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Forms and amounts of nitrogen and phosphorus 

Bartholomew and Clarke (13) described all the chemical changes 

that nitrogen undergoes in the soil and when it is released to the 

atmosphere. The description includes the many biological reactions 

that take place. In addition, literature reviews on the loss of 

nitrogen have appeared at various times (14, 15). 

Nitrate found during rainstorms may range from 1 and 19 pounds 

per acre per year at various locations. The average is 7 or 8 pounds 

per acre per year. This is not enough to produce marked increases in 

crop yield, but in runoff �o�~� percolative waters it becomes a steady 

and significant supply. The amount of nitrogen that is fixed by 

plants and microorganisms also contributes to the potential source of 

available nitrogen for redistribution. As much as 200 pounds of 

nitrogen per acre per year might be fixed as nitrate by legume-

microorganism interactions in comparison with 10 to 30 pounds under 

grass. 

A large percentage of N in soil occurs in organic forms 

(e.g., in organic matter). In fact, 95 per cent or more of the N may 

be in this form (16). Microbial decomposition of the organic matter 

results in the release of nitrogen in the ammonium form (NH4 ), a pro-

cess called ammonification. Under conditions of good aeration and 

favorable temperatures, different microorganisms oxidize the 

ammonium first to nitrite (No2-) and then to nitrate (No3-), a process 

called nitrification. The step from nitrite to nitrate is usually 

faster than from azmnonium to nitrite, so that practically no nitrite 

accumulates. If the content of ammonia (NH3) in the system is high, 

nitrite may accumulate. This can create serious problems because 
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nitrite is toxic to many organisms. If nitrate is exposed to 

conditions of poor aeration (reducing conditions), it will be reduced 

to gaseous nitrogen and lost to the atmosphere, a process called 

denitrification. (Figure 3) 

Ammonium ions are held on the cation-exchange sites in soils, 

so the concentration of ammonium in the soil water is not very high. 

The nitrate anion, on the other hand, is completely soluble in the 

soil solution, and it moves with the soil water. Therefore, nitrate 

is the form of nitrogen most subject to leaching. But this does not 

exclude the possible movement of certain organic forms, which may be 

quite soluble. 

The phosphorus content of soils ranges from 0.01 to Ool3 per 

cent. Phosphorus occurs in both organic and inorganic forms, and 

neither form is considered to be very soluble. The proportions of 

each kind have been found to range from 3 per cent organic and 97 per 

cent inorganic to 75 per cent organic and 25 per cent inorganic. 

The inorganic forms of phosphorus are mainly iron and aluminum 

phosphates in acid soils and calcium phosphates in alkaline soils. 

All inorganic forms of phosphate in soils are extremely insoluble. 

Any phosphorus added as fertilizer or released by decomposition of 

the organic matter is quickly converted to one of these insoluble 

forms. Because of the extreme insolubility of these phosphates, the 

overall concentration of soluble phosphorus in the soil solution of 

surface soils geldom exceeds 0.2 mg per liter, and concentrations in 

the range of 0.01 to 0.1 mg per liter are common. Displaced soil 

solutions contain 0.03 ppm of phosphorus as inorganic ortho-

phosphate (17). Other data indicate values of 0.07 to 0.17 ppm. 



ANlliJ1t mon 

Fig. 3.~-The Nitrogen Cycle 

Source: Chemical Analysis for Water Quality Training Course Manual p. 16-2. April 1968. 
U.S. Dept. of Interior. FWQA. 
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Phosphorus concentrations in the soil solution of subsoil layers are 

frequently less than o.Ol mg per liter. 

Soluble nitrogen and phosphorus in surface 
runoff ·aqt pe.rcol.ates 

The concentration of nitrogen and phosphorus in surface runoff 

are considerably different from those in soil percolates. The 

ammonium and nitrate forms of nitrogen are very soluble. If these 

materials are present at the surface of the soil at the beginning 

of a rain, the first rain that falls will dissolve them and carry 

them into the soil. If the surface runoff occurs later, little 

soluble nitrogen will be left at the surface to be carried away 

with the runoff. Therefore, runoff waters usually contain very 

little soluble inorganic nitrogen. In fact, the nitrate contents of 

runoff waters are usually lower than the average nitrate content of 

rainwater. The first rain that falls sweeps most of the nitrate from 

the air and carries it into the soil. The rain that falls later and 

runs off has a lower nitrate content. 

Though runoff waters in humid areas contain relatively little 

nitrate, water that percolates through the soil may contain con-

siderable amounts. As stated before, nitrate is complete soluble 

in the soil solution and moves with it. If the nitrate ions manage 

t9 evade adsorption by the plant roots as they move downward, they 

will be present in the drainage waters that move to the lakes and 

streams by base flow. Thus soil percolates generally contain more 

nitrate than do surface runoff waters. 

The relative concentrations of soluble phosphorus in surface 

runoff and soil percolates are the reverse of the nitrogen system. 
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Phosphorus applied to the surface of the soil tends to saturate the 

"fixing" sites at the surface and locally raise the concentration of 

phosphorus"in the soil solution. 

This is a near-equilibrium system, and although infiltrating 

waters will carry the soluble phosphorus downward, more will quickly 

dissolve to maintain the concentration in solution. Runoff water'will 

contact this surface soil, and the phosphorus concentration in the 

runoff could conceivably approach the equilibrium concentration. If 

phosphorus fertilizers were applied to the soil surface, the 

equilibrium concentration of phosphorus in a thin surface layer could 

reach 1 mg per liter or more, and the concentration of phosphorus in 

the runoff water might range up to a few tenths of a milligram per 

liter. This concentration of phosphorus is speculative, at best, 

since few data are available pertaining directly to this problem. 

However, soluble phosphorus concentrations in surface runoff fre-

quently approach or exceed the average concentrations expected in the 

soil solution, a fact that tends to support this contention. An ex-

ample of this is the Black Earth Creek area near Madison, Wisconsin 

(18). 

In the water that percolates through the soil, the soluble 

phosphorus concentration is usually very low because the phosphorus 

precipitates in the subsoil. Therefore, most of the soluble phos-

phorus should reach the waterways via· surface runoff. This route 

contrasts with that of nitrogen, since most of the soluble inorganic 

nitrogen should reach the waterways by percolation and base flow. 

These conclusions assume that the soils are not frozen. If the soils 

were frozen, a relatively large proportion of all soluble nutrients 
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at the soil surface would be carried away in the runoff waters. This 

is undoubtedly the case during the initial stages of the spring thaw, 

and is of special significance for nutrients in manure or fertilizers 

applied on frozen fields. (Figure 4). 

Effects of suspended material 

The energy associated with the impact of falling raindrops 

tends to break down aggregates of soil particles at exposed soil 

surfaces. Runoff waters can then pick up the finer particles and 

carry them downslope, causing sheet erosion. Much of the suspended 

material is usually deposited at the base of the slopes or on the 

terraces or floodplain of a stream, but some is carried into the 

stream itself. When runoff water is concentrated in channels, its 

erosive power is increased by its increased velocity, and deep 

gullies may be formed. Much of the finer material eroded from a 

gully, mainly subsoil material, may end up in a stream. During 

periods of high flow, the streams erode their banks and carry some 

of the eroded material downstream in suspension. Suspended materials, 

whatever their source, undoubtedly affect the nutrient status of the 

water. However, no data are available to indicate the magnitude of 

their effects. Therefore, the following discussion is based mainly 

on theory. 

Nitrogen in suspended particles is present mainly in the 

organic form. Some of ~hese particles will settle out when the water 

velocity decreases, to be covered later by other sediments. They do 

not contribute significantly to the soluble nitrogen supply. Other 

organic particles may be attacked by microorganisms, with the 
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nitrogen being converted to soluble inorganic forms in the decompo-

sition process. Fresh organic materials are quite readily decomposed 

by microorganisms, but humified-soil organic matter is quite resistant 

to decomposition. Thus, the contribution of the suspended organic 

matter to the soluble nitrogen content will depend on the nature of 

the organic materials. 

Phosphorus in suspended particles is present in both organic 

and inorganic forms. The organic forms undergo microbial trans-

formations, as does nitrogen. However, the inorganic forms present a 

more complex system. The phosphorus bonded to iron, aluminum, or 

calcium in the mineral particles tends to equilibrate with the phos-

phorus in solution. If the particles come from a surface soil high 

in phosphorus, they will tend to support a relatively high concen-

tration of phosphorus in solution. If, on the other band, the 

particles come from a subsoil low in phosphorus, they will support a 

low concentration of phosphorus in solution. In fact, if subsoil 

particles were introduced into a stream containing a moderate or high 

concentration of soluble phosphorus, they would adsorb phosphorus 

from the water, thereby lowering the phosphorus concentration in 

solution. Since much of the sediment in streams during high flow is 

derived from stream-bank erosion, the phosphorus status of the sedi-

ments in the streambeds and streambanks may well be an important 

factor affecting the concentration of soluble phosphorus in the 

water during periods of high flow. 

The contribution of eroded particulate matter to the 

nutrition of the algae may be associated more with its effects on 

the concentrations of soluble nitrogen and phosphorus in the incoming 
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waters than with the total or "extractable" nitrogen and phosphorus 

in the particles themselves. 

Disposition of agricultural drainage 

As an introduction to the sources of water that may ultimately 

contribute to agricultural drainage and eventually eutrophication, it 

is worthwhile to consider briefly some of the components of the hydro-

logic eye le. 

Precipitation from the atmosphere reaching the soil surface is 

disposed of by (1) surface runoff, (2) groundwater runoff (interflow), 

(3) deep percolation, (4) storage, and (5) evaporation and trans-

piration. The first three of these can, and do, contribute to 

eutrophication by providing pathways of nutrient movement to the lakes 

and streams. Water that does not run off or evaporate from surface 

catchments infiltrates the soil. Some of this water percolates into 

deeper layers, eventually joining the ground water, and many rivers 

and lakes receive a major part of their water from groundwater flows. 

Part of the water that enters the soil drains downslope to reappear 

at a lower elevation as surface water or seepage. This water may also 

contribute fertility to the lakes. 

Other processes involved in the hydrologic cycle contribute in-

directly to changes in the fertility load of the water. Some of the 

precipitation is intercepted by the plant canopy and returned to the 

atmosphere by evaporation. In addition, water that is evaporated may 

return salts to the surface where they may be lost.by runoff and 

seepage or redistributed in the profile with the next water 
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application. Transpiration reduces percolation losses, thereby 

modifying nutrient movement patterns. 

In certain areas, additional water is applied to the soil as 
/ 

irrigation. In most cases this water is drawn from surface streams, 

impoundments, lakes, or groundwater, and thus represents a recycling 

of the water derived from runoff, seepage, and percolation. Since 

irrigation water is generally applied because precipitation is in-

adequate or poorly distributed in time and space, irrigation often 

increases the amounts of nutrients moving to lakes and streams. 

S~face runoff 

Whenever precipitati~n occurs more rapidly than it can be ad-

SOE.bed by the soil, it runs off into drainageways or into depressions. 

Because of the importan~~ Qf .. sur:f'ace runoff to streamf low and erosion, 

much effort has been expended to predict the quantity of both runoff 

water and suspended matter, usually without regard for the chemical 

or physical nature of the soluble or suspended materials (19). 
A number of factors, including storm characteristics, soil 

properties, topography, and plant cover, appear to influence the 

amount of runoff derived from a given storm. Consequently, these 

factors have been included in a number of empirical equations designed 

. to predict runoff characteristics. However, these equations have been 

developed for particular watersheds and do not apply in general. 

Recent tr.ends in hydrograph synthesis reflect these problems (20). 

Though a watershed may have.a large capacity for water storage 

wi.ihin the soil, the water _iQ,take rate of _the soil may 111J1:\,:t the 

percentage of a ra:f.nfall that (!~~ ~J:lter it. The percentage of a storm 
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entering the soil depends OI.:L.:the extent to 'Whi,.~b_..:!!J!g .. .rA:te...J,!.~.l:~;l,pflJll 
-------------~---. 

exceeds the rate of intake. Once the intake rate is exceeded, stream 

discharge is more sensitive to storm intensity and duration than to 

any other factors. 

As shown in Figure 5 the percentage of runoff of the Russian 

River is relatively independent of rainfall. The percentage of 

runoff of Bear Grass Creek, in contrast, is quite sensitive to rain-

fall. Thus, it is difficult to generalize about runoff from one 

watershed to another. 

Wit~in a watershed, however, it should be possible to combine 

chemical and meteorological data with measured storm, surface, and 

vegetative characteristics to form theories of nutrient losses in 

relation to factors of rainfall disposition. 

Infiltration and percolation 

It is obvious that the processes of infiltration and perco-

lation are interrelated with runoff and rainfall. Water that is not 

otherwise lost from the soil may infiltrate and percolate to shallow 

depths from which it may reappear as groundwater seepage (interflow) 

at the surface, or it may percolate to perched water tables or deeper 

underground aquifers. Considerable study has been devoted to infil-

tration and percolation because replenishment of soil water an~ 

groundwater depends on these processes. Likewise, methods have been 

sought for increasing infiltration to reduce runoff and related 

erosion. 

If one understood infiltration and percolation the9ry and 

could apply this theory, he could predict not only the distribution 
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off, p. 343-353 In A. v. Kneese and s. C. Smith (ed) Water 
Research. The Johns Hopkins Press, Baltimore, Md. 
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of drainage waters but also the expected nutrient removal. These 

predictions might come from combining water-flux estimates with the 

mixing factors that determine nutrient distribution within the soil-

water system. Various reviews have recently been prepared out-

lining the extent of progress in the development of the theory of 

soil-water movement (21, 22). One is impressed by the lack of 

application of these theories to the prediction of water movement in 

both cultivated soils and natural watersheds. That many natural 

factors appear to preclude application of the equations listed in the 

reviews is evident from the assumptions upon which they are based. 

Porosity characteristics of the surface layer, vegetation, initial 

water content, temperature, and shrink-swell characteristics all 

affect the intake rate. 

Not unrelated to the infiltration process is the movement of 

water within the soil profile. In this case, problems associated 

with surface conditions are secondary to heterogeneities within the 

soil materials above the water table. Attempts are being made to use 

an equation proposed by Childs and Collis-George (23) to describe 

water-content changes in the profile for a variety of conditions. 

From what has been said, it is evident that wide ranges in 

infiltration rates exist. Musgrave (24) has grouped soils on the 

basis of minimum rates as measured with little cover and long 

periods of precipitation. They might represent the rate of flow or 

flux through the profile. The flux within the soil profile cannot 

exceed tbe infiltration rate; thus, the infiltration rate becomes 

the upper limit for the percolation rate. Initial infiltration rates 
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are often much greater than those given in Table 1. Short, intens.ive. 

rains, therefore, frequently produce little runoff, and light, steady 

rains that do not exceed the long-time intake rates also produce 

little runoff. Nutrient movement by percolation would most likely 

occur under these conditions. On the other hand, a storm exceeding 

the intake rate will distribute the nutrient~ through both percolation 

and runoff. The amount of nutrients distributed by each would depend 

on the intensity and length of the storm. 

Groundwater 

When nutrients percolate to ~he groun9,water, their subsequent 

movement to lakes or streams involves the general movement of ground-, . ' . . . " --·~ .,..,.,,,_,,,,_. ,;;,,v... .... ,,~,.-,,.,.,__,,., +,. •• , .• 

water. B~c~_t.le;e many of our water supplies are derived from :the 

groundwater, the velocity and direction of water movement as well as 

the quantities are investigated when possible. Understanding the 

mixing between the resident groundwater and replenishment water is 

important, particularly if the invading water contains dissolved 

constituents that are undesirable. The same mathematical models and 

techniques that are used for studying mixing in any porous material 

a~e used in studying groundwater. Consequently, the dispersion 

equation (25) is an example of one description. The processes in-

volved are the same, although the magnitude of individual components 

may vary. 

The.mixing will be very different in a deep sand aquifer than 

in fractured limestone. Water has a greater freedom of movement in 

sand than it does in fractured limestone. This is due to the fine 

granular particles of sand as compared to the relatively large chunks 
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TABLE 1 

MINIMUM INFILTRATION RATES OF SOILS OF DIFFERENT TEXTURE 

SOIL MATERIAL 

Deep sand and well-aggregated soils 

Sandy loams 

Clay loams 

Swelling clay soils 

INFILTRATION RATE 
(cm/hr) 

o.a-1.1 

0.4-0.8 

0.1-0.4 

0.1 

Source: G. W. loltsgrave "How Much of The Rain Enters The Soil .. " 
P• 151-159 In u.s. Dept. Agr. Yearbook 1955. U.S. Govt. 
Printing Office, Washington, n.c., 1955. 
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of limestone. Thus, extensive dilution between source and discharge 

may occur in the deep sand aquifer, whereas in the fractured limestone 

the amount of mixing with resident fluid will be small, although the 

path may be tortuous. Adding to the complexity are layering, lenses, 

downdips and updips, fine pores, cracks, heterogeneous materials, 

and adsorbing surfaces. 

In a deep aquifer, complete mixing is probably rare. It is not 

uncommon to have layers of more dense or less dense fluid flowing over 

and under each other. Therefore, it is not safe to assume that 

nutrients derived from percolating waters will be diluted by the entire 

groundwater mass prior to discharge into a lake. 

Smith (26) observed incomplete mixing in explaining nitrate 

contamination from feedlots and bat caves. Stout et al. (16) ob-

served a nitrate "cap" on the groundwater of Arroyo Grande. Fresh-. 
water mounds over salt water are common in Hawaii and Florida. 

Patterns of contaminated zones of water in the ground have been 

discussed by Legrand (27). The velocity of groundwater movement may 

vary from as little as left per year to several miles per month. 

"" D"isplacement of all the water from a particular aquifer may take 

several hundred years, even though parts of the aquifer may be 

readily conducting water. 

On the other hand, Carlson (28) reported that mean residence 

time of groundwater recharge in a Wisconsin drainage ba~in as 45 days, 

and in a New Jersey basin, 30 days. Continuing investigations of 

groundwater movement and mixing are needed. Sternau et al. (29) are 

adopting the radioisotope-tracer method to elucidate the char-

acteristics of aquifers. The possibility of combining nutrient 
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movement studies with aquifer studies has to be explored. 

Predictions from climatological data 

Allison (30) has suggested that probable leaching losses of 

nitrogen (and also other nutrients) from soils may be evaluated by 

comparing measured precipitation with estimates of water loss derived 

from climatological data during a given period. The idea of using 

microclimatic studies to predict nutrient losses and to assist in 

their measurement needs further study. 

Various methods involving measurements of runoff and soil 

water have been used to estimate water use by plants on watersheds 

(31). With an ever-increasing amount of data on plant use and the 

development of reasonable accurate equations for predicting water 

use from climatological measurements, it should not be possible, if 

we know rainfall and plant use, to reverse this procedure and estimate 

both interflow (seepage) and deep percolation. 

In the Great Plains area, with an average of 20 in. of pre-

cipitation, about 18.8 in. is lost by evaporation and transpiration, 

1 in. as stream flow (surface and interflow runoff) and 0.2 in. as 

percolate (32). The losses by leaching and runoff would understand-

ably be small under these conditions. In contrast, in the humid 

Southern Piedmont rainfall is about 50 in. About 11 in. runs off to 

lakes and streams, and 39 in. is lost by evapotranspiration and 

percolation. Between 6 and 8.5 in. is needed to produce a corn crop; 

the remainder is available for storage and deep percQlation. If all 

but 10 in. of the 39 is lost by evapo-transpiration, the remaining 21 

in. of runoff and percolation is sufficient to reduce significantly 
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the nitrogen content of many soil profiles. As was pointed out in 

the introduction, larger solute-removal loads occur in regions of 

higher precipitation even though the concentration in low runoff areas 

is much higher (12). 

Allison (15) concluded that very little nitrogen loss by 

leaching occurs in regions where precipitation is 50 in. or less 

during the months of May to October, except in sandy soils or in 

areas with unusually heavy rainfalls. The reasoning behind this 

conclusion is that during these months water loss to the atmosphere 

exceeds the supply; therefore, downward movement is very slow. In 

many areas fall precipitation reduces the moisture def~cit in the pro-

file accumulated during the growing season. Because the soil is dry, 

absorption of the precipitation is generally greater than during the 

winter when the soil is frozen or during the spring when the soil is 

wet. Consequently, both runoff and percolation are frequently greater 

in the spring than at other times of the year, and this is significant 

to nutrient movement. 

Sewage Treatment Plants 

Human waste 

This section will be discussed in greater detail under section 

IV--MUNICIPAL WASTEWATER TREA'IMENT PLANTS AND THEIR EFFECTIVENESS. In 

section VI an estimate will be made of the amount of nitrate and 

phosphate leaving the sewage treatment plants in Utah Valleyo For 

now, it will be sufficient to mention briefly the effectiveness of 

various types of municipal treatment facilities. 



30 

Primary sewage treatment is designed to remove the large 

material that can be screened or settled out. This type of treatment 

consists essentially of some type of screen and a settling pond. The 

screen is placed at the beginning of the plant where the raw sewage 

enters. The water passes through the screen and the large material 

such as rags, wood, rocks etc. is removed. The water is then pumped 

into a large settling pond where the suspended material settles out. 

From here the water is released into rivers and lakes. 

Secondary treatment goes a little further. In this stage the 

idea is to remove as much bacteria and dissolved organic material as 

possible. To do this the effluent from the primary stage is aerated. 

This is generally done by spraying the water over a large tank filled 

with rocks. This not only aerates the water, but allows the algae 

growing on the rocks time to digest as much organic material as 

possible. The water is then pumped into another settling pond and 

the digested waste from the bacteria settles out. The effluent is 

then chlorinated and released into rivers and lakes. 

The effluent from the secondary stage is now essentially free 

from bacteria and pathogenic organisms. The waste material has been 

broken down to raw materials. These include nitrate, ammonia, phos-

phate and carbon dioxide. However, these nutrients are not removed 

from the secondary effluent because the facilities were not designed 

to remove them. To remove these compounds additional treatment 

facilities are required. These facilities are discussed in section V 

under ADVANCED WASTE TREA'IMENT. Very few areas have advanced waste 

treatment so the essential nutrients required by algae are not removed 
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and the effluent is dumped into our rivers and lakes. The effect of 

these nutrients is discussed in section IIIo 

Soaps and detergents 

Soap has had a long and interesting history. The first soap 

was discovered about 3,000 years ago when the Romans were making 

animal sacrifices to their gods on a hill where a certain kind of 

clay called sapo clay was abundant. The fat from the animals 

accumulated, ran down into the clay, and was eventually mixed with 

ashes from the sacrifices. Some resourceful housewife discovered that 

the mixture would get the dirt out of clothes. And soap took its name 

from the clay on the hillside (33). 

Until quite recently many people made their own soap by 

boiling lye and animal fat together. This resulted in a tough pro-

duct that would get the dirt out but was very hard on the skin. 

Modern soap-makers have refined the procedure by using vegetable oils 

and nice perfumes. These soaps are effective but gentle to the skin. 

Detergents, on the other hand, are a more recent development. 

As the demand for soap increased, the supply began to decrease due to 

a diminishing amount of available animal fat. It soon became 

apparent that another type of cleaning agent would have to be de-

veloped to meet the increasing demand. Another factor that stimu-

lated development of a new cleaning agent was the undesirable side 

effects of soap. In hard water, soap forms greasy curds which make a 

ring around the tub and, in some cases, a cloudy coating over whatever 

is being washedo In laundry, these· curds tend together under cuffs 

and hems and leave unattractive traces (33). 
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Detergents changed all of this because they are better cleaning 

agents in hard water and can be manufactured from an abundant supply 

of raw material. Today's detergents, unlike soaps, are a complex 

mixture of compounds. An overall look at the compounds going into 

detergents reveals the following ingredients (34): 

1. Surface Active Agents (Surfactants) 

2. Suds Control Agents 

3. Complex Phosphates 

4. Silicates 

5. Soil Inhibitors 

6. Fabric Brighteners 

7. Perfumes 

8. Sodium Sulfate and Water 

9. Optional and Special Ingredients such as: 

a. Carbonates 

b. Bleach 

c. Bluings 

d. Bacteriostats 

e. Enzymes 

These mixtures result in superior cleaning agents with many ad-

vantages to the consumer. 

Soaps and detergents are used today by nearly everyone. The 

cleansing action of these compounds is unquestioned. The problem 

lies in the disposal of these compounds once they are used. Today, 

all of the commercial soaps and detergents are biodegradable. This 

means that the organic molecules making up the compounds are easily 
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broken down and digested by bacteria. The real problem lies with the 

phosphate content of detergents. 

Phosphate is perhaps the key ingredient in detergent. In 

general, laundry detergents contain between 20 per cent and 6o per 

cent phosphate with most brands containing 25-40 per cent phosphate. 

In the Congressional Report of April 14, 1970 (35) is found a list of 

the phosphorus content of household soaps and detergents. The report 

'lists the percentages, by weight, of the chemical element phosphorus 

(P) in various household soaps and detergents. Using the conversion 

factors listed in the report, this paper will list the phosphorus 

content of the detergents as phosphate (P04-3). Those brands that do 

not list the type of phosphate present will be assumed to contain 

pentasodium tripolyphosphate (STPP) since this is the most common form 

used in detergents. (See Table 2) The phosphate content of various 

detergents bas also been determined by other organizations (36, 37). 

It will be noted that discrepancies occur in the various results 

reported. An explanation for these discrepancies will not be 

attempted. 

The more important functions of phosphate include the following: 

l. To Sequester Calcium and other objectionable elements 

2. Disperse and suspend dirt 

3o Maintain desired alkalinity 

4. Aid surfactant efficiency 

These advantages make phosphate absolutely essential to the efficiency 

of detergents (34). But what about the disposal of phosphate once it 

is usedo 



TABLE 2 
·' ~" 

PERCENTAGE OF PHOSPHATE IN HOUSEHOLD SOAPS AND DETERGENTS 

-3 Percent of Pho~phate (Po4 ) 
according_ to: 

Type Manufacturer FWPCA 
of As 

Brand Name Manufacturer Phol:!.P_ha te Purchased Dry_ 
III I2I I31 I41 I5I I6I 

I. AUTOMA.TiC DISHWASHING DETERGENTS 
All Lever STPP 44.3 54.2 73.2 

Cl TSP 19.7 
Calgonite Calgon STPP, TSP 49.0 49.4 66.4 
Cascade Proctor & Gamble STPP 44.7 54.6 70.0 VJ .p.. 

ClSTP 22.1 
Electrasol Economics Lab. STPP 

Soft water formula 21.9 
Hard water formula 35.3 34.8 36.0 

Finish Economics Lab. STPP 
Soft water formula 17.9 
Medium hard water fortmJla 28.7 
Hard water formula 43.1 43.9 45.9 

Sears Automatic Dishwashing 
Detergent DeSoto 47.5 



!·· 

TABLE 2 -- continued 

-3 Percent of Phosphate {P04 ) 
accord i~ to: 

Type . Manufacturer FWPCA 
of As 

Brand Name Manufacturer Phos.I>_hate furchased Dry 
I1I {21 .Pl {4I I51 {61 

II. HEAVY DUIY DETERGENTS 
Ajax Laundry Colgate-Palmolive 44.7 47 .5 
American Family Detergent p & G STPP 49.0 
Bio-Ad Colgate-Palmolive 32.8 35.6 
Blue Sail Great Atlantic & STPP 49.9 w Pacific Tea Co. U1 

Bold p & G STPP 45.5 44.7 
Bonus p & G STPP 38.8 37 .6 39.1 
Breeze Lever STPP 38.4 34.0 37.6 
Brillo Detergent Purex 35.6 
Cheer p & G STPP 38.0 36.4 38.8 
Cold Power Colgate-Palmolive 32.4 35.2 
Cold Water All {Powder) Lever STPP 49.0 43.5 49.4 
Concentrated All Lever STPP 38.0 
Dash p & G STPP 58.1 58.1 60.1 
Dref t p & G STPP 39.9 40.3 47.5 

Drive Lever STPP 43.9 47.5 50.6 



TABLE 2 continued 

-3 Percent of Phosphate {P04 ) 
according_ to: 

Type Manufacturer FWPCA 
of As 

Brand Name Manufacturer Phos_Rhate Purchased Dr_y_ 
_{_l) 12) __{_31 _{_4) __{_5 l _{_61 

II. HEAVY DUTY DETERGENTS (CONTINUED) 
Duz Detergent p & G STPP 38.8 38.4 40.7 
Easy Bright* Theobald STPP 26.9 
Fab Colgate-Palmolive 36.8 40.3 
Farm Service Laundry 

Detergent DeSoto 58.5 w 
0\ 

Food Giant* Coast Detergents STPP 29.7 
Fyne Tex* Theobald STPP 26.9 
Gain P&G STPP 41.5 39.5 42.7 
Grand* Theobald STPP 26.9 
Hudso DeSoto 30.1 
Jet Power* Theobald STPP 26.9 
Key Food* Theobald STPP 26.9 
Lucky* Coast Detergents STPP 29.7 
Market Basket* Coast Detergents STPP 29.7 
News Detergent Purex 35.6 
0-So-Kleen* Coast Detergents STPP 29.7 
Oxydol p & G STPP 46.7 47.1 50.2 



TABLE 2 -- continued 

-3 Percent of Phosphate (Po4 ) 
accordin_g_ to: 

Type Manufacturer FWFCA 
of As 

Brand Name Manufacturer Phos_..E.hate Purchased Di:y_ 
ClI __(21 __(31 141 151 161 

II. HEAVY DUTY DETERGENTS (CONTINUED) 
Pathmark Cold Water Theobald STPP 30.1 

Detergent* 
Pathmark All Purpose Theobald STPP 26.9 

Detergent* 
Punch Colgate-Palmolive 39.1 41.1 VJ ....... 
Rinso Lever STPP 39.5 
Salvo p & G STPP 59.3 52.2 55.4 
Sears Enzyme Laundry DeSoto 45.1 

Detergent 
Sears Laundry Detergent DeSoto 45.1 
Service Soft DeSoto 30.1 
Shop Rite All Purpose Theobald STPP 26.9 

Detergent* 
Shopping Bag* Coast Detergents STPP 29.7 
Silver Dust Lever STPP 38.4 
Staff* Theobald STPP 26.9 
Stater Bros.* Coast Detergents STPP 29.7 
Sulframin HD Beads Blue* Witco Chemical 28.5 



Brand Name 
il) 

Sulframin HD Beads White* 
Sulframin RSE Beads 

(enzyme detergent)* 
Surf 
Tide 
Vons* 
Whirlpool Laundry Detergent 
White Sail 

Blu-White 
Bubble Club Fun Bath 
Diaper Pure 
Du.z Soap 
Instant Fels Naptha 

Soap Granules 
Ivory Snow 

TABLE 2 -- continued 

-3 Percent of Phosphate (Po4 ) 
accord ii!&. to: 

Type Manufacturer FWPCA 
of As 

Manufacturer Phos_p_hate Purchased DI'Y._ 
_(2} I3l Ilil I5I I6I 

II. HEAVY DUTY DETERGENTS (CONTINUED) 
Witco Chemical 28.5 

Witco Chemical 34.8 
Lever STPP 39.5 

49.0 45.9 48.2 w p & G STPP 00 

Coast Detergents STPP 29.7 
DeSoto 40.7 
Great Atlantic & STPP 49.9 
Pacific Tea Co. 

III. LIGHT DUTY GRANULES AND FIAKES 
Purex 5.9 
Purex < 3.9 
Boyle-Midway 19.8 24.5 
p & G none 
Purex 11.9 

p & G none 


