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FOREWORD

By

JULIAN H. ZIMMERMAN, COMMISSIONER

FEDERAL HOUSING ADMINISTRATION

For some time FHA has recognized the potential problem of

detergent pollution in domestic water supplies. Accordingly, our

Technical Studies staff requested the United States Geological Sur-

vey to determine the severity of the problem.

The study was conducted in six widely separated residential

developments.

FHA is pleased to publish this report as further evidence that

our Technical Studies Program is engaged in research pertinent to

present and future problems affect`ng the health, safety and comfort

of the nation's homeowners.
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A RECONNAISSANCE STUDY OF ANIONIC

SURFACTANTS IN GROUND WATER

INTRODUCTION

The Problem

In recent years it has become evident to those in the water

resources field that considerations of quality of many water supplies

should include information on the kinds and amounts of organic substances

in the water. Some of these substances may be of natural occurrence, but

many are the result of man's activities. Included in the latter category

are the anionic surfactants, the active ingredients of most synthetic

detergents, or syndets. During the past 10 or 12 years the use of syndets

in the United States has increased rapidly until, today, they have almost

supplanted soaps for both domestic and induntrial use. The major type of

anionic surfactants, the ABS (alkyl benzene sulfonate) group, is highly

resistant to biological degradation, so that the effect of ABS in water may

persist over long periods of time. Waste waters may carry these surfactants

to surface-water and ground-water supplies with resulting deterioration of

the water quality, which includes unpleasant taste and odor, and foaming.

Although some studies have been reported in the literature, very little is

known concerning the nature and extent of occurrence and movement of the

anionic surfactants in waters or of the chemical and physical changes that

they undergo after being added to ground and surface waters.



The Project

In March 1959, officials of the Federal Housing Administration

and the Geological Survey met to discuss problems relating to anionic

surfactants in ground water, with specific reference to the possibility

of surfactant movement from septic tanks to water-supply wells in housing

development areas. As a result of the discussions, the FHA requested

the Geological Survey to conduct a reconnaissance study in six widely

separated areas of the United States where it was believed that conditions

may be favorable to movement of anionic surfactants in the ground water.

The areas selected were the following: Madison County, Ala.; Dade County,

Fla.; Anoka and Ramsey Counties, Minn.; Bernalillo and Valencia Counties,

N. Mex.; Norfolk and Princess Anne Counties, Va.; and LaCrosse County, Wis.

In each of these areas a limited appraisal of the geologic and hydrologic

conditions was made, and individual ground-water sources were sampled for

determination of the ABS content. In general, each source was selected

where the possibility of ABS movement to the water supply appeared to be

favorable. Most of the samples collected conformed to the following

criteria:

1. Each sample should be collected from a nonartesian

•well 50 feet or less in depth, which serves an

individual house or building.

2. The house should have an individual sewage-disposal

system.

3. The housing project should be at least 3 years old.
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4. The water supply should not be softened.

5. Information on well construction and location should

be available, including approximate distances of wells

from septic tanks or tile fields.

6. The aquifer should be relatively permeable to a depth

of about 50 feet.

Summary of findings

Analysis of 135 water samples collected from ground-water

sources in selected areas of 6 States revealed a range in anionic sur-

factant content, expressed as ABS, from 0.0 to 4.1 ppm (parts per million).

Two or more samples in each of the six States contained appreciable quanti-

ties of ABS. More than 20 percent of the samples contained at least 0.2

ppm, and 4 percent of the samples contained more than 1.0 ppm of ABS.

Samples from one well in New Mexico and eight wells in Virginia contained

ABS in excess of 0.5 ppm. All the ABS values greater than 1.0 ppm occurred

in samples from Virginia. (See table 1.)

Because of the limitations of the analytical method, 0.2 ppm is

considered the minimum significant concentration of ABS, although some

small amount of ABS may be present in samples reported as 0.1 and 0,0 ppm.

About 1.0 ppm is believed to be the minimum. concentration of ABS in ground

waters that will have unpleasant taste or odor for the domestic user.

The distribution of anionic surfactants in the ground water is

not uniform, especially in the Virginia and New Mexico areas where relatively

high ABS values were observed. Frequently, nearby and even adjacent wells

produce water with widely differing concentration of surfactant.
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Laboratory determinations made on the samples also included

bicarbonate, nitrate, phosphate, specific conductance, and pH. While

these constituents ranged widely, there is little apparent correlation

with the ABS content.

Acknowledgments

This study was made under the supervision of W. H. Durum,

Acting Chief, Quality of Water Branch, Geological Survey. The laboratory

analyses were made under the direction of G. B. Magin, Jr., Research

Chemist, Geological Survey. Much valuable assistance in furnishing in-

formation was provided by officials of the Federal Housing Administration,

well drillers, home owners, personnel of the Ground Water and Quality of

Water Branches of the Geological Survey, and others. Collection of the

water samples was made by Geological Survey personnel.

DESCRIPTION OF AREAS

Alabama

Twenty water samples were collected in the vicinity of Huntsville,

Madison County, Ala., which is in the northern part of the State about 14

miles south of the Tennessee State line. Figure I shows the locations of

the wells and other sources of the water samples. The numbers correspond

to those in table 1 (under Alabama), which gives the analytical results and

other data for the samples.

The Huntsville area is underlain by massive beds of limestone

of Mississippian age. These limestone beds dip gently to the southeast

about 20 feet per mile except where structural anomalies exist. Ground

water occurs in solution channels in the limestone and in the weathered
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zone overlying in limestone. Limited domestic supplies in the area are

developed in the weathered zone above the bedrock.

The growth of Huntsville has been so rapid in recent years that

the city limits frequently have been expanded to include previously out-

lying communities. Many of the communities outside the city limits have

developed privately one or two wells to supply the entire community.

Usually the houses in these groups have individual waste-disposal systems.

The supply wells of three such communities south of Huntsville -- Weatherly

Heights, Lily Flagg community, and Sunset Cove -- were sampled. (See

Alabama, wells 1 - 3, table 1.)

A trailer park 3½ miles west of Huntsville, with facilities for

about 37 trailers, has one supply well and two septic tanks. This supply

(Alabama, well 4, table 1) was also sampled.

Only a few houses within Huntsville have private water supplies

and individual waste systems. However, to give an indication as to whether

anionic surfactants may be present in the city supply, three samples were

taken -- one each from Dallas well, Athens Pike well, and a motel tap repre-

senting a conposite of wells and springs used in the city supply (Alabama,

wells 5 - 6, 8; table 1). Other samples were collected from a well at

Alabama A. and M. College (Alabama, well 7, table 1) and Big Spring

(Alabama, 9, table 1), lor.nerly used for Huntsville public supply.

As no subdivision or community within the immediate Huntsville

area meets all of the sampling criteria, a imall settlement about 10 miles
4

southwest of the city was selected for the most intensive study and sampling

6



(Alabama, wells 11 - 20, table 1). This settlement, the Nolan Drake com-

munity, consists of 11 houses, all with individual wells, septic tanks,

and grease traps; 3 houses have dry wells for waste water from clothes

washers. Most of the houses are on lots 90 to 100 feet wide and are 1 to

4 years old. The distance between the supply well and the septic tank or

dry well on each lot averages about 50 feet. The wells in this community

were developed in the weathered zone just above the bedrock, which produces

limited quantities of water.

Florida

Water samples collected in Florida were from wells in Dade County,

3 in subdivisions north of Miami (Florida, wells 22 - 24, table 1) and 21 in

subdivisions in Township 55 South, Range 40 East, south of Miami. (Florida,

wells 1 - 21, table 1). Figure 2 shows the locations and lot sizes of the

subdivisions south of Miami.

All wells sampled tap the Biscayne aquifer, the hydrologic unit

that carries unconfined ground water in southeastern Florida. This aquifer

is composed of permeable limestone in the upper part of the Tamiami formation

(upper Miocene), the Fort Thompson and Anastasia formations, the Miami

oolite, and the Pamlico sand (Pleistocene).

The uppermost limestone unit of the Biscayne aquifer is the Miami

oolite, which averages about 20 Lo 30 feet thick beneath the coastal ridge.

It is riddled with solution holes and has a remarkable vertical development

and a correspondingly high permeability. Heavy rainfall quickly infiltrates

into the rock.

A minor part of the Biscayne aquifer is the Pamlico sand, a veneer

of permeable white quartz sand that mantles the coastal ridge as far south
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as Coral Gables. In north Dade County the Pamlico sand fills old drain-

age channels. Where it is well developed the Pamlico sand can yield

moderate quantities of water to sandpoint wells.

The Biscayne aquifer is one of the most permeable aquifers

investigated by the Geological Survey. It compares with clean, coarse,

well-sorted gravel in ability to transmit water. In general, the perme-

ability of the Miami oolite is lower than that of the underlying limestones.

Each of the wells sampled in the southern part of Dade County taps

the Miami oolite except for well 1, table 1, which taps the Fort Thompson

formation at a depth of 52 feet. In the subdivisions in south Dade County,

each house is served by an individual well and septic tank. The distance

between the well and the septic tank for houses in this area ranges from

about 50 to 75 feet and averages about 60 feet.

In north Dade County the shallow part of the Biscayne aquifer

is chiefly quartz sand of lower permeability than that of the Miami

oolite; therefore, yields of shallow wells are somewhat smaller and the

rate of ground-water movement is somewhat lower than for the areas under-

lain by the Miami oolite. The houses in the subdivisions of north Dade

County where water samples were collected are served by individual septic

tanks, but the water supply is furnished by a subdivision water-supply

system. The ground-water samples collected in this area were from small,

shallow wells used for lawn irrigation (Florida, wells 22 - 24, table 1).

Generally the water table is within 10 feet of the land surface

in the Miami area. The water table fluctuates widely throughout the year,

generally being highest from July to October and lowest from February to

May. Regional $round-water flow is east and southeast toward Biscayne Bay.

In areas near major drainage canals, ground-water movement is toward the

canals.
9



Minnesota

Water samples were collected from 11 wells in 2 housing areas

in Anoka County -- Thompson Park, and Daily and Hurter Additions -- and

from 4 wells in 1 housing area in Ramsey County, Windward Heights Addition

1. Figure 3 shows the locations of the three areas.

The Thompson Park Addition, about 12 miles north of Minneapolis,

is in a sand dune area of the Anoka Sand Plain. The latter was formed

during the retreat of the so-called Grantsburg sublobe which is probably of

the Mankato substage of the Wisconsin glaciation. The Jordan sandstone of

Late Cambrian age lies directly below the glacial drift in this area. The

gradient of the water table is assumed to be toward the Mississippi River.

The samples in the Thompson Park Addition were from the supply

wells of houses built during the first two years of construction, March 1955

to March 1957 (Minnesota, wells 1 - 7, table 1). Lots are 75 x 130 feet in

size, the wells are under the back steps of the houses, and the cesspools

are in the center of the front-yards, about 50 feet from the supply well.

A number of water softeners are used in the area, but only untreated water

samples were collected.

The Daily and Hurter Addition, about 9 miles north of Minneapolis,

is similar to the Thompson Park area in the Anoka Sand Plain and may also

be in a dune area. The glacial drift may be partly underlain by Jordan

sandstone and partly by Shakopee dolomite and Oneota dolomite, both of Early

Ordovician age. The houses in this addition were built during the summer

and fall of 1955 on lots 75 x 130 feet. The wells are under the front

steps, and the cesspools are in the back yards, about 50 feet from the

supply well. Water softeners are used in many uf the houses, but only un-

treated water samples were collected (Minnesota, wells 8 - 11, table 1).
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Figure 3.--Sketch map of area north of Minneapolis-St. Paul Minn..,
shoving locations of subdivisions where water samples were collected.
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The Windward Heights Addition 1 is in the north central

section of Ramsey County, 6 miles north of St. Paul. The area is on a

southeastwardly projecting finger of the Anoka Sand Plain about 0.8 mile

wide. Regional ground-water movement is probably toward the Mississippi

River; locally the movement is probably toward the lakes of the area.

Houses in the Windward Heights Addition 1 were built during

the summer and fall of 1956. The lots are 100 x 150 feet. The wells are

under the front steps of the houses and the cesspools are in the back

yards. The distance between the well and cesspool is about 60 feet. A

few water softeners are used in the area, but only untreated water samples

were collected. Analytical results and other data for the water samples

(Minnesota, wells 12 - 15) collected in this area are given in table 1.

New Mexico

Water samples collected in New Mexico included 20 from driven

wells and 4 from drains in Bernalillo County and I from a driven well in

Valencia County. Figure 4 shows the location of the sampling sites near

Albuquerque in Bernalillo County; the numbers correspond to those under

New Mexico in table 1.

All samples were from the alluvium of Recent age in the Rio

Grande valley, which consists of unconsolidated gravel, sand, silt, and

clay, as much as 130 feet in thickness. 7Te drains, which have been

constructed in the alluvium, are ditches 8 to 10 feet deep which collect

shallow ground water from the area under the valley floor and prevent the

soil from becoming waterlogged. Well 1 (New Mexico, table 1), about a

mile east of Los Lunas, was selected to represent an isolated installation.

12



iioi:

Figure 4. -- Sketeh asp of the Albuquerque, N. Hex. area, showing locatiou, at
which groud-water samples vere collected.

13



Sampleb from wells 7 and 8 (table 1) were collected near the sewage-

disposal plant for the city of Albuquerque. The tanks at the plant are

believed to leak and build up the water table in that vicinity.

The most intensive sampling was made in the Rob Lee Addition,

about lk miles north of Albuquerque. Nine samples from shallow wells

(New Mexico, wells 12-18, 21-22; table 1) and one drain sample (New

Mexico, 23, table 1) at the lower end of the housing development were

collected in this area.

Nine well samples were collected from five other heavily

populated areas adjoining Albuquerque (New Mexico, wells 2-3,5-6,10,

19-20, 24-25; table 1). Sample 11 in table 1 represents water from the

Albuquerque Riverside Drain upstream from most of the residences of the

area in order to serve as a rough control. The other drain samples (New

Mexico, 4, 9, 23, table 1) were collected at points downstream from housing

area; it was thought likely that these would be representative of the

shallow ground water in those areas.

Most of the well samples were collected in areas in which each

house is equipped with individual well and septic tank or cesspool.

Generally samples were collected from wells downgradient from one or more

houses with septic tanks. Wherever possible shallow rather than deep

wells were selected. The distance between the well and septic tank ranges

from about 20 to 100 feet and averages about 50 feet. The reported water

level in the wells ranged from 4 to 12 feet below the land surface.
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Virginia

Ground-water samples collected in Norfolk and Princess Anne

Counties, Va., were from wells in a number of subdivisions east and

south of the city of Norfolk. (See figure 5).

The land surface of this area is flat to gently rolling. The

maximum altitude is less than 30 feet above sea level, except for a dune

area along the coast. Consequently, the ground water moves slowly to

shallow, swampy channels that flow into the drowned stream systems. Recent

sand dunes are well developed along the northern border of Princess Anne

County on Chesapeake Bay. Their altitudes are generally less than 50 feet

except in the Cape Henry area, where crests are as much as 75 feet above

sea level.

The surface deposits are composed of Recent and Pleistocene

sediments which are underlain by Miocene sand and clay. The Pleistocene

deposits consist chiefly of yellow and tan sand and clay, with some blue

clay and marly beds containing shells. The maximum thickness is about 50

feet. The Miocene sediments consist of about 650 feet of gray and blue

clay and fine sand. Outcrops of Miocene sediments have not been identified

in the Norfolk area, but more detailed mapping may show the thick blue clay

deposits on Hermitage Point to be of Miocene age. Four subdivisions --

Westview Village, Woodburst, L and J Gardens,, and Diamond Lake Estates --

adjoin sand pit lakes where about 10 to 15 feet of sandy sediments are

exposed.

Ground-water movement in Norfolk and Princess Anne Counties is

assumed to be in the direction of streams or other bodies of water.

The analytical results for the 36 water samples collected from

wells in the Norfolk area and other data are given in table 1. The

15
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Figure 5 ..- Sketch map of the Norfolk, Va. area* showing locations of the
subdivislean *ere water swgles vw collected.
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reported depths of the wells ranged from about 15 to 30 feet except for

3 wells that exceeded 50 feet. Several of the owners did not know the

depths of their wells, but it was reported that throughout much of the

area, especially in the northern part of Princess Anne County, only

shallow wells could be used because salty water occurs at greater depths.

A typical house where a water sample was collected is 2 to 5 years old,

with individual well and septic tank, on a lot about 80 x 125 feet. The

well is commonly located at the front of the house and the septic tank in

the back yard, about 50 feet from the well.

Many of the owners complained of the quality of the water from

the shallow wells. The presence of excessive iron and acidity was generally

reported. However, bad odors and tastes were also observed by owners,

especially in the Cresthill subdivision. In Cresthill some of the residen

drank only bottled water, whereas others had their wells deepened to about

90 feet in order to obtain water which was believed to be of better quality.

In several subdivisions water conditioners are in common use.

No samples were collected in Meadowbrook Forest, near the Norfolk Municipal

Airport, because practically all of the houses in that subdivision are

equipped with water conditioners. However, in Bayville Park several water

samples were obtained from houses with water conditioners by collecting

untreated water from an outside tap or by bypassing the conditioner.

A representative of a water-conditioning company reported that

colored water occurred in the shallow domestic wells in several local areas

in Princess Anne County. The samples collected from several of these places

(Virginia, wells 16-19, 30-33; table 1) had little or no apparent color at

the time of collection.
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Wisconsin,

Only a few shallow domestic supply wells exist in La Crosse

County, Wisconsin, because of a State requirement that the driller of a

well must install at least 50 feet of casing if the water is to be used

for human consumption. The principal area which meets the sampling

criteria is French Island, where 13 of the 15 water samples for La Crosse

County were collected (Wisconsin, wells 2-6, 8-15, table 1). One sample

was collected just south of La Crosse (Wisconsin, well 1, table 1), and

another at Holmen (Wisconsin, well 7, table 1), about 8 miles north of La

Crosse. Figure 6 shows the locations of wells from which the samples were

obtained and the principal features of the general area. The numbeirs LaC

1-15 in figure 6 correspond Lo Wisconsin numbers 1-15 in table 1.

The city of La Crosse is built on a broad sand and gravel terrace

that lies between the Mississippi River and its sloughs and lakes and the

bluffs that form the edge of the river valley. French Island is close to

central La Crosse and has been largely annexed by the city.

The glacial sand and gravel of the valley fill is an excellent

source of water to high capacity wells and to small domestic supply wells.

The principal source of the water is local precipitation, but some water

moves into the valley fill from the underlying sandstone of Cambrian age.

The recharge areas, east of La Crosse, are at a much higher elevation than

the valley floor, so water in the sandstones is under sufficient head to

move upward into the valley fill and be discharged at the rivers.

Ground-water movement on French Island appears to be from the

interior of the island toward Coleman Slough, Black River, and Lake Onalaska

on the east and towards French Slough and Lake Onalaska on the west (See

figure 6.)

18
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The oldest houses on French Island are at the southern end

of the island. Many are low-cost type built by the owners themselves.

The houses on the northern part of the island are larger, newer, and

more expensive. Most of the wells on the island are driven wells with

sand points. All residents reported water of good quality. The individual

sewage-disposal systems consist of septic tank and dry well, with some

houses having two septic tanks and two dry wells. One of the latter for

receiving waste water from the kitchen and the other for waste water from

bath and laundry. Well 7, table 1, is a drilled well which serves three

houses at Holmen.

METHOD OF ANALYSIS

The anionic surfactant content of the water samples was deter-

mined as ABS by the methylene blue method. This procedure is based upon

the reaction between the surfactant anion and the methylene blue cation to

produce a salt which is soluble in chloroform. The color intensity of the

blue salt is measured with a spectrophotometer; the concentrati'on of the

surfactant is proportional to the optical density of the chloro0form so-

lution and is determined by reference to standard ABS samples. The method

is subject to both positive and negative interferences, although the posi-

tive ones are much more common. Thus the apparent ABS content by this

method may represent a maximum rather than an exact ABS concentration

value. (See pages 24-25.)

In order to determine if there is interference in the method by

the anionic organic substances t~ht produce color in natural waters, a

sample of swamp water was collected and analyzed for ABS content. This

sample was presumed to be free of anionic surfactant. The color of the
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filLered sample was 85 units and the apparent ABS was 0.1 ppm. Color

in ground waters usually has a range of 0 to about 10 units, so it is

probable that there is no significant interference from this source.

The all-purpose syndet that is comnonly used for household pur-

poses is composed of 20 to 40 percent anionic surfactant, 30 to 50 percent

of molecularly dehydrated phosphates (largely sodium tripolyphosphate), an

much as 10 per cent of sodium silicate, and sodium sulfate in varying pro-

portions; many also have lesser amounts of sodium carboxymethylcellulose,

condensed amines, and minor amounts of bleaches and dyes. Because of the

large percentage of phosphates in the composition of many syndets, the water

samples collected for ABS analysis were also analyzed for total phosphate.

FINDINGS

The anionic surfactant content, as ABS, for 135 samples of

ground-water sources from selected areas in six States ranged from 0.0 to

4.1 ppm. (See table 1.) The range in ABS content by States followvs:

Number of Range in ABS
State a__ __

Alabama 20 0.0 - 0.4

Florida 24 0.0 - 0.5

Minnesota 15 0.0 0.4

New Mexico 25 0.0 - 0.8

Virginia 36 0.0 - 4.1

Wisconsin 15 0.0 - 0.4
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Two or more samples in each of the six areas contained 0.2 ppm or more

of ABS. The distribution at each concentration level is given in the

following table:

ABS Number of Percentage of
in ppm samples total

0.0 56 41

.1 51 38

.2 12 9

.3 I 1

.4 5 4

.5 1 1

.6 0 0

.7 0 0

.8 2 1

.9 1 1

1.0 0 0

More than 1.0 6 4

Totals 135 100

It will be seen that 21 percent of the ABS values are greater than 0.1

ppm, and 4 percent exceed 1.0 ppm.

The samples from Virginia had 42 percent with ABS greater than

0.1 ppm and 17 percent greater than 1.0 ppm. All the ABS values exceeding

1.0 ppm were for samples from wells in three subdivisions: Bayville Park,

Indian River Territory, and Indian River Gardens. It is also significant

that the sample collected in Westview Village from a well only about one

year old had an ABS content of 0.8 ppm.
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The samples from wells in Bayville Park (Virginia) ranged in

ABS content from 0.1 to 3.5 ppm, with the highest value for water from

a well located at the eastern edge of the subdivision. The direction of

ground-water movement is believed to be toward the east in this area.

Other high ABS concentrations occurred in water from wells near the center

of the subdivision, where one owner reported that a septic tank on a lot

across the street was not functioning properly. Foam was observed on the

water samples having an ABS content of 2.9 ppm or more, but none was

observed at the 1.3 ppm level. There was no ABS value between 1.3 and 2.9

ppm, so it is not possible to set an exact concentration at which the foam

appears under these conditions. Further study would probably determine an

approximate minimum ABS concentration at which foam is apparent in this

area.

Only three water samples were collected in Indian River Ter-

ritory (Virginia). The ABS concentrations were 1.2, 0.1, and 0.2

(Virginia, wells 1-3, table 1). The highest value was for water from a

well near the Eastern Branch Elizabeth River; the direction of ground-

water movement is probably toward the river.

The water sample collected in Indian River Gardens (Virginia)

had the highest ABS concentration determined in this study, 4,1 ppm. The

well is near King's Creek, downgradient from much of the subdivision. Mhe

owner reported that acidity and excessive iron were problems for both that

well and others in the area. Foam was observed on the water at the time

of collection. The ABS determination of this sample was repeated four times

from April 9 to May 1, 1959, without any loss of ABS; the average value re-

mained 4.1 ppm.
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An interesting situation exists in New Mexico where the well

5 (table 1) water sample was collected. The relatively high ABS con-

centration of 0.8 ppm appears to be the result of the location of the

well about 6 feet from a cesspool that receives waste water from a clothes

washer. The general direction of ground-water movement in the vicinity

places the well downgradient from the cesspool.

ABS determinations were made for 26 additional samples, not a

part of this project, collected in February and April 1959 from wells in

California, Indiana, Maryland, Michigan, and Oregon. Seven samples from

Maryland and one sample from Michigan had ABS values of 0.2 ppm or more.

The maximum ABS for this group, 2.9 ppm, was found in water from a shallow

well in Maryland.

Other determinations made on the 135 water samples from the 6

States included bicarbonate, nitrate, phosphate (total), specific con-

ductance, and pH. These results, given in table 1, show a wide range of

values. Bicarbonate ranges from 0 to 459 ppm, nitrate from 0.0 to 70 ppm,

phosphate from 0.0 to 2.3 ppm, specific conductance from 59.8 to 2,240
o

micromhos per centimeter at 25 C., and pH from 4.5 to 8.4. Water samples

with high ABS concentrations tend to have high nitrate content, low bi-

carbonate content, and pH less than 7.0. For most of the samples there is

no apparent relationship between ABS and phosphate or specific conductance.

SIGNIFICANCE OF FINDINGS

The apparent ABS content of the water is as likely to be 0.1

as 0.0 ppm for deep wells, isolated wells, and ground-water sources used

for public supplies. Further, all samples with specific conductance of
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1,000 micromhos or more have apparent ABS of at least 0.1 ppm. Since it

is known that the methylene blue method for determination of ABS-type

compounds is subject to positive errors, it is possible that water with

apparent ABS of 0.1 ppm may actually contain little or no anionic sur-

factant. Because of these facts it seems reasonable to assume that 0.2 ppm

is the lowest ABS value reported which should be considered significant.

An ABS concentration of about 1.0 ppm in ground water is the minimum level

at which undesirable characteristics for domestic users may become evident.

The question arises as to why only in the Virginia area were

ground waters found to contain 1.0 ppm or more of anionic surfactant. Two

possible general factors are suggested:

1. Only in the Virginia area is the drainage so poor.

This may reduce velocity of ground-water movement

and allow build-up of ABS concentrations locally

where other conditions favor such build-up.

2. Only in the Virginia area are the ground waters

generally acidic (pH below 7.0). This is significant

because troublesome concentrations of ABS in ground

waters may be limited to areas where the ground waters

are acidic,

A more wide-spread reconnaissance study including other States would pro..

bably locate other areas of high ABS in ground waters.

It is believed that the amount of ABS in ground water is related

to depth of well, distance between septic tank or cesspool and well, lot
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size, depth to water table, velocity and direction or ground-water move-

ment, age of house and well, bize of family, water and syndet usage, pre-

cipitation, and nature of the aquifer. Plots were made of ABS content

versus pH, nitrate, phosphate, bicarbonate, specific conductance, reported

depth of well, and age of house. However, the data available are too

limited in range or completeness to make adequate correlations.

CONCLUSIONS AND RECOMMENDATIONS

Analytical results based upon 135 ground-water samples collected

in scattered areas in 6 States show that about 5 percent of the samples

contain anionic surfactants in quantities sufficient to exhibit unpleasant

characteristics of bad taste, odor, or foaming. About 15 percent of the

total contain appreciable amounts of surfactant, but not in quantities suf-

ficient to produce unpleasant characteristics. The remaining samples, ap-

proximately 80 percent of the total, contain either no surfactant or an

insignificant amount of surfactant. Most of the samples were collected

from wells where conditions were believed to be favorable for the presence

of surfactant in the water.

A high concentration of anionic surfactant may be accompanied

by a relatively high concentration of nitrate in the water. Total phos-

phate content and specific conductance were not found to have any relation

to the presence of surfactant in water. A !-Igh concentration of surfactant

may be found largely in waters with low bicarbonate content and with pH

below 7.0.

The presence of anionic surfactants in well waters is probably

influenced by a number of factors; some of these are: source and quantity

of surfactant, distance between source of surfactant and well, depth of
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well, direction and velocity of ground-water movcment, mineral com-

position and adsorption capacity of the sediments in and above the

aquifer, and time required for surfactant transport.

Additional studies relating to anionic surfactants in ground

waters should include: the extent of occurrence; short-time variations;

iong-terE. _rerids; and chemical, physical, and other factors affecting

the movement and quantities of anionic surfactant in soil and water.

Involved in such studies are: amount and nature of surfactants used,

dilution of surfactants by waste water and precipitation, controlled

tracer studies, correlation with other constituents in water, and cor-

relation with geologic and hydrologic characteristics.
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