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New York State Department of Environmental Conservation Henry L. Diamond |
Albany, N. Y. 12201 . Commissioner

60 1552

November 27, 1972

oCLCH

Honorable Henry I.. Diamond, Commissioner

NYS Department of Environmental Conservation
50 Wolf Road

Albany, New York 12205

Dear Commissioner Diamond:

This study was requested by the Temporary State Commission on
Water Resources Planning and was under the direction of the
Special Advisory Group for the Study of the Detergent Pollution
Problem. The actual work was directed by the Nassau-Suffolk
Research Task Group which was composed of John M. Flynn,
Chairman; Francis V. Padar, Co-chairman; August A. Guerrera,
Barry Andres and William Graner.

At 11Sby P2

This report was possible only because of the important contri-
bution of four groups:

The devotion to the project exhibited by the Nassau-Suffolk
Research Task Group and the people associated with the Group ‘
were not compensated for in terms of the financial returns
received.

The interest of the State Legislature and its approval of
funding to start the study.

The assistance provided by the Federal Government in funding
Contract No. PH-86-63-201 for studying the passage of liquid
wastes through unsaturated soils.

And lastly the help given by the manufacturers of various
soaps and detergents which was coordinated through The Soap
and Detergent Association.
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Honorable Henry L. Diamond -2- November 27, 1972

It was only by the interaction of all of these groups plus
many persons that have not been singled out for mention here,
that this whole undertaking was possible. Their contributions
are gratefully acknowledged.

The recommendations are those of the Nassau-Suffolk Task Group -
recommendations I might say in which I generally concur. However,
I would be remiss if I did not comment on the appearance of the
MBAS portion of the detergent in drinking water supplies. I do
not believe that it should be present any more than members of

the Task Group do but for slightly different reasons. As I read
their recommendation I feel that they are looking at this material
solely as a pollutant and are taking the approach that if filtra- .
tion through the soil will not remove it, the substance should

not be permitted to be discharged from the house. It is my ,
opinion that the only source of this MBAS in drinking water is
from the effluent of a sewage disposal system. While I recognize
that it is a pollutant as listed in the Drinking Water Standards,
I am more concerned with where it came from and what might be
accompanying it. 1In other words, it is an indicator showing

that there is a connection between some sewage disposal system

and the water supply. The banning from use of such an indicator
does not interfere with this direct connection. 1Instead the
connection with sewage is only made less noticeable.

As a result of this study, I urge all the citizens of Nassau
County and Suffolk County to intensify their efforts to provide
methods of handling the sewage disposal problems there so as

to give the utmost protection to Long Island's most valuable
asset, a good supply of drinking water.

Si rely,

Dwight F. Metzl€r, P.E.
Deputy Commissioner
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NASSAU-SUFFOLK RESEARCH TASK GROUP
THE LONG ISLAND GROUND WATER POLLUTION STUDY

April 15, 1969

Dwight F, Metzler
Deputy Commissioner

New York State Department of Health

84 Hol land Avenue

Albany, New York

Dear Mr. Metzler:

An investigation of the poliution of ground wéfer on Long Island has been
conducted in accordance with contract of November |, 1962 by the State Comm-
Issioner of Health with the Counties of Nassau and Suffolk, the Suffolk County
Water Authority and The Lauman Company.

The study was performed under the aegis of the former temporary State
Commission on Water Resoﬁrces Planning which was empowered by the State Legis-
lature in Chapter 530 of the Laws of 1962 to undertake such investigation and
to make recommendations for any new legislation which may be necessary. Part
of the work was funded through a drant from the United States Public Health Ser-
vice. The final report of the Long lsland Ground Water Pollution Study Is trans-
mitted herewith.

The study involved Intensive field research of the effects of synthetic
detergents énd other sewage constituents discharged by typical individual sewage
disposal systems on the quality of the ground water. Several types of detergent
formulations were evaluated. .Iﬁ§e§flgaflons were made In the zone of aeration
asvwell as in the saturated subsoils.

The close cooperation and direct assistance of many federal, state and local
gOvernmenfél agencles,.as Qell as proprietary organizations,is sincerely appreciated.

Particular acknowledgement Is accorded to Morris Cohn, Engineering Consultant to

the Commission who catalyzed the active participation of the many organizations
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in the Technical Advisory Group of the Commission which periodically reviewed
progress in the study. T. WIIIiah Bendixen of the United States Public Health
Service was exfremely helpful in providing effective technical guidance in the
area of soil sclience and was instrumental in obtaining Health Service funds for
the studies In the zone of aeration. Allan Raymond of the State Department of
Health provided valuable assistance in designing the radioactive tracer studies
and preparing the report of that phase of the study.

The threat to the quality of the water resources on Long island is of
serious concern to local health officials. |t is the earnest hope of the re-
search task group that this report will be effective in clarifying the dimen-

sions of the problem and pointing to the solutions.

Respectful ly submitted,
NASSAU-SUFFOLK RESEARCH TASK GROUP

John M. Flynn, Chairman

m@w.

Francis V. Padar, Co-Chairman

m\/ {D&o’@/\,

August A, Gugrrera

Gy

Barry Andres

William Graner

Aottn Tl







‘TABLE OF CONTENTS

LETTERS OF TRANSMITTAL
LIST OF TABLES

LIST OF FIGURES
PHOTOGRAPHS
ABBREVIATIONS
CONCLUSIONS

General v
Attainment of Project Objectives

RECOMMENDATIONS
INTRODUCTION TO PROJECT

Long Island Geology and Water Resources

Hydrology

History of Ground Water Pollution

LegisTative Action

Scope and Objectives of Project

Authorization for Project

Organization of Study Groups

Special Advisory Group for the Study of the
Detergent Pollution Problem

Nassau-Suffolk Research Task Group

Description of Research Procedure

Description of Types of Cases

Chemical Analyses

Bacteriological Analyses

Analysis of Sewage

Sampling Frequency

Detergent Compounds

Soil Analysis

Site Procedure

SUMMARY AND SITE COMPARISONS

Background Well Data
Disposal System Concentrations
Detergent and Water Use
Effects of Different Subsoils .

. Ground Water Movement '
Constituent Reduction Comparisons

SITE 1
Description and DeveTopment

Ground Water Movement
- Travel of Waste Slug

Cvii

o PRERRS N
] ek ) d

xXi

XXii

N
1 1
- —

] §
— ek bt N OY
SO 000N WNO WO CSYOT BN

[ U e D I L |
WWMN NN MNN N ——

wwwwwwwwwc;ow LWWWwWwwww w

1
—

o —O

1
—

(J'I(lJ'IU'I
— O et

ol



TABLE OF CONTENTS cont.

Constituent Reductions
Chlorides

Infrared Analysis

MBAS as ABS

Dissolved Oxygen

pH

Ammonia

Nitrites

Nitrates

Sulfates

Phosphates

Coliform Organisms
Alkalinity

Specific Conductance
CoOD

BOD

Total and Suspended Solids

SITE 2.

Description and Development
Travel of Waste Slug
Chlorides

Infrared Analysis

MBAS as ABS

Dissolved Oxygen

pH

Ammonia

Nitrites

Nitrates

Sulfates

Phosphates

Coliform Organisms
Alkalinity

Specific Conductance

COoD

Total and Suspended Solids
BOD

Septic Tank

SITE 3

Description and Development
Sampling From Unsaturated Soil
Soil Moisture Profiles
Travel of Waste Slug
Chlorides
Infrared Analysis
MBAS as ABS
Radioactive Tagging Study
Phase 1
Phase II

viii

o
[o}]

o]
[}

| I S IR D A (R N NN N N DR R B |
—

CIlUO R ERWWWWMNIMNIMNN -t —d
NN WO DWIWWWOo U

CTOTOITCTOTCIT OTOTOT N OTOT 1 OO O O

T
v

QOTOT2EREEWWWWNINN — - oo —

[N N N NN NeNeNe)Neo N Ne ) NerNerNe)NerNe We) Neo))
PLWWSNNWOSNOOPHWNIN —~N—

el

PEVERIYREY T
[ SN B I |
RN MNON — — — 00—
CINNOY PO W



TABLE OF CONTENTS cont.

Dissolved Oxygen
Ammonia

" Nitrites

Nitrates

Sulfates

Phosphates

Coliform Organisms
Alkalinity

Specific Conductance
CobD

BOD

Total and Suspended Solids

SITE 4

Description and Development
Travel of Maste Slug
Chlorides

MBAS as ABS

Dissolved Oxygen

pH -
Ammonia

Nitrites

Nitrates

Sulfates

Phosphates

CoTliform Organisms
Alkalinity

Specific Conductance

COoD

BOD

Total and Suspended Solids

SITES 5 AWD 6,

Introduction
Description

Waste Plume Location
Test Well Installation
Sample Collection
Water Use

Product Use

Results of Analyses
Chlorides

MBAS as ABS

Infrared Analyses
Dissolved Oxygen

pH

Ammonia

Nitrites

Nitrates

o
Q

He]
(4]

]
Pl
w W

1 1
1O
—_ O D

U
Yy 1 O1 LN
N WO W

\l\l\l\l\l\ll\l\l\l\l\l\l
]

[¢)]

o

|
Gy OO
oo 0o

H
—

]
WNRIMNNMNPNONN et ad e et 1 O U1 U =
SO0 LNOOUTUITWWW

1
o

1
PO MNP MNIMNMN I ad e et 00 O ot =

O L0 WO O O O WO W W WL WWIWO W
1
NNOOYOT W — NN ——



TABLE OF CONTENTS cont.

Sulfates

Phosphates

Coliform Organisms

Alkalinity

Specific Conductance

Cob

BOD

Total and Suspended Solids
Comparison with Other Studies

RADIOACTIVE TAG STUDIES

Objectives

Health Hazards

Sampling and Analysis Procedures
Phase 1

Phase II

-
[=1)

Q
[¢]

|

1
L I L) ) LW W W
NN ERNNOO

—
!
—

QOO OO o O W O W W WL
]

—_— ) et oved —d
]
o B W~



Table
4-1
4-2
4-3
4-4
4-5
4-6
4-7
4-8
4-9
4-10

4-11
5-1
5-2
5-3
5-4

LIST OF TABLES

Background Well Concentrations

Disposal System Concentrations

Product and Water Use

MBAS Concentration in Disposal System
Average Dissolved Oxygen Concentrations
Percent Reduction of Free Ammonia

Ammonia Reductions

Average Concentrations of Nitrogen Products
Sulfate Reductions in Saturated Zone

Computed and Actual Phosphates in Disposal
Systems

Average Coliform Density
Geologist's Log of Test Hole at Site 1
Summary of Soil Analysis

Observation Well Concentrations, Site 1

Percent Remaining of First Well Concentration,

Site 1

Observation Well Concentrations - Site 2

Percent Remaining of First Well Concentration,

Site 2

BOD and Solids - Site 2

Site 3 - Observation Well Concentrations
Site 3 - Test Shaft Concentrations

Site 3 - Percent Remaining of First Well
Concentration

Summary Data - Phase 1 - Radioactive Tag Study

Site 3

Xi

Page
4-2
4-3

4-16
4-22
4-25
4-26
4-28
4-30

4-32
4-36
5-5
5-6
5-12



LIST OF TABLES cont.

Summary Data - Phase | ~ Radioactive Tag
Study

Summary Data - Phase || - Radioactive Tag
Study -~ Site 3 .

Summary Data - Phase | - Radioactive Tag
Study '

Summary Data - Phase || - Radloactive Tag
Study (Soil and Sludge)

Observation Well Concentrations - Site 4
Percent Remaining of First Well Concentrations
MBAS in Ground Water - Site 5

MBAS in Ground Water - Site 6

Site 5 - Reduction in Sewage Constituents...
Test Product - LAS

Site 5 - Reduction In Sewage Constituents...
Test Product - AS

Site 5 - Reduction In Sewage Constituents...
Test Product - Soap

Site 5 - Reduction in Sewage Constituents...
Test Product - ABS

Site 6 - Reduction in Sewage Constituents...
Test Product - LAS ' B

Site 6 - Reduction In Sewage Constituents...
Test Product - AS

Site 6 - Reduction in Sewage Constituents...
Test Product - Soap

Site 6 - Reduction in Sewage Constituents...
Test Product - ABS '

Chioride Reduction Through Percolation Fields

Site 5 and 6 - MBAS




Table
9-13
9-14
9-15
9-16

9-17

10-1
10-2

10-3

LIST OF TABLES cont,

Nitrogen Values - Sites 5 and 6
Coliform Organisms - Sites 5 and 6

Alkalinity - Sites 5 and 6

- Specific Conductance - Sites 5 and 6

Removal of Synthetic Detergents by Percolation
Flelds

Radioisotope Activity - Phase |
Radioisotope Activity - Phase |1

Radioisotope Activity - Phase ||
Sludge-Soi| Core Samples

xii1

Page

9-29 -
9-33
9-35

9-35

9-42
10-10
10-13

10-21



Figure

5-6

5-7

5-9

5-10

5«11

5-12

5-13

LIST OF FIGURES

General ized Cross Section, Geological Formations

Long Island Ground Water Pollution Study
Site Locations

Long Isiand Ground Water Pollution Study
Sampling Pump

Site Plan - Site 1

Profile,Test Well - Site 1

Profile,Test Well - Site 1

Chlorides -~ Reduction Versus Travel Time

Chiorides -~ Percent Remaining of First Well
Concentration '

MBAS reported as ABS - Percent Remaining of
First Well Concentration

MBAS reported as ABS - Reduction Versus Travel
Time

Ammonia - Reduction Versus Travel Time

Ammonia - Percent Remaining of First Well
Concentration

ABS in Use - Nitrogen Cycle Versus Travel Time
LAS in Use - Nitrogen Cycle Versus Travel Time
Soap in Use - Nitrogen Cycle Versus Travel Time
LAS in Use -~ Nitrogen Cycle Versus Travel Time
AS in Use - Nitrogen Cycle Versus Travel Time
Sulfates - Reduction Versus Travel Time

Total Phosphates - Reduction Versus Travel Time

Total Phosphates - Percent Remaining of First
Well Concentration

Log Average Coliform - Reduction Versus Travel
Time

Page
3-2

3-24

3-217
5-2

5-3

5-17

5-20

5-21

5-25

5-26
5-28
5-29
5-30
5-31
5-32
5-35

5-37

5-38

5-40



Figure
5-19

5-20
5-21

5-22

5-23

5-24
5-25

5-26
5-27

5-28
5-29

5-30
5-31

5-32
5-33

5-34
5-35

6-1
6-2

LIST OF FIGURES cont.

Log Average Coliform - Percent Remaining of
First Well Concentration

Alkalinity - Reduction Versus Travel Time

Alkalinity - Percent Remaining of First Well
Concentration

Specific Conductance - Reduction Versus Travel

Time

Specific Conductance - Percent Remaining of
First Well Concentration

COD - Reduction Versus Travel Time

COD - Percent Remaining of First Well
Concentration

ABS in Use - Reduction Versus Travel Time

ABS in Use - Percent Remaining of First Well
Concentration

LAS in Use - Reduction Versus Travel Time

Las in Use - Percent Remaining of First Well
Concentration

Soap in Use - Reduction Versus Travel Time

Soap in Use - Percent Remaining of First Well
Concentration

LAS in Use - Reduction Versus Travel Time

LAS in Use - Percent Remaining in First Well
Concentration

AS in Use - Reduction Versus Travel Time

AS in Use - Percent Remaining of First Well
Concentration

Site Plan, Site 2

Profile, Test Wells, Site 2

XV

Page

5-41
5-44

5-45

5-47

5-48
5-49

5-50
5-53

5-54
5-55

5-56
5-57

5-58
5-59

5-60
5-61

5-62
6-2
6-3




Figure
6-3
6-4

6-5

6-10
6-11
6-12

6-13

6-16
6-17

6-18

6-20

6-21

6-22

LIST OF FIGURES cont,

Log of Test Well, Site 2
Chlorides - Reduction versus Travel Time

Chlorides - Percent Remaining of First Well
Concentration

MBAS - Reduction Versus Travel Time

MBAS - Percent Remaining of First Well Con-
centration

Ammonia - Reduction Versus Travel Time

Ammonia - Percent Remaining of First Well
Concentration

ABS in Use - Nitrogen Cycle VYersus Travel Time
LAS in Use - Nitrogen Cycle Versus Travel Time
AS in Use - Nitrogen Cycle Versus Travel Time

Soap in Use - Nitrogen Cycle Versus Travel
Time

LAS in Use - Nitrogen Cycle Versus Travel Time

Sucrose Ester in Use - Nitrogen Cycle Versus
Travel Time '

Sul fates - Reduction Versus Travel Time
Total Phosphates - Reduction Versus Travel Time

Total Phosphates - Percent Remaining of First
Well Concentration

Log Average Coliforms - Reduction Versus Travel
Time

Log Average Coliforms - Percent Remaining of
First Weli Concentration

Alkalinity - Reduction Versus Travel Time

Alkalinity - Percent Remaining of First Well
Concentration

6-24
6-27
6-28

6-29

6-30

6-31

6-32
6-36

6-38

6-39

6-41

6-42

6-45

6-46



Figure
6-23

6-24

6-25
6-26
6-27

6-28

6-29

6-30

6-31

6-32

6-33

6-34

6-35

6-36

6-37

6-38

LIST OF FIGURES cont.

Specific Conductance - Reduction Versus
Travel Time

Specific Conductance - Percent Remaining of
First Well Concentration

COD - Reduction Versus Travel Time
COD - Percent Remaining of First Well Concentration
ABS in Use - Reduction Versus Travel Time

ABS in Use - Percent Remaining of First Well
Concentration

LAS in Use - Reduction Versus Trave! Time

LAS in Use - Percent Remaining of First Well
Concentration

AS in Use - Reduction Versus Travel Time

AS in Use - Percent Remaining of First Wel|
Concentration

Soap In Use - Reduction Versus Trave! Time

Soap in Use -~ Percent Remaining of First Well
Concentration

LAS in Use - Reduction Versus Trave! Time

LAS in Use - Percent Remaining of First Well
Concentration

Sucrose Ester in Use - Reduction Versus Travel
Time

Sucrose Ester in Use ~ Percent Remaining of
First Well Concentration

Water Table Contours - Site 3
Plot Plan - Site 3
Well Location - Site 3

Well Profile - Site 3

xvii

Page
6-48

6-49
6-51
6-52

6-57

6-58

6~59

6-60

6-61

6-62

6-63

6-64

6-65

6-66

6-67

6-68
7-2
7-4
7-5

7-6




Figure
7-5

7-6

7-7

7-10
7=11

7-12

7-13

1-14

LIST OF FIGURES cont.

Sampling Pump

Cross Section - Cesspool and Shaft

Cross Section - Vacuum and Gravity Sampler
Sampler Tube Details

Neutron Probe Wells

Vertical and Horizontal Soil Moisture Content
Chlorides - Reduction Versus Travel Time

Chlorides - Percent Remaining of First Well
Concentration

MBAS - Reduction Versus Travel Time

MBAS - Percent Remaining of First Well
Concentration

Ammonia - Reduction Versus Time

Ammonia - Percent Remaining of First Well
Concentration

ABS in Use ~ Nitrogen Cycle Versus Travel Time
ABS in Use - Nifrogen Cycle Versus Travel Time
LAS in Use - Nitrogen Cycle Versus Travel Time
Sulfates - Reduction Versus Travel Time
Phosphates - Reduction Versus Travel Time

Phosphates - Percent Remaining of First Well
Concentration

Log Average Coliform Reduction Versus Travel Time

Log Average Coliform Percent Remaining of First
Well Concentration

Alkalinity - Reduction Versus Travel Time

Alkalinity - Percent Remaining of First Well
Concentration

xviii

7-23

7-28

7-29

7-45

7-46
7-47
7-48
7-49

7-52

7-55

7-56

- 7-57

7-58

7-60

7-61



Figure
7-27

7-28

7-29
7-30
7-31

7-32

7-33

7-34

8-6
8-7

8-8

8-10

8-11

8-12

8-13

LIST OF FIGURES cont,

Specific Conductance - Reduction Versus Travel

Time

Specific Conductance - Percent Remalining of
First Well Concentration

COD - Reduction Versus Travel Time

COD - Percent Remaining of First Well Concentration

ABS in Use - Reduction Versus Travel Time

ABS in Use - Percent Remaining of First Wel |
Concentration

LAS in Use - Reduction Versus Travel Time

LAS in Use - Percent Remaining of First Well
Concentration

Site Plan ~ Site 4
Well Profile - Site 4
Chiorides - Reduction Versus Travel Time

Chlorides - Percent Remaining of First Well
Concentration

MBAS - Reduction Versus Travel Time

Ammonia - Reduction Versus Travel Time

Nitrogen Cycie Versus Travel Time - Soap in Use
Nitrogen Cycle Versus Travel Time - LAS in Use
~ Sulfates - Reduction Versus Travei Time
Total Phosphates - Reduction Versus Travel Time

Log Average Coliform - Reduction Versus Travel

Time

Alkalinity - Reduction Versus Travel Time

Specific Conductance - Reduction Versus Travel

Time

Xix

Page
7-63

7-64
7-66
7-67

7-69

7-70

71-71

7-172

8-2

8-23

8-25

8-27



10-4
10-5
10-6

10-7

10-8

10-9. -

10-10

10-11
10-12
10-13

10-14
10-15

10-16

10-17

LIST OF FIGURES cont.

COD - Reduction Versus Travel Time
Soap in Use - Reduction Versus Travel Time

LAS In Use - Reductlon Versus Travel Time

_ Site Plan,‘Sife 5, Massepequa, Nassau County

Site Plan, Site 6, Bellmore, Nassau County
Cesspool Samples - Radioactive Tagging
Top Tensiometer Sampies - Radioactive Tagging

Middle Gravity Long Samples - Radioactive
Tagging

Well 6 Samples - Radiocactive Tagging

Well 8 Samples -~ Radioactive Taggihg

Wells 9 and |0 Samples - Radioactive Tagging
Well 13 Samples - Radioactive Tagging
Well 17 Samples - Radioactive Tagging

Cesspool Sample - Collected at Mid-Liquid
Depth - Phase ||

New Top Gravity Loﬁg Samples - Phase ||

Middle Gravity Long Sample - Phase ||

New Bottom Gravity Long - Phase ||

Weil 6 - Radloactive Tagging - Phase |1

Wells 10 and || - Radioactive Tagging - Phase ||
Wells 13 and |4 - Radioactive Tagging -~ Phase ||

Test Shaft Results - Radioactive Tagging
Phase 11

Downstream Wells - Radioactive Tagging -~ Phase 1i|

XX

9-3
9-5
10-22
10-23

10-24
10-25
10-26
10-27

10-28

10-29

10-30
10-31
10-32
10-33
10-34
10-35

10-36

10-37

10-38




Photo

4-2

4-3

4-4

PHOTOGRAPHS

Balling in Sampling Shaft Site 3
Well Points in Study

Collection of DO Samples From Modified
Pump

Organization of Samples on Site for
Spiit with Participating Laboratories

XXi




ABS
AS
BOD
CoD
DO
LAS
LAS,
LAS

2
LOG Avg MPN/100 ml

MBAS
MGD
mg/1
MPN
SCWA
SDMA
SWL
TSCWRP

UsGS

ABBREVIATIONS

alkyl benzene sulfonate

alcohol sulfate

biochemical oxygen demand

chemical oxygen demand

dissolved oxygen

linear alkylate sulfonate

initial use of LAS at fest site
second cycle of LAS use at test site

lTogrithmic average most probable number
per liter

methylene blue active substance

millions of gallons per day

milligrams per liter

most probable number

Suffolk County Water Authority

Soap and Detergent Manufacturers Association
static water level

Temporary State Commission on Water
Resources Planning

United States Geological Survey

XX



PART | - CONCLUS IONS

General

The 1962 mandate of the New York State Legislature sfipulafed that the New
York State Temporary Commission on Water Resources Planning investigate four basic
considerations. The Long Island Research Project concerned itself with two of
these considerations, namely:

I. "The dangers that such discharges (detergent wastes) may create

to the adequacy and safety of the water supply now and in the
future." and,

2. "1f the area of contamination from detergent wastes is more

widespread from the point of discharge than is usual in the
cases of other forms of wastes."

The general conclusion of the Long Island Ground Water Pol lution Study
addressed to these basic considerations are as follows:

Some degree of degradation or other means of change - reduction of the active
suffacfanfs in the test products occurs in typical sewage disposal systems and the
adjoining soil-water. The degree of degradation is deemed insufficient to prevent
the contamination with synthetic detergents of the upper Glacial aquifer, now the
major available source of individual water supply for homes, commercial
establishments, and some public water supply wells in the Nassau-Suffolk area.

Detergents are the most persistent and most commonly found pollutant in the
Glacial aquifer and the most frequent cause for rejection of Glacial wells as a
source of water supply. Synthetic detergent residues, even when other sewage
constituents are minimal, have forced publlé water purveyors to abandon or
curtail their use and development of the Glacial aquifer. The restriction on
use of this aquifer has immediate and far-reaching effects on the availability

of water supply to present and future residents of the Nassau-Suffolk area, since



the Glacial aquifer is estimated to contain more than half of the locally available
water source. All comprehensive planning reports on the Nassau-Suffolk area,
especially those relating to safe ylelds of water supplies and the population

that may be served from this limited resource, Indicate that the Glacial aquifer
must be utilized to serve presenfland future populations.

Relief from the contamination in the Glacial aquifer is secured by placing
water supply wells in the deeper Magothy stratum. This procedure has been
followed to a large extent but poses the risk of overdevelopment of the Magothy
aquifer. Overpumping of this aquifer will result in the increased transfer of
conftamination from the overlying Glacial formation to the underlying aquifer,
and may also induce greater salt water intrusion from surrounding waters into
the fresh water resources of Long Island.

It is concluded that the MBAS fraction of synthetic detergents persists
in quantities and travels distances sufficient to endanger the adequacy and
quality of the water supply resources on Long Island and further, that these
characteristics are more typical of detergent wastes than the other constituents
in domestic sewage.

Attainment of Objectives of Project

The project sought knowledge on certain specific items and those are
reported on in the order in which the items are |isted under scope and objec-
tives in the Introduction on page 3-14.

I. Techniques and methodology have been developed for the conduct of
investigations of ground water contamination in unconsolidated geological
formations. Most significant of these were pump modifications to collect D.O.
samples, methods of collecting waste water from unsaturated sands, measurement
of ground water movement and use of radioactive tracers. Details on specific

techniques are contained in the body of the report.
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2. The waste leaching from a cesspool moves essentially downward after
entering the unsaturated soil. The wastes do not extend Taterally more than
two feet beyond the pool circumference.

Upon entering the saturated sands, the waste takes the form of a ribbon-
like plume and moves with the prevailing ground water. In its travel, the waste
is vertically depressed in the ground water table by factors relating to the
nature of the subsoils, the relative density of the waste recharge phenomena, and
influence of pumping wells in the vacinity.

3. Under the test conditions, no evidence was obtained which would indicate
that the presence of methylene blue active substances cause bacteria and other
sewage constituents to travel faster or furthér than they would in their absence.
During the use of the various test detergents, a significant change in bacterial
population was evident in the waste disposal systems. An increased disposal
system population resulted in a greater migration of bacteria to the downstream
test wells. Viable bacteria do pass through the unsaturated subsoils into the
ground water table and travel downstream as a part of the waste.

4., The finer soils at Site 4 were the only subsoils significantly different
from the material usually encountered in the Glacial formation in Nassau and
Suffolk Counties. These finer soils contributed to higher reduction in MBAS
materials, ammonia, sulfates, phosphates, alkalinity and specific conductance than
other cesspool sites. Other variables were also present however to account for
higher efficiencies at Site 4.

5. Typical Long Istand Glacial soil does not have significant édsorptive
capac{ties for ABS. Adsorption and desorption of the ABS molecule on the subsoils
in situ was found, however, to be well defined for various surfactent formulations.
This was best demonstrated by branch chained ABS retrieval from test wells

even after the homeowner had been using soap for periods of 2 to 3 months, a
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time lapse which was sufficient for complete passage of the waste slug at
known movement rates. This was further confirmed by infrared differentiation
analyses which indicated the retrieval of branched chain (ABS) materials

long after the waste slug carrying the straight chain surfactants (LAS) had
passed the observation wells.

6. Biodegradation of ABS in the anaerobic environment of subsurface
waste disposal systems does not produce any significant reduction in the
Jevels of MBAS or other sewage constituents in their passage from the system
into the unsaturated or satured subsoils.

Some degradation in terms of MBAS occurs in passage of the sewage
effluent from the cesspool into the unsaturated soil zone of one. No sig-
nificant reductions follow in further travel through the unsaturated zone and
into and through the saturated soils.

Sucrose ester and soap have a relatively superior degradability than
ABS, LAS and AS, on the basis of significantly larger reductions in chemical
oxygen demand of sewage in passage through a subsurface disposal system and
soil-water horizon. Lack of a MBAS fraction in these detergent products also
obviates the need for degradability in terms of MBAS.

7. Phosphate reductions are rapid and almost total in the distances
studied. Phosphate reductions parallel the coliform reduction curves. The
nitrogen cycle proceeds at a rate dependent upon the avaibility of oxygen,
length of travel through unsaturated soils, ground water velocity and in some
cases the detergent formulation in use. Sulfate concentrations increase in

passage through the zone of aeration and the saturated soil zone to a peak
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value whereupon levels tend to decrease in further travel downgradient due

primarily to dilution.

8. The tracer materials studied for measurement of ground water flow rates
were hexavalent chromium, sodium fluoride, sodium chloride and tritium. .Sodium
chloride was found to be the most practical because of consistency of results,
availability, ease of handling and analysis, non-toxicity and stability in
the ground water environment.

Tritium and sodium fluoride give comparable velocities to those obtained
by sodium chloride. These tracers are less desirable, because they require
special handling and analysis, because of their toxicity and their suscepti-
bility to interfering substances.

Hexavalent chromium proved to be very unsuitable as a tracer in that even
the large concentrations which were introduced were not retrieved at short
distances from the point of application.

9. A complex combination of physical, chemical, and biological phenomena
occur from the entrance of domestic wastes into a subsurface disposal system, and
through the system, the unsaturated soil and the saturated soil. Sorption,
dilution, diffusion, chemical reaction, precipitation, filtration and biodegrada-
tion phenomena take place in varying degrees.

Improvement in efficiency of sewage treatment within the sewage disposal
system may be achieved to a limited degree by research into optimum dimensions
and arrangements. Reduction in sewage constituents within the soil-water
horizon is a function of prevailing conditions and cannot be altered practically.

10. No specific tests were made of soil clogging and subsequent leaching
system failure. It is believed that failures are primarily a function of the
organic and particulate Toadings on the soil caused by the sewage and the
characteristics of the surrounding subsoil relating to interstitial size and

availability of oxygen at the sewage-soil interface. On those sites where
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system failure was imminent,relief was obtained by scouring the pool bottom

with compressed air.

Il. Individual subsurface sewage disposal systemsprovide insufficient
treatment of wastes with the result that objectionable concentrations of sewage
constituents, both blological and chemical, reach the wafer table. More
sophisticated types of individual disposal systems, namely, septic tank in
combination with leaching cesspoolsand septic tank in combination with leaching
tile field systems, do not provide any significant improvement in the effluent
qual ity compared to single cesspools.

12. Ground water is highly vuinerable to pollution by untreated sewage
wastes and possesses poor recuperative capabilities. In the event that
recharge of treated sewage effluents were to become a reality for water con-
servation practice, virtually comblefe Trea?men* to drinking water standards
wlll be necessary for almost all constituents to preserve the ground water
quality. This is particularly true in the case of synthetic organic compounds,

such as the refractory materials contained in synthetic detergents.



PART 2 - RECOMMENDAT |ONS

iI. The ldeal solution to the problem of continued contamination of the
ground water resources of Long Island by synthetic detergents and other sewage
constituents is the rapid Installation of municipal sewage collection, treat-
ment and disposal facilities In those areas in which discharges of insufficiently
treated domestic sewage threaten the quality of the resource. Planning for
municipal sewerage systems should be intensifled in all areas of both counties.
Further, every effort should be made to provide municipal sewerage service for
all new homes. In those Instances where a new community of homes is insufficient
in number to successfully support a sewage treatment plant, procedures should be
adopted to assure economies and homeowner acceptance of sewers when they do
become avallable. Such measures should include construction of "dry" sewers
where collection dlsfricfé are established, provision of Iénd area for future
sewage ftreatment facllities, and setting aside of funds for future construction.

2. Notwithstanding all efforts to expedite the installation of public
sewerage systems In Nassau and Suffolk Counties, a delay of many yéars must
result before the completion of projects of the complexity and magnitude
involved. In Nassau County approximately 25 percent of the area is now sewered
and work has commenced on an additional 40 percent. The most optimistic pre-
dictions place completion of this 40 percent at 20 years and the remalnder is
unscheduled at this time. In Suffolk County less than 4 percent of the popula-
tion Is presently sewered. A comprehensive plan was prepared for the five
western towns, an area of 566 square miles. It Is improbable that this sewer
construction can be completed even on a crash program In less than 30 years.

I+ Is therefore obvious that a substantial time perlod must elapse before sewer
construction is advanced to the degree that adequate protection will be provided

to the ground water resource.




Sufficient evidence is at hand to indicate that soap or a sucrose ester
surfactant may be used as a general household detergent in the interim period
untl| municipal sewerage Is installed and thereby discontinue the incessant
discharge of detergent products into the ground water. This would be best
accompiished by a voluntary regional distribution of satisfactory detergent
products by the industry. |f such is not forthcoming, then legislative or other
restrictive measures should be immediately employed to adequately regulate the
use of detergents.

3. A continuous and vigilant program of ground water quality monitoring
should be carried out by New York State and Nassau and Suffolk Counties. Such
monitoring work will enable the two counties to evaluate and detect water quallity
deterioration in time to take whatever corrective action they deem necessary to
protect thelir water supply resources In the public interest.

4, The soap and detergent industry should intensify research and deveiop-
ment efforts to produce and market suitable synthetic detergent products which
will biologically and/or chemically degrade under conditions existing in the
admittedly ineffective sewage disposal systems now in use.

© 5. Studies should be made of the local applicability of more effective
individual sewage disposal systems for use in new home construction in sparsely
populated, remotely located areas to determine their effect on the overall
ground water pollution problem.

6. Public water supply facilities should be extended to replace individual

wells in populated areas.



PART 3 - INTRODUCTION TO PRQJECT

Need for Research
I. Long Island geology and water resources.

Long Island is geologically a part of the Atlantic coastal plain, and on
the basis of origin, age and structure Is more directly related to the coastal
regions of New Jersey than to the nearby areas in New York and New England.

Geologicaliy, Long Island is composed of several distinct and identifiable
formations of unconsolidated sand, gravel and clay laid down in more or less
paraliel beds on a hard bedrock surface. Because the rock floor of the island
dips gently and uniformly in a southeasteriy direction, the overlving uncon-
sol idated materials are relatively thin along the north shore and thicken appre-
ciably ftoward the Atlantic Ocean. These relations are shown in a general way
in Figure 3-1. At some localities In the extreme western part of Long Island,
the bedrock floor is only a few tens of feet below land surface and is actually
exposed at the surface in some areas in Northwestern Queens County. However,
in southeastern Suffolk County the bedrock fioor is more than 2,000 feet below
sea level,

The bedrock floor beneath Long Island is generally composed of the same
types of rock that are exposed at many places on the nearby mainland. The bed-
rock floor is actually the deeply buried seaward extension of these inland rocks.
In most areas the bedrock consists of schist and gneiss, although other types of
rock have been encountered at places. The surface of the bedrock slopes in a
southeasterly direction at the rate of about 60 to 80 feet per mile. Along the
north shore of Suffolk County, such as at Lloyd Neck and Orient Point, the bed-
rock surface is about 500 to 600 feet below sea level. Along the south shore at
the western tip of Fire Island, the bedrock lies more than 2,000 feet below sea

level.
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The stratigraphic units underlying Long Island can generally be distinguished
from each other on the basis of stratigraphic posiflon, color and mineralogic comp-
osition. Other characteristics of the individual formations, such as lithologic make-
up and permeability, are specially important from the ground water standpoint and play
an important part in controlling the recharge, movement and discharge of ground water.

The Lloyd sand member of the Raritan formation, the lower most water-bearing unit,
is composed mainly of white medium to coarse sands and gravels. The top of the Lloyd
occurs at a depth ranging from about 200 feet beloQ sea level along the north shore
to approximately 1600 feet below sea level on the south shore., The total thickness
ranges from about 100 feet in the north to more than 200 feet in the southern part
of the Island,

Due to differences in elevation and a substantial thickness of overlying clay
beds, the water in the Lloyd sand is under artesian pressure in much of the area of
its occurrence. Apparently, the Lloyd is overlain everywhere in the two counties by
the Raritan clay member of the Raritan formation, which separates the Lloyd from the
shallower sands of the Magothy formation.

Due to its occurrence at generally great depths and the |imited recharge, most of
the production wells that obtain water from the Lloyd sand in the two counties are
either located in the northern part where the formation is encountered at relatively
shallow depths or in the southwesterly portion of Nassau County where salt water con-
tamination has made the overiying formations unusable.

The Raritan clay member of the Raritan formation overlies the Lloyd sand. The
Raritan clay is composed chiefly of silty clay with some interbedded layers of sand.
Its thickness ranges from about 100 to 300 feet. Along the north shore the clay Is
encountered in depths of about |00 feet below sea level. To the south Its maximum
depth is estimated to be more than {400 feet below sea level. Because the Raritan

clay generally is highly impermeable, it forms a confining layer that produces artesian
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conditions in the underlying Lloyd sand and limits the recharge of water info the
aquifer,

The Raritan clay member is overlain by the Magothy formation, which is generally
composed of irregular lens like beds of gravel, sand, sandy clay and clay. Most of
these sediments are fine-grained and contain considerable amounts of mica and streaks
of lignite. The individual beds in the formation generally do not have a wide lateral
extent, and few of the beds have been correlated over distances of much more than a
mile or two. However, deposits of coarse sand and gravel have been encountered near
the bottom of the Magothy in many wells. The Magothy formation dips to the southeast
and thickens in that direction. Along the south shore the Magothy is believed to be
more than 1300 feet thick, alfhough in some places along the north shore, it is less
than a hundred feet thick. The elevation of the upper surface of the Magothy Is
highly irregular, indicating that the formation was subjected to considerable erosion
before the deposition of the overlying materials.

in Nassau County more than 80 percent of the water supply is withdrawn from the
Magothy formation. In Suffolk County, although the Magothy has a large ground water
supply potential, it has not been extensively used because adequate yields could be
obtained more cheaply from shallow wells screened in the overlying Glacial deposits.
However, because of increasing pollution in the Glacial formation most new pubtlic
water supply wells have been drilled into the Magothy formation in recent years. It
is likely that this formation will more extensively developed in the future. -

The Magothy formation is overlain by Glacial and lnfefglaclal deposits, that are
quite variable in composition. The Gardiners clay has been identifled in places near
the bottom of the Glacial deposits, particularly along the south shore area and inland
for several miles. The Gardiners clay generally consists of dark gray or greenish
gray silty clay, although layers of sand are found in the unit in many places.

The Gardiners clay is relatively impermeable and



generally forms an effective confining bed, which produces artesian conditions
in the underlying sand.

The deposits above the Gardiners clay consist of Glacial till and
Glacial outwash., The till, which generally occurs at the land surface or at
shallow depths, is composed of a heterogeneous mixture of material ranging in
size from clay to boulders. The moraines that extend eastward to Northern and
Central Suffolk County to Montauk and Orient Point consist mainly of till.
Beneath the till-covered area and exposed on the surface over much of the two
counties, are deposits of stratified sand and gravel known as Glacial outwash,
These outwash deposits are highly permeable and constitute the most readily
available source of ground water supply. The water table or upper surface of
the zone of saturation generally occurs in these deposits within a few tens
of feet of the land éurface, except in the areas of higher elevafipn.

As the two Glacial stages represented by the terminal moraine began to
melt, an enormous quantity of water was made available, releasing with it great
quantities of debris frozen in the ice. The melt water spread out to the
south, not only reworking the existing ground cover, but also depositing the
well-sorted stratified outwash deposit, the coarseness of the deposits being
directly related to the velocity of water at that particular time and place.
It is obvious that the quantity and velocity of the melt water could not be
uniform all along the length or width of the outwash plain. It is therefore
not surprising that the outwash varies in texture from place to place.

The outwash plains, having been built in this manner, containing well-
rounded graded sands and gravel, and having been washed, sorted and stratified,
yielded a deposit of high porosity and permeability, thus allowing water to
enter and conversely be withdrawn with great facility. It is by reason of
easily avallable water in large quantities and at shallow depth that the

Glacial stratum is so feasible and economically attractive for exploitation.
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Hydrology

Water supply for Long Island is obtained entirely from ground waters. Natural
replenishment of this supply Is derived soley from precipitation, which averages 42
inches per year. Due to losses from =vaporation, transpiration, stream run-off and
other factors, only part of the precipitation ever reaches the water-bearing strata.
I+ has been estimated that approximately 50 percent of precipitation is lost due
to the above-mentioned factors.

The water that infiltrates into the ground is either retained in the soll zone
as soil moisture or passes downward to greater depths until It reaches the water table,
where it becomes part of the main body of ground water.

When the recharge from rainfall infiltration reaches the water table, it perco-
lates laterally at very low velocities in response to the slope of the water table.

A portion of the total ground water recharge is disposed of by seepage into stream
channels. This source of water, (ground water run-off), makes up a large part of the
total flow of the streams in Long Island. - It is estimated to be as high as 90 per-
cent of all stream fiow.

in the middle parts of the Isiand the piezometric surface of the Magothy and
Lioyd formations have a lower elevation than that of the water table, recharge from
the shallow Glacial formations takes place by stow downward percolation into the
deeper formations. In areas where there fs {ittle or no pumping from wells, ground
water levels are not depressed and *he water table or the pressure gradient in the
Magothy and Lloyd formations slope towards the shore areas, where discharge of fresh
water takes place into the bays and in off-shore areas. However, in shore areas where
heavy continuous pumping from wells is taking place, ground water levels are drawn
down and the natural gradient toward the ocean may be reversed and salt water en-
croachment may take place.

Artificial recharging is extensively carried on in parts of Long Island
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through storm run-off basins, subsurface sewage disposal facilities and other re-

charging installations. All such operations maintain ground water levels at higher
elevations than would otherwise exist. Because much of the water pumped from well§
is returned to the ground, the consumptive use of water is much less than the total
quantity of water pumped. In areas where the consumptive use of water is small, even
though the total pumpage may be large, ground water levels may not decline appreciably,
except locally near areas of heavy pumping. In the vicinity of the divide running lat-
erally through Long Island, the ground water is approximately 60 to 80 feet above sea
level, at its highest point along the ground water divide from which point the ground
water table slopes generally north and south,

The ground water is moving continuousiy into and along the water-bearing strata,
all of which are hydrologically interconnected. Its rate of movement depends upon the
head of water and the transmissibility of the strata through which if flows. |t is,

estimated to move at a rate which varies from 0.5 to 2.0 feet per day.

In Suffolk County, the most recent estimate of natural safe yield from the ground
water reservoir Is 501 MGD from a total effective area of 794 square miles. |In Nassau
County, the natural safe yield is estimated to be 154 MGD from a total effective area
of 189 square miles.

History of Ground Water Pollution

The sewage disposal practices predominant in both Nassau and Suffolk Counties
are primitive and obviously conducive to ground water contamination. 1In Nassau County,

approximately 44 percent of the population is presently served by pubiic sewage col-

lection and disposal facilities serving approximately 630,000 persons. The construc- |

tion of a major portion of these facilities was not initiated until 1947, The re-
maining 800,000 people in Nassau County dispose of their sewage through the use of
subsurface disposal facilities, namely, cesspools. Plans are currently being prepared
for public sewage collection and disposal facilities to serve another 560,000 people,

and comprehensive studies are being conducted for the remaining areas.
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The population of Suffolk County is approximately 1,000,000 persons. Only 5
percent of these million persons are served by public sewage collection and disposal
facilities. The remaining 95 percent rely upon the use of subsurface sewage disposal
facilities, such as cesspools, which discharge sanitary wastes directly into the
ground water table or into the relatively shailow fayer of overiying sand and gravels.
A comprehensive sewerage plan has been prepared for the five western towns in which
more than 75 percent of the population resides. A referendum in 1967 to authorize
construction of a sewer district which would serve some 350,000 persons in the most
densely populated area was defeated by a ratio of 6 to |, There is no present indi-
cation that an abrupt change will take place in Suffolk's current methods of sewage
disposal. It is estimated that Suffolk's population employs 250,000 individual sub-
surface disposal systems discharging 100 MGD of sewage into the ground water table
via cesspools.

in both Nassau and Suffolk Counties, water is obtained entirely from the under-
lying ground water aquifers, In Nassau County, essentially all of the population
is served by public water supply facilities. In Suffolk County approximately 70 per-
cen?bof the population is served by public water supply, and the remaining 30 percent
depends upon the use of individual wells located on each homeowner's plot. There
are approximately 80,000 such private well| water facilities.

In Nassau County, approximately 85 percent of the water supply wells are screened
in the Magothy stratum. The remaining |5 percent of public water supply is obtained
from Lioyd wells and some Glacial wells. Decades ago, most of Nassau's water supply
was obtained from the readily available and highly productive Glacial stratum. How-
ever, the continual discharge of massive quantities of sewage into this uppermost
stratum led to its gradual abandonment, and the use of the deeper Magothy stratum.

In fhése areas in Nassau County in which sewers have been installed for some i5 to

20 years, there are indications that the quality of the Glacial is improving.



In Suffolk County, the Glacial stratum is the major source of both public and

private water supplies. The current trend, however, is toward an increasing use of

the Magothy stratum because of increasing pollution in the Glacial. In a 7-year

period commencing in 1959, the Suffolk County Water Authority, the major water supplier
operating in southwestern Suffolk, Increased its Magothy withdrawals from 20 percent

to 80 percent., In order to continue serving a water which meets the U.S. Public Health
Service standards, it became necessary for the Authority to curtail withdrawals from
the Glacial stratum because of increasing pollution.

Numerous reports by the Nassau and Suffolk County Health Departments and other
official agencies, both State, Federal and County, have stressed the continuing and
increasing appearance of ABS and other sewage-originated wastes in the Long Island
ground waters, The problems have been most severe in the densely populated areas
of the county but appear sporadically throughout the entire county. The greatest
problems occur in those areas where homeowners must rely upon individual well water
supplies. Surveys in such areas have shown 30 to 90 percent of the well water analyzed
contained ABS and other sewage constituents., ABS is also detected In public water
supply wells which obtain their water from the Glaclal stratum in the heavily popu-
lated sections. The ABS contamination in these public supplies have exceeded the
maximum permissible standards for ABS of 0.5 mg/l. Some publicrwafer supply wells
examined have contained from 0.3 to 1.2 mg/l of ABS. To date, ABS has been detected
in at least 7 wells in three public water supply systems. This has necessitated
restricted pumping and/or discontinuance of the use of the water,

In addition, during the drought period of 1961 through 1965, the Suffolk

County Water Authority detected trace quantities of synthetic detergents in
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several of its upper Magothy wells in the center of the Island. The appearance

of detergents in these deeper wells at these specific locations confirmed that
the major areas of recharge to the Magothy are near the areas of maximum eleva-
tiﬁh of the static watef table, uhder the present piezometr}c conditions.

The Nassau and Suffolk CountyQHea1th Departments have carried out detailed
surveys of private well water supplies in various areas in both counties. The

results of some of these surveys are given below:

Location Number of Wells Percent Positive
Examined for ABS

West Amityville 74 77%
Wantagh 18 - 67
Breezy Point, Amityville 55 40
Amityville Harbor 31 55
Copiague 186 32
North Lindenhurst 54 76
Babylon 20 95
West Islip 16 75
West Islip 100 30
West Islip 45 25
Center Moriches 65 30
Nassau Shore, Massapequa 78 81

In the Copiague areas 186 wells were examined, and a detailed report was
prepared by the Suffolk County Health Department. In this survey, complete
chemical analyses and the bacteriological analyses were made of all samples,
and 32 percent of the wells examined failed to meet drinking water standards.
Cooperative action between the community, Suffolk County Water Authority and
Suffolk County Health Department resulted in extension of public water supply

into the affected area.




A survey conducted in October 1958 in North Lindenhurst revealed presence of
ABS in 41 of 54 wells sampled. In November 1959, these wells were resampled
to determine what changes had taken place in the intervening 13 months. The
results of the resurvey indicated:
1. Of the original 34 wells which contained ABS, two were equal in ABS
content to the previous year's results.
2. Two wells had decreased in ABS content.
3. Thirty of the wells had increased in ABS content. Of this group, 10
had doubled and 6 had tripled in ABS levels.
4. The initial ABS range in the October 1958 survey was 0.5 to 1.5 milligrams
per liter, and two samples exceeded 1.5 milligrams per liter.
5. The range for the November 1959 survey was 0.5 mg/1 to 4.5 mg/1, and of
the total, 13 exceeded 1.5 mg/1. Seven of the 13 exceeded 2.0 mg/1.
When these wells were tested, if the results of the ABS analysis, which
was less than .5 mg/1, the well was considered to be free of ABS.
This conclusion was based upon the assumption that the ABS test at that

time was accurate only for 0.5 mg/1 or higher.

In all of the above surveys, complete analysis of the well waters indicated the
presence of other sewage-associated constituents. In addition to ABS, all analyses
showed excessive quantities of nitrates, free ammonias, alkalinity, chlorides,
phosphates, COD and total dissolved solids. Bacteriological examinations showed
the presence of the coliform organism in several instances.

A research project which investigated the effect of launderette wastes upon the
ground water travel was carried out under a research grant from the New York State
Health Department. The results of the project were reported upon in Research Report
No. 6 by the Suffolk County Health Department and C.W. Lauman Company. In essence
the project indicated that launderette wastes in one area traveled for a distance of

1,000 feet and descended to a depth of 100 feet. The descent of the wastes was halted
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by extenslive clay lens.

The water quality of south shore streams Is indicative of the general water
quality of the upper Glacial aquifer, as the base flow of most of these streams is
the water from this aquifer. Therefore, a monitoring of the past and present quality
of these waters is an ideal indicator of quality trends. A review of the data from
1962 to 1967 shows the detergent levels In the streams in the following towns have

increased as follows:

I. Babylon 133%
2. Islip 265%
3. Brookhaven 188%

In three of eleven streams sampled in the Town of Babylon in 1962 maximum con-
centrations of detergents exceeded the allowable concentration in drinking water. By
1967 every one of twelve streams had concentrations which exceeded the drinking water
standards. Sampling of the streams indicated a definite increase in detergent concen-
tration Iin an east to west direction, the obvious inference being that the greater the
population the greater the pollution.

Legislative Action

Private and public concern with the increasing contamination of water supply
sources by ABS brought the problem into such prominence that legislative action was
deemed necessary.

In the 1962 session of the New York State Legislature, the Senate and Assembly,
with the approval of Governor Rockefeller, mandated the Temporary State Commission on
Water Resources Planning to make a study of the detergent problem. The instructions
to the Commission are expressed in the following terms:

"The Commission shall undertake an investigation and careful study of the effects
of and the problems arising from the underground discharge of wastes containing deter-
gents upon the ground water supply of Long lIsland, the only source of supply available

to that area of the State outside the limits of the City of New York. The Commission
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shall consider the effects of the continually increasing discharge of detergents into

the underground upon the health, safety and welfare of the present and future popula-
tion and the dangers that such discharges of waste may create to the adequacy and
safety of the water supply now and in the future. The Commission shall ascertain
if the area of contamination from detergent wastes is more widespread from the point
of discharge than is usual in the cases of other forms of wastes. The Commission

shall ascertain if similar conditions exist In other areas of the State."

An early examination into the problem by the Commission indicated that:

I. The problem was not peculiar to New York State.

2. Studies had been undertaken by many technical agencies here and
abroad for many years and a considerable fund of information was

already available as background for the New York State investigations.

3. These data, valuable though they are, could not eliminate the necessity
to study water conditions In Long Island and elsewhere in the State

under the actual conditions existing in New York.

4. Every principal source of Information, knowledge and experience had to
be enlisted into service in order fo provide authentic findings and the

best possible solutions to the pressing problems.
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The task groups were integrated into a single technical guidance unit because
of the interlocking details of the various studies. Repeated conference meetings were
held by the joint groups to plan the progress of field studies and to evaluate findings
in terms of their effect on next-step planning of the studies.

The Suffolk-Nassau County field investigation task unit, after conferences amongst
its members, prepared a justification and procedure report outlining the areas in which
additional information was required and presented test procedures by which such infor-
mation might be obtained. The report is given below:

'Scope and Objectives of Project

I. There will be developed a technique and methodology for studies of this nature.
There are techniques of analysis, collection of samples, placement of test
wells and other procedures which must be or will be developed in carrying out
this project. The information and techniques acquired in the conduct of the
project will most certainly contribute to the methodology necessary to carry
out such investigations.

2. Additional information will be obtained relative to the horizontal and vertical
rates of percolation and direction of flow of levels of ABS and other wastes
while traveling through saturated and unsaturated subsolls.

3. Additional information will be obtained relative to the effect of ABS on the

travel of other wastes, including bacteria when present with ABS in the sat-
urated and unsaturated subsoils.

4. The effect on ABS and other waste materials brought about by varying subsoils
in the zone of aeration and in the saturated subsoils.

5. Additional information will be obtained relative to adsorption of ABS by the
various subsoils which are predominant in the Long Island area.

6. Increased knowledge on the phenomena of biochemical degradation of ABS and
other waste in saturated and unsaturated §oils, in addition to information

on the relative biodegradability of alternate surfactants.
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7. Varlations in the amounts of nitrogen, sulphur, and phosphate compounds in
saturated and unsaturated soils and under aerobic and anaerobic conditions.
The development of suitable tracers for the study of the movements of
wastes into and through the ground waters,

Additional information on the mechanisms of how ground water contamination
comes about and suggested methods of control. This will also demonstrate
long-term and short-term effects of liquid and solid waste disposal methods
in ground water areas.

Through the study of the waste disposal units involved, it is believed some
additional interpretative data may be obtained relative to the mechanics

of soll clogging.

Knowledge will be obtained relative to the effectiveness of the predominant
Individual sewage disposal systems in reduction of wastes prior to their
discharge into ground water.

In addition to the applicability of the knowledges gained about the problems

of water supply, this information will also serve as a guide to the return

of treated sewage to the ground waters.

Authorization for Project

State Health Department Contract.

In 1963 a contract was establiished with the State Health Department
in order to carry out the proposed field study in Nassau and Suffolk
Counties. The participants In the contract were the New York State Health

Department, the Nassau County Health Department, the Suffolk County Health
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Department, the Suffolk County Water Authority and C.W. Lauman & Company.
The Nassau and Suffolk County Health Departments were to furnish field
personnel for conducting tests and collection of samples and recording
of data. Laboratory services were provided by the laboratories of the
New York State Health Department and Nassau County Health Department,
Suffolk County Water Authority and Lauman Laboratories. C. W. Lauman and
Company were to install the necessary test well equipment. The contract
was established in the sum of $30,000. The Temporary Water Resources
Commission, its staff and engineering consultant functioned as the base from
which all operations were carried out. Conferences and meetings sponsored
by the Commission provided for periodic review of the project and its
findings.

As the project progressed, the concept evolved of sampling the ceSs-
pool discharge as it passed through the unsaturated soils above the
ground water table. In order to do so, it was necessary to install a
concrete shaft and sampling devices parallel to and below the cesspool.
A contract ($12,000) to construct the shaft and install the sampling de-
vices was established between the New York State Health Department and
C. W. Lauman Company and funded by a U.S. Public Health Service Grant.

Organization of Study Groups

The Commission convened an exploratory conference on-the detergent
problem in May‘1962. ft invited to the conference persons and agencies
interested in the detergent problems including Suffolk and Nassau County
officials, State Departments and égencies, legislators, civic leaders, Public
Health Service, U.S. Geological Survey, Associated Industries of iWew York
State, the Soap and Detergent Association and others.

Following the conference, Senator Van Lare created an Advisory Group

on the detergent problem. From the Advisory Group, were appointed five




technical units in the form of Ad Hoc Groups:

1. Technical Advisory Group on the Long Island Studies - Dr. Morris
Cohn, Chairman.

2. Nassau-Suffolk Research Task Group - John Flynn and Francis Padar
Co-Chairmen.

3. Upstate Study Group - Dr. Nelson Nemerow, Chairman.

4. Detergent Test Products Group - E. Scott Pattison, Chairman.

5. Blueprint of ActionAGroup - Dr. Meredith Thompson, Chairman.

The makeup of the major groups and the names of the members are

listed below:

SPECIAL ADVISORY GROUP FOR THE STUDY OF THE
- DETERGENT POLLUTION PROBLEM

Senator Frank E. Van Lare, Chairman, 1962-1965, Temporary State Commission
on Water Resources Planning

Assemblyman Alonzo L. Waters, Vice Chairman, 1962-1965, Temporary State
Commission on Water Resources Planning

Assemblyman Albert J. Hausbeck, Chairman, 1965-1967, Temporary State Com-
mission on Water Resources Planning

Senator Irving Mosberg, Vice Chairman, 1965-1967, Temporary State Commission
on Water Resources Planning

*Barry D. Andres, Director, Lauman Laboratories

*T. . Bendixen, U.S. Public Health Service

E.W. Blank, Colgate-Palmolive Company

*Theodore E. Brenner, Soap and Detergent Association

*Charles G. Bueltman, Soap and Detergent Association

John J. Burns, Commissioner, Office for Local Government, New York State

Herbert W. Davids, P.E., Director of Environmental Health Services, Suffolk
County Department of Health

Nathan Fenn, P.E., Manager, Suffolk County Water Authority

*John M. Flynn, P.E., Associate Public Health Engineer, Suffolk County
: Department of Health



*William F. Graner, P.E., Senior Public Health Engineer, Suffolk County
Department of Health

Dr. C.S. Grove, Jr., Prof. of Engineering, Syracuse University, L.C.
Smith College of Engineering

*August A. Guerrera, Suffolk County Water Authority

James C. Harding, P.E., Commissioner, Westchester County Department of
Public Works

W.L. Jdensen, Continental 0i1 Company

*A1 Jung, Division of Laboratories and Research, New York State Depart-
ment of Health

Dr. Joseph H. Kinnaman, Commissioner, Nassau County Department of Health

* ee E. Koppelman, Director of Planning, Suffolk County Department of
Planning

*Yincent Lamberti, Lever Brothers
*Herman E. Lauman, President, C.W. Lauman and Company

Dr. George E. Leone, Commissioner of Health, Suffolk County Department
of Health

*Maxim Lieber, Assistant Director, Division of Laboratories and Research,
iassau County Department of Health

*Roy Martin, U.S. Public Health Service, 42 Broadway, New York City
Sylvan C. Martin, Sanitary Engineer Director, U.S. Public HealthFService
James H. McDermott, Sanitary Engineer, U.S. Public Health Service

H.V. Moss, Monsanto Chemical Company

George J. Natt, Director, Westchester County Water Agency

Professor Nelson F. Nemerow, Syracuse University, L.C. Smith College of
Engineering

J.E. 0'Brien, Division of Laboratories and Research, New York State De-
partment of Health

*Francis V. Padar, P.E., Executive Director, Environmental Health, Nassau
County Department of Health

*E. Scott Pattison, Manager, The Soap and Detergent Association

*Nathaniel M. Perlmutter, Geologist, U.S. Geological Survey




*ATllan Raymond, Senior Sanitary Engineer, New York State Department of
Health

Joseph R. Shaw, President, Associated Industries of New York State, Inc.
D.F. Searle, California Research Company
*Donald B. Stevens, P.E.,State Department of Health

George H. Sumner, P.E.,Assistant Commissioner of Environmental Health
Nassau County Department of Health

Dr. Meredith H. Thompson, Assistant Commissioner, Division of Environ-
mental Health Services, State Department of Health

J. Turck, Jdr., Fels and Company

*Arthur Yarner, P.E., State Department of Health

*P.J. Weaver, Proctor and Gamble Company

R. Stewart Kilborne, Commissjoner, Department of Conservation, ilew York State
Harold J. Wilm, Former Commissioner, Department of Conservation, iiew York State

Michael Zihal, P.E., Assistant General Manager, Long Island Water Company

TECHNICAL ADVISOR

*Dr. Morris M. Cohn, Engineering Consultant, Coordinator of Studies
*Technical Advisory Group on Long Island Study
NASSAU-SUFFOLK RESEARCH TASK GROUP

John M. Flynn, P.E., Associate Public Health Engineer, Suffolk County De-
partment of Health - Chairman

Francis V. Padar, P.E., Executive Director, Environmental Health, lassau County
Department of Health - Co-Chairman

Barry D. Andres, Director, Lauman Laboratories

William F. Graner, P.E., Senior Public Health Engineer, Suffolk County
Department of Health

August A. Guerrera ,Chief Chemist, Suffolk County Water Authority
Field personnel

Donald G. Gallerani, Sanitarian, Suffolk County Department of Health
Robert Sheppard, Sanitarian, Suffolk County Department of Health

Fred L. Huhn, Sanitarian, Nassau County Department of Health
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_ Eugene Walker, Sanitarian, Nassau County Department of Heal th
Gerard T. Nelson, Sanitarian, Nassiﬁ Coun?yaé;parfmenf of Health
Douglas F. Wilcox, Sanitarian, Nassau County Department of Health
Charles Philbrick, Sanitarian, Nassau County Department of Health
Eric Kittler, Chemist, Suffolk County Water Authority

Description of Research Procedure

Site Selection

l. Plot Size - Thevsifes selected varied from 10,000 square feet to 2
acres. In order to minimize interference from off-site péllpfion, every
attempt was made to select the largest plot size avaliable in the prob-
lem area. - |

2. Family Size - The homes selected contained a typical size family, pref-
erably one with fwo or three younger children. The homeowner was ques-
tioned relafive to any proposed sale of the home or longterm vacation,
which would affect the continuity of the project.

3. Water Usage - The homes selected had minimum water use of 250 gallons
per day.
A total of 52 individual home sites were sufveyed in order to locate

sites on which to conduct the research project.
When a site was selected as suitable, a contract was drawﬁ between

the property owner and the Temporary New York Sfafe Water Resources

Commission. The homeowner agreed to participate in the project and

cooperate in the use of the detergent test products. The Commission

in turn agreed to restore the property to its previous condition upon

completion of the project.

4, Age of Home and Facilities - The home selected was generélly within

the 3 to 5-year old range with sewage and water supply facilities
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approximately the same age. Site No. 6, however, was occupied for ohly 4 months

preceding its selection as a site.

5.

Location and Direction of Adjacent Homes and Water and Sewage Facilities -
Every effort was made to minimize background interference due to upstream
sewage disposal or water supply facilities. Areas in the vicinity of large
public or private water supply wells were avoided in order to offset ground
water flow changes due to heavy pumpage.

Area Plot Density - Areas with high plot densities were avoided in order

to offset interference from upstream pollution due to subsurface sewage dis-

charges. ’

Public Water Supply Versus Private Water Supply - Preference was given to

sites supplied by public water without sacrificing a good privaTeiwaTer

supply site. This was believed to be advisable, since it permitted a less

restricted use of tracer or dosing materials in that there was no need to

be concerned with their effect upon the homeowners' individual well or

neighboring wells.

Specific Site Data - The following specific data was obtained on each site:

a. Detailed plot plan.

b. Type and location of sewage disposal systems.

c. Consideration was given to installation of a completely new sewage disposal
system on at least one site in order fo obtain information on the function
of new disposal systems in relation to older systems. This proposal was
not carried out, since it was the consensus opinion that steady-state con-
ditions were the prime concern.

d. Sites on which separate disposal systems for laundry wastes were constructed

were rejected.
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On sites employing individual wells, the depth, diameter, and location of
wells were plotted. Plots with lawn sprinkler systems and/or irrigation

wells were rejected,

It was necessary that the site be readily accessible for the entrance of

well drilling rigs and accompanying trucks. The presence of large trees,
outbuildings and other obstructions on the flow |ine were caused for rejection
of the site.

Familles employing anionic detergents were preferred in order that significant
ABS values could be found.

Description of Types of Cases

I. Case | - The following types of sites were sought out,
Depth to Ground Water - 4 to 6 feet to static water level.
Subsoi |
l. Medium to coarse sand and gravel.
2. Fine silty sands.
Sewage Disposal System
I. Septic tank and seepage field.
2. Shallow leaching pool.

Number of Sites - |+ was proposed to carry out the testing procedure

for each type of disposal system in each of the subsoil areas described.

This would give a total of 4 sites.
Case 1|
Depth to Ground Water - |5 to 20 feet static water level.
Subsoil - In this ground water level range, the predominant subsoil
is a medium sand and gravel.
Sewage Disposal System - The predominant type of disposal system under
this case consists of one or two leaching pools.

Number of Sites - Two disposal systems will be investigated under the
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predominant subsoil. This would give a total of two sites.

Case 1|
a. Depth to Ground Water - 40 feet to static water level.
b. Subsoil - Two types of subsoil predominate.
I. Medium sands and gravel.
2. Fine silty sands with traces of clay.
c. Sewage Disposal System - The predominant type of disposal system
under this case consists of one or two leaching pools.
d. Number of Sites - Each of the predominant subsoils were to be investigated.
This would give a total of two sites.
The type and number of sites which were selected are listed below and in Figure 3-2,

Case |
Site No. |

Medium sand, 8 feet to ground water, 2 cesspools.

Site No., 2

Medium sand, 8 feet to ground water, septic tank and | cesspool.

Site Nos. 5 & 6

Medium sand: 4.5 and 8 feet respectively to ground water, septic tank and
seepage fleld,

Case |1

Site No, 4

Fine-medium sand, |7 feet to ground water, two cesspools.

Case i1

Site No. 3

Medium sand, 30 feet to ground water, | cesspool.

Chemical Analyses

Although Chapter 530 of the Laws of 1962 mandated the T.S.C.W.R.P. to consider only

"the etfects of the...discharge of detergents into underground waters", the Task Group
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agreed that it would be desirable to monitor as many constituents of ground water and

sewage as possible. Accordingly, the following analyses were performed:

‘I

Surfactants - Methylene Blue Active Substances were determined according to
procedures in "Standard Methods". This determination was made on all samples
received, recognizing that sampies containing LAS & AS would not correlate
exactly to the callbration curves prepared using ABS and that soap was not
methylene blue active. Analyses were performed by the Suffolk County Water
Authority Laboratory at Oakdaie. In addition, member firms of the Soap and
Detergent Association made determinations by infrared procedures, both as a
referee method and to differentiate between ABS and LAS.

Chlorides - This determination was made on all samples of water and sewage
received. Results were useful in estimating dilution factors when wastes
reached the water tabie. Analyses were performed by standard wet methods

and also by aufoma+ed equipment at the State Department of Health.

Chemical Oxygen Demand - A measure of the quantity of oxidizable compounds
was determined. Samples were screened to minimize the number of analyses nec~
essary as laboratory facilifies‘were limited. The Soap & Detergent Associa-
tion assisted in contracting with an independent laboratory for COD determin-
ations,

Nitrogen Cycle Constituents - Free ammonia, nitrites and nitrates were deter-
mined using automated equipment by the New York State Department of Health,
Division of Laboratories and Research., Samples were screened by Lauman Lab-
oratories and those containing less than 0.1 mg/| were analyzed by distill-
ation procedures.

Sulfates - This determination was made by the Nassau County Health Department

Laboratory on each sample. Although of |imited sanitary
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signlficance, sulfate data also served as a measure of dilution.
Total Alkalinity - This determination was made by the Suffolk County
Water Authority Laboratory on each sample. Measuring the combined
effects of carbonates, bicarbonates and hydroxides, alkalinify:is
loosely related to pH. Since background levels in uncontaminated
Long Island ground water are generally less than 20 mg/| and levels
of 400-500 common in wastes, it was useful in locating the slug

of waste,

pH was determined potentiometrically In the SCWA Laboratory, being
the nearest agency to most of the sites.

Phosphates - Total and orthophosphates were determined by Nassau
County Health Deparfmehf Laboratory on each sample.

Dissolved Oxygen - This determination was made on those sites where
samples coulq be collected without the entrainment of air. A
specially designed pumping arrangement described elsewhere was
successful to the extent that it was able to retrieve samples with
zero dissolved oxygen. Figure 3-3

Specific Conductance was determined on most samples as a quick

method for measuring the ion concentration of water.

Bacteriological Analyses

Coliform Group - Bacteriological examinations for members of the
Coliform Group were made at the Nassau County Health Department
Laboratory using the lactose broth-brilliant green bile multiple
tube fermentation technique. Plate counts at 35°C were also
made. On selected samples, differential determinations were made
to demonstrate probable origin of the organism. Standard Methods
IMViC procedure ufifiz!ng indole, methy| red Voges-Proskauer and

sodium citrate media were employed to indicate whether the coliform
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detected were of fecal origin. There were special problems involved
in the collection of reliable representative samplies for bacteriological
analyses from the test welis. The methods of pumping and collection

required special procedures to avoid cross contamination. The feasibility

of the disinfection procedures evolved were evaluated on the first site,

and the results indicated that the technique warranted continuing the
practice for all sites.

Viruses - Cloth swabs sampling the contents of the cesspool and certain
wells at Site | were submitted for virus examination. The cursory sam-
pling program did not reveal the presence of pathogenic enteric viruses,
such as ECHO or coxsackie which may be present in sewage since they do
not appear in human stools. The absence of placques may be attributed
in part to the season of the year in which they were collected.

Analysis of Sewage

I. Frequency of Analysis - A series of samples were collected to determine
the average strength of the sewage constituents. |In addition, periodic
samples were collected in order to detect variations in the sewage strength.
2. Analyses - The sewage was tested for all the constituents tested for in
the test well waters. In addition, determinations were made for BOD and
total solids.

Collection of Samples and Frequency of Analysis

I. Sampling Frequency - Initially, the minimum sampling frequency was one
sample per test well per week. Experience of the first site indicated
that bi-weekly sampling was sufficient.

Methods for Collection of Samples




a. Saturated Soils - Test wells with screens located in saturated soils were
pumped for sampling by a pitcher pump when static water level was within
25 feet of existing grade. When the depth to static water level exceeded
25 feet, water for samples was pumped by use of hand-operated rod pumps
and an electric vacuum pump. (Drawing |1i{-8)

Prior to collection of the water to be analyzed, each well was pumped for suffi-
cient time to clear the well casing. Special attention was given to see that wells
were not overpumped, thereby giving samples which were not representative of the
stratum being tested. Two-gallon samples were pumped from each well,

b. Unsaturated Soils - The collection of samples from the unsaturated soils
required special techniques and is discussedvunder the details on Site No. 3.

Detergent Compounds

. Types of Detergents Evaluated - The member firms of the Soap & Detergent
Association coopefafively formulated test products containing 4 types of sur-
factants, and the Sugar Research Foundation supplied a fifth compound prepared
from sucrose esters. The washing products were packaged in plain white 20 oz.
boxes labeled "Household DefergenTA\;;deﬁFépared.and Packed for Temporary
New York State Commission on Water Resources Planning, Albany, N.Y.... in
connection with research studies of water resources in New York State...".

The packages, except for sucrose ester, were coded with black squares on the

bottom surface according to the following formulations:

ABS Branched chain ABS 25%
Phosphate bui lder 443
Misc. builders & minor ingred. 312
LAS Straight chain-ABS 26%
Phosphate builders 45%
Misc. builders & minor ingred. 29%
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AS

Soap:

Sucrose Ester

products.

2.

hablits of the family.

necessary on the use

the products be used for general cleaning.

9%

Sodium coco Alcohol Sulfate

Sodium Tallow Alcohol Sulfate 9%
Phosphate builders 50%
Misc. builders & minor ingred. 32% -
Coconut oll tallow and tall

oil soap 60%
Phosphate builders 12%
Misc. builders & minor ingred. 28%
Sod. Silicate 6%
Sod. Phosphate 40%
Sucrose Ester 10%
CM Cellulose 1%
Opt. Brightener 0.1%
Perfume Of | 0.1%
Sod. Sulfate 43%

I+ should be made clear that the above materials were prepared specifically

for use in the Long Island detergent studies and should not be considered commercial

Quantity Per Home - The Soap & Detergent Association supplied sufficient de-
tergent products to provide four 20-ounce packages per week to each test site

home. The quantity actually consumed was variable depending on the size and

Direction for Use - The Association furnished printed direction sheets advising

on recommended quantities for clothes and dishwashing, and also suggested
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of scouring powders, shampoos or compounds for automatic dishwashers.
The homeowners were requested to use the products supplied exclusively,
keep records of the amounts consumed, and were not advised as to which
product they were using.

4. Length of Use - Product use of a specific formulation was continued for
a sufficient time to establish a stable or equilibrium condition in
the disposal system and/or observation wells as indicated by sample
results,

Soll Analysis

A core sample was obtained on each site. The soils were examined for each
change of soil and at 5-foot intervals. Borings extended at least 30 feet

intfo ground water,

The core analysis was the first investigation made at each site in order to
determine the suitability of the site for the test project. Where core analysis
revealed impervious soils, the site was rejected. Tests were conducted on

the soils removed to determine uniformity coefficient and effective size.

Site Procedure

The search for appropriate test sites was commenced by forwarding a circular
to employees of the Health Departments in Nassau and Suffolk Counties and the
Suffolk County Water Authority. It was believed that employees of these ag-
encies would be sympathetic to the project and wiiling to participate. Approx-
ihafely IS5 individuals voldnfeered the use of their properties. The generalized
procedure followed is described below:
. After screening from the site survey data sheet, the members of the
Research Committee visited the site in order to make final determin-

ations relative to its seiection.
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After selection of a tentative site, engineers from the Health De-

partments made ground surveys to locate the bulidings and establish
contour lines.

After location of the disposal gysfem, an estimated ground water flow
line was laid out across the center of the disposal system. The

ground water flow direction was determined by the installation of

test wells in the vicinity of the site. The elevation of the ground
water in the test wells was plotted and ground water contour |ines
drawn. The ground water flow direction is perpendicular to the ground
water contour lines. When this direction was determined, a line para-
Ileling the ground water flow was placed through the center of the dis-
posal system,

A core hole was drilledvin the vicinity of the disposal unit. The

core was carried through the unsaturated sands and a minimum of 30

feet into the saturated sands. The core was visually inspected in
order to determine subsoil conditions. On the sites which were selected,
the subsoils consisted of sands and gravels through the entire depth.
The presence of a substantial lens of clay or other impervious materials
in the ftest site subsoils caused rejection of the site.

At a distance of approximaTely‘ZS feet from the center of the

disposal system and downstream in the ground water flow direction,
probe welis were installed. The probe well was introduced into

the ground water table at depths of I, 2, 4 and 6 feet below

static water level. The probe was pumped at each of these levels,

and a field analysis was made for ABS. In those instances where

- the ground water direction flow had been accurately determined,

ABS contents at various depths made it possible to locate the
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main body of the sewage slug. |t the first probe well missed the slug, additional
probes were Installed at varying horizontal distances from the estimated ground
water flow direction lfne. The same procedures of pumping at various depths in the
ground water table were followed until the sewage slug was located.

When depth and direction of the slug was determined, the test wells were then in-
serted at varying distances downstream from the disposal unit. In addition, test
wells were installed upgradient from the disposal unit. The test wells were gen-
erally placed in groups of three at each location, the first well being installed
in the upper position of the slug, the second well in the center of the élug and
the third well at the bottom of or below the slug. When finaily posiffoned, the
test wells were pumped until clear and capped to grade. |

A well point was inserted into the cesspool and/or septic tank at a point halfway
Into the liquid content in order to retrieve sewage samples.

A water meter was connected to the discharge side of Tﬁe domestic welliserving
the site. The homeowner was provided with the test packages of the ABS products.
Instruction was given on the use of the test product and the need to record the
amount of detergent used.

A tracer substance was placed In the disposal unit on SiTes.I through 4 in order
to obtain ground water velocity dafa. In the course of the project, hexavalent
chromium, chloride, sodium chloride and tritium were employed as tracers. The
results obtained and the success of these tracers are reported upon under each
specitic site.

The wells were sampled on alternate weeks by teams of 2 to 4 sanitarlians from the
Nassau and Suffolk Heglfh Departments. C.W. Lauman and Company provided for main-
tenance of the wells and other equipment employed on the site. Approximately 2
gal lons of water were pumped from each well before collection of sample in

order to clear the well of any water which might be
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standing in the casing and point. The pumping to clear was curtailed in

order to maintain as nearly as possible the status of the well as a
collecting device and not a discharging well. The sample was collected
in a 5-gallon plastic container fitted with a spigot on the bottom.
Thev5—gallon sample was split into seven various size portions, which
were delivered to each of The participating laboratories. The laboratory
analyses were performed through a cooperative effort by the Nassau County
Health Department, Division of Laboratories and Research, Suffolk County
Water Authority, New York State Health Depariment Division of Laboratories
and Research and laboratory facilities of the members of the Soap and
Detergent Association, The samples which were analyzed in the local
laboratories were delivered on the day of collection. The samples for
the nitrogen cycle and chlorides were mailed to the New York State Health
Depakfmenf Laboratory iﬁ Albany.

Special procedures were followed in obTaining bacteriological samples

in order to avoid introduction of bacterial contamination. Prior to
installation on the test well, the hand pump was placed in a 30-gallon
plastic pail containing a solution of approximately 2,000 mg/! of free
chlorine, The chlorine solution was flushed through and permitted to
sTana for several minutes in the pump. The chlorine solution was then
removed and the pump placed on the test well. The test well was cleared
until an orthotolidine test indicated the water to be free of chlorine.
In addition to disinfection of the pump, the test wells at each site were
samples in a specific sequence, beginning with wells which were expected
to be free of coliforms and followed by wells with progressively higher

expected bacterial densities.
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PART 4 - SUMMARY AND SITE COMPARISONS

Background Well Data

The ground water quality upstream from the disposal systems at the six sites
reflects the natural water in the glacial aquifer on the southern tler of Long
Island on which is superimposed, to various degrees, the influence of domestic
sewage discharges. A summary of the values of typical constituents is shown on
Table 4-1,

The coliform values in general varied from an average MPN of 0 to 4! per
100 mi, thereby demonstrating the filtering action of sandy soil béfh in unsat-
urated and saturated zones, but to an insufficient degree to prevent loca! ground
water contamination by sewage disposal systems. The high value of 496 per 100 ml
at Site 6 is not consistent with other sites or the levels of other sewage con-
stituents from the same well and may be due to some Qnique local influence.

Values of MBAS in the background varied from averages of 0 to 0.1l mg/l.
Levels generally varied directly with that of other soluble sewage products such
as phosphates, nitrates, sulfates and chlorides. Exceptions were, higher chlor-
ides and specific conductance values at Site 5 and relatively higher sulfates at
Sites 2 and 5 than at the other sites. Distinct waste plumes having origin at
some distant upgradient polluting source were observed on Sites |, 2 and 6. Back-
ground observation wells on Site | were more than 500 feet downstream from any
other sewage systems.

Disposal System Concentrations

The concentration of sewage constituents in the septic tank or cesspool at
each site was fairly consistent and primarily refiect differences in family size
and habits. Values for typical constituents are shown in Table 4-2.

Detergent levels tended to be uniform from site to site for each test product

but with several exceptions. ABS values were consistent at 40 mg/! for Sites
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Table 4-1

BACKGROUND WELL- CONCENTRAT IONS

SITE
CONST I TUENT 1 2 3 4 5 6
MBAS as ABS 0.02 0.02 0.04 0.11 0.02 0
Chlorides 8.0 13.0 5.30 19.3 24,1 6.1
Total PO, 0.10 0.04 0.06 1,10 0.03 0.1
Spec. Cond. 85 150 60 132 223 59

|Alkalinity as CaCO3 16.0 23.0 25.0 15 14 16.0
Sulfates 19 52 10 3 72 25
Coliform Log Avg MPN/100 mi 2.2 45 20 19 41 496
Ammonia Nitrogen 0.02 0.35 0.03 0.07 0.05 0.08
Nitrate Nitrogen 5.1 : 4.0 1.4 8.2 5.3 0.3
COD - 7.3 15.0 10.0 - -




TABLE 4-2

DISPOSAL SYSTEM CONCENTRAT IONS

Note: Products are listed in the order in which tested

Site #1
ABS LAS, Soap LAS, AS
MBAS as ABS 40, | 53.4 3.5 21.3 14,6
Ammonia 79.5 68.8 64.5 73.7 64.4
Chlorides 69.7 72.6 66.5 63.0 56.5
Total Phosphates t.o 103.0 55.5 88.5 76.0
Spec. Cond. - 655.0 680.0 835.0 845.0
Alkalinity 470.0 375.0. 359.0 381.0 426.0
Sul fates 36,0 126.1 40.4 29.0 7.8
Coliform(Log Aver. x 1061114 133 5.24 9.02 22.4
Nitrite 0.02 0.02 0.01 0.02 0.01
Nitrate 0.12 0.10 0.12 0.10 0.14
COoD 309.0 - 281.0 153.0 - -
Site #2
ABS LAS1 AS Soap LAS2 Sucrose
Ester
MBAS as ABS 41,1 24,3 13.4 2.3 18.4 5.3
Ammonia 51.6 56.5 52.5 63.0 58.9 60.0
Chlorides 60.0 53,7 47.0 53.8 50.6 55.5
Total Phosphates 74.0 71.0 81.5 47.5 86.0 122.0
Spec. Cond. 558.0 640.0 675.0 760.0 - -
Alkalinity 293,0 333,0 295.0 380.0 385.0 345.0
Sulfates 6 177.0 65.2 34,0 8.2 10.9 29.0
Coliform(Log Aver. x 107) 1.23 .74 3.34 10.2 1.39 .67
Nitrite 0.0l 0.01 0.0l 0.02 0.02 0.02
Nitrate 0.10 0.t0 0.13 0.10 0.10 0.07.
CoD 233.0 142.0 - - 184.0 236.0
Site #3
ABS LAS
MBAS as ABS 40.0 29.2
Ammonia 90.3 83.5
Chlorides 64.5 57.0
Total Phosphates 88.3 66.5
Spec. Cond. 850.0 815.0
Alkalinity 423,0 450.0
Sul fates 6 34,2 10.8
Coliform(Log Aver. x 107) 8.59 16.5
Nitrite 0.02 0.02
Nitrate 0.10 0.19
coD 191.0 -
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TABLE 4-2
(continued)

DISPOSAL SYSTEM CONCENTRATIONS

Site #4

Soap LAS
MBAS as AS 1.4 28.8
Ammonia ' 115.0 94.0
Chlorides 73.0 61.5
Total Phosphates ' 56.9 81.5
Spec. Cond. 314.0 953.0
Alkalinity 549.3 440.0
Sul fates : i1.8 5.2
Coliform(Log Aver. x 10%) 6.3l 3.5
Nitrite . 0.0l 0.02
Nitrate 0.10 0.95
CcoD 207.0 -
. Site #5 (Septic Tank)
LAS AS Soap ABS
MBAS as ABS 9.8 6.2 .01 .7
Ammonia 61.2 79.0 81.3 61.5
Chlorides 56.2 51.8 61.3 52.0
- Total Phosphates ‘ 57.5 64.2 49.3 62.6
Spec. Cond. ' 646. 840. 795. 727.
Alkalinity 306. 422, 481. 437.6
Sulfates 16.4 10.2 1.8 3.1
Coliform(Log Aver. x 10%) 2.23  5.89 .68 .68
Nitrite 0. 0.02 0.01 0.0l
Nitrate 0. 0.72 0.03 0.4
COoD - - - -
* Site #6 (Septic Tank)
LAS AS Soap ABS
MBAS as ABS 26.0 16.2 3.0 12.5
Ammonia 102, 95.5 94.0 116.0
Chlorides 106. 107.0 97.1 96.
Total Phosphates 103, 100. 53.7 70.
Spec. Cond. 1050. 1240. 580. 180.
Alkalinity . 491, 546. 596.0 325,
Sul fates 6IOO. 46,2 26.6 21.
Coliform (Log Aver. x [07) |.66 8.78 |.84 4.3
Nitrite 0.02 0.02 0 0
Nitrate 0 0.08 0.05 0
COoD - - - -
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I, 2 and 3 and at approximately 12 mg/i for the two tile field sites. LAS levels
were generally consistent between 20 - 30 mg/| except for an average value of 53
at Site |, and 10 mg/| at Site 5. Synthetic detergent levels tended to be appre-
ciably smaller in the period following soap tests apparently due to increase in
adsorption capability within the system.

Infrared analysis of sludge material collected from the disposal system of
Site 3 during LAS usage indicated an average of 25 percent branched material
(ABS) in the sludge. In the liquid phase of the cesspool, branched material re-
duced to O percent during LAS usage, but aeration of the cesspool apparently re-
suspended sludge material and thereby increased the branched material in the liquid
phase to 5 percent.

Chlorides remained at constant levels at each site throughout the study, gen-
erally between 50 to 70 mg/| except at Site 6 where average values fluctuated be-
tween 96 and 107,

Ammonia levels also reflected a site characteristic regardiess of test prod-
uct. Average values ranged between 52 and |15 mg/l as N although the range of
averages at each site varied only between 6 and 20. Slfgs 4 and 6 demonstrated
higher values, both averaging between 94 and 115 mg/l. Nitrite values were negli-
gible with highest average at 0.02 mg/| as nitrogen. Nitrate values were uniformiy
low at all sites, averaging below 0.20 mg/l as N except for average values of
0.95 mg/|l at Site 4 during LAS tests and 0.72 at Site 5 during AS use.

Alkalinity varied between 293 and 596 mg/| as CaCO3 at all sites. The range
at each site was between 27 and 250 with the greaterfluctuations at Sites 5 and 6.

.Specific conductance average values were between 518 and 1240 micromhos/cm
for all sites although the range of averages at each site was generally smaller
varying from only 35 at Sites 3 and 4 to 240 at Site 6.

Phosphate values averaged between 58 and 122 mg/| for all test products except
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sdap; During soap use the averages were between 48 and 57 mg/| at all sites.
No pattern of phosphate levels was evident for the other test products or type
of system,

Sulfate levels varied markedly from site to site and for different test prod-
ucts at each site. Overall, the average values extended from 2 to 177 mg/|.
Average values over 100 mg/| occurred on Sites I, 2 and 6. Sites 3, 4 énd 5 ex-
hibited the lowest levels and range with average values all beiow 51 mg/l. There
did not appear to be a relationship between average sulfate levels in the disposal -
system and the sulfonate group present in the various washing compounds used.

The coliform concentrations in the disposal systems averaged between a log
average of 1.2 X 10 and 22.4 X IO6 except for values of (14 X 105 and 133 X |O6
at Site | durlng.ABS-and LAS Tesfs. Eighteen of-23 average values were less than

10 x 10°

including all values at Sites 4, 5 and 6.
COD average values were between |53 and 309 mg/| for some test products at
Sites | to 4. COD analyses were not conducted for all phases at all sites.

Detergent and Water Use

Detergent product and water use at each site and computed MBAS input on
mg/i basis is shown in Table 4-3, The calculated MBAS varied from zero during
use of soap and Sucrose Ester to 64 mg/| at Site | during ABS tests. The two
percolation field sites generally exhibited lower and less consistent values
than the cesspool sites. For Sites | through 4, the MBAS during ABS use varied
from 44.5 to 64 mg/| and during LAS tests for eighf product cycles from 20.7 to
36.3 mg/l. During AS use, the MBAS input varied from 23.6 to 30.9 mg/! on these
sites. |

Water use varied from averages of 110 to 447 gallons each day at all sites
exclusive of lawn sprinkling and other outside usage. Generally, water consump-

tion was affected primarily by season with summer use twice the winter use.
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Table 4-3

Product and Water Use

Detergent Used Water Use MBAS (mg/1)
(gal/wk.)

Time of Test Total Wt, Weight/Wk.
Product (weeks) Boxes* (1bs.) (Ibs.) Computed Observed
Site #I Oct. 15, 1962
ABS (MBAS) Feb. 25, 1963 26 32% 2.38 1100 64.0 40. |
LAS " Feb. 25, 1963

June 12, 1963 29 36% .82 1575 36.3 53.4
Soap " June 12, 1963

March |, 1964 52 65 1.75 1390 0 3.5
LAS " March |, 1964

Sept. 2, 1964 50 62% 2.40 2300 32.8 21.3
AS " Sept. 2, 1964 ‘

Nov. 30, 1964 14 17% 1.34 1230 23.6 14,6
Site #2
ABS " Feb. 12, 1963

June 1, 1963 48 60 3.75 1930 57.5 41,1
LAS " June |, 1963

April 22, 1964 108 I35 2.92 3130 29.3 24.3
AS " April 22, 1964

Dec. 7, 1964 96 120 3.64 2545 30.9 13.4
Soap " Dec. 7, 1964

Aug. 24, 1965 98 1224 3.2l 2680 0 2.3
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Table 4-3 (continued)

Product and Water Use

Detergent Used Water Use MBAS (mg/|)
(gal/wk.)

Time of Test Total Wt. Weight/Wk.
Product (weeks) Boxes* (Ibs.) (Ibs.) Computed Observed
LAS (MBAS) Aug. 24, 1965

Nov. 22, 1965 33 37 2.85 2745 32.6 18.4
Sucrose Nov. 22, 1965
Ester" March 14, 1966 51 63% 3.92 1665 0 5.3
Site #3
ABS " Sept. 16, 1963

Jan. 4, 1965 98 1224 .91 1275 44.5 40,0
LAS " Jan. 4, 1965

Jan. 24, 1966 84 105 1.91 1675 35.8 29.2
Site #4 o
Soap " Dec. 4, 1963

March 9, 1964 16 20 {.43 1050 0 1.4
LAS ¢ March 9, 1964

June 28, 1965 76 g5 .39 1160 36,2 28.8
Site #5
LAS April 15, 1964

Sept. 3, 1964 36 45 1.3 2205%* 29.7 9.8
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Table 4-3 (continued)

Product and Water Use

Detergent Used Water Use MBAS (mg/1)
(gal/wk.) ‘

Time of Test Total Wt. Weight/Wk.
Product (weeks) Boxes * (Ilbs.) (Ibs.) Computed Observed
AS (MBAS) Sept. 3, 1964

Jan. 9, 1965 20 25 1.5 1106 23.7 6.2
Soap " Jan 19, 1965

April 13, 1965 6 8 .67 1624 0 1.0
ABS " April 13, 1965

Sept. 20, 1965 20 25 .96 2170 21.0 1.7
Site #6
LAS April 9, 1964

Sept. 3, 1964 30 37.5 .04 1568 20.7 26.0
AS " Sept. 3, 1964

Jan. 19, 1965 13 16.25 75 1057 15.3 16.2
Soap " Jan, 19, 1965

April 13, 1965 6 8 .67 924 0 3.0
ABS " April 13, 1965 .

April 27, 1965 2.0 2.5 1.25 775 48.5 12.5

* Box content was 20 oz.

**Average non-summer water use of 1365 gal/wk. used for al! MBAS concentration calculations
for Site 5. Values shown include outside hose bib.




Typical winter usage was 150 to 160 gal/day, while summer use was 300 - 325 gal/day.

The syndet input was generally appreciably higher than indicated by MBAS
analysis of samples from the disposal system. The difference was apparenfly
caused by the normal erratic usage of detergents in normal domestic operations
and the non-uniform dispersal of the detergent products in the septic tank or
cesspools. Synthetic detergents adsorbed on settieable solids would appear in
the sludge or scum rather than in the supernatant which was generally sampied.
This characteristic would be more pronounced in a septic tank, which is specif-
ically designed for suspended solids removal as opposed to a cesspool. The data
on Site 5 revealed actual MBAS in the range of |/4 to 1/2 of the actual consumed
quantities as opposed to a.range of 2/3 to 5/6 on Sites |, 3 and 4 énd 43 to 83
percent on Site 2, Site 6 did not demonstrate this remoQal efficiency except
during ABS tests,

Product quantity decreased up_fo 20 percent and water consumption increased
by as much as 50 percent during use of LAS as compared with ABS test products.

" Effects of Different Sub-Soils

Soil characteristics on Sites |, 2 and 3 were relatively similar, of predom-
inantly medium to coarse sands and gravel with a soil porosity range of 29 to 38
percent. Subsoil on Site 4 was markedly different consisting of silty sand with
traces of gravel. Site 5 subsoi!l was medium to fine sand while Site 6 soil was |
sandy clay, grit and stones.

Site 4 exhibited generally greater capacity for reduction of several constit-
uents compared to Sites | to 3, including MBAS (during LAS tests), ammonia, sul-
fates, phosphates, alkalinity and specific conductance. Site 6 removals were gen-
erally higher than Site 5 for MBAS (during use of all test products), sulfates
and phosphates. Site 5 was higher than Site 6, however, in reductions of alka-

tinity,specific conductance and ammonia. Other variables than soil differences




were present, however, to account for higher general efficiencies of
Sites 4 and 6, including type and age of system, length of unsaturated flow
path and avallabllity of dissolved oxygen in the ground water.

Analyses were made by the U.S.G.S. of ABS adsorption capacities of subsoils
at Site | with reported values of 50 - 70 micrograms of ABS per gram of sand;
These capacities are not considered to be large on a unit of soil basis but can
nevertheless play a significant role in sorption of synthetic detergents due to
the long fliow path invoived in the unsaturated and saturated zones.

Ground Water Movement

Several tracer materials were studied to measure ground water fliow rates
including sodium fluoride, chlorides, hexavalent chromium, and radioactive
substances. Successful determinations were made at Sites |, 2, and 3. Rates
of ground water movement at Site 4 could not be clearly established. No
attempt was made at Sites 5 and 6 to measure rate of travel.

Sodium Fluoride

Sodium fluoride was successfuljy traced on Site | from cesspool fo a test
well 10 feet distant and subsequently to another well 21 feet distant from the
source. Three pounds of tracer material dissolved in hot water was added to the
cesspool ., Rates of travel of 0.33 ft/day and 0.28 ft/day were established in
time periods of 32 and 75 days respectively, Sodium fluoride was also success-
fully used on Site 2 in the same manner. The tracer was retrieved in three
wells 10, 20, and 40 feet downgradient to establish a velocity of 0.66 ft/day.

Sodium Chloride

Sodium chioride was also effectively used to confirm rates of ground water
movement at Site |, using 4 and 6 inch diameter polyvinyl-chloride pipe wells
with 1/16 inch diameter holes drilled on 1-1/2 inch centers In the lower |2
inches of pipe to permit movement of ground water, Welis were sampled with a

bomb sampler lowered into the well, Rate of travel of 0.33 ft/day was confirmed.
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Test distance was 5 feet. This procedure was also used on Site 3 to measure

movement of 0.6 ft/day.

Hexavalent Chromium

Use of hexavalent chromium as tracer was not effective in determining
rates of ground water movement due to apparent sorption or chemical reduction
of the tracer material on subsoils and on materials within the disposal system
itsel f.

Radioactive Tracer

Ground water travel rates were studied at Site 3 by measufing movement
through unsaturated and saturated soil of radioactive matertal added to the
cesspool In a single dose (Phase |). Determination was based on peak tritium
activities at each sampling point which provided incremental and overall travel
rates as shown in the following tabulation:

Unsaturated Zone (20 feet vertical travel) -

Cesspool to Top Sampler *0.75 tt/day
Top to Middfe Samp ler 1.33
Middle Sampler to Well #6 : 1.60
Cesspool to Middle Sampler 1.10
Cesspool to Well #6 1.15
Average Rate of Travél 1.29 ff/day

Saturated Zone -

Well #6 to #10 (10 ft. of travel) 0.9‘ ft/day

Well #10 to #13 (10 ft. of travel) *5.0

Well #6 to #13 (20 ft. of travel) __1.54
Average Rate of Travel 1.23 ft/day

*¥Not included in Averages
Travel rates in the saturated zone determined on basis of tritium study

are generally twice that established by use of chemical tracers. Rates based
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upon the first indication of tritium activity, resulting from the continuous
dosage in the Phase Il study, could not be accurately determined. This was

due to the Inability to distinguish the initial tritium arrival date at some of
the downstream sampling locations.

Constituent Reduction Comparisons

Chlorides
Chloride reductions through the unsaturated and the saturated soil was
considered fto be a measure of dilution accomplished by mixing with ground waters
of lower chloride content.
| Chloride reductions from the disposal systems at each site to initial
downstream well group are summarized in the following table:

Percent Reduction of Chlorides Through Disposal System

Sites ABS LAS| LAS, AS Soap Sucrose
Ester

I 5 3 2 | 5 -

2 (12) (6) (5) (6) (rn (5)

3 18 24 - - - -

4 - 20 - - 63 -

5 2 I3 - 22 19 -

6 18 25 - 22 14 -

Note: Values in parenthesis represent increase in values.
A more specific delineation of reduction through unsaturated soils was
available from Site 3 data where sampling devices were available within the

unsaturated soil. The removals are shown in the following tabulation:




Average Chloride Reductions
In Unsaturated Soil of Site 3 (mg/1/ft.)

Cesspool to Top to Middle Middle to Bottom
Top Samplers Samplers Samp lers

(1.5 ft. Travel Distance) (4.0 #t. Travel Distance) (4.0 ft.Travel Distance)

ABS (1.33) .82 0.75
LAS  (1.40) 0.65 0.70
Note: Values in parenthesis represent increase in values.

The removals within the saturated zones are shown on the following
tabulation:

Reduction of Chlorides

: mg/| per Linear Foot Percent per Linear Foot
Site Velocity Range Average Range , Average
1 0.33 ft/day 0.39 - 0.60 0.5l 0.70 - 0.88 0.8l
2 0.07 ft/day 0.15 - 0.33 0.24 0.31 - 0.6 0.43
3 0.60 ft/day 0.19 - 0.29 0.24 0.35 - 0.67 0.51

The apparent higher rate of reduction through the unsaturated soil appears
to be due to the natural influence of intersticial water and the lack of ability
of the gravity and tensionmeter sampling devices to selecf{vely sample the cess-
pool effluent. The same general problems are present in sampling the saturated
soil zone except that the waste slug can usually be more accurately located during
initial probes and the sampling techniques are more reliable.

The use of radioactive tracers at Site 3 provided an opportunity to compare
reduction rates. The dilutional effects as measured by changes in peak Tritium
levels indicated a. rate of reduction or dilution significantly greater than

observed for chlorides. The rates of reduction are tabulated as follows:



Rates of Reduction (Dilution) In Percent per Linear Foot of Travel

Unsaturated Zone Saturated Zone
Tritium (Las test) Phase | 4,0 2,32
Phase || 0.73 1.43
Chlorides (ABS test) 0.9 | 0.35
Chiorides (LAS test) .17 - 0.67

The discrepancy in results is probably due to the short duration of the
radiotag study, limifed samples, and limitations in analytical techniques.
Chloride levels are, therefore, considered to be a more reliable indicator of
dilution,

MBAS Reported as ABS

The reduction in MBAS through the disposal systems at all sites varied

considerably for different sites and test products. Average disposal system

concentrations and percent removals to initial test wells are summarized in

Table 4-4,

The wide variation is caused by several factors intrinsic to the system
and to difficulties in accurately sampiing the representative sewage in the
system and downgradient waste plume. The system concentration which is measured
by a given sample is influenced by many factors including the following:

I. Freguency and quantity of defergenf usage.

2. Quantity of rinse water used in washing operations.

3. Other water usage concurrent with washing operations.

4. Change in detergent product use.

5. Cesspool liquid level fluctuations.

6. Adsorption capacity of sysfem contents,

7. Seasonal turnovers of system contents.

8. Age of system.

9. Sampling procedure,.




Table 4-4

MBAS Concentration in Disposal System

and Percent Removal Achieved

Site | 2 3 4 5 6

Test Product A¥ - pB¥ A- B A - B A- B A - B A - B
ABS 40 - 14 4] - 2 40 - 59 - - 12 - 60 13 - 78
LASI 53 - 47 24 - 8 29 - 57 29 - 99 10 - 18 25 - 56
LA52 21 - 72 18 - 31 - - - - - - - -

AS 15 - 38 13 - 22 - - - - 6 - 9 16 - 53
Soap 4 - (176) 2 - (288) =~ - - 7 I - (167) 3 - 37
Sucrose Ester - - 5~ (iot) - - - - - - - -

* A- Disposal System Concentrations (mg/l).
B- Percent Removal to first test well group.

Note: Values In parenthesis represent increases.




The concentration in the ground water immediately downgradient from the
system is affected by several other factors as fol lows:

I. Fluctuation In concentration of syndets in system effluent.

2, Change in basic functioning of system affecting point of effluent

discharge or discharge path,

3. History of previous detergent types used in household.

4. Selective adsorption capacity of soil for successive test detergents

and degree of saturation already achieved,

5. Fluctuations in static ground water level.

6. Changes and fluctuations in direction and rate of ground water

movement.

The influence of many of the factors which determine syndet concentrations
and removals are mitigated by long term sampling. The average values are con-
sidered representative of typical households and ground water conditions.

Although MBAS concentrations in the disposal system and immediately
adjacent groundwaters varied considerably, a relatively smaller difference in
MBAS levels were observed at the final downstream wells at Sites | through 4
as tabulated below:

Site Travel Dist.(ft.) Travel Rate (ft/day) MBAS in Final Wetlls (mg/l)

| ~ 80 0.33 0.6 - 2.5
2 65 0.67 10.4 - 14,53
3 45 0.60 6.3 - II.1
4 31 - 0.4 - 0.6

MBAS reduction rates in the downstream saturated zone varied considerably
with use of different surfactants. There was no correlation evident of reduction
rate for a particular surfactant on the four test sites, or for different
detergents on the same site. Comparison of reduction rates in the saturated

zone with chloride reductions demonstrates the selective removal of syndets by




sorption. The data for Sites |, 2, and 3 tabulated below shows MBAS removals
exceeding chloride removal in a range frem | to 70 per cent.

MBAS and Chloride Reduction in Saturated Zone

Site |- 2 3
Constituent Overall Removal/Removal per Linear Foot (mg/l)
ABS 98/1.3  a1/1.2 32/0.8
Chlorides 65/0.9 19/0.3 14/0.4
LAS, 97/1.3 24/0.6 50/1.3
Chlorides 64/0.9 " 18/0.3 27/0.7
LA52 : » 59/0.8 40/1.0 -
Chlorides - 58/0.7 37/0.6 -
AS 123/1.7 25/0.6 -
Chlorides 53/0.7 : 20/0.3 -
Soap 82/t.1 78/0.2 -
Chlorides 62/0.8 32/0.5 -
Sucrose Ester - 48/1.2 -
Chlorides - 31/0.5 _ -
Travel Distance 75 $t. 60 ft. , 40 f+.

Note: Removals shown represent first to last wells downgradient
from disposal system.

Although large bacterial populations existed in the initial flow path on

all sites, a relationship between MBAS levels and bacterial densities was not

revealed.
Infra-red analyses during initial use of LAS on Site 2 indicated that

56 - 90 percent of the material retrieved from test wells was branched chain

(ABS) surfactant and on Site 3, 83 - 100 percent, despite an extensive period

of household use of straighter chain (LAS) surfactant. -
The continued appearance of ABS Is apparently due to desorption of

previously deposited molecules of ABS and replacement by LAS in newly arrlving '

wastes.

General usage of sucrose ester or soap materials as household washing
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compounds would result in an immediate decrease in the quantity of MBAS being

leached by disposal systems and cause progressive desorption of branched chain
ABS from the soil.

The number of infra-red analyses was insufficient to establish a clear
relationship between ABS, LAS and other materials studied throughout all phases
of the study.

Degradéfion of radio-tagged surfactant was studied at Site 3 by use of
LAS3? and tritium added to the cesspool. Phase | involved addition of a single
dose while Phase Il entailed continuous dosing.

Cesspool samples indicated that no degradation of the tagged LAS>? occurred
in the liquid portion of the disposal system.

There was no apparent preferential holdup of tritium, total or undegraded
sulfur in the disposal sysfem or downstream sampling locations.

Reasonably consistent ratios of total to undegraded sul fur>?

at each
sampling point in the unsaturated soils indicated what appears to be degradation
rather than some other process.

35 molecule appeared to occur during Phase | at the

Degradation of the LAS
sewage-soi |l interface and also at the interface of the unsaturated-saturated
soll zone. Degradation was observed throughout the entire unsaturated zone

during Phase || study. Generally, degradation of the LAS>? molecule occurred

prior to the first downstream sampling point. Percent degradation is tabulated

below:
Percent Degradation Average Percent MBAS Reduction
Phase | Phase || ABS LAS
Cesspool 0 0 0 0
Unsaturated Zone
Top 48.8 39.4 52.3 54.5
Middle 43.6 46.0 50.0 40.8

Bottom - 52.5 72.5 37.0




Percent Degradation Average Percent MBAS Reduction

Phase | Phase 1|1 ABS LAS
Saturated Zone
Well 6 79.0 67.2 59.0 57.0
Well 10 77.0 53.6 63.5 54.6
Well I3 77.4 36.4 65.5 42.5

Degradation of the tagged LAS35 was not observed in movement of the slug
through the downstream saturated soil zone.
Initial travel in the unsaturated soil zone, cesspool to top collectors
(18 inches of travel) accounted for the greatest amount of degradation of LAS?,
Similarly significant reductions in average MBAS levels also occurred in this
initial travel distance of |8 inches.
Significant overall reductions of tritium and sulfur activities resulted
during both phases of the study. Generally most of the reduction activity
occurred in the first I8 inches of travel in the unsaturated zone except for
tritium during the Phase || study as shown in fhe following data summary:

Percent Reductions of Cesspool Peak Activities

Overall Total Undegraded
Reductions - Tritium Sul fur Sulfur
Phase | 60.6 - 89.3 89.8 - 97.1 96.4 - 99.3
Phase || 2.9 - 38.5 82.0 - 90.3 9],5 - 95,8

Initial 18" travel -
Phase | 66.0 94.0 97.3
Phase 11| 5.45 83.8 91.5
Possible short-circuiting of the bottom collectors in the unsaturated zone
and Well 6 is substantiated by the increase in activities between Well 6 and 10
during both study periods and also by the malfunctioning of the bottom collectors.
Sulfur35 degradation in the cesspool sludge of 51-65 percent was observed

during a short testing interval at the end of the Phase 1| study.
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Soll core samples collected affer.confinuous dosing of the cesspool was
discontinued, indicated between 19.7 and 58.| percent degradation of sulfur3>-

There was absorption-desorption of tagged LAS material on the sludge and
soils as demonstrated by the continued release of small amounts of radioactive
maferials_seven months after completion of the Phase || study.

Dissolved Oxygen (DO)

Test wells)locafed within the waste plume of the cesspool sites were vir-
tually devoid of dissolved oxygen; those wells influenced by the tile field
effluent on Sites 5 and 6 were significantly lower in oxygen than unpol luted
water peripheral to the waste slug.

Test wells screened above and below the waste plume revealed strikingly
higher DO values.

The dissclved oxygen in all wells at Site 4 revealed relatively higher
values than from comparable wells at other sites, indicating either elusiveness
of the waste plume or lack of oxygenation potential of the sewage slug from that
site.

No DO data was obtained for Site 3.

A summary of DO levels at all test sites is shown in Table 4-5,

The depletion of DO at various points in the ground water is generally
indicative of the biological and/or chemical oxygen demand of the waste products
discharged to the ground water,

pH

The pH in the ground water downgradient from the disposal system at the
test site remained fairly consistent for each site with averages ranging from
4.5 to 7.1. Test wells evidencing constituents of poliution were slightly higher

in pH than unpoliuted wells.
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Table 4-5

Average Dissolved Oxygen Concentrations (mg/l)

Site #1 Site #2 Site #4 Site #5 Site #6
Well Dissolved well Dissolved Well Dissolved Well Dissolved Wel | Dissolved
No. Oxygen No. Oxygen No. Oxygen No. Oxygen No. Oxygen
IN 4.0 mg/| I 1.2 | 4,0 IN 5.7 IN 2.6
2N 0.5 2 0.3 2 4,2 2N 4,3
3N 0.4 3 3.1
4 6.4 2 1.6 2 0.7
| 4.6 5 0.0 5 6.4 3 0.04 4 0.1
| 2 1.5 6 0.7 6 4.8 4 1.6 5 0.2
| 3 0.26 7 0.0
4 1.9 8 0.0 7 4.8 6 0.1 6 0.1
8 5.6 7 0.001 8 0.0t
24 I.1 10 0.0 9 4,1 9 0.02
\ o 24A 0.0 I 0.0 9 1.6
N 12 0.5 10 3.9 10 0.5 10 1.3
~o25 3.35 N 4,8 H 0.0
| 26 0.17 14 0.2 12 4.6 12 0.7
‘ 27 3.26 15 0.0 13 0.9
| 16 0.0 13 5.4
| 32 2.52 14 4.5 14 2.8
| 33 0.0 17 0.l 15 3.3
| 34 4.86 18 0.0
19 0.4
17 0.98
18 0.0
19 0.90
20 2.30
21 2.70




Ammonia

Nitrogen in sewage was demonstrated to be partially converted from the
organic to the nitrate form in passage progressively through the disposal
system, the unsaturated soil, and those portions of the saturated soil zone
which were observed. The conversion rate varied from site to site and was
related generally to the length of path through the unsaturated soil zone.

The total nitrogen concentration at sﬁccessive points along the flow path was
found to diminish and is attributable to a combination of dilution, adsorption
and ion exchange.

The initial concentration of free ammonia in the disposal system is increased
at the sewage-soll interface through conVefsion of organic nitrogen by bio-chemical
oxidation while in contact with the zoogleal film at the interface. Thls phen-
omenon was demonstrated at Site 3 where free ammonia levels increased 6! percent
(90 to 145 mg/1) during ABS use in passage between the cesspool and top sampler
located 18 inches below the bottom of the cesspool.

Subsequent movement into the unsaturated soil generally caused free ammonia
to decrease significantly. The decrease appears to take place immediately upon
entry of sewage into the unsaturated soil zone. Free ammonia levels at Site 3
were reduced 77.3 percent (from 145 to 33 mg/l) between the top and middle sam-
plers separated by a vertical distance of 4 feet. The ammonia remained relatively
unchanged in the remaining |l feet of travel in unsaturated soil.

Overall net reductions in free ammonia in passage through unsafurafed soils
were greatest at Site 3 involving a vertical travel distance of |5 feet through
coarse sand and at Site 4 with a distance of 9 feet through fine sand. Large
reductions were also observed at the two tile field sites averaging between 50
and 80 percent except for 25 percent reduction at Site-6 during AS and soap.use.

On the other hand, free ammonia levels actually increased at Site 2 where the
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cesspool was partially submerged in ground water and the soi! was coarse sand.

Reduction in ammonia levels are caused by oxidation to nitrate, by adsorption

and by ion exchange. Some of the reduction is apparent only and due to dilution
and inabitity to accurately sample the sewage plume. The tendency for greater
reductions through finer soils is Indicative of greater adsorption and/or ion
exchange capability. Additional support for this explanation is provided by

the frequently observed lack of corresponding increases in other forms of nitrogen.
Ammonia reductions are summarized in Table 4-6 and 4-7.

The ammonia levels in the saturated soils peaked at one of the intermediate
test well Qroups. For all surfactants on Site |, and during the use of the
initial three surfactants (ABS, LAS, AS) on Site 2, ammonia reductions were
accounted for entirely by dilution. Predominantly greater reductions in free
ammonia resulted during use of the final three surfactants (Soap, LAS, Sucrose
Ester) on Site 2 and for all surfactants used on Sites 3 and 4. Since there was
no corresponding increase in other nitrogen compounds, the free ammonia reduction
Through this portion of the flow path was probably caused by adsorption and ion
exchange.

Nitrites

Nitrite levels were minimal at all phases of all sites for all test products.
The nitrite is an unstable transitionary stage in the conversion of free ammonia
to the nitrate form.

Nitrite values appear to have peaked within the unsaturated zone corresponding
to the peak in nitrate concentrations. At Site 3 the nitrate concentration was
demonstrated to peak at the bottom samplers in the unsaturated zone.

Nitrates

Nitrate levels generally increased in passage through unsaturated soi! from

virtually zero values in the raw sewage. At Site 3, peak values were observed
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Table 4-6

Percent Reduction of Free Ammonia Through Unsaturated Soil

Test Products

: Sucrose

Site Dist* Soil ABS LASe LAS, AS Soap Ester

| 0 Fine to coarse sand 40 4 35 30 50 -

2 -2 Coarse sand (15)%* (2) (2) (20) (15) (2)

3 15 Fine sand 59 69 - - - -

4 9 Fine, silty, sand - 99 - - 96 -

5 5 Medium to fine sand 40 40 - 80 80 -

6 2 Fine sand 75 50 - 25 25 -

* Vertical distance from bottom of cesspool (tile field) to
*%*Numbers in parenthesis represent increase.

static ground water level.
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Table 4-7

Ammonia Reductions Through Unsaturated & Saturated Zones

%* A - Percent Remaining at First Well Group
B - Percent Remaining at Last Well Group

Range of Percent Remaining *

Travel Dist. Bkgd. Average Conc. ABS - LASI LAS2 AS Soap  Sucrose

in Sat. Zone Conc. In System Ester
Site . (ft.) (mg/1 as N) (mg/! as N) A - B A -B A - BA - BA-BA-8
| 80 0.02 64.4 - 79.5 99 - 32 94 - 32 74 - 47 94 - Unk 8 - |5 -
2 65 0.35 _ 51.6 - 63.0 120 - 100 110 = 9t 107 - 19 117 - 93 108 - 56 99 - 2|
3 45 ' 0.20 83.5 - 90.3 32 -21 31 - 14 - - - -
4 31 0.15 94,0 -115.0 - - - - 4 - 1 -
5 - 0.72 61.2 - 81.3 60 - Unk 56 - Unk - 33 - Unk 33 - Unk-
6 - 5.5 94,0 -116.0 59 - Unk 54 - Unk = 77 - Unk 79 - Unk -




at the bottom sampling devices in the unsaturated soils after a vertical travel

distance of 9.5 feet,

Th; inérease in nitrate nitrogen In unsaturated soil was consistent with
reduction in free ammonia in many instances. Etxceptions were noted particularly
at Site 2 where free ammonia.levéls increased in passage through unsaturated
soils with little or no production of nitrates and at Sites 4 and 6 where signif-
icant reduction in ammonia occurred with generally only minor build-up of nitrates.

Nitrate production was non-existent or proceeded at a very low rate once the
waste entered the saturated soil. An apparent peaking of nitrate at the well
group 15 feet downstream from the cesspool at Site 2 was probably caused because
the samples at the 5 feet point (Well 6) were not representative of the waste
plume at that location. The general lack of nitrate production in the distances
studied is probably caused by low dissolved oxygen levels in the vicinity of the
sewage slug and by the kinetics of aerobic decomposition wherein nitrification is
predominately in a late stage of BOD satisfaction. The available free ammonia
discharged from the disposal system is, therefore, not yet oxidized to nitrate
within the |imited distances of the saturated solls observed in the study.

A summary of concentrations of the nitrogen constituents at various points

in test sites is shown in Table 4-8.
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Table 4-8

Average Concentrations of Nitrogen Products in Disposal Systems

and In Saturated Soil Downgradient

Average Concentration (mg/l as N)

Test Product: Sucrose
ABS LAS, LAS AS Soap Ester
Form of Sampling Point: ¥ :
Site Nitrogen A - B - C A - B c A B C A B - C A -8B C A - B - C
! Free NH4 80 - 45 - 22 69 =~ 64 - 21 73 - 48 - 34 64 - 45 - Unk 64 - 32 - 10
NO2 0- 1- 1 0- 0 0 0 | 0 0 | - Unk 0- | 0
NO< 0- 0-~- 0 0- 5 2 0 - 40 7 0 - 30 - Unk 0 - 40 4
2 51 - 60 - 50 57 - 58 - 52 60 - 62 - || 50 - 60 - 48 61 - 70 - 35 60 - 61 - 12
0- 0- 0 0- 0 0 0 0 0 0 0- 0 0- 0 0 0- 0- 0
0- 0~ 0 0- 0 0 0 0 5 0 4 - 3 0- 1 3 0- 0- 1
3 90 - 30 - 12 83 - 25 - 12
0- 0~ 0 0- 0- 0
0 - 60 - 60 0 - 25 - 43
4 99 - | i 115 - 5 |
0- | 0- 0 0
|l - 5 -1 0-25-25
5 62 - 37 61 - 34 79 - 26 81 - 27
0 0 0- 0 0 0 0- 0
0 - 24 0-19 | 33 0 - 28
6 68 - 48 - 68 102 - 57 96 - 73 94 -~ 75
0- 0 0- 0 0 0 0- 0
0- 0 0- | 0 5 0- 1
*Samp!ing Point: A: Disposal System (Septic Tank or Cesspool). B: First Well Group in Saturated Soil.
C: Last Well Group in Saturated Soil.




Sul fates

Sulfate levels generally increased from the cesspools to the first downstream
well group. Values in the ground water directly beneath the tilefields at Sites
5 and 6 were erratic. At Site 5 levels were three to thirteenfold higher than in
the septic tank. At Site 6, all values were lower than in the septic tank but the
percent reduction varied in the approximate range of 20 to 75 percent,

Movement of the waste slug in the saturated soil zone (first to last well
groups) resulted in increasing sulfate levels attaining peak cohcentrations at
varying distances downstream from the cesspool except on Site 3. Sulfate concen-
trations on Site 3 remained relatively constant throughout all downstream sampling
points.,

Sulfate levels decreased at variable rates in the downstream flow path beyond
the well group exhibiting peak sulfate concentrations. Average net sulfate re-
ductions In this flow distance are shown in Table 4-9,

The reduction in sulfates on Site | through the downstream flow path was pri-
marily due to dilution., On Sites 2, 3, and 4, dilution and other factors were
effective in causing sulfate reductions in downstream wells subsequent to peak
sulfate levels,

High sulfate concentrations still persisted on all cesspool sites at the
final observation well groups. Generally, sulfate levels at the last well groups
were greater than observed sulfate content in the cesspools and background sampling
wells,

LAS surfactant, on Sites | and 2, was used on two separate occasions. Each
time LAS was used as the household washing compound, on a particular site, a diff-
erent average sulfate level resulted in the cesspool. Largest cesspool sulfate

concentrations always occurred with the initial use of LAS surfactant.
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Test Product

Table 4-9

Sulfate Reductions in Saturated Zone

ABS LAS, LAS, Soap AS Sucrose Ester
Site Bkgd Conc. Conc!- Conc.- Conc.- Conc.- Conc.~ Conc.-
(mg/1) £ Red. £ Red. 4 Red. § Red/ 4 Red. % Red.
| 19 36~INCR 126-0.03 29-0,30 40~ INCR
2 52 177-0.50 65-1.10 H=1.13 8-INCR 32-0.61 29-0.33
3 10 34-INCR 11-0.30
4 31 51-0.,23 12-4.12

Average Cesspool Concentration (mg/l)

Percent reduction through saturated flow path (percent/foot)

Reduction is measured downstream from the test well with peak sulfate concentration.



Phosphates

There was no significant differences in ortho and total phosphate levels in
the disposal systems and downstream observation wells, indicating lack of poly-
phosphate forms in the background water or in the system. The presence of phos-
phates is caused predominantly by orthophosphates in synthetic detergent compounds.
Inorganic phosphorus in human wastes is negligible.

.Phosphafe levels found in the disposal systems were generally in amounts
larger than calculated from quantities of each test washing compound used. This
discrepancy is attributed primarily to the presence of phosphate in dishwashing
compounds, use of which was not controlled, and the non-uniform rate of consump-
tion of laundry detergents. A summary of calculated and actual phosphate levels
is shown in Table 4-10.

Phosphate removals at the two tile field sites, averaged 86 percent, which
was in order of twice the removals at the four cesspool sites measured from
system to initial downgradient sampling points. The relative efficiency of the
percolation fields is probably due to the larger area of soil-sewage interface
available and the larger cross-sectional area of the flow path in the unsaturated
zone. These features respectively would tend to enhance biological efficiency and
absorption potential in removing phosphates.

Total phosphates decreased drastically in concentration throughout the entire
flow path (disposal system to most remote downgradient observation wells)., With
the exception of Site 3, extremely low total phosphate levels were observed at
the last well groups despite the presence of significant amounts of other sewage

constituents, Total phosphates at the final observation wells were:

Site | - (80 feet travel, 240 days) 0.99 - 1.72 mg/|
Site 2 - (65 feet travel, 97 days) 0.03 - 0,60 mg/!l
Site 3 (45 feet travel, 75 days) 1.5 =24.7 mg/|
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Table 4-10

Computed and Actual Phosphates in Disposal Systems (mg/|)

Test
Product

LAS,,

Sucrose Ester

Site Computed-Actual

Computed-Actual

y 4

Computed-Actual

Computed~-Actual

Computed-Actual

Computed-Actual

] 112
2 1014
3 78
4 -

5 37
6 85

1
74

88

63

70

63
57
72
63
51

36

103

71

66

82

58

103

57

63

- 89

- 86

66

86

66

42

76

82

64

100

56

48

57

49

54

112

122




The lowest rate of phosphate reduction was observed on Site 3. At the last

well group, an average of 1.5 mg/l of PO4 was noted during the use of LAS, and
24.7 mg/l was noted during the use of ABS. The substantial difference in phos-
phate removal during ABS use is explained by the higher initial phosphates in the
disposal system. The phosphate level during ABS use was 88.3 mg/! in the cesspool
and for LAS was 66.5 mg/l, which accounts for the approximately 20 mg/| difference.

The rate of phosphate reduction in the saturated soil was lower for Sites 3

and 4 than Sites | and 2. Phosphate reduction in saturated soils is attributable
to the following:

a. Chemical precipitation and subsequent entrapment of the insoluble
precipitate by the soil particies.

b. Absorption on soil particles.

c. Bacterial utilization. It is believed that the factors of chemical
precipitation and absorption are approximately the same for all sites.
Bacterial populations in the unsaturated soils however, are significantly
Iowef on Sites 3 and 4, which would minimize the reduction of phosphates
due to bacterial utilization. The large initial reductions on Site 4
are believed to be primarily due to the markedly tiner-grained subsoil.
I+ should be noted that once the phosphates entered the saturated soils,
phosphate reduction rates were similar to Site 3 and lower than Sites |
and 2,

Based upon net phosphate reduction rates, it is apparent that factors other

than dilution alone contribute to the reduction of inorganic phosphorus, in travel
through the saturated soil zone.

Coliform Organisms

The reduction in coliform concentrations at the test sites varied from site to

site, and was generally greater for longer flow paths (unsaturated and saturated)
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and for finer soil. The concentration of coliforms was in excess of drinking water
standards at the most remote downstream sampling point (80 feet) and at the test
wells reflecting background conditions.

Travel of the sewage slug through 12 to 15 feet of unsaturated soll resulted
in log average coliform densities at the first downstream wells of:
Site 3 - (20 feet vertical travel) 202 to 239 per 100 mi,
Site 4 - (12 feet vertical travel) 76 to 464 per 100 mi.
Where the cesspool effluent traveled through from 0 to 5 feet of unsaturated sol |
to the ground water (Sites | and 2), log average coliform densities at the first
well groups were a thousandfold higher:
Site I - (5 feet travel) 2.1 x 10% to 2.1 x 107 per 100 mi.

Site 2 - (5 feet travel) 5.1 x 10%

to 2.07 x 10°® per 100 ml,

Thé coliform densities observed in the ground water below the two tile field
sites averaged between 610 and 1300 MPN/I00 ml for the four test products demon-
strating reductions achieved by passage through approximately 5 feet and 2 feet
of unsaturated soil at Sites 5 and 6, respectively., These removal efficiencies are
superior to those at cesspool sites by a factor of 1,000.

Generally, coliform populations were reduced in passage to each subsequent
downstream well group on Sites | and 2, where waste discharges reached the ground
waters with little or no intermediate travel through unsaturated soil. After passing
through the unsaturated sands at Sites 3 and 4, relatively smail, further coliform
reductions occurred through the remaining saturated zone flow path.

‘Overal !l coliform and phosphate reductions, cesspool to final well group,
achieved aboﬁf the same order of magnitude, i.e., greater than 98 percent.

Where large reductions in coliform variations occurred between cesspool and

first well group,'correspondingly large reduction in MBAS levels also took place.

Exceptions occurred on Site 2, where cesspool to first well coliform and MBAS
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reductions were minimal,

Although extremely large coliform reductions resulted in travel through the
unsaturated zones, log average coliform concentrations at the final observation

wells on all sites did not differ significantly.

Site | (80 feet travel distance) 13.7 to 4724 per 100 ml,
Site 2 (65 feet travel distance) 24.1 to 640 per 100 ml.
Site 3 (45 feet travel distance) 24.8 to 85.7 per 100 ml,
Site 4 (31 feet travel distance) 7.4 to 169 per 100 ml.

At the final observation wells, log average coliform concentrations greatly
exceeded allowable standards for an acceptable water supply.

The persistence of coliform organisms in ground water travel was exhibited
by high coliform concentrations in those upstream sampling wells which also con-
tained other sewage constituents. Background wells on Site | were positive for
coliform, although located more than 500 feet downstream from ény other sewage
disposal systems.

Wells not showing other evidences of sewage contamination were also relatively
free of coliform organisms.

A summary of coliform data is shown in Table 4-I1.

Alkalinity

Alkalinity levels in the disposal systems on all sites varied durlﬁg use
of each surfactant,

Movement of the sewage slug through the unsaturated soil zones (disposal system
to first well group) of Sites 3 and 4 resulted in extremely large reductions in
alkalinity. Data was not obtained to depict changes in alkalinity at various levels
of the unsaturated zone.

At the two percolation field sites, alkalinity in the ground water beneath the

systems varied considerably with no regularity. A low average of 150 mg/l was
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Table 4-1{

Average Coliform Density (Log Average MPN/I100 ml)

Initial Ground Water , Trave!l Distance
_ : Disposal System Sampling Point Final Well in Saturated
Site Background (x_10%) (X_103) Group Zone (feet)
| < 2.2 5.2 - 133 21 - 21,000 C 13,7 - 4,724 80
2 45 1.2 - 10.2 5] - 2,070 _ 24,1 - 640 65
3 13 8.6 - 16.5 0.20 - 0.24 24.8 - 85.7 45
4 1839 3.5 - 6.3 0.08 - 0.46 17.4 - 169 31
5 4\ 1.7 - 5.9 - - -
6 496 4.3 - 18 - - -
{ Less than




observed at Site 5 during soap tests and a high value of 489 mg/!l at Site 6 during

ABS use. Percent removal at both sites were consistent at 35 during LAS use. The
removal at Site 5 was twice that at Site 6 during AS use {66 percent) and was three-
fold that at Site 6 during ABS tests (45 percent). During soap tests, the removal
at Site 5 was 69 percent while the alkalinity at Site 6 actually increased in value
by 34 percent.

Reduction characteristics of alkalinity in the saturated soi| zone varied.
General ly, relatively uniform rates of alkalinity reduction occurred through the
downstream flow path except during use of the final three surfactants on Site 2.

With the use of soap, LAS, and AS on Site 2, significant increases in the alkalinity

2
reduction rate resulted beyond 25 feet downstream from the cesspool.

Net alkalinity reduction rates in the saturated soil zones, i.e., after compen-
sating for dilution based upon reductions in chloride concentrations, varied for
each site, Generally, dilutional effects alone accounted for the net alkalinity
reductions on Sites | and 2, except during the use of the final three surfactants
on Site 2. Factors other than dilution were involved in reducing alkalinity con-
tent on Sites 3 and 4 and during the use of the final three surfactants on Site 2.

Upgradient and downstream oﬁservafion wells showing evidence of sewage poi-

lution were higher in alkalinity content than those wells free of poliution,

Specific Conductance

Specific conductivity in the disposal system varied with the use of each
surfactant., There was; however, a tendency for the specific conductance, on a
particular site, to Increase with the use of each succeeding surfactant,

In the cesspool, there was no consistent relationship or ratio between
total dissolved solids and the specific conductance.

Significant reductions in specific conductance resulted in travel through

the unsaturated soil zones of Sites 3 and 4.
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Generally, in the downstream saturated soil zones, specific conductivity
tended to reduce in level at each subsequent downstream well group except on
Site 4., Conductivity reduction rates on Sites | and 2 decreased with each down-
stream well, On Site 4, conductivity measurements increased to well group 10
(21 feet downstream from the cesspool), then decreased rapidly to the final
observation group.

There was apparently no consistency in speciflic conductance reduction rates
for the various test sites. Reduction rates were smaller where the waste was
discharged directly into the saturated zone than Sites 3 and 4, where the waste
first traveled through a zone of unsaturated sands prior to entering the saturated

sands.,

In the saturated soil zone, dilutional effects resulted for the entire reduction

of specific conductivity on Sites | and 2, (where discharge is directly into ground
waters). On Sites 3 and 4, factors besides that of dilution were effective in
reducing conductivity levels in the saturated zone,

Chemical Oxygen Demand

Significant COD reductions were observed in passage of waste through the
sewage-soil interface at all cesspool sites, and represent a measure of the re-
moval of organic matter in the sewage.

COD reduction continued as the wastes traveled through the saturated soil zone.

Soluble COD was removed to a greater extent at the sewage-soil interface
than in the saturated soil zone,

Rates of reduction on Site 2 in the saturated zone was twice as great during
tests of Sucrose Ester surfactant than any other surfactant studied.

COD levels in the disposal system did not appear to be consistent with normal
maximum |:1 ratio of BOD to COD.

Generally, factors besides that of dilution alone were effective in reducing

COD in the saturated soil zone.

4-38



Well Points in Study
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Photograph 4-1

Photograph 4-2




Photograph 4-3

Collection of DO Samples From Modified Pump

Photograph 4-4

Organization of Samples on Site
for Split with Participating Laboratories
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PART 5 - SITE 1

Located on the east side of Fireplace Neck Rédd between Beaverdam Road
and South Country Road in the hamlet of Brookhaven, Town of Brookhaven, Suf-
folk County, the parcel consists of 2.24 acres situated on the glacial outwash
plain near Great South Bay. (Figure 5-1) Ground surface elevation near
the residence is approximately 11 feet above mean sea level. The family con-
sists of 2 adults and 3 children.

Preparation of the site was initiated in October 1962. The water supply
system serving the residence consists of an 1 1/4 inch wrought iron well witn
a 5 foot stainless steel screen driven to approximately 40 feet below grade and
an 80 gallon compression tank. A 3/4 x 5/8 Neptune water meter on loan from the
Suffolk County Water Authority was installed immediately adjacent to the com-
pression tank with weekly readings indicating an average consumption of 1,580
gallons per week over the two-year period the site was active. (Table 4-3)
The homeowner commenced the use of the packaged formulation containing
branched-chain ABS on October 15, 1962.

The sewage disposal system consists of two cesspools 8 feet in diameter
and 8 feet deep, of concrete block construction, the lower course of each
pool in ground water. The first pool receives the wastes from the kitchen
sink, clothes-washer, dishwasher and main bathroom. The second pool receives
wastes from the overflow from the first pool’and sewage from the second
bathroom off the master bedroom. Initial inspection upon uncovering the pools
indicated that the first pool was full and overflowing to the second pool.
Subsequent samples from the pools and observation wells indicated substantial
leaching from the first pool despite its overflowing.

The first investigation on the site was the drilling of a core boring to
establish the geological characteristics of the area. The boring was sunk
to a depth of 39 feet below grade and spoon samples were attempted every

5 feet and wash samples every 2.5 feet. A total of 12 wash and 3 core
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samples were réfrieved. Representatives of the U.S. Geological Survey examined
the samples in the field and the results summarized in Table 5-1 show the
subsoil to consist of clean, medium to coarse sand and gravel. Two cores
were shipped to the U.S. Geologibal Survey Laboratory at Denver, Colorado
for analysis, results of which are tabulated in Table 5-2.

TABLE 5-1

Geologist's Log of Test Hole at Site |
Brookhaven, Suffolk County, N:;Y., Oct. 22-23, 1962

Depth Core
(feet beiow Recovery
land surface) + (inches)
5-6 feet Sand, fine to coarse, some fine to medium - 10
gravel up to about |I" diameter, light br.
10-11.5 *¥Sand, fine to coarse, some fine to medium 7

gravel, light brown,

15-16.5 *¥%Sand, fine to medium, few small pebbles, ;3 6
light brown.
19-21.5 Sand, fine to medium, fine gravel, light (wash)

brown (pebbles up to 1/4 inch).

22.6 Same as previous description, some pebbles (wash)
up to 1/2 inch.

25-26.5 Sand, fine to coarse, fine gravel, light (wash)
brown.

30-31.5 Sand, fine to coarse, fine gravel, light (wash)
brown.

35-36.5 Sand, fine to medium, some coarse grains, {wash)
light brown,

37 Sand, fine to very coarse, light brown, (wash)

few pebbles up to 1/4 inch.

37-38.5 Same as previous description (wash)

*  Core sample sent to Denver Laboratory for analyses, . (Fleld 1)

' (62NY-~8)

*¥* Core sample sent to Denver Laboratory for analyses, (Field 2)
(62NY-9)




TABLE 5-2

U.S. Geological Survey, Denver, Colorado

Summary of lLaboratory Analysis Data for Samples for Project 423700

(Site #| - Brookhaven, N.Y.)

Specific Centrifuge
Laboratory Gravity Ory Unit Moisture Specific Total Specific
Sample Field Depth of Weight Equivalent Retention Porosity ~Yield
Number Number (feet) Solids (g per cc) (Percent) (Percent) (Percent) _{Percent)
62NY83 ! 10-11.5 2.68 F.67 0.3 1.5 37.7 36.2
gb do do 2.68 .68 -——- ———- 37.3 B et
9° 2 15-16.5 2.67 .65 3 1.5 38.2 36.7
gb do do 2.67 .63 — S— 39.0 ———-

a De-aired HZO water

b Sewage effluent



Four ground water level observation wells were installed on the site and
survey teams from the Suffolk County Health Department, under the super-
vision of the U. S. Geological Survey, accurately determined ground water
elevations. The slope of the water table was then plotted and the direction
of ground water flow estimated at South 32° West.

A series of probe wells were driven along the indicated line of flow
and sampled at various depths to delineate the sewage slug. Five wells,
totaling 94 feef of penetration were drillied and sampled at 5, 10, 15
and 25 feet below static water level. Using a field kit, waters from the
probe wells were examined in the field forvmefhylene blue active substances.

On the basis of the field analyses, subsequénfly confirmed by labor-
atory determinations, the position and depths of the permanent observation
wells were established. Twenty-one wells were installed along the estimated
ground water direction gradient line intersecting the second pool. The
wells were installed in 5 groups, the first group being 24 feet northeast
of the disposal system as background wells to monitor the quality of the
ground water approaching the system, and the remaining four groups, 5, 25,
45 and 100 feet down the hydraulic gradient. Each group consisted of wells
of | I/4 inch diameter with |12-inch effective screen openings centered 2,

5, 10 and 15 feet below static water level. An additional well was in-
stalled 20 feet below static water level at the farthest group 100 feet
downstream. (Figure 5-1, 2, 3)

Examinations of the data obtained after the first three weekly
samplings pointed to some unexpected problems requiring further investi-
gation, A significant concentration of some sewage constituents was

found underlying the sewage slug separated by uncontaminated water, and

also appearing in well No. 3, the deepest of the group upstream from the




cesspool. In addition, it was noted that the wells immediately adjacent to

the overflow or second cesspool exhibited lower concentrations of some con-
stituents than a number of the wells further downstream.

To investigate the Task Group's conclusion of offsite sources of the
underlying contaminants, a second series of upstream wells was installed
50 feet further northeast and designated wells No. IN, 2N and 3N, and
driven 4, 8 and |2 feet below static water level. Subsequent analyses of
these wells confirmed the narrow band of background contamination traveling
from a pollutional source or sources upgradient of the site. It is inter-
esting to note that the neighboring property is a horticultural nursery and
that the nearest cesspools in the established flow direction to pass through
this site are more than 600 feet distant. The Task Group also concluded that
the first cesspool was apparently leaching a substantial volume of waste
contrary to our previous assumption. Accordingly, the well rig was returned
to the site and additional wells placed for the purpose of further identifica-
tion and analysis of the flow pattern. (Figure 5-1, 2, 3) Well No. 5A was
driven adjacent to cesspool No. 2 using a 6-inch effective opening screen,
its top sloT'pIaced 6 inches below static water level. |t was also concluded
that the plume of contaminants did not penetrate the ground water environment
near the source so that well No. 8A was installed midway between the first
and second groups of downstream wells and also 6 iangf below static water
level. To determine the effect and extent of Ieachigas from the first cess-
pool, well No. 9A was driven 6 inches below static water level at a location
midway between the cesspool! and the group including wells No. 9, 10, Il and
12,

Subsequent analyses and other considerations forced the conclusion that
the major source of surfactant-bearing wastes was the first cesspool.

A second series of wells was thereupon placed parallel to the original
group on a directional |line passing through the center of cesspool No. |
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in February 1963 well No. 24 was installed 5 feet from the pool and to a depth

of 12 inches below the static water level. Wells 25, 26, and 27 were driven in

a group 10 feet downgradient from the edge of the cesspool to depths |, 2 and 4
feet below static water level, respectively. In July 1963 wells 32, 33 and 34
were driven to depths of 9", 2'6", and 4'¢" into the water table in a group of

20 feet from the cesspool, and well No. 24A at a point midway between well o,

24 and the next group, 1'6" below static water level. All of these wells were
incorporated into the routine sampling schedule. Due to the difficulties en-
countered with the confusing waste flow pattern from the two interconnected cess-
pools at this site, consideration was only given to those future sites which em-
ployed a single cesspool or septic tank and leaching pool or tile drainage fields.

Velocify Measurements

Several tracer methods were evaluated on this site to determine ground water
velocity. On November 26, 1962 one |iter of a solution containing 20,000 parts
per million of hexavalent chromium was introduced into well No. 5A, followed by
sufficient water to flush the well casing. Samples were pumped from wells No.
8A, 9, 10, Il and 12 on successive days to time the passage of the chromium tracer
to downstream wells. No chromium was recovered during this or succeeding sampling
periods. On March 2, 1963 a hexavalenf chromium tracer was placed directly in cess-
pool No. I. No chromium was detected in well iNo. 5A or other observation wells
near this pool. Five ppm of hexavalent chromium was added to a somewhat turbid
sample from well No. 24. Only |.G ppm chromium was detected upon immediate analysis,

and after 30 days storage, analysis indicated 3.6 ppm present in the hexavalent

state. |t was concluded that the hexavalent chromium was being adsorbed on the
subsoils or other materials in the disposal system,

Another attempt was made to establish the ground water velocity utilizing
fluorides. On January 2, 1963 three pounds of sodium fluoride was dissolved

in hot water and introduced into cesspool No. 2. Downstream wells were

5-9




sampled and analyzed. Fluorides appeared in well No. 8A, 10 feet distant

from the edge of the cesspool on February 4, 1963. The velocity was computed

to be 0.33 feet per day. On March 18, 1963 fiuoride was detected in well No.

9 for a travel time of 75 days for a total distance of 21 feet or a velocity
of 0.28 feet/day.

In May of 1963 four tracer wells were installed |5 feet distant and

parallel to the direction of flow to confirm the velocity factor. Well Nos.
28 and 31 are 6 inches in diameter and well Nos. 29 and 30 are 4 inches in
diameferf All were consffucfed of polyvinyl chloflde tubing with 1/16 inch
diaﬁefef holes drilled on | 1/2 inch centers in the bottom |2 inches to permit
transfer to formation water. All four wells were placed 12 inches into the
water table.

One pound of sodium chloride was introduced to well No. 28 on June 6, 1963,
The wells were sampled daily with a bomb sampler lowered into the water and
opened by a messenger from the surface. The chioride confgnf of the ground
water stayed within a range of 3 parts per million until it doubted on June 2|
fol lowed by gradual increases on succeeding days. The travel of 5 feef-in 15

days confirmed the velocity of 0.33 feet per day determined using fluorides.



Travel of Waste Slug

1. Depression of the waste slug occurred as the waste traveled through the
downstream flow path. Initially, at the first well group, the slug was lo-
cated approximately 2-5 feet below stafic water level and depressed to about
10 feet below SWL in a horizontal trave] distance of 75 feet. |
2. In travel through the downstream wells, the sewage slug generally decreased
in concentration in constituents of sewage origin. The decrease in concentra-
tion was due primarily to mixing with less contaminated ground water and other
exchange and sorption phenomenon.

3. Density difference between the sewage slug and surrounding ground waters
is the primary factor causing depression of the waste slug through the down-
stream flow path. Natural recharge of the upper glacial aquifer by precipi-
tation did not appear to have a direct affect in either depressing the waste
slug or resulting in additional dilution. As mixing and dilution of the slug
progresses, density differences are decreased and the downward force drivjﬁg
the sewage—grdund water mixture deeper gradually decreases.

4. Background observation wells indicated the presence of an upgradient

waste slug located at approximately 12-15 feet below SWL. Through the down-
stream flow path, the upgradient slug traveled below the slug emanating from
the cesspool and was separated by an area of relatively uncontaminated ground
water flow. Background observation wells on Site No. 1 were located more

than 500 feet downstream from any other sewage disposal system.

Chlorides

1. Average chloride concentrations in the disposal system ranged between

56.5 and 72.6 mg/1. (Table 5-3) Background wells indicated average chloride
concentrations of 8.0 and 16.5 mg/1 being measured in the observed upgradient
waste slug and peripheral ground waters, respectively.

2. In the immediate area of the disposal system (cesspool to first well

group) chloride concentrations in the cesspool were reduced from 1.2 to

5-11




SITE 1
OBSERVATION WELL CONCENTRATIONS

TABLE 5-3
Cesspool #24 #26 #33 #19
Velocity=0.33 ft./day 0 5! 10! 20! 80"
1. ABS (MBAS) 40. 1 34.5 48.0 0.60
Ammonia 79.5 78.0 47.0 24.0
Chlorides 69.7 66.0 57.5 22.5
Total PO, I11.0 110.0 150.0 1.72
- Spec. Cond.
Alkalinity "470.0 37.0 432.0 127.0
Sulfates 36.0 115.0 86.3 55.3
Coliform 113.8x10° 3.21x10°| 4.3x10° 240.0
(Log Avg.)
Nitrites 0.018 0.05 0.20 0.02
Nitrates 0.12 0.35 .70 .40
cCoD 309.0 206.0 222.0 142.0
2. LAS, (MBAS) 53.4 28.3 16.5 0.62
Ammon|a 68.8 65.5 64.0 22.7
Chlorides 72.6 70.8 69.0 26.0
Total PO4 103.0 101.0 123.0 0.99
Spec. Cond. 655.0 638.0 652.0 450.0
Alkalinity 375.0 355.0 366.0 179.0
Sulfates 126.1 101.0 8.2 32.0
Coliform 132.8x10° 21.0x10%) 1.64x10° 13,7
(Log Avag,) _
Nitrites 0.02 0.03 0.08 0.04
Nitrates €0.01 0.14 4.30 .96
COD 281.0 164.0 188.0 40.8
3. Socap (MBAS) 3.48 9.60 6.52 6.3 1.70
Ammonia 64.5 54.6 33.5 19.4 10.4
Chlorides 66.5 63. | 52.8 52. 1 23.9
Total PO, 55.5 50. 1 33.9 21.4 1.22
Spec. Cond. 680.0 642.0 540.0 492.0 248.0
Alkalinity 359.0 343.0 228.0 203.0 116.0
Sulfates 40.4 48.6 58.2 85.7 . ]56.4
Coliform 5.24x10° 2.12x10%1 5.69x10- {I.30x10™ {568.
(Log Avg.)
Nitrites 0.0l 0.47 0.66 0.26 0.056
Nitrates 0.12 27.4 40.7 21.7 3.6
COD 153.0 131.0 97.0 75.2 27.0
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OBSERVATION WELL CONCENTRATIONS

SITE 1

TABLE 3-3 (cgnt.)
Cesspool #24 #26 #33 #19
0 5! 10! 20" 80!
LAS _ (MBAS) 21.3 6.04 4.0 5.90 2.5
Ammbnia 73.7 54.3 48.0 47.2 35.5
Chlorides 63.0 61.6 58.8 52.2 26.0
Total PO, 88.5 64. 1 53.5 42.0 .14
Spec. Cond. 835.0 680.01 608.0 545.0 423.0
Alkalinity 381.0 298.0 259.0 244.0 154.0
Sul fates 29.0 143.0 105.0 112.0 | 44.0 _
Coliform 9.02x!06 5.235x10% [ 2.95x10%] 3.82x107 4.72x10°
(Log Avg.)
Nitrites 0.015 i.44 0.55 0.34 0.153
Nitrates <0.| 23.7 40.3 13.7 6.7
AS (MBAS) 14.6 9.0 7.4 6.7
Ammon i a 64.4 61.5 45.8 41.0
Chlorides 56.5 55.8 53.2 50.0
Total PO, 76.0 81.0] 69.2 60.0
Spec. Cond. 845.0 758.0 675.0 646.0
Alkalinity 426.0 341.0 212.0 266.0
Sulfates 7.8 69.2 63.2 66.3
Coliform 72.4x10° 8. 24x104 [ 4.53x10%] 5.95x107
(Log Avg.)
Nitrites 0.0l 0.44 0.32 0.24
Nitrates 0.14 21.9 29.9 13.3
COD




PERCENT REMAINING OF FIRST WELL CONCENTRATION

SITE 1

TABLE 5-4
#24 #26 #33 #19
0 5! [5°' 75!
ABS (MBAS) 100.0 +139.2 1.8
Ammoni a 60.2 30.8
Chlorides : 87.1 34.0
Total POy, +136.4 .7
Spec. Cond.
Alkalinity
Coliform +133.6 0.3
(Log Avg.)
COoD +108.7 69.0
LAS| (MBAS) 100.0 58.3 2.2
Ammonia 97.7 34.6
Chlorides 97.5 36.5
Total POy +121.8 1.0
Spec. Cond. +102.2 70.5
Alkalinity +103. | 50.4
Coliform 7.9 0.l
(Log Avg.)
COD +112.7 24.5
Soap (MBAS) 100.0 67.9 65.7 7.6
Ammoni a 61.4 35.6 19.2
Chlorides 83.7 82.6 36.9
Total PO, 67.7 42.8 2.6
Spec. Cond. 84. | 76.6 38.6
Alkalinity 66.5 59.2 33.9
Coliform 27.0 61.4 2.8
(Log Avg.)
COD 74.1 57.4 20.5
LAS> (MBAS) 100.0 66.2 97.7 41.4
Ammonia 84.0 86.9 65.4
Chlorides 95.5 84.7 42.2
Total POy 83.5 65.5 1.9
Spec. Cond. 89.4 80.2 62.2
Atkalinity 86.9 81.9 51.7
Coliform 56.2 73.0 9.0
(Log Avg.)
CQOD
AS (MBAS) 100.0 82.2 74.4
Ammonia 74.4 66.7
Chiorides 95.3 89.6
Total PO4 85.4 74.0
- Spec. Cond. 89. | 67. 1
Alkalinity 62.2 78.0
Coliform 54.8 72.2
(Log Avg.l
COoD
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5.3 percent. Due to the variable length of travel, a rate of reduction per

foot of travel from cesspool to first well group, was unable to be determined.
(Table 5-3, 4)

3. Through the downstream flow path (first to last well groups), (Table 5-3, 4
Figure 5-1, 2, 3, 5-26 through 35) chlorides had an overall reduction of 57.8

to 66.0 percent. The average rate of reduction of chloride concentration in the
saturated soil zone was essentially constant during the use of all surfactants.
The reduction in chloride concentration was believed to be a measure of

dilution accomplished by mixing with ground waters of lower chloride content.

The average rates of chloride reduction during use of various surfactants are

as follows:
Average Values
ABS 0.88%/ft. 0.29%/day 0.58 mg/1/ft.
LAS, 0.85 0.28 0.60
Soap 0.83 0.27 0.52
LAS2 0.77 0.25 . 0.48
AS 0.70 0.23 0.39

Infrared Analysis

1. Infrared analysis for the precent branched material (ABS) in the dpwn-
stream wells indicated 88 to 56 percent ABS still present in the soil during the
use of soap product. The first infrared samples during the use of soap were
collected approximately four and one-half months after ABS surfactant was dis-
continued as the household washing compound. Prior to the study, the household
was using an ABS washing compound; and therefore; it is assumed that all MBAS

on the site initially was ABS material.

2. Average percent branched material present at downstream sampling locations
during the use of soap material is shown on following tabulations:

(See page 5-18)
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Average Percent Branched Material Present

Sample Date Well #24 Well #24 A Well #26  Well #32
(5') (5') (10') (20')

7/10/63 75% 75%

9/9/63 ' 61% 64 72%, 56%
10/8/63 63.5

10/21/63 58

12/18/63 62

1/64 88

2/10/64 86

3. About 240 days (8 months) were required for the sewage slug to completely pass
through the entire downstream sampling wells. Infrared samples were collected only
as far downstream as well #32 or approximately 60 days (2 months) travel time.
Assuming the soil was completely saturated with ABS at the beginning of the study,
about 25% of the branched material was flushed out, desorbed, during the time ABS
was discontinued as the washing compound and collection of infrared samp]e; (4.5
months). At well #26, a 30-day (1 month) travel distance from the cesspool in-
frared ana]ysi§ indicated about a 13% reduction in branched material, ABS, after

a 5-month usage of Soap product or after about 5 complete waste slug passes.
4.Generally, the percent branched material, ABS, at well #26 reduced with pro-
longed time but then increased significantly in January 1964.

5. The infrared samples collected were insufficient to accurately describe desorp-
jon characteristics of ABS from the downstream flow path.

MBAS as ABS

1. MBAS reported as ABS in the disposal system varied with the surfactant in use
and ranged between 3.5 and 53.4 mg/1. (Table 5-3) Background observation wells
indicated MBAS concentrations of less than 0.02 mg/]lin wells not showing the

presence of the sewage slug, while average concentrations




observed in the slug was 0.30 mg/l.

2. Significanf reductions in MBAS concentrations, 14.0 to 71.7 percent, resulted
in the movement of the waste siug between the cesspool and first well group, ex-
cept during the use of soap. With the use of soap, MBAS concentrations increased
at the first well group by 176.0 percent. (Table 5-3, 4 Figure 5-6, 7)

3. The increase in MBAS concentrations during soap usage was due to desorption
of branched material, ABS, from soil particies in the cesspool region. Approx-
imately 75 percent branched material (ABS) still persisted at the first well
group after a 5-month period following discontinuance of ABS. (Figure 5-6, 7

26 through 35)

4. Travel of the waste slug through the downstream saturated soil zone resulted
in overall reductions in MBAS concentration during the use of all surfactants.
Average rates of reduction in MBAS between the first and final well groups,

715 feet travel distance was:

Average Values

ABS 1.31%/ft. 0.43%/day 0.45 mg/1/ft.
LAS, ‘ .30 0.43 0.37
~ Soap .10 0.36 0.11
LAS, 0.78 0.26 0.05
AS 1.70 0.56 0.15

5. Compensating for dilutional effects, based upon reductions in chloride
concentrations, resulted in net MBAS rates of reduction (% MBAS - % Chiorides)

due to factors other than dilution in travel between the first and last well

groups of:

ABS | 0.43%/ft. 0.14%/day
LAS, 0.45 0.15

Soap 0.27 0.089
LA32 0.01 0.003

AS .0 0.33
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6. The reductions in MBAS are overall reductions and do not distinguish between
adsorption and biodegradation.

7. Cognizance must be made that Soap, a non-methylene biue responsive substance,
maintained an M3AS level in the disposal system averaging 3.48 mg/! and increased
in MBAS concentrations to the first well group, attaining an average MBAS level

of 9.60 mg/l. The increase in MBAS concentrations in the cesspool region during
the use of Soap was due to desorption of branched material, ABS. MBAS levels in
the downstream wells during the use of LAS2 and AS were in about the same concen-
tration range as Soap; therefore, all reductions and rate functions associated with

the use of Soap, LAS, and AS materials are undoubtedly subject to interferences by

2
desorbed branched material.

8. Considerable differences in average MBAS concentrations resulted during the

use of LAS surfactant on two separate occasions. The second usage of LAS sur-
factant resuited in significantly lower MBAS levels in the cesspool and downstream
well groups.

The second LAS use was preceded by a 37-week use of Soap with the ensuing
purgative effect of the low MBAS waste slug, thereby enhancing the adsorptive
capacity of the downstream saturated soils. Further, the MBAS levels in the cess-
pool (21.3 mg/| MBAS) during the second use were considerably lower than M3AS levels
in the cesspool during the first use of LAS (53.4 mg/! MBAS).

9. Generally, lower MBAS concentrations in the cesspool and downstream safurafedA
soil zone resulted after changing from ABS to other surfactants. In changing sur-
factants, it required more than a month for the cesspool and downstream wells to
attain steady state conditions.

10. Between the cesspool and well group No. 10, (10' downstream) there tended
to be a reduction in MBAS at a generally decreasing rate. Large bacterial

populations existed in the first ten feet and decreased at a rapid rate
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through this travel distance, but an association between decreases in bacterial
populations and reductions in MBAS concentrations was not apparent.

Dissolved Oxygen

1. Average dissolved oxygen concentations of wells upgradient from the disposal
system varied between 0.26 and 4.0 mg/1. The dissolved oxygen was considerably
lower, 0.26 to 0.50 mg/1, in the background wells showing evidence of pollution
from some upgradient source. Significant average dissolved oxygen levels, 1/5 to
4.0 mg/1, was observed in the remaining background test wells.

2. Downstream observation wells showing the presence of sewage contaminants were
virtually void of dissolved oxygen. Peripheral ground waters above and below the
waste slug exhibited significant average dissolved oxygen concentrations ranging
up to 4.9 mg/1. Wells showing high dissolved oxygen levels were also relatively
free from pollution.

3. There was no evidence of re-oxygenation of the polluted ground waters within
the downstream distances studied.

pH

1. The pH in the disposal system and observation test wells did not show any
significant variation of pH level.

2. Within the cesspool, the average pH range was between pH 6.0 and 6.9.
Generally, the background and downstream observation wells indicated about

the same pH range (pH 5.9 to 7.1).

Ammonia

1. Free ammonia concentrations within the disposal system were reasonably con-
sistent during the use of all surfactants ranging between 64.4 and 79.5 mg/1.
(Table 5-3) Background observation wells indicated average free ammonia concen-
trations of 4.0 and 0.015 mg/1 in the background sewage slug and peripheral
ground waters respectively.

2. Significant reductions in ammonia levels resulted in movement of the
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waste slug between the cesspool and well group No. 26, 10 feet downstream from the
disposal system, except during the use of LAS surfactant. The reduction in

free ammonia for this 10 feet initial travel distance was consistent with the
increases of other nitrogenous compounds. (Table 5-3, 4 Figure 5-8 through 13,
5-26 through 35)

3. Overall fates of ammonia reduction vary considerably, depending upon the
surfactant in use. Generally, the rate of reduction proceeded at a decreasing
rate as the waste slug moved through the downstream flow path.

4, Significantly larger reductions in free ammonia concentration resulted during
the use of Soap at each sampling location than with other surfactants.

5. The average rate of reduction of free ammonia through the downstream flow

path beyond the well group where peak nitrate concentrations developed were

as follows:
Averagé Values
ABS Well #26-19 0.73%/ft. 0.24%/day 0.34 mg/1/ft.
LAS1 26-19 0.91 0.30 0.59
Soap 33-19 0.79 0.26 0.15
LAS2 | 26-19 0.36 0.12 0.18
AS 26-33 1.06 0.35 | 0.48

Compensating for dilution effects, based upon reductions in chloride concen-
trations indicated that the reduction in free ammonia through this downstream
flow path was due primarily to dilution rather than by biological activity.
The net rates of reduction of free ammonia were:

Average Values

ABS Dilution Rate Exceeds Total Reduction Rate
LAS] 0.06%/ft. 0.02%/day
Soap Dilution Rate Exceeds Total Reduction Rate
LASZ- ' Dilution Rate Exceeds Total Reduction Rate
AS - 0.36%/ft. O.]2%/day
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6. Significant amounts of free ammonia still persist at the final observation
well group. (Table 5-3, 4 Figure 5~10 through 14) |

Nitrite

I. Nitrite concentrations within the disposal system were relatively constant
during the use of all surfactants varying between 0.0l and 0.02 mg/I. Back-
ground wells exhibited nitrite concentrations of 0.03 and 0.18 mg/! in the back-
ground waste slug and surrounding ground waters, respectively. (Table 5-3)

2. Maximum nitrite concentrations during the use of the first three surfactants
(ABS, LASl and Soap) developed at well group No. 26, 10 feet downstream from the
disposal system, while with the use of the final two surfactants (LAS and AS)
peak nitrites occurred at well group No. 24, 5 feet from the cesspool. (Table
5-3, 4 Figure 5-10 through 14, 5-26 through 35) |

3. Significant amounts of nitrites developed during the use of the final ?hrée

surfactants (Soap, LAS_ and AS) attaining peak levels as high as .46 mg/!.

2
Since the amount of ammonia was far in excess of nitrites, complete decomposition
of nitrite is assumed.

4. Beyond the well group showing peak nitrite concentrations, nitrites were

reduced at the following rates:

Average Values

ABS Well #26-19 1.27%/t. 0.42%/day 0.003 mg/1/ft.
LAS, 26-19 0.70 0.23 0.0006
Soap 33-19 |.27 0.42 0.003
LAS,, 33-19 1.03 0.34 0.003

Compensating for dilutional effects, based upon chloride reductions, through the
downstream flow path resulted in the following net rates of nitrite reductions:

Average Yalues

ABS 0.39%/ft. 0. 13%/day

LAS Dilution Rates Exceed Total Reduction Rates
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FIG. 5-10 }
LONG ISLAND GROUND WATER POLLUTION STUDY
NITROGEN CYCLE VERSUS TRAVEL TIME
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FIG. 5-13

LONG ISLAND GROUND WATER POLLUTION STUDY
NITROGEN CYCLE VERSUS TRAVEL TIME
LAS IN USE (3/1/1964'-9/2/1964)
SITE N2 | - BROOKHAVEN, SUFFOLK COUNTY, N.Y.
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Soap 0.44%/ft. 0.15%/day
LAS2 ' 0.33 ‘ 0.11

5. Generally, factors besides those of dilution result in the reduction in
nitrite concentrations through the downstream flow path; i.e., after peak

nitrite levels have been achieved.

Nitrates

1. Nitrate concentrations in the disposal system were constant during the use

of all surfactants being €0.01 to 0.14 mg/1. (Table 5-3) Background observation
wells indicated average nitrate Tevels of 0.25 and 5.10 mg/1 in the upgradient
sewage slug and peripheral ground waters, respectively.

2. During the use of all surfactants nitrification proceeded at about the same
fate with maximum nitrate concentrations developing at well group io. 26 or
approximately 10 feet downstream from the disposal system.

3. The rapid advancement of the nitrogen cycle was primarily attributed to the
dissolved oxygen present.

4. The extent of nitrification varied with the use of the different surfactants
used. Fig. 5-10 thru 14, 26 thru 35, Tab. 5-3, 4. Use of the initial two
formulations ABS and LAS], resulted in relatively small amounts of nitrate con-
version, 1.7 and 4.3 mg/1, at well lo. 26. Beginning with the use of Soap,
significantly larger nitrate concentrations developed being 40.7, 40.3 and

29.9 mg/1 at well No. 26 during the use of Soap, LAS2 and AS, respectively,
Relative amounts of conversion to the inorganic nitrate form was consistent with
the production of nitrites.

5. Reductions in nitrate concentration beyond well group No. 26, i.e., after peak
nitrate Tevels were developed proceed at variable rates.

Average Values

ABS Well #26-19 2.48%/ft. 0.82%/day 0.004 mg/1/ft.
LAS] 26-19 0.78 0.26 0.03
Soap 33-19 1.39 0.46 0.30
LAS2 33-19 0.85 0.28 0.12




Compensating for dilution, based upon reductions in chloride concentrations, re-

sulted in net rates of nitrate reduction through the Tower flow path of:

Average Values

ABS 1.60%/ft. 0.53%/day
LAS4 DiTution Rate Exceeds Total Reduction Rates

Soap 0.56%/ft. 0.19%/day
LAS, 0.08 0.03

It is concluded that factors besides that of ground water dilution come into action
in causing the reduction of nitrates in saturated or ground water flow.

Sulfates

1. Sulfate concentrations in the disposal system varied ranging between 7.8 and
40.4 mg/1, except during the use of LAS], when an average sulfate level was 126.1/mg/1.
(Table 5-3) Background observation wells indicated a uniform sulfate concentration
of 19.0 mg/1.

2. In the cesspool, the average sulfate concentration varied with the use of LAS
on two separate occasions. The first usage of LAS resulted in average sulfate
levels of 126.1 mg/1, while a sulfate content of 29.0 mg/1 resulted with the

second usage of LAS surfactant.

3. Significant_increases in sulfate concentration occurred between the cesspool
and first well group except during the use of LAS]. (Table 5-3, 4 Figure 5-15,
5-26 through 35)

4. Average reductions in sulfate concentrations through the downstream well

groups varied as follows:

Average Values

ABS Well #26-19 0.51%/ft. 0.17%/day 0.44 mg/1/ft. |
4
|
|

LAS, 20-19 0.88 0.29 0.70
Soap 33-19 0.58 0.19 0.49
LAS 33-19 1.00 0.33 1.13

2 |
Adjusting for dilution, based upon reductions in chloride concentrations,
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resulted in the following reduction:

ABS Dilution Rates Exceed Total Reduction Rates
LAS] ‘ 0.03%/ft. 0.01%/day
Soap Dilution Rates Exceed Total Reduction Rates
LAS, o 0.30%/ft. 0.10%/day

5. Generally, it appeared that reduction in sulfate content through the downstream
saturated soil zone was due primarily to dilutional effects.

6. Significant sulfate levels still persisted at the final observation well group
80' downstream from the disposal system. (Figure 5-15)

Phosphates

1. In most instances, the ortho and total phosphate concentrations in the disposal
system and downstream wells were approximately equal. Total phosphate levels 1in
the disposal system ranged between 55.5 and 111.0 mg/1, depending upon the surfac-
tant in use. (Table 5-3) "Al11 upstream observation wells measured about the same
average total phosphate concentration of 0.10 mg/1.

2. Initial travel in the cesspool region (cesspool to first well group) phosphates
decreased in level by 0.9 to 27.6%, except with the use of AS which exhibited a
6.6% increase in concentration.

3. Continued travel in the saturated soil zone resulted in reductions in total
phosphate content, generally occurring at a decreasing rate with each succeeding
downstream well except during the use of the initial two surfactants, ABS and LAS.
(Table 5-3, 4 Figure 5-16, 17, 5-26 through 35)

4. Overall average rates of total phosphate reduction between well group No. 26
and final observation wells were:

Average Values

ABS 1.40%/ft. 0.46%/day 2.12 mg/1/ft.
LAS] 1.40 0.46 1.75
Soap 1.36 0.45 0.47
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LAS2 _ 1.40 0.46 ©0.75

H

AS 1.33 - 0.44 0.92

Adjusting for dilution through the saturated zone, based upon chloride reductions,
resulted in net total phosphate reduction rates of:

Average Values

ABS 0.52%/ ft. 0.17%/day
LAS, 0.55 0.18
Soap 0.53 0.18v
LAS, 0.63 0.21

AS 0.63 0.21

5. It was observed, based upon net reduction rates, that factors other than
dilution alone resulted in the removal of total and ortho phosphates in travel
through the saturated zone. Generally, all living organisms require phosphorus
in the inorganic ortho phosphate form. The phosphorus requirement by bacteria
and other organisms were not undertaken in these studies.

6. Although extremely large phosphate concentrations were initially present in
the cesspool, levels were reduced to between 1.0 and 1.72 mg/1 at the final

well group. Greater than a 98 percent reduction in total phosphate concentration
through the entire flow path resulted during the use of all surfactants.

(Figure 5-17)

Coliform Organisms

1. Log average coliform concentrations (MPN's) within»thé/a?éposal system varied
ranging from a low density of 5.24 x 106 organisms per 100 ml during the use of
Soap to maximum densities of 132.8 x 108 with the use of LAS7. (Table 5-3)
Background observation wells indicated log average numbers of 85.0 and less than
2.2 in the upgradient sewage waste slug and peripheral ground waters, respectively.
2. Presence of coliform bacteria in the upgradient waste slug lead to the
conclusion that coliform organisms persist for significant time peﬁjods and

travel distances under ground water conditions. Background wells showing the

presence of coliform were also high in other constituents of sewage .
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origin. The upstream wells on Site No. 1 were located more than 500 feet down-

gradient from any other sewage disposal systems.

3. Significant reductions in log average coliform concentrations greater than
99.5 percent resulted in travel of the waste slug between the cesspool and first
well group, except during LAS1 usage. Through this initial flow path, only

an 84 percent reduction of coliform organism occurred. (Figure 5-19, Tab]e 5-3, 4)
4. Movement of the sewage slug in the saturated soil zone first to last well
group, resulted in a 91 to 99 percent reduction of the first well No. 24 coliform
density. (Figure 5-27, 29, 31, 33, 35) o .

5. Downstream sampling wells not intercepting the waste slug were predominantly
free of coliform organisms and measured little or no contamination by other
constituents of sewage brigin.

6. Overall coliform die-away and phosphate reductions at the final observation
well aroup achieved about the same order of'magnitute--greater than 98 percent.
Increased reduction rates during the use of ABS and LAS surfactants were common
to coliform ordanisms, MBAS and total phospHates.

7. A direct association between the die-off or reduction of coliform organisms
and decreases in MBAS, phosphates or other sewage constituents was not apparent.
8. Although the total reduction in log average coliform populations appeared

to be significant, densities exceeding allowable bacteria] concentrations for a
potable water still existed at the final observation well group 80 feet down-
stream from the disposal system. Log average coliform MPN's at the last well
group ranged between 13.7 and 4724 organisms per 100 ml. (Figuke 5-18, 19)
Alkalinity

1. Alkalinity in the disposal system varied with each surfactant averaging
between 359 and 470 mg/1 as CaCO3. (Table 5-3) Upstream observation wells had
average alkalinity concentrations of 30.0 and 16.0 mg/1 as CaCO3'in the back-
ground slug and peripheral ground waters, respectively.

2. Alkalinity concentrations in the downstream saturated zone tended to
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decrease at a relatively uniform rate, except during the use of the AS sur-
factant. (Figure 5-20, 21, 5-26 through 35 Table 5-3, 4) Rates of alkalinity

reduction in this downstream flow path were:

Average Values ~
ABS 1.0%/ft. 0.33%/day 4.35 mg/1/ft.
LAS1 0.67 0.22 .2.35
Soap 0.70 - 0.23 3.26
LAS 0.64 0.21 1.93

2
Adjusting for dilution, based upon reductions in chloride concentrations,

resulted in net alkalinity reduction rates of:

Average Values

ABS 0.12%/ft. 0.04%/day
LAS] Dilution Rates Exceeds Total Reduction Rates
Soap Dilution Rates Exceeds Total Reduction Rates
LAS2 Dilution Rates Exceeds Total Reduction Rates

3. Based upon net alkalinity reduction rates, decreases in alkalinity concen-
trations were due wholly to dilutional effects (dilution based upon reductions
in chloride concentrations.)

4. Generally, those wells showing the presence of the sewage slug in the back-

around and downstream wells were higher in alkalinity content than wells not
indicating sewage constituents. (Figure 5-20, 21)

Specific Conductance

1. Specific conductivity in the disposal system ranged between 655 and 845
umhos/cmé. (Table 5-3) Background observation wells indicated average specific
conductance of 115 and 85 umhos/cm? measured in those wells showing presence of
sewage contaminants and peripheral ground waters, respectively.

2. Within the disposal system, average specific conductivity values increased
with the use of each succeeding surfactant.

3. Generally, reductions in specific conductance occurred through the down-
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stream flow path at a decreasing rate with each subsequent downstream well group.
Overall Tlevels of other sewage constituents also tended to decrease through the
same downstream travel distance. (Figure 5-22, 23, 5-26 through 35, Table 5-3, 4)
4. Specific conductance decreased through the downstream saturated soil zone,
first to last well groups, at the following average rates:

Average Values

LAS, 0.39%/ft. 0.13%/day 2.5 umhos/cm?/day
Soap 0.82 0.27 5.25
LAS, 0.50 0.17 3.43
AS 2.18 | 0.72 9.75

5. Reductions in specific conductance proceeded (except during the use of AS sur-
factant), at a smaller rate than that of chlorides which was considered as the
indicator of ground water dilution.

CcoD

1. Chemical oxygen demand, COD, in the disposal system va;ied with the use of each
surfactant ranging between 153 and 309 mg/1. (Table 5-3) Al11 background wells
measured approximately the same average COD concentration (12.5 mg/1).

2. Travel of the waste between the cesspool and first downstream well group re-
sulted in significant COD reductions occurring at the following rates:

Average Values

ABS 33.3% 6.65%/ ft. 20.6 mg/1/ft.
LAS, 41.6 8.35 23.4
Soap 14.5 2.90 4.2

3. In the downstream saturated soil zone, COD Tevels tended to increase between
wells No. 24 and 26 followed by reductions in concentration out to the final well

group during the use of ABS and LAS (Figure 5-24, 25, 5-26 thru 35, Table 5-3, 4)

1
With Soap usage, COD reduced at a decreasing rate at each subSequent downstream well

group. Average COD reduction rates in the saturated soil zone were:
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Average Values

§

ABS Well #26 to #19 . 0.51%/¢t. ‘ 0.17%/day 1.14 mg/1/%t.
LAS, #26 to #19 lohl 0.37 . 2.1
Soap #24 to #19 1.06 ' 0.35 1.39

Compensating for dilutional effects, based upon reductions in chloride concen-

trations, resulted in net COD reduction rates of:

ABS Dilution Rates Exceeds Total Reduction Rates
LAS, 0.26%/ft. 0.09%/day
Soap 0.23 _ 0.08

4. Based upon COD reduction rates, it can be concluded that organic matter
is being removed from the waste at a more rapid rate in the cesspool-soi!
region.

5. Generally, factors besides that of dilution alone were effective in re-
moving organic matter through the saturated zone and thus reducing COD levels.
BOD

I. Blochemical oxygen demand, BOD, in the disposal system varied with the
surfactant in use and ranged between 250 and 550 mg/l. The largest BOD
occurred during the use of the Soap product.

2. Ratios of BOD/COD indicated that there was laboratory error in either of
the determinations. Generally, a BOD/COD ratio of domestic waste should not

exceed |.0., BOD and COD levels indicated the following ratios:

BOD _CoD B0D/COD
ABS -—- 309 mg/| ——-
LAS, 360 mg/| 281 1.28
Soap 550 153 3.60
LAS, 295 - —
AS 250 _ - -—-

3. There was no consistent relationship between the BOD and suspended solids

in the cesspool. Generally, BOD values were greater than that of suspended solids.
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Total and Suspended Solids

. Total and suspended solids in the disposal system remained relatively con-

sistent with the use of various surfactants.

2. Generally, the largest total solid concentration occurred during the use

of Soap, the washing product which also had the largest BOD level in the

cesspool.

Total Solids Suspended Sol lds

770 mg/|
828
725

760
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DESCRIPTION AND DEVELOPMENT

PART 6 - SITE 2 |

Site No. 2 is located on the south side of Arlington Road, west of Avenue B
in West Babylon, Long Island, New York. The family consists of two adults and five
children. The house was approximately five years old at the time testing was com-
menced. The family was supplied with the standard ABS product and commenced its
use on February 12, 1963. (Figure 6-1, 2)

The detergent products employed, quantity used and corresponding water use
are given in Table 4-3.

Special interest on this site was directed to the use of a Sucrose Ester base
surfactant. The product was supplied by the Sugar Research Foundation, New York
City. Extensive deliberation took place on the detergency of the Sucrose Ester
material. After several meetings on the subject, it was determined to submit the
product for testing by an independent research Taboratory. A summary of the re-
port by Harris Research Laboratories, Inc., follows:

"Standard heavy duty household laundering formulations were prepared from a
series of well-characterized sucrose ester surfactants. The detergency and redep-
osition performance of these formulations was measured by the soil accumulation
method, using for comparison standard formulations based on sulfated and sulfonated
surfactants. Also measured were the lime soap dispersing power, and the tendency
to leave the residual adsorbed deposits on the fabric. The sucrose ester series
as a whole preformed at least as well in detergency as the standard anionics, and
_ retained their effectiveness at lower concentrations. They showed about the same,
or slightly less, tendency than the anionic controls to build up organic residues
on the fabric, both series being much superior to soap in this respect. In redep-
osition performance and lime soap dispersion the sucrose esters were outstandingly
better than any of the standard anionic controls. Within the sucrose ester series,
the Cyg esters gave generally better performance than the shorter chain esters, and

the saturated esters tended to be better than the unsaturated."
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The complete report is given in a paper titled "Performance Characteristics

of Sucrose Ester Detergents", Swartz and Rader, presented to American 0i1 Chemists
Society December 1964. |

In view of the report confirming the detergency efficiency of the sucrose ester
product, the Long Island Research Task Unit decided to accept the sucrose ester
detergent for tests on Site RNo.. 2.

The sewage disposal system consists of a 750-gallon septic tank followed by
a single 8-foot diameter, 8 feet deep precast concrete cesspool extending two feet
below the static water level. Water supply for the home is obtained through a 1 1/4
in diameter, 30 feet deep private well located on the northeast corner of the property.
A water meter was installed on the discharge side of the pump in order to obtain the
water use for the family. Prior to completion of the project the public water supply
was extended into the area and the homeowner disconnected the private well. Ground
water level observation wells were installed on and in the vicinity of the site.

Survey teams from the U.S. Geological Survey and the Suffolk County Health De-
partment measured and plotted the ground water contours obtained from the test well
observations. A plotting of the ground water contour indicated that the direction
of flow of ground water in the area was south 14° 30'east. This directional
line was staked out through the center of the cesspool.

A 30-foot deep core boring was drilled to establish the nature of the subsur-
face aquifers. Wash samp]és were taken at 2 1/2 feet intervals and coring attempted
every 5 feet. The formations encountered were extremely course, and only one spoon
sample was retrieved. The driller's log is as follows: O to 1 foot; topsoil and
loam, 1 foot to 5‘feet; brown sandy clay, 5 feet to 10 feet; fine to medium brown sand,
grit and gravel, 10 feet to 30 feet; medium-course brown sand, grit and gravel. (Fig-
ure 6-3)

The ground water table elevation was established at 17.6 feet above mean sea

level and varied from 4 feet to 5 feet below grade on the site.
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Five probe wells were installed along the ground water flow direction in

order to establish the pattern of the cesspool effluent in the ground water
body. The standard 1 1/4 inch well points were partially filled with lead to
allow only a 6 inch effective open area exposed to the formation. The first well
was placed 45 feet dowgradient from the cesspob] and to a depth of 41 feet below
grade. Samples were collected and field analyzed for ABS as an indicator of the
pool effluent.

The second well was driven 20 feet downstream from the pool to a total
depth of 39 feet and sampled 21 times during the installation. Twenty feet
upstream from the cesspool, a 21-foot test well was driven and sampled at
five formations. The remaining two test wells were placed at 15 to 35 feet
downgradient and samplied five and four times respectively during installation.

A rather high background pollution of the ground water was noticed, and
the presence of ABS was detected to depths of 40 feet below grade at the south-
ernmost probe well. Field tests were later confirmed in the Suffolk County
Water Authority Laboratory.

The highest ABS readings were obtained between 2 and 6 feet below the
static water level. This high éoncentration was considered evidence of the
main body of the cesspool effluent.

Two holes were drilled through the cesspool cover. In one hole a 1 1/4 inch
X 2 foot diameter long well point was set 6 feet below grade. In the other, an 8 inch
adaptor pipe was installed for a liquid Tevel recorder. When uncoVered, the pool
was close to overflowing and a scavenger was called in to pump out both the cess-
pool and the septic tank. Later, inspection of the pool indicated adequate leaching.

A total of 15 permanent wells were installed using 1 1/4 inch diameter
x 1 foot long effective opening well points. Reference wells were placed 25 feet
upstream from the pool at 2, 4, and 6 feet below the static water level. Four

downstream groups of wells were placed 5, 15, 25, 35, and 65 feet from the

6-6




center of the pool at 2, 4 and 6 feet below the static water level. (Figure 6-1, 2)

On April 5, 1963, 6.25 pounds of sodium fluoride was dissolved in a 55-gallon
drum and discharged into the cesspool. It was estimated that this dosage would
result in approximately 800 mg/! of fluoride in the pool. Analysis of the cesspool
contents of the following day showed a fluoride concentration of 350 mg/l.

Several sample runs were made on the test wells for phosphates prior to the
fluoride dosing in order to obtain data on background interference in the fluoride
analysis due to phosphates.

After the tracer introduction, samples from the wells which had indicated the
highest levels of ABS were collected daily and analyzed for fluorides. The fluor-
ides appeared in Well No. 9 on April 18, Well No., || on May 4, and Well No. |5 on
June 4, 1963, a travel rate of 40 feet in 60 days or a ground water flow rate of
0.66 feet per day.

During the course of the studies it was necessary from time to time to pump
out the disposal system and septic tank. This was particuilarly necessary for the
cesspool which would reach overflow levels. A procedure which was employed success-
fully on a number of occasions was to aerate the bottom of the cesspool! through the
use of a compressor and a probe pipe. The aeration procedure usually resulted in
a level drop of 4 to 5 feet following 2 - 3 hours aeration of the poocl. When
switching from one detergent product to another, the disposal system and septic
tank were pumped out in order to obtain information on the rate of appearance of
the new product in the disposal system.

The collection of samples on Site No. 2 was carried out through use of a common
hand pitcher pump with the Lucite tube attachment for collection of bacteriological
and dissolved oxygen samples. (Figure 3-3)

In November 1965 a sampling point was placed in the septic tank in order

to obtain data on removals of sewage constituents in the septic tank.



Travel of Waste Slug

I. The sewage slug in the saturated soil zone was depressed as it traveled
through the downstream sampling locations. At the first well group, the waste
slug fluctuated between 2 through 4 feet below static water level and depressed
to approximately 6 feet below SWL at the last observation well group, 65 feet
downstream from the disposal system.

2. Travel between the first and last well groups generally resulted in an
overall reduction in contaminants of sewage origin as a result of mixing with
less contaminated ground water in addition to exchange and sorption processes.
3. Natural recharge of the upper glacial formation by precipitation did not
appear to have any direct affect on dilution of the waste slug nor any role

in depressing the slug through the downstream flow path. Density differences
between the sewage siug and surrounding ground waters is believed to be the
prime factor resulting in sinking of the waste slug through the downstream
observation wells. As mixing and dilution of the slug progresses, density
differences are decreased causing the diminishment of the downward force
driving the waste-ground water mixture deeper.

4. Presence of an upgradient sewage slug approximately 6 feet below SWL was
observed in background observation well No. 3. (Table 4-1) Downstream sampling
wells were not driven deep enough to enter the upgradient slug as it passed
beneath the onsite slug. Site No. 2 was located in a densely populated area;
therefore, subject to upgradient or offsite pollutional sources.

Chlorides

I. Chloride concentrations in the disposal system ranged between 47.0 and |
60.0 mg/1 varying with the surfactant in use. (Table 6-1) Background wells

indicate chloride concentrations of 28.0 in the upgradient waste slug and 13.0

in surrounding ground waters.

2. Movement of the sewage slug between the cesspool and first well group resulted

in a 5-12 percent increase in chloride concentration during the use of all
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Table 6-|
SITE 2
OBSERVATION WELL CONCENTRATIONS

Cesspool #6 #11 #15 #17
V=0.67 ft./day 0 5! 25! 45! 65!
|. ABS (MBAS) 41. | 40.2 28.9 30.4 12. |
Ammonia 51.6 60.1 54.0 51.7 50.7
Chlorides 60.0 67.2 61.0 6.4 54.5
Total PO, 74.0 69.0 42.0 25.8 0.19
~ Spec. Cond. 558.0 623.0 643.0 610.0 652.0
Alkalinity 293.0 384.0 358.0 340.0 341.0
Sulfates [77.0 72.5 66.0 57.8 37.3
Coliform |.23x10° 2.07x100 4.22x10% l.33x 10~ 84.3
(Log Avg.)
Nitrites 0.01 0.19 0.12 0.05 0.04
Nitrates 0.1 0.1 0.1 0.1 0.18
CoD 233.0 224.0 158.0 151.0 165.0
. LAS, (MBAS) 24.3 22.3 20.3 19.5 14.3
Ammonia 56.5 58.9 56.7 56.7 52.6
Chlorides 53.7 57. | 51.8 51.6 46.3
Total PO, 71.0 64.6 22.0 1.5 0.19
Spec Cond. 640.5 618.0 632.0 575.0 511.0
Alkalinity 333.0 338.0 303.0 322.0 301.0
Sulfates 65.2 64.5 108.0 112.0 83.2
Coliform |.74x10° 9.32x10% I.72x10° 143.5 24.1
(Log Avg.)
Nitrites 0.0l 0.04 0.07 0.02 0.02
Nitrates - 0.1 0.1 0.1 0.1 0.1
COD 142.0 110.0 96.9 103.0 85.0
. AS (MBAS) 13.4 16.3 12.5 12.1 10.2
Ammonia 52.5 62.2 57.0 50.0 49.3
Chlorides 47.0 49.2 47.5 46.5 40.0
Total PO, 81.5 70.0 42.5 3.7 0.09
Spec. Cond. 675.0 710.0 665.0 652.0 595.0
Alkalinity 295.0 380.0 344.0 342.0 332.0
Sulfates 34.0 _ 64.0 103.0 88.0 64.4
Coliform 3,34x10” l.04x10° 3283. 1763. 640.
(Log Avg.)
Nitrites 0.0l 0.06 0.07 0.05 0.02
Nitrates 0.13 3.73 4.97 .72 3.33

COD




SITE 2

Cesspool
0

Table 6-1 (continued)

OBSERVATION WELL CONCENTRATIONS

#6
51

#11
25!

Soap (MBAS)

2

8

7

Ammon- a

63.

69.

60.

Chlorides

53,

59.

55.

Tofal POy

47.

53.

30.

Spec. Cond.

760.

814.

659.

Alkalinity

380.

455,

390.

Sulfates

8.2

30,

51.

Coliform
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2.68x10>
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l.04

COD
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18.

2.

Ammonia

58.
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Chlorides

50.
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86.
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Alkalinity

385.

Sulfates

10.

Coliform

.39x10°

(Log Avg.)

Nitrites

.02

Nitrates

CoD

184.

Sucrose Ester

5.3

(MBAS)

Ammonia

60.0

Chlorides

55.5

Tota!l POy

122.0

Spec. Cond.

Alkalinity

345.0

Sulfates

29.0

Coliform

|.67x100

(Log Avg.)

Nitrites

Nitrates

COD




surfactants except Sucrose Ester. (Table 6-2)

3. Travel through the downstream saturated soil zone, first to last well group,
resulted in overall reductions of 18.9 to 37.2 percent average rates of chloride
(Table 6-1, 2 Figure 6-4, 5) reduction being as follows:

Average Value

ABS 0.31%/ft. 0.21%/day 0.21/mg/1/ft.
LAS] 0.31 0.21 0.18
AS 0.33 0.22 0.15
Soap 0.53 0.36 0.32
LAS2 0.61 0.41 0.33
Sucrose Ester 0.51 0.34 0.26

The reduction in chioride concentration is generally accomplished by mixing with
less contaminated waters and considered to be a measure of dilution.

4. A pronounced difference in the rates of chloride reduction resulted during the
use of the final three surfactants (Soap, LAS2 and Sucrose Ester). The rate of re-
duction or dilution during the use of the final three surfactants was approximately
double the chloride reduction experienced with the initial three surfactants.

In the period in which the final three surfactants were used, a drop in the
water table levels occurred. It is believed that the result of the drop was a vert-
ical movement of the center of the waste away from the sampling point. Prior to the
use of the final three surfactants, the homeowner switched from an individual well
water system (CL = 25+mg/1) to the public water supply (C1 = 5+ mg/1), resulting in
an approximate decrease of 20 mg/1 chlorides in the waste entering the cesspool,
further accounting for chloride decreases.

Infrared Analysis

1. Infrared analysis for the percent branched material, ABS, in downstream wells
indicated 90 to 56 percent ABS still present at downstream sampling locations during

the use of LAS surfactant. The first infrared samples collected during




PERCENT REMAINING OF FIRST WELL CONCENTRATION

Table 6-2

#6 #11 #15 #17
0 20" 40! 60!
ABS (MBAS) 100.0 71.9 75.6 30.0
Ammonia 89.9 86.0 84.4
Chiorides 90.8 91.4 81.1
Total PO, 60.9 37.4 0.4
Spec. Cond. +103.2 98.4 +104.6
Alkalinity 93.2 88.6 88.8
Coliform 2.0 0.1 0.1
(Log Avg.)
COD 70.5 67.4 73.6
LAS, (MBAS) 100.0 91.0 87.4 64. |
Ammonia 94.5 94.5 89.3
Chlorides 90.7 90.4 81.1
Total PO, 36.0 2.5 0.5
Spec. Cond. +102.0 93.0 82.7
Alkalinity 89.7 95.3 89. |
Coliform 2.0 0.3 0.1
(Log Avg.)
COoD 88. | 93.7 77.4
AS (MBAS) 100.0 76.7 74.2 62.6
Ammonia 91.6 80.4 79.2
Chlorides "95.4 93.4 80.3
Total PO, 60.7 5.4 0.3
Spec. Cond. 93.7 91.8 83.8
Alkalinity 90.5 90.0 87.4
Coliform 3.4 1.9 0.6
(Log Avg. ).
COD
Soap (MBAS) 100.0 79.6 76.1 88.6
Ammonia 87.0 77.0 5.3
Chlorides 92.6 90. | 68. 1
Total PO, 57.9 8.0 0.l
Spec. Cond. 80.9 81.0 53.9
Alkalinity 85.7 83.5 55.8
Coliform 2.8 0.5 0.4
(Log Avg.)
COoD
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PERCENT REMAINING OF FIRST WELL CONCENTRATION

Table 6-2 (continued)

#6 #11 #15 #17
0 20" 40" 60"

LAS  (MBAS) 00.0 78.0 33.0 41.0
Ammbnia 94. | 55.5 {7.5
Chlorides 95.9 83. 1 62.8
Total PO, 75. 1 3.5 0.1
Spec. Cond.
Alkalinity 90.
Coliform 2.

(Log Avg.)
COD 96.
Sucrose Ester [00.0 +101.

(MBAS)
Ammonia +103.
Chlorides 98.
Total PO, 67.
Spec. Cond.
Alkalinity 90.
Coliform l.

(Log Avg.)
COD 78.
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the use of LAS were obtained approximately three months after ABS surfactant
was discontinued as the household washing compound. Prior to the study ABS was
used as the household washing compound; therefore, the downstream soil system
was assumed to be saturated with ABS.

2. Average percent branched material, ABS, present at downstream sampling
locations during LAS usage were:

Sampling Location

Sampling Date Well #9 Well #11 Well #13
15 30" 45"

9/9/63 79.5% 83% 76%, 90%
10/8/63 80 77 80
10/21/63 71 69 68
12/18/63 72 68 74

1/64 68 68 77
2/26/64 24 57 56
8/28/64 46

3. Based upon grbund water velocities, approximately 90 days (3 months) were
required for the waste slug to completely travel through the downstream flow
path. During the collection of infrared samples two complete passes of the
waste slug were accomplished, resulting in about a 25 percent decrease in the
quantity of ABS present at a particular well. Assuming complete ABS saturation

at the beginning of the study, about 20 percent of the branched material was

tlushed out, desorbed, during the time ABS was discontinued as the washing com-

pound and collection of the infrared samples (3 months).
4. Tracing slugs of waste through the downstream flow path resulted in general

decreases in the percent branched material, ABS, at each succeeding downstream

well group.




Sampling Location and Date

Run Number Well #9 Well #11 Well #13

15! ZABS 30! ZABS 45! ZABS
| 9/9/63  79.5% 10/8/63 77% 10/21/63  68%
2 10/8/63 80 10/21/63 69 12/18/63 74
3 12/18/63 72 1/64 68 2/26/64 56

5. Generally, the percent branched material, ABS, present at a particular sampling

location tended to decrease with time following the use of ABS surfactant as

a washing compound.

6. Desorption of branched material (ABS) resulted at a larger rate immediately after

ABS surfactant was discontinued as the household washing compound.

decrease in branched material (ABS) resulted after the first three months of LASI

following ABS usage. The subsequent six months of LAS

additional 25 percent decrease in branched material. (ABS)

MBAS as_ABS

1. MBAS reported as ABS in the disposal system varied considerably depending
~upon the surfactant being used and averaged between 2.3 and 41.! mg/l.
Background observation wells indicated average MBAS concentrations of 3.5 and 0.02
mg/| in the upgradient waste slug and peripheral ground waters, respectively.

2. In the flow region around the cesspool reduction characteristics in MBAS
varied significantiy. During the use of ABS, LASI, and LASZ, MBAS levels reduced

2-31 percent in concentration while MBAS levels during use of the remaining surfactants

A 20 percent

usage only resulted in an

(Table 6-1)

(AS, Soap, Sucrose Ester) actually Increased through the same flow region.

6-2, Figure 6-6, 7)

3. Surfactants showing increases in MBAS concentration in the initial flow

path were formulations with relatively low MBAS tevels within the disposal

system. Soap and Sucrose Ester compounds had average MBAS levels of 2.3 and

5.3 mg/l in the cesspool and increased at the first well group to 8.8 and 13.3

mg/| respectively. Desorption of branched material, ABS, in the cesspool soil
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region was undoubtedly the factor causing increased MBAS levels. During the
use of LAS, infrared analysis indicated between 46 and 90 percent branched
material (ABS) still present in the saturated soil zone.

4, Movement of the waste slug through the downstream observation wells re-
sulted in reductions in MBAS concentrations. Average rates of reduction in

MBAS between the first and last well groups 60 feet travel distance was:

Average Values

\
ABS 1. 17%/¢t. 0.78%/day 0.47 mg/1/t.

LASl 0.60 0.40 _ 0.13
AS 0.63 0.42 0.11
LAS2 0.98 0.66 0.13
Sucrose Ester 1.21 0.8l 0.16

5. Compensating for dilution, based upon reductions in chioride reductions,
resulted in average net rates of MBAS reduction (% MBAS - % Chlorides) due to
factors other than dilution through the downstream flow path of:

Average Values

Soap 0.19 0.13 0.02

ABS 0.86%/ft. 0.57%/day
LASl 0.29 0.19

AS 0.30 0.20

Soap Ditution Rates Exceeded Reduction Rates

LAS2 0.37 0.25
Sucrose Ester 0.70 0.47

6. Net reductions in MBAS concentrations (% MBAS - % Chlorides) does not
distinguish between MBAS reductions due to adsorption and/or biodegradation.
7. The second usage of LAS surfactant (LAS2

|
|
|
|
) resulted in substantially lower
MBAS concentrations in the cesspool and downstream observation wells. 1
During both uses of LAS the water consumption increased approximately 30 per-

cent, while the product use was approximately 20 percent less than with ABS or AS, thus
6-20



accounting for the generally lower MBAS levels during use of LAS.

Prior to the second use of LAS, there was a |6-month period during which AS
and then Soap wés employed. The purging of the saturated zone by low level MBAS
waste slug resulted in desorption of previousiy deposited MBAS materials with sub-
sequent improvement of the soll's adsorptive capacities. [t is believed that this
process accounted for the generally low MBAS results during the second use of LAS.
8. Increased MBAS concentrations between the cesspool and first well group, during
the use of surfactants showing low MBAS levels in the cesspool indicated that MBAS
reductions and associated rate functions in the saturated zone are undoubtedly sub-
Jject to interferences by desorbed branched material.
9. Lower MBAS levels in the cesspool and downstream wells occurred upon changing
from ABS to other surfactants. A decrease in MBAS concentrations in the downstream
wells occurred with each successive surfactant until an MBAS level was attained
where desorption of branched material (ABS) was the principal source of the MBAS
material.
10. After changing household washing compounds, the cesspool and downstream welis
required about | - 2 months to attain new quasi-steady state conditions with respect
to MBAS levels. Reduction in MBAS concentrations were most pronounced when switching
to and from Soap and Sucrose Ester formulations.
Il. Although large bacterial populations existed in the initial downstream flow
path, a relationship between bacterial populations and MBAS levels was not apparent.

Dissolved Oxygen

I. Background observation wells indicated a relatively large range of average
dissolved oxygen concentrations being between 0.30 and 3.l mg/l. (Table 4-5)
Presence of the background waste slug was reflected by the low dissolved oxygen
level, 0.30 mg/l, in Well No. 2. Background wells | and 3, being above and below

the waste slug, measured significant average dissolved oxygen content being




1.2 and 3.1 mg/1, respectively.
2. A1l downstream sampling wells were virtually void of dissolved oxygen, values
ranging between 0.0 and 0.7 mg/1. The Tow dissolved oxygen concentrations were
probably caused by a highly concentrated waste slug Tocated between 2 and 6 feet
below static water level.
3. There was no evidence of increasing dissolved oxygen levels, re-oxygenation
of the polluted waters as the slug traveled downstream.
pH

Background observation wells which were generally free of sewage contaminants
had a pH range of 5.0 to 6.8. Both the septic tank and cesspool indicated an

average pH 6.5 to 7.2, while downstream ground waters indicated the influence of

the sewage slug by increased pH levels to pH 6.0 to 7.0 at the downstream obser-

vation wells.

Ammonia

1. In the disposal system free ammonia concentrations ranged between 51.6 and

63.0 mg/1. (Table 6-1) Background test wells indicate free ammonia levels

of 11.0 and 0.35 mg/1 in the upgradient waste slug and surrounding ground

waters respectively.

2. Increases in free ammonia concentrations developed in travel of the sewage

slug from the cesspool to first downstream well group during the use of all
surfactants. Within this initial 5 foot travel distance, ammonia increases

ranged between 0.8 and 18.5 percent. (Table 6-1 Figure 6-8 through 15; 6-27 thru 38)
3. The increase in free ammonia was due to the conversion of organic nitrogen

into ammonia at the cesspool-soil interface where free oxygen was believed to exist.
4. Travel of the sewage slug through the entire saturated soil zone, first

to last well groups, resulted in overall rates of ammonia reductions as follows:
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Average Values

ABS 0.25%/ft. 0.17%/day 0.16 mg/1/ft.
LASl 0.18 0.12 0.11
AS 0.34 0.23 0.21
Soap 0.80 0.54 0.56
LAS2 1.37 0.92 0.87
Sucrose Ester 1.29 0.87 0.79

Compensating for dilutional effects, based upon reductions in chloride concen-
trations, resulted in net ammonia reductions of:

Average Values

ABS Dilution Values Exceeded Ammonia Reduction Rates

LASI

AS 0.01%/%t. 0.01%/day
Soap 0.27 0.18

LAS, 0.76 0.51
Sucrose Ester 0.78 0.53

5. Significantly, greater reduction rates for ammonia occurred during the use of
the final three surfactants (Soap, LASZ, and Sucrose Ester).

6. Generally, between the cesspool and well group No. 11, 25 feet downstream from
the disposal system, the reduction in free ammonia appeared to proceed at a rel-
atively constant rate. Beyond wel!l group No. ll, the rate of ammonia reduction
increased significantly with the use of Soap and continued during the remaining
surfactants. The abrupt change in rates at this point is not readily explained but
could have been caused by changing water levels which could affect the relationship
of the observation well point to the sewage slug. The rates of ammonia reduction

through this downstream flow path were:
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(Well #11 to #17 40', 60 days)

Average Values

ABS 0.15%/¢t. 0.10%/day
LAS, 0.18 0.12
Soap 1.0l 0.68
LAS, 2,02 : .35
Sucrose Ester 1.95 1.31

0.08 mg/1/ft.
0.10
0.62
1.20

1.23

Compensation for dilution, based upon chloride reductions in this flow region,

resulted In net free ammonia reduction rates of:

Average Values

ABS Ditution Values Exceeded Ammonia Reduction Rates
LAS' Dilution Values Exceeded Ammonia Reductlion Rates
AS Dilution Values Exceeded Ammonia Reduction Rates
Soap : 0.48%/ft. 0.32%/day
LA52 .41 0.94
Sucrose Ester .44 0.97

7. During the use of the first three surfactants (ABS, LAS

relatively little conversion of ammonia to other nitrogenous compounds indicating

| AS) there was

that reduction of free ammonia was due to adsorption and dilution rather than

biological activity.

8. Relatively large amounts of ammonia still persisted at the last observation

well group, 65 feet downstream from the disposal system.
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FIG. 6-11
LONG ISLAND GROUND WATER POLLUTION STUDY

NITROGEN CYCLE VERSUS TRAVEL TIME
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FiG. 6-12

LONG ISLAND GROUND WATER POLLUTION STUDY
NITROGEN CYCLE VERSUS TRAVEL TIME
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FIG, 6-
LONG ISLAND GROUND WATER POLLUTION STUDY o-13
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FIG. 6-14
LONG ISLAND GROUND WATER POLLUTION STUDY
NITROGEN CYCLE VERSUS TRAVEL TIME
LAS |IN USE (8/24/1965-10/22/1966)
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FIG. 6-15
LONG ISLAND GROUND WATER POLLUTION STUDY
NITROGEN CYCLE VERSUS TRAVEL TIME
SUCROSE ESTER IN USE (10/22/1966-3/14/1966)
SITE N2 2 - WEST BABYLON, SUFFOLK CUUNTY, N. Y,
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Nitrites

I. Nitrite concentrations (.0l - .02 mg/l) in the cesspool were relatively constant
during the use of all surfactants. (Table 6-1) Nitrite levels in the background
observation wells was about the same (.04 mg/l).

2. During the use of all surfactants only a smal! amount of conversion of ammonia
to nitrite developed. Complete decomposition of nitrite was assumed due fto the
presence of large amounts of free ammonia.

3. In most instances, peak nitrite concentrations developed at well group No. II,
25 feet downstream from the disposal system, except during the use of ABS and LASZ.
With the use of ABS and LAS2 surfactants, maximum nitrite levels occurred at well
groups No. 6 and No. 15 being 5 feet and 45 feet downstream from the cesspool,
respectively. (Table 6-1, 2)

4. Although significant reductions in ammonia resulted during the use of Soap,

LAS., and Sucrose Ester, nitrite levels did not increase to any great extent.

2
(Table 6-1, 2 Figure 6-10 through 15)

5. Beyond the well groups where peak levels developed nitrites reduced through
the remainder of the flow path at the following rates:

Average Values

ABS Well #6-17 1.32%/¢t. 0.88%/day 0.0025 mg/1/ft.
LAS, =17 1.78 1.20 0.0012
AS 11=17 /.78 1.20 0.0012
Soap 11=-17 1.50 1.0 0.0008
LAS, 15=17 3.46 2.32 0.009
Sucrose Ester 15-17 2,08 | .40 0.0025

Compensating for dilutional effects, based upon chloride reductions in the
saturated zone, resuited in net rates of nitrite reduction of:

Average Values
ABS 1.01%/¢%. 0.67%/day
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LAS, | 1.473/¢t. 0.99%/day
AS 1.45 0.98
Soap 0.97 0.64
LAS2 2.85 1.91
Sucrose Ester .57 ’ 1.06

6. As determined by net reduction rates, factors besides dilution resulted in de-
creases in nitrite levels through the downstream flow path.
Nitrates

Nitrate concentrations within the disposal system ranged between 0.07 and
0.13 mg/l. (Table 6-1) Background observation wells had average nitrate levels
of 2.3 and 4,0 mg/! in the upgradient waste slug and surrounding ground waters,
respectively.
2. Constant nitrate concentrations of 0.l mg/l occurred throughout the downstream

sampling wells and within the cesspool during the use of ABS and LAS During the

use of the remaining surfactants, (Soap, LAS_, Sucrose Ester) increased nitrate

2°
levels occurred with peak nitrate concentrations being developed at Well No. 15,

45' downstream from the cesspool. Maximum nitrate levels during the use of AS
occurred at Well No. ll; 25' from the cesspool. (Table 6-1 Figure 6-10 through i5)
3. Generally, peak nitrate concentrations tended to increase with the use of each
succeeding surfactant. Significantly larger average nitrate levels resulted during
the use of Sucrose Ester, 42.6 mg/l, than with the other surfactants, 0.1 to 6.5 mg/!l.
4. Development of nitrates in the saturated zone appeared to be more assoclated

with reduction characteristics of free ammonia than with the extent and level of
nitrite production. Generally, where large reductions in ammonia resulted rela-
tively higher nitrate levels, developed whereas with |ittle ammonia reduction during
the use of ABS and LAS,, nitrates remained at the cesspool level throughout the |

limits of the flow path studied.

5. The considerable length of time for the advancement of the nitrogen cycle and
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low production of nitrites and nitrates was attributed to the low dissolved oxygen
content of the downstream ground waters, thus inhibiting activity of nitrifying

organisms.

Sul fates

I. Sulfate concenfréflons in the disposal system varied with the surfactant in use
ranging between 8.2 and 65.2 mg/!, except during the use of ABS which had an average
sul fate content of 177.0 mg/!. (Table 6-1) All background wells had a relatively
high sulfate level in all wells averaging 52.0 mg/l. (Table 4-1|)

2, Within the disposal system, sulfate content varied with the use of LAS surfactant
on two separate occasions. Average sulfate concentrations of 65.2 mg/! resulted
during the first usage of LAS, while levels of only 10.9 occurred the second time
LAS was used as the washing compound. (Table 6-1, 2)

3. Generally, sulfates increase in concentration with increased distance downstream
and attain maximum levels at either well group No. Il or 15, being 25-45' downstream
from the disposal syéfem, except during the use of ABS. (Figure 6-16)

4. Downstream from the well group exhibiting peak sulfate concentrations sul fates
generally reduced through the remaining portions of the saturated zone at the
following rates:

Average Values

ABS Well #6-17 0.813/t. 0.54%/day 0.58 mg/1/ft.
LAS, 15-17 .41 0.95 .44

AS =17 0.94 0.63 - 0.97

Soap Sulfate levels increased to last test well

LAS2 15-17 I.74 1.16 1.75

Sucrose Ester 15-17 0.84 0.56 1.05

Compensating for dilution, based upon reductions in chloride concentration, re-

suited in net rates of sulfate reduction of:
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Average Values

ABS 0.50%/ft. 0.33%/day
LAS' .10 0.74
AS 0.61 0.41
Soap — ——
LAS2 1.13 0.75
Sucrose Ester 0.33 0.22

5. Net rates of sultate reduction Indicated that factors other than dilution aided
in the reduction of sulfates in the saturated soi! zone.

6. Sulfate concentrations of 37.3 to 104.0 mg/l still persisted at the final
downstream from the disposal system.

Phosphates

I. In most cases, the ortho and total phosphate concentrations within the disposal
system and at downstream wells was about equal. Total phosphate levels in the cess-~
pool averaged between 47.5 and 122.0 mg/l depending upon the surfactant being used.
(Table 6-1)  Upstream observation wells indicated extremely low total phosphate
content averaging 0.04 mg/| in all wells, even those wells exhibiting the up-
gradient sewage slug. (Table 4-1)

2. Generally, the phosphate content in the disposal system was relatively consis-
tent with the phosphate portion of the surfactant and water usage, except during
the use of Sucrose Ester. The increased phosphate concentration in the cesspool
during the use of Sucrose Ester was due to the installation of an automatic dish-
washer and use of a high phosphate detergent.

3. Total phosphates decreased with varying rates through the downstream wells but
maintained an overall decreasing trend. (Table 6-!, 2 Figures 6-17, I8 27 thru 38)
Between the cesspool and well group No. |1, 25' travel distance, phosphates had a
generally constant rate of reduction. Further travel, Wells No. Il to 15, resulted

in Increased reduction rates for a distance of 20', then followed by a very gradual
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decrease out to the final well group No. 17.

4, At the last observation well group, 65' downstream from the cesspool, greater
than a 98.5 percent reduction in total phosphate levels resulted during the use of
all surtactants. Extremely low phosphate levels existed at the final well group
ranging between 0.03 and 0.6 mg/| approximately equal to the observed levels in

the upstream test wells measuring the background waters.

5. Accurate overall and net rates of total phosphate reduction could not be estab-
lished due to incremental change . in the reduction rates at each well group.

Coliform Organisms

I. Log average coliform concentrations (MPN's) in the disposal system varied with

the use of each surfactant ranging from a low population of 3.33 x IO5

per 100 ml
during the use of AS to a maximum density of 10.16 x 106 per 100 ml with the use
of Soap. (Table 6-f) Upstream observation wells Indicated a relatively uniform
log average coliform density of 45 per 100 ml but with peak numbers exceeding
24,000 per 100 mi, (Table 4-1)

2. The persistence of collform organisms in ground water travel was exhibited by
the high coliform counts observed in all the upstream sampling wells. Site No. 2
was located in a densely populated unsewered area; and therefore, subject to up-
gradient pollutional sources.

3. Significant reductions in coliform numbers, 94,5 to 98.8 percent resulted in
travel from the cesspool to first well group, except with the use of ABS and AS
surfactants. With the use of AS only, a 68.5 percent reduction occurred in this
initial ftravel distance; while an increase of 68.2 percent in coliform density was
observed during the use of ABS (Table 6-2) o

4, Travel through the downstream flow path, first to last well groups, resulted
in colifoom reductions but at a generally decreasing rate with each subsequent down-

stream well group. (Figure 6-19,20 27 thru 38)Greater than a 99.4 percent reduction

of coliform populations resulted In this downstream travel distance.
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FIG. 6-19
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5. Those wells not showing evidence of sewage contamination were also relatively
free of coliform organisms.

6. Log average coliform numbers and total phosphates appeared to have similar re-
duction characteristics and magnitudes in movement through the downstream flow path.
Overall reductions in total phosphate levels and coliform organisms of greater

than 99 percent resulted for both sewage constituents.

7. There did not appear to be a relationship between the reduction in MBAS during
the use of the various surfactants and bacterial populations present at downstream
sampling locations.

8. Travel through 65 feet of saturated sands was not sufficient protection to de-
crease coliform numbers to a level which would meet bacferlai standards for a pot-
able water source. At the final well group No. 16, 65' downstream from the cess-
pool, log average coliform densities of between 24 and 640 per 100 ml still existed.
Alkalinity

I. Alkalinity concentrations in the disposal system varied with the use of each
surfactant and rangéd between 293 and 385 mg/| as Ca CO5. (Table 6-1)  Upstream
observation wells had an average alkalinity level of 72 and 23 mg/l as CaCOz measured
in the wells showing presence of sewage contamination and peripheral ground waters,
respectively,

2. During the use of all surfactants, alkalinity concentrations increased in travel
between the cesspool and first downstream well group. Increases in alkalinity
through this initial fjow path ranged between |.5 and 28.8 percent.

3. Alkalinity levels decreased with movement of the waste slug in the downstream
saturated soil zone.

4, The rate of alkalinity reduction béfween the first welil group and Well No. i1,
25' downstream from the cesspool, was relatively constant during the use of all

surfactants, Beyond well group No. 1|, use of the initial three surfactants




(ABS, LAS| and AS) resulted in constant alkalinity levels at all subsequent down-
stream wells. With the use of the final three surfactants, (Soap, LA52 and Sucrose
Ester) alkalinity reduction rates substantially increased beyond well group No. Il.
(Table 6-2 Figure 6-21, 22; 27 through 38)

5. Rates of alkalinity reduction through the downstream flow path was as follows:

Well #6-#11 Well #11-#17

ABS 0.34%/¢t. 0.23%/day 1.30 mg/l/ft. 0.12%/¢#t. 0.08%/day 0.42 mg/l/tt.
LASI 0.51 0.34 1.75 0.016 0.011 0.05

AS 0.47 0.31 1.80 0.09 0.06 0.30

Soap 0.71 0.47 3,24 1.66% N 6.30*

LAS,, 0.45 0.30 1.90 1.72 1.15 6.90

Sucrose 0.45 0.30 1.90 1.63 i.09 6.15

Ester

* Well #15-#17 (20' travel)
Compensating for dilution, based upon reductions in chloride concentrations,

indicated net alkalinity reduction rates of:

Well #6-#11 Well #11-#17
ABS 0.03%/ft. 0.02%/day Dilution Rates Exceeded Reduction Rates
LAS, 0.20 0.13 Dilution Rates Exceeded Reduction Rates
AS 0.14 0.09 Dilution Rates Exceeded Reduction Rates
Soap 0.18 0.11 | 138/¢t.% 0.75%/day*
LAS Dilution Rates Exceeded N 0.74

Reduction Rates

Sucrose Dilution Rates Exceeded 1.12 0.75
Ester Reduction Rates

* Well #15-#17 (20" travel)
6. Movement of the waste through the lower portions of the flow path, wells No.
11-17 (40' travel), indicated that net alkalinity reduction rates during use of the

tirst three surfactants (ABS, LAS, and AS) were due solely to dilution., Net alkalinity
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reductions during the use of the final three formulations (Soap, LAS, and
Sucrose Ester) resulted from dilution and other factors.

7. Generally, alkalinity levels were higher in background and downstream wells
showing the presence of sewage contamination.

Specific Conductance

1. Specific conductivity in the cesspool ranged between 558 and 760 umhos/cm2
(Table 6-1). Background wells exhibited relatively high specific conductance
averaging 290 and 150 umhos/cm2 measured in the upgradient waste slug and
surrounding ground waters, respectively.

2. In the disposal system average specific conductivity levels increased during
the use of each succeeding surfactant tested.

3. Movement of the sewage slug between the cesspool and first downstream well
group resulted in a 5.2 to 10.4 percent increase in specific conductance levels,
except during the use of LAS]. A 3.5 percent decrease in conductivity occurred

in the same flow distance during the use of LAS (Table 6-1, 2 Figure 6-23, 24;

1
6-27 through 38)

4. Reduction characteristics of specific conductance through the downstream

saturated soil zone varied with the use of each surfactant. During the use of
ABS a 4.6 percent increase in specific conductance resulted in travel between

the first and last well groups while reductions in conductance during the

remaining surfactants were:

Average Values

LAS, 0.27%. ft. 0.18%/day 1.78 umhos/cm?/ft.
AS 0.25 0.17 1.92
Soap 0.72 0.48 6.21

5. Reductions in chloride concentration, an indication of dilutional effects, were
greater than reductions of specific conductance, except during the use of Soap product.

con

1. In the disposal system, the chemical oxygen demand, COD, varied with the
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surfactant being used ranging between 142 and 236 mg/1. (Table 6-1) Background
observatfon wells had average COD concentrations of 19.2 and 7.3 mg/1 in those
wells, respectively.

2. Movement of the sewage slug between the disposal system and first downstream
well group, 5' travel distance, resulted in significant COD reductions except during
the use of ABS surfactant. (Table 6-1, 2) COD reduction rates in this initial

travel path were:

Average Values

ABS 3.9% 0.78%/ft. 1.80 mg/1/ft.
LAS] 22.6 4.51 6.40
LAS,, 55.0 11.0 20.2
Sucrose Ester 32.6 6.5i 15.4

3. Beyond the first downstream well group No. 6 the first two surfactants, ABS

and LAS], exhibited similar overall reductions, 26.4 and 22.6 percent. Usage of
LAS2 and Sucrose Ester, the final two surfactants, resulted in significantly larger
percent reductions in the same travel distance, being 61.5 and 85.2 percent. A
pronounced increase in the COD reduction rates between wells No. 11 and 15 accounted
fdr the overall larger percent reductions during LAS2 and Sucrose Ester usage.
(Table 6-1, 2 Figure 6-25 through 38)

4, Between the final two well groups, No. 15 and 17 (20' travel distance), there
appeared to be a relatively consistent rate of COD reduction, except during the

use of ABS which had a slight increase in COD level. Reduction rates through this
limited downstream flow path were:

Average Values

ABS slight increase

LAS1 0.87%/ft. 0.58%/day 0.90 mg/1/ft.
LAS2 0.90 0.60 0.35

Sucrose Ester 2.12 1.42 0.85
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Adjusting for dilutional effects, based upon chloride reductions, indicated net

COD reductions of :

Average Values

LAS1 0.56%/ft. 0.27%/day
LAS2 0.29 0.19
Sucrose Ester 1.61 1.08

5. In comparing COD reduction rates, it can be concluded that a greater reduction
of soluble COD is being removed in the cesspool soil region than through the down-
stream saturated zone. The reduction of COD is an indicator of the extent tc which
organic matter in the waste was being removed. In the saturated soil zone net COD
reduction rates indicated that factors besides that of dilution were effective in
reducing the COD content of the waste.

BOD

1. Biochemical oxygen demand, BOD, in the disposal system varied with the use of
each surfactant ranging between 120 and 345 mg/1. The highest BOD concentration
occurred during the use of Soap product. (Table 6-3)

2. Ratios of BOD/COD varied with the use of each surfactant. In instances, ratios

greater than 1.0 existed'indicating possible laboratory error.

BOD CoD BOD/COD
ABS 224 mg/1 233 mg/1 0.96
LAS, 218 142 1.53
AS 190 - _—
_Soap - 345 - ——-
LAS, 120 182 0.65
Sucrose Ester 257 236 1.09

3. Generally, Bod concentrations were significantly greater than suspended solids

in the cesspool.

Total and Suspended Solids
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1. In the disposal system, considerable variation existed in total and suspended
solid values during use of the different surfactants. Total solids ranged between

399 and 592 mg/1, while suspended solids varied from 53 to 201 mg/1. (Table 6-3)

2. The largest total and suspended solid levels occurred during the use of Sucrose
Ester and Soap, the formulations which also exhibited the greatest amounts of BOD.

Total Solids Suspended Solids BOD

ABS 567 mg/1 63 mg/1 224 mg/1

LAS1 576 75 218

AS 496 64 190
Soap 576 345
LAS2 399 120
Sucrose Ester 592 257

Septic Tank
1. Samples collected from the septic tank preceding the cesspool during the use
of Sucrose Ester indicated the septic tank was not an efficient unit for the removal
of most sewage constituents. (Table 6-3)
2. Average concentrations in the septic tank, cesspool and percent reductions
during the use of Sucrose Ester were:
Septic Tank Cesspool Reduction
Sucrose Ester (MBAS) 3.3 mg/1 5.3 mg/1 +60.5%
Ammonia 63.5 60.0 5.5
Chlorides 56.0 55.5 0.9
Total POy 113.0 122.0
Spec. Cond. - -————
Alkalinity 356.0 345.0
Sulfates 92.8 29.0
Coliform (Log) 1.56 x 10° 1.67 x 106
Nitrites 0.02 0.02

(continued)
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Septic Tank Cesspool Reduction

Nitrates 0.07 0.07  —e---
€op 270.0 236.0 12.6
BOD 265.0 257.0 3.0
Total Solids 587.0 592.0 0.86
Sus. Solids 150.0 83.0 44.5

3. Significant reduction, 44.5 percent, of suspended solids resulted during the
retention period of the septic tank. Cognizance must be taken that the primary
purpose of a septic tank is to remove solid matter and therefore prolong the

1ife of the cesspool leaching system. For this sole purpose, the septic tank

was effective.

4. Although a significant reduction in suspended solids resulted, 44.6 percent,
there was an extremely small corresponding BOD reduction, 3.0 percent, through

the septic tank.

5. The results of the removals studied indicate that the septic tank has little

effect on reducing the amount of contaminants entering the cesspool.




Table 6~3
Site No. 2
BOD'and Solids

ABS LAS1 AS Soap LAS2 Sucrose

Cesspool . Ester
BOD 224. 218. 190. 345. 120. 257.
Total Solids 567. 516. 496. 575. 399. 592.
Suspended Solids 68. 75. 64. 201. 53. 83.
Septic Tanks

BOD 265.
Total Solids 587.
Suspended Solids | 150.
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PART 7 - SITE 3

Description and Development

The site is located on the east side of Central Avenue north of Church
Street in Bohemia, Town of Brookhaven, Suffolk County. It is a one-story dom-
estic residence occupied by three adults and five children. The house has been
occupied since 1957.

The domestic sewage disposal system cpnsists of a single 8 foot diameter by
14 foot depth cesspool constrUctéd of standard concrete leaching block. Water
supply for the home is obtained from an 1 1/4 inch diameter well, 82 feet deep.
A water meter was installed on the pump discharge to record water usage.

The family began using the test detergent in June, 1963. The detergent
products employed, quantity used and water use are given in Table 4-3.

Initial investigation of the site consisted of a probe hole drilled to a
total depth of 62 feet, approximately six feet southeast of the cesspool. The
auger and core samples withdrawn indicate a typical glacial material.

The cesspool cover was drilled to receive a sampling point and a support
tube in which a stevens level recorder was installed. This unit was installed
in order to establish and record the liquid level fluctuations in the cesspool.

Seven water-level observation wells were drilled in the area of the pool
and at selected sites up and down gradient. (Figure 7-1) Water Tevel elevations
were obtained and plotted by the United States Geological Survey to establish
both the mound effect of the discharge of the pool at the ground water surface,
and the ground water contours to determine ground water flow direction.

Probe wells were driven in a line through the cesspool and parallel to
ground water flow direction, and sampled at one-foot increments in depth to
establish water quality. Each water sample was analyzed both in the field and

the laboratories for MBAS and other critical constituents in order to establish




¢ CENTRAL AVE. N5° 57 20"|;

RESIDENCE

SYNDET TEST SITE
CENTRAL AVE.BOHEMIA
APPROXIMATE CONFIGURATION OF o
THE WATER TABLE CONTOURS WELL" |
JUNE 18, 1963 71.89 l
NOTE.
CONTOUR ELEVATIONS ARE
BASED ON ARBITRARY DATUM
OF 100 FEET. /
JS-USGS 6-19-63
i0n [+)]
¥ = 2
N ™~ ~
weLL*z WELL®
S 3°E FLOW LINE 'ﬂ'é?

LONG ISLAND GROUND WATER POLLUTION STUDY

WATER TABLE CONTOURS

SITE 3. BOHEMIA, SUFFOLK COUNTY

MmN

I=L "9t4



the pattern of the cesspool effluent in the ground water body. Permanent 2 inch
diameter test wells were then installed. (Figure 7-3, 4, 5) The well screens were
12 inch long points with elevations established to intersect the vertical pattern
of the sewage slug.

A deep-well hand pump was successfully used in the early stages of sampling
although extreme difficulty was encountered in the priming and pumping due to the
28 feet, 6 inch water level. Considerable prime water was required for each opera-
tion and it was felt than an unreliable sample might be secured due to this dilu-
tion effect. Rod pumps were then installed in each test well in the hopes that
this would ease the pumping problem. However, the infrequency of pumping allowed
corrosion products to form on the seats and cylinders of these pumps thereby making
them difficult to operate.

The problem was resolved by use of an electrically driven vacuum pump inter-
connected with two one-gallon vacuum botties by means of a valving manifold. (Fig-
ure 7-6) Operation of the vacuum pump resulted in a flow of water to bottie number
I. When bottle No. | was filled the valves were manipulated to bypass bottie No.
| and fill bottle No. 2. Bottle No. | was discarded as being residual water laying
in the casing above the screen and not necessarily fepresenfafive of .formation
quality. Bottle No. 2 was then drained into the required sample vessels for de-
livery to the laboratories. This procedure eliminated the priming water dilufion
problem and resulted in minimal withdrawal from the formation, thereby minimizing
the hydraulic effect upon the normal ground water flow.

Test wells were pumped on alternate weeks and samples delivered to the part-
icipating laboratories for analysis.

During the course of the project, a lowering of the water table occurred due-
to a sustained county-wide drought. The static water level was 28 feet, 6 inches
in June, 1963 and dropped to 29 feet, 5 inches by November 29, 1963. This necessi=-

tated the installation of additional test wells to greater depth as well as the deepening

of existing wells so as to maintain the sampling points in the center of the sewage siug.
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Wells 5a, 8a, and 9a were installed using 6 inch effective length screens to

reduce the area of sampling influence.
The cesspool was emptied by a scavenger truck in order to remove detergents
used by the homeowner, prior to the research project.

Sampling from Unsaturated Soil

In addition to investigating waste fliow through the saturated sands the
study group wished to investigate the flow of waste through the unsaturated sands
bensath the cesspool. The U.S. Public Health Service Soil Science Division was
also Interested in these detalls. Consideration was given to a number of alter-
nate plans. With the guidance of William Bendixon, Senior Soil Scientist, there
evolved the design of a sampling shaft. (Figure 7-7, 8, 9)

The shaft was constructed of 8 ft. diameter 4 f+. high precast concrete sec-
tions. In order to avold disturbance of the area next to the cesspool, the sampling
shaft was Installed by bailing in the precast sections. The first section was set
in an open excavation. Each subsequent ring was then strapped to the prior one
and excavation carried out from within the ring. The weight of the concrefe sec-
tions were sufficient to carry the first three rings down. At this point the fric-
tional effect of the soil on the outside of the rings slowed the procedure to a
virtual standstill. At this time, a wooden cover was placed over the top ring and
an additional ring placed on the cover. This top ring was filled with sand for
additional weight and another ring used to pound the sections down. This procedure
was continued until the shaft was installed to a depth of 28 feet from ground surface.

Operating platforms were constructed at three levels In the shaft. Miscell-
aneous mechanical equipment was Installed including a ventilating blower, access
ladder, and a removable access cover set on the top.

Gravity samplers constructed of 2 1/2 inch PVC plastic pipe were instailied

as shown on the drawings. Installation was accomplished by means of placing
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a 4 inch steel sleeve to the predetermined locations under the pool. The gravity
collector end was then packed with sand and gravel and inserted into the steel
sleeve. The sleeve was then withdrawn to expose the sampling surface. Plastic
pipe caps with a drain nipple were then instalied to discharge into a sample
collection vessel within the shaft.

The liquid volume produced by these units was insufficient for the
required analyses. Various methods of increasing the yield were attempted
including backflushing, vibration, and detonation of minor explosives all
with relatively little success. |t was postulated that the formation did not
completely col lapse around the sampler thereby eliminating a direct path of
travel of the liquid film from the formation into the sampler.

Additional gravity sampling units were installed with a considerably
larger open-surface area., This resulted in some improvement but sample
volumes were still insufficient. The final gravity units were installed and
constructed in a slightly different manner. These new units had tapered ends
and the installation consisted of the placement of the steel sleeve to a
point short of the final site of the sampler. The tapered point sampler was
then inserted into the sleeve and driven into the natural undisturbed formation.
This process assured intimate contact of the sampling device with the sands
and eliminated the possibility of any minor cavern formation.

The tensiometer samp!ing devices used were of the Selas tube type. They
were installed by means of the 2 inch steel sleeve and withdrawa! procedure used
on the gravity system., The 6 inch length tensiometers were connected to 3/8 inch
plastic pipe and, in turn, connected to the vacuum system as shown on the
drawings. Each unit was prewetted and then kept under constant vacuum by means
of the automatic vacuum system, The sampling valve manifold was so arranged

so as to be able to isolate any individual sample vessel without disturbing

the vacuum on the rest of the system,




Due to low output, longer (12 inch) tensiometers were installed. It was
believed that the greater surface area of the larger tensiometers would produce
a higher total volume of sample. They were installed in a manner simj1ar to
that of the original and after wetting, produced a volume of liquid sufficient
for the required analyses.

Since the gravity collectors and tensiometers gave widely varying quantities
of waste water, it was conjectured that the flow path of the waste was to
some extent fixed by the varying porosities of the subsoil around and below
the cesspool. It was followed that if the sample collecting devices could be
placed at the points of maximum soil moisture, maximum quantities of liquid
waste could be obtained.

Soil Moisture Profiles

The U.S. Geological Survey furnished a subsurface moisture probe in order
to obtain soil moisture profiles in the vicinity of the cesspool. The equip-
ment provided was Model 19 Depth Moisture Gauge - Nuclear Chicago Corp.

The Model P-19 contains a radiation source which produces fast neutrons,
and a detector which is only sensitive to slow neutrons. The detector creates
an electrical pulse for each neutron it detects. As fast neutrons are emitted
from the source within the probe, they move out through whatever substance is
in the immediate surrounding vicinity; they are scattered, and a portion of
them are reflected back into the detector portion of the probe. During their
travel through the surrounding substance, the neutrons are slowed by the physical
characteristics of the substance, or medium. The quantity of them which become
"sTow neutrons" depends primarily upon the moisture content of the substance.
So, with a known rate of emitting fast neutrons, the number of slow neutrons
detected per unit of time can be related to the concentration of moisture.

Actually, it is hydrogen which is responsible for changing fast neutrons

into slow neutrons, and any material which contains hydrogen produces the




same effect. The chemical content of most soils is such that the primary

hydrogen present is in the moisture contained in the soil. If the equipment
is used in the vicinity of any other material which contains hydrogen, a
background rate will be recorded.

Each probe is individually calibrated, and a set of calibration curves
is furnished, with which the operator can interpret the relationship between
the detected counting rate and the relative moisture concentration. The count
rate is practically independent of grain structure and aggregation, so a single
calibration curve can be used for most types of soil. In order to pass the

probe through the soils to be analyzed, 1 3/4 inch diameter thin wall steel tubes

were driven both vertically adjacent to and horizontally below the cesspool. (Figure 7-9)

The data obtained by the probe measurements conformed favorably with the
computed moistures for s0il1 types encountered. The moisture for the soils
unaffected by the cesspool discharge varied from 8 to 10 percent. At a depth
of 10 feet, the cesspool discharge caused moisture to increase to a range of
15 to 20 percent. Below the cesspool bottom, moistures decreased to 10 to 15
percent as measured in a vertical line one foot from the cesspool side wall,
indicating that wastes Teaving a cesspool do not travel any significant distance
from the outside cesspool wall. At a distance of 2.5 to 3 feet above ground water
table, moisture levels increased to a maximum of 35 percent, a value close to sat-
uration for such soils. (Figure 7-10)

The horizontal measurements taken beneath the cesspool bottom confirmed
the conclusions drawn from the vertical observations in that wastes leaving
the cesspool remained within limits approximately one foot beyond the outside
wall of the cesspool. The moisture content varied from 10 to 20 percent. Maximum
moisture contents were near the outer walls of the cesspool. An apparently dry
area (10 percent) was noted directly beneath the center of the cesspool. It is
believed that the cesspool bottom is clogged early in its operation, and waste

flow is predominantly from the cesspool side wall.
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Upon analysis of the probe measurements, new gravity samplers were installed,
and substantial increases in sample quantities were noted.

On November 13, 1964 three tracer wells were installed on Site No. 3. These
were four-inch diameter PVC open-bottom tubes with the first 12" section drilled with
I/8 inch holes and set to a total depth of 3| feet or one foot six inches below static
water level. The upgradient well was five feet north of the two interceptor wells
spread on one-foot centers in order to insure contact with the tracer siug. A 4100
mg/l chlorine solution was introduced into the lead tracer well, Dally sampling was
performed with messenger-operated, spring-loaded sampling tube. The chloride data
on review indicated a ground water velocity of 0.6 feet per day.

Radioactive tag studies were carried out on Site No. 3 in order to confirm
ground water velocity findings and to obtain further insight into surfactant degrad-
ation processes in the cesspool and saturated and unsaturated subsoils. The details
and results of these studies are reported in Part 0.

Travel of Waste Slug

I. At the first downstream observation well group No. 6, the sewage slug was sit-
uated at approximately 2 feet below SWL. As the waste slug proceeded past the down-
stream sampling points, the location of peak concentrations of contaminants of sewage
origin remained constant with respect of the ground water level; i.e., at 2 feet be-
low SWL throughout all downstream wells.

2. Travel of the waste slug through approximately 17 feet of unsaturated sands and
grave! reduced the density of the slug to a level where the density difference between
the sewage slug and ground water was not sufficient to cause depression of the slug
through the downstream flow path.

3. Natural recharge, by precipitation, did not appear to have any direct affect on
either depressing the waste slug or resulting in additional dilution,

4. In travel through the downstream flow path, contaminants of sewage origin gen-

erally tended to decrease in overall concentration as a result of mixing
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with less contaminated ground water, exchange and sorption processes.

5. Background observation wells did not indicate the presence of a sewage slug

from upgradient pollutional sources.

Chlorides

1. Chloride concentrations in the disposal system averaged 64.5 and 57.0 mg/1 during
the use of ABS and Las, respectively. (Table 4-2) Background observation wells

had an average chloride concentration of 5.3 mg/1. (Table 4-1)

2. Travel between the cesspool and first well group, unsaturated soil zone, resulted
in chloride reductions of 17.9 and 23.5 percent during the use of ABS and LAS sur-
factants. (Table 7-2) The overall average rates of reduction in travel through

the unsaturated soil zone (20 feet travel distance) were:

Average Values

ABS 0.90%/ft. 0.58 mg/1/ft.
LAS 1.17 0.67
Chlorides had the following reduction characteristics as the waste slug proceeded

through the various sampling levels of the unsaturated zone:

Cesspool to Average Values Middle to
Top Samplers Top to Middle Samplers Bottom Samplers
(1.5' Travel Dist.) (4.0' Travel Dist.) (4.0' Travel Dist.)
ABS +1.33 mg/1/ft. 1.82 mg/1/ft. 0.75 mg/1/ft.
LAS +1.40 0.65 0.70

Travel through the upper layers of the unsaturated sands resulted in increasing chlor-
ide concentrations at the top collectors. Top collection devices were located approx-
imately 18 inches below the base of the cesspool.

3. In the saturated soil zone, (travel from first to last well groups) percent re-
ductions of 14.0 and 26.5 percent resulted during the use of ABS and LAS, respectively.
(Table 7-3 Figure 7-9, 10, 7-31-34) Average rates of reduction in this downstream

flow path are shown in the following tabulation: (Page 7-24)




TABLE 7-1
SITE #3
OBSERVATION WELL CONCENTRATIONS

¢

V = 0.60 ft./day

Cesspool #6 #10 #13 #16
0 5! (51 25! 451
I. ABS (MBAS) 40.0 16.4 14.6 13.8 [
Ammonia 90.3 27.9 28.6 27.7 19.7
Chlorides 64.5 53.0 54.3 50.2 45.6
Total PO, 88.3 49.5 53.5 43.0 24.7
Spec. Cond. 850.0 564.0 615.0 592.0 538.0
Alkalinity 423.0 30.0 31.2 35.4 23.9
Sulfates 34.2 36.4 37.0 35.7 40.5
Coliform 8.5O><IO6 239.0 £6.6 34,3 24.8
(Log Avg.)
Nitrite 0.02 0.17 0.12 0.15 0.26
Nitrate 0.10 58.0 64.5 61.0 53.5
COD [91.0 65.6 84.0 87.2 41.2
2. LAS (MBAS) : 29.2 12.6 13.2 16.8 6.3
Ammonia 83.5 26.5 21.2 25.0 2.4
Chlorides 57.0 43.6 45.0 42.0 32.0
Total PO4 66.5 15.6 22.2 14.6 1.5
Spec. Cond. 815.0 590.0 440.0 394.0
Alkalinity 450.0 126.0 24.0 120.0 72.0
Sulfates ' 10.8 22.0 16.6 19.2 13.5
Colliform [6.46x10°0 | 202.0 | 36.8 36. 1 85.7
(Log Avg.)
Nitrite 0.02 0.45 0.25 0.14 0.32
Nitrate 0.19 35.7 52.2 40.2 43.0
COD
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TABLE 7-2
SITE #3

TEST SHAFT CONCENTRATIONS

Top Middle Bottom
TI Ts GL Gx L Tl Ts GL GxL Tl Ts GL GxL
ABS (MBAS) 20.5 17.5 16.7]116.5]126.8 9.2 12.8
Ammonia 145.0 24.5 41.8 26.2 28.4
Chlorides 66.5 62.0159.0 | 58.6 55.0 57.5
Total PO, 51.7 43,0 | 27.2174.3 37.2 38.5
Nitrate 0.21 104.0 91.0 116.5 95.0
LAS (MBAS) 13.6 23.5120.7 7.8 18.4
Ammonia
Chlorides 60.5 57.7 56.5 53.7
Total PO, 3.8 75.0 40.0
Nitrate
PERCENT REMAINING OF CESSPOOL CONCENTRATIONS
Top Middie Botiom
T Ts Gl GxL TI Ts GL GxL Tl Ts GL GxL
ABS (MBAS 51.4 43.9 41.8141.4167.0 23.0 3.9
Ammonia +60.5 27.0 46.4 29.0 31.5
Chlorides + 3.1 96.1191.5}90.9 85.3 89. |
Total PO, 65.3 48.7 § 30.8 | 84.1 42.0 43,5
LAS (MBAS) 45.5 80.51 70.9 26.7 63.0
Ammonia
Chlorides + 6.1 .2 99, | 94.2
Total PO, 48.0 +[2.8 60.0
q




PERCENT REMAINING OF FIRST WELL CONCENTRATION

TABLE 7-3

SITE #3

#6 #10 #13 #16
0 10’ 20" 40!
ABS (MBAS) 100.0 89.0 84.2 67.7
Ammon i a +102.5 99.3 70.4
Chlorides +102.5 94.7 86.0
Total PO, +]08. | 86.9 50.0
Spec. Cond. +109. | +105.0 95.4
Alkalinity +104.0 +118.0 79.7
Coliform 28.0 14.0 10.5
(Log Avg.) -

CoD +128.0 +132.9 62.8
LAS (MBAS) [00.0 +104.8 +133.0 50.0
Ammonia 80.0 94.3 46.8
Chlorides +103.2 96.3 73.5
Total PO, +142.2 93.6 10.0
Spec. Cond. 74.6 66.8

Alkalinity 15.0 95.2 57.0
Coliform 18.0 17.5 42.0

(Log Avg.)
COD
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Average Rates of Reduction

ABS 0.35%/ft. 0.21%/day 0.185 mg/1/ft.
LAS 0.67 0.40 0.29

|
|
Least Squares
ABS 0.41%/ft. 0.25%/day 0.23 mg/1/ft.

LAS 0.05 0.03 0.46 }
The two-fold increase in the average rate of reduction of chlorides during the use

of LAS surfactant may be explained to some extent by increased water usage during ‘

LAS use. Reductions in the chloride concentrations in the saturated zone are gen-

erally accomplished by dilution with ground waters containing lower chloride concen-

through the unsaturated soil zone during the use of both LAS and ABS. Since dilution
was negligible in the unsaturated soil zone, the reduction in chloride concentration
must be due wholly to sorption and/or other processes rather than dilutional effects.

Infrared Analysis

tration.
4. Average chloride reduction rates were significantly larger in the vertical travel
1. Infrared analysis for the percent branched material, ABS, in the unsaturated and
saturated soil zones indicated between 83 and 100 percent ABS still present in the

soil. Infrared samples were first collected during the use of LAS surfactant, approx-
imately six months after ABS was discontinued as the household washing compound.

Prior to the study, the household was using an ABS surfactant as the washing mat-

erial and; therefore, it is assumed that the downstream flow path was saturated

with ABS material. j

2 Average percent branched material present in the cesspool, unsaturated and

saturated soil zones, during the use of LAS surfactant was:

Sample Top Gravity Well #6 Well #10 Well #13 |
Date Cesspool Sampler 5' 15 25"
7/16/65 10% 95% 100% 100% |
10/13/65 0 85% 83 85
11/13/65 0 86 96 . 89
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Sample Top Gravity Well #6 Well #10 Weli #13

Date Cesspool Samp ler 5! 15! 25!
12/8/65 5 90 83 99

3. Siudge samples collected from the cesspool, 11/29/65, approximately |0 months
after ABS was discontinued as the washing compound indicated an average of 25 per-
cent branched material, ABS, present In the sludge material.

4, With increased time, since ABS surfactant usage, the branched material in the
liquid phase of the cesspool decreased from |0 percent to O percent. Aeration of

the cesspool November 1965 resulted in a resuspension of sludge material and in-
creased the amount of branched material in the liquid phase to 5 percent,

5. At the top gravity sampler in the unsaturated zone, |8 inches below the bottom
of the cesspool, 85 percent branched material, ABS, was still present 10 months
after ABS was discontinued as the washing compound .

6. About 75 days (2.5 months) was required for ground water fo completely pass
through the downstream, saturated zone, sampling locations. Infrared samples were
collected only as far downstream as well No. |3 or approximately 42 days (1.5 months)
travel time. Since ABS surfactant was discontinued (6-11 months) as the househéld
washing compound, approximately 4-7 complete waste slug passages occurred. Despite
the relatively large amount of flushing 85-100 percent branched material, ABS, still
persisted at well No. 13, 25 feet downstream from the disposal system.

7. Composite soil core extract samples collected at various depths approximately one

foot off the cesspool wall had the following percent branched material present:

Composite #I (11/9/65) 100% branched
Composite #2 (9/6/65) 99¢ branched
Composite K.L. M 354 branched

indicating adsorption of ABS rather than desorption. The increase in branched material

resulted even after 4-7 complete passes of the waste siug through the downstream

|
8. Branched material, present at the various sampling locations, increased downstream
system after ABS was discontinued as the household washing material.
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MBAS as ABS

. In the disposal system, the concentration of MBAS reported as ABS averaged
40.0 and 29.2 mg/! during the use of ABS and LAS, respectively. (Table 7-1)

2. Vertical travel of the waste siug through the unsaturated soil zone,
cesspoo! to first well group, resulted in overall reductions in MBAS con-
centrations of 59.0 and 57.0 percent during the use of ABS and LAS surfactants,
respectively., (Table 7-2, 3) Average rates of MBAS reduction through the
entire unsaturated zone (20 feet travel distance) were:

Average Values

ABS | 2.95%/ft. .18 mg/1/ft.

LAS - 2.86 0.83

3. MBAS reduction characteristics varied as the waste slug proceeded through

the various sampling levels of the unsaturated zone and also with each sample
collecting device. Generally, MBAS levels decrease to the top samplers, then
increase and decrease in concentration at the middle and bottom samplers,
respectively.

4, At the top samplers located 18 inches below the base of the cesspool, average
MBAS levels were reduced 52.3 and 54.5 percent during the use of ABS and LAS sur-
factants, respectively, |t is apparent that reductions in MBAS concentrations occurred
primarily during the first 18 inches of travel below the bottom of the cesspool.
5., Passage from the top samplers to the first well group (remainder of unsat-
urated zone, 18.5 feet travel distance) resulted in MBAS reduction rates of:

Average Values

ABS 0.75%/ft. 0.14 mg/1/%t.
LAS 0.40 0.054

ABS was reduced in the unsaturated zone.af about twice the rate of the LAS
surfactant.

6. Since the reduction in chloride concentrations in the unsaturated zone is
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primarily due to sorption and/or other processes because of the improbability of
dilution occurring beneath the cesspool, MBAS reduction must then be attributed

to factors other than dilution.

7. Movement of the waste slug in the saturated downstream flow path (first to last
well groups) resulted in an additional 32.3 and 50.0 percent reduction during the
use of ABS and LAS. (Table 7-i, 35 Figure 7-i3, 14)

8. Average rates of MBAS reduction through the downstream sampling locations

(40' travel distance) were:

Average Values

ABS 0.80%/ft. 0.48%/day 0.13 mg/1/ft.

LAS 1.25 0.75 0.16

9. Compensating for dilutional effects, based upon reductions in chloride concen-
trations, resulted in net MBAS rates of reduction (% MBAS - % Chlorides) of:

Average Values

ABS 0.45%/ft. 0.27%/day

LAS 0.58 0.35

The above values indicate that approximately 50 percent of MBAS reduction is due

to dilution.

10. Travel from the cesspool to the first well group (20 feet vertical distance)
resulted in a 99.9 percent reduction in the coliform population. (Table 7-1, 3

Fig. 7-23; 7-31 thru 34|n this same travel path, MBAS reductions were only 59 per-
cent (ABS) and 57 percent (LAS). From this data, it may be inferred that there is

no significant connection between MBAS levels and the travel of the coliform organism.
This inference IS drawn upon the assumption that if MBAS influenced coliform travel

the reduction rates of MBAS and coliform would more closely parallel each other.

Radioactive Tagqing Study

Phase |
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1. Phase 1 study consisted of a single application of radioactive tagged materials,

tritium and sulfur-35, introduced into the disposal system on May 11, 1965. (Table
7-4) Samples to be analyzed for tritium and sulfur activities were collected from
the cesspool and downstream sampling locations for a period of 3 to 6 weeks.

2. Peak tritium and sulfur activities moved through the entire flow path essen-
tially as a slug.

3. Activity levels increased rapidly at each sampling point to a peak concentra-
tion, then decreased in activity at a gradual rate. Dispersion and dilution of the
slug resulted in the buildup of activity levels which were less distinct at each
succeeding downstream well group. (Table 7-4)

4. Velocities, based upon movement of tagged material at maximum concentrations,
in the unsaturated and saturated soil zones, varied greatly. Incremental and overall
average velocities, based upon peak tritium activities, were:

Unsaturated Zone (20 feet vertical travel) -

Cesspool to Top Sampler 0.75 ft./day
Top to Middle Sampler 1.33
Middle Sampler to Well #6 1.60
Cesspool to Midd]e Sampler 1.10
Cesspool to Well #6 1.15

Average Velocity 1.26 ft./day (based on total
single values)
Saturated Zone -

Well #6 to #10 (10' travel)* 0.91 ft./day
Well #10 to #13 (10' travel) 5.0
Well #6 to #13 (20' travel)* 1.54

Average Velocity * 1.23 ft./day
5. It was not possible to detect when activity first arrived at each downstream
sampling point from the cesspool. Velocities based upon initial arrival of tagged

material would have resulted in ground water velocities somewhat
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TABLE 7-4

SUMMARY DATA

lg=L

PHASE | - RADIOACTIVE TAG STUDY
SITE #3

Single application (Dose) - May |1, 1965

Date of Peak Activities

Peak uc/ml Ratio % Dilution MBAS Level Dur-
Location Activity 4 -5 Degra- Factor Ing Phase |
Hx 1003]T7T.5 x 1007 [u.s x 10 T7.S/U.S |H./T.S [dation H. | T.5 (LAS) mg/|

Cesspool 5/11/65 12.5 28.6 324.0 0.88 4.37 0 -—-] -- 28.6
TTL 5/13 4.25 1.74 8.9 .98 24.4 48.8 .94 16.4 9.7
MGL 5/16 4.9] 2.03 1.4 .78 24.2 43.6 .54 4.1 i18.5
Wel | #6% 5/29,5/251 2.50 2.60 5.5 4,73 9.60 179.0 .00 1.0 12,1
#10 6/5 3.20 2.90 6.69 4.35 1.0 77.0 .90 9.85 24.0
#13 6/7 .34 0.761 .71 4.45 17.6 77.4 .35 37.5 23.6
#17 Not '

Defined 9.7
*Estimated

% Degradation = Total Sulfur Activity-Undegraded Sulfur Activated x 100

Dilution Factor =

Total Sulfur Activity

Peak Cesspool Activity

Peak Activity at a Given Sampling Location



greater than movement based upon peak trifium activities.

6. Water use in the household ranged from 12 to 60 cubic feet per day. To reduce
the daily volume, variation water was added to the disposal system assuring a
minimum daily flow to the cesspool of about 30 cubic feet.

7. Within the disposal system, tritium and sulfur activities decreased at a rel-
atively constant rate until increasing water levels indicated imminent overflow

of the cesspool system. (Table 7-5)

8., Total and undegraded sulfur peak activity levels in the disposal system indicated
that no degradation of the tagged LAS-35 occurred In the liquid portion of the cesspool.
9. No preferential holdup of tritium, total or undegraded sulfurs was observed

in the cesspool or downstream sampling locations.

10. Reasonably consistent ratios of total to undegraded sulfur-35 at each sampling
location in the unsaturated and also the saturated zone indicated what appeared to

be degradation rather than some other process. (Table 7-4)

I1. Degradation of the LAS-35 molecule occurred at the interface between the cess-
pool and unsaturated zone and also between the unsaturated and saturated soil zones.
Percent degradation during the Phase | study in comparison to the average percent
reducfloné of the cesspool! MBAS concentrations were:

Percent Reduction of Cesspool
MBAS Levels

Percent

Degradation ABS LAS* LAS (Phase |)
Cesspool -—- 0 0 0
Top Sampler 48.8 52.3 54.5 66.0
Middle Sampler 43,6 50.0 40.8 35.3
Well #6 79.0 59.0 57.0 57.6
Well #10 77.0 63.5 54.6 6.1
well #13 77.4 65.5 42.5 17.5
well #16 72.3 78.4 66.0
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TABLE 7-5

SUMMARY DATA

LAS Well #6-#16 0.67%/ft., 0.40%/day

PHASE | - RADIOACTIVE TAG STUDY
% Reduction of Cesspool Activity % Reduction of Cesspool MBAS Conc.
(Peak Activities)
Total Undegraded LAS
Tritium|{ Sulfur Sulfur ABS LAS (Phase | only)
Cesspool 0 0 0 0 0 0
TTL 66.0 94.0 97.3 52.3 54.5 66.0
MGL 60.6 92.7 96.4 50.0 40.8 35.3
Well #6 80.0 91.0 98.3 59.0 57.0 57.6 ‘
#10] 74.5 89.8 98.0 63.5 54.6 16.1
#13]  89.3 97.1 99.3 65.5 42.5 17.5
#17 72.3 78.4 66.0
4 Reduction of Well #6 Peak Activity % Reduction of Well #6 Conc.
H T.S U.S ABS LAS LAS (Phase |)
Well #6 0 0 0 0 0 0
#10] +28.0 +11.5 +21.6 1.0 +4.8 +99.8
#13] 46.5 70.6 69.0 15.8 +33.0 +95.0
#17 32.3 50.0 (9.8
Average Rate of Reduction (Tritium) Average Rate of Reduction (Chlorides)
Well #6-#13 (20') 2.32%/ft., 1.39%/day ABS Well #6-#16 0.35%/ft., 0.21%/day
|

_______________i:ii_________________________________________J



*Average percent MBAS reduction during the entire time period for which ABS

and LAS was used as the household washing compound.

12,

No degradation of the tagged LAS-35 was observed in movement of the slug

through the saturated soil zone. (Table 7-4, 5)

3.

Significant overall reductions in tritium and sulfur peak activities

resulted. Sulfur-35 and tritium reductions occurred in the first |18 inches

of travel in the unsaturated soil zone, but additional reduction of +ritium

resulted in the saturated zone flow path.

Percent Reduction of Cesspool Peak Activities

Total Undegraded
Tritium Sulfur Sulfur

Cesspool 0 0 0

Top Sampler 66.0 94.0 97.3
Middle Sampler 60.6 92.7 96.4
Well #6 80.0 91.0 98.3
Well #10 74.5 89.8 98.0
Well #13 89.3 97.1 99.3

14,

Increases in tritium, total and undegraded sulfur activities at well No. 10,

in the saturated soil zone indicates the possibility of the waste slug center

missing the bottom collectors and wel! No, 6 thus accounting for generally lower

activity levels.

15,

Dilutional effects as measured by changes in peak tritium levels indicated

a rate of reduction or dilution of about 4,0%/ft. in the unsaturated zone (cesspool

to well No. 6) and 2.32%/ft. through the saturated zone (Well No. 6 to No. 13).

Rates of reduction, dilution, based upon peak tritium levels, were significantly

greater than observed chloride reductions. (Table 7-5)

Rates of Reduction (Dilution)

Unsaturated Zone Saturated Zone

Tritium (LAS usage) 4.00%/¢t. 2.32%/¢t.
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Chlorides (ABS usage) 0.90%/¢+.  2.32%/%t.
Chtorides (LAS usage) .17 0.67

I6. The dilution factor (peak cesspool activity/peak activity at a given
sampling point) is a direct measure of the water dilution factor. Based upon
changes in tritium activities, the dilution factor remained relatively coh-
stant in the unsaturated zone (2.54 to 2.94), but varied iﬁ the saturated
zone (3.9 to 9.35. (Table 7-4)

17. In general, the only factors causing frifium and chloride levels to
decrease is dilution. Dilution factors based upon tritium suggested much
greater dilution than indicated by chlorides.

Dilution Factors

Cesspool Concentration
Sampling Point Concentration

Chlorides

Tritium ABS - LAS
Cesspool 0 0 ’ 0
Top Samplers 2,94 0.97 0.96
Middle Samplers . 2.54 1.08 1.0l
Bottom Samplers -— 1.15 1.06
Well #6 5.00 .21 1.30
Well #10 3.90 .19 1.26
Wwell #13 9.35 .28 .35
Well #16 — 1.40 1.78

Cognizance must be made that fhe peak tritium activities were not steady

state conditions and appreciable error may have resulted due to dilution by

the waste slug itself.

Phase |1

I. Phase || study entailed the continuous application of radioactive tagged

materials, tritium and sulfur-35, into the disposal system béginning September
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29, 1965. Samples were collected from downstream sampling locations from September
29 through December 8, 1965, for radicactive levels as well as other constituents.
(Table 7-6)

2. Equilibrium or quasi-steady state conditions, with respect to activity levels,
were established and maintained with the disposal sysfem amd at each downstream
sampling Tocation for several weeks.

3. Determination of an accurate slug and ground water velocity based upon initial
arrival of peak tritium activities in the unsaturated and saturated soil zones
resulted in extremely erratic rates: (Table 7-6)

Unsaturated Zone -

Cesspool to Top Sampler 1.66 ft./day
Cesspool to Middle Sampler 0.55 |
Top to Middle Sampler 0.0

Cesspool to Well #6 1.25

Saturated Zone -

Well # 6 to #10 (10' travel) 0.385 ft./day
Well #10 to #13 (10' travel) 0.0
Well #6 to #13 (20' travel) 0.193

4., Velocities based upon the first indication of tritium activity, resulting from
the continuous dosage of the Phase II study, could not be determined. This was due
to the inability of accurately distinguishing the initial tritium arrival date

at the downstream sampling locations.

5. During steady state conditions no degradation of the tagged LAS-35 resulted

in the liquid portion of the cesspool. (Table 7-6)

6. There was no observed preferential holdup of tritium, total or undegraded sul-
furs in the disposal system or downstream observation wells.

7. Sampling locations downstream from the disposal system required a significantly
longer time period to achieve peak activity levels than during the Phase 1 study.
(Tables 7-4, 6)
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TABLE 7-6

SUMMARY DATA

PHASE |1~ RADIOACTIVE TAG STUDY

First Application (Dose) - September 29, 1965

SITE #3

Average Activity
Dates Steady State uc/ml Ratjo Average % Dilution MBAS Level Dur-
(Quasi-Steady -3 _5 Degradabi | 1 Factor ing Phase 11
Location State) Hx |0 T.5 x 10 U.s x 107> |T.s/U.8| H/T.S ity 1- H. 7.5 LAS-mg/ |
Cesspool 9/30/65-10/8 .20 24.30 27.80 0.875 4.6 0 - - 22.6
Top Gravity 10/8-11/13 L. 13 3.92 2.38 .65 28.9 39.4 1.06] 6.20 6.7
Middle 10/9-11/17 .16 2.90 1,57 | .84 40.0 46.0 .04} 8.38 5.5
Gravity
¥
W Bottom 11/2-12/31 [.10 2.44 [.16 2.10 45. | 52.5 [.09] 9.95 7.7
Gravity
wWell #6 10/ 16-10/30 .02 3.46 .12 3.09 29.5 67.2 .18 7.02 9.8
11/19-12/8 0.37 2.26 .21 |.86 6.4 46.5 3.24] 10.07
Well #10 L/1-12/6 0.87 4.37 2.02 2.16 9.9 53.6 |.38] 5.56 v 3.0
Well #13 I1/1t=-12/18/65 0.74 2.356 | .50 .57 31.3 36.4 1.62] 10.03 A,I
4 Degradation = Total Sulfur Activity-Undegreaded Sulfur Activity ™
Total Sulfur Activity x 100 R

Dilution Factor =

Peak Cesspool Activity
Peak Activity at a Given Sampling Location




8. Relatively constant ratios of total to undegraded sulfur activities at

each observation poinf-indicated what appeared to be degradation rather than

some other process. (Table 7-6)

9. Degradafion of the LAS-35 molecule occurred throughout the entire unsaturated
soi!l zone prior to the first downstream well No. 6. Percent degradation and
average percent reductions of cesspool MBAS concentrations were as follows:

Percent Reduction of Cesspool

Percent MBAS Concentrations
Degradation ABS LAS* LAS (Phase I1)

Cesspool 0 0 0 0
Top Sampler 39.4 52.3 54.5 70.4
Middle Sampler 46.0 50.0 40.8 75.8
" Bottom Sampler 52.5 72.5 37.0 66.0
Well #6 67.2 59.0 57.0 87.1
46,5 —-— — —-—-

Well #10 53.6 63.5 54,6 86.6
Well #13 36.4 65.5 42,5 91.5
Well #16 -— 72.3 78.4 : 82.0

*Average percent MBAS reductions during the entire time period for which ABS

and LAS was used as the washing compounds.

10. There was no additional degradation of the LAS-35 molecule in travel through
the saturated soil zone.

il1. Degradation in the unsaturated soil zone appeared to proceed at a relatively
uniform rate, 1.5%/ft., between the top samplers and well No. 6. Initial travel in
the unsaturated zone, cesspoo! to top samplers (18 inches), resulted in a degrada-
tion of 39.4 percent.

I2. Large reductions in frffium and sul fur activities occurred during steady

state conditions. Removal of total and undegraded sulfurs were achieved primarily

prior to the top collectors, 18 inches below the cesspool bottom with little 1
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additional reductions through the remaining portions of the flow path. Reductions
in tritium activity occurred at all sampling locations. (Table 7-7)

Percent Reduction of Cesspool Steady-State Activities

Tritium Total Undegraded

Sulfur Sul fur
Cesspool 0 0 0
Top Sampler 5.45 83.8 91.5 |
Middle Sampler 2.93 88.0 94.5
Bottom Sampler 7.95 88.4 95.8
well #6 14.70 86.0 95.8
Well #10 23.80 - 82.0 92.8
Well #13 38.50 90.3 94.6

I3. Upon entering the saturated soil zone, a 25.7 and 44.5 percent increase in total
and undegraded sulfur activities resulted between well groups No. 6 and No. 0. The
increase in activity at Well No. 10 was undoubtedly due to the center of the waste
slug bypassing Well No. 6.

14, Activity levels in the cesspool during the quasi-steady state conditions
(9/30/65 - 11/8/65) indicated that approximately 50 percent of the calculated initial
activity remained in the liquid phase of the cesspool. The remaining 50 percent cal-
culated activity was assumed to become associated with the sludge in the cesspool and
immediate soil region.

I5. Degradation of 51-65 percent in the cesspool sludge resulted during a short
testing interval at the end of the study. (Table 7-8)

16. Soil core samples collected on 12/28/65, after continuous dosing was discontinued
indicated between 19.7 and 58.1 percent degradation of the fagged LAS-35,

7. Dilutional effects as measured by changes in tritium activity indicated average
rates of reduction, dilution, of about 0.73 percent per foot in the unsaturated zone
(cessbool to flrs+ well group). Travel in the saturated ground water zone resulted
in a rate éf tritium reduction of approximately |.43 percent per foot being about
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TABLE 7-7

SUMMARY DATA

PHASE | - RADIOACTIVE TAG STUDY

% Reduction of Cesspool Activity

(Steady State)

% Reduction of Cesspool MBAS Conc.

Total Undegraded LAS

Tritium ! Sulfur Sulfur ABS LAS (Phase |1~ only)
Cesspool 0 0 0 | 0 0 0
TGL 5.4 83.8 91.5 52.3 54.5 70.0
MGL 2.93 88.0 94.5 50.C 40.8 75.5
BGL 7.95 88.4 95.8 72.5 37.0 65.5
Well #6 5.0 86.0 96.0 59.0 57.0 56.5

69.0 91.0 95.5
Well #10 23.8 82.0 92.8 63.5 54.6 87.0
Well #13 38.5 90.3 94.6 65.5 42.5 82.0
Well #16 72.3 78.4

% Reduction of Well #6 Activity

% Reduction of Well #6 MBAS Conc.

H T.S U.S ABS LAS LAS (Phase 11)
Well #6 0 0 0 0 0 0
Well #10 14.7 +25.7 +44.5 1.0 +4.8 +54.0
Well #13 27.9 3|.8. +30.7 5.8 +33.0 +45.2
Well #16 32.3 50.0

Average Rate

of Reduction (Tritium)

Well #6-#10
Well #10-#13
Average rate

Average rate

(ron

(1o")

|.435%/ft.

0.86%/day

|.47%/F%.

1.40%/ft.
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Average Rate of Reduction (Chlorides)

ABS (Wel! #6-#16)

LAS (Well #6-#16)

0.35%/ft.

0.67%/ft.

0.21%/day

0.40%/day



Soil Core Samples

TABLE 7-8

SUMMARY DATA
PHASE 1| - RADIOACTIVE TAG STUDY

Soil core samples collected on 9/6/65 and 11/9/65 gave results which were

not valid.

Date and Location

Total
Sul fur

uc/100g x 107

Undegraded
Sulfur

uc/100g x 1072

Percent
Degradability

|2/28/65 K 678.0 284.0 58. |
L 163.0 71.0 56.5
122.0 (P&G) 98.0 (?&G) 19.7
M 46. | 28.4 38.3
N 17.6 3.5 23.3
(5.5 (P&G) 12.2 (P&G) 21.3
Sludge Samples
Total Undegraded
Sulfur Sulfur Percent
Date uc/g x 1074 uc/g x 10° Degradabi | ity
9/29/65
10/4
10/10 Not Valid Results
10/18 (9/29/65 - 11/1/65)
L1/
[1/5
11/15
L1/19
1 1/24

| 1/26

11/29




twice as great as the reduction rate during movement through the unsaturated soil zone.
Rates of reduction bésed upon tritium activity varied from rates observed by using
chloride concentrations.

‘Rates of Reduction (Dilution)

Unsaturated Sands Saturated Sands
Tritium (LAS usage) 0.73%/t. 1.438/1t.
Chlorides (ABS usage) 0.90 0.35
Chlorides (LAS usage). 1.17 0.67

18. Generally, the only factor causing reductions in tritium activity and chloride
concenfraflons_ls that of dilution. Dilution factors based upon tritium compared
quite favorablyjﬁifh those based upon average chloride values. (Table Ill-1, 6)

Dilution Factors

Cesspool Concentration
Sampling Point Concentration

Chliorides

Tritium ABS LAS
Cesspool ———— ——— ———
Top Sampier 1.06 0.97 0.96
Middle Sampier 1.04 _ 1.08 1.01
Bottom Sampler 1.09 .15 1.06
Well #6 1.18 1.21 1.30
wWell #10 1.38 1.19 1.26
Well #13 1.62 1.28 1.35
Well #16 —— 1.40 1.78

19. There was adsorption - desorption of tagged LAS materials on the sludge and soils
as demonstrated by the results of samples collected June |17, 1966 about 7 months after
completion of the Phase Il study. Activity levels indicated that there was still a

smal| release of radioactive materials from the cesspool-soil areas.
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Total Sulfur Activities

Dec. 8, 1965 June 17, 1966
Cesspool 4.74 x 10~° mc/ml 3.50 x 1078 me/ml
Top Samplers 3.67 x 1072 " (11/17) 3,34 x 1070 »
Middle Samplers 2.00 x 1072 " 2.66 x 1070 "
Bottom Samplers 2.62x 10° " (12/3)
Well #6 2.66 x 107>
Well #10-#11 4.11 x 107> " 3.48 x 1076
Well #13-#14 1.95 x 1072 " 1.75 x 107% »
(H - 0.672 x 1073) (H - 1.54 x 1072)
Well #17 1.50 x 10~6

Dissolved Oxygen

i. Dissolved oxygen data was not obtained on this site.

pH

I. Little variation was observed in pH levels in the disposal system and through

the upgradient and downstream sampling locations (pH 5.2-6.7).

Ammonia

i. Free ammonia concentrations in the disposal system was relatively constant during
the use of ABS and LAS surfactants being 90.3 and 83.5 mg/t, respectively. (Table 7-1)

All background observation wells indicated an average free ammonia level of 0.20 mg/!.

2. Movement of the sewage slug through the unsaturated zone, cesspool to first well
group, resulted in the net reductions in free ammonia of 59.0 and 68.5 percent during
the use of ABS and LAS. (Table 7-1; Figure 3-31 through 34)

3. |In the unsaturated soil zone on Site No. 3 during ABS usage, free ammonia levels
increased 60.5 percent (90 mg/l to 145.0 mg/1) in travel between the cesspool and top
samplers (vertical travel distance of 18 inches). This increase in free ammonia was

undoubtedly the result of the filtering out of organic nitrogen at the cesspool=-sol |
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interface and its subsequent conversion (oxidation) to free ammonia. (figure 7-15

Table 7-1)

4. Through the remainder of the unsaturated zone, free ammonia levels reduced signif-
icantly (77.3 percent) (145 mg/1 to 33 mg/1) between the top and middle samplers
(vertical distance of 4 feet), then remained relatively unchanged to the first down-

stream well group. (Figure 7-15 Table 7-3)

Cesspool 90.3 mg/1
Top Samplers 145.0
Middle Samplers 33.1
Bottom Sampiers 27.3
Well #6 27.9

5. Travel of the sewage slug through the downstream saturated soil zone, first to
last well groups, resulted in a 29.6 and 53.2 percent reduction in ammonia during
the use of ABS and LAS. (Figure 7-15 through 19; 7-31 through 34) Average rates

of ammonia reduction in this saturated zone were:

Average Values Least Squares
ABS 0.73%/ft. 0.44%/day 0.20 mg/1/ft. 0.75%/ft. 0.45%/day 0.22 mg/1/ft.
LAS 1.33 0.80 0.35 0.047 0.028 0.025

Compensating for dilution based upon reductions in chloride concentrations still
resulted in net rates in ammonia reduction of:
Average Values
ABS 0.38%/ft. 0.23%/day
LAS 0.66 0.40

6. Since there was no corresponding increase in other nitrogen compounds, the free
ammonia reduction through this portion of the flow path was due to factors other than
dilution and/or biological activity and can be attributed primarily to adsorption.
Nitrites

1.  Nitrite levels in the disposal system were constant during the use of (P. 7-50)
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ABS and LAS being 0.02 mg/l. (Table 7-1) All background wells indicated a

uniform nitrite concentration of 0.03 mg/!.

2., On Site No. 3 it is assumed that maximum nitrite levels occurred within the
unsaturated soil zone. This conclusion is based upon the observation of peak
nitrate levels at the bottom samplers and the fact that nitrite development

in the nitrogen oxidation process precedes the production of nitrates. (Fig-
ure 7-17)

3. Travel through the downstream saturated zone resulted in relatively constant
nitrite levels at all sampling locations. (Figure 7-18, 19)

Nitrates

I. In the cesspool nitrate concentrations are relatively constant during the
use of ABS and LAS being 0.10 and 0.19 mg/|, respectively. (Table 7-1)
Upstream observation wells indicated a uniform nitrate content of 1.40 mg/|
throughout the sampling depth. (Table 4-1)

2. Travel of the slug through the unsaturated soils resulted in Increasing
nitrate Ieve]s obtaining maximum concentrations at the bottom samplers during

the use of ABS., (Figure 7-17 Table 7-2)

Cesspool 0.10 mg/! nitrate
Top Samplers 0.21
Middle Samplers 97.5
Bottom Samplers 105.8
Well #6 58.0

3. At the first well group in the saturated zone, nitrate concentrations

reduced to 58.0 and 35.7 mg/| during the use of ABS and LAS. There appeared
to be a secondary increase in nitrate levels resulting in a second peak

64.5 ABS, 52.2 LAS occurring at weli group No. 10, 15 feet downstream from the
disposal system. (Table 7-1 Figure 7-18, 19) This secondary increase in
nitrates may be partially due to shortcircuiting between the bottom samplers

and well No, 6.
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4. Reductions in nitrate levels beyond well group No. 10 proceeded at a relatively
constant rate during the use of both surfactants as shown below:

Average Values

ABS 0.57%/%t. 0.34%/day 0.37 mg/i/ft.

LAS 0.58 0.35 0.32

Compensating for dilution based upon chloride reductions resulted In net rates of
nitrate reduction through the saturated soil zone of:

Average Values

ABS 0.22%/¢t. 0.13%/day
LAS Dilution values exceeded actual reduction rates.
Reduction rates in excess of dilutional effects represent
decreases due to biological, physical or chemical processes.
Sul fates
l. Sulfate coﬁcenfra*ions in the disposal system varied, depending upon the surfac-
tant in use averaging 34.2 and 10.8 mg/| during ABS and LAS usage, respectively.
(Table I11-1) Uniform sulfate concentrations were observed in all background wells
and averaged 10.0 mg/1. (Table 4-|)
2. Net increases in sulfate levels, 6.4 and 100 percent during ABS and LAS usage,
occurred during travel of the waste through the unsaturated sands (cesspool and first
well group). (Table 7-1) Variations in sulfate levels at various stages of travel
in the unsaturated zone were not determined.
3, Movement of the sewage slug in the saturated downstream zone (first to last woll
groups) resuited in an overall 11.3 percent increase during use of ABS and 38.6 percent
decrease in sulfate concentration during the use of LAS. (Figure 7-20) The
rate of decrease is given below:

Average Values

ABS Slight increase in levels

LAS 0.97%/¢t/ 0.58%/day 0.21 mg/t/ft,
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Adjusting for dilutional effects based upon chloride reductions resulted in a net

rate of sulfate reduction during LAS usage of:

Average Values

LAS 0.30%/ft. 0.18%/day

Phosphates

I. In most instances the ortho and total phosphate concentrations in the disposal
system and downstream wells were approximately equal. Total phosphates in the dis-
posal system average 88.3 and 66.5 mg/l during the use of ABS and LAS surfactants,
respectively. (Table 7-1) All background wells indicated an average total phos-
phate concentration of 0.06 mg/l. (Table 4-1)

2, Between the cesspool and first well group, unsaturated soil zone, a 44.0 percent
(88.3 - 49.5 mg/1) and 76.0 percent (66.5 - 15.6 mg/1) reduction in total phosphate
concentration resulted during the use of ABS and LAS surfactants, respectively.
(Table 7-1, 3) ‘

3, Travel in the first 18 inches of the unsaturated soil zone, cesspool to top sam-
pler, resulted in a 34.5 percent (88.3 - 57.7 mg/l) and 52.2 percent (66.5 - 31.8
mg/1) reduction in total phosphate concentrations during the use of ABS and LAS
surfactants. (Table 7-1, 2, 3)

4 ,Movement of the sewage slug through the remainder of the unsaturated zone resulted
in varying phosphate concentrations at the various sampling points. (Table 7-2)

At the flirst downstream well group No. 6, total phosphate levels were reduced to
49,5 and 15.6 mg/| during the use of ABS and LAS.

5. Based upon the difference in total phosphate concentrations between the top
samplers and first downstream well group, overall average phosphate rates of re-
duction through the unsaturated soil zone were:

Average Values

ABS 0.77%/ft. 0.44 mg/1/ft.

LAS 2.75 0.88




6. Increases in total phosphate concentrations occurred during movement of the

waste slug through the initial saturated zone flow path, Wells No. 6 to No. 10,

(10 feet travel distance). Fig. 7-21,22; 7-31 thru 34) Further trave! in the sat-
urafed zone, Well No. 10 to final well group, resulted in phosphate reduction rates of:

Average Values

ABS Well #10 to #16 1.78%/ft. 1.07%/day ~ 0.96 mg/1/ft.
LAS Well #10 to #16 3.10 1.86 0.69
Compensating for dilution, based upon reductions in chloride concentrations, re-
sulted in net phosphate removal rates (Wells #10 to #16) of:

Average Values

ABS 1.43%/ft. 0.86%/day

LAS 2.43 1.46

7. Net phosphate reductions indicated that factors other than dilution cause re-
ductions through the downstream flow path. Utilization of ortho phosphates as part
of the biological metabolic process, physical and/or chemical processes, are poéslble
factors contributing to the overall phosphate reduction.

8. Total reductions in phosphate concentrations, cesspool to final well group, were
only 72.2 percent during the use of ABS as compared to 98.0 percent with LAS usage.
(Figure 7-21, 22)

Coliform Organisms

l. Log average coliform populations (MPN's) in the cesspool were 8.59 x 10 and

16.5 x 10° per 100 ml during the use of ABS and LAS surfactants, respectively.

(Table 7-1)

2, Travel of the waste slug through about 20 feet of unsaturated sands, cesspool to
first well group No. 6, resulted in coliform reducfidﬁs of 99.9 percent during the
use of both surfactants. (Table 7/-!, 3 Figure 7-23, 24; 7-31 through 34)

3. Coliform reductions through the unsaturated soll zone were not determined. It

was, therefore, unknown if removal of the coliform organisms occurred by filtering
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FIG. 7-23
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out at the cesspool-unsaturated soil interface or throughout the entire vertical
travel distance. _

4. Despite substantial reduction rates log average coliform densities of 239 and

202 per 100 ml persisted at the first downstream Well No. 6. (Table 7-1)

5. Movement of the sewage slug through the downstream saturated soil zone resulted
in lower coliform reductions, 89.5 and 58.0 percent of the first well group densities
as compared to travel in the unsaturated sands. (Figure 7-23, 24)

6. Although the overall reductions in coliform densities (cesspool to final well
group) exceeded 99.0 percent, remaining densities exceeded the limits set forth for
potable water. At the final well group, 45 feet downstream from the cesspool, log

average coliform densities of 25 and 85 percent still existed.

Alkalinity

1. Alkalinity concentrations in the disposal system were relatively constant during
the use of ABS and LAS surfactants, averaging 423 and 450 mg/1 as CaC03, respectively.
(Table 7-1) Upstream observation wells exhibited uniform alkalinity levels avera-

ging 25.0 mg/1 as CaCO (Table 4-1)

3¢
2. Substantial reductions in alkalinity resulted in travel of the sewage slug through
the unsaturated soil zone during the use of ABS and LAS surfactants. Data was not
obtained to establish alkalinity reduction characteristics in vertical travel through
the unsaturated zone. (Table 7-1, 3)

3. Movement through the downstream flow path (first to Tast well groups) resulted

in relatively little additional alkalinity in comparison to reductions observed in

the unsaturated zone. (Figure 7-25, 26; 7-31 through 34) Average alkalinity re-
duction rates in the saturated zone were:

Average Values

ABS 0.51%/ft. 0.30%/day 0.152 mg/1/ft.

LAS 1.08 0.65 1.35

Adjusting for dilutional effects based upon reductions in chloride concentrations
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resulted in average net alkalinity reduction rates of:

Average Values

ABS 0.16%/ft. 0.09%/day

LAS 0.41 0.25

4. It was concluded, based upon net alkalinity reduction rates, that factors other
than dilution resulted in reducing alkalinity concentrations in travel through the
saturated soi!l zone.

Specific Conductance

I. Specific conductivity in the cesspool was relatively constant during the use

of ABS and LAS surfactants, averaging 850 and 815 umhos/cmz, respectively, (Table
7-1) Background wells measured a uniform specific conductance of 60.0 umhos/cmz.
(Table 4-3)

2. Travel through approximately 20 feet of unsaturated sands, cesspool to first
well group, resulted in a 33.6 and 27.6 percent reduction in specific conductance
during the use of ABS and LAS surfactants, respectively. (Table 7-1, 3) Data

was not obtained to establish reduction characteristics in the various sampling
levels in the unsaturated zone.

3. In the saturated soil zone, a slight increase in conductivity resulted in travel
of the waste slug between the first well group No. 6 and No. 10 (a distance of 10
feet) in the saturated zone. (Figure 7-27, 28) Beyond we!ll group No. 10 specific
conductivity decreased at a relatively uniform rate through the remaining portion

of the flow path. Conductivity during the use of LAS reduced in the saturated soi!
zone at a generally decreasing rate. (Figure 7-31 through 34)

4. Average rates of reduction through the saturated zone of specific conductivity was:

Average Values

ABS Well #10 to #16 0.42%/1t. 0.25%/day 2.56 umhos/cm?/ft.
LAS Well #6 to #13 1.66 1.0 9.80

Compensating for dilutional effects based upon chioride reduction resuited in net
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rates of:

Average Values

ABS Well #10 to #16 073/t .04%/day

LAS Well #6 to #13 .99 0.6

It is apparent that factors in addition to dilution contributed to reduction of
specific conductance.

Ccob

I. The chemical oxygen demand, COD, in the disposal system averaged {91.0 mg/!|
during the use of ABS surfactant. (Table 7-1) Background observation wells
indicated an average COD concentration of 15.0 mg/| throughout the sampling depth.
(Table 4-1)

2. Movement of the waste through the unsaturated soil zone (cesspool to first well
group) resuited in an overall reduction of 65.6 percent in COD during ABS usage.
(Table 7=3  Figure 7-29, 30) COD reduction characteristics at the various sam-
pling locations in the unsaturated zone were not determined; therefore, it could
not be established if COD removal occurred in the initial few feet of unsaturated
zone or uniformly throughout the zone.

3. In the saturated soil zone (first to last well groups), COD levels tended to
increase in concentration and attain maximum levels at well group No. I3, 25 feet
downstream from the cesspool. (Figure 7-29, 30) Beyond Well No., 13, COD fevels
decreased out to the final well group at the following rate:

Average Values

ABS 2.56%/ft. |.54%/day 2,3 mg/1/¢t.
Compensating for dilutional effects, based upon chioride reductions, through this
limited flow path indicated net COD reduction rates of:

Average Values

ABS 2,218/, | .33%/day

4. Apparently, based upon net COD reduction rates, factors besides that of dilution,
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aided in reducing COD concentrations in travel through a portion of the saturated
soil zone.

BOD

I. Biochemical oxygen demand in the disposal system averaged 398 and 250 mg/|
during the use of ABS and LAS surfactants, respectively.

2., The ratio of BOD/COD in the cesspool indicated that laboratory errors may

have occurred in the determinations.

BOD con BOD/COD
ABS 398 mg/| 191 mg/| 2.08
LAS 250 ——- R

Generaily, for domestic sewage a BOD/COD ratio greater than |.0 should not exist.
3. BOD values and total suspended solids in the disposal system varied greatly
with BOD levels being generaliy higher.

Total and Suspended Solids

I. Total and suspended solids in the cesspool during the use of ABS and LAS

surfactants varied.

Total Solids Suspended Sol ids BOD
ABS 668 mg/ | 250 mg/1 398 mg/1
LAS 476 186 250

2. The use of ABS surfactant resuited in the largest BOD total and suspended

solids levels In the disposal system.

7-68



LONG ISLAND GROUND WATER POLLUTION STUDY
REDUCTION VERSUS TRAVEL TIME
ABS IN USE (9/16/1963 - 1/4/1965)
SITE N2 3 - BOHEMIA, SUFFOLK COUNTY, N.Y

100 1000
\423 .0 mgAl
90 M\F — 900
80 \% 800 3
[a]

70

C
\o,lK 7003
c \.ﬁ‘ Eﬁ
. ]\ | coo S

1 1 ——§—fLORiDE
'\

|
[
]

SPECIFIC CONDUCTANGE mhos

‘%o e

\
mg/|
40 s

L

aLkALNITY ] S e C
30 X ——— - \\\ 300
—P— AMMON)4 | 1
20 ———— 200
T ABS

10 AN coD t 100

o T :
WELL Ne CP 6 t0 13 16 il
DISTANCE O 10 20 30 40 45 FEET®

8

TIME 0 25 42 75 DAYS _|
)

W



LONG ISLAND GROUND WATER POLLUTION STUDY
PERCENT REMAINING OF FIRST WELL CONCENTRATION

ABS IN USE (9/16/1963-1/4/1965)
SITE N2 3 - BOHEMIA, SUFFOLK GOUNTY, N.Y.
150
140
130 | CO;D—,———%\
120 ' AN
L nLANELS
10 ////_ ”/‘J&’/JF\\\\\
s S— T SPE“LND.\\
ol = : =N
‘ 00 — ~_ | CHUorIpd 0 —4
| \‘\ ~
| \ ——{A48s ~—~—— =
| N [ \
. 80 — ~
% 70 AN I N e S
‘ \\ <‘\~“‘~\ZE’TA
i 60 \ \ D()
|
50 — \\ \¢
40 \\
30 C'>\
2() N\\\\\*“‘-
10 —Q
0 .
WELL N® 6 10 13 16
DISTANGE 0 10 20 30 40 FEET
TIME 0 17 34 68 DAYS

Z¢-L 914



LONG

ISLAND GROUND WATER POLLUTION STUDY
REDUCTION VERSUS TRAVEL TIME

LAS IN USE (1/74/1965 -1/24/1966)
SITE N2 3 - BOHEMIA, SUFFOLK COUNTY, N. Y.
100 1000
90 9002
o
80 800%
2
70 700;?
1\ :
60 600 S
S/a ©
N t \\ \EC\CCN E
A o
me’ ‘\ A\ T h\\“ﬁ—s q\"‘ 4co§
\ o I e . 2
20 .\\ SULFAT = — 1 | )\Mm\» , zoog
e — — B (&)
D Qr\ W
o LAS — | %z_\\\ 5
10 . e — 100
e S —t—

o ~- o
WELL N2 CP 6 10 3 6
DISTANCE O (0 20 30 40 45 FEET
TIME O 8 25 a2 75 DAYS™

€=L 913



LAS IN USE

LONG ISLAND GROUND WATER POLLUTION STUDY
PERCENT REMAINING OF FIRST WELL CONCENTRATION
(1/4/1965 - 1/24/1966)

SITE N2 3- BOHEMIA, SUFFOLK COUNTY, N.Y.

120

N

le;

N

o
C"’\LOF, ID \&

90 \\ 5 ~
. 80 g P \\ k\\
R 70 2PEL con ™ .
: —~]
. A\ N
N ~

50 N\ &/ T~
“ \ .

- \NEE 4 ,/

ol A4 con

10

0
WELL N2 6 10 13 16
DISTANGE O 10 20 30 40 FEET
TIME 0 17 34 68 DAYS

ve-L *9id




PART 8 - SITE 4

Description and Development

This site is located on the west side of Kennedy Avenue, 270 feet south of
Oakwood Street in the hamlet of Blue Point, Township of Brookhaven in Suffolk County.
The parcel is a plot 115 feet in frontage by 150 feet deep on the glacial outwash
plain approximately 1 1/4 miles north of Great South Bay. The resident family con-
sists of 2 adults and 2 children.

Initial preparations on this site were commenced in November of 1963. The home
is supplied with public water from the Patchogue District of - the Suffolk County Water
Authority. The nearest well field of the Authority is 1 1/2 miles west, on Lakeview
Avenue, Bayport, consisting of a 9-acre plot containing 3 glacial production wells
and 1 Magothy well. The water produced at this station is of excellent sanitary and
chemical quality, very soft, with iron and manganese concentrations less than 0.2 ppm
and treated to a pH above 7.2 by the addition of hydrated Time, chlorinated to a re-
sidual of 0.2 ppm, and with MBAS levels less than 0.15 mg/1.

Weekly readings of the water meter indicated an average use of 1100 gallons per
week. The homeowner had been using commercial washing compounds which, according to
manufacturers representatives, contained a branched chained anionic surfactant. On
December 4, 1963, the homeowner was supplied with the formulation containing cocoanut
0il tallow and tall oil soaps.

The sewage disposal system consists of two cesspools 8 feet in diameter and 7
feet deep, each constructed of a 3 1/2 feet deep precast leaching section surmounted
by a 3 1/2 feet deep precast leaching dome. The bottom of each pool is approximately
9 feet above static water. The first pool received all of the wastes from the kitchen,
clotheswasher and 2 bathrooms. The second pool, constructed as an overflow, did not
receive any wastes during the conduct of the study at this site since the first pool
was still functioning satisfactorily. A test boring approximately 40 feet deep indi-
cated the subsoils consist of fine sand with traces of silt and minor amounts of

small gravel. Static water level was determined to be 17 feet, 8 inches below grade.
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Temporary observation wells were driven at the corners of the plot
and static water levels and slope of the water table determined. The gradient
established indicated ground water flow at approximately S 10° E. Several
probe wells were driven along this flow-line and sampled at various depths
to locate the sewage slug. Samples retrieved were examined in the field for
methylene blue active substances. Due to the low concentrations detected,
apparently because of the unusual subsoils underiying this site, confirmation
that the observation wells were located within the slug was obtained by deter-
minations of alkalinity and specific conductivity measurements in the field.
Subsequent analyses for nitrates levels, which were substantially higher than
background wells, also confirmed that the well screens were properly positioned.
On October 7, 1964, Mr. D.L. Warner and Mr, T.W. Bendixen of the U.S.
Public Health Service made measurements of earth resistivity on this site,
confirming the direction of flow of the wastes emanating from the first
cesspool. Fifteen wells were placed in this directional line, using three
for background and the remaining in four groups of 3 wells at distances of 5 feet,
10 feet, 21 feet and 3| feet from the center of the pool. (Figure 8-1, 2) It is
now apparent from the results of analyses that well No. 4, nearest the cesspool was
not in proper position to intercept the sewage slug since the determinations
for virtually all constituents yielded higher values at wells further distant.
Several unsuccessful attempts were made to determine ground water velocity
at this site., Sodium fluoride was introduced into the cesspool to produce a
concentration of 1200 ppm of fluoride ion. Daily samples collected from the
well immediately adjacent to the wall of the pool failed to demonstrate a sig-
nificant concentration. A subsequent attempt, using a still higher dosage also
failed. It was concluded that either well No. 4 was not accurately positioned
in the sewage slug or that unusual soil conditions at this site resulted in

adsorption or other method of removal of the fluoride ion,
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The homeowner had been using a branched chained surfactant prior to the study,
so that it was assumed that the cesspool environment and the subsoils were saturated
with ABS materials. A soap product was then used for a |6-week period with an average
use of |.4 pounds per week, from March 9, 1964 to June 28, 1965, the homeowner then
used the straight-chain material or LAS for a total of 76 weeks with an average use
of 1.4 pounds per week.

Travel of Waste Slug

l. A distinct sewage slug was observed as the waste traveled through the downstream
saturated soil zone.

2. The waste slug at the first downstream sampling well, after traveling through
approximately 9 feet of unsaturated sands, had its peak concentrations of contaminants
of sewage origin located approximately | foot below the static water level. As the
waste slug proceeded downstream, the location of the peak concentrations within the
slug remain relatively constant with respect to the SWL, i.e., at | foot below SWL.

3. The density of the waste slug in travel through about 9 feet of unsaturated silty
sands was reduced to a level where the difference in density between the waste slug
and ground water was not sufficient to result in depression of the sewage slug

through the downstream flow path.

4., Natural recharge and Infiltration by precipitation did not appear to have any dir-
ect affect on either depressing the waste slug or resulting in additional dilution.

5. As the waste slug proceeded through the downstream sampling locations, the con-
centration of contaminants of sewage origin generally decreased with each succeeding
downstream well group.

6. There did not appear to be any indication of contamination from upgradient sources.
Chlorides

1. Average chloride concentrations in the disposal system during the use of
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soap was 73.0 mg/1 and 61.5 mg/1 during LAS usage. (Table 8-1) Background wells

had an average chloride concentration of 13.5 to 25.5 mg/1.

2. Travel in the unsaturated soil zone, cesspool to first well group, resulted in
overall chloride reductions of 63 and 19.8 percent during the use of Soap and LAS,
respectively. (Table 8-1, 2) The average rates of reduction in chloride concen-

trations through the unsaturated zone (12 feet vertical travel distance) was:

Average Values

Soap 5.25%/ft. 3.83 mg/1/ft.

LAS 1.65 1.02

3. The change in chloride concentration through the downstream sampling locations
varied with the use of Soap and LAS surfactants. During the use of Soap, chlorides
tend to increase in concentration between the first well group No. 4 and the well
group No. 10, 21 feet downstream from the disposal system. Beyond well group No. 10,
chlorides decreased at rapid rate out to the last observation well group. Chloride
concentrations during the use of LAS surfactant decreased significantly between the
first and second well groups (do. 4-7), a distance of 5 feet, then remained relatively
constant to the last observation well group. An average rate of chlioride reduction
through the downstream saturated zone could not be determined. (Figure 8-3, 4, 15, 16)

MBAS and ABS

1. MBAS reported as ABS in the cesspool varied with the surfactant being used avera-
ging 1.4 and 28.8 mg/1 during the use of Soap and LAS, respectively. (Table 8-1)

A11 background observation wells had a low MBAS level averaging 0.04 mg/1. (Table 4-1)
2. Vertical travel through the unsaturated soil zone resulted in a 99.3 percent reduc-
tion in MBAS during the use of LAS surfactant. (Table 8-1) Soap usage indicated a

7.1 percent increase in MBAS concentration in travel through the unsaturated soil

area. The increase in MBAS level during the use of Soap was undoubtedly due to




SITE #4

OBSERVAT ION WELL CONCENTRATIONS

TABLE 8-i
V = Not established
Cesspool #4 #7 #10 #13
0 57 0! 21! 30!

I. Soap (MBAS) | .4 |.5 6.1 2.7 0.
Ammon i a [15.0 5.2 [6.2 21.0 l.
Chiorides 73.0 27.0 47.3 51.0 16.
Total F’O4 56.9 4.6 25.4 5.5 0.
Spec. Cond. 914.0 289.4 455.6 587.5 220.
Alkalinity 549.3 18.1 22. 1 31.3 3.6
Sulfates 1.8 21.7 39,3 37.7 17.9
Coliform 6.31 x 10° 76.7 730.0 3.6 7.4

(Log Aug) \
Nitrites ’ 0.01 0.12 0.4 0.08 0.
Nitrates 0.10 26.5 43,4 59.0 20.
CcoD 207.0 17.8 39,4 22.4 8.

2. LAS (MBAS) 28.8 0.19 0.82 .49 0.
Ammonia 94.0 0.55 ' 2.9 0.0 0.77
Chlorides 61.5 49,3 25,6 27.6 24.6
Total PO, 81.5 0.70 4.7 1.2 0.17
Spec. Cond. 953.0 146.0 214.0 343.0 188.0
Alkalinity 440.0 20.6 20. 1 40.7 16.5
Sulfates 5.2 34.7 39.0 41.0 32.7
Coliform 3.51 x |0° 464.0 1037.0 192.0 169.0
(Log Aug.)

Nitrites 0.02 0.40 0.97 1.24 0.42
Nitrates 0.95 5.7 3.0 25.8 I
COoD




SITE #4

PERCENT REMAINING OF FIRST WELL CONCENTRATIONS

TABLE 8-2
Cesspool #4 #7 #10 #13
to #4 0 5! 16' 26"
Soap (MBAS) 107.1 100.0 +307.0 +180.0 40.0
Ammonia 4.5 +212.0 +306.0 19.2
Chlorides 37.0 +175.0 +189.0 59.6
Total PO, 7.5 +452.0 +119.6 2.0
Spec. Cond. 31.7 +157.5 +199.5 68.9
Alkalinity 3.0 +122.1 +173.0 66.9
Coliform 0.1 +850.0 4,7 22.7
(Log Aug.)
COD 8.7 +121.0 +126.0 | +102.3
LAS (MBAS) 0.7 100.0 +331.0 +683.0 | +184.0
Ammoni a 0.9 +383.0 +1565.0 | +128.0
Chlorides 80.2 47.9 56.0 49.9
Total PO, 1.0 +571.0 +1500.0 24.3
Alkalinity 5.0 97.6 +197.5 80. 1
Coliform 0.1 +124.0 +142.0 | +174.0
(Log Aug.)
CoD
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branched material, ABS, being desorbed from the unsaturated soil zone.

3. Infrared analysis for the percent branched material was not performed on this
site. Prior to initiation of the studies, the household was using ABS surfactant
as the washing compound; and therefore, the waste slug flow path was initially sat-
urated with ABS material, (Table 8-2 Figure 3-5)

4. In travel through the unsaturated soil zone, Soap and LAS surfactants had over-
all average rates of MBAS reduction (12 feet travel distance) of:

Average Values

Soap 0%/ft. 0 mg/i/t,

LAS 8.26 2.38

5. Sampling devices were not installed In the unsaturated zone to monitor the waste

slug in Its vertical travel between the cesspool and first well group; therefore, re-
duction in MBAS at various levels of the unsaturated soil area was undeterminable,.

It is believed that a large portion of the MBAS or reduction occurred in the initial
cesspool - unsaturated soll region.

6. Since dilution of the waste slug by infiltrating rain waters in the unsaturated

zone is negligible, the reduction of MBAS in this soil area must be due to sorption
and/or degradation more so than by dilution.

7. Average rates of MBAS reduction through the saturated soll zone could not be estab-
lished due to increasing MBAS concentrations to well groups No. 7 and No. 10 followed

by decreasing MBAS levels out to the final well group. (Figure g-5) I+ was ;uspecfed
that branched material, ABS, being desorbed from the soil strata resultfed in inter- ‘
ferences in MBAS determinations during the use of Soap and LAS surfactant.
8. Downstream MBAS levels during the use of Soap and LAS were extremely low averaging
befwéen 0.19 and 6.1 mg/| MBAS as ABS. The large reduction in the unsaturated soil

zone and iow MBAS levels in the saturated zone was concluded to be attributed to the
unusual soil conditions on this site. The subsolls on this site are fine siity sands

in contradistinction to the coarser sands and
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gravels encountered on the other sites.

9. In the unsaturated zone where LAS surfactant had a 99.3 percent reduction in
MBAS concentration bacterial populations also had a drastic reduction with the

log average coliform concentrations being reduced by more than 99.9 percent during
the use of both Soap and LAS surfactant. (Figure 8-11| Table 8-, 2)

Dissolved Oxygen

I. Dissolved oxygen concentrations in both upgradient and downstream sampling
locations were high being about 3.3 to 6.4 mg/l. Generally, downstream wells
were higher in dissolved oxygen than the background wells. (Table 4-5)

2. Background wells exhibited dissolved oxygen levels of 4,0 and 4.2 mg/|.
There was no evidence of a background waste slug on this site, thus the up-
gradient ground waters were relatively unpolluted. The downstream dissolved
oxygen levels were not indicative of the presence of a sewage slug, although
chemical and bacteriological analyses indicated presence of a waste sliug.

pH

I. In the disposal system the average pH ranged between pH 6.6 and 7.7. Although
the upgradient wells were free from sewage pollution, they exhibited a range,
pH 5.5 to 6.3, while downstream observation wells had a more significant
variation, pH 4.5 to 6.2.

Ammonia

I. Free ammonia concentrations in the cesspool averaged 115.0 and 94.0 mg/|
during the use of Soap and LAS surfactant, respectively. (Table 8-1) All

background observation wells exhibited a uniform free ammonia level of 0.14 mg/l.

2. Extemely large reductions 95.5 and 99.1 percent in free ammonia concentration
occurred in travel of the waste slug through the unsaturated soil zone during
the use of Soap and LAS materials. (Table 8-1, 2 Figure 8-6)

3. Ammonia reduction characteristics were not determined in movement through
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the saturated soil zone.

4, Travel of the sewage slug through the downstream saturated soil zone resulted in
increasing ammonla concentrations to well group No. 10, 21 feet downstream from the
disposal system. Beyond well group No. 10 a relatively rapid decrease in ammonia re-
sulted out to the last well group No. 10 during the use of both surfactants. (Fig-
ure 8-6, 7, 8)

5. Overall reductions in free ammonia of 99.9 percent resulted between the cesspool
and last well group during the use of Soap and LAS. (Figure 8-6, 7, 8)Greatest

ammonia removals resulted in travel of the slug through the unsaturated zone.

Nitrites

l. Nitrite levels in the disposal system were relatively constant during the use of
Soap and LAS being 0.0l and 0.02 mg/|, respectively. (Table 8-1) All background
wells had an average nitrite concentration of about 0.07 mg/|.

2. Although information could not be attained on the advancement of the nitrogen

cycle through the unsaturated soil zone, it was anticipated that maximum nitrite levels

actually developed in the unsaturated zone and not the downstream wells. (Figure 8-7, 8)

Nitrates

I. Nitrate concentrations in the disposal system varied being 0.1 and 0.95 mg/|

during the use of Soap and LAS surfactants, respectively. (Table 8-1) Upstream ob-
servation wells indicated significant nitrate levels of 4.8 to 10.8 mg/l.

2. It is expected that maximum nitrate concentrations actually developed in the un-
saturated zone prior to the first downstream observation wells. Analytical results

as to the changes in the nitrogen cycle through the unsaturated zone was not determined.

3. In the downstream saturated zone, a secondary increase in nitrate levels
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occurred at well group No. 10, 21 feet downstream from the disposal system. Sig-

nificant nitrates developed at wel!l No. 10 with the use of Soap material, 59.0
mg/l, while nitrates during LAS usage only developed to about half the amount,
25.8 mg/l. (Figure 8-7, 8)

4. Reduction in nitrate concentrations beyond well group No. 10 proceeded at
the following rates:

Average Values

Soap 48.7% 4.87%/t. 2.87 mg/1/ft.
LAS 57.4 5.74 |.48
Sul fates

. Sulfates in the disposal sysfgm varied significantly depending upon the
washing product in use being 1.8 and 51.2 mg/| during Soap and LAS usage.
(Table 8-1) Background observation wells indicated average sulfate levels of
between 20 and 30 mg/|.

2. Between the cesspool and first weli group, unsaturated soil! zone, sulfate
concentrations increased during the use of Soap, while a 33 percent reduction

occurred with the use of LAS surfactant. (Table 8-2 Figure 8-9)

3. Travel of the waste slug through the downstream saturated soil zone resulted

in increasing sulfate levels during the use of both formuiations, developing
peak concentrations between welis Nos. 7 and 10, 10-21 feet downstream from

the cesspool. (Figure 8-9)

4. Between well group No. 10 and final observation well No. (3, sulfates exhibited

average reduction rates of:

Average Values

Soap 5.25%/t. 1.98 mg/1/ft,
LAS 2.02 0.83

Compensating for dilution in this saturated zone, using chloride reductions,

indicated net sulfate reductions of:
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Average Values

Soap 4.12%/¢t.

LAS 0.23

Phosphates

. In most instances, the ortho and total phosphate concentrations in the
disposal system and downstream observation wells were about equal. Total
phosphate concentrations in the disposal system averaged 56.9 and 81.5 mg/ |
during the use of Soap and LAS surfactants, respectively. (Table 8-1) Back~-
ground observation wells indicated total phosphate concentrations of 2.2 mg/1

at well No. | and 0.06 mg/l in well No. 2.

2. Travel through approximately 12 feet of unsaturated sands (cesspool to first
well group) resulted in total phosphate reductions of 92.0 and 99.9 percent during
the use of Soap and LAS. (Figure 8-10 Table 8-2)

3. Overall phosphate reduction rates through the entire unsaturated sol! zone

were:
Average Values

Soap 7.65%/%t. 4.36 mg/i/ft.

LAS 8.25 6.70

4. Upon entering the saturated soil zone, total phosphate levels tended to
increase with travel downstream attaining peak amounts at wells No. 7 and No. 10
during the use of Soap and LAS, respectively. (Figure 8-10) Beyond the well
group exhibiting peak downstream levels, phosphates reduced in concentration

to the final well group at the following rates:

Soap Well #7-#13 4,75%/ %+, 1.20 mg/1/ft.

LAS 10~13 9.80 I.10

Compensating for dilutional effects, based upon reductions in chloride concen-

tration, resulted in net phosphate reduction rates of:
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Average Values

Soap 3.62%/ft.

LAS 8.0l

5. Factors besides that of dilution alded in reducing total phosphate levels in
movement of the sewage slug through the saturated zone.

6. Although changes in total phosphate concentration in the saturated soil zone were
erratic, overall reductions of the first well group concentrations of 98.0 and 75.7
percent, resulted during the use of Soap and LAS. (Figure 3-10) Phosphate levels

at the final well group No. 13 were 0.09 and 0.17 mg/l, values equivalent to observed
background well concentrations. Travel of the waste slug between the cesspool and
final well group resulted in total phosphate removals greater than 99.7 percent,

Coliform Organisms

I. Log average coliform concentrations within the disposal system were 6,31 X IO6

and 3.51 x 10° per 100 mi during the use of Soap and LAS surfactant, respectively.
(Table 8-1)  Upstream observation wells Indicated log average coliform concentrations
ranging between 3.0 and 51.3 per 100 ml.

2. Drastic reductions in log average coliform concentrations greater than 99.9 percent
resulted in travel between the cesspool and first downstream well group, (unsaturated
soil zone) during the use of Soap and LAS. (Table 8-2 Figure 8=11) Collform den-
sities at the first well group No. 4 were 76.7 and 464 per 100 ml during the use

of Soap and LAS, respectively.

3. Collform reduction characteristics through the unsaturated zone were not determined.

4. Movement in the saturated soil zone resulted in Increasing collform densities
between the first and second well groups foliowed by a generally decreasing trend out
to the final observation well group. An additional 77.3 and 66.0 percent reduction
was observed through the downstream flow path. (Table 8-2)

5. There was a definite relationship between collform concentrations and reductions
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in MBAS, phosphates and other constituents in travel through the unsaturated and
saturated soil zones. In the unsaturated zone, where large bacterial reductions
occurred similarly significant, reductions occurred in other sewage constituents.

In the saturated zone, persistence of coliform was concurrent with small reductions
in other sewage contaminants.

6. Coliform concentrations at the last observation well group 31 feet downstream‘
from the cesspool were such that the log average concentration exceeded bacterial
standard set for water supplies. (Table 8-1 Figure 8-11)

Alkalinity

1. Alkalinity content in the disposal system during the use of Soap and LAS sur-
factants averaged 549.3 and 440.0 mg/1 as CaCO3, respectively. (Table 8-1) Back-
ground observation wells exhibited uniform alkalinity levels through the sampling
depth, averaging 13.0 mg/1 as CaC03. (Table 4-1)

2. Travel of the sewage slug through the unsaturated soil zone, cesspool to first
well group, resulted in extremely large reductions of alkalinity, averaging 97.0 and
95.0 percent during Soap and LAS usage, respectively. (Table 8-2 Figure 8-12)
Changes in alkalinity level at various stages of the unsaturated soil zone was not
determined on this site.

3. Alkalinity concentrations at the first downstream well group, 18.1 and 20.6 mg/1
as CaC03, were approximately equal to background well alkalinity levels which averaged
13.9 mg/1 as CaCO3. (Table 8-1 Table 4-1)

4. In movement through the downstream saturated soil zone, alkalinity levels during
the use of Soap and LAS increased slightly to well group Ho. 10, 21 feet downgradient
from the cesspool. Subsequent travel in the saturated soils resulted in a uniform
decrease in alkalinity concentrations to the final well group No. 13. (Figure 8-12)
At thé final well group, alkalinity levels were about equal to those observed in

the background ground waters. |

5. Between downstream well groups No. 10 and No. 13, 10 feet travel distance,
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6.

linity levels reduced at the following rates:

Average Values

5.65%/ft. 1.77 mg/1/ft.
5.92 2,42
sting for dilutional effects in the downstream flow path, based upon chloride
ctions, indicated net alkalinity reduction rates of:

Average Values

4,52%/ft.
4.13

Apparently, factors besides that of dilution were effective in reducing alkalinity

concentrations through portions of the saturated zone flow path, Wells No. 10 to No. |3,

Specific Conductance

I.
the

wel |

Specific conductivity In the disposal system averaged 914 and 953 umhos/cm2 during

use of Soap and LAS surfactant, respectively., (Table 8-i) Background observation

s indicated average specific conductivity measurements of 113 to 152.3 umhos/cm2

in the upstream ground waters.

2,
duri
to f

3.

Significant reductions In specific conductance, 68.3 and 84.7 percent, occurred
ng the use of Soap and LAS in travel through the unsaturated sol| zone, cesspool

irst well group. (Table §-2)

Characteristic during the use of Soap and LAS surfactant, specific conductance

increased at a relatively uniform rate in the initial portion of the saturated soil

zone, Wells No., 4 to No., 10, a travel distance of 21 feet from the cesspool. Beyond

wel |

group No. 10, specific conductivity decreased at a rapid rate out to the final

observation well group during the use of both formulations. (Figure 8-13)

4.

No.

Soap
LAS

Specific conductance reduction rates in the saturated soil zone, Wells No. 10 to
13 (10 feet travel distance) were:

Average Values

6.28%/ft. 36.7 umhos/cm?/ft.
4.53 15.5
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Chloride reductions in the saturated zone, dilution had rates significantly

less than those observed for specific conductivity.

Ccob

. Chemical oxygen demand, COD, in the cesspool during the use of Soap averaged
207 mg/l. (Table 8-1) Upstream observation wells exhibited COD concentrations
in the background ground waters, averaging 7.9 to 11.6 mg/l.

2. Travel from the cesspool to first downstream well group, unsaturated soil
zone, resulted in a 91.3 percent reduction in COD during the use of Soap. (Fig-
ure 8-14) COD reduction characteristics throughout the unsaturated zone were not
determined.

3. Between the first and second downstream well groups, COD leveis tend to
increase. (Figure 8-13) Further travel in the saturated soil zone resulted in
decreasing COD concentrations out to the final wells and having the following
reduction rate:

Average Value

Soap 2.55%/¢t. 1.0 mg/1/ft,
Adjusting for dilutional effects, based upon chloride reductions, resulted in

a net COD reduction of:

Average Value

Soap I.42%/%t.

4. Factors besides that of dilution were effective in the removal of COD in

the saturated soil zone during the use of Soap.

BOD

I. Biochemical oxygen demand in the cesspool varied with eaéh surfactant, averaging
549 and 346 mg/| during the use of Soap and LAS surfactant, respectively,

2. BOD/COD ratio in the cesspool during the use of Soap was 2.65, indicating
possible taboratory error in the determinations. For domestic sewage a BOD/COD

ratio greater than |.0 should not exist.
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BOD cob B0D/COD
Soap 549 mg/| | 207 mg/| 2.65
LAS 346 -— -—-

3. BOD concentrations in the ceéspool were significantly greater than that
ot the suspended solids. There was no exact ratio between BOD and suspended
solids in the disposal system.

Total and Suspended Solids

I. Total and suspended solids in the disposal system were relatively constant

during the use of Soap and LAS surfactant.

Total Sollds Suspended Solids BOD
Soap 625 169 549
LAS 620 134 346

2. Although solids levels remained relatively constant, considerable difference
in the amount of BOD present during the use of Soap and LAS resulted. Generally,
the larger BOD level occurred with the use of Soap along with slightly larger

total and suspended solids concentrations.
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PART 9 - SITES 5 and 6

Introduction

Sites 5 and 6 were selected to reflect conditions associated with a septic
tank-tile field type of domestic sewage disposal system as contrasted to the
sites initiated earlier, all of which involved a perforated wall ftype of leaching
facility. A survey to locate appropriate sites was not successful in obtaining

locations with availablie property down-gradiehf to enable the monitoring of the
waste plume in the saturated soil zone. It was then decided to proceed with the
development of Site 5 with primary intention to study the change in character of
the sewage in passage from the disposal system through the unsaturated soil.
Later, Site 6 was located with the desirable orientation of the system with re-
spect to the ground water gradient. [t was decided not to proceed with monitoring
of the waste plume downstream because of the limitation in available funds for
test wells and the heavy commitments of the available laboratory facilities at

the time.

Description

Site 5

Site 5 was located in Massapequa, Nassau County, on the south shore of Long
Island and in the extreme south-easterly portion of Nassau County on the iNassau
Shores peninsula. The site is approximately one mile north of South Oyster 3ay,
1/10 mile west of the Carman River and 1/2 mile east of the Unqua River. The
plot size is 120 ft. in frontage, facing easterly and 100 ft. in depth. The
ground is flat and amply provided with deciduous trees and evergreen shrubs. The
area is typical residential consisting of moderate sized ranch type homes. The
nearest disposal system is a cesspool system to the north serving the neighboring

residence.




The family consists of two adults and four children who normally occupy the

home except for annual vacations. Water use appliances other than basic kitchen
and bath facilities consist of an automatic laundry machine and dishwasher. The

house has been occupied by the family since constructed in January, 1955,

The sewage disposal system, (Figure 9-1) located in the front lawn, consists

of a conventional concrete septic tank of 600 gallons capacity, a concrete dis-
tribution box and three tile trenches of average length of 22 ft. 6 in. located
parallel to the building front, 6 ft. on centers and sloping to the south. The
tile pipe In the trenches is from 2 ft. 7 in. to 3 ft. 8 in, below grade.

The home was originally provided with a private well 30 ft. deep for water
supply but the residence wés connected to a public water main in the street in
1963. The original well was reported by the owner to have produced a foamy,
rusty water with a hydrogen sulfide odor. The public water supply serving the
residence is the New York Water Service Division (Merrick Plant) of Utilities
and Industries, Inc.; the source for the Nassau Shores area Is primarily a well
located approximately two miles north of the site.

The static water table is located approximately 8 ft. below grade at eleva-
tion of 3 ft.; grade is at approximately Il ft. Elevations are referred to mean
sea level (Nassau County Datum).

The subsoil at the site is the typical fine to medium sand representing
the glacial outwash plain which forms the southerly shore of Long Island.

Site 6

Site 6 was located on Henry Street in the Bellmore area, in the south-
easterly portion of Nassau County. The site is approximately two miles north
of East Bay, 1/2 mile west of the Wantagh State Parkway and 1/2 mile north of

Sunrise Highway. A small creek running due south is located in the rear of the

property. The plot size is 100 ft. in frontage, facing west and 150 ft. in depth.

The ground is flat and covered with virgin deciduous trees. The area is typical
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residential and the locality of the site has been recently developed. The

home was constructed just prior to selection as a test site and occupied In
Februafy, 1964. The nearest disposal system is immediately to the north serving
the neighboring residence.

The family consists of two adults and four children who normally occupy
the home. Water use appliances, other than basic kitchen and bath facilities,
consist of an automatic laundry machine and dishwasher.

The sewage disposal system, (Figure 9-2) located in the front lawn, consists
of a 600 gallons concrete septic tank, a distribution box and four, 4 in. dia-
meter tile lines, three of which are 25 ft. in length, and the fourth, 50 f+t.
in length. The tile lines generally parallel the front of the dwelling, are
6 ft. on centers and slope to the south. They rest on one bed of gravel ex-
tending throughout the tile field. The inverts of the Tife pipe are approximately
I ft. 9 in. above ground water and 2 ft. 9 in. below the ground surface.

The residence was originally provided with a private well for water supply.
The well was reportedly installed in February, 1964, at an original depth of
28 ft. and was subsequently deepened to 34 ft. below grade. During the test
period (December, 1964) public water mains were extended to provide water ser-
vice to the street. The area is served by the Merrick Plant of New York Water
Service, Division of Utilities and Industries, Inc. Public wells serving this
area are located at three sites, two of which are located approximately two miles
distant to the east and northwest, and another, three miles to the west.

The static water level is located approximately 4 f+. 6 in. below the ground
surface. Elevation of static water surface was established during site develop-
ment as approximately |7 ft. above mean sea level.

The subsoil at the sife is primarily coarse and medium coarse brown sand,

grit and gravel from a depth of 6 ft. to at least 25 ft. The overburden is sandy

9-4




176

¢-6

‘t \‘
—
\\ — SIS TSNS TN
2l

topsoil, loam, some sand

brown sandyclay,grit, stones

RESIDENCE

¢rs. brn sand, gri ¢, gravel

1
| SEPTIC TANK

[}
SRR AN 25
f® 5 9 e 13 4 @
| U .
|e[1® % s ® 2

med. crs.brn.sand, gri t, gravel

LOG of TEST WELL
________ ® _7______.”
2N |
Ne2_____e6 ____e0
FLOW |
H E N R Y ST.

LONG ISLAND GROUND WATER POLLUTION STUDY 2
SITE PLAN
SITE 6 BELLMORE, NASSAU GOUNTY




clay, grit and stones over-laid with 2 ft., of ftopsoil loam and some sand., A
boring log is shown in Figure 9-2.

Waste Plume Location

Site 5

The orientation of the downstream waste plume in the saturated soil zone
was predicted prior to development of the site as generally southerly. The site
was anticipated to provide information on the waste plume in the saturated soil
zone from a single tile line. The site development was initiated on January 28,
1964, and included installation of probe wells at the corners of the site and
at the center of the southern boundary. Static water levels were read and used
to establish the direction of the ground water gradient. The direction was es-
tablished at S 23° E and represented a divergence of 36° from the axis of the
tile trenches. No further attempt was made to study the waste plume in the sat-
urated soil at the site because of the inability to segregate the effect of an
individual line. The extensive lateral dimension of the waste plume emanating
from a source more than 22 ft. in width was expected to provide small variation
and low levels in constituents studied, and therefore, the additional effort was
not justified.

A probe well (I10A) was installed at the furthest extremity of the easterly
tile line to determine the vertical location of the waste plume. Samples were
collected at | ft. intervals below the static water level, Results of MBAS an-
alyses of these samples is shown in Table 9-1. The high values at the top of
the water table and gradual reduction over a depth of 7 ft. appear to represent
the influence of the on-site disposal system. The high values from 8 ft. to a
depth of 13 below static water appear to represent upland Influences.

The site development was temporarily suspended while additional surveys were

made to locate sites more amenable in orientation of system with respect to

9-6



L-6

Table 9-1

MBAS IN GROUND WATER (WELL I0A) - SITE 5

(April 24, 1964)

Depth (ft.) Depth (ft.) MBAS
Below Grade Below SWL {mg/1)
9 [ 9.0
10 2 9.5
H 3 5.0
12 4 .5
13 5 .5
14 6 .25
I5 7 I.4
16 8 1.6
17 9 5.0
I8 10 3.5
19 H 3.5
20 12 3.5
21 13 3.5

22 14 3.5




direction of ground water gradient. Decision was reached in April, 1964, to

proceed with development of the Massapequa site.

Site 6

The orientation of the waste plume downstream from the system was predicted
before site development to be generally parallel to the tile lines. The site
development included installation of probe welis at the four corners of the
site. Static water level readings confirmed the predicted direction of the
ground water gradient as approximately S 30° E.

Three probe wells were installed adjacent to one of the intermediate tile
lines to determine the concentration of MBAS with respect to depth in the ground
water, Water samples were collected at one foot intervals. Results of MBAS
analyses of these samples are shown in Table 9-2. The higher concentrations
and deeper penetration of MBAS in vicinify of the upper end of the disposal
system are attributable to the newness of the system and the more permeable
soil present in that vicinity., The presence of a clay type soil directly be-
low the middle portion of the tile lines would minimize downward percolation
of wastes in that area and cause a lower concentration of sewage constituents
there. The higher concentration of MBAS at a lower elevation in the ground
water appears fo be influenced by a source remote from the test site.

Test Well Installation

Site 5

A portion of the site development was initiated in January, 1964, including
location, inspection of condition and determination of actual dimensions of
the several components of the disposal system. The septic tank was pumped out
on January 29, and found to have an earth bottom. Tile lines were located and
test wells installied at ends and the mid-points of the three lines. An addi-
tional well was constructed for sampling of the septic tank liquid. Wells in

tile field were placed 9 inches to the east of the centerline of the tile pipes.
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Table 9-2

MBAS IN GROUND WATER - SITE 6 - May 1964

\ Depth (ft.) Deprn (ft.) MBAS* (mg/ 1)
gdelow Grade In Ground Water Probe 3-A Probe 7-A Probe |1-A
5 | - - -
| 6 2 5.0 20.0 4.5
! 7 3 3.0 16.0 3.5
8 4 1.5 1.0 3.5
9 5 9.5 1.0 3.0
10 6 0.0 0.5 2.5
1 7 0.0 0.0 0.0
12 - 20 8 - 16 0.0
21 b7 9.5
22 I8 0.5
23 19 0.5
24 20 0.5
25 21 0.4
|
| 26 22 0.4
i 27 23 0.4
*Field Determination
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Test wells were provided with G in. screens except for the septic tank well
which had a 12 in. long screen.

On April 24, 1964, the remaining development work on Site 5 was initiated.
The septic tank was emptied and the earth bottom sealed with a 4 in. layer of
synthetic gel to Insure that samples collected from the ground water beneath
the tile field were not influenced by any leaching directly from the septic
tank.

Preliminary samples were collected from the ten original test wells on
April 5, and analyzed for MBAS. The results were consistent except for the
wells at the mid-point and far end of westerly tile trench in which MBAS levels
were found to be in order of 1/10 of the values from the other test wells. An
investigation of clogging of tile lines was made on April 24, 1964, involving
use of inflatable rubber bladders to seal off the three outlets from the dis-
tribution boxes. The distribution box was filled with water, one outlet opened
quickly and the time required to drain the box observed. The operation was
repeated for other two outlets. The results confirmed the suspicion that the
westerly tile line was partially clogged. The lack of reliability of samples
obtained from test wells 5 and 8 caused data from these wells to be disregarded
in the several evaluations which are discussed later in this report,.

During the site development work, a check was made of the submergence of
each of the nine test wells into the ground water, Well depths were adjusted
To provide a uniform penetration of the screen bottom to 12 in. below the static
water level,

Site 6

The site development was initiated on April 24, 1964, Tile lines were lo-
cated and test wells with 6 in. screens were driven at both ends and center

point of the three shorter tile lines and at four points of the longer line.




Wells were driven 9 in. west of the tile lines and to a depth of 12 in. below
static water. The earthern bottom of the distribution box was séaled with syn-
thetic gel. A test well with |2 in. screen was installed in the septic tank
for sampling the contents.

Samp!ing of the test wells began on May 19, 1964. Difficulty was exper-
ienced in collecting samples from several test wells initially due to both the
presence of impervious soil pockefs at the static water level of some wells
and also to the lack of sufficient penetration of the well screens below the
static water at several points. Several wells were subsequently deepended but
impervious soil at Wells 3 and 7 prevented adequate sampling of these wells
throughout the study period. Initial values for sewage constituents from sev-
eral test wells were not generally uniform but after adjustment of well screens,
more consistent values were obtained, except for Well 14, for which levels of
sewage constituents were appreciably lower than for the other wells. This
was due, in all probabilify, to the lack of effluent reaching this remote
point in the relatively new system., Data from this well was, therefore, not
included in the data summaries for this site.

Sample Collection

Samples from Sites 5 and 6 were collected from the test wells at one week
intervals starting on May 19, 1964 until October 6, 1964, whereupon a two week
interval was established between sample runs. Site 5 sampling was terminated
on September 20, 1965; Site 6 was terminated on April 27, 1965.

Water Use

Water consumption on Site 5 was determined on the basis of a residential
water meter already in use at the initiation of the site study. Based on the
records of the water company and direct readings during the study, an average

daily water consumption of 306 gallons was established for a twelve month period.




This included water used for lawn sprinkling and other exterior uses which
water was not discharged to the sewage disposal system.

Water used on Site 6 was determined initially by installation of a meter
as part of the study. A four month average daily consumption rate from August
to September, 1964, was determined to be 151 gallons which did not include
water used from outside hose bibs. The average daily consumption for a shorter
period - September, 1964 - was approximately 200 gallons.

Product Use

Test products used in Sites 5 and 6 were LAS followed by AS and Soap. ABS
was used on Site 5 for the final five months of the study after Site 6 was
closed. A summary of test products used and water consumption is shown in
Table 4-3.

Results of Analysis

The analysis of samples from the several test wells at each site represent
levels of sewage constituents at three basic locations - the ground water back-
ground, septic tank supernatant and the upmost portion of the ground water be-
neath the tile field. This data can therefore be compiled to demonstrate the
change of concentration of each of the studied sewage constituents during pas-
sage of the waste through the disposal system. Moreover, these comparisons
are available separately for each of the four detergent test products used at
these sites.

Data for Sites 5 and 6 for the four test products are summarized in Table
9-3 to 9-10.

Overall analysis of data indicates a significant and consistent difference
in constituents levels for the two sites. Site 5 generally exhibited signif-
icantly lower levels of MBAS, chlorides, nitrogen constituents, sul fates, phos-

phates, alkalinity, coliform density and specific conductance throughout the

test period. This difference is most probably caused by the higher water (P. 9-21)



Table 9-3
LONG |SLAND GROUND WATER POLLUTION STUDY

Site No. 5 - Reduction in Sewage Constituents Through

Sewage Disposal Systems to Ground Water

Test Product LAS

Average Concentration (mg/| )

Constituent Septic Tank Test Wells* Parcent Reduction

MBAS 9.8 5.94 39.2

Nitrogen (as N)

Ammonia 61.2 34.4 43.8

Nitrites 0 0.13

Nitrates 0 8.5

Total N 61.2 53.03 13.0
Chtorides 56.2 48.8 13.0
Sulfates 16.4 55.4
Phosphates (total) 57.5 21.3 63.0
Alkalinity 306.0 199.9 34.8
Specific Conductance 646.0 537.5 17.0
Coliforms (MPN/10OmI)  2.23 x 108 2.27 x 10° 99.9

*Data includes test wells numbers 2 through 10 but not including numbers 5 and 8.




Table 9-4

LONG ISLAND GROUND WATER POLLUTION STUDY

Site No. 5 - Reduction in Sewage Constituents Through

Sewage Disposal Systems to Ground Water

Test Product AS

Average Concentration (mg/1)

Constituent Septic Tank Test Wells* Percent Reduction

MBAS 6.2 3.21 48,2

Nitrogen (as N)

Ammonia 79.0 26.13 66.8

Nitrites 0.02 0.05

Nitrates 0.72 33.38

Total N 79.74 59.56 25.0
Chlorides 51.8 45.6 22.0
Sulfates : 10.2 41.4 -406.0
Phosphates (total) 64.2 I1.4 82.8
Alkalinity 422, 143, 66. 1
Specific Conductance 840, 516.6 38.4
Col i forms (MPN/100m!) 5.89 x 10 0.61 x 102 99.9

¥Data includes test wells numbers 2 through 10 but not including numbers 5 and 8.




Table 9-5
LONG |SLAND GROUND WATER POLLUTION STUDY

Site No. 5 - Reduction in Sewage Constituents Through

Sewage Disposal Systems to Ground Water

Test Product SOAP

Average Concentration (mg/l)

Constituent Septic Tank Test Wells* Percent Reduction

MBAS .01 2.15 -210.

Nitrogen (as N)

Ammonia 81.3 26.6 67.4

Nitrites 0.01 0.23

Nitrates 0.03 27.7

Total N 81.34 54,53 33.0
Chlorides 61.3 49.4 i19.0
Sulfates |.8 26.3 o
Phosphates (total) 49.3 15.9 67.8
Alkalinity 481.3 149.96 68.9
Specific Conductance 795. 516.3 35,2
Coliforms (MPN/10Oml) t.68 x 100 0.88 x 10° 99.94

*Data includes test wells numbers 2 through 10 but not including numbers 5 and 8.




Table 9-6
LONG ISLAND GROUND WATER POLLUTION STUDY

Site No. 5 - Reduction in Sewage Constituents Through

Sewage Disposal Systems to Ground Water

Test Product ABS

Average Concentration (mg/|)

Constituent Septic Tank Test Wells* ) Percent Reduction

MBAS 11,70 2.85 75.7

Nitrogen (as N)

Ammon i a 61.54 36.9 40.0

Nitrites 0.0l 0.12

Nitrates 0.4 23.8

Total N 61.95 60.82 2.0
Chlorides 52.0 51.1 1.5
Sul fates 3.1 19.1 L
Phosphates (total) 62.64 19.04 69.5
Alkalinity 437.6 237.8 45.0
Specific Conductance 727.0 556.0 23,7
Coliforms (MPN/100mI)  1.68 x 109 0.64 x 107 99.96

*Data includes test wells numbers 2 through 10 but not including numbers 5 and 8.




LONG ISLAND GROUND WATER POLLUTION STUDY

Table 9-7

Site No. 6 - Reduction in Sewage Constituents Through

Sewage Disposal Systems to Ground Water

Test Product LAS

Average Concentration (mg/!)

Constituent Septic Tank Test Wells*
MBAS | 26.0 7.95
Nitrogen (as N)
Ammonia 102 57.1
Nitrites 0.02 0.09
Nitrates 0 1.07
Total N 102.02 58.26
Chlorides 105.5 78.4
Sulfates 100 82.5
Phosphates (total) 103 0.163
Alkalinity 49| 316.2
Specific Conductance 1050 700.6
Coliforms (MPN/100ml) .66 x 10 8.7 x 103

Percent Reduction

69.5

45.5

43.0

25.0
17.5
99.84
35.5
33.0

99.93

*Data includes test wells numbers 2 through i3 but not including number 7.



Table 9-8
LONG ISLAND GROUND WATER POLLUTION STUDY

Site No. 6 - Reduction in Sewage Constituents Through

Sewage Disposal Systems to Ground Water

Test Product AS

Average Concentration (mg/l1)

Constituent Septic Tank Test Wells* Percent Reduction
MBAS 16.2 3.5 78.0

Nitrogen (as N)

Ammonia 95.5 73,3 23.0

Nitrites 0.02 0.05

Nitrates 0.08 2.3

Total N 95.6 78.6 18.0

" Chlorides 107. 84,2 21.5

Sul fates 46,2 45.4 02.
Phosphates (total) 100. 0.14 99.86
Alkalinity 546. 378. 30.8
Specific Conductance 1240, 879. 29.0
Coliforms (MPN/10OmI) 8,78 x 106 6.14 x 103 99.86

¥Data includes test wells numbers 2 through 13 but not including number 7,



LONG |SLAND GROUND WATER POLLUTION STUDY

Table 9-9

Site No. 6 - Reduction in Sewage Constituents Through

Sewage Disposal Systems to Ground Water

Test Product SOAP

Constituent

MBAS

Nitrogen (as N)
Ammonia
Nitrites
Nifrates
Total N

Chlorides

Sulfates

Phosphates (total)

Alkalinity

Specific Conductance

Coliforms (MPN/100mI)

Average Concentration (mg/|)

Number in parenthesis represents increase.

Septic Tank  Test Wells*
2.98 2.46
94. 74.66
0.0 0.03
0.05 0.676
94.05 75.37
97. 1 79.3
26.6 8.9
53.7 0.08
325. 436. |
993. 814.9
1.84 x 10° 8.77 x 103
9-19

Percent Reduction

17.5

20.0
13.5
67‘7

99.85

(34.2)

27.0

99.52




LONG ISLAND GROUND WATER POLLUTION STUDY

Table 9-10

Site No. 6 - Reduction in Sewage Constituents Through

Sewage Disposal Systems to Ground Water

Test Product ABS

Constituent

MBAS

Nitrogen (as N)
Ammonia
Nitrites
Nitrates
Total N

Chlorides

Sul fates

Phosphates (total)

Alkalinity

Specific Conductance

Coliforms (MPN/10Oml)

*Data includes test wells numbers 2 through 13 but not including number 7.

Average Concentration (mg/|)

Septic Tank Test Wel ls*
12.5 3.44
116. 68. |
0 0.0l
0 0.03
116. 68.14
96. 78.6
21, 4.90
70. 0.2l
580, 488.6
I,180. 836.0
4.3 x 108 1.27 x 104
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Percent Reduction

74.5

41.3
18.0
86.6
99.7
15.7
39.0

99.7



consumption at Site 5 and the basic difference in the character of the sewage

produced. The levels of some constituents may be influenced by the differences
in age and type of tile field system as well as by the soil properties at the
site. These characteristics would not, however, explain higher chloride values.
The several constituents are discussed separately in the following sections.
Chlorides

The background chloride concentrations at Site 5 varied between 5.7 and 57.
with an average value of 24.1. Site 6 values varied from 2 to 16 with an av-
arage of 6.1 mg/1. (Table 4-1)

The chloride concentration in the septic tank at Site 5 varied between av-
erages of 51 and 61 mg/1 for the periods in which four products Were tested.
Site 6 chlorides averaged between 96 and 107 reflecting different but consistent
characteristics for the site.

The average values in the ground water below the tile field were from 1.5-
22 mg/1 at Site 5 and 14 to 25 at Site 6.

The chloride data was used to compute the dilution factors for evaluating

the removals of various constituents in passage through the disposal system.
The dilution factor was appliced in two ways. In most instances percent removal
of chlorides was subtracted from percent removal of each constituent. For more
refined analyses, the dilution factor was applied on the basis of the relation-
ship:

Cbgd (X) ¢ Cot (1) = ng (X +1)

Where C is concentration in mg/1 of chlorides
bgd - background wells
st - septic tank

gw - ground water
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Table 9-11

CHLORIDE REDUCTION THROUGH PERCOLATION FJELD

Test Product LAS AS Soap ABS

Site 5 6 5 6 p) 6 5 6

Average Chloride Concentrations (mg/l)

Background 28 6 26 4 16 6 24 8
Septic Tank 56 102 51 107 61 97 52 96
Gd Water Below 49 58 46 84 49 79 51 79
Tile Field
Percent Reduction 13 43 9 22 19 14 2 18
Avg. Dilution Factor (f) 1.25 1.28 1.28 1,34 . 1.33  1.13 1.15 1.25
Nétes

I. Values of chloride concentrations are average of daily values for background wells and
for septic tanks. Values for ground water are the average of dally median values of
test wellis beneath tilefield. :

2. Average dilution factor is the average of factors computed for each day and includes

those values which are less than unity representing ground water concentrations exceeding
that of the sewage effluent.




The dilution factor, f, equals | = X, and is a multiplication factor to

correct for dilution. A summary of chloride data is tabulated in Table 9-11.
MBAS as ABS
Methylene blue active substances, M3AS, measured as AdS, varied signif-
icantly for each product tested at both tile field sites in terms of contrib-
utions to the system and removal in passage through the percolation field.
Summary of values is shown in Table 9-12,

=

Background concentrations of MBAS were not significant at either Site 5
or Site ©.

Septic tank concentrations at Site 5 were more consistent and higher on
the basis of levels computed from product consumption than on the basis of
analyses of septic tank samples. During use of LAS, AS, and A3S at Site 5,
the computed ABS varied from 21.0 to 29.0 mg/!, while the actual A3S5 varied
from 6.2 to 11.7 mg/1. At Site 6 the computed values were more erratic but
also significantly higher than the actual. Computed values of M3BAS in the
septic tank varied between 15.3 and 48.7. The actual values ranged between
12.5 and 25.1 mg/l.

Reduction of MBAS in passage through the system was on the whole appre-
ciably higher at Site 6 than at Site 5 in spite of the higher concentration
in the septic tank to begin with. The higher efficiency is attributed to
higher adsorption capability due to the newness of the system at Site 6 as
well as to the finer sub-soils existing there.

The removal of MBAS during use of soap as a test product is significant
insofar as it demonstrates the desorption phenomena. DOuring the use of soap
on Site 5, the level of MBAS in the groundwater below the tile field actually

increased from that in the septic tank. This purging action of ABS from the

soil is also reflected in the improvement of MBAS removal demonstrated at both
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Table 9-12

MEAS in m/)

Test Product LAS AS. Soap  ABS
Background .0 .0 .03 .04
Septic Tank (computed) 29.7 23,7 0 21.0
" " (actual) 9.9 6.2 1.0 1.7
Ground water (actual) 5.9 3.3 1.9 2.9
Ground water adjusted

for dilution * 7.5 5.1 2.4 3.3
Percent reduction (incr) 17.7 8.9 (167.0) 60.4

Site 6

Test Product LAS AS Soap ABS**
Background 0 0 0 0
Septic Tank (computed) 20.7 15.3 0 48.5
" " (actual) 25.1 16.2 3.0 12.5
Ground water (actual) 7.9 3.3 1.9 2.2
Ground water adjusted

for dilution 10.0 3.8 2.1 2.75
Percent Reduction 55.7 53.4  37.0 77.8

*Values for ABS in ground water adjusted for dilution represent average
of daily median values of MBAS adjusted for dilution based on assumption
of conservative properties of chlorides. Values other than for computed
MBAS in septic tank represent average of daily median values.

**Represents analysis of single day's samples.
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sites after the soap use interval. At Site 5 removal of MBAS after soap use

was 60 percent compared to pre-soap values of I8 and 9 percent. At Site 6 the
removal was 78 percent as opposed to 56 and 53 percent prior to soap use.

Iinfra-red analyses

Infra-red analyses for the differentiation between branch chain and straight
chain ABS were not conducted at Sites 5 or 6. |t is therefore not possible
to evaluate the persistence of different formulations in travel through a
tile field type of sewage system.

Dissolved Oxygen (D.0.)

The average D.0. concentrations in the ground water upstream from the dis-
posal system varied between 0.35 and 1,08 mg/! at Site 5 and between 3.l and
8.73 at Site 6. The higher D.0. at Site 6 reflects the relatively recent de-
velopment of the general environs at Site 6 compared to Site 5. The D.O. in
the ground water beneath the tile fields revealed several conditions of interest.
The wells which were rejected from the severalvanalyses as not representative
because of the demonstrated clogging of the tile lines in the vicinity, or due
to the presence of generally impervious soil at the well point, were found in
general to be appreciably higher in D.O. than the other wells. Well #8 at
Site 5 for example, had a minimum D.0. of 2.8 mg/| and a high of 5.2, while
the average test well values varied between 0.2 and 1.6 for the entire test.

The concentration of D.0. in the ground water beneath the tile fields was
significantly lower than at the background wells indicating the significant
oxygen demand in the effluent from the sewage systems. The average D.O. for

representative wells beneath tile fields is shown in the following tabulation.
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Dissolved Oxygen in Groundwater Beneath Tile Field (mg/l)

Detergent Product

Site " LAS AS Soap ABS
5 0.41 0.88 0.92 1.18
6 1.04 0.24 0.21 0.18*

*Represents analyses of a single day's samples

PH

The pH of all phases of the test sites for all test products remained

relatively constant, Average background values throughout the study at Site
5 varied from 5.41 to 5.76 and at Site 6 from 6.0 to 6.38.

Values in the ground water below the tile field were equally consistent.
The range at Site 5 of average values was between 5.85 and 6.18 and at Site 6
between 6.5 and 6.9, The pH data is summarized in the following table:

pH (Average Value for each Test Product)

LAS AS Soap ABS
Sttes 5 6 5 6 5 6 5 6*
Background 5.7 6.0 5.8 6.0 5.5 6.5 5.4 6.8
Septic Tank 6.8 6.9 7.0 6.8 6.9 7.0 7.0 7.1

Gd water below tile fld 6.2 6.5 5.9 6.5 6.1 6.9 6.1 6.7
*Represents analyses of single day's samples.

Ammonia

Free ammonia was not present in the background wells to any significant
extent., The range of values for the two test sites during use of four test

products varied between 0 and 0.23 mg/!.

The ammonia concentration in the septic tank samples were higher at Site 6

(average of 94 to 116 mg/l) than at Site 5 (average 61 to 81) due to differences
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In sewage characteristics.

Values in the ground water beneath the tile fields were lower at Site 5

(average 26 to 37 mg/!) than at Site 6 (average 57 to 75 mg/1) reflecting the

more

dilute sewage and the significant conversion to nitrate nitrogen. The

reduction at Site 5 through the system were roughly 67 percent during the

tests of AS and soap, three times that at Site 6. Reductions at Site 5 were

approximately 40 percent during use of LAS and ABS which was equivalent to the

reduction at Site 6 during the same periods. A summary of ammonia data is

tabulated below:

Average Values of Free Ammonia (mg/l)

Test Product LAS AS Soap ABS

Site 5 6 5 6 5 6 5 6

Background 0.2 0.23 1.2 0.18 0.22 0.2t 0.4 0

Septic Tank 61 102 79 96 8l 94 62 i16

Gd water

below tile fld 34 57 26 73 27 75 37 68

Reduction 27 45 53 23 54 19 25 48

Percent

Reduction 44 46 67 23 67 21 40 41
Nitrites

Nitrites were present at low concentrations throughout all parts of the

systems at both sites. The nitrites present in the septic tank and in the

ground water below the tile fields represent early stages in the conversion of

ammonia to nitrates. Nitrites in the background wells represent the final stage

of the conversion of other upstream sources. Nitrite data is summarized to-

gether with nitrate data.

Nitrates

Nitrates were erratic in the background well at Site 5 with average values
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between 1.5 and 14.3 mg/l. Values at Site 6 were more consistent at lower av-
erage levels of 0.2 to 0.5 reflecting the lower degree of ground water pollu-
tion in the Bellmore area. ,
Nitrates were not present to any significant extent in the two septic tanks
as anticlpated.
Concentration in the ground water below the tile fields was falirly constant
at Site 5 with average levels between 18.5 and 33.4 mg/!. Values at Site 6
were much lower averaging between zero and 5.3. The larger capability of the
system at Site 5 to convert ammonia to nitrates is unique compared to all other
test sites. One explanation may be that an external source of nitrogen is pre-
sent at the site, originated perhaps from lawn fertilizers applied on the site.
The attendant reduction in ammonia from septic tank to ground water may be
attributed to absorption in the septic tank sludge or on the soil particles
in the unsaturated zone. It is also possible that the generallyvlow concen-
tration of sewage at Site 5 coupled with a well aerated soll, may represent

optimum conditions for conversion of ammonia to nitrates. A summary of nitrogen

data Is shown in Table 9-13.
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Tabie 9-13

NITROGEN VALUES

Test Product

Site

Background

Ammonia
Nitrite

Nitrate

Total N

Septic Tank

Ammonia
wnitrite

Nitrate

Total N

Ground Water

Ammonia
Nitrite

Nitrate

Total N

Percent
Removal of N
(S.T. to GW)




Sulfates

Concentrations of sulfates in the background demonstrated the higher
ground water pollution in the environs of Site 5 where average values were
between 62.0 and 86.0 mg/|. At Site 6, the average values were between 20.2
and 30.8.

Sulfate levels in the septic tanks were erratic and generally not consis-
tent with the variation in sulfur content of the detergent test products,
Levels at Site 5 varied between 1.8 and 16.4 mg/l, and at Site 6, between 21.0
and 100.0 mg/l. Lower concentrations of 1.8 and 27.0 respectively were observed
during the use of soap. Site 6 values were fourfold to sevenfold higher than
at Site 5.

Sulfate values in the ground water beneath the tile fields were also
erratic and three to thirteenfold higher than in the septic tank at Site 5.

At Site 6 all values were lower than the septic tank values but the percent
reduction varied in the approximate range of 20 to 75 percent. These values
are probably associated with the high background levels and lower disposal

system values at Site 5 and the variable dilution provided to the ground water

by the sewage effluent at the site. A summary of sulfate data is tabulated below:

Sulfate Concentration (mg/1)

Test Product LAS AS Soap ABS

Site 5 6 5 6 5 6 5 6
Background 62.0 30.8 86.0 25.2 65.6 20.2 71.8 23.0
Septic Tank 16.4 100.0 10.2  46.2 .|.8 27.0 3.1 21.0

Ground Water 55.4 82.5 41.4 45.4 26.3 9.0 19.1 5.0

Phosphates

Phosphates were not found to be present in significant quantities in the

background at either site.
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Values In the septic tanks were higher at Site 6 in the order of 100 mg/|
for the test products which contained a large proportion of phosphates and
50 mg/! during the use of soap. Site 5 phosphates averaged between 57 and
64 mg/1 except during soap use when the average value dropped to 49.3 mg/l.
These values appear to reflect the level of phosphates in the detergent test
products modified by phoéphafes normally present in dishwasher detergent.

The reduction of phosphates through the tile fields was dramatic, achieving
average reductions of between 63 and 83 percent at Site 5 and almos?t complete
reduction at Site 6. Site 6 efficiency Is attributed to optimum conditions for
phosphate removal, namely finer soil to encourage entrapment of precipitated
phosphates as well as the relatively new unsaturated soil horizon which would
enhance adsorption potential. Removals through the system at the two tile
field sites were in the order of 100 percent higher than at the cesspool sites.
The relative efficiency of the tile field system is probably due to the larger
area of soll-sewage interface and a flow path in the unsaturated zone of a much
larger cross-section thereby enhancing biological efficiency, and adsorption
potential in removing phosphates.

Total Phosphate (mg/1)

Test Product LAS AS Soap ABS

Site 5 6 5 6 5 6 5 6
Background 0.05 0.21 0.04 0.05 0.03 0.09 0.0l 0.03
Septic Tank

(ST) 57.5 i03 64.2 100 49.3 53.7 62.6 70.0

Ground Water
below tile
field (GW) 21.3 0.2 1.4 0.14 15.9 0.1 19.0 0.2

Percent

Reduction
(ST to GW) 63.0 99.8 82.8 99.8 68.9 99.8 69.5 99,7




Coliform Organisms

The log average coliform concentrations in the upstream wells were in the
range of 16 to 57/100 ml at Site 5 and 50 to I,191/100 mi at Site 6. The higher
background values at Site 6 are not consistent with the generally less polluted
ground water conditions there and appears due to come local infliuence.

Septic tank concentrations at Site 6 were in a higher order of magnitude
(8.8 X lO6 to 1.8 X 10”) compared to Site 5 (1.7 X 10%). The range of values for
both sites is consistent with cesspool and septic tank values in other sites.

The concentration ot coliforms in the gfound water below the tile fields was
generally one order higher at Site 6 than at Site 5 reflecting the higher con-
centration in the septic tank at Site 6. Reducfions in the category of 99.9
percent or greater were achleved at Site 5 for all test products. Reduction at
Site 6 varied from 99.52 to 99.86 percent.

_ There appears to be no significant difference in coliform concentrations in
the system or reductions through the systems during the use of different detergent
test products except that lesser reductions through the system were achieved at
Site 6 during use of soap and ABS test products. A summary of coliform data for
the tile field sites is shown in Table 9-14,

Alkalinity

The background alkalinity at both sites during all phases of the test was
consistent between values of 9 and |18 mg/l as calcium carbonate.

Average concentrations in the septic tank were not consistent for each site
or for the various test products. Site 6 values were higher for all test prod-
ucts than Site 5 except during use of soap when Site 5 alkalinity was higher.
Concentrations varied between 306 mg/l at Site 5 during LAS tests to 580 at
Site 6 during ABS use.

Alkalinity values in the ground water beneath the systems varied signifi-

cantly with no regularity. A low average value of 150 mg/| was observed at Site 5
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Table 9-14

COLIFORM ORGANISMS (LOG AVERAGE MPN/100 ml)

Test Product LAS AS Soap ABS

Site 5 6 5 6 5 6 5 6
Background 16.4 243.4 56.8 1191.0 49.7 49.5 - -
Septic Tank 2108 Lk’ s.oxi0®  s.exio®  .mxio®  i.exio?  1.7xi10®  4.3x108
GW below Tile Fid. 2.3x105  8.7x10°  6.0x10%2  6.1x105  0.9x10°  8.8x10°  6.4x10°  1.3x10%
Percent Reduction  99.91 99.95 99,98 99.86 99.94 99.52 99.96 99.70



during soap tests and a high value of 489 mg/| at Site 6 during ABS use. Per-
cent removal at both sites were consistent at 35 during LAS use. The removal
at Site 5 during AS use (66 percent) was twice that at Site 6 and during ABS
tests (45 percent) was threefold that at Site 6. During soap use, the removal
at Site 5 was 69 percent while the alkalinity at Site 6 actually increased iq
value by 34 percent. Alkalinity data is summarized in Table 9-15.

Specific Conductance

The background levels of specific conductance were lower at Site 6, avera-
ging from 46 to 73 micro-mhos/cm,than at Site 5, where the averages varied from
170 to 278. This is another indication of the better ground water quality at
Site 6. Specific conductance values in the background were consistent with other
sites,

The septic tank values were consistently higher at Site 6 (993 to 1240 micro-
mhos/cm) corresponding to higher values for other sewage constituents. S5ite 5
average values were between 646 and 840. Overall, the values were in the same
range as at the other test sites.

The reduction in specific conductance through the tile fields varied between
I7 and 38 percent, not considering dilution factors. Site 5 reductions were
higher during AS and soap tests at 38 and 35 percent respectively, compared to
29 and 18 percent at Site 6. During LAS and A35 tfests, Site 6 reductions were
higher, averaging 33 and 29 percent respectively compared to |7 and 24 percent
at Site 5.

Removals at the two tile field sites were in the same order of magnitude
as Site | and Site 35 removals measured from cesspool to first group of wells,
Values were higher, however, than experienced at Site 2. A summary of specific

conductance data for the two tile field sites is shown in Table 9-16.
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Table 9-|5

ALKALINITY (mg/! as CaCoO,)

Test Product LAS AS Soap ABS

Site 5 6 5 6 5 6 5 6%
Background 16 16 I8 13 10 21 9 14
Septic Tank 306 491 422 546 481 325 438 580
GW below Tile FId 200 316 143 378 150 436 238 489

Percent Reduction
(increase) 35 35 66 31 69 (34) 45 16

*Represents results of a single day's sample.

Table 9-16

SPECIFIC CONDUCTANCE (micro-mhos/cm)

Test Product LAS AS Soap ABS

Site 5 6 5 6 5 6 5 6*
Background 268 73 278 65 176 46 170 50
Septic Tank (ST) 646 1050 840 1240 795 993 727 1180

GW below Tile }
Field (GW) 538 701 517 879 56 815 556 836

Percent Reduction
ST to GW 17 33 38 29 35 18 24 29

*Represents analyses of a single day's sample.
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Chemical Oxygen Demand (COD)

COD analyses were not conducted at either Site 5 or 6.

Biochemical Oxygen Demand (80D)

The average 80D of the septic tank samples varied considerably at each site
for the several test products. The overall range was between 170 mg/! for A3S
and 349 mg/| dﬁring soap use, both at Site 6. The BOD during LAS and ABS use
was equivalent at both sites . During AS and soap use, however, Site & values
were in the order of 100 mg/l higher than at Site 5. Values during use of soap
were not comparatively higher than for other test products as experienced at
Sites | and 2. The BOD during use of ABS was appreciably lower than for the

other test products at both Sites 5 and 6. A summary of BOD data is tabulated

below:
BOD (mg/l) in Septic Tanks
Test Product LAS AS Soap ABS
Site 5 328 252 266 180
Site 6 31 360 349 170

Total and Suspended Solids

The total solids in the sepfic tanks varied directly with the BOD levels
for both sites during use of LAS, AS and ABS test products with relatively lower
solids levels during use of ABS. Values ranged between 840 and 930 mg/| at
Site 5 and between 480 and 915 mg/| at Site 6. During the use of soap, the total
solids were relatively higher with respect to the BOD at Site 5 and lower with
respect to BOD at Site 6.

Suspended solids values in the septic tanks were approximately 25 percent
of the fofal solids at both sites during LAS use, |5 percent during AS use, and

30 percent during ABS use. The suspended solids value at Site 5 during soap use

9-36




was 17 percent of the BOD and at Site 6, 30 percent of the BOD. A summary

of total and suspended solids data is tabulated below:

Total Solids/Suspended Solids (mg/l)

Test Product LAS AS Soap ABS
Site 5 847/215 619/105 930/157 541/165
Site 6 702/176 915/168 670/188 480/380

Comparison with Other Studies

California Study

The removal of synthetic detergents from trench type soi! adsorption systems
was also studied by the University of California' on a modified prototype system
under controlled conditions. The California Study was conducted in a simulated
prototype septic tank tile field system in which the septic tank had normal field
dimensions except that the width was three (3) inches. The tile field simulator
was an artificially constructed unit of four (4) compartments each of which was
four (4) feet long and three (3) feet wide. The sand medium used was a slightly
acid mixed alluvium of excellent sﬁbsurface drainage characteristics. A tile
trench was constructed in each compartment at a cross-section one (1) foot square
and was four (4) feet long. Each trench was filled with gravel (one-quarter (&)
to one-half (§) Inch size) surrounding a four (4) inch fiber drain pipe centered
in the trench section. The top of the gravel trench was covered with four (4)
Inches §f sand, the top of which was exposed to the atmosphere.

Sewage consisted of settled, ground municipal sewage which was fed at six
(6) equal doses in a 16 hour day. To each dose, a sufficient quantity of test
detergent was added to provide a 25 mg/llconcenfrafion.

Samples were collected of the Influent and effluent of the septic tank and

the effluent of the tile field. Tests were conducted over a period of 116 days
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using ABS, 85 days for LAS and 116 days for AS. Analyses for the synthetic
detergent material were made using colorimetric and radioassay techniques.

Comparison of Studies

The mechanics of the two studles permit comparison of data relating to the
removal of several synthetic detergent products in passage through the percola-
tion field. A summary of the removal efficiencies is shown in Table 9-17.

The results show a wide variation and appear to be contradictory. Several
factors become evident, however, on careful analysis of the conditions under
which the two studies were conducted. These differences in study conditions
dramatize not only research difficulties but illustrate the significance of sev-
eral natural phenomena which are involved in the sewage disposal systems studied.
Each factor is discussed separately.

Dissolved Oxygen (DO)

The biochemical degradation which takes place in a percolation field must
ot necessity occur aT.fhe sewage-soil interface where both zoogteal |ife and
oxygen are present, The sewage arriving at this interface is septic and the
only source of oxygen is through the volds of the surrounding soil in commun-
ication with the atmosphere. The presence of DO in the effluent from a perc-
olation field is therefore significant in demonstrating adequate conditions for
aerobic degradation within the system,

The trench effluent in the California study revealed substantial oxygen
content throughout the tests. The lowest DO value observed was |.4 mg/l. This
was true in spite of the sewage inundation to which the system was subjected
in order to develop critical conditions. It is therefore apparent that the aer-
obic degradation capability was unaffected during the conduct of the tests.

The percolation field effluent in the Long Island study could not be isolated

and was smpled together with the receiving ground water. The DO of the combined
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effluent and ground water had a maximum value of 1.18 mg/l at Site 5 and

1.04 mg/l at Site 6. Background DO was generally in the same range or higher
and could conceivably be the source of all oxygen present in the ground water
beneath the field. Some of the chemical oxygen demand of the sewage effluent
moreover, may have been satisfied by the oxygen present in the ground water as
the effluent reached the static water table.

The higher oxygenation potential of the California system is attributable
tirst to the newness of the system with a fotal life of approximately 3 months.
The relative age of the systems also affects oxygenation capability as it re-
lates to the mechanical clogging of the soil interstices by inert material in
the sewage and progressive accumulations of precipitation products such as ferric
sulfide. Anaerobic conditions were evident at Site 5 during site development
in locating the tile trenches. This factor alone could account for the higher
overall reductions achieved in the California tests and at Site 6 as compared
to Site 5 with a system life of 8 years.

Oxygenation is also enhanced in the California system due to a unique
physical feature - the minimal 4 inches of sand cover over the gravel filled
trench which assured an aerobic condition at the sewage-soil interface. The
cover on the Long Isiand sites consists of 31 to 44 inches of soil including an
organic mantle.

Adsorption Versus Biodegradation

The adsorption in the percolation field reported in the California study
was 12.3 percent and 31,3 percent for LAS and AS respectively. By the nature
of the adsorption phenomena, this portion of the removal is gradually reduced
as the saturation capacity of the sewage sludge and soil is satisfied unti! ul-
timate adsorption rate becomes insignificant. Removal in the Long Island study

was not separated into adsorption and biodegradation aspects but it apbears that
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the total removal reported includes appreciably less adsorption than experienced
in the California study due to the relatively older systems studied particularly
at Site 5.

Sewage Characteristics

The influent BOD in the California study was lower and more uniform than
found in typical domestic disposal systems on Long Island. California septic
tank BODs in the initial phase of the study varied only within the extreme values
of 115 and 173 mg/t. The BOD variation from the 34th to the /8th day was a max-
imum 14 mg/l. 1t is assumed that this same sewage source was used for the supple-
mental studies discussed herein. The Long Island study was not as accurate in
collecting the actual septic tank effluent but data obtained revealed a much
greater range and higher values in BOD. |t is assumed that under the conditions
studied that the range in levels in BOD would also reflect a wide variation in
several other characteristics and constituents which would mitigate against the
establishment of an efficient and optimum degradation environment even if other
conditions, such as presence of DO and absence of toxic materials, permitted.

Laboratory Versus Field Conditions

The construction of the California apparatus, although providing ideal con-
trol conditions for a study of this type, nevertheless, does not accurately re-
produce field conditions. The results of such a study are therefore subject to
confirmation in the field before results may be considered representative.

Conclusions

On the basis of the wide variation in conditions present in the two studies
it Is readily apparent that the results would vary markedly. The accuracy of
the data under the conditions studied in California is greater than in the Long
Island study because of the better control afforded and the opportunity to per-

form both colorimetric and radiological analyses. On the other hand, a large
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number of known and probably several unknown factors are present in an in situ
investigation which affect the fate of synthetic detergents and cannot be incorp-
orated into a bench study. Data from the Long Isiand study Is therefore con-
sidered more significant in the prediction of the extent of ground water contam-

ination caused by synthetic detergents.

I. Klein, Stephen A., "Supplementary Report on The Fate of Detergents in Septic
Tank Systems and Oxidation Ponds", May |, 1964, Sanitary Research Laboratory,
College of Engineering and School of Public Health, University of California.
(SERL Report No. 64-1 Supplement)
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Table 9-17

REMOVAL OF SYNTHETIC DETERGENTS BY PERCOLATION FIELDS

Percent Reduction Through Percolation Field

LAS AS  ABS
University of California Study* | 88.1 36.3 44,7
Long Island Ground Water Pollution Study**
Site 5 17.7 8.9 60.4
Site 6 55.7 53.4 77.8

*Porcent removal through percolation field shown is difference between reported
overall removal through system and removal by septic tank alone.

%¥*pPercent removal through percolation field is determined as difference between
average observed concentration in septic tank and average of daily medians of
observed concentrations in ground water below tile lines adjusted to account
for dilution based on conservative property of chlorides.
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Part 10 - Radioactive Tag Studies

Objectives

Initiation of a radioactive material tracer study on Site 3 was under-
taken to substantiate and augment results obtained by ordinary chemical testing
procedures and also to get a deeper insight into the degradation of surfactants.

Primary objectives of the radio-tagging process were:

1. To obtain an estimate of the liquid flow rate through the unsaturated
zone to the ground water.

2 To obtain an estimate of the flow rate in the saturated or ground
water zone.

3. To determine the residence time and rate of travel of the detergent
molecule as compared to the 1liquid in both the unsaturated and sat-
urated zones.

4. To ascertain the degradability of the straighter chain, LAS, sur-
factant and extent of the degradation process.

5. To measure the relative magnitude of dilution resulting from ground
‘water flow.

Radioactive tracer materials used were tritium to trace the flow of the
liquid and su}phur35, tagged detergent, to depict the movement of LAS surfact-
ant.

Two separate tracer studies were undertaken. The Phase 1 project entailed
a single application of radioactive materials into the disposal system. Phase 11
consisted of a continuous application of radioactive materials into the cesspool
for a time period sufficient to establish steady state conditions in the disposal
system and downstream observation wells for a period of at Teast two weeks.

Health Hazards

The project was conducted so that no public health hazard associated with

the introduction, collecting and analyzing of samples would occur. Also, that
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no hazard would occur to persons utillzing ground waters downstream from the

test site.

Tritium and sulphur35 were introduced into the cesspool by breaking the
capsule containing these materials at mid-depth below the liquid level. Break-
age of the capsule below the liquid level minimized the possible release of
activity to the alr or persons administering the capsule. A special device
was used to -Introduce and break the capsule in the cesspool.

The device consisted of a cross welded to the bottom of a 2-inch pipe.

The capsule was lowered to the cross where it was supported, then the pipe
lowered to about mid-liquid depth of the cesspool. A 3/4 inch pipe plunger was
introduced into the 2 inch pipe, thereby smashing the capsule containing the
radioactive material.

After the Introduction of the tagged material, mixing was done by intro-
ducing either air or water through the 2 inch pipe.

All radioactive material was stored prior to use in secured containers
properly pos+ed at the laboratory of the Suffolk County Water Authority. Only
authorized persons were permitted in the immediate area of the stored materials.
Each capsule containing the daily dose of radioactivity was transported in a
protective container from the laboratory to the test site.

Personnel collecting and transferring radioactive sampies into shipping con-
tainers for transport to the Western New York Nuclear Research Center were instructed
in proper handling procedures and required to use protective clothing. Cesspool
isotope concentrations and daily dosages were based upon physical characteristics
of the system and allowable maximum permissible concentrations, MPC's, at outer
observation wells. |t was also assumed that no other factors besides that of
ground water dilution and decay contributed to changes in concentration of these

radiolsotopes.
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Prime consideration was given to the fact that ﬁo one utillzing the ground
waters would be unduly subject to a significant health hazard during and subse-
quent to the radio tag study. There were no known downstream wells within 1000
feet of the sewage disposal system of Site 3.

Sampling and Analysis Procedures

The collection of samples at each sampling point was performed by represen-
tatives of the Suffolk County Health Department and the Suffolk County Water
Authority. Shipment of the samples were made to the Western New York Nuclear
Research Center where the samples were analyzed for tritium, total sulfur35 and'
undegraded LAS35 (containing more than 8 carbon atoms in the NalLAS molecule).

Both air express and parcel post special handling were used as services for trans-
porting the samples. The samples were contained in dark brown polyethylene
bottles with tops sealed in wax, In each case, the bottle was compietely filled
with 130 ml of sample. Degradation of the LAS molecule was prevented between
sample collection and analysis by either the introduction of formaldehyde in

the sample bottle and/or the autoclaving of the sampie.

Analysis other than radioactivity determinations were also made concurrently
during the course of this study. Tritium analyses were made by sample distillation,
addition of scintillator to the distillate and then counting of the mixture in
a Packard Tri-Carb liquid scintillation counter.

35 analyses were performed by: first, double filtration to

Total sulfur
remove suspended impurities, then evaporating the filtrate to dryness, redissolving
the solids and adding a scintillation mixture prior fo counting in a Packard Tri-
Carb counter. The degraded sulfur LAS35 determination was made by adding cetyltri-
methy! ammonium bromide (CTAB) to the balance of the sample prepared for total

35

sulfur”” scintillation counting. The extraction of LAS>? from the mixture into

chloroform was performed, then evaporated to ‘dryness. A scintillation mixture
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was added for counting the residue which remained after the drying process.

In preparation for the radioactive study, a review was made of existing
test shaft and downstream well data, sample volumes collected and general func-
tioning of the disposal system. Following modifications were made to the system
pffor to the Phase | study:

I. The cesspool was pumped out and refilled with waste material from

Site 2 which was using LAS surfactant.

2, The household was switched from ABS to LAS test surfactant,

3. Additional samplers were installed at the three levels in the

sampling shaft.

4. Soil core samples were collected at the time of installation of

the samplers.
Phase |

On the morning of May ||, 1965, radioactive tagged materials were introduced
into the cesspool. Phase | was a single application of radioactive materials into
the cesspool consisting of 11,05 millicuries of sulfur3? and 42.6 millicuries of
tritium, The sulfur35 was bound to a detergent identified as NaLASBS. These

quantities of materials resulted in first day activity levels in the cesspool of:

Tritium 1.25 x 10~2 mc/ml
Total Sulfur 2.66 x 107> mc/m!
Undegraded Sul fur 3,02 x 107> mc/ml

Based upon an average water use of about 265 gallons daily and cesspool
volume of approximately 1,320 gallons, the cesspool was dilluted 50 percent every
2 1/2 days, which generally agreed with the decay in activity observed within
the cesspool.

The concentration of each radicisotope was about equal to or less than their

respective Maximum Permissible Concentrations allowed in drinking water for
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radiation workers.

A water meter and recording chart were installed on the water line to de-
termine dilution characteristics within the cesspool and how this would affect
activity levels. In addition a liquid level recorder was placed on the cesspool
to show the daily variation in depth of liquid wastes contained in the cesspool.
Water usage by this family varied anywhere from |2 to 60 cubic feet daily. In
an effort to reduce this extreme variation, water was added at the time samples
were collected from the system to assure a minimum daily flow of 30 cubic feet
Into the disposal system,

Cesspool

Functioning of the cesspoo! appeared to have a direct relationship on the
quantity of sample obtained from the samplers beneath the cesspool. About the
first of June, some clogging occurred in the bottom of the cesspool at the same
time the middle sampler stopped producing a daily sample.

A decrease In the rate 6f decay of activity occurred in the cesspool be-
ginning about June |, concurrent with a marked rise in the liquid level of the
cesspool. (Table (0-1)

The cesspool was aerated on several occasions during the Phase | program,
on June 9 and 16, and prior to the study, on April 23 and 30, After each aera-
tion, the liquid level In the cesspool dropped significantly and the middie
samp ler responded with increased sample volumes,

The aeration procedure involved injection of compressed air from a portable
compressor with hose connected to a long length of Iron pipe. Bottom of pool was
scoured with the air for several hours.

Top Samplers

Samples from the top tensiometer contained activity concentrations for the

first five days Indicative of the conditions prevalling in the cesspool. After
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this time, however, the activity leveled off and remained at approximately the
same concentration for about 20 days. (Table 10-1) The reason for this phen-
omenon was not understood.

Comparable activity levels appeared to lag about | 1/2 to 2 days in the
tensiometers from that in the cesspool.

Middle Samplers

On May 26 samples were collected from both the middle tensiometer and
gravity sampler. Comparison of activities in these samples were not appre-

35 results,

clably different with regard to tritium and undegraded sulfur
There was, however, a factor of two involved between the total and undegraded
sulfur35 levels.

Sampling was not started early enough to obtain the first appearance of

activity at this sampling point.

Bottom Samplers

At no time during the study was it possible to collect significant samples
from any of the bottom samplers.

Observation Wells

Generally, sampling was not initiated early enough nor sufficient samples
analyzed to properly identify the peak activity as the siug passed through the
downstream sampling wells, (Table 10-1)

The Phase | study ended on June 18, 1965. Data is plotted in Figures 10-|
through 10-8.

Phase 1| |

35 and fflfium

Phase 11, continuous application of radioisotopes, sulfur
into the cesspool started on September 29, i1965. The purpose of the continuous
dosage was to achieve equilibrium or steady state conditions within the cesspool

and downstream sampling locations for at least 5 two-week period.
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Prior to initiation of the Phase || study, results obtained from the
Phase | program and functioning of the cesspool and sampling devices were re-
viewed so that changes could be made to the system to assure more satisfactory
operation of the disposal system and sample collection system. Modification
to the system prior to Phase || were:

I. The ground water level dropped about 6 inches since the conclusion

of the Phase | study and initiation of Phase |lI. This necessitated
deepening the sampling weils ufilized In the Phase | program.

2. There was some rehabilitation and relocation of the gravity samplers.

3. A new system was initiated utilizing a vacuum pump for collecting

samples from the downstream wellis.

4, The bottom of the cesspool was thoroughly agitated with compressed

alr prior to administering the radioactive tracers.

The initial dose of tritium and sulfur35 was 9.0 and 4.57 millicuries (mc),
respectively into a cesspool liquid volume of about 2,640 gallons., Dalily
dosages after the first day were |.0 and 0.5 mc for tritium and sulfur35, respec-
tively, being introduced for 39 days thereafter, but with three days being missed,
October I, 12, and 13, On October 14 the daily dosage for the previous three
days were added together with the dosage for October 14,

Design concentrations of tritium and sulfur35 in the cesspool were | x I0'3
and 5 x IO'4, respectively. The sum of the ratios of these concentrations to
their respective permissible levels in drinking waters for radiation workers
equaled about 25 percent of the alliowable. Therefore, the health hazard involved
was minimal,

The last day of daily dosage application-occurred on December 7, 1965, Cess-
pool bottom sludge and soil core sample activity determinations in addition to

the liquid sample analysis were performed by the Western New York Nuclear Research
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Center,

Generally, all samplers produced sufficient daily samples except the bottom.
When insufficient daily sample volume resuited, samples from more than one day
were composited.

Cesspool

The average waste discharge to the cesspool for the first 30 days was about
32 cubic feet per day. With the exception of one day, this flow did not deviate
more than 3 cubic feet from the average. The liquid content of the cesspool re-
ceded to about 2,180 gallons or a reduction of about |7 percent of its original
liquid volume during the initial 30 days of the Phase || study.

It was not necessary to agitate the pool bottom with air during this phase
of the project.

Steady state concentrations in the disposal system averaged about .2 x 10-3
and 2.4 x 1074 uc/ml for tritium and Total sulfur33, respectively. Data for
Phase || study is shown in Table 10-2, Results are plotted in Figures 10-9
through 10-17,

The new gravity samplers responded well to the introduction of the tracer

materials.

Middie Samplers

Erratic results at the beginning of Phase || for sulfur as well as some
unreasonably high tritium levels were obtained from the middle gravity samplers.

Bottom Samplers

Generally, the bottom samplers did not receive a sufficient amount of activity
to properly evaluate the velocity, dilution or degradation factors.

Test Wells
~The arrival of activity at the downstream observation wells could not be

accurately distinguished and erratic values of ground water velocities resulted.
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Activity levels in the downstream wells were generally too low to draw any pos-
itive conclusions.

Sludge samples from the cesspool were analyzed for total and undegraded
sulfur35 to determine adsorption and degradation of the surfactant which became
assocliated with the bottom sludge materials., Attempts to collect sludge sampies
by a bomb sampler were unsuccessful. This procedure was later superseded by utilizing
a bottle taped to the end of a 20-foot length of pipe. The sfopper'was removed
once the bottle reached the cesspool bottom, then the sample brought up in the un-
stoppered bottle.

Soil core samples to determine the extent of degradation of surfactant ad-
sorbed on the soil particles were taken between Well No. 6 and the wall of the
cesspool. The method used for procuring these core samples was not entirely sat-
isfactory. To drive the core drilil rig, water was used for flushing materials
from the drive core, resulting in samples which were not representative because
fines had been removed and also possibly some of the detergent material. This
practice was discontinued, and an auger core used for collection of the remaining
samples of the first batch. No record of the procedure and exact location of the
second and third core samples was available.

Results of the soii core samples collected on September 6, Ij, and November 9,
with reference to total sulfur content only, are not valid since the procedures
utilized for making this determination were unsatisfactory. Likewise, sludge
samples collected on September 29, October 4, 10, 18 and November | were affected
in the same way. All other total sulfur results are satisfactory. All of the

undegraded sulfur determinations were satisfactory. Data Is shown in Table 10-3.
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Tabie 10-1 - Radiolsotope Activity
Phase | - Radioactive Tagging Study (Site 3)

Cesspool_Samples (Collected at Mid-Liquid Depth)

uc/ml x 1072

Date Sample uc/ml x 04 Total Undegraded
Col lected Identification Results H3 Sulfur Sulfur
5/11/65 CP #1 125 286 324
5/12/65 CP #2 92.8 211 235
5/13/65 CP #3 79.4 179 200
5/14/65 CP #4 49.6 109 132
5/15/65 CP #5 A 42.3 88.2 104
5/18/65 CP #6 13.5 26.9 35.8
5/21/65 CP #7 8.31 16.3 17.2
5/24/65 CP #8 3.41 5.76 7.32
5/28/65 CP #9 .32 2.59 3.15
6/1/65 CP #10 0.478 2.10
6/7/65 CP #11 0.133 0.367 .550
6/1/65 CP #12 0.524 1.07 |.34
6/12/65 CP #13 None 0.242 0.306
Top Tensiometer Long (Located 18 inches Below Bottom of Cesspool)

uc/ml x 1072

Date Sample uc/ml x 107> Total Undegraded
Col lected Identification Results H> Sulfur Sulfur
5/12/65 TTL 1) 0.744 2.69 .08
5/13/65 TTL (2) 4.25 17.4 8.90
5/14/65 TTL (3) 4.08 12.6 .7
5/15/65 TTL (4) 2.83 10.7 10.5
5/16/65 TTL (5) 2.25 9.48 9.04
5/19/65 TTL (6) 2.00 8.74 8.40
5/22/65 TTL (7) 2.02 6.41 5.88
6/1/65 TTL (8) .22 3.69 3.58
5/25/65 TTL (9) 2.06 6.0l 5.78
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Table 10-1 - Radiolsotope Activity (continued)

“Phase | - Radioactive Tagging Study (Site 3)

Middie Gravity Long (Located 5 Feet Below Bottom of Cesspool)

3 uc/ml x IO_S
Date Samp le uc/mt x 10 Total Undegraded
Collected ldentification Results H Sulfur Sulfur
5/15/65 MGL #1 4.73 18.1 10.7
5/16/65 MGL #2 4.91 20.3 1.4
5/17/65 MGL #3 4.62 (9.1 10.5
5/18/65 MGL #4 4,23 19.0 10.3
5/19/65 MGL #5 3.76 9.1 9.22
5/20/65 MGL #6 3.23 17.4 7.40
5/23/65 MGL #7 2.10 3.6 4.86
5/13/65 MGL #8 3.78 10.0 5.91
5/26/65 MGL #9 .36 1.7 4.00

Middle Tensiometer Short (Located 5 Feet Below Bottom of Cesspool)

5/26/65 MTS #1 2.64 6.46 3.12

wWell No. 6 (Located 5 Feet From Center of Cesspool)

5/30/65 W BA .01 {7.3 3.86
6/2/65 W 6B 0.407 8.07 2.22
5/27/65 W 6C .80 25.3 4.91
6/5/65 W 6D 0.260 10.4 .83
6/8/65 W 6E 0.229 9.79 .71
Well No. 8 (Located |0 Feet From Center of Cesspool)
6/2/65 W 8A .52 21.3 4.4
6/8/65 W 8C 0.434 9.67 .83
Well No. |10 (Located 15 Feet From Center of Cesspool)
6/2/65 W |0A 2.80 22.4 6.23
6/5/65 W 108 3.20 29.0 6.69
6/7/65 W toC 2.56 31.5 4.71
6/12/65 W 10D bl 15.7 2.32
well No. 9A (Located Same Distance as Well #i0 From

Cesspool, Only One Foot Less In Depth)
5/28/65 W 9A | 2.41 0.1 3.83
5/31/65 W 9A 2 3.57 22.6 5.51
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Table 10-| - Radioisotope Activity (continued)
Phase | - Radioactive Tagging Study (Site 3)

Well No. I3 (Located 25 Feet From Center of Cesspool )

6/2/65 W 13A 0.645 3.37 .08
6/8/65 W 13B .33 6.05 .62
6/5/65 W 13C 1.0l 4.91 .58
6/10/65 W 13D .29 4.59 .51
6/14/65 W 13E l.28 €.65 2.18
6/7/65 W I3F .34 7.6l 171
6/18/65 W i3H .54 .385 2.55

Well No. 17 (Located 45 Feet From Center of Cesspool ,
Depth of Well One Foot Deeper Than Other
Wells With Exception of Well No. 9A)

5 ue/ml x 10”7
Date Sample uc/ml x 10 Total Undegraded
Col lected |dentification Results H- Sul fur Sulfur
6/7/65 W I7A 2.59 2.01 4.54
6/10/65 W 7B 3.12 10.7 6.15
6/12/65 W 17C 2.74 26.5 7.42
6/14/65 W 17D .26 9.47 6.02
6/18/65 W I7E 14.8 45.8 5.23
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Table 10-2 - Radiolisotope Activity

Phase || - Radioactive Tagging Study (Site 3)

Cesspool Sample (Collected at Mid-Liquid Depth)

Date Sample uc/ml x 10-4 uc/mi x 1072
Col lected Identification Results H> Total Sulfur Undegraded Sulfur
9/28/65 CP #1 - .042 < ol
9/30/65 CP #2 15.2 31.9 34.8
10/1/65 CP #3 15.2 28.2 32.3
10/2/65 CP #4 3.9 24.9 28.2
10/3/65 CP #5 13.4 21.2 24.5
10/4/65 CP #6 16.2 25.3 31.0
10/5/65 CP #7 . 9.1l 25.5 31.2
10/6/65 CP #8 9.73 24.8 31.3
10/9/65 CP #9 1.9 23.4 25.9
*10/12/65 CP #10 0.1 22.0 23.5
10/15/65 CP #11 12.2 29.4 31.3
*10/18/65 CP #12 10.3, 11.3 23.7 28. |
¥10/21/65 CP #13 .l 23.8 27.8
*10/24/65 CP #14 10.7 22.1 27.6
10/27/65 CP #15 12.1, 10.7 24. | 26.6
10/30/65 CP #16 13.3, 12.3 23.2 24.6
[1/3/65 CP #18 10.9 20.5 23.6
11/5/65 CP #19 1.6 22.1 23.8
11/8/65 CP #20 10.3 22.0 24.2
L1/13/65 CP #21 7.09 6.3 18.2
11/17/65 CP #22 4.16 t1.6 7.4
11/19/65 CP #23 3.46 12.4 16.0
1'1/22/65 CP #24 2.35 10.8 13.2
I'1/24/65 CP #25 1.78 9.65 10.7
11/26/65 CP #26 1.67 1.5 M.l
11/29/65 CP #27 .32 1.4 t7.7
12/1/65 CP #29 0.98 8.32 8.46
12/3/65 CP #30 0.65 6.06 7.76
12/6/65 CP #3I 0.45 5.71 7.32
12/8/65 CP #32 0.27 4.74 6.77
12/17/65 CP #33 0.075 3.8l -
12/21/65 CP #34 0.091 3.32 2.77
t/24/66 CP #35 - .91 -
3/2/66 CP #36 - 0.865 -
¥Corrected
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Table 10-2 - Radloisotope Activity (continued)
Phase || - Radioactive Tagging Study (Site 3)

New Top Gravity Long Samples (Collected 18 inches Below Bottom of Cesspool)

Date Sample uc/ml x 1072 uc/ml x 1072
Col lected Identification Results H> Total Sulfur Undegraded Sulfur
9/28/65 NTGL-I .007 .518 . 189
9/28/65 NTGL-2 .0035 .633 .239
10/1/65 NTGL-3 .0817 .615 .554
10/5/65 NTGL-4 .785 2.45 .89
10/7/65 NTGL-5 1.07 3.12 2.20

*10/10/65 NTGL-6 I.16 2.39 2.25

NTGL-10 .20 2.78 1.89
10/9/65 NTGL-17 .20
10/11/65 NTGL-18 .23
.34

10/13/65 NTGL-7 .12 3.22 2.36
.03

10/15/65 NTGL-1I | 0.97 2.78 .96

*10/16/65 NTGL-8 .00 4.77 2.27

*10/19/65 NTGL-9 1.14 4.90 2.44

*10/20/65 NTGL-12 .18 3.38 2.32

10/22/65 NTGL-13 Fo1l 3.31 2.62

10/24/65 NTGL-14 .21 3.59 2.66
NTGL-25 1.08

10/27/65 NTGL-I5 1.19 4.3 3.08
NTGL-26 .14

10/30/65 NTGL-16 117 4.46 2.36

NTGL-27 1.19 6.04 2.67

11/2/65 NTGL-19 .10 4.36 3.25
.14

[1/8/65 NTGL-20 .14 5.52 |.64

[1/11/65 NTGL-21 .15 5.76 2.60

NTGL-22 1.02 2.70 1.74

I1/13/65 NTGL-23 .05 3.34 |.98

11/17/65 NTGL-24 0.71 3.67 2.99

3/2/66 NTGL-3 < 8.5x1076 0.984 0.226

3/22/66 NTGL-32 {9.6x1076 0.750 0.492

¥Corrected

\
N\
7

Top Tensiometer Long Samples (Collected 18 Inches Below Bottom of Cesspool)

9/28/65 TTL (1) . 170 .19
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Table 10-2 - Radiolsotope Activity (continued)

Phase |l - Radioactive Tagging Study (Site 3)

Middle Gravity Long (Collected 5 Feet Below Bottom of Cesspool)

Date Sample uc/ml x 102° uc/ml x 1077
Collected |dentification Results H3 Total Sulfur  Undegraded Sulfur
9/29/65 MGL #! - 0.297 0.0492
9/30/65 MGL #2 0.0175 0.126 . -
10/1/65 MGL #3 0.00820 0.153 -
10/2/65 MGL #4 0.0421 C.103 0.0616
10/3/65 MGL #5 0.0105 0.425 0.144
10/4/65 MGL #6 0.0526 0.419 0.0572
10/5/65 MGL #7 0.0748 0.414 0.342
10/6/65 MGL #8 0.239 0.745 0.412
10/7/65 MGL #9 0.490 .25 0.669
10/8/65 MGL #10 0.656 1.78 0.856
10/9/65 MGL #19 .08 2.40 1.09
[0/10/65 MGL #14 .12 .25 .18

1.14
10/11/65 MGL #20 [.15 2.02 |.48
10/12/65 MGL #11 .51 .59 1.50
i0/15/65 MGL #12 [.06 2.78 .54
*10/18/65 MGL #13 [.10 2.39 1.23
MGL #32 .03 .62
10/21/65 MGL #15 .25 |.85 .34
MGL #33 .06
10/24/65 MGL #16 .20 2.26 .57
|.24
*10/27/65 MGL #17 .28 3.15 .86
MGL #34 .19
[0/30/65 MGL #18 1.22 3.06 2.51
[.14
11/2/65 MGL #21 .10 3.74 .64
11/5/65 MGL #22 .23 5.26 .48
11/8/65 MGL #23 .18 4.80 1.76
1/11/65 MGL #24 f.12 2.25 1.48
I1/13/65 MGL #25 .07 2.96 .56
11/17/65 MGL #26 |1.08 4.67 .92
11/19/65 MGL #27 0.94 4.30 2.08
12/22/65 MGL #28 0.72 3.7l 2.00
12/24/65 MGL #29 0.53 4.97 2.20
12/26/65 MGL #30 0.39 4.09 2.10
12/29/65 MGL #31 0.34 3.74 .56
12/1/65 MGL #35 0.29 3.29 .34
2.47
12/3/65 MGL #36 0.22 2.88 .29
12/6/65 MGL #37 0.15 2.76 .21
12/8/65 MGL #38 0.13 2.00 0.84
1/17/66 MGL #39 0.028 .64 0.87
3/2/66 MGL #42 &8.5x107° .12 0.425
3/22/66 MGL #43 <9.6x1076 0.756 0.264
¥Corrected

10-15



Table 10-2 - Radiolsotope Activity (continued)
Phase || -~ Radlioactive Tagging Study (Site 3)

New Bottom Gravity Long

*Samples were contaminated by tritium in Laboratory glassware.
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Date Sample uc/ml x 1077 uc/ml x 1072
Col lected Identification Results H> Total Sulfur Undegraded Sulfur
9/30/65 NBGL~- | .0316 .400 -
9/28/65 NBGL-2 110 .607 -
10/1/65 NBGL-3 .0882 .458 -
10/2/65 NBGL-4 .0939 .404 -
10/3/65 NBGL-5 . 135 41 -
10/5-10/6/65 NBGL-6-7 .135 .440 -
10/7-10/8/65 NBGL-8-9 .0980 .420 -
10/9/65 NBGL-10 2% < 0741 £.0124
10/10/65 NBGL-1! - <:.074I -
10/11/65 NBGL-12 .0914 . 169 101
10/12/65 NBGL-13 - . 149 -
10/13/65 NBGL-14 923% .123 116
10/14/65 NBGL-15 LA .293 -
10/15/65 NBGL-16 .0837 .469 -
10/18-10/19/65 NBGL-17-18 144% .200 151
10/21-10/24/65 NBGL-19-20 65.7% .968 L4391
10/25~10/26/65 NBGL-21-22 - .842 419
10/27-10/29/65 NBGL-23-24~25 .244 .18 .575
10/30-10/31/65 NBGL-26-27 . 290 .28 .782
L1/1-11/2/65 NBGL-28-29 .34 0.10
11/3-11/5/65 NBGL-30-31-32 |.82 0.1l
11/6-11/8/65 NBGL-33-34-35 .61 0.24
11/9-11/15/65 NBGL-36-37-38 .70 0.57
L/18-11/19/65 NBGL-39 2.46
11/19-11/22/65 NBGL-40 .14 2.80 l.17
11/23-11/24/65 NBGL-41 .06 2.32 .15
F1/25-11/26/65 NBGL-42 2.26
11/28-11/29/65 NBGL-43 .09 2.23 0.63
12/1/65 NBGL-44 2.37
12/3/65 NBGL-45 2.62



Table 10-2 - Radioisotope Activity (continued)
Phase Il - Radioactive Tagging Study (Site 3)

Well No. 10 (Located |5 Feet From Center of Cesspool)

Date Sample ue/ml x 10723 uc/ml x 1072
Collected Identification Results H3 Total Sulfur Undegraded Sulfur
9/28/65 W 10-1 - 0.385 0.162
9/30/65 W 10-2 0.0398 0.354 -
10/4/65 W 10-3 0.0398 0.342 -
10/7/65 W 10-4 0.0272 0.411 -
1/11/65 W 10-5 0.95 2.70 0.54
L1/13/65 W 10-6 .0l 2.20 .21
11/17/65 W 10-7 0.95 3,43 .26
11/19/65 W 10-8 0.93 4.90 .58
11/22/65 W 10-9 0.88 4,22 .54
11/24/65 W 10-10 0.88 3.96 1.89
11/26/65 W 10-11 0.84 4.80 2.48
1'1/29/65 W 10-12 0.85 5.17 2.37
12/1/65 W 10-13 0.78 6.65 3.34
12/3/65 W 10-14 0.75 5.85 3.46
12/6/65 W 10-15 0.73 5.24 - 2.64
12/8/65 W 10-16 0.60 4.11 2.13
1/7/66 W 10-17 0.074 2.39 1,10
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Table 10-2 - Radioisotope Activity (continued)

Phase || - Radioactive Tagging Study (Site 3)
Well No, il
Date Sample uc/mi x 10-3 uc/ml x 1072
Col lected Identification Results H 2 Total Sulfur Undegraded Sulfur
10/14/65 W lt-1 0.268 .22 0.570
W 11-8 0.168 0.9! 0.691
10/15/65 W -2 - .02 0.594
*¥10/18/65 W 11-3 0.263 .93 0.382
W Il-10 0.283 2.28 0.575
10/20/65 W ll-4 0.305 2.67 0.660
0.380 - -
*10/22/65 W -5 0.488 2.15 0.661
W =11 0.544 2.50 0.907
10/24/65- W I1-6 0.0707 0.11 0.0797
' 0.0786 - -
*10/30/65 W l1-7 0.213 1.34 0.356
W 11-9 0.223 0.63 0.325
3/2/66 W =12 0.016 0.83 0.277
*Corrected



Table 10-2 - Radiolsotope Activity (continued)

Phase || - Radioactive Tagging Study (Site 3)

Well No. I3 (Located 25 Feet From Center of Cesspool

Date Sample uc/ml x 1g=3 uc/ml x 1072
Col lected Identification Results H> Total Sulfur Undegraded Sulfur
9/29/65 W I13~1 - 0.251 0.0105
9/30/65 W 13-2 0.028l 0.231 -
10/4/65 W 13-3 0.0222 0.288 -
10/4/65 W 13-9 - 0.227 0.0401
10/8/65 W 13-4 0.104 0.362 -
10/8/65 W 13-10 - 0.221 0.0695
10/12/65 W 13-5 - 0.475 0.440
10/12/65 W I3-11 - 0.362 0.128
10/13/65 W 1317 0.054 0.328 0.298
10/15/65 W 13-6 .08 0.571 0.473
*10/18/65 W 13-7 0.067 0.536 0.164
*10/20/65 W 13-8 0.10l 0.581 0.284
10/20/65 W 13-18 0.085 0.421 0.239
10/20/65 W 13-27 0.111 0.692 0.326
10/22/65 W 13-12 0.080 0.424 0.210
10/22/65 W 13-28 0.100
10/24/65 W 13-13 0.164 0.532 0.275
W 13-13 0.H17 - -
*10/26/65 W 13-14 0.109 0.446 0.213
. 10/28/65 . W 13-15 0.107 . 0.412 0.218
W I13-15 0.123 - -
*10/30/65 W 13-16 0.107 0.322 0.272
[1/11/65 W 13-19 0.715 1.31 0.588
11/13/65 W 13-20 0.689 .08 0.78
11/17/65 W 13-21 0.744 2.86 2.06
11/19/65 W 13-22 0.774 2.12 1.04
11/22/65 W 13-23 0.851 3.60 2.33
11/24/65 W 13-24 0.813 2.69 .54
11/26/65 W 13-25 0.740 3.14 2.20
11/29/65 W [3-26 0.729 2.68 V.77
12/1/65 W 13-29 0.682 2.93 | .66
12/3/65 W 13-30 0.649 1.97 I.66
12/6/65 W 13-31 0.634 .92 [
12/8/65 W 13-32 0.672 1.98 .23
1/21/66 W 14-1 0.010 0.36 0.14
3/22/66 W 14-2 0.027 0.28 0.10
¥Corrected
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Table 10-2 ~ Radioisotope Activity (continued)
Phase || - Radioactive Tagging Study (Site 3)

Well No, 6 (Located 5 Feet From Center of Cesspool)

Date Samp le uc/ml x 107> uc/ml x 1072
Col lected Identification Results H2 Total Sulfur  Undegraded Sulfur
9/29/65 W 6-1 - 0.488 0.166
9/30/65 W 6-2 0.0421 0.489 -
W 6-11 - 0.48]| 0.253
10/3/65 W 6-3 0.0819 0.908 -
W e-12 - 0.635 0.436
10/6/65 W 6-4 0.156 |.64 -
W 6-13 - .46 0.900
10/8/65 W 6-5 0.243 3.18 -
10/10/65 W 6-6 0.600 5.6l t.74
10/12/65 W 6-7 0.634 4.54 t.51
10/14/65 W 6-8 0.739 2.26 1.50
10/16/65 W 6-9 0.935 5.65 5.04
W 6-18 1.0l 3.99 2.15
10/18/65 W 6-10 .08 5.06 1.22
0.98 - -
*10/21/65 W 6-14 0.99 3.04 1.25
W 6-28 0.997 3.4i toll
10/24/65 W 6-15 0.99 3.79 .48
W 6-29 .04 4,24 1.20
10/27/65 W 6-16 t.07 3.53 0.94
W 6-30 [.06 3.37 F.13
10/30/65 W 6-17 .00 3.45 1.10
W 6-19 1.12 2.85 .32
I1/11/65 W 6-20 0.88 2.25 1.23
11/13/65 W 6-2] 0.63 1.41 0.89
11/17/65 W 6-22 0.37 1.39 0.79
11/19/65 W 6-23 0.33 1.6l 0.27
11/22/65 W 6-24 0.38 .81 0.80
i1/24/65 W 6-25 0.35 1.99 bl
11/26/65 W 6-26 0.36 2.46 1.29
11/29/65 W 6-27 0.36 2.41 {.02
12/1/65 W 6-31 0.37 2.12 0.66
12/3/65 W 6-32 0.37 2.65 1.54
12/6/65 W 6~33 0.41 2.85 i.29
12/8/65 W 6-34 0.38 2.66 1.56
1/17/66 W 6-36 0.12 .44 0.57
3/2/66 W 6-37 <8.5 x 107 1.23 0.45
*Corrected
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Table 10-3 - Radioisotope Activity

Phase || - Radioactive Tagging Study (Site 3)

Sludge - Soil Core Samples

Date Sample uc/100g x 1072
Collected Identification Total Sulfur Undegraded Sulfur
: WNYNRC WNYNRC
Soil Cores P & G* P & G¥
9/6/65 #1 4.3] 10.5
#2 8.62 17.1
#3 6.17 10.2
#4 g .44 8.3
#5 ql-13 4.2
11/9/65 #1 311 164
#2 13.0 26.3
#3 12.2 20.9
#4 16.6 28.1
#5 6.2 7.96
12/28/65 K 678.0 284.0
L 163.0 & 122.0% 71.0 & 98.0%
M 46. | 28.4
N 7.6 & 15.5% 13.5 & 12.2%
Date Sludge uc/g x 1074
Col lected fdentification Total Sulfur Undegraded Sulfur
Sludge
9/29/65 #1 I.81 .53
10/4/65 #2 b1 38.5
10/10/65 #3 108 158
10/18/65 #4 190 142
11/1/65 #5 180 254
1'1/5/65 - #6 284 I
11/15/65 #7 136 63.0
11/19/65 #8 120 48.9
11/24/65 #9 248 109
1 1/26/65 #10 171 83.5
11/29/65 #11 123 43,2
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LONG ISLAND GROUND WATER POLLUTION STUDY
TOP TENSIOMETER SAMPLES
RADIOACTIVE TAGGING

SITE 3 BOHEMIA, SUFFOLK COUNTY
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FIG. 10-3

LONG ISLAND GROUND WATER POLLUTION STUDY
MIDDLE GRAVITY LONG SAMPLES
RADIOACTIVE TAGGING
SITE 3 BOHEMIA, SUFFOLK COUNTY
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FIG. 10-4

LONG ISLAND GROUND WATER POLLUTION STUDY
WELL NO. 6 SAMPLES

RADIOACTIVE TAGGING
SITE 3. BOHEMIA, SUFFOLK GCOUNTY

10-2
@—__ ~
\ ‘
10-3 \\\¢k\\
: \0\\ |
|0—4 \\
— ) -
[—' ata
o \ pus
i T~ _
—{p— —{-
tO-5
27 28 29 30 3l | 2 3 4 5 6 7 8 1S]
MAY-'65 JUNE-'€5
TRITIUM DAYS
UNDEGRADED SULFUR 35 10-25

TOTAL SULFUR 35



N
a

@)

IN JC/ML

ACTIVITY

LONG ISLAND GROUND WATER POLLUTION STUDY
WELL NO. 8 SAMPLES
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SITE 3. BOHEMIA, SUFFOLK COUNTY
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ACTIVITY
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FIG, 10-5
LONG ISLAND GROUND WATER POLLUTION STUDY
WELL NOS. 9& 10 SAMPLES
RADIOACTIVE TAGGING
SITE 3 BOHEMIA SUFFOLK COUNTY
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FIG., 10-7
LONG ISLAND GROUND WATER POLLUTION STUDY
WELL NO. 13 SAMPLES
RADIOACTIVE TAGGING
SITE 3. BOHEMIA, SUFFOLK GCOUNTY

|o-2_ ~
— _
—— @~ —@ o
10-3
G?/W s
. | _
- n _
~
(&)
a — _
<
:IO"‘_ -
> - P O
- — () —=
o 7/ Q _
< q -
- S 0 i U o A/D a
//“}—- e
10-5,
— —
— 3 I
B _ |
B |
- 41
!
|
2 3 4 5 6 7 8 9 o 11 12 13 14
JUNE—'65 1
@® TRITIUM DAYS ‘
0 UNDEGRADED SULFUR 35 10-28

O TOTAL SULFUR 35 |
T



FIG. 10-8

LONG ISLAND GROUND WATER POLLUTION STUDY
WELL NO. 17 SAMPLES
RADIOACTIVE TAGGING
SITE 3. BOHEMIA, SUFFOLK GOUNTY
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ACTIVITY IN  UC/ML

FIG. 10-9
LONG ISLAND GROUND WATER POLLUTION STUDY
CESSPOOL. SAMPLE- COLLECTED AT MID-LIQUID DEPTH
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ACTIVITY IN  JC/ML
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FIG. 10-10 ‘

LONG ISLAND GROUND WATER POLLUTION STUDY
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FI1G. 10-11
LONG ISLAND GROUND WATER POLLUTION STUDY
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ACTIVITY IN  JC/ML

L ONG

ISLAND. GROUND WATER POLLUTION STUDY
NEW BOTTOM GRAVITY LONG
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FIG. 10-13
LONG ISLAND GROUND WATER POLLUTION STUDY

WELL No. 6
RADIOACTIVE TAGGING
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FIG. 10-14

LONG ISLAND GROUND WATER POLLUTION STUDY
WELLS No.10 & Il
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FIG. 10-15

LONG ISLAND GROUND WATER POLLUTION STUDY
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LONG ISLAND GROUND WATER POLLUTION STUDY
RADIOACTIVE TAGGING - PHASE TI
TEST SHAFT RESULTS (9/28/1965-1/24/1966)
SITE N2 3 - BOHEMIA, SUFFOLK GOUNTY, N. Y.
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LONG ISLAND GROUND WATER POLLUTION STUDY
RADIOAGTIVE TAGGING - PHASE 11
DOWNSTREAM WELLS (9/28/1965 -1/24/1966)

SITE N2 3 - BOHEMIA, SUFFOLK GOUNTY, N.Y.
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