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CONTROL OF INDUSTRIAL WATER EMISSIONS 
Thomas I. Powers 

INTRODUCTION 
Industry uses water for almost every conceiv­

able purpose from nuclear shielding to washing 
down floors. Every water use is important and 
each sou,:ce of used water must be known and 
evaluated. By far the greatest volume of indus­
trial water use is for heat exchange. The smal­
lest water use is in products such as beverages and 
water-based latex paints. 

Man cannot use water without adding some­
thing to it. That "something" may be heat, sus­
pended materials or dissolved substances. The 
more water is used, the more materials are added 
to it until its usefulness is impaired and a condi­
tion of pollution exists. Industrial water use must 
be so managed that pollution is avoided. 

Control of water emissions from industry to 
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the environment requires a thorough knowledge 
of the volume of water used per unit time and 
the quality of the used water. Adequate control 
also demands a knowledge of the quality standards 
for both emitted water and receiving water. 

~ 

Water emissions may best be identified and 
categorized by the service from which the used 
water originates. There would then be used water 
from (Fig. 44-1 ) : 

1. Treatment of incoming water 
2. Sanitary services 
3. Boiler operation 
4. Jiousekeeping 
5. lieat exchange 
6. Unit processes 
7. Roof and yard drainages. 
liaving identified all used water sources and 
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Figure 44-1. Origins of Industrial Water Emissions. 
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quality, the environmental engineer must review 
the control methods most applicable and economic 
for each waste water source. Combinations of 
waste waters are quite often possible and desir­
able, but careful analysis of the water quality and 
the control methods are necessary to indicate 
compatibility. 

Modem small industry will probably find it 
most economic to purchase potable water from 
a public supply and to purchase waste water treat­
ment services for those wastes which are com­
patible with biologic systems. Extreme caution 
must be used on the potable water supply to 
avoid any cross-connections. It is also necessary 
to know accurately the waste water flowrate and 
quality so that design is adequate to insure con­
trol of water emissions to meet standards. 

The discussions presented here are not refer­
enced. The author has presented a list of excel­
lent texts which answer almost all of the specific 
questions which might arise. The references in 
the texts will guide the reader to articles covering 
almost every type of waste water problem encoun­
tered in industry. 

Throughout this chapter emphasis is placed on 
the necessity for proper measurement of waste 
flows, proper sampling and accurate analyses to­
gether with laboratory experiments to arrive at 
sound judgments. There is no substitute for 
sound engineering based on facts derived in this 
manner. 

IDENTIFICATION OF USED WATER 
SOURCES 

Wastes from Water Treatment 
Treatment of incoming water to achieve the 

water quality necessary for each use is a necessity 
for many industries. Whenever solids must be 
removed, a waste water source results. 
Clarifier Underflows. Ordinary sedimentation us­
ing coagulants such as aluminum or iron salts and 
flocculant aids is practiced widely on water from 
surface sources. The settled material removed 
from the bottom of the settling tank is called 
sludge and is usually about 8 % solids and 92 % 
water. The composition of the solids is the same 
as the solids in the incoming water plus the coagu­
lant hydrates and filter aids. The sludges can be 
further dewatered by settling in ponds, by vacuum 
filtration or by centrifugation. The water result­
ing from further dewatering should be recycled 
to the raw water source. The only water lost is 
to the sludge cake, usually 50% to 75 % of the 
cake weight. 

Water softening is the removal of calcium and 
magnesium ions from the water and can be ac­
complished by a cation exchanger or by the treat­
ment of the water with lime followed by soda ash. 
The settled sludge from lime-soda softening will 
..ontain calcium carbonate and magnesium hy­
droxide. By recycling the sludge in the process 
a final concentration for disposal might contain up 
to 25% solids and 75% water. Further dewater­
ing can yield up to 50% solids. 

Sedimentation, even with flocculant aids, sel­
dom results in a water with less than 20.0 mg/! 
of suspended solids. Usually sedimentation is fol-
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lowed by filtration to remove particles down to 
about 20 microns. 
Filter Backwash. Filter backwash is a waste water 
which contains the solids washed from a filter 
usually in a concentration about ten times the 
concentration fed to the filters. This water should 
be recycled back fo a sedimentation tank inflow 
so that the water is not lost and the solids be­
come a part of the sedimentation tank underflow 
sludge. 

FIiters are also used to separate precipitated 
iron from well water which bas been aerated to 
oxidize the ferrous iron to the ferric state. The 
wash water from these filters should be ponded 
and the water returned to the system. 
Ion-Exchange Regeneration. Water treatment by 
ion-exchange is widely used for water softening 
where a cation exchange material removes the 
calcium and magnesium by replacement with so­
dium. The regenerant is common NaCl and the 
waste water resulting from regeneration contains 
CaCI,, MgCI, and the excess NaCl used. The 
waste water volume resulting from regeneration is 
usually about 4 bed volumes and the frequency of 
regeneration depends on the amount of calcium 
and magnesium in the incoming water. 

Complete demineralization using both cation 
and anion exchangers produces water very close 
to distilled water. The regenerants may be am­
monium hydroxide, caustic, sulfuric acid or hy­
drochloric acid. The cation exchange replaces 
all cations with hydrogen giving an acid water 
which is degassed to remove CO, and SO,, and 
the anion exchanger then replaces regenerant 
anions with hydroxyl ion. The regenerant streams 
contain all of the substances contained in the 
original water less the acid gases blown out plus 
the excess of regenerant added. The waste volume 
is usually of the order of 6 bed volumes per re­
generation. 

The regeneration brines from · ion-exchange 
water treatment are of no value and cannot be 
recycled; they are true waste waters. 
Waste Waters from Sanitary Services 

Every industry must provide potable water ap­
proved by the State Health Department for sani­
tary services. Drinking water, washbasins, laun­
dry, toilets, showers ( including safety showers) 
and kitchens should be furnished with potable 
water. The environmental engineer should con­
stantly be on the lookout for cross connections 
between potable and non-potable sources. Wher­
ever it is necessary to use potable water as an 
alternate in a non-potable system, the potable 
water should be delivered to a head tank and re­
pumped to the non-potable system (Fig. 44-2). 
A suitable color code for each water system can 
help prevent erroneous connections. Toilets, wash­
rooms and showers should be sewered separately 
together with laundry and kitchen wastes, to a 
segregated system called the sanitary sewer. 
Drinking fountains, safety showers and eye baths 
are usually placed strategically for workmen's 
maximum convenience and need not be sewered to 
the sanitary system. 

The waste water resulting from sanitary ser-
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Figure 44-2. Equipment to Avoid Cross-Connections. 

vices will be about 20 gallons per person per 
shift. The waste water should be limited to 100 
mg/I of suspended solids and a B.O.D. of about 
120 mg/I. If laundry and kitchen wastes are 
added, the volume will be a.bout 30 gallons per 
person per shift. 
Waste Waters from Boiler Operation 

Many industries operate boilers to produce 
process steam and plant heat. These boilers are 
usually low pressure boilers (150 psi) and do not 
require demineralized water for make-up, but 
almost all use internal boiler treatment. The chem­
icals added to boiler feed are for the purpose of 
holding compounds in solution as water is evap­
orated and to prevent water entrainment in the 
steam. 
Boiler Blow-Down. In order to maintain the solids 
in the boiler at a manageable level it is necessary 
to purge the boiler periodically. This is called 
boiler blow-down. Naturally this represents a con­
siderable heat loss which can be minimized by 
exchanging the heat to the boiler feed. The re­
sulting water is highly mineralized and must be 
considered a waste. The total dissolved solids will 
be 3500-5000 mg/I. 
Ash Sluice Water from Combustion of Coal. Most 
low pressure coal fired boilers are stoker fed and 
seldom require fly ash control. Ashes are usually 
sluiced with water to an ash pit. The overflow 
water from ash handling is alkaline and must be 
considered as waste water. If fly ash is collected, 
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it also is usually sluiced to a pit. 
Boiler Cleaning Solutions. Fouled boiler tubes 
result in decreased efficiency and must be cleaned 
periodically ( 1-2 years). Chemical cleaning is 
widely used and the low pressure boiler can be 
cleaned using hydrochloric acid which contains 
substances to inhibit its attack on metallic iron. 
Many industries require that the cleaning con­
tractor haul spent cleaning solutions off-site al­
though in some instances the spent solutions are 
discharged to the ash pit where residual alkali 
neutralizes some of the acid and iron is pre­
cipitated. 

High pressure boilers require more sophisti­
cated cleaning methods using organic materials 
such as citric acid and versines since hydrochloric 
acid should not be used on stainless type steels. 
These spent cleaning solutions contain copper and 
nickel chelates and require separate handling. 
Waste Waters from Housekeeping 

Almost every industry maintains service hoses 
which are used to wash down equipment and 
floors. This is not only for appearance but also 
for personnel safety and product quality control. 
The food industries in particular must shut down 
all production periodically and remove all traces 
of putrescible substances from materials handling 
equipment and floors. It is common practice to 
run production for two shifts and use the third 
shift for a complete clean-up. 

Service hoses with 50 psi water pressure will 



deliver from 15 to 30 gpm. Several hoses being 
used at a time will result in a considerable flow 
from the building. 

The engineer should attempt to minimire wa­
ter use and yet accomplish the purpose. Leaving 
hoses running is a very common mistake which 
must be corrected constantly. 

Water Used for Heat Eiclumge 
As stated previously the use of water as a heat 

exchange medium is by far the greatest industrial 
water use. Once-through cooling is extensively 
practiced because it is the simplest and cheapest 
system as long as sufficient water is available. 
Heat has become known as a pollutant because 
of the changes in the water biota due to increased 
temperatures. Heat added to surface waters is 
slowly transferred to the atmosphere until the 
water and air above it reach equilibrium. 

Once-through cooling adds very little to a 
water except heat; however, a 20-2S°F rise in 
the water temperature is common. 
Cooling Towers. Heat exchange water which is 
in short supply or which may cause thermal pol­
lution is recovered for re-use by causing the heat 
to be rapidly dissipated to the atmosphere through 
use of cooling towers. The recycle of cooling 
water over cooling towers necessitates treatment 
of the water to prevent scale and corrosion in the 
heat exchange piping. The cooling tower will lose 
about 2.0% of the water by evaporation, about 
1.0% by entertainment and I 0% by the purge 
required to maintain a constant solids content 
(Fig. 44-3). The purge loss will contain about 
1000 mg/I of total solids, plus the amount of zinc, 
chromium and other chemicals added to condition 
the water. 

COOLING 

HOT PRODUCT 

Barometric Condensers. It is quite common to 
use a steam jet to pull a vacuum on a distillation 
or evaporation process. One source of heat ex­
change water which may not be included in the 
cooling water system is the barometric quench 
condenser (Fig. 44-4). This type of condenser 
can contain sizable quantities of product if a 
small vacuum leak develops in the system. It is 
advisable to use an inner-after condenser rather 
than the quench condenser when the product 
being handled is a major pollutant (Fig. 44-S). 
Product Heat Exchangers. Heat exchangers which 
are used to cool a product should have readily 
accessible water sampling points downstream from 
the units. A small leak in a tube can account for 
a sizable product loss even though the pressure 
is greater on the water side. The velocity of the 
water past a pin hole leak can create a suction, 
causing product to enter the cooling water stream. 
Unit Processes 

The water which comes in direct contact with 
raw materials, intermediates, by-products or prod­
ucts is called process water. The inadvertent loss 
of materials to heat exchange equipment and 
clean-up of floors has previously been discussed. 
Raw Material Purification. Many raw materials 
are transported by water and unwanted impuri­
ties are washed or dissolved away. Many exam­
ples of this water use are found in the food indus­
try. Sugar beets are sluiced to screens ahead of 
slicers. The flume water washes dirt and debris 
from the beets and also dissolves some sugar de­
pending on the condition of the beet. 

The quality of the process water from the can­
ning industry can be directly related to the con­
dition of the vegetables or fruit as received. 
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Figure 44-3. Cooling Tower. 
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Figure 44-4. Barometric Quench Condenser. 

Reaction Vessel Cleaning. One of the most im­
portant waste water sources from unit processes 
is the clean-up of vessels from batch reactions. 
These waters are usually quite concentrated, are 
discharged intermittently and often require spe­
cial handling. 
Raffinates. Solvent extraction of materials from 
water is a common industrial process. The water 
remaining after the extraction is called a raffinate. 
As a rule these are strong wastes containing by­
products, some product and some solvent. 
Vent Gas Scrubbers. Whenever gases are released 
from a process they are usually scrubbed with 
water. If the gas is valuable, such as hydrogen, 
it may be scrubbed to remove impurities and re­
covered for use. Many vent gases such as chlorine, 
hydrogen cyanide, hydrogen sulfide or phosgene 
may be dangerous and must be removed by effi­
cient scrubbing equipment (see Chapter 43). The 
water wastes from vent scrubbers can be the most 
important waste water to measure and evaluate 
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for control 
Condensates. Whenever steam is used or is formed 
in a process it is generally condensed using a heat 
exchanger or a quench condenser. Many conden­
sates are pure water and can bt re-used, but al­
most all condensates are subject to receiving im­
purities. Continuous monitoring of condensates is 
a must to achieve process control as well as con­
trol of water emission. 
Roof and Yard Drainage 

The design of the sewer system should provide 
a segregation of water run-off from factory roofs 
and yards. Raw materials and products are often 
lost to roofs or grounds. Pressure reaction vessels 
with frangible reliefs often vent materials to roofs. 
Tank car loading is bound to result in some spills. 
Storage tanks develop leaks. If control of water 
emission is to be achieved the environmental en­
gineer cannot overlook roof and yard drainage. 
These waste waters should be monitored and the 
necessary controls installed and maintained. 
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Figure 44-5. Barometric Inner Condenser. 

CONTROL METHODS FOR WATER of brines with controlled discharge to streams at 
EMISSIONS high flows for many years. 

Waste Inventory 
In considering the control of industrial water 

emissions it is well to remember that things hap­
pen in industry. A good philosophy to follow in 
design is that if it can happen, it will. One of 
the most valuable and useful tools in the control 
of water emissions is impervious storage facilities 
into which high concentration, low volume and 
intermittent waste waters may be inventoried and 
from which waste may be monitored, recycled or 
treated to achieve control. Where land is at a 
premium, waste inventory can be achieved by 
pumping to holding tanks. It may be advisable to 
inventory each process waste separately near the 
production equipment and feed from these at a 
steady rate to the proper control method. 

The chemical industry bas used waste storage 
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Raw Material Change 
As is the case in control of air pollutant emis­

sions it is sometimes necessary and feasible to 
avoid the production of a waste by changing the 
raw material. For instance, a tannery might 
change from salted hides to fresh hides and avoid 
the problem created by washing salt from the 
preserved hides. If the purification of the raw 
material creates a waste water problem it may be 
possible to have the supplier remove the impurity 
prior to shipping. 
Process Change 

There are many processes which have inherent 
losses to water. Most of these are in the wet proc­
ess industries where raw materials are dissolved 
in water or transported by water. It is possible in 
some instances to change the process and relieve 



the losses to the waste water. The environmental 
engineer should review each process with process 
engineers to minimize water contact and the pro­
duction of waste materials. Major process changes 
may take years to accomplish and be very costly, 
but if a waste can be avoided or made into a 
useful product, the long term economics can be 
favorable. 
Dired Burning 

The direct burning of organic residues from 
industrial processes is a common method of ulti­
mate disposal. Minimizing water and concentrat­
ing the waste water stream to more than 10% 
organic content permits the use of direct burning 
at reasonable cost. A very good example of this 
is the waste liquor from sulfite pulp mills. Both 
fluidized bed combustion and direct burning have 
been used. 

Wet combustion using air or oxygen to 300°C 
resulting in pressures up to 1750 psi has also been 
used on sludges in some municipalities, but has 
not yet been used extensively on strong industrial 
wastes. 
Vaporization and Catalytic Burning 

The catalytic burner is used extensively to 
control odorous air emissions (Chapter 43) and 
can also be used to destroy organic matter if the 
water waste is first vaporized. This technique has 
been used on nonrecoverable solutions of lower 
alcohols. 
Control of Water Emissions by Recycle 

The containment and utilization of waste wa­
ters by recycle is common to most industries. Wa­
ter conservation practices such as counter-current 
washing and the re-use of cooling water does not 
mean the reduction of pollutants but rather a con­
centration in a smaller volume. 

Recycle of water usually entails the addition 
of chemicals to control corrosion, scaling and 
bacterial growths. However, the recycle of weak 
solutions which contain raw materials, intermedi­
ates or product may be an economic necessity and 
should be investigated thoroughly. 
Subsurface Disposal 

The loss of polluted water to fresh ground 
water must be avoided. This is not easy and re­
quires a knowledge of subsurface geology and 
hydrology. Sewers collecting acid wastes must be 
designed to carry that waste without Joss to the 
ground. Sewers subject to hot water release must 
not break due to thermal shock. Dyked areas 
which might retain polluted water should be made 
impervious. 

Disposal by deep well is an engineered method 
of ultimate disposal which is politically and geo­
logically possible in many parts of the country 
where porous and permeable sedimentary forma­
tions containing connate brines exist. The waste 
waters which have been so disposed are usually 
brines or waters containing highly toxic or odorous 
materials which cannot be treated effectively and 
which should not be allowed to pollute the ground 
or rurface water. The chemical and oil refining 
industries have used deep well disposal in Texas, 
Indiana, Ohio, Louisiana and Florida. The depth 
of these wells is usually 1500 to 6000 feet. 
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While deep well disposal is not exactly a last 
resort method, most State agencies will demand 
a review of alternate control techniques. The vol­
ume of waste water a formation can accept safely 
is finite. The deep formation disposal capacity is 
a valuable resource and should be reserved for 
those wastes which must not be allowed to invade 
man's environment. 

If deep well disposal is being considered, a 
competent hydrologist or geologist should be em­
ployed to develop a feasibility report and pre­
liminary costs. Starting with the State Water Pol­
lution Control agency, all regulatory agencies must 
approve. The design of surface equipment and 
the well design cannot be trusted to inexperienced 
engineers. Drilling of the well and its completion 
should be closely supervised by an engineer knowl­
edgeable in these matters. Too many failures have 
been the result of poor design and execution. 
Treatment to Standard Quality 

Very seldom is it possible to eliminate, contain 
or destroy waste waters to a degree which will 
permit release to public waters without treatment 
of some sort to meet a quality standard. 

Most municipal waste water treatment plants 
control the quality of industrial waste discharge to 
municipal sewers through ordinances establishing 
limits on pH, suspended solids and biochemical 
oxygen demand. Industries producing waste wa­
ters exceeding the standards are required to pre­
treat the waste or to pay a surcharge or both. San­
itary sewage is described as having pH 6-9, sus­
pended solids - 350 mg/I, B.O.D. - 300 mg/I. 
In addition to the control of these three para­
meters, it is necessary to restrict the waste waters 
from industry to those wastes containing sub­
stances which are compatible with the treatment 
process being used. Practically all municipal waste 
water treatment systems use biologic processes. 
Since the municipality must also treat to a stan­
dard quality it cannot afford to receive wastes 
which will upset or poison the biologic process. 
Substances highly toxic to bacteria must not be al­
lowed to reach the treatment process. Other sub­
stances which may not be toxic but which have a 
high chlorine demand may also be refused. 
Physical and Chemical Treatment Methods: Neu­
tralization. The first treatment step toward con­
trol will probably be neutralization to achieve an 
effluent stream having a pH between 6-9. Aside 
from proper inventory, neutralization may be the 
only treatment needed in some instances. On the 
other hand, neutralization may cause precipita­
tion of insoluble materials and require further 
treatment. It is also possible to use the neutraliz­
ing power of one waste when properly mixed with 
another. The cheapest alkali usually available is 
finely ground limestone, CaCO,, and next is CaO, 
which should be slaked to Ca(OH),. One source 
of waste Ca(OH), is from the manufacture of 
acetylene from calcium carbide. Laboratory ex­
periments should be performed to develop the most 
economic neutralization system. 
Screening. The use of coarse and fine screens to 
remove large suspended particles is a first treat­
ment step in many industries, especially the food 



industry. Screening may also be the only pretreat­
ment required before discharage to a municipal 
system. Fine screens remove those particles 
which may overload skimming and sludge hand­
ling equipment in further treatment steps. Some­
times screenings will be of some value as stock 
feed but mostly they are hauled off-site for burial 
or spreading on the land. 
Sedimentation-Flotation. Solids removal by set­
tling is the universal primary treatment step. All set­
tling systems should be designed, although many 
small industries dig a hole in the ground and hope 
for miracles. Flow-through settling ponds are used 
extensively in the mineral processing industries. 
These ponds must be designed to give adequate 
solids storage for long periods of time before set­
tling capability is lost. Dual ponds permit the 
use of a fresh pond while the filled pond is being 
excavated. 

Where land is costly, the use of designed clari­
fiers permits the continuous use of a stable settling 
capacity and the dewatering of solids for off-site 
disposal. 

Oarifiers are usually designed to receive wate.r 
at 600-1000 gallons per square foot per day. 
Flocculation chambers can also be included so 
that coagulants and flocculants can readily be 
applied to upgrade not only the solids removal 
efficiency but also hydraulic capacity. It is usually 
most economical to remove as many settleable and 
colloidal materials as possible in the primary set­
tling step. Here again laboratory experiments with 
various coagulants and flocculants guide the en­
gineer's judgment of the best system and engineer­
ing parameters. 

A well designed and properly operated clari­
fier should deliver an effluent of about 25 mg/I 
suspended solids. 

Sludges from the underflow of clarifiers will 
usually contain about 5-8 % solids. The accumu­
lation of inorganic sludges in dyked areas is com­
mon industrial practice. Dewatering by vacuum 
filters, sand beds or centrifuges permits hauling 
sludges off-site or, in the case of organic solids, 
prepares them for sanitary landfill or incineration. 
The safe disposal of sludges from waste water 
treatment can account for 50% of the total treat­
ment cost and therefore requires detailed study. 

In some cases the character of the solids in a 
waste water may cause the engineer to select 
flotation as the solids-separation process. Oily and 
greasy materials having a specific gravity close to 
water can be made to trap other particles and, by 
using dissolved air under pressure, the fine bub­
bles which are released to a flotation tank cause 
the suspended materials to rise to the top of the 
tank where they can be skimmed off readily. 

Laboratory experiments can quickly evaluate 
flotation efficiency and the effectiveness of adding 
coagulants. Most water treatment equipment sup­
pliers have flotation equipment which can be en­
gineered after design parameters are established. 
Chemical Treatment. The use of chemicals for 
neutralization and as aids in the sedimentation 
process has been mentioned. Chemicals are also 
used to precipitate undesirable ions such as mer-

cury and other heavy metals, fluorides and phos­
phates. Hexavalent chromium can be reduced by 
SO, and precipitated as trivalent chromium. 

The use of chlorine as a disinfectant for mu­
nicipal waste water prior to discharge is a requisite 
in most states. 

Chlorination of industrial wastes for disinfec­
tion may be important in some industries where 
the dissemination of disease organisms to the en­
vironment is likely. The most important use of 
chlorine in industrial waste treatment is as an oxi­
dant to destroy highly toxic or odorous substances. 
The standard treatment of cyanides from the plat­
ing industry is oxidation by alkaline chlorination. 
One pound of cyanide requires 7.35 pounds of 
chlorine. Chemical oxidation using chlorine, ozone 
or permanganate will cost more than 50 cents per 
pound of organic matter destroyed. This cost 
usually dictates that chemical oxidation be used 
only as a final polishing method after the bulk of 
the organic matter has been removed by some less 
expensive method. 
Adsorption. There has been a renewed interest in 
the use of activated carbon for the removal of 
soluble organic materials from waste waters. Ac­
tivated carbon has a broad spectrum of pore size, 
but is most effective in the removal of larger mole­
cules ( C. and above). The cost of granular acti­
vated carbon is usually more than 30 cents per 
pound. It is evident that at least ten regenerations 
must be effected if the adsorption cost is to be 
made competitive with chemical oxidation. Here 
again the use of activated carbon is usually lim­
ited to ·threshold treatment. 
Extraction. Solvent extraction is a production tech­
nique used extensively in the chemical industry. 
The extraction of phenol from water using caustic­
washed benzene is a classic example. Since most 
solvents are soluble in water to some degree, it is 
then necessary to strip the solvent from the waste. 
An ideal situation might be the use of water-insol­
uble waste from one process to extract the water­
soluble waste material from another process water. 
Biological Waste Treatment Methods 

General. Bacteria can utilize an amazing num­
ber of organic compounds as the carbon source in 
their metabolism, which is the basis for many sys­
tems to remove organic materials from water. By 
providing an environment conducive to bacterial 
growth one can achieve rapid utilization of com­
plex mixtures of soluble organic materials. End 
products of bacterial carbon utilization are carbon 
dioxide and protein. 

Since biological treatment depends on the pro­
duction of protein, it is necessary that nitrogen and 
phosphorus in a usable form be available to build 
protein molecules. All living cells require carbon, 
nitrogen, oxygen and phosphorus. Oxygen can 
come from the free oxygen dissolved in water in 
which case the biologic system is called aerobic. 
Jf the oxygen comes from a combined source such 
as NO, or SO. the system is anaerobic. 
Anaerobic Biological Treatment. Anaerobic bac­
teria use combined oxygen, and the entire system 
is one of reduction. The end products of anaero­
bic bacterial action are CO,, CH., NH,, H,S and 
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fatty acids. The CO, is in excess of the NH, pro­
duction and the NH, combines with the CO, to 
form ammonium bicarbonate. Material equiva­
lent to one pound of Chemical Oxygen Demand 
(COD) fed to the anaerobic process should yield 
about 5.6 cubic feet of CH,. 

The use of anaerobic treatment by industry 
has been restricted largely to the food industry. 
Too often the industry has used merely an open 
pond and let nature take its course. Improper 
design and control have resulted in the uncon­
trolled production of H,S and amino acids caus­
ing odor nuisances. 

Properly designed and contained anaerobic 
treatment plants can remove effectively and cheap­
ly as much as 90% of the B.O.D. from a strong 
organic waste. Proper mixing, recycled solids, 
off-gas containment and temperature control are 
requisite to achieve 90 % removal in as little as 
24 hours retention time. Anaerobic treatment 
should be considered for any waste which has a 
B.O.D. of more than 2000 mg/I. Temperature 
should be maintained at about 95°F. 

Usually anaerobic treatment is followed by 
aerobic treatment for two reasons. The anaerobic 
process develops considerable non-settleable solids 
and produces acetic and propionic acids. The 
aerobic process then metabolizes the organic acids 
and flocculates the colloidal particles. 

The best example of anaerobic treatment is 
the stabilization of the organic matter contained 
in municipal waste water treatment plant sludges. 
The digester effectively removes about 50% of the 
total organic matter contained in sludges. The gas 
from a well-operated digester will contain about 
65% methane and 34% CO, with variable 
amounts of H,S. 

An interesting adaptation of the anaerobic 
process is the removal of nitrogen from a waste 
water containing nitrates. A low molecular­
weight carbon source such as methanol is fed to 
an acclimatized system to reduce the nitrate to 
gaseous nitrogen. The single carbon minimizes 
sludge production, but other soluble organics can 
be used. 

Sludge lagoons can be rendered odorless if 
sufficient sodium nitrate is present in the water 
over the sludge. 
Aerobic Biological Treatment. Aerobic biological 
treatment of high volume, low organic, industrial 
waste waters is quite common, primarily because 
of low cost. Oxygen from air can, through bio­
logic oxidation, be made to oxidize a pound of 
carbon for about 10 cents, including amortization 
and operation of the facilities. The cheapest 
chemical methods range upward from 50 cents per 
pound of carbon oxidized. Then too, bacteria can 
readily metabolize materials such as acetates which 
are extremely difficult to oxidize chemically. 

Many methods are used to accomplish bio­
logical oxidation. 

(a) The earliest method was the oxidation 
pond which is still effective in warm climates if 
sufficient surface area and depth are provided. 
Without continuous sludge removal, a pond quick­
ly becomes anaerobic on the bottom. Sufficient 
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retention time for solids permits the flow-through 
part of the pond to remain aerobic. Many pulp 
and paper mills have used aerated ponds to as­
sure sufficient oxygen and minimize the land area 
needed. All biological reactions are temperature 
dependent, so in order to maintain effective treat­
ment the water should remain above 50°F or the 
retention time required to achieve a standard qual­
ity becomes too great and economy is lost. An­
other factor in the retention time is the amount 
of biological solids kept in suspension. The aerated 
pond usually has no more solids in suspension than 
one half the B.O.D. concentration. 

With proper depth for sludge, observations 
on oxidation ponds have led engineers to design 
for about 50 lbs. B.O.D. loading per acre per day. 

(b) The trickling filter was an outgrowth of 
the old contact tank. It was observed that bio­
logical slimes adhered to surfaces in natural 
streams. The contact tank was merely a tank 
filled with large stones into which the waste water 
was directed and operated on the fill and draw 
principle. The slimes on the rocks obtained oxy­
gen from the air drawn into the tank on the dis­
charge cycle. By spraying the waste water and 
permitting it to trickle down through a bed of 
stones, the process permitted more air to contact 
the waste and hence increased the loading as well 
as the oxidation efficiency. There is no filtering 
action as such in the so-called trickling filter. 
Soluble organics are converted to protein; colloidal 
matter, if present, can be absorbed in the slimes. 
The slimes adhering to the media will become 
anaerobic next to the media surface. As the 
slimes become thicker, they slough away from the 
media and become suspended solids in the effluent. 

The development of the rotary distributor 
further increased the usefulness of the trickling 
filter by insuring complete and uniform distribu­
tion over the entire rock surface. 

The use of plastic shapes which provide a 
known surface-volume relationship have improved 
removal efficiencies and have permitted the use of 
increased depths so that these units have become 
known as oxidation towers. 

The trickling filter should not be used on 
wastes which have a high suspended organic solids 
content. Solids absorbed in the slimes can quickly 
go anaerobic, and the odors can be a nuisance. 
The oxidation tower has its best place in the 
rapid conversion of soluble materials to insoluble 
protein. In this case the indicated removals are 
in the neighborhood of 50%. The unit then serves 
to pre-treat medium strength wastes ahead of ac­
tivated sludge. 

Rock trickling filters can seldom be loaded 
to more than 50 lbs. B.O.D. per day per 1000 
cu. ft. of media. The plastic media-units have 
been used with loadings of 500 lbs. B.O.D. per 
day per 1000 cu. ft. 

(c) Activated sludge is a process in which 
flocculated biological slimes are settled and re­
turned to the aeration tank to maintain a high 
ratio of acclimatized sludge mass to carbon. 

The activated sludge process has been the 
subject of much research since 1914. Each year 



investigators have added a little to our under­
standing of the process until we now can fomm­
late the various relationships and design facilities 
with a fair amount of accuracy. 

With highly concentrated waste waters con­
taining rapidly metabolized substances the main 
problem is to dissolve oxygen as fast as the bac­
teria can use it. A well acclimated return sludge 
will convert soluble organic material to protein 
as rapidly as oxygen is made available. A limited 
oxygen supply will increase the time of conver­
sion to the point that the protein growth phase is 
still in progress at the end of the aeration tank. 
When this condition occurs sludge will be lost 
over the settling tank weirs and effluent quality 
is poor. An overloaded activated plant is ex­
tremely difficult to manage and usually goes from 
bad to worse because of the inability to condition 
properly the return sludge so that flocculation 
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takes place before reaching the settling tanks. 
Accurate evaluation of waste waters and lab­

oratory experimentation are necessary to define 
the design and operation of an efficient activated 
sludge system. 
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