 Summary of Documents Reviewed by NRC Committee on Recycling, 
Reuse and Conservation in Water Management for Arid Areas 

: "Date" refers to year of pj)l.ication, "author" is lead author or institution �e for l«<dc. 
'lbe following atbreviat..icns are �: 

CDAG, coagulation with 1mrganic c:taaicals or Qt9lllic polYJEXB; 
PAC, additi� of p:IWdara:l activata:l autxrl; 
SED, sedimentation: 
IE, diatanaoeoos earth filtraticn; 
F'IIJI', filtration in� ..:lia; 
UF1 ultrafiltzqt.iQ'l (i.e., i6ilbLar• filtraticn); 
IX,i�; 
R>l ��is; 
DIS, disinfection usin;J �te a-icals; 
ltC1 activated carlxn; 
�� nat applicable. 

b:x::uaBnt Lit. 
No. (see Raview/ Haalth 
AppeR1ix Date!" Recyclin;J Tectmolo;nP Paper Beldl Pilat Field Effects stardards 
Bl Autbor Alternative Eval\lated st:y;1y Tests Tests Tests Tests fl!Ml!I!fd a:r!ectiws 
1 1971/ wash water in � No No No No No Y• 'l'altatiw stan-

HAS/NRC manned� darda ptopcwi 
2 1973/U:s. Shower 1 laundry I I!Kltator unit No No Y• Y• No No Field test of 

� kitdlen recycle ERDlator � 
!t:bility synthetic 
Fqrlp. wastewater: 
R&D/I.entj limited water 
Ross �ity testing 

3 1975/ Evaluated reuse 15 in:tividual and Y• No No No No No Feasibility 
Ciooone for latrines, CXIIbined proce es stu!y I CDpJter 

laun:hy, evaluated .xiel., 8CCIIlCai.c 
in:lustrial I PlOto analysis 

4 1977/ I.aurmy Recycle CDAGjFII.Il' Y• Y• No No No No Lab stu!y to 
Botros/ optimize ooagu-
Best lant dose for 

laurmy 
recycle: in-
adecf.Jate data 

I 1-' VI I 
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5 1977/ I.aun:ky racycl.e 13 JISthods Yes 
Rlul1/ evaluated 
Lindsten 

6 1977/FOtd I.aun:ky racycl.e variaJs pz:o: as Y• 
evaliBtecl 

1* 1977/ I.aun:kyjlan:ley I OF/DIS No 
Witherup/ llbawar/llbawar 
EllmBtt 

8 1979/ Shcwer/llbawar 1 US/10/DIS, OF/DIS, Y• 
Qlgl.ey l.aun:kyfl.mnhy I IEFJCW;IIX, 
et al. ahcwar anf l.a\nhy JalLatar/DIS I 

racycl.e Dilut:.ia1/DIS 

9 1979/ Shcwer/l.a\nhy R>, OF, Air Y• 
Malus/ raJBB, ot:bar Plotat.icn, IE/AC 
Kent � poaaible 

10 1980/ Shcwerflan:ley NA Y• 
Shcoter/ racycl.e, lllilCIBd 
Ander&cn � 

11 1980/ Shcwerflan:ley NA No 
Office raJSe/ncycle 
SUl:qllcxl Geneml 

12 1981/ Shcwer/l.a\nhy Filtrati.crv'DIS, No 
Mama ncycle IE, FIIII'/cw;IDIS 

No No No No No 

No No No No No 

Y• Y• No Y• No 

No No No No No 

No No No No No 

No No No No No 

No No No No Y• 

Y• Y• No No No 

I.aun:ky racycl.e 
al naval air-
craft carriarsJ 
coat effecti'INI-
.- anal]lllis 

Boclad.c faasi-
bllity anal]lllis 

CDWILLata 
� lltudy, 
t.8ibility anal.:pia of 
recycle 
� 
oa.t analyais 
of altcna-
tiw.t lDited 
dJaa-tcm of 
•cpality t.... 
JlaH!odol "qf fclE' 
lllltt:inrJ � 
fer rqcla 

� 
daa-.tt, l:lasia fclE' 
abuldllrdll 
dilvw.l.cpmt 
EVal.IBted ru-
aEaB filtca, 
clisinf. altar-
natiwa; no 
Mal.th effects 
infanaaticm 

I 
.... 
0\ 
I 
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13 1982/ Review of total NA No 
USA-<ERI/ water supply 
USA-wES prdl!EIIB far 

tactical units in 
�Asia 

14 1983fU.S. NA NA No 
ArJilf 

15 1983/ Evaluated all use; ERI)Lator 1 lUIRJ Yes 
ciccooe reuse optia111 in a 

Jlilitary field 
situatial, 
"cloaed-lelq) water 
IB8 ocncept" 

16 1983/U.S. &w!Y of potable NA No 
ArJilf water in field 

17 1984/ General BUIVeY NA Yes 
Woosley 

18 1984/ Ildepeldent NA No 
Jcimscn evaluatim report 

(DR) far field 
J.aurmy unit 

19 1984/VMI/ I.alm:lry/shower mxator sysa. NA 
Ciccooe recycle 

No No No No No 

No No No No No 

No No No No No 

No No No No No 

No No No No No 

No No No No No 

No No No No No 

l!ac:k:graJBi info 
far water 
�.water 
-fer 
tact1mJ arid 
field wdts 
water cx:asuap-
tial plamir¥J 
factara fer 
�-'"""''units 
Feuibility 
analysis of 
apticrw fer 
ra.a 

01/arall water 
lqpJrt ocncept 

fer u.s. Amy; 
no diSCI-ial 

of ncycle 
Air Faroe 
rejects z:aae; 
R>of� 
Blllc:kgraun:l 
�. aval:uaticn of 
8IJliplent: -status of field 
launky unit 

Test plan fer 
field 
expar�; 
bllckgra.Jnd 
�;in-
adequate water-
�ity testin) 

I ..... 
....., 
I 
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20 1984/VMI/ Test plan for Ia No No No No No No llllcllgraJni 
Ci.cxxlne study in refereroa ciaa.a1t 

13 

21 1985/VMI/ stDMr/� �SED/IE. Y• No No No No Y• Operaticnl 
Ci.cxxlne OUor1na Diain. -..! 

22 1985/VMI/ stDMr ncycla � No No Y• No No No IIlja&' pilot 
Cioccne lltudy; batdl 

.,.._ a.te; 
�data 
.... , 1mda-
CIBte wtar-
lp].ity diBrac-
t..izat:1al 

23 1985/VMI/ I.alnhy.{l.aundly � No Y• No Y• No No 'Dine batdl 
Ci.cxxlne ncycla qc1AB ot 

�� l:bli.ted 
wt:er-q.Jal.ity I data .... 00 

24 1985/U.S. SiDMrflaurdry Ia No No No No No No � I 
Arlllf, rec:ycle dDcl...t 
USAF 
tlater 
Raaa.lrces 
lljllt . Acticn 
Grcq) 

25 1985/ Shalolar-Wtar raaa Ia No No No No No No � Olrl.ay _, 

26 1986/ 'lW::11nical. - No No No No No Y• Amy 'nlcb. 
Dept. ot adl.atin, sanituy llllletin en 
Arlllf Q:ntrol ani acntz:al ot 

&n'Vail.lance of fial.d wtar 
field wtar .......tt-
lqlplies 
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27 1986/ criteria NA Yes No No No No Yes criteria am 
Anspatr;jl. reccJIIIIelldaticns standa%dsfor 
et al. for drinltiDJ water 9 water-

inField cpsl.ity 
Sit:uaticnl paraEters 

28 1986/ I.aurlkyfl.aulmy a».GfPAC/SED/IE/ No Yes Yes No No No Jlllticycl.e 
Ban:ly DIS cpmd:icn, 11 
et al. water-cpll.ity 

� .EU�m!d 
29 Miller/ Q:n:lepts of Artlrf NA Yes No No No No No lllldcgrcud 

UJ:plb- field water l!ql)ly � 
lished 

* 'Ibis is the ally n!pOrt 1obiie actual health effects tests were CCJIPleted.. ot::har nparts discuss patential health effects 
issues wit:1Dlt actual animal or l'Uaan t:estinq. I 

..... \0 I 
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health e ffects data but only one provides new health data 
that specifically addres s  health risks from a recycle 
s i tuation . Five of  the reports addresses  the key issue 
of develop ing appropriate s tandards for recycle/reuse o f  
the was tewaters for laundry or shower uses . 

As discussed in the introduction , the committee ' s  
evaluation focused primarily on the laundry and shower 
recycle options that have been evaluated by CERL . This 
brief review of  the reports focuses on the succe s s  of  the 
s tudies completed to date in answering a number of  
questions that seem critical to the committee in 
ass e s s ing the technical and sc ientific merit  of the 
overall program . In turn , the succes s  or lack thereof of 
the program in answer ing thes e  que s tions sets the s tage 
for recommended additional research work . These 
que s tions are as follows: 

1 .  Have the s tudies adequately evaluated the 
conceptual basis for field recycl ing/reuse in combat 
s i tuations? 

2 .  Have the shower and laundry was tewaters and 
recycled waters been adequately characterized with 
respect to contaminants of  potential health concern? 

3 .  Have the appropriate technologies been selected for 
evaluation/te s ting? 

4 .  Have the technologies selected been tested 
suffic iently to determine treatment e fficiencies in 
removing contaminants of  concern and to determine 
treatment reliability? 

5 .  Has a risk - as s e ssment analys i s  been completed , and 
if  so was the analys is  adequate to define potential 
health risks to the users of  the recycle sys tem? 

6 .  Have s tandards been developed that will permit 
asses sment and acceptable operation of the recycl ing 
technologies under real i s t ic conditions? 

In this  chapter , the committee has not attempted a 
de tailed evaluation of each of these  ques tions , but 
rather some of the successes  and defic ienc ies of the 
current program are highl ighted .  More de tailed critiques 
regarding each of  thes e  que s tions can be found in 
subsequent chapters of  this  report . 
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ADEQUATE CONCEPTUAL BASIS 

Several reports have evaluated the technical and 
e conomic feas ib i l i ty of recycle  options and the po tential 
health e ffects o f  thes e  options ( C iccone , 1 9 7 5 ; Ford , 
19 7 7 ; Phull and Linds ten , 1 9 7 7 ; Adams and Kent , 19 7 9 ; 
Cogley , e t  al . ,  19 7 9 ; C iccone , 198 3 ) . C iccone ( 19 8 3 )  
evaluated a l l  m i l i tary water - us ing field act ivities and 
spec i fied the types  o f  water that might be required by 
each o f  these  ac t ivities as summar ized in Table  2 . 2 .  
Shower and laundry needs are as sumed to be satis fied with 
"fresh , nonpotab l e  water. " The report by Cogley et  al. 
(1 9 7 9 )  provide s the best  overview o f  the qual i ty ,  
te chnology , and health e ffects  i s sue s as soc iated with 
shower and laundry was tewater recycle . 

In general , these  reports adequately de fine the 
c oncep tual bas is  for the recyc l ing/reus e op tions in field 
s i tuat ions . One shortcoming o f  the s e  concep tual s tudie s 
i s  inadequate attent ion to the actual condi tions under 
which the recycle  op tions would be imp lemented. In 
addi tion , the reports fail to address  real i s t ically the 
i s sue of leve l of risk that would be acceptable for 
impl ementat ion of the sys tems. Thus , the concep tual 
s tudies  completed to date have been too l imited in scope 
and have no t adequate ly ident i fied the cons traints that 
mus t be me t by any recycle sys tem espec ially with respect 
t o  potent ial health r i sks assoc iated with the recyc le 
op tions. 

CHARACTERIZATION , TREATMENT EFFIC I ENCY , AND RELIABILITY 

Four early s tudies  have attemp ted to characte r ize 
l aundry or shower wastewate rs and treated wate rs  with 
r e spect to water - qual ity cons tituents o f  operational 
importance . In s ome of the studie s ,  treatment e ffic iency 
and reliab i l i ty were de termined but for only a l imited 
number of consti tuents. The report by Lent and Ros s , 
( 19 7 3 ) ,  pres ented water - qual ity data including pH , 
turb idity , total dissolved sol ids ( TDS) , total and 
o rthophosphate , s i l ica ,  hardne s s , alkal inity , sul fate , 
chlor ide , and dete rgents (MBAS) , surrogate organic 
constituents [b iochemical oxygen demand (BOD) and total 
organic carbon (TOC)] . Pilot and fie ld s tudie s of the 
p e r formance o f  the ERDLator , a batch physical - chemical 
tre atment p roce s s e s , were performed using synthetic 
was tewaters selected to s imulate shower , laundry, and 
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TABLE 2 . 2  Military Water -Us ing Field Activities 

Activity 

Maj QI U§e§ 
Mes s  operations 

( food preparation and 
utens il cleaning) 

Personal hygiene 
(washing , shaving , 
tee th brushing) 

Showers 
Laundry 
Drinking 
Decontamination 
Cons truction 
Dus t control 
Medical treatment and 

patient care 
Aircraft cleaning 

Minor Uses 
Vehicle cool ing makeup 
Graves registration 
Bakery operations 
Photo develop ing 
Well drill ing 
Pestic ide spraying 
Firefighting 

Typ11 2f W&t�I 

Fresh 
Potable Nonpotable 

X 

X 

xh 
xh 

X 
X 
X 
X 

X 

X 

X 
X 

X 
X 

xh 
X 
X 

Other 
Nonpota -
ble.l 

X 
X 
X 

X 

X 

.I Inc ludes relatively clean seawater and brackish 
waters and renovated shower and laundry was tewater . 

- Nonpotable water can be used , but it mus t be clean 
and free of  pathogenic organisms . 

SOURCE : Ciccone ( 1 9 8 3 ) . 
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kitchen was tewaters . Five to s ix recycle sequences were 
tested , us ing several different blends of  the three 
synthetic wastewaters . The s tudy concluded that the 
ERDLator can be utilized e ffectively for treating these  
was tewaters generated in  Army field  s i tuations . 

A report by Botros and Best ( 1 9 7 7 )  addres sed 
laboratory - scale optimizat ion of coagulant dose for 
treatment of laundry was tewaters . No water - qual ity data 
were reported .  Adams ( 19 8 1 )  presented the results of a 
laboratory - and p i lot - scale evaluation of a portable 
launary and shower unit for use in combat s i tuat ions that 
would inc lude water recycl ing . Thi s  s tudy focused 
p r imarily on process  var iables for various fil tration and 
dis infect ion al te rnatives and pres ented only l imited 
water - qual ity data . In addition to the cons tituents 
measured by Lent and Ros s  ( 1 9 7 3 ) , the se inve s tigators 
also measured color , ammonia , urea , chemical oxygen 
demand , and c onductivi ty . However , data were not 
suffic ient to characterize adequately the water - qual ity 
o f  the was tewaters or the treated waters . In particular , 
the s tudy provided l imited data on the time variab il ity 
o f  process  performance .  Thus , treatment effic iency could 
not be charac terized s tatis tically ,  which e l iminates the 
evaluation of treatment reliab i l i ty .  

The mos t  recent s tudies funded by CERL on shower or 
laundry recyc le were performed by Virginia Mil itary 
I nstitute Res earch Laborator ies  (VMI ) and V . J . C i ccone 
and As soc iates ( 1 9 8 5 a , 1 9 8 5b , 1 9 8 5 c )  and by Bandy et al . 
( 1 9 8 6 ) . Bandy e t  al . measured a s imi lar set  of  phys i cal 
and general mineral cons tituents as observed by Lent and 
Ro s s  ( 1 9 7 3 ) . The s tudy by VMI and Ciccone expanded the 
number of cons ti tuents to include microb iological 
characterizat ion , i . e . , total coliforms as we ll  as 
chlor ine re s idual , and , for the first time in any s tudy 
available to the committee , chlorinated hydrocarbons 
measured with a l iquid - l iquid extrac tion technique 
fol lowed by gas chromatography mas s spec trometry ( GCMS ) 
analys i s . In each of thes e  s tudie s , up to e ight batch 
recycle operat ions were c onduc ted to evaluate the fate o f  
the var ious water - quality cons tituents i n  the treatment 
proces s . 

While the s e  s tudies  provide a reas onable data base 
charac ter i z ing laundry - or shower - water recycle 
operations with respect to s everal inorganic cons t i tuents 
of ae s the tic and operational conce rn , insuffi c i ent 
at tention has been given to cons t i tuents of health 
concern . Ne i ther microb iological cons t i tuents nor 
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organic constituents have been adequately evaluated . 
Only one s tudy measured any microb iological constituents , 
and , in this  case , only the indicator bacterial group , 
total coliforms , was measured . Only one s tudy attempted 
to quanti fy spec ific organic cons tituents e i ther present 
in the wastewaters or formed by the dis infection process  
that could have a potential impact on the health of the 
user in a recycle s i tuation , particularly in a shower 
recycle system . Use of  the l iquid- l iquid extraction 
technique can provide information on only a l imited 
number of compounds , and , furthermore , chloroform was 
used for the extraction thus b ias ing the resul ts with 
respect to chlorination by - products . Thus , the data base 
generated in bench - scale or pilot treatment s tudies is 
inadequate for addres s ing any health effects que s tions 
regarding recycle or reuse options of shower or laundry 
wastewaters , which then precludes any risk- as sessment 
analys is . 

HEALTH EFFECTS DATA 

Four of  the reports have discussed water - quality issues 
that could have an impact on user health should 
reuse/recycle be implemented in combat s i tuations . Thes e  
reports are discus sed i n  detail i n  subsequent chapters o f  
this report . Only one of these  s tudies (Witherup and 
Emmett , 1 9 7 7 ) has undertaken the task of  testing 
concentrates of actual or synthetic shower and laundry 
was tewaters , with respect to acute oral toxicity , and 
irritation properties ,  for both skin and eye in 
laboratory animals .  In addition , a l imited amount of 
skin tes ting was completed in human volunteers . Over 9 5  
water samples including wastewater concentrates were 
tes ted . No acute toxicity or skin or eye irritation was 
observed from tests conducted us ing was tewaters treated 
by ultrafil tration and post chlorination . Several of  the 
concentrated untreated was tewaters produced mild to 
severe skin and eye irritation and were toxic at high 
doses  when administered to mice . These tests sugges t  
that recycle of laundry and shower was tewaters is  
unl ikely to cause any acute effects due to  chemical 
cons tituents in the treated was tewaters . Unanswered 
que stions include acute effects from inhalation exposure 
and chronic health effects of recycle and impacts of 
potentially pathogenic microorganisms in shower 
recyc le/reuse options . 
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CONCLUSIONS AND RECOMMENDATIONS 

The s tudies reviewed by the commi ttee and funded by 
CERL and o ther branches or agenc ies in the Department of 
De fense on recycle/reuse of laundry and shower 
was tewaters in military field operations provide only a 
l imited data base to evaluate the overall technical 
feas ib i l ity of recycle/reuse options and to as sess any 
potential health r isks assoc iated with such a program . 
Technical feas ib i l i ty of several treatment sys tems has 
rece ived the greates t  attention in the s tudies presented 
to date , with only l imited attention to water - quality 
cons t i tuents of health concern . 

Health e ffects data are also l imited but do sugges t  
that incidental inge s tion or skin contac t with recycled 
shower or laundry was tewaters due to chemicals are l ikely 
to be minimal . No information , however , exists  
concerning a maj or route of sys temic exposure in the 
shower , i . e . , inhalation of volatiles and mists . A 
s ignificant expans ion o f  the water - qual i ty data base i s  
needed to addres s  heal th effects is sues and treatment 
reliab i l i ty is sues and to provide a quantitative bas is  
for defining the health r isks as sociated with any o f  
thes e  options . Subsequent chapters i n  this report 
address the specific data base needs with respect to 
techno logical evaluat ions and heal th effects is sues . 
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EVALUATION OF TREATMENT OPTIONS AND RELIABILITY 

A key component of any field recycl ing sys tem is a 
treatment sys tem that can remove contaminants or classes 
of  contaminants present in the recycle water to levels 
pre sumed to present negl igible or no risks to human 
health . A number of treatment proces s  comb inations have 
been evaluated by CERL contractors , in theoretical 
analyses , bench - scale tes t ing , and p ilot or demons tration 
leve l  proj ects . In the context o f  shower or laundry 
recycle , treatment options tested appear to show promise 
for achieving the sys tem obj ectives des ignated by CERL , 
name ly , ease of  operation , ease of  transportation and 
cons truc t ion , and capab i l i ty to produce recycled water of 
accep table qual i ty .  

INTRODUCTION 

The succe s s  o f  reus ing shower or laundry water in the 
mili tary context i s  dictated primar i ly by the 
availab i l ity of  sui table treatment for renovating the 
shower or laundry was tewater .  In order for the treatment 
to be sui table it mus t meet  critical logist ical 
requirements , and i t  mus t be capable o f  rel iably 
produc ing an accep table qual ity of water at a reasonable 
co s t . 

The logi s t ical cons traints ar ise  becaus e of the nature 
of wate r - us e  patterns accompanying m i l i tary field 
operations . Any treatment sys tem mus t be suitable for 
deployment to remo te locat ions where it will  be operated 
on a part - t ime bas i s  by Army personne l having minimal 
operations exper ience . In this  context , a number of  
criteria have been i dent ified by the Army that serve as a 

- 2 6 -
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p o int of  reference for evaluating appropriate treatment 
methods . Thes e  criteria are as follows : 

• The treatment sys tem mus t b e  l i ghtwe ight , compac t , 
durable , and readily transportable . 

• The sys tem components and consumab le suppl i e s  mus t 
be readily available in the mi l i tary supply system . 

• The s e tup , operation , maintenance ,  and repair 
requirements mus t be cons is tent with the capab i l ities  of 
a minimal ly trained operations s taff . 

• The sys tem perfo rmance mus t be relative ly cons tant , 
with minimal requirements for performance tes t ing and 
operational monitor ing . 

• The sys tem mus t  be operable with minimal power 
requirements . 

Beyond the se logi s t ical cons traints the treatment mus t 
be demons trated to be capable o f  rel iably achieving a 
renovated water - qual i ty that conforms to water - qual i ty 
s tandards de termined to be appropr iate for e i ther shower 
or laundry water use in the mi l i tary context . The s e  
standards mus t take account o f  both ae s the tic  and 
heal th - e ffec ts cons iderations . S tandards have been 
deve loped for showe r - and laundry - water recycle that 
p lace l imitations on acceptable levels  of pH , turb idity , 
soap hardne s s , and free available chlor ine . The leve ls  
spec ified are  inc luded later  in this  report in the 
chapter deal ing with water - qua l i ty criteria and s tandards 
( s e e , for example , Table  5 . 3) .  

Charac teristics  o f  Was te S treams 

Shower and laundry was tewaters are suspected of  
c ontaining a complex mixture o f  cons tituents . The 
theoret ical chemical compos it ion of field shower and 
l aundry was tewater has been deve loped and is shown in 
Tab l e s  3 . 1 and 3 . 2 ,  respective ly ( Cogley e t  al . ,  1979) . 
A de tailed l i s t  o f  the theoretical was tewater 
cons t i tuents has been ob t�ined from the above source and 
i s  presented in Tables  3 . 3  and 3 . 4 ,  for shower and 
laundry was tewaters , respec t ive ly ( Cogley et al . ,  1979) . 
A comb ined theoret ical was tewate r  comp o s i t ion , based on a 
mix of  5 5  percent shower and 4 5  percent laundry has also 
been formulated ( Tab le 3 . 5 ;  Cogley e t  al . ,  1979) . The s e  
data repres ent the best  available informat ion o n  the 
probable  comp o s i t ion of shower and laundry was tewater and 
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TABLE 3 . 1  Theoretical Shower Was tewater Products 

Product Concentration , mg/L 

Shower cleaner 100 - 2 20 
S al t  60 - 180 
Soap , deodorant 50 - 150 
Hair o i l  2 5 - 150 
Soil (kaol inite ) 20 - 50 
Talc 20 - 50 
Hair shampoo 10 - 50 
H . N- Diethyl -m- toluamdie 

( DEET) 1 - 20 
Ep ithel ium 18 
Lactic ac id 5 
Urea 1 - 3  
Toothpaste 2 
Hair 2 
Potas s ium 1 . 5  
Shaving preps 1 
Dis infectant 1 
Lo t i ons 1 
Mouthwash 1 
Deodorant 1 
Suntan preps 1 

SOURCE : Cogley et  al . ( 19 7 9 ) . 

Table 3 . 2  Theoretical Laundry Was tewater Products 

Produc t Concentrat ion ,  mg/L 

Sodium carbonate 
Detergent Type I 
De tergent Type I I  
Ve ge table o i l  
Kao l inite clay 
S our ( Downey ) 
Urea 
DEET 

499  
433  
1 7 2  
1 6 6  
1 3 3  
116  

1 3  
1 2  

SOURCE : Cogley et  al . ( 1 9 7 9 ) . 
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TABLE 3 . 3  Theoret ical Shower Was tewater Cons tituents 

Product 

S il ica flour 
S odium chloride 
Castor o i l  
I s opropyl alcohol 
Ethanol 
Kaolinite 
Oleic ac id 
Talc 
Tal low 
S tearic ac id 
Coconut o i l  
Castor o i l , sul fonated ( 7 5 \ )  
Ul trawet 6 0 · L  
Ammonium lauryl sulfate 
Sodium lauryl sul fate 
Epi the lium cells 
H . H· Diethyl ·m· toluamide 
Sodium dodecylbenzenesulfonate 
Sodium tr ipolyphosphate 
Ol ive o i l , sulfonated ( 7 5 \ )  
Tannic ac id 
Triethanolamide alkylbenzene 

sul fonate ( 60 \ )  
Potas sium o leate ( 20 \ )  
Kalo in , collo idal 
Lactic ac id 
Trie thanolamine 
Urea 
G lycerol 
Potas s ium hydroxide 
Z inc s tearate 
Coconut die thano lamine 
Hair 
Mineral o i l  
Potassium 
Calcium carbonate 
Aluminum hydrox ide 
Sorb ito l 

( 9 2 \ ) 

Concentra · 
tion mg/L 
100 - 210 

6 0 - 180 
2 0 - 130 
18 - 10 5  
15 - 8 5  
2 0 - 50 
1 6 - 50 

41 
1 3 - 38 
l l - 3 1  

9 � 30 
6 - 30 
5 · 2 5  
5 - 2 5 
5 - 2 2 

18 
1 · 1 5 
3 - 1 3 
5 · 1 1 
2 · 10 
1 · 8  

1 - 7 
1 - 6  

5 
5 

1 - 5  
1 - 3  
1 - 3  

0 . 7 - 3  
3 

0 . 5 - 3  
2 

0 . 5 - 2  
1 . 5  
0 . 9  
0 . 9  
0 .  7 
0 . 6  
0 . 6 

Dicalcium phosphate 
Sodium · � · phenylpheno late 
Sodium · 4 · chloro · 2 · phenylpheno late 
Sodium metaphosphate 

0 . 5  
0 . 4  
0 . 4  
0 . 3  
0 . 2  
0 . 2  
0 . 2  
0 . 2  
0 . 2  

Aluminum formate solution 
Propylene glyc o l  
Tricalc ium phospha te 
V o l a t i l e  s i l icone 
Te gac id 
Aluminum chlo rhydrate 
Tween 80 

SOURCE : Cogley et  al . ( 1 9 7 9 ) . 

Ibe Following Compounds 
Are Present at <0 . 2  mg/L 
Alumina 
Aluminum chloride 
Aluminum sulfate 
Ammonium alum 
Beeswax 
Boric acid 
Cetyl alcohol 
Corn s tarch 
Bentoni te 
Hexachlorophene 
I s opropyl myr i s tate 
Magnesium carbonate 
Magnes ium oxide 
Glycerol monos tearate 
Methyl paraben 
Lanolin 
Petro latum 
PABA 
I sopropyl palmitate 
Polye thylene sorbi tan 

mono - s tearate 
Saccharin sodium 
Sodium - 6 · chloro - 2 · pheny l -

peno late 
Sodium hydrox ide 
S o rb i to l  
Spe rmac e t i  
Sorbi tan mono s tearate 
Stannous fluor ide 
Vee gum 
Z inc chlor ide 
Sodium s tearate 
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TABLE 3 . 4  Theore t ical Laundry Was tewater Cons tituents 

Produc t Concentrat ion , mg/L 

Sodium carbonate 5 3 0  
Vegetable o i l  1 7 0  
Kaol inite 130 
S odium alkylbenzenesul fonate 120 
Sodium sul fate 110 
Sodium tripolypho sphate 90  
S odium s il icate 80 
Sodium fluo s i l icate 80 
Ethoxylated alcohol 60 
Urea 1 3  
N . N- Diethyl - m - toluamide 9 
Sodium carboxyme thylce llulose 6 
Protease 3 
Fluorescent whi tening agents 3 
Ethano l 3 

SOURCE : Cogley et  al . ( 1 9 7 9 ) . 

provide a po int of  departure for evaluating suitable 
treatment technology for shower and laundry was tewater 
recyc le/reuse . 

Tables 3 . 1  to 3 . 5  contain theoret ical e s t imate s of 
cons t i tuents in was tewaters . Ac tual data are scarce , but 
the information provided by Bandy et  al . ( 1 9 8 6 ) provide s 
s ome indication of  the water - qual i ty of laundry 
was tewater .  The data , adapted from Bandy et al . ,  are 
shown in Table 3 . 6 .  

Candidate Treatment Sys tems 

Limited data are currently available that characterize 
the ac tual cons t i tuent mixture in e i ther laundry or 
shower was tewaters . I t  can be assumed , however , that a 
range o f  inorganic and organic cons tituents will be 
present as dissolved mater ial , and the remainder of 
material can be cons idered to be collo idal in nature 
( l e s s  than about 0 . 5  micrometers in s iz e )  or suspended 
s o l id mate rial ( greater than 0 . 5  microme ters in s ize ) . 
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TABLE 3 . 5  Theoretical Cons tituents of Mixed Wastewater 
{ 55 Percent Shower Water , 45 Percent Laundry Water) 

Concentra· Concentra -
lE!UliiQSi Usm li1lL EIRsi!.ISi� Eii.RD. lilA 
Sodiua carbonate 240 Calc ium carbonate 0 . 5  
Sil ica flow: 5 0 - llO Aluminum hydroxide 0 . 5  
Sodium chlor ide 3 3 - 100 - Sorb itol 0 . 4  
Kaolinite 7 0 - 90 Dical c ium phosphate 0 . 3  
Vegetable o i l  7 5 Sodium axtba· phenyl 
Castor oil 1 2 - 70 phenolate 0 . 3  
Isopropyl alcohol 1 0 - 60 Sodium 4 - chloro - 2 -
Sodium alky l - phenyl phenolate 0 . 3  

benzenesulfonate 5 5 Sodium mll&· phosphate 0 . 2  
Sodium sulfate 51 
Ethanol 10 - 50 kQmRRYDdl EIIIID� I' sQ z m1lL 
Sodium tripoly - phosphate 40 - 4 5 Alumina 
Sodiua s i l icate 3 5  Aluminum chlorhydrate 
Sodium fluos il icate 35 Aluminum chlor ide 
Ethoxylated alcohol 30 Aluminum for.ate 
Oleic ac id 1 0 - 30 Aluminum sulfate 
Talc 20 �onium alum 
Tallow l - 2 1 Beeswax 
S tearic acid 6 - 1 7 Boric ac id 
Coconut o i l  5 - 16 Ce tyl alcohol 
Castor o i l , sulfonated 3 - 16 Corn s t arch 
Ul travet 60L 3 - 14 Bentonite 
Aaaonium lauryl sulfate 3 - 14 Hexachlorophene 

1 . 1 - Die thyl -m- toluaaide 5 - 1 2 I s opropyl myr i s tate 
S odium lauryl sul fate 2 - 1 2  Isopropyl palmi tate 
Epithe lium ce l l s  1 0  Magnes ium carbonate 
Urea 6 - 8  Magne s ium oxide 
S odium dodecyl G lycerol monos tearate 

benzenesul fonate 1 · 7  Me thyl paraben 
Olive oil , sulfonated 1 - 5  Lano l in 
Tannic ac id 0 . 7 - 5  Pe trolatum 
Triethanolaaide alkyl · PABA 

benzenesul fonate 0 . 7 - 4  Propylene glyc o l  
Potas s ium oleate 0 . 7 - 3  Po lyethylene sorb i tan monos tearate 
Kaolin , colloidal 3 Saccharin sodium 
S odium carboxyme thyl - Sodium · 6 · chloro - 2 - phenylpheno l a te 

cellulose 3 S odium hydroxide 
Lac tic acid 3 Sodium s tearate 
Trie thanolaaine 0 . 5 - 2 Spermace t i  
G lycerol 0 . 8 - 2  Sorb i tan mono s tearate 
Potas s ium hydroxide 0 . 4 - 1  S tannous fluoride 
Z inc s tearate 1 Tegac id 
Coconut die thano lamine 0 . 3 - 1  Tricalcium phospha te 
Fluore scent Tween 80 

whi tening agents l Vee gum 
Hair 1 V o l a t i l e  s i l icone 
Mine ral o i l  0 . 2 - 0 . 9  Z inc chlor ide 
Po tas s ium 0 . 8  

SOURCE : Cogley e t  al . ( 197 9 ) . 
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TABLE 3 . 6  Characteristics o f  Laundry Wastewater 
[ (Adapted from Characterization S tudies of  Was tewater 
Generated from Military Ins tallations , CALSPAN Report No . 
ND - 5296 -M- 1 ( CALSPAN , April  197 3 ) ] 

Parameter 
(mg/L Except 
as Noted) 

Turbidity , JTUA 
pH , unit  
Total dissolved 

sol ids 
Suspended sol ids 
Total sol ids 
Volatile sol ids 
Detergent 
Total phosphate 
Orthophosphate 
Polyphosphate 
Sulfate 
S il icate 
Total hardnes s  

( CaC03 ) 
Calc ium hardnes s  

( Caco3 ) 
Magnes ium hardnes s  

( CaC03 ) 
Total alkal inity 

( Caco3 ) 
Chloride 
BOD , 5 - day 
TOC 
Oil and grease 

Militaty Fie ld Qnit 
Average Maximum 

1362 . 7  
7 . 4 

500 . 0  

2 . 8  
7 5 . 7  

81 . 0  
94 . 0  

30 . 0  

2 2 . 7  

7 . 3  

2 2 7 . 0  
130 � 0 
3 3 9 . 0  
100 . 2  

3800 . 0  
7 . 6  

800 . 0  

6 . 5  
128 . 0  
122 . 0  

6 . 0 
175 . 0  
150 . 0  

34 . 0  

3 2 . 0  

12 . 0  

2 8 6 . 0  

2 5 8 . 0  

A Jackson Turb idity Unit . 

SOURCE : Bandy et  al . ( 19 8 6 ) . 

Observed range , 
Commercial 
Laundry 

9 . 0  to 10 . 3  

210 to 540 
800 to 2100 

<1500 

<511 

370 to 6 3 5  

1 7 0  t o  5 5 0  

In addition t o  chemical and physical cons t i tuents , 
microbial cons t i tuents would be present , such as 
bacteria , viruse s , and fungi . As a bas i s  for selecting 
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the pos s ible treatment sys tems , this  broad range of 
cons tituents can be sorted into several convenient 
groups , namely , collo idal material , suspended sol ids , 
dissolved organics (nonvolatile ) , dis solved organics 
(volatile ) ,  dissolved inorganics , and microorganisms . 
Table 3 . 7  lists  those treatment processes capable of 
" s ignificant" reduct ion of the des ignated groups of 
contaminants .  " S ignificant " in this context is  
qual i tative but indicates those  processes whose primary 
function is removal of the contaminant group . I t  should 
be noted that in many instances there will be some 
reductions in the concentrations of other cons tituents . 
As an example , the treatment sequence involving 
coagulation- flocculation- sedimentation can contribute in 
varying degrees  to the removal of microorganisms and some 
dissolved inorganic cons tituents depending on the 
coagulant chemicals uti l ized . 

Treatment Sys tems Tes ted 

In as sess ing laundry and shower recycle , CERL has 
contracted for the evaluat ion of numerous treatment 
sys tems cons i s t ing of one or more of the treatment 
processes shown in Table 3 . 7 .  The maj or sys tems s tudied 
and cons idered technically feas ible ( i . e . , produc ing a 
product water mee ting proposed criteria/s tandards ) are 
summarized in Table 3 . 8 .  Shown are only those  treatment 
sys tems that have been tes ted on e i ther bench or 
p i lot/field scales . 

Mos t  of the experimental evaluations performed by the 
m i l i tary to date have been direc ted at as s e s s ing the 
treatment effec tivenes s  us ing the concep t of the 
ERDLator , which has been used successfully for years by 
the Army in treating water in the field . The components 
of thi s  sys tem are shown schematically in Figure 3 . 1 .  
The sys tem provides treatment of e i ther showe r or laundry 
was tewaters with a treatment sys tem cons isting initially 
o f  batch coagulation , flocculation , and sedimentation , 
i . e . , in the treatment tank . Cationic and anionic 
p o lymers are added manually to the was tewater s tream as 
c oagulants . These are supplemented by powdered ac tivated 
c a rbon for adsorption of dissolved organic cons tituents 
and sulfuric ac id for pH adj us tment . Mixing required for 
c oagul ation and flocculation is  achieved by rec irculation 
pump ing . Se ttl ing of the flocculated sol ids is  
accomplished in the treatment tank by  maintaining 
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TABLE 3 . 7  Wastewater Treatment Processes 

Treatment 
Process 

sedimentatialA 
FlotatialA 
FiltratJ.alA 

(sam, 
11111 timedia) 

FiltratiCX'l, 
diataaaoea.Js 
earth 

��� 
Air st.ri.I:Pin:l 
<lll.orinatiCX'l, 

free 
OzalatiCX'l 
Ultraviolet 
Reverse 

osmosis 
Ultra-

filtratiCX'l 
Electrodialysis 
ICX'l exdlan;Ja 

X X 
X X 
X 

X 

X 

X X 
X X 

X X 
X 

X X 

X 

X 

X 

� Rlqlires pretreatment by ooagul.atiCX'l anvor floccul.ati.al, 
GIIC, gnnJl.ar activated c::ut:xl'l; 

SIC, � activated c::ut:xl'l. 

X 
X 
X 

X 

X 
X 
X 

X 

X 
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TABLE 3 . 8  Treatment Systems S tudied and Cons idered 
Technically Feas ible for Treating Shower and Laundry 
Was tewater Recycl ing 

Reference 

Adams , 1 9 8 1  

Was tewater 
Tested 

SOt laundry 

SOt shower 

VMI , C iccone , 1 9 8 S  Shower 

VMI , C iccone , 1 9 8 S  Laundry 

Lent , 1 9 7 3  Laundry , 
ki tchen , 
shower , 
blend of 
all three 

Bandy et  al . ,  1 9 8 6  Laundry 

DE , diatomaceous earth 
GAG , granular act ivated carbon 
PAC , powdered ac t ivated carbon 

Treatment Sys tem 

( a )  Cartridge 
filtration/ 
chlorination 

(b ) DE Filtration/ 
GAG/chlorination 

PAC/ coagulation/ 
sedimentat ion/ 
DE fil tration/ 
chlorination 

PAC/ coagulation/ 
sedimentat ion/ 
DE fil tration/ 
chlorination 

Modified ERDLator/ 
PAC/ coagulation/ 
sedimentation/ 
chlorination/ 
DE fil tration 

PAC/ coagulation/ 
sedimentation/ 
DE fil tration 

quiescent condi t ions for an appropriate t ime period . 
Following comple tion of the settl ing s tep , the 
supernatant from the treatment tank is subj ected to 
diatomaceous earth fil tration for additional suspended 
sol ids removal . The fil trate is  col lected in a 
treated-water holding tank where calc ium hypochlorite i s  
added a s  a dis infec tant . 
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Make-up 
Wlter 

I I r Sttower or · I  r----11 Waat.... ��--II I-"'IIP---'------Laundry _UM I ·  

Sulfuric Acid 

Polymen 

------1- Rwlduala 

Calcium 
Hypochlorite 

l.----fl Treatment !--1 .-..�1 Dlltomaceoua Earlh t--l .... --l 
I Tank I I Finer I 

Holding I 
Tank 11-----' 

FIGURE 3 . 1  Schematic of batch was tewater treatment and 
recyc le sys tem for shower and laundry . 

Copyright © National Academy of Sciences. All rights reserved.

A Review of the U.S. Army Construction Engineering Research Laboratory Program for Recycling and Reuse of Laundry and Shower Wastewater
http://www.nap.edu/catalog.php?record_id=19250

http://www.nap.edu/catalog.php?record_id=19250


- 3 7 -

The treatment sys tem shown in Figure 3 . 1  has some 
obvious advantages in military appl ications because of 
the famil iari ty o f  its components to mili tary personnel . 
These components have been demons trated to be 
transportable ; the operational complexity is cons istent 
with the levels of skilled personnel available for 
operations ; and the batch nature of the t�eatment has 
been demons trated to be appropriate with the level of 
rel iabil ity of the available power sources and cons is tent 
with the use patterns . 

Evaluations o f  this  treatment sys tem have been 
performed by the mi l itary with the treatment appl ied in 
b o th the shower and laundry recycle modes ( see Table 
3 . 8 ) .  The shower recycle evaluation has included 
full - scale tes ting with human subj ects actual ly us ing the 
treated recycle water for bathing . The water - quality 
impac ts of shower use and renovat ion treatment were 
moni tored through analyses for alkal ini ty , to tal 
dissolved sol ids ( TDS ) , l inear alkyl sul fonate ( LAS ) , 
total organic carbon ( TOC ) , sulfate , turb idity , pH , total 
hardness , free res idual chlorine , total coliforms , 
chemical oxygen demand ( COD) , and some trace organic 
cons t i tuents . These analyses were performed over two 
different tes ting phases , the fir s t  involving 8 shower 
recycles and the second involving 11 recycles .  A summary 
of key data abs tracted from these analyses is presented 
in Table 3 . 9 .  

A conclus ion drawn from this s tudy was that the batch 
coagulation/fil tration process can effectively treat 
shower was tewater to permit it  to be recycled in military 
bath fac i lities . The data , however , are not adequate to 
support such a conclus ion . 

While resul ts are encouraging for removal of suspended 
s o l ids , soap and detergents , and bacterial organisms , the 
data are inadequate to characterize s tat i s tically the 
rel iabil ity of the proces s .  In addit ion , the 
c oncentration of s ome other cons t i tuents increased 
cons i stently throughout the recyc le series  because of 
minimal or incomplete removal by the treatment sys tem . 
Notable in this category were hardne s s , TDS , and TOC . 
The reported hardne s s  and TDS concentrat ions could be 
expected to be o f  some aes the tic concern t o  b a the r s , 
al though the s tudy report indicated that lathe ring was 
not a problem in this asses sment . The ob s e rved inc r e a s e  
in TOC warrants further inve s t igation , howeve r , to 
document that the organic cons t i tuents that accumu l a t e  in 
the recycle s tream do not have adver s e  h e a l th effects . 
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TABLE 3 . 9  Summary of Reported Water-Quality Data Shower Wat er Recycle 

Final Treated water 

waste settled Blase I 

CllaracteristicP 
SaJroe water, 8 water, 8 After 
water, cycles cycles 8 cycles 

Alkalinity 360 . 5  - - 6� 
Total hardness 145 . 5  - - 430 . �  
'I'U:Ii:>idity (NIU) 0 . 2  252 2 . 25 0 . 39 
Residual chlorine 0 . 26 - - 0 . 25 
lAS 0 . 07 0 . 88 - 0 . 05 
'1m 174 . 88 - - 1524 . 3J.sl 
OOD 253 625 -
TOC 6 . 4  180 - 26 . 0  
Pi wrl.ts 8 . 45 7 . 0  5 . 9  6 . �  
Total ex>lif� 

(MPN) 

� Follc:Min) filtration, nzt prior to disinfection. 
- All wrl.ts in Dq/L, lD'll.ess at:heiwi.se noted . 
g MIN, JOOSt prcbable I'I.DiiJer. 

SOURCE : VMI ( 1985a) . 

Blase II 
After 
11 cycles 

10� 
661.5l 

0 . 16 
0 . 40 
0 . 04 

1682 . 3J.sl 
Jl.sl 
7 . �  

< 2 . 2/100 ml 

I 
w 
OD 
I 
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An assessment of  laundry recycle operations was 
performed during field exerc ises in 1985  (VMI , 1 9 8 5b ) . 
The treatment system employed in renovating the laundry 
was tewater for recycle was also the same as that used in 
the shower was tewater recycle evaluation . This  sys tem of 
coagulation , flocculation , sedimentation , filtration , and 
chlorination had apparently shown promise for treating 
laundry was tewater in previous laboratory tes t ing (VMI , 
1 9 8 5 c ) . Unfortunately , no water - qual ity data were 
reported for the field tes ting operation . In a 
subsequent report , however , some water - qual i ty 
evaluations were included from o ther tests involving the 
same field laundry was tewater recycl ing system ( Bandy et 
al . ,  1 9 8 6 ) . In these  tes ts , several batches of water 
were subj ected to varying numbers of washing and 
treatment recycles . The treatment sys tem included the 
batch coagulation , flocculation , sedimentation , and 
filtration processes discus sed previous ly . Powdered 
ac tivated carbon was added prior to the coagulation 
step . In this case , however ,  the addition of calc ium 
hypochlorite was not practiced . 

Mos t  of  the water- qual ity data were reported for the 
settled water , with only turb idity reported for the 
filtered water . There was cons iderable var iab i l i ty in 
the reported concentrations for many constituents through 
the different washing - treatment cycles . Some of thi s  
variab i l i ty was l ikely attributable t o  differences in the 
manner in which batch treatment was performed for 
different cycles , and some was associated with a bui ldup 
of certain cons t i tuent concentrations because those 
cons t i tuents were not effectively removed by the 
treatment sequence . Thi s  variab i l i ty is reflec ted in the 
data summary of Table 3 . 10 .  

In reviewing the data of Table 3 . 10 ,  the broad range of 
c oncentrations for some cons ti tuents raises  concerns 
relative to the rel iab i l i ty of the treatment sys tem in 
the context of mili tary combat operations . Notable  in 
this category were the turbidi ty , pH , and TOC . . In 
several different cyc les , the treated water pH and 
turb idity were reported at levels  above the e s tab l i shed 
inter im s tandards . The free available chlor ine addit ion 
apparently was discontinued in the performance of the se 
tes t s . In sp i te of the s e  apparent shortcomings , the 
report concluded that the treatment me thod was viable  for 
treat ing laundry water in mi l i tary recyc le app l icat ions . 

Copyright © National Academy of Sciences. All rights reserved.

A Review of the U.S. Army Construction Engineering Research Laboratory Program for Recycling and Reuse of Laundry and Shower Wastewater
http://www.nap.edu/catalog.php?record_id=19250

http://www.nap.edu/catalog.php?record_id=19250


TABLE 3 . 10 Ranges of Reported Sett led Water-Quality Characteristics 
for Laundry 

Rame of Concentratioos (DQ/L) 
Batd:l 4 Batd:l 5 

Claracteristics 6 cycles 8 cycles 

Iii 
TUmidity 
'ItS 
Alkalinity 
calcium 
SUlfate 
�te 
Total phosplate 
I.M; 
'roC 

7 . 0-7 . 55 
4 . 15-45 . 7� 
1376-1478 
412-509 
73-84 
64-430 
7 . 6-15 . 0  
47-141 
0 . 11-o . 78 

� After  settlin;J am filtration. 

SOURCE : Bandy et al . ( 198 6) .  

7 . 1-8 . 0  
0 . 61-10 . 9-8mu 
767-2350 
336-496 
39-80 
142-883 
11. 5-75 . 3  
64-421 
0 . 11-D . 30 
0 . 1-12 . 0  

Batd:l 6 
6 cycles 

7 . o-7 . 6  
o .  75-27 . o-8mu 
934-2055 
275-526 
55-80 
112-487 
17 . 9-69 . 3  
129-424 
0 . 2-D . 69 
0 . 1-18 . 8  

I 
.,. 
0 
I 
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CONCLUSIONS AND RECOMMENDATIONS 

The apparent success of the recycle s tudies performed 
to date indicates that laundry recycle seems to be 
aes thetically viable for use in mil itary combat 
operations . There is a clear need , however , to expand 
the testing of  recycle systems in the area of  health 
effects cons iderations if  shower recycle is pursued . The 
perfo rmance evaluations of the treatment sys tem have not 
gone far enough in assuring the public health safety of 
e i ther the shower or laundry recycle practice . 
Additional pilot  and field tests should be performed for 
evaluat ing the rel iability of the treatment sys tem in 
providing a safe supply for the two wate r - use 
appl ications . This is  especially important for shower 
recycle appl ications . 

Four speci fic issues mus t be addressed in completing 
this  evaluation , as follows : 

1 .  A characterization of the wastewaters with respect 
to  organic , inorganic , and microbial cons tituents of 
potential health concern must be completed . To date this 
task has received inadequate attention . 

2 .  Any proposed treatment sys tem �hould be evaluated 
agains t the es tab l i shed s tandards to de termine the 
adequacy of the proposed treatment technology . 

3 .  The reliab i l i ty of the treatment me thodology mus t 
be as sessed in the context of the recycle and treatment 
operations that are anticipated by the mili tary . 

4 .  Surrogate wate r - qual i ty characteris tics should be 
defined for operat ional moni toring of  the treatment 
sys tem during field appl ication of the recyc l ing sys tems . 

A sugges ted approach for completing the as ses sment is  
detailed in Chapter 6 on Research Needs . In making the 
health e ffects evaluations , there must  also be cognizance 
of the fac t that mult iple recycles will resul t in a 
buildup of  the concentrations of some contaminants in the 
recycle water with each cycle  of use . This bui ldup will  
occur because no  acceptable treatment sys tem will  be 
compl etely effective in removing all contaminants .  The 
real i ty of this fac t was demonstrated in the data summary 
for showe r - water recycl ing presented earl ier in this 
chap ter . The nature of the buildup that occurs is  shown 
schematically in Figure 3 . 2  and described mathematically 
in the equation that appears in the Figure 3 . 2  capt ion 
(Dick and Snoeyink , 1 9 7 3 ) . It is  the ul timate 
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Cone • concentrallon 
CuLT • UlllmMe concenbalkM·of conetlluenl X 

• llfiPIUChed after • IIUIIIber of recycJeL 
c; • Concentrdon of conatltuent X In 

orlglllll Mil llllklup water8. 
4C • hiCNIMnlal chenge In concenlrallon of 

egenl X during ..:11 UM Md 1rMimenl 
cycle. 

r • Fraction of to ... flow Q, which Ia 
recyclecl. 

FIGURE 3 . 2  Water recyc le schematic . 

SOURCE : Dick and Snoeyink ( 197 3 ) . 

Reprinted from Journal American Water Works As sociat ion , 
Vol . 6 5 , No . 7 (July 1 9 7 3 ) , by permiss ion . Copyr ight 
1 9 7 3 , American Water Works Associat ion . 
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concentrations described by this equation that must be 
addressed in assess ing the adequacy of the treatment and 
the acceptabil ity of the recycle practice . I t  should 
als o  be recognized that the input of makeup water 
(perhaps in excess of the assumed 10 percent loss through 
the system) could be used to extend the number of  
recycles while still  meeting recycled water s tandards . 

The recycl ing of  laundry was tewater presents a 
substantially different exposure of troops than that of 
recycled wastewater from showers . Spec ifically , wearing 
clothing laundered in recycled water can be viewed as an 
indirect exposure to res iduals in such clothing , while 
exposure to chemicals or microorganisms that could be 
present in recycled shower water would be direc t . Thus , 
more s tringent criteria ( and hence testing) will be 
required to ensure the safety of direct exposure to 
recycled was tewater . While the committee bel ieves that 
both recycl ing options are achievable with existing 
treatment technology , additional pilot and field tes ts 
should be performed for evaluating the success of  the 
treatment sys tem in reliably providing a safe supply for 
both water uses . 
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4 

EVALUATION OF OPERATIONAL INfORMATION 
AHD HEALTH EFFECTS PATA 

EXISTING WATER-QUALITY DATA BASE  

Chemical Cons tituents 

Shower and laundry was tewaters represent waters in 
which the chemical contaminants can be reasonably well  
identified ( relative to  domestic wastewaters with widely 
variable inputs of indus trial chemical s ) . It is pos s ible 
to antic ipate many of the chemicals that may be expected 
in shower and laundry wastewaters ( Cogley et al . ,  1 9 79 ) . 
In the case of  treated laundry and shower wastewater it  
is more difficul t  to  antic ipate the chemical contaminants 
because of the ir influence by the treatment process .  The 
problem of toxic by -product formation , as a result of  
treatment processes  ( e spec ially dis infection) , has been 
wel l  documented with domestic water supplies . Both 
laundry and shower systems have undergone l imited field 
testing and the results have been summarized by Bandy et 
al . ( 19 8 6 ) and VMI and Ciccone , ( 19 8 5a , b , c ) . 

The report by Bandy e t  al . ( 19 8 6 )  described three 
exper iments in which laundry was tewater was recycled from 
s ix to e ight times . From the report it appears as though 
no chlor ine was used during these experiments . Inorganic 
analyses for standard wate r - qual ity parameters were 
performed and summarized in Tables 4 . 1  to 4 . 3 .  LAS and 
TOC were also determined in these experiments . Results 
from the mos t  extens ive experiment presented show that 
the TOC and LAS concentration was ( after the first 
recycle ) be low 1 mg/L . However , the leve l of organic 
carbon increased dramatically to 7 . 30 mg/L j ust  prior to 
the end of the tes t . Except for the las t  high 
measurement this is very encouraging and does provide 
pos i t ive evidence for good removal of organic material . 
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TABLE 4 . 1  Turb idity o f  Settled and Filtered Waters 
During Batch Run 6 

Turbidity (NTU) 
Quantity of 
Carbon Settled Filtered 

Cycle Added ( lb )  Water Water 

1 6 . 5  6 5  10 
2 6 . 5  8 1 

3 4 . 0  6 0 . 8  
4 2 . 0 9 0 . 7 5 
5 0 2 7  7 . 4  

6 0 99  27  

NTU - Nephelometric Turb idity Units 

SOURCE :  Bandy e t  al . ( 19 86 ) . 

TABLE 4 . 2  Mean Concentration of Se lected Inorganics by 
Reuse Cycle for Settled Water During Batch Run 5 

Concentration (mg/L) 

Cycle : 1 2 3 4 5 6 7 8 

Inorganic 
Cons t i tuent 

Total 
dissolved 
sol ids 7 6 7  1005 1194 1509 1 6 9 5  1 7 9 5  2 0 3 6  2 3 5 1  

Total 
Phosphate 9 3  6 4  144 2 14 160 2 5 0  344 42 1 

Ortho -
phosphate 12  16 2 0  3 7 54 5 3  6 3 7 5  

Sulfate 180 249 403 450 619 14 2  6 7 0  8 8 3  

S OURCE : Bandy et al . ( 19 8 6 ) . 
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TABLE 4 . 3  Mean Concentration o f  Selected Inorganics by 
Reuse Cycle for Settled Water During Batch Run 6 

Concentration (mg/L) 

Cycle : 1 2 3 4 5 6 

Inorganic Cons tituent 

Total dis solved 
solids 9 3 4  1018 1 2 6 7  1 5 8 5  1700 2055  

Total Phosphate 1 2 9  2 10 229  2 2 5  308 424 
Orthophosphate 18  2 1  2 5  4 5  56 69 
Sulfate 209 318 305 453  487 112  

SOURCE : Bandy e t  al . ( 19 86 ) . 

Unfortunately the experiment should have been continued 
to observe the longer term trends . I t  is not pos s ible to 
as sess  potential health effects from e i ther LAS or TOC 
data . No specific organics analyses were performed , and 
because chlorination was not used , the presence o f  
chlorination by -products ( as might b e  determined b y  TOX 
and specific halogenated organics determinations ) cannot 
be determined . Although the data are very encouraging , 
me thods for identifying spec ific compounds should be used 
to better define the organic constituents . 

A s imilar tes t  series was performed us ing recycled 
shower was tewater . A batch treatment proces s  was 
emp loyed invo lving two tests . The treatment processes 
used were coagulation/flocculation and settl ing , us ing 
powdered activated carbon and polye lectrolytes , 
filtration through a diatomaceous earth filter , and 
dis infection with calc ium hypochlorite . The two tests  
involved 8 and 11  cycles (de s i gnated Batch 1 and Batch 2 ) 
respectively . S tandard chemical water - qual ity analyses 
were performed . The organic carbon characterization 
included the determination of  COD , TOC , and LAS . 

Summaries of the two tests are shown in Figures 4 . 1  to 
4 . 3 ,  for LAS , COD and TOC , respec tively . The LAS appears 
to be reduced cons is tently to below 0 . 1  mg/L in both 
tests following coagulat ion- flocculat ion , settl ing , 
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lATCH # I - .I  CYCLES 
lATCH #l. - I I CYCLES 

FIGURE 4 . 1 Linear alkyl sulfonate (mean concentration in 
mi l l igrams per l iter)  in shower wastewater and treated 
e ffluent . 

SOURCE: VMI and Ciccone ( 1985a) . 
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lATCH # 1 .• I CYCLES 
IATCH #Z - I I  CYCUS 

FIGURE 4 . 2  Chemical oxygen demand (mean concentrat ion in 
mi l l igrams per l iter )  in shower was tewater and treated 
effluent . 

SOURCE : VMI and Ciccone ( 1985a) . 
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lATCH 1.1 - 8  CYCLEI 
lATCH #2 � I I  CYCLEI 

FIGURE 4 . 3  Total organic carbon (mean concentration in 
mi l l igrams per l iter) in shower was tewater and treated 
effluent . 

SOURCE : VMI and Ciccone ( l985a) . 

Copyright © National Academy of Sciences. All rights reserved.

A Review of the U.S. Army Construction Engineering Research Laboratory Program for Recycling and Reuse of Laundry and Shower Wastewater
http://www.nap.edu/catalog.php?record_id=19250

http://www.nap.edu/catalog.php?record_id=19250


- 50 -

filtration and dis infection and does not appear t o  b e  a 
problem or even a potential problem in this  treatment 
scheme . In mos t  cases , the COD was below the 
s ource -water mean concentration of 2 5 3 mg/L and is  
removed effectively following coagulation- flocculation 
and settling . The TOC results ( Figure 4 . 3 ) in both tests 
show a gradual increase from below the source water  
s trength to  between 2 6 and 32 mg/L ,  following 
coagulation- flocculation and settl ing . 

A l imited number of samples were analyzed by 
l iquid- liquid extract ion (LLE) , us ing a chloroform 
extract , followed by gas chromatographic mass 
spectrometric analys is  for each test . The compounds that 
were identi fied were phthalates , fatty acids , and 
hydrocarbons . They occurred in the untreated shower 
was tewater and were reduced to near source -water 
concentrat ion after treatment . Concentrat ions ranged 
from <0 . 1 to 10 pg/L and thus do not represent a · 

s ignificant portion of  the organic load . No chlorinated 
compounds were found . No analyses of  the organic 
compounds by headspace or direct aqueous inj ection , 
cap illary chromatography , and flame ionization or 
electron capture detection were performed . Consequently , 
there are inadequate data on chemical const ituents in the 
product water on which to base j udgments regarding 
potential health hazards . Additional research is needed 
to better characterize the organic chemicals present in 
the treated/recycled water . 

Microbiological Cons tituents 

Within any relat ively large group of people , a 
background of disease and · carrier s tates exists � ·  As a 
result , both shower and laundry was tewaters can be 
expected to contain infectious microorganisms , albeit at 
greatly reduced leve ls  when compared to domestic 
was tewaters . These  microbes ·  could be shed by infected 
individual s  in normal body excretions ( i . e . , sal iva , 
semen , urine , and fece s )  or derived from the skin 
surface . S imilarly , clothing contaminated by such routes 
or soiled with microorganisms from the environment could 
contribute to the microb ial load of these wastewaters . 
Hence , a wide assortment of bacteria , viruses , fungi , and 
paras i t ic ova and cys ts could enter shower and laundry · 

was tewaters . A summary of microorganisms identified as 
be ing of concern to the mili tary in the use of  field 
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water i s  presented in Table 4 . 4 .  Organisms cons idered 
important in evaluating the risk of  illnes s  resulting 
from nonconsumptive exposure to water are identified 
within each group of infectious agents ( see footnote to 
Table  4 . 4 ) . This  listing was initially based on the 
identification of all water- related diseases documented 
in available published literature s ince 1970 . Notably , 
recently recognized pathogens imp licated in waterborne 
disease transmiss ion such as non-A , non - B  hepatitis 
virus ( e s )  and the coccidian protozoan paras ite , 
Cryptosporidium species , are not included . While the 
behavior of the newes t  viral agent ( s )  of hepatitis may be 
expected to resemble that of other waterborne viruses  
listed in Table 4 . 4 ,  the apparent chlorine res istance of  
CIYOtosporidium cysts may be unique . In addition , other 
microorganisms such as enveloped viruses shed by infected 
individuals ( e . g . , herpes virus and cytomegaloviruse s )  
and not previously associated with water- related disease 
transmis s ion owing to the ir relative instability outs ide 
of a human hos t , may be a cons ideration in a closed- loop 
system having a relatively short recycle time . In 
addition , it  mus t be recognized that predicting the 
microb ial content of recycled waters in different 
geographic regions of the world is exceedingly difficult , 
as the indigenous microflora within native populations 
( e . g . , in Africa) can be dramatically different than that 
found in the United S tates . 

In the reports provided to this commi ttee for review , 
only one s tudy has evaluated the occurrence and removal 
of bacteria in wastewater recycle . Limited bacterial 
monitoring was done as part of  a ful l - scale test program 
of shower was tewater recycling (VMI and Ciccone , 198 5 ) . 
A multiple - tube fermentat ion , mos t  probable number (MPN) 
procedure was used to enumerate total coliform bacteria 
in the untreated wastewater , diatomaceous earth (DE) 
filtered water , and dis infected water to which calcium 
hypochlorite was reported to have been added to achieve a 
res idual greater than 8 mg/L of free available chlorine 
( FAC ) . Notably , a discrepancy exists between this s tated 
level of FAC and the measured chlor ine res idual in 
dis infected waters , which never exceeded 0 . 4  mg/L . 

Bacter ial analyses  were performed during the second 
recycl ing test  beginning with cyc le 6 and continuing 
through the end of the test with cycle 1 1  ( Table 4 . 5 ) . 
As expected , the level of  total coliforms in untreated 
shower was tewater was low , ranging from 2 . 2  to 16  MPN/100 
ml . ( Notably , in domestic was tewaters , total coliforms 
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TABLE 4 . 4  Infectious Organisms o f  Military Concern 
Assoc iated with the Use of Field Water 

Infectious 
Organisms 

Bac teria 

Virus 

Paras ite 

Description 

Bac illary dysentery ( Shigella spp ) . 
Cholera (Vibrio cholerae ) 
Diarrhea ( Camgylobac ter) 
Diarrhea ( Escherichia col i )  
Leptosp iro s i s  ( Leptospira spp . )A 
Salmonellosis  ( Salmonella spp . )  
Typho id fever ( Salmonella �) 
Skin infections ( Pseudomonas spp . , 

Staphylococcus spp . , Aeromonas spp . , 
and noncholerae Vibrio spp . )A 

Yers inoisis  (Yers inia spp . )  

Enteroviruses  
Gastroenteritis , Norwalk agent , 

and rotavirus 
Hepatitis A (hepatitis virus ) 

Acanthameb ias is (Acantbamoeba spp . ) A 
Ameb ic dysentery ( Entamoeba his tolytica) 
Ascarias i s  (Ascaris lumbrico ides ) 
Balantidium dysentery ( Balantidium £2l!) A 
Dracontias is ( Dracunculus medinens i s )A 
Giardias is (Giardia lamblia)  
Meningoencephalitis  (Naegleria spp . and 

Acanthamoeba spp . )A 
Schi s tosomias is ( Schis tosoma spp . ) A 
Cercar ial dermatitis (Trichob ilharz ia spp . , 

Gigantob ilharz ia spp . , and 
Aus trob ilharzia spp . ) A 

A Organisms of concern in nonconsump tive water 
exposure . 

SOURCE : Cooper et al . ( 19 86 ) . 
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TABLE 4 . 5 Bacteriological Results of Shower Wastewater 
Recycl ing 

Sample 
Sample  ( Pos itive/ Total Coliform 
Tes t  Cycle SampleA Total ) MPN/100 ml 

2 4 D ( 0/5 ) <2 . 2 

2 6 w (4/5 ) 16 
F ( 1/5 ) 2 . 2 
D ( 0/5 ) <2 . 2 

2 7 w ( 3/5 ) 9 . 2 
F ( 0/5 ) <2 . 2 
D ( 0/5 ) <2 . 2 

2 8 w ( 2/5 ) 5 . 1 
F ( 1/5 ) 2 . 2 
D ( 0/5 ) <2 . 2 

2 9 w ( 2/5 ) 5 . 1  
F ( 0/5 ) <2 . 2 
D ( 0/5 ) <2 . 2 

2 10 w ( 1/5 ) 2 . 2 
F ( 0/5 ) <2 . 2  
D (0/5 ) <2 . 2 

2 11 w ( 1/5 ) 2 . 2 
F ( 0/5 )  <2 . 2  
D ( 0/5 ) <2 . 2 

A W ,  was tewater ; 
F ,  filtered water ; 
D ,  dis infected water . 

SOURCE : VMI and Ciccone ( 19 8 5a) . 
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ar� typ ically enumerated at levels ranging from 106 to 
10 /100 ml . )  While DE fil tration reduced the bacterial 
level to less than 2 . 2/100 ml in mos t  ins tances (4  of 6 
cycles ) ,  dis infection was required in the remaining two 
cycles to reach this level . However , i t  should be 
recognized that no s ignificant difference can be 
attributed to achieving an MPN level of 2 . 2  coli forms 
versus <2 . 2  col i forms s ince this  numbe� reflects the 
l imit of detec tion sens itivity . While resul ts of this 
s ingle tes t  series are encouraging , the appl icab i l i ty of 
the experimental data is  l im�ted by both the cho ice of  a 
s ingle surrogate indicator and the relative insens itivity 
of the analytical method used for its detection . The use 
of  a membrane filtration technique would have allowed the 
sampl ing of larger volumes of water and hence the 
enumeration of lower levels of total col i forms . In 
addi tion , analyses for known human pathogens ( e . g . , 
Salmonella enteric virus e s )  as well  as more 
chlorine - re s i s tant bacterial populations ( e . g . , 
heterotrophic plate count or Pseudomonas ) should be 
performed under s imilar test conditions before any final 
j udgment on the e fficacy of recycle treatment and hence 
health criteria can be made . 

EVALUATION OF HEALTH EFFECTS DATA 

Health risks as soc iated with the recycl ing of laundry 
and shower was tewater encompas s two broad areas : 
microbiological and chemical contaminants .  The health 
risks also involve different levels of po tential exposure 
that can be broadly graded from the wearing of clothes 
washed in recycled was tewater to the individuals 
respons ible for operating the laundry fac i l i ty to those 
us ing the shower fac i l i ty and finally to those 
respons ible for managing the treatment sys tem ( s ) . The 
committee as sumes that the operator of the treatment 
sys tem will  be adequately tra�ned with respect to the 
proper disposal of res idual was testreams . Exposure of 
those individuals wearing clothes laundered in recycled 
laundry was tewater essential ly revolves around questions 
of skin sens itization that are bes t  evaluated by direct 
experimentation in humans . Hazards presented to workers 
in the laundry fac i l i ty might extend to questions of 
inhalation of chemical and microb iological contaminants 
and may require more careful cons ideration . Exposures to 
chemical and microbiological contaminants in the shower , 
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where the inhalation route is heavily involved , presents 
a case where more careful evaluation of the health 
hazards must be made . The following sections deal with 
the adequacy of  the health effects information made 
available to the committee by CERL . The committee also 
provides general guidance to approaches that might be 
used to fill in rather large deficienc ies  that have been 
ident ified in the data base . 

Toxicological Cons iderations 

A paper study was undertaken to define toxicological 
effects of  chemicals that would occur in shower and 
laundry wastewaters  ( Cogley et al . ,  1979 ) . The bas is  of 
toxicological information was not clear in the Cogley 
report , and conclus ions often seemed incons istent with 
sc ientific information c ited in the text . When 
toxicological information did exist for chemicals ,  the 
nature of the toxic effect cons idered critical was often 
not spec ified . The only health effects explicitly 
cons idered were a lethal dose  for 50 percent of the tes t  
population (L050s )  and the extent t o  which chemicals 
were irritating to the skin , eyes , or lungs . In the 
executive summary of the report by Cogley et  al . ( 19 7 9 )  
it was concluded that no toxic effects were found that 
would preclude the recycl ing of shower and laundry 
wastewaters . Although a short reference l i s t  was 
provided , there was no clear indication of how this body 
of l iterature was arrived at or why i t  was cons idered to 
include all the critical information on the chemicals of 
concern . The methodology that was used to evaluate the 
available data was not specified nor was there any 
indication of  how thi s  information was used to de termine 
that these contaminants posed no health hazard . 
Furthermore , a critical issue is the extent to which the 
chemicals reviewed in the Cogley et  al . paper ac tually 
app l ies to the was tewaters be ing dealt with by CERL . A 
later report ( Shooter and Anderson , 1980)  provided a 
reasonably standard me thodology for evaluating such data 
and was presented in some detai l . 

The al ternate approach , direc t tes ting of the produc t 
water or its concentrate , was taken by Wi therup and 
Emmett ( 19 7 7 ) . Of the reports provided to the commi ttee 
by CERL , this appears to be the only experimental work on 
the toxicological heal th e ffects of  laundry and shower 
was tewater .  S tudies of acute oral toxicity in mice , 
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primary skin and eye irritat ion i n  rabbits , and 
mutagenes i s  tes t ing in the Salmonella/microsome assay 
(Ame s  tes t )  were conducted with synthetic laundry 
was tewaters , synthetic and actual shower wastewaters , 
ultrafiltrates of these waters , and 10- 1 , 000 - fold 
concentrates of each of the above . In addition , 
concentrates of laundry and shower wastewaters were 
tes ted for irritancy to skin of human volunteers . 
Lexington , Kentucky , tap water and freeze concentrates 
thereof ( to a maximum of 3 3X) were used as the control 
waters . 

Unfortunately , there are a number of shortcomings in 
the Witherup and Emmett ( 19 7 7 )  s tudy that preclude the 
direct application of the results for assess ing the 
safety of shower and laundry was tewater recycling as 
currently envis ioned . These include : 

1 .  The lack of a clearly s tated des ign makes 
interpretation of the results from this  s tudy very 
difficult . I t  is virtually impos s ible to sort through 
the data to determine whether there is evidence of 
cons is tent dose - respons.e information with s imilar 
samples . There are no clear rationale for relating the 
results from one sample to another .  

2 .  The treatment proces s  was appl ied to synthetic 
laundry and shower was tewaters prepared at lOX and levels  
higher than proj ected in  actual wastewaters . These 
samples were then subj ected to freeze concentration . 
These  multiple variables were not systematically 
controlled for and obscure the relevance of 
ultrafil tration as a treatment process .  

3 .  Inadequate description of how samples were 
prepared , particularly synthetic mixtures at above 
proj ected concentrations , concentrates prepared from 
actual was tewaters and ultrafil trates prepared from these  
sample s . Samples were also  made or taken at  different 
times , but the quality control procedures instituted to 
ensure that cons istent samples were prepared over t ime 
were not provided . That this  might have been a problem 
can be illustrated by comparing the TOC concentrations of 
synthetic mixtures prepared at different multiples of the 
theoretical concentrations . For example , samples S 3 , SS  
and S 6  were theoretically lOX and ranged between 2 10 and 
2 9 6  mg TOC/L . But sample Sl8  which was supposed to be a 
20X concentrate contained 1030 mg TOC/L and samples S 30 , 
S 3 1 , S 3 2 , and S 34 ( 30X concentrates )  contained 1620  mg 
TOC/L . Such incons is tenc ies are much too large to be 

Copyright © National Academy of Sciences. Al l  r ights reserved.

A Review of the U.S. Army Construction Engineering Research Laboratory Program for Recycl ing and Reuse of Laundry and Shower Wastewater
http:/ /www.nap.edu/catalog.php?record_id=19250

http://www.nap.edu/catalog.php?record_id=19250


- 5 7 -

acco�nted for by analytical error . These difficulties 
were further exacerbated by incons istent descriptions of 
the s amples tes ted ( e . g . samples 56 and 57  in Table lA , 
p .  49 versus Table 1 ,  p .  66  of the Witherup and Emmett 
repor t ) . 

4 .  The der ivat ion of L050 values based on TOC 
content is vague at best . TOC values varied cons iderably 
between samples of the same type (Table 2 ,  page 13 , and 
Table 5 ,  page 19 , of  the Witherup and Emmett report)  and 
failed to cons ider samples of different derivation . 
These data should not be taken as indicative of the 
toxic ity of different wastewaters . 

5 .  Results from s tudies of skin irritation in rabbits 
indicated that pos itive results could be obtained at 
something slightly greater than lX to over SOX the 
concentrations of synthetic laundry wastewaters depending 
on the type of detergent used ( Figure 3 ,  page 22 of the 
Witherup and Emmett report ) . In practice no control is  
to be exercised over the detergent used in field 
recycl ing operations . Therefore the effectiveness  of the 
treatment system be ing evaluated by CERL for removal of 
the offending component must be evaluated . 

6 .  Dose - response information was lacking in human 
studies of skin irritation and sys temic toxicity in 
animals .  Within 17 days a lOOX synthetic shower 
was tewater produced severe skin irritation in >90 percent 
of those tested . S imilar , but more rapidly progres s ing 
effects were seen at SOX of synthetic laundry 
wastewaters . Samples of 2 50 - lOOOX synthetic laundry and 
shower was tewaters were administered to rabbits ( route 
unspec ified) and produced " severe phys iological changes "  
(p . 1 34 ) . None o f  these effects was observed with 
unconcentrated actual wastewaters , but no intermediate 
doses were tes ted . This establ ishes a safety factor of 
lX ,  clearly inadequate cons idering the group s izes  
tes ted . .  

7 .  The mutagenic tests yielded negative results even 
after chlorination . While mutagenic effects of 
Salmonella have marginal relevance to the overal l risk 
as sessment ( in the absence of mammal ian data) , thi s  
finding calls into question the methods of sample 
preparation . The presence of mutagenic activity should 
have been detectable with concentrated source water alone 
if these methods were adequate . This  has been repeatedly 
established in the drinking water l i terature . 

8 .  There was a lack of data relevant to the inhalation 
route of exposure to constituents of shower was tewater . 
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Perhaps the most critical problem with the s tudy of 
Witherup and Emmett ( 19 7 7 )  is the failure to recognize 
that the inhalation route may be the mos t  critical route 
of exposure for shower water . Mucous membranes l ining 
the resp iratory tree are often much more sens itive to 
irritation than is the skin . Any further s tudies of the 
toxicology of recycled water intended for use in showers 
and concentrates therefore should cons ider thi s  route of 
exposure . 

The route of  exposure is perhaps the mos t  important 
issue in the recycling of shower and laundry 
wastewaters . Recycl ing wastewater for showering will 
produce exposures to virtually all personnel , whereas 
recycl ing of  water in the laundry fac ility will be 
greater for those individuals working within that 
fac ility than the wearer of the clothes . Dermal contact 
and skin sens itivity are l ikely to be important 
cons iderations with both uses of recycled water . With 
the use of  recycled water for showering , the inhalation 
route mus t  be cons idered the primary route for systemic 
exposure for mos t  chemical cons tituents . Volatile 
chemicals in the gaseous phase and chemicals that are 
present in the aerosolized mist produced in showering are 
likely to be rapidly and efficiently absorbed . The 
inhalation route was cons idered in only a very general 
way in the report of Shooter and Anderson ( 19 8 0 )  and was 
not cons idered in the report of Cogley et al . ( 1979 ) . 
The exposure to chemicals in the gaseous phase will 
depend largely on the des ign of the showering facil ity , 
whereas exposure to chemicals present in the mist should 
be less dependent (but not independent ) on the shower 
design . Because of the importance of this route of 
exposure , some model ing work ( including experimental 
confirmation) should be cons idered for any chemical that 
appears to be present at sufficient concentrations in the 
recycled was tewater to be a problem . 

Tes t ing of the wastewater treatment sys tems proposed 
for recyc l ing shower and laundry wastewater has relied 
heavily on general treatment parame ters . While these  
parameters are of use  in  j udging the general effic iency 
of the was tewater treatment sys tem , from a toxicological 
po int of  view they are virtually useless  for determining 
whether the final water is safe for the proposed use . 
Consequently , i t  is  not poss ible to draw clearcut 
conclus ions about any health aspec t of water recycl ing 
from the data provided to the committee . 
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I n  the event that es tablishing s tandards based on 
individual constituents is  cons idered the mos t  
cos t - effective , the committee recommends that any 
additional tes t ing of a treatment sys tem ( s ) focus on the 
characterization of specific chemicals being introduced 
into the water by its previous use , as well as 
documenting their individual occurrence in the was tewater 
and in the finished , recycled water . The available 
l i terature can then be searched for adverse health 
effec ts of concern that are assoc iated with those  
chemicals that remain at appreciable concentrations in 
the recycled water . Those chemicals for which adequate 
data do not exis t  ( except those that may be generally 
regarded as safe , such as normal dietary cons t i tuents ) 
should be investigated for those toxic effects that are 
cons idered unacceptable under battlefield conditions . 
Thes e  data should be used to develop s tandards where it  
seems appropriate . 

I f  the alternative approach of toxicological tes ting of 
concentrates of the product waters by appropriate routes 
in experimental animals is cons idered mos t  appropriate , 
it i s  absolutely nece s sary to conduct such s tudies  with 
the CERL ' s proposed treatment system . Care must be taken 
to document the performance of any concentration 
techniques that are used . Inherent in this  approach is  
the pos s ib i l ity of preparing artific ial concentrate based 
on known chemical inputs into the sys tem . I f  this  
approach is  used , care should be taken to  include 
by -products of treatment processes  in the mixture that 
are qualitatively and quantitatively s imilar to those  
produced under field conditions . 

Chlorine and I ts By - products 

An i ssue that has clearly received too l i ttle attention 
in the recycl ing of field laundry and shower water is 
potential problems due to the leve l of chlorine used . 
Thi s  is  espec ially true with respect to the nature of  the 
by - products that will be produced by dis infection with 
chlorine and the extent to which some of these  
by - produc ts might accumulate in the recyc led water 
(probably mos tly polar compounds ) .  A free - chlorine 
res idual of 10 mg/L or more could result in s ignificant 
levels  of volatile products in enclosed areas . One 
potential product is nitrogen trichloride , NC1 3 , which 
is a lachrymator . Monochloramine , formed as a reaction 
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product with ammonia , is  a potent lung irritant ; however , 
this could not exis t  in the presence of free chlorine . 
Therefore , explicit cons ideration of the concentrations 
of such substances in air that are achieved in the 
laundry or shower room is necessary . These data should 
be compared with l iterature -based information on the 
inhalation toxicology of these compounds to determine 
whether workers in the laundry or users of the showers 
are at r i sk from repeated inhalation of the high 
concentrations of  chlorine or chloramine compounds . 

Recently it has become apparent that some chlorination 
by - products are electrophilic compounds capable of 
alkylating various macromolecules . Mos t  of these 
by - products fall into the polar group and have yet to be 
completely characterized . Proteins altered by thes e  
agents may well  b e  antigenic and could produce 
hypersens itization and/or auto immune effects in certain 
individuals .  Additionally , chlorine and iodine are known 
to react directly with proteins , a second means of 
produc ing an altered protein that could be antigenic . 
Such alterations in membrane prote ins have been shown to 
elicit an auto immune response that appears respons ible 
for the fulminant hepatotoxic effects that are elicited 
in certain patients exposed repeatedly to halothane 
anethesia . 

High levels  of chlorine have been assoc iated with 
depressed immune function when adminis tered in drinking 
water . The extent to which this might be produced by 
o ther routes of adminis tration , particularly inhalat ion , 
is  not clear . 

Microbiological Cons iderations 

Recycle of water for showering could theoretically 
provide a direct avenue for microbial infection , 
predominantly by inhalation of aerosols or nasal 
depos ition of larger droplets , by dermal contact ,  or by 
ingestion . The conj unctiva and the al imentary , 
respiratory , and urogenital trac ts offer eas ier pathways 
for microb ial penetration than in the case of intact 
outer skin . I t  is noteworthy that the infectious dose  
for many viruse s  assoc iated with resp iratory diseas e s  
such a s  rhinovirus , adenovirus , and Coxsackievirus A2 1 
can be very low when adminis tered by nasal drops or 
aerosols (Ward and Akin , 1 9 8 4 ) . 
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The infection of individuals by clothing laundered in 
recycled water seems highly remote . Selected bacterial 
pathogens as well as enveloped viruses should be 
susceptible to the action of detergents . In addition , 
many microorganisms are relatively susceptible to 
des iccation and should be inactivated by the process of 
clothes drying . Thus , multiple barriers of both 
was tewater treatment and laundry processes  should 
adequately protect individuals from infectious agents 
transmitted by clothing . Furthermore , the maj or route of  
exposure for personne l would be  contact of clothing with 
external skin , a relatively impenetrable barrier in the 
absence of les ions . However , the exposure of laundry 
operations personnel could parallel that of shower 
exposure . 

As described in the previous section , the respiratory 
route of infection due to inhalation has been largely 
ignored and yet presents a s ignificant avenue of exposure 
to microorganisms which might be present in recycled 
shower water . I t  should be noted that shower des ign , as 
it  affects aerosolization of water , could help minimize 
such exposure . However , at the present time , no 
microbiological data are available to allow an asses sment 
of potential health risks assoc iated with shower 
was tewater recycle . 

S ince an infectious epidemic could be devas tating in a 
combat s i tuation , wastewater recycle mus t be des i gned to 
ensure the removal of infectious agents . The mos t  
effective means t o  accomp l i sh this task is  adequate and 
cons i s tent dis infection ( i . e . , chlorination) . Notably , 
in support of  recently promulgated s tandards for water 
recycle , the Army has s tated that chlorine residuals 
should be monitored hourly at the shower head to ensure 
comp l iance with res idual s tandards ( Department of the 
Army , 1 9 86 ) . I f  any variation in chlorination prac tice 
is  made necessary by the generation of unacceptable 
levels of  toxic chemical by - products , the effectivenes s  
and s afety of  any alternative dis infection processes  mus t 
be wel l  documented . 

Infectious agents , including bacteria , viruses , 
protozoa and he lminths may be found in raw domes tic 
was tewater and although the dens ity may be reduced 
following the usual degree of treatment , such agents also 
may be de tected in treated effluents . Thus , sewer 
workers and others assoc iated with the treatment and 
disposal of  domestic was tewaters , as well as those living 
near such facil ities , are likely to have a high inc idence 
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of exposure to infectious microbial agents . During the 
past 10 years , a number of s tudies have been performed to 
determine the health risk assoc iated with this  exposure 
(Clark et al . ,  1976 ; Johnson , et al . ,  1978 ; Carnow , et 
al . ,  1 9 7 9 ; Johnson et  al . ,  1980 ; Pahren and Jakubowski , 
1980 ; Clark et  al . , 1981 ; Pahren and Jakubowski , 1981 ; 
Clark et  al . ,  19 84 ; Linneman et al . ,  1984) . Although 
these reports and others on the subj ect indicate that the 
outdoor exposure of persons to domestic wastewaters 
generally has no adverse health effects due to microb ial 
infections , it  i s  sugges ted that a more in- depth review 
of thi s  body of l i terature be undertaken with respect to 
its s ignificance in evaluating the health risk assoc iated 
with recycl ing laundry and shower was tewaters . 

CONCLUS IONS AND RECOMMENDATIONS 

The data developed on other proj ects by the Army on a 
compound by compound bas is  ( Cogley et  al . ,  197 9 )  or by 
s tudies  of the toxicology of whole wastewaters or 
synthetic wastewaters at actual or greater than actual 
concentrations are of limited usefulnes s  concerning 
shower and laundry wastewater recycling . This  is  
partially attributable to  the inadequacies of  these  
studies but also reflects the different scenarios toward 
which these s tudies were directed . Cons iderable 
complexity is  introduced by the unwill ingnes s  to res trict 
chemical inputs ( i . e . , types of products that will be 
used in these fac i lities ) and the failure to cons ider the 
influence of treatment processes ( particularly 
dis infection) on the nature of chemical exposures that 
resul t . 

G iven the inabil ity to
.
spec ify the inputs to the 

was tewaters , evaluations of the hazards posed by 
recycl ing shower and laundry was tewaters mus t  depend on 
one of two approaches : ( 1 )  a relatively complete 
characterization of  the chemicals that penetrate the 
treatment process  employed in terms of concentrations 
attained and the ir toxicological e ffects or ( 2 )  the 
testing of product waters for the health effects 
cons idered important under battlefield conditions at 
concentrations sufficiently above those  actually 
encountered to provide a definable margin of  safety . A 
third approach , which is a hybrid of these  two 
approaches ,  is  also worthy of cons ideration . The hybrid 
approach would use an individual compound approach ( i . e . , 
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number 1 )  to address those chemicals that are eas ily 
measured ( e . g . , volatile organics ) and concentrate 
s tudies  ( i . e . , number 2 )  for those which are difficult 
analytically ( e . g . , nonvolatile organics ) . 

With respect to microbiological cons iderations , the 
c ommittee recommends that further s tudies ,  specifically 
with regard to shower was tewater recycle , begin by 
characteriz ing the microb ial content of untreated 
wastewater .  Subsequently , organisms detected in such 
wastewaters can be enumerated in recycled waters to 
assess the efficacy of the treatment train and the 
potential health effects of this water . Additionally , 
the estab l ishment of such a data base would provide a 
better framework from which to addres s  the appl icability 
of  water - qual ity criteria and s tandards to microb ial 
health effects associated with shower and laundry 
wastewater recycle . 
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WAIER-QUALITY CRITERIA AND SIANDARDS 

Ultimately , the adequacy of the proposed treatment 
technology mus t be evaluated agains t established 
water - quality s tandards . I t  is therefore essential to 
the institution of water recycle and reuse that 
water - qual ity criteria be established and that subsequent 
s tandards be determined for nonpotable (nonconsumptive ) 
water use . Water - quality criteria are developed from the 
health effects data base and the methodology used to 
convert this  information into levels of risk assoc iated 
with various levels of a contaminant in water . S tated 
another way , criteria express  the damage to health that 
can be expected from exposure to a contaminant in water 
at a specific concentration and for a specific time . 
Standards for particular water uses  may subsequently be 
developed from criteria that take into account special 
conditions or requirements such as degree of personnel 
exposure , acceptable health risks under a given set of 
circums tances , availability of water - treatment 
technology ,  and costs of various treatment options . 

The development of water - quality standards continues to 
be impeded by the lack of  unified sc ientific information 
defining directly the dose - response of chemicals and 
microorganisms in humans . Furthermore , the occurrence o f  
spec ific pathogens or toxic chemicals i n  a given water i s  
more often a matter of  conj ecture rather than the result 
of  direct measurement . In prac tice , surrogate 
measurements such as indicator bacteria ( e . g . , total 
coliforms ) or total organic carbon ( TOC ) are used to 
characterize water - qual ity . In some cases , se lected 
parame ters are interpreted to reflect the general 
behavior of other water cons t i tuents . For example , whi l e  
indicator bacteria may no t cause disease , the ir presence 
is  a warning that pathogenic microorganisms could be 

- 64 -
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present . Thus some surrogate measurements ( e . g . , 
turbidity and total coliforms ) are taken to reflect the 
relative safety of water for specified uses . However , 
measurements such as TOC , total organic halogens (TOX) , 
or dissolved solids do not allow one to make j udgments 
concerning the actual health risks that might be 
assoc iated with a particular use of a water . Such an 
asses sment mus t  be based on a determination of whether a 
pathogenic organism or toxic chemical is present , its 
concentration , and the dos e - e ffec t  relationship involved 
in the health effects that they produce . 

Appropriate epidemiological or toxicological s tudy of 
humans or experimental animals exposed to water from a 
particular source , treated in a specific manner , and 
distributed with regard for protection of the 
water - qual ity can es tabl ish whether a water can be 
produced for human use without undes irable effects . To 
the extent that operational or surrogate measurements 
confirm that the source has remained unchanged , the 
treatment process has been operating effectively , and the 
water has not been contaminated in distribution , it can 
be concluded that the health risks assoc iated with use of  
that water are s imilar to  that observed in  the original 
experiments . Thus , with this approach it is not 
necessary to develop criteria for spec ific microb ial 
agents or chemicals . However , that does  not allow these 
operational or surrogate parameters to be appl ied to 
another source water or treatment process . Therefore , 
they have no intrins ic relationship to adverse health 
effects . 

DEVELOPMENT OF WATER- QUALITY CRITERIA AND 
STANDARDS BY THE U . S .  ARMY 

S everal groups within the U . S .  Army share 
respons ib i l i ty for the qual ity of treated water used by 
mil itary personnel . The Corps of Engineers is  
respons ible for reconnaissance , identification , and 
comp ilation of data pertaining to water sources . The 
Preventive Medic ine Branch of The Army Surgeon General ' s  
Office approves water sources and provides routine 
surve illance to ensure that water- qual i ty meets 
appropriate s tandards . Wate r - purification equipment 
operators ensure that the purification equipment is 
func tioning properly and that water is be ing adequate ly 
treated by analyz ing both untreated and treated water 
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(Department o f  the Army , 198 3 ) . I t  should b e  recognized 
that the bases for criteria and/or standards applied to 
these two activities are quite different . Standards 
based on scientifically established health - e ffects 
criteria govern the acceptability of water for a 
spec ified use , wheareas operational criteria will  be 
appl ied to the routine evaluation of treatment processes . 

The suitability of water for bathing was initially 
addressed in the report on Sanitary Control and 
Surve illance of Water Suppl ies at Fixed and Field 
Ins tallations (Department of the Army , 1975 ) . At that 
time , e i ther potable or nonpotable water was accepted 
for showering , as long as the latter was clean , free of 
pathogenic organisms , and approved for use by the 
respons ible medical authority . Potable -water s tandards 
for selected chemical and phys ical constituents based on 
a daily water consumption of 7 L/day also were set forth 
as outlined in Table 5 . 1 .  At exposure times of one week 
or less , only s tandards for arsenic , cyanide , and 
turbidity were appl icable . Additional standards 
including those shown for radionucl ides were included for 
water use lasting longer than one week . 

The advent of water reuse poss ibilities in arid regions 
resulted in the issuance by the Army of interim 
water - quality criteria . These criteria for recycled 
water used in shower and laundry operations reflect 
operational ( i . e . , treatment ) characteristics and were 
based on a series of explicit  assumptions (Department o f  
the Army , 1 9 8 0 )  including that : 

• The initial source water and makeup water is  potable 
( reverse osmos is water purification unit treated or  
equivalent processes with well  sources ) ; 

• A treatment train for recycled water includes 
adsorption by powdered charcoal , flocculation with 
polyelectrolyte , filtration through diatomaceous earth , 
and dis infection with chlorine (with demons trated 
treatment effectiveness ) ; 

• 10 to 20 percent makeup water is added in each 
treatment recycle ; and 

• Recycle is not to be used in an integrated 
battlefield when nuclear , b iological , or chemical 
contamination is threatened . 

Based on these provis ions , the Army ' s Medical 
B ioengineering Research and Development Laboratory 
recommended the interim water- qual ity criteria 
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TABLE 5 . 1  Potable Water Standards , 197 5 

Field-Water Contaminant <7 Days >7 Days 

Arsenic 2 mg/L 0 . 2  mg/L 
Magnes ium 150 mg/L 
Sulfate 400 mg/L 
Total dissolved sol ids 1500 mg/L 
Chloride 600 mg/L 
Turbidity Reasonably clear 5 units 
Color 50 units 
Cyanide 20 mg/L 2 mg/L 
Radionuclides 

Gross  beta A 1000 pCi/L 
S trontium - 90 A 10 pCi/L 
Radium- 2 2 6  .. 3 pCi/L 

A If occupancy of water point is permitted , the 
water is suitable for consumption for a period not to 
exceed one week . 

SOURCE :  Department of the Army ( 1975 ) .  

(Department of the Army , 1980)  for shower and laundry 
recycle shown in Table 5 . 2 .  Revis ions to these ini tial 
interim criteria were subsequently recommended in 1984 
and also appear in Table 5 . 2 .  

Recently , the Department of the Army promulgated 
standards for recycled water for other than potab le uses , 
setting maximum l imits as shown in Table 5 . 3  ( Department 
of the Army , 1 9 8 6 ) .  Water recycled for uses invo lving 
human contact is to be tested hourly for chlorine 
res idual with samples for all analyses be ing collected 
directly from shower heads . I t  should be recognized that 
these values , reflect ing operational measurements ,  have 
not evolved through the process of establishing 
water - qual ity criteria and subsequently applying 
j udgments to reach s tandards . Rather , these s tandards 
presumably reflect positive , historical experiences in 
the use of water meeting these constituent levels . 

To date , no water - qual ity criteria based on the 
cons ideration of health effects have been identified for 
nonconsumptive human exposure to water ( i . e . , shower and 
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TABLE 5 . 2  Interim Water-Qual i ty Criteria for Recycle of 
Shower and Laundry Was tewater 

Constituent 1980 1984 

pH 6 . 5 - 7 . 5  4 . 5 - 9 . 5 .. 

Turb idity <1 turb idity unit , <1 NTUh 

des irable 
<5 turb idity unit , 

permis s ible 

Free available 5 mg/L ,  >20°C 5 mg/L ,  >20°c 
chlorine� 10 mg/L ,  <20°C 10 mg/L ,  <20°C 

Soap hardnes s  Adequate Adequate 
lathering/ lathering/ 
detergency detergency 

Total dissolved 
solids 5000 mg/L 

�H <8 . 0 may be required for dis infection . 
hRemoval of protozoan cysts , paras itic eggs , and 

cercaria ( or other infectious life s tage s )  pos s ibly 
resis tant to dis infection . 

£Assuming a minimum contact time of 30 min . 

SOURCE : Department of the Army ( 1980 ) and S .  Schaub , 
U . S .  Army Medical Bioengineering Research Laboratory 
( 19 8 6 )  personal communication . 

laundry water reuse or recycle ) .  Therefore , the ongoing 
development of potable water - qual ity criteria and 
s tandards by the U . S .  Army will be briefly reviewed , as 
the dec is ion-making process  for shower and laundry water 
would mos t  l ikely be identical in these cases , even 
though the resul ting water- qual i ty standards may be 
different . As a firs t s tep in es tablishing 
phys ical - chemical requirements for mili tary field-water · 

qual i ty , a s tudy performed by the Lawrence Livermore 
Laboratory identi fied those contaminants that could have 
an adverse impact on the use of water by humans (Anspaugh 
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TABLE 5 . 3  Recycled Water S tandards 

Constituent Maximum Acceptable Limit 

pH 
Turb idity 
Hardnes s  
Free available chlorine& 

6 . 5 - 7 . 5 
5 NTU 
500 mg/L 
5 mg/L , >20°C 
10 mg/L , <20°C 

A Target res iduals  with a minimum contact time of 30 
min . 

SOURCE : Department of the Army ( 19 8 6 ) . 

et al . ,  1986 ) . Not only heal th concerns but also 
aesthetic constraints that could lead to lowered water 
intake by mil itary personnel were cons idered . 
Subsequently , a broad-based , sc ientific l iterature review 
was completed to define , where available , the occurrence , 
sources , existing s tandards , analytical techniques , and 
documented health effects of each cons tituent . Based on 
thi s  information , proposed s tandards were developed 
(Anspaugh et  al . ,  198 6 ) . These proposed standards are 
intended to prevent performance degradation or 
irrevers ible health effects in troops . 

Maj or uncertainties were noted in the es tablishment of  
these recommended s tandards owing to  deficiencies in 
available data as they affect humans . Therefore , 
assumptions were made to fill these gaps in current 
knowledge . Recommendations from this s tudy are shown in 
Table 5 . 4  and cons ider a broader range of personnel 
exposure condi tions ranging from 1 week to 1 year with 
water consumpt ion at levels of e i ther 5 or 1 5  L per 
cap i ta per day . S tandards recommended for turb idity , 
color , TDS , and chloride are based solely on maximiz ing 
the palatab i l i ty of water , as no evidence of a direct 
relationship to human health effects could be 
documented .  Thus , the maj or health cons ideration was 
adequate water consumption to avo id dehydration . 
Standards proposed for magnes ium , sul fate , and arsenic 
are based on a s traightforward calculation of an assumed 
maximum tolerable concentration of either 5 or 15  L of  
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TABLE 5 . 4  Recommendat ions for Potable Wat er S tandards , 1986 

Rec• ldaticrw fer st:andarda {miLl 

7-Dily l!!pan'e Pcricd 1-Year l!m!!n P9rlod 
Field water ocntallinant 5 �  15 I,IDilyA 5 I,'lllllyl 15 I,'lllllyl 

ArBenic 0 . 3  0 . 1  0 . 06  0 . 02 
Magnesi\a 100 30 100 30 
SUlfate 300 100 300 100 
Cyanide 9 2 9 2 
Total disaolved 

solids 1000 1000 
Chloride 600 600 
'1\nbidity 5lf1U 5lf1U 
COlor 5001 ].5(1J Radiau:lides ( Ci,/111.) 

AJ..pa , unspecified 4 X 10:: 1 X 10:: 1 X 10� 4 X 10::: 
Beta, unspecified B x � 3 X 10 3 x � 9 x � Specified 9 X  3 X CHi! 0 . 3  X 0. 1 X 

--

A EW capita �. 

g Lbdtin;J ocn:a1traticns of radicnJcl.ides in water (Cllf) as specified in the Cbde of 
Federal Regulations (em) , 10 em 20, u.s.  GcNen'laent Printin;r Office, Washi.rJjt:cm, o.c. 
(1983) for 259 radiau:lides . 

SOURCE : Anspaugh et al . (1986) . 

I ..... 
0 
I 
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water consumed per day based on available scientific 
l i terature . Proposed recommendations for cyanide are 
based on the highes t  blood concentration that presumably 
does  not produce performance degradation . The 
theoretical concentration of cyanide in blood after 
consumption of contaminated water was estimated us ing a 
one - compartment pharmacokinetic model assuming 
first - order absorption and elimination . Proposed 
standards for radioactivity in water are calculated from 
current s tandards for workers in the nuclear industry . 

At this time , standards for the microbial qual ity of 
potable water and nonconsumptive water use are undergo ing 
a s imilar review and recommendation process . To this 
end , Cooper et al . ( 19 8 6 )  have completed a study 
assess ing the risk of illness due to exposure to 
wate r - related infectious organisms . Scientific 
literature , primari ly published s ince 1970 , was reviewed 
to characterize organisms identified with waterborne , 
water -washed , or water-based disease transmis s ion .  
Information sought as part o f  this s tudy included 
organism occurrence , latency , pers istence , infective 
dose , prevalence ( infection rate ) , attack rate (new 
cases ) ,  multiplication , environmental and dis infection 
res istance , and relationship to indicator organisms . 
This comprehens ive data base will now be used by the Army 
in the subsequent development of water- quality s tandards 
for potable and nonconsumptive uses . 

Additional Cons iderations for Development 
of Criteria and Standards 

Further development of health criteria for shower and 
laundry was tewater recycl ing must firs t resolve the 
following : 

• Identification of acceptable and unacceptable health 
effects . 

• Definition of a probability within stated degrees of 
confidence that an adverse heal th effect may occur . 

The initial dec is ions that mus t be made in establishing 
health criteria require c lear pol icy s tatements . Firs t , 
an explicit  definition of what health effects are 
unacceptable in a given s i tuation mus t be es tablished 
clearly . Subj ective statements have been made by the 
Army in this  regard for both potable and recycled 
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waters . S tandards for chemical constituents in potable 
water are calculated theoretically to prevent performance 
degradation or irrevers ible health effects in troops 
(Anspaugh et al . ,  1986 ) . A maj or cons ideration in the 
development of interim criteria for field-water recycle 
was that mil itary personnel should not experience any 
health effects over a 1 - year period owing to exposure to 
subs tances  in such water . However , chronic and 
irrevers ible health effects such as carc inogenicity ,  
mutagenic ity , or teratogenicity are excluded from 
cons ideration in this case ( S . Schaub , U . S .  Army 
Cons truc tion Engineering Research Laboratory , 1986 , 
personal communication) . Such general , qualitative 
statements ignore the realities of water use and reuse . 
Although absolute safety may be a goal , even conventional 
treatment of water is not uniformly effective for the 
removal of all chemicals and microorganisms . 

To further refine acceptable and unacceptable health 
effects , a variety of social and aes thetic cons iderations 
beyond s imple questions of the seriousness of the health 
effects must also be factored into such dec is ions . For 
example , mild cases of skin irritation might be 
acceptable in soldiers under battlefield conditions . As 
the irritation progresses to moderate or severe forms , it 
is  l ikely to interfere with the ir combat effectiveness . 
As a result , skin irritation might be cons idered a more 
serious health effect in a combat zone than it would be 
in c ivilian l i fe . Conversely , a minor increase in 
lifetime risk for cancer will be less important , while in 
the c ivil ian sector such exposures are taken very 
serious ly . Subs tantially different cons iderations govern 
the acceptability of exposure to microorganisms . While 
health effects due to chemical exposure may be viewed as 
self- l imited ( i . e . , each individual mus t encounter the 
primary exposure ) , microbial infection of very few 
individuals can be rapidly amplified by secondary spread 
throughout a mil itary unit . Discuss ion of this  type of 
question is  beyond the scope of this document . However , 
i t  is  important to recognize that these factors need to 
be clearly defined by the Army before health - e ffects 
criteria can be developed . 

Es tablishing a probability at which an unacceptable 
effect  can be allowed to occur is  the second s tep that 
mus t be taken . Sens itivity to both chemicals and 
infectious organisms varies cons iderably among 
individuals . The dos e - response curves normally used in 
toxicology essentially describe a distribution of 
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sens itivities t o  a chemical . The transmiss ion o f  an 
infectious organism to produce actual disease follows 
analogous rules , with host age and immune s tatus be ing 
primary cons iderations . However ,  s ince mil itary 
personnel engaged in battlefield and support operations 
are l ikely to be in good overall health and within a 
defined age bracket , the establishment of such 
probabil ities could be approached reali s tically . 

I f  there is a probability at which an unacceptable 
e ffect  can be allowed to occur , the accuracy required of 
the estimate of  that probability mus t be cons idered . All 
toxicological and microbiological testing data are 
inherently variable . There is also variability 
assoc iated with interspecies extrapolation . 

The is sues discus sed above are essentially policy 
dec is ions . Once they are clearly made , the j ob of 
develop ing health criteria becomes s traightforward if 
-suitable data are available . To thi s  end , chemical and 
microbiological cons tituents introduced into shower and 
laundry was tewaters must be identified . Subsequently , 
the health impact ( toxic effects or infectious disease ) 
produced by these chemicals or microorganisms in the 
exposed population mus t  be described . Finally , the 
removal of these cons t i tuents along with that of selected 
surrogate cons tituents by various treatment options can 
be characterized . 

Once an unacceptable adverse health effect is  
associated with a chemical or biological constituent , 
estimating the l ikel ihood that it  will  produce that 
effect in a given s i tuation must be based on adequate 
dose - response information , the estimated degree of 
exposure , and the mos t  probable route of exposure . I f  
such information is  not available , it  cannot b e  s tated 
that the was tewater can be treated to the point that it 
produces no unacceptable health risks . The degree of 
exposure is  a function of the concentrations of the agent 
in the was tewater ,  the influence of the treatment proces s  
on that concentration , and the duration ( or volume ) of 
that exposure . 

Three routes of  exposure need to be cons idered when 
us ing recycled was tewater for shower and laundry : 
inhalation , inge s t ion ,  and topical contact . Of these , 
inhalation and topical contact represent the mos t  l ikely 
avenues impacting an individual ' s  health , assuming that· 
ingestion of  recycled water is discouraged by education 
of exposed personne l . In addition , two types of  exposure 
should be recognized : 
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exposure of those individuals who work in the fac ility 
and of those who use the fac ility or its product { e . g . , 
clean clothes ) .  The evaluation of health effects from 
each type of product water will  have to cons ider 

• Volume of water ingested ;  
• Volume o f  water inhaled;  
• Estimation of the dose of volatil ized and 

aeroso l ized constituents inhaled ; 
• Effective dose to the skin ; 
• The combined systemic dose derived from each of 

these routes ; 
• Local ( i . e . , skin , eyes , and mucous membranes ) and 

systemic toxic effects of chemical constituents . 

Given this systematically developed information , 
criteria can be established for each constituent that is  
of  concern and l ikely to penetrate the treatment train . 
This type of determination then allows cons ideration of 
which alternative recycle options described previously 
are safe . Without such a formal treatment of the 
available information or actual experimental verification 
of the absence of unacceptable health effects there is  no 
A priori reason to conclude that one source/recycle 
option is  better or worse than any other . 

CONCLUSION AND RECOMMENDATION 

Implementation of laundry or shower wastewater recycle 
requires  the establishment of water - quality criteria and 
s tandards . Therefore , the committee recommends that the 
process of criteria review and s tandards development 
ongo ing for potable water be extended to nonconsumptive 
water use as soon as poss ible . Judicious cons ideration 
should be given to the various routes of exposure 
described above for both troops and operations personne l . 
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RESEARCH NEEDS 

It i s  the opinion of the committee that the available 
data are very encouraging for field Army laundry 
was tewater recycle . However , the committee bel ieves that 
additional data are needed to ensure the safe recycle of 
these waters . The data that are required to ensure the 
safety of field laundry was tewater recycle are achievable 
with minimal additional s tudies . However , because of  the 
direct human exposure to the recycled shower was tewater 
the committee recommends more intens ive and coordinated 
studies in this area . 

Recycl ing of  laundry or shower was tewaters in a combat 
zone could lead to s ignificant water savings and thereby 
reduce the logistical requirements for water . The 
implementation of this concept places unusual demands on 
the research program required to establ ish the health 
effects safety of this practice . I t  is unl ikely that in 
a combat zone monitoring programs will be used for 
chemical and microbiological contaminants that are of  
health concern . Consequently , the problem becomes one of  
proving that the treatment process developed can 
dependably produce a water that meets the proposed 
standards . The committee bel ieves that the proof of the 
treatment proces s  can be accomplished by additional 
pilot- plant s tudies . 

Such a proj ect requires broad-based cooperation that 
goes beyond that which is normally expected even in 
recognized interdiscipl inary programs . Engineers , 
chemists , and microb iologists mus t ident ify the 
contaminants expected to be added to the water by its 
prior use and determine ( experimental ly , if the data have 
not been previous ly developed) the extent to which the 
treatment processes  alter the compos ition of the 

- 7 5 -
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wastewater .  This type of information is needed before 
health criteria appropriate to the specific use can be 
developed . 

The following is a more detailed discuss ion of the 
research required before laundry or shower wastewater 
recycle should be implemented in the field . For each of 
the recycle options an overall flow diagram is provided . 
The committee does not feel the need to give a detailed 
research plan for the entire research program . However , 
some detail is  provided for operational cons ideration of  
pilot - plant testing and analytical characterizat ion of 
microbial and chemical contaminants .  

LAUNDRY 'WASTEWATER RECYCLE 

I t  is the committees op inion that there are some data 
voids in the area of field - laundry was tewater recycle . 
However , it  i s  poss ible that minimal additional work is  
necessary to ensure safe practice in field Army laundry 
recycle operations . A general ized recycle scheme for 
testing laundry wastewater for recycle is  given in Figure 
6 . 1 .  

Figure 6 . 2  is  a research approach flow chart of the 
s teps necessary to perform a comprehens ive s tudy to 
determine the feas ibility of recycl ing la�dry 
wastewater . 

Treatment Chemicals 

Source water 

d 

Recycle 

( a ,  b ,  c ,  d are samp l ing po ints for analytical 
characterization)  

Res idual s  

FIGURE 6 . 1  Schematic sys tem for recycl ing laundry 
was tewater . 
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Pilot S tudies Phase I 

ldenllfy chemical end mlcl'oblel 
cone.nl...a lke!V to be preHftl ...,...,_....., 
(UteNiure Study) 

RICIHign or Identify Hnlltlzlng 
��genta end be certeln they ere 
not Introduced Into ayatern 

no 

l lmpii!Mnt R6D Field Stucha 

t 
Ph ... II 

FIGURE 6 . 2  A research approach flow chart for s tudying 
field Army laundry recycle . 
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Field Studies Phase I I  

Longer tenn tesUng 

under "real" conditions 
-

Conftnn that treatment 

meets health standards '\. 
Reevaluate/modify -
Treatment Train 

yes .A' 
Contlnn that treatment 

meets operation standards 

yes 

Develop Performance/Reliability 

and Operational and Maintenance 

Requirements 

Provide data to next 

level material developer 

FIGURE 6 . 2  A research approach flow chart for s tudying 
field Army laundry recycle ( continued) . 
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A p ilot - scale s tudy ( Phase 1 ,  Figure 6 . 2 ) should be 
performed with the laundry treatment system proposed for 
field use . A representative source water should be used 
and the laundry operated through a number of recycles . 
I f  the makeup requirements average 10 percent , then a 
minimum of 15 recycles ( steady s tate ) should be a goal of  
the s tudy , with sampling at  points a ,  b ,  c ,  and d ,  a 
minimum of 7 times evenly spaced throughout the duration 
of  the testing . I f  the makeup requirements average 20 
percent , then a minimum of 8 recycles ( steady s tate ) 
should be the goal of the s tudy , with sampling at po ints 
a ,  b ,  c ,  and d a minimum of 5 times . 

I t  is pos s ible that characterization of laundry wastes 
is  not necessary , provided that topical and toxicological 
s tudies are conducted and no sens itization is observed in 
human volunteers . If characterization is  necessary , the 
analytical scheme presented in Appendix A ,  although 
somewhat general , has been developed spec ifically to 
evaluate the recycle of  wastewater generated from e i ther 
laundry or shower operations in the field . The 
water - quality characterization necessary for laundry 
recycle is Level 1 as shown in Appendix A ( this is the 
least complex of the analytical scheme s ) . The 
characterizat ion should be performed as outl ined 
previously , the frequency and absolute number of samples 
dependent on operational cons iderations , i . e . , number of 
recycles needed to complete the tes t . 

Microb iological analyses of  untreated and treated 
laundry was tewater can be focused initially on a rather 
limited number of bacterial groups . Based on the 
assump tion that the microb ial dens i ty of a laundry 
was tewater will be low , an enumeration of its general 
bacterial content as represented by a heterotrophic plate 
count should be done . In addition , an analys is  of large 
sample volumes for total col iforms us ing a membrane 
filtration technique should be undertaken to define the 
occurrence of this  group of indicator organisms . 
Finally , as a challenge to the was tewater treatment 
system ( specifically , chlorination) , an organism with 
acknowledged res is tance to both environmental s tress and 
dis infection should be monitored . S ince mycobac teria 
spec ies are common soil inhabitants , members o f  this 
bacterial group may be present in laundry was tewater at 
sufficient levels to allow the ir use as such res i s tant , 
surrogate organisms . 

In the event that either total plate count or coliform 
bacteria are recovered from dis infected laundry effluent , 
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attempts should b e  made to identi fy the organisms 
surviving the treatment proces s .  A dec is ion could then 
be made as to the likely health problems posed by these 
bacteria . 

I t  should be noted that a minor modification of 
sampl ing po ints to include both prechlorination and 
pos tchlorination would allow an evaluation of bacterial 
removal/inactivation by coagulation- flocculation , and 
settl ing DE filtration as opposed to chlorinat ion . Such 
data would allow an improved assessment of the rel iance 
that can be placed on the treatment processes prior to 
dis infection . 

Phase II ( Figure 6 . 2 ) field s tudies should then be 
conducted . These field s tudies are an integral part of 
the Research and Development (R & D)  effort and should be 
conducted under conditions as close to " real field Army" 
as pos s ible . This would ultimately provide the data 
necessary for the material developer . 

SHOWER WASTEWATER RECYCLE 

Because of the direct human inhalation and topical 
exposure , the committee recommends more intens ive s tudies 
to provide the data necessary to ensure safe field Army 
shower wastewater recycle . A recycle scheme for test ing 
shower was tewater recycle is shown in Figure 6 . 3 .  Figure 
6 . 4  is a research approach flow chart of the s teps 
neces s ary to evaluate the feas ibi l i ty of shower 
wastewater recycle . 

The committee recommends that additional p i lot s tudies 
( Phase I ,  Figure 6 . 4 ) be performed to better characterize 
the qual ity of water assoc iated with the shower recycle 
system . Shower recycle will involve direct human 
exposure to recycled water ,  and it  is  fel t  that 
additional data are required . Another purpose of this 
detailed p ilot s tudy is  to determine any additional 
research requirements necessary to implement field shower 
reuse . 

The tests to be performed should be des igned to ensure 
that an adequate number of recycles are included to 
achieve operational s teady s tate . The guidel ines for the 
laundry recycle are adequate , provided analytical result s  
indicate that the water - qual ity ( chemical and 
microbiological ) constituents have reached s teady s tate . 
(The data available to date indicate that s teady s tate 
was e i ther no t accomplished or j us t  minimally reached in 
previous tes t ing . ) 

Copyright © National Academy of Sciences. All rights reserved.

A Review of the U.S. Army Construction Engineering Research Laboratory Program for Recycling and Reuse of Laundry and Shower Wastewater
http://www.nap.edu/catalog.php?record_id=19250

http://www.nap.edu/catalog.php?record_id=19250


- 81 -

Treatment Chemicals 

Source water e s iduals  

d 

Recycle 

( a ,  b ,  c ,  d are sample po ints for analytical 
characterizat ion) 

FIGURE 6 . 3  General ized sys tem for testing shower 
was tewater recycle . 

The committee believes that the emphas is  of this 
program should initially be to better characterize the 
was tewater , with respect to chemical and microbiological 
qual ity . This is  necessary prior to the health 
assessment and criteria development . The analyt ical 
characterization required for this s tudy is  e i ther Level 
2 or Level 3 as shown in Appendix A .  The need for Level 
3 chemical characterization will depend primarily on the 
abi l i ty to characterize the organic cons tituents in Level 
2 .  I t  should be noted that the use of gas chromatography 
mas s  spectrometry ( GCMS ) is not necessarily recommended . 
It  should only be used if s truc tural confirmation i s  
required . Unless  absolutely necessary , the use of GCMS 
can be a waste of resources ,  when the use of cap i llary 
gas chromatography may provide adequate information at a 
much reduced cost . 

In addition to the microbiological moni toring described 
for laundry recycle tes t ing , untreated shower was tewater 
should be analyzed for specific indicators of human fecal 
pollution ( i . e . , fecal coliforms ) and pathogens of 
documented concern to U . S .  Army preventive medic ine 
personnel . Spec ific pathogens for which analytical 
techniques are readi ly available include bacteria as 
represented by Salmonella , Shi&ella , and Legionella ; 
human enteric viruse s  as represented by polioviruses , 
Coxsackieviruses , and echoviruses ; and paras itic cys ts 
such as those  of G iardia lamblia . In addition , 
opportunistic bacterial pathogens of waterborne concern 
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Pilot Studies , Phase I 
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FIGURE 6 . 4  A research approach flow chart for s tudying 
field Army shower wastewater recycle . 
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Field Studies ,  Phase I I  

Longer term testing 
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FIGURE 6 . 4  A research approach flow chart for s tudying 
field Army shower was tewater recyc le ( cont inued) . 
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such as Staphylococci or Pseudomonas could be included in 
screening shower was tewater .  Wherever pos s ible , large 
volumes of was tewater should be analyzed to maximize 
detection sens itivity . While procedures for bacteria may 
be limi ted to several hundred millil iters , flow- through 
procedures for viruses and paras itic cysts should allow 
sampling in the range of 100 L of was tewater . 

I f  any of these pathogens are detected in untreated 
wastewater ,  the ir removal by the treatment process should 
be demonstrated . As discussed under Level 1 analys is , 
any organisms ( e i ther pathogens or fecal coliform 
bacteria) surviving the treatment process  should be 
identified and the ir health s ignificance evaluated . 

The first maj or dec i s ion po int is reached after the 
characterization of the microbial and organic chemical 
constituents . It is  at this  j uncture that the l iterature 
is searched to identify which chemicals have an adequate 
health effects data base and which do not . Then a 
deci s ion mus t be made as to whether tes t ing of individual 
chemical constituents or concentrates of recycled water 
generated in the field would be mos t  appropriate and 
cos t - effective . In this  latter case , the recycle water 
mus t be compared with the potable water source as the 
control ( i . e . , s ample po ints a and d) . The type of 
toxicological test ing required will depend on what the 
Army dec ides is an unacceptable health risk . 

From the flow chart in Figure 6 . 4 it is  apparent that 
there are several subsequent dec is ion po ints that are 
critical , and development of processes should parallel 
these dec is ions . Phase II ( Figure 6 . 4 ) field s tudies 
should be conducted after the completion of  Phase I .  The 
shower recycle field s tudies should be conducted under 
" real field Army" conditions . The goal of these 
experiments is  to provide data necessary for the material 
developer . 

TREATMENT RESIDUALS 

In the treatment trains for either laundry or shower 
recycle , microbial concentration will occur on the DE 
filter . I f  functioning properly , the backwash from thi s  
unit process  will contain mos t  of the microbio logical 
contaminants present in the was tewater . Other treatment 
res iduals  from the coagulation/flocculat ion process may 
contain chemical and microbial contaminants as well . The 
committee recommends that cons ideration be given to the 
proper disposal of these treatment residuals . 

Copyright © National Academy of Sciences. All rights reserved.

A Review of the U.S. Army Construction Engineering Research Laboratory Program for Recycling and Reuse of Laundry and Shower Wastewater
http://www.nap.edu/catalog.php?record_id=19250

http://www.nap.edu/catalog.php?record_id=19250


- 85 -

QUALITY ASSURANCE 

In the development of the data base necessary to 
conclude this  program the committee recommends that a 
qual ity assurance program be developed . There are 
numerous examples and guidance manuals available in this  
regard . Particular attention should be focused on the 
area of detection limits of the analytical procedures , 
the reproduc ibility of results , and , for microbiological 
determinations , the validation of zero recovery results . 
For example ,  it is  necessary that the microbiological 
result of  "no organisms " recovered be subs tantiated in 
the laboratory by confirming the recovery of  the 
organisms from comparable samples , thus ensuring that the 
analytical procedures are functioning adequately . 

CONCLUSIONS AND RECOMMENDATIONS 

The committee bel ieves that the available data are 
encouraging for field Army laundry wastewater recycle . 
The data required to ensure the safety of  field laundry 
was tewater recycle are achievable with minimal additional 
studies . 

A p ilo t - scale s tudy should be performed with the 
proposed laundry treatment sys tem . A representative 
source water should be used and the laundry operated 
through a number of recycles . It is  poss ible that 
characterization of laundry was tes i s  not necessary 
provided that topical and toxicological s tudies are 
conducted and no sens itization is observed in human 
volunteers . I t  mus t  be recognized , however , that 
operators of the laundry fac ility would fall  within a 
separate exposure group . 

S ince shower was tewater recycl ing will involve direct 
human exposure through inhalation and dermal contact ,  the 
committee recommends more involved s tudies to provide the 
data necessary to ensure safe shower wastewater recycle . 
Additional p i lot  s tudies should be performed to better 
characterize the quality of water assoc iated with the 
shower recycle sys tem . The tests should be des igned to 
ensure that an adequate number of recycles are included 
to achieve operat ional steady s tate . The data available 
to date indicate that s teady state was e i ther not 
accomplished or j us t  minimally reached in previous 
tes ting . 
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The committee believes that the emphas i s  o f  this 
program should characterize the was tewater with respect 
to chemical and microbiological qual ity .  · ( See Figures 
6 . 1  to 6 . 4 . ) In the development of the data base 
necessary to conc lude this  program , the . committee 
recommends that a qual ity assurance program be 
developed .  Particular attention should b e  focused on the 
area of detec tion l imits of analytical procedures ,  
reproduc ibi l i ty of  results , microb iological 
determinations , and the val idation of zero recovery 
results . 

The committee believes that the proof of the success of 
the treatment process can only be accomplished through 
addi tional s tudies that are interdiscipl inary . 
Engineers , chemists , and microbiologists mus t identify 
the contaminants adde d to the water by its previous use 
and determine the extent to which the treatment processes 
alter the compos ition of the was tewater .  This type of 
information is needed before toxicological and 
microbiological data that es tablish dos e - response 
relationships can be used to develop health criteria 
appropriate to the spec ific use . Because decis ions in 
one area invariably have an impact on another , it  is  
essential that contributors from all these disciplines be 
involved from the beginning of the proJect . 
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GLQSSARY 

Definitions reprinted from : Glossary . Water and 
Was tewater Control En&ineerin& , by permi s s ion .  Copyright 
1 9 8 1 , American Water Works Association , American Public 
Health Assoc iation , American Society of C ivil Engineers , 
and Water Pollution Control Federation . 

Cantonment - temporary quarters for troops 

C oagulat ion - The convers ion of colloidal (<0 . 001 mm) 
and dispersed ( 0 . 001 to 0 . 1  mm) particles into small 
vis ible coagulated particles ( 0 . 1  to 1 mm) by the 
addition of a coagulant , which compresses the 
electrical double layer surrounding each suspended 
particle , decreases the magnitude of repuls ive 
electros tatic interactions between particles , and 
thereby destab i l izes the particles . 

D iatomaceous Earth F ilter - A filter used in water 
treatment , in which a built - up layer of diatomaceous 
earth serves as the filtering medium . 

D i s infect ion - ( 1 )  The kill ing of waterborne fecal 
and pathogenic bacteria and viruses in potable water 
suppl ies or wastewater effluents with a dis infectant ; 
( 2 )  the killing of the larger portion of  
microorganisms , excluding bacterial spores , in  or on  a 
substance with the probability that all pathogenic 
forms are killed , inactivated , or otherwise rendered 
non-virulent . 

Eff luent - Was tewater or other liquid , part ially or 
completely treated , or in its natural s tate , flowing 
out of a reservoir , bas in , treatment plant , or 
indus trial plant . 
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ERDLator - S tandard Army Water Purification Uni t  

F i e l d  Army Shower/Laundry Wa stewater Recycle Sys tem -
A sys tem to recycle and reuse shower and laundry 
was tewater used for temporary army installations . 

Filtrat ion - The process of contacting a dilute 
l iquid suspens ion with filter media for the removal of 
suspended or colloidal matter , or for the dewatering of 
concentrated s ludge . 

Flocculat ion - In water and was tewater treatment , the 
agglomeration of colloidal and finely divided suspended 
matter after coagulation by gentle s t irring by either 
mechanical or hydraulic means . In biological 
was tewater treatment where coagulat ion i s  not used , 
agglomeration may be accomplished biologically . 

Gas Chromatographic Mas s  Spectrometer (GCMS ) - An 
analyt ical technique involving the use of both gas 
chromatography and mass spectrometry , the former to 
separate a complex mixture into its components and the 
latter to deduce the atomic and molecular we ights of 
those compounds . I t  is  particularly useful in 
identify ing organic compounds . 

Inf luent - Water , was tewater ,  or other liquid flowing 
into a reservoir , bas in or treatment plant , or 
treatment proces s . 

Polyelectrolytes - Complex polymeric compounds , 
usually comprised of synthe tic macromolecules that form 
charged spec ies ( ions ) in solution : water - soluble 
polyelectrolytes are used as flocculants ; insoluble 
polyelectrolytes are used as ion exchange res ins . 

Reve r s e  Osmos is - An advanced method used in water 
and was tewater treatment which relies  upon a 
semipermeable membrane to s eparate the water from its 
impurities . An external force is  used to reverse the 
normal osmotic flow , resulting in movement of the water 
from a solution of higher solute concentration to one 
of lower concentration . Some t imes called 
hyperfiltration . 

Total Dissolved Sol ids - The sum of all dissolved 
sol ids (volat ile and non-volatile ) in a water or 
was tewater . 
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Total Organic Carbon - The amount of carbon bound in 
organic compounds in a sample . Because all organic 
compounds have carbon as the common element , total 
organic carbon measurements provide a fundamental means 
of acces s ing the degree of organic pollution . 

Ultraf iltr�t ion - The proces s  of removing colloidal 
and dispersed particles from a liquid by pass ing the 
liquid through a membrane under high pressure . 

Was t ewater - The spent or used water of a community 
or indus try which contains dissolved and suspended 
matter . 

Wa stewater Reuse - The direct or indirect use of 
treatment plant effluent for municipal , industrial , 
agricul tural , recreational , or water recharge 
applications . 

Water Qual ity Criteria - Scientific s tandards on 
which a dec is ion or j udgment may be based concerning 
the suitability of water of a spec ific qual ity to 
support a des ignated use . 
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APPENDIX A 

ANALYTICAL CHARACTERIZATION SCHEME 
FOR FIELD LAUNDRY OR SHOWER RECYCLE 

Water - Qual i ty Characterization 

A .  Level 1 

1 .  Chemical 
a .  Total Organic Carbon (TOC) 
b .  Total Organic Halogen (TOX) 

• purgeable organic halogen 
• nonpurgeable organic halogen 

c .  UV/vis ible spectra 200 - 700nm ( 10 - cm 
cel l )  

d .  Chlorine residual 

• free chlorine 
• total chlorine 

e .  Conductivity 
f .  Methylene blue active substances (MBAS ) 
g .  S tandard water- quality characteristics 

• alkal inity 
• total hardnes s  
• turbidity 
• total dissolved sol ids 
• pH 
• color 

2 .  Microbiological 
a .  Heterotrophic p late count 
b .  Indicator bacteria ( total coliforms ) 
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c .  Resistent surrogate bacterium , e . g . , 
mycobacteria 

d. Fungal plate count ( i . e . , dermatophyte s )  

B. Level 2 

1 .  Chemical 

A .  Organics Characterization 

1 .  TOC <1 (very difficult to 
characterize ) 

a .  s tatic head space/distillation 
head space for polar organics 
us ing flame ionization 
detection ( FID) . 

2 . TOC >1 
a .  s tatic/dynamic head space with 

FID 
b .  liquid- l iquid extraction 

(pentane/ether )  flame 
ionization , Hall electrolytic 
conductivity (HEC) and 
electron capture ( EC )  
detectors 

e .  high-performance l iquid 
chromatography (HPLC ) , e . g . , 

• amino acids 
• phenols ( carbon and chlorine 

by-products ) 
• low-molecular - weight ac ids 
• aldehydes 

3 .  TOX , Purgeable organo halogens ( POX) 
and Nonpurgeable organo halogens 
(NPOX) <1 

a .  s tatic or dynamic headspace with 
HEC and EC detectors 

b .  direct aqueous inj ection ,  HEC 
and EC detectors 

4 . TOX ( POX and NPOX) >1 
a .  head space to HEC and EC 

detectors 
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b .  

c .  
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l iquid- l iquid extraction 
(pentane or ether )  for HEC 
EC detectors 

High Performance Liquid 
Chromatography (HPLC ) 

• amino ac ids 
• phenols 

· • low-molecular - weight ac ids 
• aldehydes 

B .  Inorganic Characterization 

or 

I on chromatography can be used to 
complement the more s tandard 
wa:er � q��ity c�,racterization , e . g . , 
Cl , so4 , P04 , N03 -

·C . Microbial Characterization 

1 .  Indicator bacteria ( fecal col iforms ) 
2 .  Pathogens 

• Bacteria ( Salmonella , 
· Shigella , Legionella , 

S taphylococc i )  
• Viruses. ( to tal human enteric)  
• Paras ites ( Giardia lamblia)  

C .  Level 3 - Gas  Chromatography Mass Spectrometry 

Where compounds are indicated and not identified 
in Level 2 then further characterization will be 
necessary . This  requires more highly concentrated 
s amples . 

SELECTED REFERENCES FOR ANALYTICAL CHARACTERIZATION 

Chemis try 

1 .  Cowen , W .  F . , W .  J . · Cooper , and J .  W .  Highfill  ( 19 7 5 ) . 
Evacuated Gas Sampl ing Valve for Quantitat ive Head 
Space Analys is of Volatile Organic Compounds in Water 
by Gas Chromatography . Anal . Chem . 47 : 248 3 - 248 5 . 
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2 .  Chian , E .  S .  K . , P .  P .  K .  Kuo , W .  J .  Cooper , W .  F .  
Cowen , and R .  C .  Fuentes ( 1977 ) . 
Distillation-Headspace Gas Chromatographic Analys is 
for Volatile Polar Organics at the ppb level . Environ . 
Sci . Technol . 11 : 282 - 28 5 . 

3 .  Mehran , M .  F . , R .  A .  Slifker , and W .  J .  Cooper ( 1984) . 
A S implified Liquid- Liquid Extraction Method for 
Analys is of Trihalomethanes in Drinking Water . J .  
Chromatog . Sci . 2 2 : 241 - 243 . 

4 .  Mehran , M .  F . , W .  J .  Cooper , and W .  J .  Jennings 
( 1984) . Gas Chromatographic Separation of Water 
Pollutants us ing Coupled Fused Silica Columns . J .  High 
Resol . Chromatog . Chromatog . Commun . 7 : 215 - 217 . 

5 .  Mehran , M .  F . , W .  J .  Cooper , M .  Mehran , and R .  Diaz 
( 1984) . Effluent Stream Splitting to Two Different 
Detectors . J. High Resol . Chromatog . Chromatog . 
Commun . 7 : 639 - 640 . 

Microbiology 

1 .  S tandard Methods for the Examination of Water and 
Wastewater .  APHA , 16th edition , 1984 . 

2 .  Microbiological Methods for Monitoring the 
Environment , U . S .  EPA , EPA - 6 00/8 - 7 8 - 017 . 1978 . 

3 .  Manual of Methods for Virology , U . S .  EPA , 
EPA - 6 00/4 - 84 - 013/ 1984 . 

4 .  Manual of Clinical Microb iology , Am .  Society for 
Microbiology , 3rd edition , 1980 . 

5 .  Current methods of demonstrated selectivity may be 
obtained from recent peer - reviewed j ournals .  A 
well - established forum would be Applied and 
Environmental Microbiology published by the American 
Society for Microbiology . For example : 

Sauch , J .  F .  1985 . Appl . Environ . Microbiol . 50 : 1434 
( on recovery of Giardia cys ts in drinking water ) . 

Alico , R .  K . , and M .  F .  Dragonj ac . 1986 . Appl . 
Environ . Microbiol . 51 : 699  ( on recovery of 
S taphylococcus from halogenated swimming pool 
waters ) .  
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APPENDIX B 

DOCYMENIS REVIEWED BY THE CQMMITTEE 

1 .  Recommended Tentative S tandards for Wash Water in 
Manned Spacecraft , Panel on Water Quality for Manned 
Spacecraft Advisory Center on Toxicology , NAS - NRC , 
December 197 1 . 

2 .  Treatment of Was tewaters · from Mil itary Field Laundry , 
Shower , and Kitchen Units , Daniel S .  Lent and Robert G .  
Ros s , May 19 7 3 . U . S .  Army Mobility Equipment Research 
and Development Center , Fort Belvoir , Virginia . 

3 .  Concept S tudy - Phase I Water Treatment Unit Air 
Force Bare Base , Vincent J .  Ciccone , February 1 9 7 5 . U . S .  
Army Mob i l i ty Equipment Research and Development Center , 
Fort Belvoir , Virginia . 

4 .  Laboratory Results of Laundry Was tewater Treatment , 
Mounir Botros and Walter Bes t , April 1976 . Research and 
Technology Divis ions , U . S .  Army Facil ities Engineering 
Support Agency , Fort Belvoir , Virginia . 

5 .  U . S .  Navy Carrier Laundry Was tewater Purification and 
Recycle Sys tems : Cost Effectivenes s  Analys is  of 
Competing Methods ( DTNSRDC MAT 7 7 - 43 ) , K.  K.  Phul l and D .  
C .  Linds ten . Report Number 2 2 1 3 , Augus t 1977 . 

6 .  Feas ibility of Recycl ing Laundry Was tewate-rs at 
Military Quartermas ter Laundries , S .  W. Ford , March 
1 9 7 7 . U . S .  Army Facil ities  Engineering Support Agency , 
Research and Technology Divi s ion , Fort Belvoir , Virginia . 

7 .  The Toxic i ty and Irritancy of Ul trafil trates of 
Non- Sanitary Military Was tes , S .  Witherup and E .  A .  
Emmett , August 1977 . U . S .  Army Medical Research and 
Development Command , Washington , D . C .  
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8 .  Evaluation of Health Effects Data o n  the Reuse o f  
Shower and Laundry Waters by Field Army Units , Final 
Report , Cogley et al . ,  April 1979 . U . S .  Army Medical 
Research and Development Command , Fort Detrick , Maryland , 
Contract No . DAMD 17 - 7 8 - C - 805 7 . 

9 .  Cost Analys is  of  Water Recycl ing Alternatives for 
Marcorps Laundry and Shower Modules , Technical Memorandum 
Number : TM- 54 - 79 - 23 . K .  D .  Adams and T .  A .  Kuepper , 
November 1979 , Sponsor : Naval Facilities Engineering 
Command , Program Numbers : YF60 . 536 . 09l . Ol . M52B , Civil 
Engineering Laboratory , Naval Construction Battalion 
Center , Port Hueneme , California . 

10 . Research and Development for Health and Environmental 
Hazard Assessment - Task Order 1 Development of Data Base 
Requirements for Human Health Based Water Quality 
Criteria for Military Recycle Reuse Applications , D .  
Shooter and R .  C .  Anderson , June 1980 . Air Force 
Technical Report No . ESL-TR - 80 - 33 .  

11 . Interim Water - Qual i ty Criteria For Shower and Laundry 
Reuse/Recycle , 30 October 1980 , Department of the Army , 
Office of the Surgeon General , Washington , D . C .  

12 . Portable Laundry and Shower Facilities Development 
and Test Program , K .  Adams , August 1981 . Sponsor : Naval 
Facilities Engineering Command , Marine Corps Development 
and Education Command , Program Number : YF60 . 536 . 09 1 . 01 
54- 010 . 

13 . Troop Construction in the Middle East by USA - CERL and 
USA-WES , October 1982 , USA CERL Technical Report M32 3 , 
Section 5 - Expedient Water Conservation Techniques . 

14 . Water Consumption Planning Factors Study , Directorate 
of Combat Developments , United S tates Army Quartermas ter 
School , Fort Lee , Virginia . 

15 . Feas ibility of Incorporating the Closed Loop Water 
Use Concept into the Army Facilities Component System , 
May 1983 . Prepared for U . S .  Army Engineer Division ,  
Huntsville , Alabama , Contract Number DACASS - 82 - C - 0016 . 
Prepared by V .  J .  Ciccone & Associates , Inc . , Woodbridge , 
Virginia . 
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16 . Mil itary Operations - U . S .  Army Operational Concepts 
for Water Support in a Theater of Operations , Department 
of the Army , Headquarters , United S tates Army Training 
and Doctrine Command , Fort Monroe , Virginia 23651 . 
TRADOC Pamphlet No . 5 25 - 3 2 , 12 September 1983 . 

17 . Water Reuse for Bare Base Deployments to Southwest  
As ia , J .  T .  Woosley , February 1984 , Air  Force Engineering 
and Services Center , Tyndal l  AFB , FL 3 2403 , . Report 
Number ESL - TR- 83 - 6 2 . 

18 . Approved Independent Evaluation Report for the Field 
Laundry Uni t , Trailer -Mounted During Full - Scale 
Development , R. G .  Johnson , October 1984 . TRADOC ACN 
82614 . 

19 . Tes t  Program for Laundry and Shower Was·tewater 
Recycl ing Sy.stem . · VMI Research Lab and V .  J .  Ciccone & 
Associates 1984 , Internal Document CERL . 

20 . Detailed Tes t  Plan and Operational Procedure for 
Laundry Was tewater Recycling System by Virginia Military 
Ins t i tute Research Laboratories and V .  J .  Ciccone & 
As sociates , Inc . , Task #l , July 1984 , Contract 
#DACW88 - 84 - D - 0002 with : U . S .  Army Construction 
Engineering Research Laboratory , .  

21 . Operational Evaluation of a Field Shower Wastewater 
Recycl ing Sys tem , Prepared for : U . S .  Army Construction 
Engineering Research Laboratory , Champaign ,  I l l ino is 
61820 . Under Requis i t ion No . CERL- EN - 4 - 022 , Task 6 .  
Prepared by :  Virginia Military Ins titute Research 
Laboratories , Lexington , Virginia , and V .  J .  Ciccone & 
Associates , Inc . , Woodbridge , Virginia , December 1985 . 

22 . Technical Evaluation of a Ful l - Scale Tes t  Program for 
a Shower Was tewater Recycl ing Sys tem . Prepared for : 
U . S .  Army Cons truction Engineering Research Laboratory , 
Champaign ,  I l l ino is , Under Requis i t ion Number 
CERL- EN - 4 - 02 2 , Task 5 .  Prepared by : Virginia Military 
Ins t i tute Research Laboratories , Lexington , Virginia , and 
V .  J .  C iccone and As soc iates , Inc . , Woodbridge , Virginia , 
November 1985 . 

2 3 . Report Field Tes t  of Field Laundry Was tewater 
Recyc l ing Sys tem , Fort McCoy , WI , 10 - 15 June 1 9 8 5 . 
Prepared for U . S .  Army CERL , Champaign , I l l inois , Uncl C' r  
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Requis ition No . CERL- EN - 4 - 022 , Task 8 .  Prepared by 
Virginia Mil itary Institute Laboratories , Lexington , 
Virginia , and V .  J .  Ciccone & Associates , Inc . , 
Woodbridge , Virginia , November 1985 . 

24 . Water Resources Management Action Group , Meeting 
Number 8 .  16 , 17 , 18 July 1985 . 

25 . Shower Water Reuse , Memorandum from : W .  Curley . 
Proj ect Number CA- 60/6 .  Date : 2 May 1985 . 

2 6 . Sanitary Control and Surveillance of Field Water 
Supplies , Department of the Army Technical Bulletin - TB 
MED 577 , March 1986 . 

27 . Evaluation of Military Field-Water Quality ,  Volume 4 .  
Criteria and Recommendations for S tandards for Chemical 
Constituents of Mil itary Concern , L. R. Anspaugh et al . ,  
February 1986 . 

28 . Development of a Field Laundry Wastewater Recycling 
System , J .  T .  Bandy et al . ,  Technical Report 
N- 86/08 - Draft , April 1986 . 

29 . Concepts of Army Field Water Supply by R .  D .  Miller , 
Unpublished , U . S .  Army Exchange Officer to the Royal 
Austrialian Army Medical Corps . 

30 . Evaluation of Mil itary Field Water Quality , Volume 6 .  
Infectious Organisms of Military Concern Associated with 
Nonconsumptive Exposure : Assessment of Health Risks and 
Recommendations for Establishing Related S tandards , R .  C .  
Cooper , et  al . ,  February 1986 . (Reviewed by one committee 
member only , Barbara Moore . )  
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APPENDIX , C  

BIOGRAPHICAL SKETCHES QF CQMMITTEE MEMBERS 

RICHARD S .  ENGELBRECHT ( Chairman) was born in March 
1 9 2 6 . He. rece ived his A . B .  from Indiana Univers i ty and 
his M . S . and Sc . D .  from. the Mas sachuset.ts Institute of 
Technology . S ince 1954 he has been on the faculty of the 
Univers ity of I l l ino is at Urbana- Champaign . He is a 
Professor of  Environmental Engineering and has 
dis tinguished himself in the fields .of water - pollution 
research and water - quality control . Dr . Engelbrecht is a 
member of  the National Academy of Engineering and was a 
founding member of the National Research Counc il ' s  Water 
Science and Technology Board . 

RICHARD J .  BULL was born on October 2 5 , 1 940 . He 
rece ived his B . S .  in Pharmacy from the Univers i ty of 
Washington in 1964 and his Ph . D .  in Pharmacology from the 
Univers ity of Cal ifornia , S an Franc i sco , in 1 9 7 1 . Until 
recently he was Director of the Toxicology and 
Microbiology Divis ion of  the Health Effects Research 
Laboratory , U . S .  Environmental Protec tion Agency . His 
respons ib i l i ties include the adminis trative and technical 
direction of  a mul tidiscipl inary research program . 
Princ ipal program areas included definitive chemical and 
microbiological hazards assoc iated with drinking water , 
municipal and indus trial was tewater , and ambient water . 
Dr . Bull  is  active in a number of  societies and in 1984 
he accepted a pos ition in the College of Pharmacy at 
Washington S tate University . 

WILLIAM J .  COOPER was born on December 1 ,  1945 . He 
rece ived his B . S .  in Chemis try at the Allegheny College 
in 1 9 6 9  and his  M . S .  in Organic Geochemis try at The 
Pennsylvania S tate Univers i ty in 1 9 7 1 . Currently he is  
As soc iate Research Scholar/Sc ient i s t  (Assoc iate 
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Professor) at the Drinking Water Research Center , Florida 
International Universi ty , Miami . Research interests are 
in the areas of halogen/organic interactions and 
photochemis try .  Mr . Cooper is  active in a number of 
societies and has written many papers and articles 
concerning analys is organics in water and tes t  procedures 
for water dis infectants . He also edited a two -volume 
book titled Chemis try in Water Reuse . 

MICHAEL C .  KAVANAUGH was born in 1940 and received his 
Ph . D .  in sanitary engineering in 1974 from the Univers ity 
of Cal ifornia , Berkeley . He has served as a lecturer for 
the Department of Civil Engineering at S tanford 
Univers ity and the Department of Civil Engineering at the 
Univers ity of Cal ifornia , Berkeley ; supervis ing engineer 
for Montgomery proj ects on a variety of water and 
was tewater investigations ; and principal engineer on the 
Potomac Estuary Experimental Water Treatment Plant . In 
1980 he became Vice Pres ident at Montgomery Engineers and 
is currently manager of the Hazardous Was te Divi s ion . 
Proj ects include s ite characterization and feas ibility 
s tudies at abandoned hazardous waste s i tes , underground 
tank removal , and ground-water modeling . Dr . Kavanaugh 
is  a member of the Water Science and Technology Board . 

K .  DANIEL LINSTEDT was born on November 6 ,  1940 . He 
rece ived his B . S .  from Oregon S tate Univers ity in 1962  
and his M . S .  and Ph . D .  from S tanford Univers ity in 1963  
and 1968 , respectively . At  present he is  Proj ect Manager 
with Black & Veatch Consulting Engineers . He is also an 
Advisor to the Denver Board of Water Commis s ioners on 
was tewater reuse . Previously he was Professor of 
Sanitary Engineering at the Univers ity of Colorado . Dr . 
Linstedt is a Profess ional Engineer in the states of  
Colorado and New Mexico and is active in a number of 
societies . He has published many papers and reports 
concerning water reuse and advanced was tewater treatment 
processes .  

BARBARA E .  MOORE was born on March 18 , 1949 . She 
rece ived her B . A .  and M . A .  in Microbiology from the 
Univers ity of Texas at Austin in 1970 and 1975 , 
respectively , and is currently completing her Ph . D .  At 
present she is a Research Sc ientist Associate , 
Environmental Health Engineering , with the Department of 
C ivil Engineering at the Univers ity of Texas at Aus tin . 
She is  a Consul tant with the Southwes t  Research 
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Ins titute , San Antonio , and has been a. member of an 
American Society for Testing and Materials .  Committee on 
Human Infective Viruses in the Aq�tic Environment s ince 
1 9 7 7 . Previous ly she was with the. Center for Appl ied 
Research and Technology , Univers ity of Texas at San 
Antonio as a Research Scientist  Assoc iate . She has 
published many papers concerning virus survival in water 
and wastewater sys tems among others . 
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