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ABSTRACT

The objective of this research was directed toward the identification of

the characteristics of var ious wastewater streams generated f rom military

bare bases. Data on the sources , volurr~~, and nature of military waste -

waters , such as laundry wastewater , kitchen and dining hail wastewaters,

shower and lavatory wastewaters, human wastewater , hospital wastewater,

photographic wastewaters, washrack wastewaters, and comb ined wastewaters,

were surveyed, compiled and documented in this report .

Based on the character is t ic  data for  field kitchen , shower and laundry

wastewaters, the nature of combined wastewaters  derived from these three

sources at various flow proportions was mathematically calculated. The

calculated data for combined wastewaters  were found to be in close agreement

with the meaus red data for  actual samples .

Synthetic wastewater  prepared with tap water , laundry detergent ,

dishwasher detergent , ground bar soap, Bentonite clay, lubricating oil and

canned dog food was found to have character is t ics  similar to those of the

combined wastewater derived f rom field kitchens , laundries , and showers .  ..—‘
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1.0 INTRODUCTION

The U. S. Army Mobili ty Equi pment R e s e a r c h  a i d  Development

Center  (USAMER DC) has author ized  Calspan Corpora t ion , unde r  Contract

No. DAAKO2 -73-C-0206 , to develop test method(s), technique(s)  or

device(s) to be used for determining the optimum operational parameters

in a carbon-polymer system designed for  the t rea tment  of variou s waste-

waters generated in field military facilities. The program emphasizes the

use of existing A r m y  Standard water purification units (described in Ref .  1.)

as the major components of the carbon-pol ymer wastewater t reatment  unit.

A compilation of the physical and chemical characterist ics of

variou s wastewaters generated in field military facilities is one of fou r

research  tasks to be under taken . This  report summarizes the available

data on the quantities and character is t ic s of laundry wastewater , ki tchen

and diningroom wastewaters, shower and lavatory wastewaters , human

wastes , hosp ital wastewaters, p hotographic wastewaters, washrack

wastewaters, and combined wastewaters.

Synthetic wastewater prepared by tap water , biodegradable laundry

detergent , dishwasher detergent , military bar soap, Bentonite clay,

SAF-lO lubricating oil and canned dog food has been anal yzed for  its

character is t ics, and is suggested for  use in laboratory investi

gat ions .I



2. 0 SOURCES AND QUANTITIES OF WASTEWATERS

The major water-consuming operation units at a military bare

base will general l y consist of kitc hens (including dining rooms), laundries,

latrines (including lavatory ari d shower) , a hosp ital , and an industrial

unit (including washr ack and photographic unit) . These units , in turn , are

the major sources of wastewater. The average water requirements  for

a typ ical 1, 500- man mili tary base , as listed in Table 1, were estimated

by the U. S. Army Mobility Equi pme nt Resea rch  and Development Center

(USAMER DC). On the basis of water consumption totaling 56 , 700 gp d per

1, 500 men , wastewater flow will range f rom 22 to 32 gpd per cap ita . This

is due to the fact that normally onl y 60 to 80 per cent of water used is

channelled to the wastewater flow (Ref . 2). The remainder of the water ,

which is spe nt for human consumption, material preparat ion , sp ills ,

evaporation , and infi l trat ion, will not contribute to the total wastewater

flow. It may be assumed that the proportionate wastewater flows ar is ing

from the aforementioned major sources would be closel y related to the

amount of water usages in each of these operations.

Snoey ink (Ref . 3) has also compiled data on the wastewater quantities

for another mili tary field base having the wastewater sources of kitchens ,

dining rooms , laundries , showers , lavatories , latrines , a hospital , wash-

racks and photographic unit s. His data , indicated in Table 2 , were estimated

based on the assumption that no major overhaul maintenance or repair

capabilities for military facilities are  planned for  the base . It is seen f r o m

Table 2 that the total wastewater of the military base for  each 1000-ma n

increment is 34 , 150 gp d , or approximately 34 gpd per capita . This value

is in agreement  with the range of 22 t1. 3 ’ ~pd/ capita which was estimated

by the USAMERDC for the wastewater  flows of a military field base operation .

Additiona l information for the Army water requirements, the water

equipment issued to the Army engineering units , and the A r m y  adopted water

and waste materiel for  field operations, are  indicated in Appendices I, II and

III, respectively. Other information regarding ~.he quantities of various

• wastewaters generated f rom a USAF bare base can be found f rom References

4 and 5.
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3.0 CHARACTERISTICS OF WASTEWATER S

Valuable data regarding the characterist ics of the kitchen
wastewater, the laundry wastewater, the shower wastewater, and the
combined wastewaters, which are  genera ted  f rom the field mili tary
facilit ies were supp lied by the USAMERDC , and are comp iled in th is
report . Many of the other data were originated f rom the Env i ronmenta l
Health Laboratory,  Kelly Air  Force Base , T exas , and the Air  Force
Weapons Labora tory ,  Kir t land Air  Force Base , New Mexico .

3. 1 Laundry  Wastewaters

Pollutants derived f rom laundry wastewaters consist mainl y of
synthetic detergent s , bleaches , soaps , and soil f r o m  clothing . Some
field laundry wastewaters were anal yzed by the USAMERDC f rom August
to September , 1972. Both the raw data and summarized data of the
wastewater ’s characterizat ion are documented in Table 3. Important
data in the table are the ranges  and the average values of total dissolved
solids , detergents , tota l phosp hate , total hardness , total alkalinity, 5-day
biochemical oxygen demand (5-day BO D) , and total organic carbon (TOC).
The characterist ics  of the tap water used in conjunct ion with producing
such wastewater were also anal yzed during the ear l ier  period of waste-
water charac ter iza t ion  studies in August  1972 , and are  repor ted in
A ppendix IV. The net amount of a specific pollutant , such as detergent ,
contr ibuted by the laundry waste can be calculated by subtrac t ing the
detergent  content of tap water  f r o m  that of the laundry wastewater.

It is assumed that the laundry  wastewaters  genera ted  f rom a
military base are similar in composi t ion to commercial laundry waste-
waters .  The character is t ics  of commercial laundry wastewaters  have
been comp iled by Snoey ink et al (Ref . 3) f rom two text s (Refs . 6 , 7), and
listed in Table 4 of this report  as r e f e r e n c e . Valuable data in Table 4
are  the ranges  of suspended solids , tota l solids , volatile solids , a lkal in i ty
above pH 7. 0 , and oil and grease values , which do not appear in Table 3.

The 5-day BOD data anal yzed by the USAMERDC was 339. 0 mg/I
which is close to the lower end of the BOD range (370-635 mg/l)  given
by R e f e r e n c e s  6 and 7 for commercial laundry wastewaters  (see Tables

5 
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3 and 4). Significant differences between the mili tary laundry waste-

water and the commercial laundry wastewaters  could be the pH and

total alkalinity. Both the pH and total alkalinit y of the military laundry

wastewaters were found to be lower than that of commercial  ones .

3. 2 Kitchen and Dining Room Wastewaters

Waste streams derived f r o m  the kitchen and dining hail contain

dishwashing debris (detergents , soaps , greases , food and beverage

lef t -overs , and any substances deposited on d ishes) ,  drain cleaners ,

household chemicals (bleaches , ammonia , polishes , waxe s , solvents ,

ink , insect sprays) ,  bod y soil and other liquid or semi-liquid substances

fou nd in the ki tchen or dining hail . Raw data on the character is t ics  of

field kitchen wastewater were received f rom the USAMERDC and are

comp iled in Table 5. Important character is t ic  data , as indicated in

Table 5, a re  average pH , 6 . 5; total dissolved solids , 346 . 7 mg/ I ;

detergent , 8. 4 mg/ i ;  total phosp hate , 62. 3 mg/ I ;  total hardness , 33. 7

mg/ I  as Ca C03; total alkalinit y, 145 . 3 mg/ i  as CaCO 3; and total organic
• carbon , 183. 3 mg/I .  The charac ter i s t ics  of the related tap water can

be found f rom A ppendix IV.

Gouveia and Hooton (Ref . 8) anal yzed the kitchen waste s t ream at

Williams Air  Force Base , Ar izona.  The following are  some important

character is t ic  data reported by Gouveia and Hooton: oil and g rease ,

578 mg/ l ;  total solids , 3552 mg/I ;  suspended solids , 2500 mg/i ;  chemical

oxygen demand , 2800 mg/I ;  pH, 6 . 0; and specific conductance , 950

micromhos/cm. Special attention should be paid to its hig h COD (2 , 800

mg/I)  value . Whether  the kitchen wastewater anal y zed by G ouveia and

Hooton (Ref . 8) contained the ground garbage  and/or  the dining hall

was tewater  is unknown . Addit ional  data on the charac te r i s t i cs  of k i tchen

wastewater  f rom the Air  Force bare base are  indicated in Table 6.

3. 3 Shower and Lavatory Wastewaters

Wastewaters  f rom the shower  rooms will contain de te rgen ts ,

soaps , g reases , drain c leansers , bleaches , solvent s , insect  sprays ,

body soil , u r ine , and occasionally vomitus and feces .  When sinks a re

installed , addit ional materials  such as tooth paste , saliva , and nasop haryn-

geal mucus will be included in the waste stream.
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No quantitative data for  shower wastewater  and lavatory waste-

water were reported in the published l i terature.  The data in Table 7

indicate the characteristics of the f ield shower wastewater. These  data

were received f rom the USAMERDC , which is the sole source of informat ion

available.

3, 4 Hu ma n Wastewater

A military latrine produces mainly human excreta . According

• to the Ehlers  and Steel’s text (Ref . 9), the human excreta are  small in

daily volume per cap ita , averaging about 83 , 000 mg of feces and 970 , 000

mg of u r ine  (including water) . The human waste includes large amounts

of water;  some putrescible organics , amounting to about 2 . 5 per cent of

the ur ine  and 20 per cent of the feces;  and small amounts of phosphorou s ,

nitrogen , su l fur , and other inorganic compounds. The text also states that
• 

• 
when the huma n excret~ is diluted with water to fo rm hu man wastewater

(i. e .,  sewage),  at the rate of 30 to 100 gp d per cap ita , an average huma n

wastewater  m a y  have about 800 mg/I  of solids , so composed that 300 mg/ I

will be in suspension and 500 mg/I  in s olution. About 50 percent  of the

total wastewater solids will be organic and the re fo re  putrescible .

Webb (Ref.  17) has reported the contaminants f rom urine and

feces  on the weig ht per cap ita per day basis . His data are summarized

in Table 8 for  re ference,  It should be noted that Ehlers  and Steels

data , averaging about 83 , 000 mg/cap i ta/ day  of feces and 970 , 000 mg/

cap ita/day of u r ine , include the weight of water in the human wastes .

Webb’ s data , 29, 010 mg/capita/day of feces and 77 , 840 mg/capi ta/ day

of ur ine , are total solids (see Table 8) which exclude the water.

Two other sources of information (R efs. 4 , 10) on human waste-

water a re  limited to onl y the wastewater ’s solids concentrat ion.  The

Garre t t  Ai research  Corporation (Ref . 4) and the Air  Force Weapons

Laboratory (Ref . 10) reported the solids concentration of human waste-

water  to be 15 percent , and 5.6 to 6 . 7 percent , respect ively. It is not

clear from the papers  whether  the human wastes anal yzed were diluted

with toilet waters.
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• More detailed data on the character is t ics  of human wastewater

have been reported by Hernandez et al (Ref . 20). Samples of huma n
wastes were collected aboard a U. S. Navy shi p, USS FULTON (AS- l i ),
for  physical, biological , bacteriological and chemical anal ysis . The
ship ’s piping was rnodifeid so that the representat ive combined huma n
wastewater could be collected. Twenty-f ive  waste samples were taken
over a three-day period. Resu l t s  of these analyses  are shown in Table 9.
It should be pointed out that the chloride content and total solids content
of the huma n wastewater on shi p board were analyzed to be hig h . This is
due to the fact  that sea water was used as the f lushing water on ship board .
The human wastewater (including flushing water) generated f rom mili tary
latrines on land is believed to have similar characterist ics as that listed
in Table 9 except that the chloride content and the total solids content
should be lower .

3.5 Hospital Wastewater

The wastewater streams f rom a hosp ital will contain pollutants
• . similar to those f rom a military unit having the kitchen , laundry, latrines

and showers.  Besides , hosp ital wastewaters will also inc lude blood ,
disinfectants , drugs , laboratory chemicals, and X- ray  processing chemicals .
According to a report f rom U. S. Army Environmental Hygiene A gency
(Ref . 11), the average concentrations of major pollutants in the combined

• hosp ital waste s t ream are:  detergent , 75 mg/ i as ABS; chromium, 1. 05
mg/ i ;  lead , 0.32 mg/ I ;  phosphate , 166 mg/ i;  COD , 870 mg/I ;  and oil and
grease , 43 .4 mg/I . The conductivity of the waste stream averages
1, 530 n-iicromhos/cm.

3. 6 photog raphic Wastewater

The photographic wastewater discharged f rom a military base
includes about 10 percent processing liquids and 90 percent washwater ,
Generally, the EA-4 chemical process is the common process used in a
military base . The COD values of the concentrated processing liquid
waste (excluding washwate r) and the total combined wastewater (including
washwater) were analyzed to be 78 , 500 mg/ I  and 8, 108 mg/ I , respectively,

• by Lefebvre et al at Kelly Air  Force Base , T exas (Ref . 12). The COD-to-
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5-day BOD ratio for  eithe r the concentrated processing liquid or the

total combined wastewater was estimated to be 4.4

The concentrated fractionation of photogra phic wastewater

(excluding washwater) has very hig h heavy metals content ; such as:

lead , 0. 57 mg/i ;  zinc , 0. 30 mg/ i;  silver , 214 . 0 mg/I ;  chromium,

2. 66 mg/l ;  iron , 15 mg /l; copper , 0. 05 mg/ i ;  manganese, 0.05 mg/i ;

and cadmium, 0. 09 mg/I  (Ref . 12) .

3, 7 Washrack Wastewaters

Simp le washing operation is always expected at a mili tary bare

base. The washrack  wastewaters  can general ly be subdivided int o two
basic f ract ions .  The f i r s t  f ract ion is composed mainl y of those materials

in the dirt  f i lms , such as soil , grease , oil , oxidized metal particles and

salts . The second f rac t ion  consists  mainly of detergent s, soaps , and

solvents which a re  used to clean the surfaces  of vehicle , watercraf t ,

a i r c r a f t  or any other equi pment .

A ser ies  of technical  repor ts  prepared by the USAF Environmental

Health Labora tory  at Kell y Ai r  Force Base (Refs . 13 , 14 , 15 , 16) have

presented some data on the charac te r i s t i c s  of vehicle and a i r c ra f t  washrack

was tewate r s  generated f rom some A i r  Force bases. Table 10 indicates

some data of washrack wastewater  f r o m  George , Dover and Mc Chord A i r
Force bases which  originall y were  summarized by Snoey ink et al (Ref . 3).
It was reported (Ref . 3) that the anal yses  were  based on many daily
composite samp les being collected in a manner  which excluded f r ee  oil

and g rease  and , to s ome extent , sett leable solids. Some washrack waste-

water  f lows invest igated even contained s torm run off .

T h e r e  is wide var iabi l i ty  in cha rac t e r i s t i c s  and quant i ty  of wash-

rack was tewater  f rom ins ta l la t ion  to instal la t ion due to the differences in
operation , maintenance , type  of c leaning agents , and method of waste-
water  t r anspo r t .  However , the genera l  charac ter i s t ics  of the vehicle ,
wa ter c r a f t , a i r c r a f t , and equi pment washrack  was tewa te r s  a r e  very
similar  to those  of each other.  Table 10 indicates that the COD , BOD ,

• oil and grease , detergent , p henol , and heavy metals  content  would be
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hig h for  a combined washrack wastewater . Oil and grease  usually fo rm
stabilized emulsions due to the action of the emulsif ier  found in the

detergents . These oil and grease emulsions were  found to be difficult

to remove f r o m  the was hrack wastewater ,

3. 8 Combined Wastewaters

The characteristics of variou s combined waste streams will be

important information for an operator to decide the chemicals ’ dosage

when combined waste treatment is considered. Two possible wa ste
• combinations f o r  the Air Force bare bases have been researched (Ref . 3).

If onl y hosp ital , shower , lavatory, kitchen, dining room, and laundry

wastes  are combined (excluding photographic and washrack was tewate r s ) ,

the total solids , suspended solids , and 5-day BOD of such combined waste

will be approximately 750 mg/I , 510 mg/ i  and 434 mg/I , respect ively .
If all the aforementioned waste streams including photographic and

washrack wastewaters, a r e  combined together , the total solids , suspended

solids and 5-day BOD of the combined waste will be approximately 800

mg/ i , 454 mg/ i  and 4 10 mg/ i , respectively. These  data were  estimated

based on the proportions of major wastewater  flows indicated in Table 2.

Characteristic data on some combined wastewaters f rom the

sources of field s howers , laundries and kitchens were received f rom
the USAMERDC , and are repor ted  in Table 11.

It is of interest  to note that the nature of a specific combined
wastewater can be mathematically estimated when both the qualit y and

the percent  flow of each part ici pating waste stream are known. The

character is t ic  data of laundry,  kitchen and shower was tewaters  have

been compiled in Tables 3 , 5 and 7 , respectively; their  TOC data are

listed in the top port ion of Table 12 as the control informat ion . The

minimum , average and maximum TOC data for  four combined was te-
waters , as listed in the f i r s t  column of Table 12 , were estimated based
on the fol lowing material balance equation:

n
Q C  + Q C  + Q C  + + Q C  ~ (Q. C.)1 1  2 2  3 3  n n . 1  i i

C n n
~~

, Q
1i= 1
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where  Q 1, Q2, Q
3 and Q are  the flow (or percent  flow) of shower waste-

water , laundry wastewater, kitchen wastewater , and any  other was tewate r ,
respect ivel y ;EQ is the summation of Q 1, Q2, Q3,  ... , and Q ;  and C 1,
C2, C3, C , and Cc are the concentrat ion parameters  (such as TOG , BOlD ,

etc .) of shower wastewater , laundry wastewater , k i tchen wastewater , any
individual wastewater, and combined wastewater , r espec t ive l y. Actual
anal yzed TOG data of four  d i f fe ren t  combined was tewate r s , as indicated in

the second column of Table 12 , are  selected f rom Table 11 . It is seen f r o m

Table 12 that the anal yzed TOG data of combined wastewaters  A , C and D

are very  close to their calculated average TOG values , while the anal y zed

TOG of combined wastewater  B is close to its calculated maximum TOC.

It is apparent that data on the nature and the f low of each individual

wastewater  stream are necessary  for  estimating the nature of the combined
wastewater , Much data regarding wastewater  contaminant parameters  at -

•
a mil i tary bare base are  a l read y available in this report  and f r o m  other

published materials .  However , additional e f for t  is still requi red  to

establish reliable informat ion on the percent  flow of every part ici pating
waste s t r eam in the combined wastewater  to be considered at various

operation times , such as morning , noon , a f te rnoon , and evening.

Another  al ternative is us ing flow meters to measure  the flow of

each individual wastewater  s t ream. Knowing the flow (measured data) and
nature (surveyed data) of every participating waste s t ream, the operator  can
then calculate the nature of combined was tewater , and decide the chemical
dosages for  wastewater treatment . The feasibi l i ty  of measuring the flows
of major wastewater  s t reams in a mil i tary field remains unknown until  —

an extensive f ie ld  invest igat ion is conducted.
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4 .0 SYNTHETIC WASTEWATER

Preparing a suitable synthet ic  wastewater for the experimentat ion
would provide many advantages over using the actual  f ield waste samp les ,
such as:

• The t ime-consuming field sampling effor t  can be avoided;

• Synthetic wastewater  of known concentrat ion can be used to
determine the effect iveness  of an anal ytical  technique , or an
anal ytica l instrument;

• Synthetic wastewater  of constant charac ter i s t ic  or s t r eng th  can
be prepared for  the l abora tory  op timization studies;  so that  the
optimum operational ( both chemical and physical) parameters
of a wastewater t rea tment  system can be established for a
specific s t rength of was tewater  being considered;  and

• V a r y ing the s t rength  of synthet ic  wastewater in op t imizat ion
studies would lead to establish the chemical dosage requ i rement s
at variou s influerit pollution loads.

The part icular  synthetic  wastewater  was fo rmula ted  in th is  r e s e a r c h

in a manner  that its charac ter i s t ic  was s imilar to that  of combined

wastewater  derived f rom mi l i t a ry  f ield ki tchens , showers  and l aundr ie s ,
and s imilar to that of domestic sewage .

4 . 1 Mater ia ls  Used

Synthetic wastewater  was p repa red  with tap water , b iodegradable
laundry detergent , dishwash de tergent , ground bar soap,  Bentonite clay,
lubr icat ing oil , and canned dog food. The sources  of these  mater ials  a re
described in detail as follows:

• Tap water -- Labora tory  tap water at Calspan Corpora t ion ,
Buffalo , New York;

• Biodegradable  laundry detergent  -- Cold Power manufactured
b y Colgate-Palmolive C o . ,  New York , New York . It contains
sodium sulfate , sodium si l icate , alk y lbenzene sul fonate , saop,
ethoxylated alcohol , mois ture , carboxymethy lcellulose , cold
water  bri gh teners , a luminum silicates , colorant and perfume ;

• Automatic d ishwasher  de tergent  -- Cascade Detergent  manu-
fac tured  by Proc ter  & Gamble , Cincinnati , Ohio . Cascade
conta ins  complex sodium phosp hates , chlor inated t r isodiu rn
p hosphate , nonionic su r fac t an t , sodium silicate , sodium sul fa te ,
colorant and perfume ; 

-
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• Ground bar soap -_  Mil i tary  soap received f r o m  the U. S.
Army Mobilit y Equi pment R e s e a r c h  and Development
Center , Fort  Belvoir , V i rg in i a ;

• Clay - - Powdered Volclay Bentonite SPV supp lied b y
Amer ican  Golloid Company,  Skokie , Illinois . It contains
silica , a luminum, iron , magnesium, sodium , potassiun ,
ca lcium, and others;

• Lubr ica t ing  oil -- Heavy Dut y (HD) oil , g rade  S AF - l O ,
supp l ied by Penn Corpora t ion , But ler , Pa .;

• Canned dog food -- Blue R i b b o n  Rec i pe (balanced and
comp lete nu t r i t ion) , packed by Riva l  Pet Foods , A Divis ion
of Associa ted  Products , Inc .,  Bridgeview , Ill. It conta ins
pro te in , fat , f iber , mois tu re , vitamins , m inera l s , and ash .

4 . 2 Analyt ica l  Methods and A pparatu s Used

Dissolved oxygen , pH , immediate dissolved oxygen demand
(IDOD), chemical oxygen demand (COD), suspended solids (SS), total
solids , dissolved solids , 5-day biochemical oxygen demand (5-day  BOD) ,
total phos p hate , an d c hl oride we r e ana lyzed acco rd ing  to Standard Methods

( R e f .  2~ ) .

T otal a lka l in i ty ,  tota l carbon (TC),  and total organic carbon (TOG)
were  anal yzed following the methods and procedures  given by Environmental
Protect ion A gency (Ref . 22) . A Beckma n Model 915 Total Organic  Carbon
A n a l y z e r  was used to anal yze TG and TOC.

Dissolved protein determinat ion was made by the Folin method
(Ref . 23).

Oil and grease  was determined following Standard Method (Ref . 2 1)
with ch lo ro fo rm as solvent .

R e s i s t i v i t y  was measured by a Calspan developed Spill  Tracing
Kit  (Ref .  24).

Turb id i t y, total hardness , sulfate , and silicate were  anal yzed
with a Delta Scientific Model 260 Water  Anal yzer  (Ref . 25).

All samp les being anal yzed for their  dissolved pro te in , dissolved
solids , dissolved COD , dissolved total carbon , and dissolved total organic
carbon were  f i l t ra tes  throug h 0. 45 ~ millipore f i l ters .

23



-

4 . 3 Formulation and Character is t ic  of Synthet ic  Wastewater

4. 3. a. Preparation of Synthetic Samples

Synthetic wastewater was prepared according to the formula t ion

indicated in Table 13. Each ingredient was assigned a notation , such as

F1 representing laboratory tap water , F2 represen t ing  biodegradable

laundry detergent , and so for th .

In order to have thoroug h understanding on the charac ter i s t ics  of

seven materials used for  synthetic wastewater p repara t ion , seven samples

were prepared according to the following general  formula ,

i = N
z (F 1)

i =  1

The f i r s t  sample (N 1), as indicated in Table 14 , was simply tap water;

the second sample (N = 2) was the mixture of tap water and biodegradable

laundry detergent  (i. e. , F 1 + F 2); and so for th . The seventh sample (N = 7)

containing all seven materials was the final product , synthet ic  wastewater .

4 . 3. b . Resu l t s  of Chemical and Ph ysical Analyses

Table 14 indicates the results  of anal yses . Its f i rs t  column presents
the charac ter i s t ic  data of tap water  used for  samples preparat ion .

It was observed that total solids , suspended solids and turbidity

all increased when any one of six materials was added to the tap water.

p H values of seven samp les indicated in Table 14 were  closel y
related to t he i r  total alkalini ty data . Adding laundry  detergent  and dish-
washer  detergent  increased both pH and total alkalini ty.  The addition of soap,
clay, oil and dog food had no significant effect  on pH or total alkalinity.

Certain  subs tances  p resen t  in the detergents and soap reacted wi th
ha rdness -caus ing  substances (such as calcium or magne s ium) in the tap
water , and formed insoluble preci pitates . T h e r e f o r e , a reduction in total
hardness of water by adding detergents  and soap to water was observed
(see Table 14). R e s i s t i v i t y  of wa te r  samples , in t u rn , reduced when soluble
h a r d n e s s - c a u s i n g  subs tances  became insoluble due to the addition of de tergents
and soap. Clay,  oil and dog food had no effect  on both total hardness  and

re s i s t i v i t y .
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From the silicate data repor ted  in Table 14 , it is seen that

laundry detergent , dishwasher detergent  and dog food contr ibuted

silicate content to the synthetic wastewater . Soap, clay and oil did not

contribute any silicate content to the synthetic sample .

T otal phosphate data in Table 14 demonstrate  the following facts :

(1) Cold Power laundry detergent , indeed , is a low-p hosp hate detergent ;

(2) Cascade dishwasher detergent  is the major phosp hate contr ibutor  to

synthetic wastewater;  and (3) soap, clay, oil and dog food contain low or

no phosphate .

Of six kinds of mater ia ls  added to the tap water for  synthetic

wastewater  preparation, onl y laundry and dishwa she r detergents  were

found to increase sulfate content significantly. These  two materials also

produced an insignificant increase in chloride.

• Dissolved protein of synthetic samples was anal yzed by Folin

Method (Ref .  23). The lowest detecting limit was found to be 15 mg /i

as gelatin. Therefore , the dissolved protein content of six control

samples indicated in Table 14 (N = 1 to 6 ) is not meaningful . Dissolved

protein content of synthetic wastewater (N = 7), howeve r , was analyzed

to be 30 mg /I. It is conceivable that most of protein present in dog food

would be insoluble matter.

Oil and grease of samples was anal yzed following the Standard

Method (Ref . 21) with chloroform as s olvent . It is understandable, f rom

Section 4 . 1, that the laundry and dishwasF~er detergent s used for  sample

preparat ion did not contain oil and grease in noticeable amounts. However ,

when laundry detergent , d ishwasher  detergent, and soap were added one

by one to the water , the oil and g rease  showed up si gnif icantly (see Table

14). This can be explained by the fact that most of sur face  active

substances present  in the detergents  and soap are ch lo ro fo rm extractable.

The oil and grease data for  Samples N = 2, 3 and 4 should be in terpre ted

as chloroform extractable substances instead of oil and grease.

Oil and grease , total organic carbon , total carbon , dissolved COD ,

• and dissolved solids of Sample N = 5 all decreased as Bentonite clay was

added to the solution containing detergents and soap. It is conceivable

that clay acted as an adsorbent as it presented in the synthetic sample.

27



-

The added lubricat ing oil (Sample N = 6), small amount but in

emulsified fo rm, was observed to increase turbidi t y, tota l solids ,

total carbon , total organic carbon , and oil and grease to a limited

extent . It should be noted that dissolved solids , dissolved total carbon ,

dissolved total organic carbon , and 5-day BOD of Sample N = 6 were

all lower than that of Sample N = 5. It has been mentioned ear l ie r  in

Section 4 , 2 , all samples being anal yzed for their  dissolved solids ,

dissolved total carbon , dissolved total organic carbon were  f i l t r a t e s

throu gh 0. 45 1j. Milli pore f i l t e r  p apers .  Oil mig ht coagulate or agg lom-

erate with  cer ta in dissolved or colloidal solids in the sample. Both oil

and agg lomerated subs tances could be lost during the Milli pore f i l t r a t ion

pr ocedure. In turn , lower dissolved solids , dissolved total carbon , and

dissolved total organic carbon were observed. The author , however , g ives

no exp lanation of wh y 5-day BOD of Sample N = 6 was lower than that  of
• . Sampl e N =  5.

Dog food was added to Samp le N = 7 , and was found to be a signi-

— - f icant  contr ibutor  of tu rb id i ty ,  si l icate , total solids , suspended solids ,

dissolved protein , total COD , total TC , total TOG , 5-day BOD , and oil

and grease , to the synthet ic  wastewater .

4 . 3. c. Charac te r i s t ic  of Synthet ic  Wastewater

Characterist ic  data for  s ynthetic wastewater are  listed in the

last column (N = 6) of Table 14. Characterist ic data of combined waste-

water from field military installations (i. e . ,  showers , laundrie s and

kitchens), as shown in Table 11, and of domestic sewage, as shown in

Appendices V and VI will be compared with the data of syn the t i c  was tewate r .

Comparison Between Synthetic Wastewater and Combined
F i e l d  Wastewater

It is encouraging to see , f rom data in Tables 11 and 14, that the
prepared synthetic wastewater has composition very  similar to that of

combined wastewater derived f rom field showers , laundries , and kitchens .
Data for turbidi ty ,  total dissolved solids , total alkalnity, chloride , 5-day
BOD and total organic carbon are  in good agreement.
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Sy n t h e t i c  was t ewa te r  has hi g her  total  h a r d n e s s  than  tha t  of
combined f ie ld  was t ewa te r  because  h igh  h a r d n e s s  tap  wa te r  was used
for  p r e p a r i n g  the syn the t i c  samp le (see Table 14); w h i l e  Low h a r d n e s s
tap water  was used in the m i l i t a r y  f ie ld  p r o g r a m  d u r i n g  the period
when  the f i e ld  was tewate r  sampLes  f r o m  k i tchens , showers  and l aundr i e s

— were  taken (See A ppendix IV).

The total phosp hate concentration of combined field wastewater ,
as shown in Table 11 , ranged f r o m  48 to 127 mg/ I , probabl y due to the

use of hi g h-phosp hate laundry detergent . Wit h s t r i c t e r  leg islatio-’ f o r c i n g

limitations on the use of hig h-p hos phate laundry detergent , non-phosp hate

Cascade detergent  was selected for  p repar ing  synthet ic  wastewater .

Althoug h the total phosp hate level of synthetic wastewater  was as low as

30 mg/ l , it will be closer to levels expected for  fu tu re  field was tewater.

A large di f ference exists between the sulfate and silicate content s

of synthetic and actual wastewaters . This d i f fe rence  mig ht also be

contributable to the use of d i f fe ren t  t ypes of de te rgen ts .

Comparison Between Synthet ic  Wastewate r and Domestic
Sewage

Much of the combined wastewater generated f rom a mil i tary field

base would be similar to , althou g h not exactl y the same as , typ ical

domestic sewage containing waste constituents f r o m  houses , apartments,
res taurant s , hosp itals , and institutions. Ph ysical charac ter i s t ics  of
domestic sewage , as indicated in A ppenix V , were qualitatively
described by McGauhey (Ref . 26) . Quantative charac ter is t ics of dome stic

sewage were  found f rom Babbitt and Bau mann ’ s text (Ref . 27) and are  listed
in A ppendix VI for  the purpose of comparison. Critical character is t ic

parameters of laboratory-prepared synthetic wastewater are total solids ,
total suspended solids , total dissolved solids , 5-day BOD , chlorides , total
alkalnity and oil and grease , which all fall in the range of domestic
sewage composition. According to Babbitt and Bauman&s classification
(Ref . 27), the synthetic wastewater is approximately equivalent to a
domestic sewage of medium strength based on the fol lowing facts:
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Constituent of Cl a s s i f i c a t i o n
Synthetic Wastewater of Sewage S t r eng th

— (all values in mg/ i) (see A ppendix VIL

T otal Solids = 676 Mediu m - Strong

T otal Suspended Solids 398 Medium - Strong

T otal Dissolved Solids - 478 Med ium - St rong

5-day BOlD 162 Weak - Medium

Chlorides = 34 Weak  - Medium

T otal Alkalinity = 166 Medium - St rong

Oil  and Grease 47 S t rong

Synthe t i c  Was tewate r  A lt e rna t i ve

If photographic wastewater , w a s h r a c k  was tewate r  and hosp ital

wastewater  a re  also included in the combined was t ewa te r  s t ream for

t rea tment , the pollutant para meters  that  c h a r a c t e r i z e  the combined

wastewater  will include not only ge n e r a l  pa rame te r s  for  typ ical domestic

sewag e such as BOlD , solids , oil and g rease , etc , ,  but also additional

parameters  which  quant i f y c e r ta i n  cons t i tuen ts  p r e s e nt  in the bare base

was tewate r  such as toxic heavy metals , r e f r a c t o r y  o r ga n i c s , etc . *

In such a case , addi t ional  toxic heavy metals and r e f r a c t o r y  organics

should also be added to the synthet ic  was tewater  formula t ion  indicated

in Table 13 .

These  mate r i a l s  are  not inc luded  in the  w a s t e w a t e r s  to be i n v e s t i g a t e d
under  the p r e s e n t  contract .  

~~~~~~~~~~~~~ 
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5.0 SUMMARY , CONCLUSIONS , AND RECOMMENDATIONS

• The task of this research was directed toward the identification

of the character is t ics  of various wastewater  streams generated f rom

military bare bases . The data and information or-i wastewater  character-

ization was gathered from available l iterature with assistance of the

USAMERDC Project Officer , Mr . Rober t  Ross .  A concise summary,

conclusions and recommendations are given as fol lows:

1. Data on the sources , volume , and nature of military waste-

waters , such as laundry wastewater , kitchen and dining hail wastewaters ,

shower and lavatory wastewaters, human wastewater , hosp ital wastewater ,

photographic wastewaters, washrack wastewaters , and combined waste-

waters , were surveyed , compiled , and documented in this  repor t .

2. Based on the charac te ri s t i c  data for  f ield ki tchen , shower

and laundry wastewaters , the na ture  of combined was tewaters  derived f r o m

these three  sources at variou s flow proport ions  was mathematical ly

calculated. The calculated cha rac te ri s t i c  data fo r  combined was tewate r s

were  found to be in close agreement  wit h the measured  data for  actual

samples.

3. Data on the nature and the f low of each individual waste

s t ream are necessa ry  for  estimating the na ture  of the combined waste-

water . Althoug h the nature of possible  cont r ibu t ing  waste  s t reams  has

been surveyed , and documented , in format ion  on the f low of each individual

was te  s t r eam at variou s operation t imes is not available.  it is sugges t ed

that these  flow rates be inves t iga ted .

4 . On-si te  analyses of combined was tewate r  c ha r a c t e r i z a t i o n

would , indeed , provide in fo rmat ion  to dete rmine  the  chemica l  dosages

for  wastewater trea tment. It is feas ib le  only if portable  f ie ld  tes t  k i t s

for  rap id determination of ce r t a in  cri t ical  parameters  can be developed .

Another  al ternat ive is providing on-s i t e  measurement  of t he  f lows of every

contr ibut ing waste stream to the combined wastewater  equa l iza t ion  tank .

Knowing the measured flow data and the  surveyed nature  data for  each

contr ibut ing waste s t ream , the operator  can then  calculate the nature  of

combined wastewater  to be t r ea ted .  The feas ib i l i t y of on-s ite  measu remen t

of wastewater  flows is subjected to f u r t h e r  f i e ld  i n v e s t i g at i o n s .
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5. Synthetic was tewate r  p repared  with tap water , lau ndry

detergent , d ishwasher  detergent , ground bar soap,  Bentonite  clay,

lubricat ing oil and canned dog food was found to have charac te r i s t ics

similar to those of the combined wastewater  derived f rom field ki tchens ,

laundries , and showers.

6 . The l abora to ry -p repa red  syn the t i c  wastewater  is approximate ly
equivalent  to a domestic sewage of medium s t r e n g t h , accord ing to

Babbi t t  and Baumanri ’ s (Ref . 27) sewage c lass i f i ca t ion .

7 . The charac te r i s t ics  of tap water , de te rgen t s , soap, clay,  oil ,

and dog food , which were used for  synthet ic  was tewater  p repara t ion , were

also quanti tat ively determined and discussed.  With this informat ion avai lable ,

any othe r synthet ic  wastewaters  can also be prepared  by va ry ing the

propor t ions  of the materials added. In the event that p hotograp hic waste-

water , was hrack  was tewa te r s  and hosp ital was tewate r s  are to be cons ide red

for combined waste  t r ea tmen t , addi t iona l substances  such as heavy metals

and r e f r ac to ry  orgarr ics should also be added to the synthe t ic  was tewater

formu lation .
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