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To meet the future water needs of our rbcketingﬁﬁ%;u-
lation and the rapid industrial grbwth and change, P?egidént

Kennady, in his message to Congress on Natural Resources sald,
o
"in many areas of the country we need new sources of. ﬁuppiyh-but

in all areas we must protect the supp}iea we have,” T, ; .
Accordingly, FHA is pleased to present.the rqilogihér ":‘_~

report as an example of the research the agenc;iiéktfated hﬁ?&mo )

crease our basic knowledge about ground water contaminaﬁ%g, maﬁy ;;*"'

'.

of which produce diseases or illness or are potentially daugerou‘ﬁ R

to the health of individuals living in residential devalopmentk.»

In recent years ground water contamination has becgne s
more significant because the potable water suppliée &n hany areas - .
have approached or exceeded the safe yield; the population density -
and increased industrial wastes creates a heavier burden on cur B .
ground water resources; and the increased construction or‘residential
projects which are beyond the mains of municipal water supplies and,
therefore, are dependent upon ground water,

FHA believes the information contained in the Status of
Knowledge of Ground Water Contaminants will have far reaching results
and will materially aid all those involved in the development of

methods to ensvve the safety of ground water against contemination,
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY

DEPARTMENT OF CIVIL AND SANITARY ENGINEERING

CAMBRIDGE 38, MASS.

December 7, 1960

Mr. Neil A. Conner, Director
Archltectural Standerds Division
Federal Houging Administration
Washington 25, D.C.

Subject: Status of Knowledge of Ground Water C. *aminants =
(Contract No, HA(===)fh=-757.)

Dear Sir:

Herewith is transmitted our completed report entitled
*Status of Knowledge of Ground Water Contaminants®™, in compliance
with an agreement between Federal Housing Administration and
Massachusetts Institute of Technology - Contract HA(==-)fh~757.

The report lincludes the following major sections:

Summary, Conclusions, and Recommendations

Part I ~ An outline of the investigation

Part II - A summary of literature and suggested investigation

Part III -~ Supplementsl information on selected contaminants.
(A series of appendices)

There is a bibliography at the end of Part II and a series
of references at the end of many of the appendices.

e

Respactfuliy su%mitfmdg
, /o
/\\.\"‘-- /’, 1 o T P,
Rolf FL! =ss.ou

Professor of San..aiy Engineering
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Conclusions ‘ v.l.
STATUS OF KNOWLEDGE
OF
P  GROUND WATER CONTAMINANTS
b | MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Summary, Oonclusions, and Regcommendations o

Ground water for water supplies in residential projects may %
be contaminated by physical, chemical, biological, or viral B
oontaminants. The older concept of sanitarians which gave special 4
attention to bacterial contamination, using coliform organisms i
&3 &n indicator of bacterial contamination, must be widened to
include not only biologlcal and chemical pollution due to sewage,
but also contamination by physical, chemical, biological, and
viral contaminants. :

An increasing number of contaminants and a higher frequency g
of ground water contamination are related to industrial development,
particularly dispersal of industries in rural and semi-urban
aress, including oil fields and petroleum marketing facilities.
Also increasing dispersal of population densities in fringe areas R
and a substantiully greater draft on ground water resources are
important factors. !

A classification of potential ground water contaminants
is proposed and the status of present information on each ,
contaminant is summarized by Tuble A = Status of Information on !
Ground Water Contaminants. This summary table indicates
insufficient knowledge of meny present and potential near future
contaminants,

The objactive of this inveastigation has been to search out
literature bearing on various ground water conteminants; assemble and
evaluate avallable informationj and to determine the present state of

I knowledge relative to each contaminant, Particular attention has

. been paid to (1) permissible concentrations; (2) possibilities of
forecasting contamination of ground water at specifio locations;
(3) additional information needed; (L4) suggestions of methods :
for obtaining such additional needed information; and (5) recormended
priorities tor research to obtain such information. (Appendix J.),



Throe important actors have increased greatly the importiice
of ground water contamination for residentisl projects withis =
recent years: ‘ - - e :

(1) the potable water supply requireiisits ‘in many aress
are rapidly approaching, and at times exceeding,
the safe yleld of available water supplies, thus _
malci:.; necessary conservation of all ground water
supplies in an uncontaminated states

(2) concentrations of contaminants reaching ground waters
have increased greatly due to greater population
denaity, greater quantities of industriel waste
waters, and greater demands placed on ground water
resources;

(3) much larger numbers of population are living in rural
areas or in the fringe areas of municipalities beyond
the mains of municipal water supplies and thus are
dependent upon ground water supplies, generally
private wells and often shallow wells.

The numbers of physical and chemical contaminants which nay
reach ground waters are increasing rapidly with increases in the
number, variety and dispersal into rural aress of industrial
establishnents. Also many more water borne blological and viral
contaninants are being discovered, which may prove to be able to
reach ground water and remain capable of causing disease or illness.

Table A is a summary showing the status of published
information on important ground water contaminants and pertinent
subdivisions of information relative to them. Much exlsting basie
data is uncertain and will require further study and experience
bafore fim oonclusions may be reached and effective control
measures instituted,

Some research is in progress on various phases of ground ‘
water contamination, particularly in the oil well areas and in
cextain sea coast areas, Some preliminary results have been
published. Considerable unpublished experience data on cases
. of ground water contamination ar available in the files of various
public health ageneic:, salt watex ccmtrol agencles, and possibly
other public egencies. Such data should be azsembled, analyzed,
and nade avgilable for the benefit of all agencies,

PO TRUON WS LT 7Y NP PRGNV SO C e e s

TS T r—

o b Lt A3 i

— e

N

[Eaal

el

e d



PRAREE L L E ) e T

i

b

Sumhary -
Conclusions viil

Additional research is needed to develop basic knowledge on the - -
regotions which might occur as various contaminants in water pass through
soile Methods to ensure the safety of ground water asgainst contumination
should be developed from the results of such research prograiige - o

water. contaminants, or potentisl contaminants, will depend on several.. .
factors; (a) the probable comparable importance of the several contaminants
with reference to potential heelth hazards; (b) the charactsr of the
presently available knowledge of the contaminants (i.es, -some contaminants
are well known to be dangerous even though complete information is not

yet available); (c) the amount of complexity of preparatory research
involved (example: Viral contaminants are increasing in importence.
However, much medical and virologicsel rescarch is needed before most

viral organisms can be identified); and (d) available qualified personnel
facilities, and funds to develop research programs.

Suggested priorities are shown in the last (right hand) column
of Table A. based largely on impressions from the literature and general
knowledgee These are explained in Appendix J = REPORT ON PEIORITIES
FOR RESEARCH PROJECTS.

Any plan for priority assignments must be subjectto continual
rerision as knowledge acrues. Also many judgment factors are involved.
The suggested priorities should provide an initlel basis for general
planning, with revisions to be anticipated in the light of additional
knuwledge and available facilities.

CONCLUSIONS

The survey of literature and a study of the present knowledge
relative to ground water contamination may be sunmarized by a number of
coneluaions;

l, The need for unconteminated ground water supplies is becoming

increasingly important in the development of residential projects.

2+ The rapld spread of population into fringe aress arownd urban

i centerss the increase in industrial waste watera; and the

rapid dispersal of industries into rural and semi-tirban uress
have produced a rapic increase in numbers of ground watey
contaminants and frequency of contsmination,

3+ The present PHS Drinking Water Standards = 1946 have the
primary purpose of protecting drinking water for interstate
carriers and drinking water generally supplied to municipalities
with reference to health hazards. There is a need for a water
quality stenderd related to residential water supplies
particularly, for thoge situations of water contamination where
the public health is not a paramount problem,

_The relative priority for research and atudy of the various gfound




Conclusions =
Recommendations

ke
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6.

(52 21) suggest the désirability for lower sllowances then
given by the PHS Drinking Water Standards e 1946, there

Wiszeas many published discussions of professionsl standids

appears to be possibilities of permitting higher coricentitiitdons

of certain types of ground water contaminants before cond

CIES
the only source of water for an individual residence or small®

group of residences; in residential projects, which do not
endanger the public health,

To date health suthorities and sanitarians have been so enw
groassed with contamination of surface waters that much
esperience data and information on ground water contamination
problems have not been published, These dala should be
obtained, correlated and made avallable for the b¢—-afit of
the publice

Much research is needed to ensure a proper knowledge of water
contaminants and methods for controlling contemination of
vnderground waters. The rate of increase in types end
quantities of ground water contaminants is very rapid,

Many preliminary suggestions for research are given in the
reporte A few specific recommendations are summarized in

the following.

RECOMMENDATIONS

The following recormendations are respectfully submitted, based
on the literature survey and a general study of imformation relative to
ground water contaminantsj

As

That the FHA develop water quality criteria to include
realistic permmissible limits for ground water contaminants
related to the primary objective of protecting water supplies
in residential projects., Two scales as to permissible cone
centration of contaminants might be considered, particularly
for many contaminsnts which are objectionable due to esthetic
considerations and are not directly heslth hazards. The
dovelopment of such quality criteria might consider;

a = A lower desirable concentration as a gulde in the
control of sources and potential sources of pollution.

b « A higher concentration as the recommended upper limit

for the use cf a ground water source as a potable
water supply.,

[T




Be That the present FHA manual *Minimum Property Standards for
One and Two Living Units™ be expanded to inélude wathyr '
quality standards end recommendations as to concentrationa

of water contaminants for the guldance of inspeotors,. pumers,
and tuilders for those situations where public health eohe =~

b asiderations are not the major problem. ,

L 0. That the FHA promote researches to increase the knowledge
= of ground water contsminants and the control of ground water
contamination, along the following general lines;

1. An inveastigation to compile and correlate extansive
experience data, with reference to ground water cone
tamination, presently availeble in the practical

: working files of the several state, county, and othex

VT public health agencies, salt water control agencies,

and other public agencles, to make available such

unpublished data for the general public benefit and
to increase available knowledge ef ground water
contamination,

2, An investigation, including laboratory snd pilot plant
experimentel investigations to develep adequate baslic
knowledge concerning objectionable characteristies of
synthetic detergents, basic knowledge of the relatione
ship between physical and chemical characteristics of
soil, and the travel of detergents; and practical or
fTeasible proteotive measures to reduce or prevent ground
water contamination by aynthetic detergents with :
particular reference to water supplies for residential
projects, A

3. An investigation of biological contaminants, including 3
laboratory and pilot plant experimental studies to
develop baslc knowledge of the effect of travel through 3
various soils on the numbers and probability of
producing disease for various infective organiemas,
including virel, bacterial, amcebic and fungal orgsnisms.

lh L. An investigation of contamination of ground water supplies
by chlorides, including two major research progremsj

@s A review of resulis Lo date of work by seversd
- State salt water control agencies.

be An experimentsl research to determine (1) chlorides
golution movements relative to soil characteristics;
(2) rate of dilution by diffusion of chloride
solutions with fresh water in soil; and
- (3) possibls redustion of chlorides by any interw
z action with soll,

B 1 b L o e 0 et B e
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An investigation of nitrate-nitrogen contaminaits in
ground waters inoluding;

8. Methods of tests, meaeurementa, and obaervat:lom

" needed to determine probable travel of a surface

nitrate pollution into soil and ground water tor
shallow and deep wells.

P. The toxic concentration oi nitrate-nitrogen and
facto»s which control for infants and for adultas.

¢« The effect of any possible ion exchange of .
nitrates and various soils plus the characteristics
of soil nitrification.

A reviow of avallable unpublished information on toxioe
chemicals used for insecticides, larvacides, pesticides,
and herbicides, to determine the magnitude of the
public health hazarde Then possibly an experimental
study to determine the effect of soil and ground water
characteristics on the strength and travel aspects of
these toxic chemicals.

An investigation of ground water contamination by

etroleum oil products and waste waters relative to
%r—e'quency; travel through soil or through soil and
ground water; inter-relationship of waste waters and
soil characteristics,.

An investigation of radiclogical contaminanta along two
lines of study:

8¢ A study of possibilities of promilgating an
ingtructional manual ~ or supplement to the
exigting Minimum Standards - for the berefit of
water viers unversed in atonic energy or nuclear
sciences.

bs Laboratory and pilot plant experimental work to
determine travel and dispersal characteristics
of radicactive particles relgtive to aoil
characteristics.

A study of chemicals listed in the PHS Drinking Water
Stendards = 1916, with particular referenca to the
extreme concentrations before an only ground water
supply must be gbandoned, Also the relationship of
soil charasteristics and the travel and dispersal or
dilution of the chemical contaminant.
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10, An investigation of virael conteminants in two stages =

.

12,

Stage e

Stage 2,

An exploratory study to determine how
current blowassay procedures msy bs
modified ror more beneficial use by water
chemists and blologists,

A program of experimental studies of

(15 assay efficiencies; (2) effect on viruses
of salts gnd other components of soil or

d water; (3) virus concentrations;j

k) travel through soil; and (5) other
interrelation of viruses in the soil end in
ground water « to determine the distances

of travel of virile viruss Radio~tracer
studles would be used throughout,

Investigation of potential inorganic chemical contsminants,
poasibly in two atages;

Stage 1.

Stage 2.

An exploratory study to evaluate the most
recent evidence, either published or un
published, as to toxicity of the several
chemicals with particular reference to
mnaximum permissible concentrationse’

Experimental studies =~ comparable tc studies
proposed for chlorides, nitrates, and other
inorganie chemicals « to determine chemical
and hydros.mechanical relationship between
chemicals and soil characteristicse

A study of metsl finishing wastes = Investigational

programs s

imilar to item 1l

13, to 20 Inclusive (see Table A and Appendix J), aimilar
research programs to that suggested for item 11,

g

. Much of the effort in the foregoing recommended investigations
would be in the nature of exploratory research to be followed by more
specific researches, as may develop from initial projects. The increasing
importance of and need for ground watcr as sources for potable walers
particularly for residential projects, Justify the suggested researches,
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Part I - Introduction

p

GROUMD WATER CONTAMINATION
REST D& TIAL PROJECTS

PART I ~ INTRODUCTION

A library survey has becen made to seek out and evaluate available
published knowledge on ground water contamination by various types of
contaminants, with particular regard to potable water supplies for
residential projects. Limited information has been obtalned by
correspondence. The scope, investigational procedures and definitions
for a library survey are outlined in this introduction.

A sunmary of comparable information for the several subastances
which may contaminate ground waters is included in Part II « Summary Report.
Some supplemental background information for several contaminants has
been assembled in some detail as Part IIL - comprising a series of
supplemental memoranda or appendices. Also Table A comprises a
graphical surmary of the present gtatus of information

Scope and Conducth, of Survey

The survey included library searches for published information
on those materials which have caused or potentially might cause
significant contamination of ground water, sufficlent to be
considered hazardous to potable water supplies.

The initial step in the survey included a preliminary review
of the abstracts of technical literature prepared by upwards of
eighty aebstracting agencies of which five agencies provide sufficient
numbers of ground water references to warrant a more complete study
and listing of reference items. Avallable writings were studied and
excerpts of information assembled for various contaminants or group
types of contaminantse

Data by Correspondence

Some data were obtained by correspondence with Faderal and
State agencles, particulerly State Departments of Health -~ these are
outlined as Appendix B of Part TII « Supplemental Information.

These correspondence data plus a visit to the offices of a
typical State Department of Health (Indiana) indicate that there
may be a reservoir of experience data in the files ¢f the several
state sanitary engineering offices of sufficient value to justify
an investigation, cooperative with the States, being made to
summarize and record the ingtences of contamination by various
substances, and possibly to obtain some indication of practical
measures needed to abate such contamination.
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Part I - Introduction

3
B

2,

Analysis of Litersture

Asscmbled material from'the literature was arrariged for
investigation for each contaminant under eleven information sube
divisions as followss

Introduction ' .

1. Sources .
i 2., Effect on Water Quality S
3. Reported Permissible Concentration g
n Le Experience to date ]

Passape Through Soll

5. Nature of Movement
as. Above Cround Viater
bs. In and With Ground Water

6+ Removal of Contaminant

. ae Through Soil Above Ground VWater
be In and “Ath Ground Water

et ortin o

PO

Detexminations from Survey

7¢ Predicting Contamination ;
a. Present Art »
be Additional Information Needed

8. Water Quality Critsria Required

9. Suggestions for Cbtaining Additional Information

10. Summ.
1l. References to Literature.

References to writings wer- initially found from abstracts of
literature. Additional reference items were obtainsd from lists of
references at the end of most published articles.

(Part III) in which much of the information for sub=divisions 1 to 6,
of the forsgoing outline, was abstracted in the form of condensed .
excerpts from the several writings. The portinent references have

been listed under the submdivision 11, Refersnces to Literature i

as part of each supplemental memorandum,

i
A number of memoranda of supplemental information were prepared o
1

These supplemental information swmarics, plus consideratiovu of ¥
the conclusions reported by authordtative writers, and our general
knowledge fron various sources, have provided a basis for a summary
discussion of the several phases of each contaminant material, as indicated by
the foregoing outline sub~-division 7 to 10, inclusive. These summery
discussions are given as Part II « Summary Roport.
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Part I « Introduction 3
[ )

Tne standard of water quality, considered to be of interesiiin .
the 1literature survey covered by this report, has been wster quallty
with reference to domestic use, essentially a drinking water gtendard
Any satisfactory quality of ground water should be such-as to s

for drinking and culinary use, proferably without artifid: tge&mjﬁt.

t

{—l The Publie Health Drinking Water Standards =- 19,1@6@'@"5, origindlly
promulgated in 191l, revised in 1925 (which edition became known
worldewide as the "U.S. Treasury Standards"), revised again in 192,

and reissued in 1946, for control of water supplies on common

carrlers, are presently quite generally used as standards for safe

drinking waters

However, the Public Health Drinking Water Standards = 1946 =
cover a very limited number of contaminants. They do not cover a
number of presently important cherical conteminants, such as synthetie
detergents, nitrates, and others; also viral, some biclogical and
other contaminants are not covereds There is no adequate general
water quality standard presently available for residential ground
water supplies.

Accordingly, there is a need in case of many contaminents, for
better and more complete water quality standards with reference to
ground water suppliess more specificelly related to some of the
contaminants which have become bettern known and others which have been
produced extensively in recent years.

There is a resl need for additional lmowledge of many contaminant
items, as briefly summarized in Part II «~ Surmary Report.

Definition of Contamination

In this report, the word *Contamination" is considered to
include the premise that something is introduced into or added to
ground water and also to include situations where ground water
naturally has in it substances hazardous to health or offenaive
_to the genses, such as iron, manganese, nitrates, fluorides, or
other substances, in concentrations above a permissible maximum,

So a definitlion of "eontamination" has been used, based .on
a modlfication of the definition in the A.P.H.A. "Glossary-Water
and Sewage Control Engineering", which revised definition may be
stated as follows:

Contamination -~ A general term signifying the introduction
of substances into ground water; or ground water with a
natural objectionable content of microorganisms, minerals,
chemicals, or other substances which render the water unfit
for a domestic water supply.

It has not been feasible or necessary to adjust all excerpts
from literature to comply with this proposed definition,
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Part I « Introduction

k.

Gonteminants have been classified, for the reported study,
as I - physical; II - chemical; III =~ radiologicel; IV = bivlegicals

and V « virals To permit an orderly review within a reaspnable -
length of text and time, contaminanis have béen grouped ‘together

. by =imilar substances for which there have been experiences with

ground water contamination, The chemicel contaminants have been
further sub-divided into two major subedivisions; 1) inorganic, and
2) organic compounds.. o _ o

This classification outline is shown by Table A, which includes
& list of the several classifications of contaminants together with a
symbol, for the various aspects of knowledge of each contaminant, to
indicate the present status of published information, whether satise
factory or insufficient., Table A provides a quick reference basis
“for finding the areas where further research is needed.

Part II - Summary Report

in effort has been made to discuss briefly, in Part II, each
contaminant, or group of contaminants, under the foregoing eleven
sub=-divisions. On the basis of the summarized information for sube
divisions 1 to 6; together with supplemental memorands (Part III);
conclusions reported by authoritative writers; and our own general
knowledge from various sources, a brief statement has been prepared for
each contaminant under the designation "Determinations from Survey"
in the foregoing outline (sub=divisions 7 to 10 inclusive). '

Part IIl « Supplemental Information

Brief summaries of background information on a number of ground
water contaminants are recorded in Part III, of this report, which
comprises several appendices. Certain appendices were written more
comprehensively than others depending in part on the importaence of
the subject and in part on the interest and special lnowledge of
the researcher. Also, in each gppendix, of Part III, there is a
sumary of the subject and suggestions for further research.

Research Needad

There are unknoin aspects of practically all contaminents and
research on various questions should be considersd in order to
provide the knovledge needed to ensure safe residential ground water
supplics, Soms suggestions are included in Tuel II, logether with
an opinion as to relative priority of practical researches.
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Part II - Uoneral = e
Sources

GROUND WATER CONTAMINATION . A
RESIDENTIAL Pi0OJECTS

it General Statement = Several general aspects of ground water
contamination are brierly discussed in the following initial
paragraphs. A summary report on information for each conteminant
is then presented under ten divisions, as outlined in
Part I - Introduction. A graphic swmary of the status of pregent
information is given by Table A.

i
1
i

Py

1. Sources - General

Generally, ground water pollution may be due to waste waters
from domestic, commercial, or industrial activities, which are
daposited on or near the ground surface and which seep through the !
soil, along rock crevices, or through defective well casings, and !

may reach ground water used, or potentially useful, for domestic
water supplies.

Lot e s o $0

Under sources of contaminants are included domestic sewagze,
detergents, liquid process wastes from commercial end industrial activities,
and some substances, generally chemicals, found naturally in ground
waters in certain localitles.

In some cases, sources of ground water contamination may
be removed or abated by improvements of waste water disposal
methods or by relocation of the waste water disposal facilitiese
Sometimes, changes in manufacturing processes may remove or
reduce the objectionable waste materials.

Some ground water contaminants from underground sources of

ngtural materials, vhich cause substantial problems of ground ‘
water contamination, may require extensive measures for improvement ;
of water quality. Thus, salt water and oil from oil wells in many .
areas; salt water from salt deposits or perched salt water solutions: ]
sea water intrusion along heavily pumped undergrownd aquifiers; ‘
nitrates; iron; fluorides; and other natural minarals; have

provided natural sources of ground water contamination.

[ R |



Part II - General = 6
Quality Effect *

2. Bffeot on Water Quelity - General - -~ -

,_ In general, the effect of contamination on ground water quality,

§ considered pertinent to this investigation and library survey, relates to
3 domegtic use of water. Adverse effect on water quality might inclide

(1) any health hazards; (2) any possibility as to a potential health
hagard; (3) any objectionable impairment of the esthetic character of

watery and (l}) any excessive increase in total solids or hardness of
water = 1.5,y mineralization.

Each of the four general quality parameters have wlde varlations
a8 to acceptable concentrations. In all cases of uncertainty the
qQuestionable substance has been included in this report as a potential
‘ contaminant and placed under the designation - Additional Water Quality
Criteria Needed. The opinions of various qualified water quality
experts may differ as to the inclusion or exclusion of some of such
uwncertain substances.

3. Reoported Permissible Concentration

In general, the officially expressed, or tentative conclusions
as to permigsible concentrations, by any health authorities have

been given more weight than the opinion of individusl writers.
However, in cases of many substances, h=salth authorities have been
slow to record tentative conclusions. Such authorities in general

are slow to establish criteria and equally slow in modifying criteria
once established = possibly correctly so.

- However, until sufficlent information is available to be ;
convineing to a conaiderable number of well qualified water experts,
any questionable substance should be placed in the category of -
tidditional Water Quality Criteria Needed.®

4. [Dxperience to Date

In general, discussion herein on the experience phase of
ground water contaminants has been recorded only sufficlently to
show that some difficulties, or uncertainties have been reported.
In the case of many new chemicals; and for some viral organisms, ]

consideration of these as potentisl water contaminants mey be . N
! Justified on inferential informadion, such as the toxic effect i
y of chemicals on fishes, the spread of viral infectiors in a

1 characteristic water borne disease pattern, instead of waiting

L for positive svidence that the substances or organism is a water
- bormne contaminant. Apgsin this lncreases numbers of contaminants
in the category of - "Additional Water Quality Criteria Needed.*

i 1i,; _4Le&\'sm-ﬂlﬁ‘q’uﬁ“!isﬂ'l‘h“’#‘F;?ﬁ"‘ﬁ""‘E T
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Part II - General = Ts
Pagsgge Thru Soil

oY

PASSAGE THROUGH SOIL = GEWERAL

5. Nature of Movement
6+ Removal of Contaminant

In general, published :Lni‘orma.tion is meager and incomplete
on both the movement of a contaminant through the s6il and the
removal of the contaminant as it passes through the soil = elther
above the ground water table or along with the ground water.

In some areas, such as the investigation of oil field wastes,
the investigation of underground disposal of radiocactive wastes,
or investigation of the use of sewage effluents for ground water
replacement, much exploratory type research has been done.

These investigations generally have produced only indlcative
rather than conclusive results. In most cases limitations as to
the control of the many variables have reduced the value of the
results. There is need for more baslc research.

DETIER:INATIONS FROM SURVEY - GEVERAL

7« Predicting Contamination
8. Water Quality Criteria Required

9« Suggestions for Obtaining Additional Information
10. Summary

In general, the discussions of these phases of this investiga-
tion represent the considered opinions of the authors based on
impressions from the survey and general professional experience,
backed up by & limited number of references to published opinions
of others, rather than any detailed review ol all published coneclusions,
recormendations, or opinions of a vast array of writers. Time has
been too short for suech assembly of published ideas, many of which

would be based on a very limited perspective, or limited experience
background.
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Part II « Physical = ' | 8e
' Turbidity

I, PHYSICAL CONTAMINANTS = =

Ground water quality as indicated by the five physical
characteristics (a) turbidity; (b) iastes; (o) odors; (d) color;
and (e) temperature (105)(really indices of water quality) are so
. commonly included whenever contamination of waler is digcussed, - -
the five items have been included in the current search, together @
as a group of contaminants. This contaminant classification seems
t0 be pertinent in the investigation of ground water contamination.

Excerpts of many writings are given as background or
supplemental information in Part III - Appendix Co The following
paragraphs record a swmary of information from the literature.
The present status of knowledge is indicated by Tgble A.

(a) Turbidity

The term turbidity is used to describe the presence of '
substances in water which interfere with its clarity (105). Other

similar definitions are found in published writings (116) (101) (107)
(112) (102).

l. Source. "The turbidity of water is caused by the presence of
guspended matter, such as clay, silt, finely divided organic
matter, plankton and other microscopic organisms.” (116

The sources of these items may be (1) surface water or
industrial waste waters reaching the ground water by seepage
~ through the soil or by passage through rock crevices or through
defects in well casings; (2) soma disturbance of the underground
soll such as poorly developed wells; (3) dissolved minerals such

as iron, which mey be precipitated by aeration; or (L) some biological
growth such as algae.

2. Effect on Water Quality ~ Turbldity may indicate pollution from
a surface water source, and the ground water might be seriously
contaminated; or the turbidity may be dus to oxidized iron or

mangsnesey or it may be due to an incompletely developed well or a
poorly selected well screen. '

" There are differences in published viewpoints on the meaning, ‘}
or effect of turbidity. Examples:

Ehlers and Steel(119) wrote - "In wells and springs, -=- a
sndden ineresse in turbidity after a rain indicates a very
dangerous condition, particularly in a limestone region."

Babbit and Doland(113) were more peneral - "Sediment
producing visible turbidity is ordinacly composed of fine
particles of sand and clay and, as such, it is not particularly
detrimental to the potability of the water === A turbldity
indicating surface runoff would suggest possible pollution
and might cause condemnation of the water source,®

o et AR et e o b o st 2




Part IT = Physical =
Te and O,

Turbidity -~ Continued

3., Reported Permiszible Concentraticn - A ground water with variable
turbIEE’Ey may be more objectionable than a uniform turbidity
pa.rticularly :!.f the turbidity appears ‘during or following ral
)
( Public Health Service Standards(108) sots a limit of 10'p
' (silica scale) for filtered water, but does not include a?{lsgecifio
limitation for unfiltered waterse Goudey 11 )and Salvato
more specific. - They suggest a turbidity of less than 10 ppm as
mgood" and a turbidity greater than 15 or 25 ppm as "limited®
(Goudey) or "Would justify treatment of the water" (Salvato).

k. gg%:_'jLence to Daie = The occurrence of tmrbidity is common
many published articles have made reference to turbidity as a
factor of water quality = often in comnection with a diacussion
of some specific experience of contamination by some substance,

Turbidity = Passage Through Soil

5. Nature of Movement (through soil) « Turbidity may be carried
long distances along rock crevices either above or in and with
ground water. Porous sand and gravel may permit turbidity to
travel for considerable distances = 200 to 500 feet but, in general,
sandy soils may hold up the passage of turbidity.

6. Removal of Turbidity may be by soil filtration, by chemical
lon exchange, or by colloidal adsorption depending on character

of the substance causing turbidity and the socil chemistry. Finer
grained soils filter out turbidity in short distances by mechanical

9

and eolloidal resction - sometimes in 10 or less feet. Direct channels

such as rock creviccs may remove very little turbidity elither above
or below the ground water surface.

Determinations from Survey - Turbidity

The summary of this phase of the current report is closely
the same for all physical contaminents so will be discussed after
conglderation of the fifth item: Temperature.

. () Zastes and (e) Odors

These items - tastes and odorg = are so closely related in the
literature (116), (103), (106), (107), that they will be discussed
together. In most cases the objectionable Wtagte® is really an odor.
The term "flavor® is widely used in the boverage industries, but it
is not sommonly used in water supply discussions.
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Part II = Physloal =

Te and Q. 10,

1. Source = Tastes and odors in ground waters may be due to natural
minerals = such as salt, iron, or sulphites, but alasc may be due to
chemicals from indugtrial wastes; or from biologlical growths; or
from decomposing organic matter, such as peat bogs.

Thev'e have been many discussions of tastes and odors (111),. (-113)
(107) (103) (116) (101), but they are generally related to the cause :

or origin of the taste or odor, such as natural underground contaminating

substences or waste waters which may have percolated through ths soil
or through a defective well casinge.

Many industrial waste waters contain taste or udor producing
elements. Some substances must be in heavy concentrations, other
substances, such as chloro phencl may produce objectionable tastes
or odors in very small concentrations.

2. Effects « The presence of substances causing tastes and odors
are wndesirable aesthetically and are generelly indicative of
pollution (116) (3112) (2.07).

* 3. Reported Permissible Concentrations - The Public Health Service
Standards (108) merely state "ihe water shall have no objectionable

taste or odor', This may no? be sufficient in many cases of
residential supplies. McKee(107) has published a 1ist of threshold
numbers for 23 chemicals taken from the literaturs, but the reported
values, in general, are without the support of any influential
agency or organization,

Accordingly, further regsearch would be necossary to establish
specific permissible concentrations for most taste and odor contaminantse

L. Experience to Date = The referencos to tastes and odors in the
literature are too nunerous to sumarize. In most instanees the
reference to tastes or odors is incidental to the discussion of
some chemical or blological contamination.

Tagte and Odors = Passage Throvgh Soils

S« Nature of lovement - Tastes and odors, buing generally caused by

a substance in solution, may pass through the upper soil into the
ground waters, excepting that many odor-producing organic materials, if
avbject to oxidation, may bte reduced in concentration by being oxidized
t0 a nonmodorous suwbstonce, while passing through the asratsd soil.
Other organic compounds, such as phenols, petreleum produets, and
others, are less likely to be affected by the soil and may enter the
ground water without reduction of their taste or odor characteristies.
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Part II - Physical = _
T. md OO u.

6, Removal of Tastes and Odors - It appears likely and there hag been
some evidonce that certain tastes and odors might be removed or reduced
in concentration by oxidation, as oxplained above, other substances may -
be absorbed by some soils, or filtered out by adsorbtion. However, . .-
A there appears to be very little specific evidence as to the relationship

ESy A4
= K3

35 of soil characteristics and the rate of taste and odor removel.

E

Determinations from Survey = (See a following ssction)

(d) Color

Color has been discussed as "apparent”™ or "true" color,
McKee{107) sugpests that in waterwworks practice color of water is
considered to be only that attributable to substances in solution,
after suspensolds have been removed by centrifuging.

Generally, uncontaminated ground water should not be colored.
However, some wells in closo proximity to peat bops, swamps, or
deposits of decomposing orgenic materials may have a browmish or
reddish color. Ground water with dissolved iron or manganese
content may become reddish or tlackish on exposure to air.

l. Source. Salvato(lll) stated -~ "Water which has drained through
peat bogs, swamps, forosts or decomnosing organic matter, may
contain a stain due to taxnates and organic acids dissolved from
leaves, bark, and plants"®,

However, color may be of mineral or metalliec origin(m?) such as
manganese and iron; also process wastes percolating through the soil
may preduce color, particularly dye wastes.

2. Effeet on Water Quality = Babbitt(112) gtated that color is
undesirable aesthetically with no sanitary sipnificance other
than indicating source of the water. NoKeo(107) was more definite
by stating "in domestic water, color is undesirable from esthetic
condigerations and alsc because it may dull clothes, or stain
foed and fixtures ===

1 3+ Reported Permissible Conceontration - The PoleSe Drinking Water
- Standards 1limit color of filtered water to 20 ppm, but state
. MwamColor linits for unfiltered wators =e=e ghould be based on

d reasonable judgment and discretion =-af,

Salvato(111) gstated "Color should be less than 5 10 10 ppm ce—ntt
Coudey(11L) proposed ground water claseas as follows:

}
"Class AA = Excellent Cclor less than 10 g
{

*Class A - Good it " ] aon

Qenerally ground waters do not contain objectionable color
concentrations.
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i Part II - Physicel = 12,
Temperature '

Lo % arience to Date = Like other physical contaminants » thers
have been many references to colored surface water, but not aseo :
many to ground waters excepting where aeratien had oxidiged and
partielly precipitated some mineral, generally iron, or whére .
some industrial waste water such as dye solution:-had seeped into

the ground water supply. '

Color - Passage Through Soil

S. Nature of liovement = Color, due to a colloidal substance, may be
reduced rapidly by pessage th v%u goil. Some dyes may persist for
long distances, Gotaas et al 117) reported on a dye added to sewage
which travelled 300 feet in 2L hours.

Although color in ground water is unusual, in unpolluted
wells or springs, certain chemicals sue¢n as iron or manganese when
exposed to air may precipitate and cause objectionable color
formation, thus nay obscure the color reducing effect of soil.

The oxidizing effect is less after the color producing
subgtance enters ground water so the reductipn of color bsocomes
due more to adsorption or filtering action on the color producing collolds.

6+ Removal of Color -~ The foregoing discussion indicates the basioc
factors which effect color removal. Little attention appears to
have been given to quantitative measurements of color removal
relative to the physical characteristics of solls, possibly because
coleor has not been considered a good index of pollution.

Determinationg from Survey (See a following section)

(e) Temperature

Generally any increase in the temperature of ground water
would ba objectionable and if in shallow wells the water should be
suspect, as coming from some surface source of pollution. A few-
cases of hipgh temperatures have occurred due to contanination by
hot waste waters, but generally these contein chemical wastes of
more importance relative to ground water contamination than the ')
temperature effect. Also the temperature is rapidly reduced due
to the cooling eff'ect of the soil above the ground water and tha
fringe or eapillary strata just above the ground water,

High temperatures are unusual, but occurring in deep wells
may be due to escaping temperature from deep in the earth. Such
waters may be used for hot bathes, but would not be used normally
for drinking water without some treatment, at least cooling.
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Part II =~ Physlcal o

Determinations 13.

Detennination‘;;- from Survey - Physical Contaminants

A number of writings include discussions of the foregoing
five physical characteristics on the basis of parameters of ..
contamination or degradation of water quality. It is somewhat
more difficult to consider them as primary contaminants as will be
done in the following paragraphs.

7« Predicting Physical Contemination - presently the possibilities
of contamination by turbidity, color, and to a less frequent degree
tastes and odors can be predicted reasonably well (a) in coarse
gravel and boulders vith little or no covering of fine grained soilj
and (b) in rocky areas where the rock formations have many crevices
or dissolved pascsage ways. In both of these cames turbidity and
color in the ground water would be expected if any surface water
were permitted to drain down hill in the open arcas. Tastes and
odors might be expected if the seepage waters contained the proper
types of chenicals.

Prediction of temperature in ground water wouvld relate to
the infrequent occurrence of hot springs, or possibly to the entrance
of hot water process wastes into the underpground water, through
porous areas or through openincs,

The possibility of contamination through fine grained soils
has not been fully developed. Additional information is needed to
determine the effectiveness of barriers of fine graired soils, or
the distances of travel for the different physical contaminants
through soils of different degrees of fineness eand different
chenical composition. These questions involve physical, chemical,
and biochemical reactions between the physical contaminant in the
water and the soil ocharacterisiics, both physical and chenical.

8. Water Quality Criteria Required - Techniques are well established
for determining turbidity, color, and temperature of water, but
measufements of tastes and odors are not so well developed,
McKeo(107) observed that Standard Methods(116) for the examination

of water and sewage does not nrescribe a procedure for taste
deternination.

There is a need For more specific designetion of the proper
limits for the five physical quality items for ground waters.

Al et o
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Part II « Physical = ’ 1k
Determinationa - :

9. Nethods for Obtaining Additional Infommation = Possibly, the

p;'elen?.i’y desirable, ab tines necessary information, oh the

physical contamination of ground water may best be obtailnsd by R
~ a series of researches along these lines; - T @

a) A study of the effect of turbidity, taatea, odora, colors,
and possibly temperature on the usefulness of ground '
water for domestlic water supplies.

b) A basic study of flow through porous media - the relationship
of various soil characteristics and the travel of the
suveral physical contaminants through the soll,

o) It may be necessary to set up a closely coordinated study
of the chemical or biclogical agents which cause the
objectional physical contamination.

d) Available data on measurement techniques for sach
physical contaminants in ground water should be reviewed t
and a standardized measurement procedure established
for each.

10. Swmm = Physical Contaminants « The physical characteristics
of turﬁia':gxty, tastes, odors, color, and temperature, represent
contamination of ground waters. These items have been considered
hereln as contaminants, they may also be considered as evidence of
contamination by soil, chemicals, biological agents, or other
objectionable substances.

Greater attention should be given to these five characteristica
in ground water analyses and standard procedures or techniques
ghould be established for the determination and recording of
concentration of each physical contaminant,

Water quality standards should be established as to the
permissible concentrations of the several physical characteristics,
together with procedures for measuring and recording each physical
characteristic. 3ome research will be required. (y

11, Roferences = See Bibliography - reference items Nos« 101 to 119,
inclusive - for significant information on Physical Contaminants.
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Chlorides

II. GHEMICAL CONTAMINANTS

: The types of chemicals, the peossibilities of quanbities-of .
chenical waste waters r?aah%.ng ground water. suppl

i‘j— at an astronomical ratell Many chemicals, and-ghemical

" compounds have been proven toxic to fish, sorie to animals, others -
to lower types of life, and are or might be to:d.c to man, if hge;ted
in sufficlient quantitiea.

Accordingly, consideration has been given, in the literature
survey, to a considerable number of chemicals and groups of chemical
compounds, as listed in Table A, by groupings of chemicals oxr
industrial waste waters. Some individual chemicals or chemical
compounds may be found in two or mors groupings, but will be dlacussed
ohly once ~ in the grouping in which each chemical item seems to be
found most commenly.

The several chemicals or groups of chemical waste waters
have been arranged in two major classifications; 1. Inorganic and
2. Organicy as listed in Table A.

1. Inorganic Chemicels , ' ;

The listed inorganic chemicals include 39 chemical items
under seven main groupings. Each chemical item, such as chlorides,
represent a number of chemical compounds, rather than the
chloride ion,

la. Chlorides
- ]

Chlorides become objectionable ground water contamination
under two general conditiocns:

(1) tvhen an individual ground water source has a higher salt content ;
than can be expected from the salt content of the water from adjacent
or nearby wells « which might indicate possible sewsge pollutions

. (2) When the chloride concentration becomes excessively high = higher
[ than the maximun permissible salt concentration (not yet fimmly
egtablished but probably in the order of 500 to 1000 ppm) for a
satisfactoxry domestic water supply.

W

le Sources of chlorides may be (a) brines from oil wells or from
industrial processes; (b) intrusion of saline or sea water due to
lowering of ground water by overpumping; and (c) other sources.
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Part II = Chemical =
Ohlorides

-up and preliminary reports are-available: -

Numarous articles have begn published relgj:ive. to.
in the oil fields (12h) (125) (126) (127) (1.28) :
in Toxegy Kensas, and -other mid western States; . :
intrusion along -the coasts of Florida and Celifernia (121) {122
(133) {(134) (135) “(136) (137) -State-control ageneierhair : Ezv.aats

‘Brown)12L) stated "Chlorides in natural waters may- also be
derived from sea water contamination of undergroiund aupplies,
sgricultural salts spread on fields, from -- sewage, -and
industrisl effluentst. McKee(122), Winslow and Kister(123), Todd(1ll)
and other writers have discussed sources.

2. Effect on Water %x_a_l}jl Chlorides in underground W !
principally affect the palatability of the water. ?121) stated
that chlorides "---affect the palatability of water, have soap : v
destroying power, accelerate the corrosion of metals, and adversely - i
affect industrial operations and products"

Reported Permissible Concentrations -« the PHS Drinking Water
Stana 3 12&3 (I08) 1nclude the statement
WChlorides (cl

should not exceed 250 ppm',

culp(1k0) of Kansas State Board of Health in discussing the
question of chloride concentrations stated;
#In == public water supplies we use 250 ppm as the ‘desirable maximum?
and class === 550 ppm of chlorides as 'useable waters!'. I agree we=
1200 to 1400 ppm ==~ level which begins to produce discernable
physioclogical effects".

McKee(122) discussing the PHS Drinking Water Standards, stated: :
nIn other agenciss or other countries, the criteria for chlorides i
have been given at values from 10 ppm to 500 ppma",.

he Experience to Date = There have been many instances of chloride #
eontamination of wells, especially in the oil fields and along the b
Florida and Southern California sea coasts. Several States have set
up speciel laws and commissions to enforce them. A great deal of ‘}
investigatic..al work has been done,

The major effort of these agencies have been to develop -
regulations as to disposal of brliwse In Celifornia some mvestigationa
have been made to determine the encroachment of sea water into under-
ground aquifiers and possibilities of providing fresh water barriera.

e e i
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\ -; aspage zough :Satl-

S« Nature of M‘ovement ~ In gen-sra‘l, the - literatum Andicatien
remise that salt waler percolates. direst);
saber, ‘.1'he publi.shed dgta is meager and ung

reporting on invedtigations in Texasy concj,uae, s
( ! into earthern pits in alluvial materials =-a-¢ B :
! downward to shallow water tables or it" inriltrates porous zones S
and may seep into surface drainage ---".

Some investigations in Texas and in Califormia give a few
clues to movement of salt contaminants in ground water, ‘Shamburger(128) -
proposed a theory of movement: ,

Twe=the movement of brine in fresh water is not known ===,
Seemingly it will settle to the base of fresh water due to
higher specific gravity and move down gradient in well 1
defined courses coincident with lower most avenwes of :
permeability. Therefore, it may move in 'slugs! or
Vtonpues! ~-=It is possible for brine --- 0 encounter
gome wells and to miss otherg ~--f,

6. Removal of Chlorides Throwgh Soil = Removal of chlorides from
contaninated water by movement through the soil is unlikely - so
most writers indicate. Reduction in concentration anpears to be
generally accomplished by dilution with water of low chloride
content. Normal chloride content of ground water is low and the
permissible chloride concentration relatively high (up to 500 to
1000 ppm). So irprovement of chloride contamination would be
expected with novement and time, excepting diffusion in fresh water
by high chloride water is slow.

The Fifth Zuropean Seminar(1L9) on ground water pollution
reached one general conclusion:

Some pelluting substances are not removed in the

ground --= salts such as chlorides have given the most
troublet,

{ , Chloride « Cetexminations from Survey

Extensive literaturs is available on chloride contamination
of ground wa’c,er, whieh covars many problems encountered in (1) disrosal
of salt brine from 0il wells; (2) more recently, sea water intrusion into
aquifiers where ground water has been heavily drawm upon, especially
in Florida and Southern California areas; and (3) in the disposal
of some industrial waste waters with a high chloride content.
Suggestive determinations are given in the following paragraphs.

B
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9. Predioting Chloride Contamination = The present arb is
efipiioal end Euriigs based O 3 vestigationp“?&n’g,o Frrs
‘apd analyses of vater ‘Sanples taken from them, under five &
‘as to source of contamination; : o RS
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a. Efforts to dispose of oil wells brines, and other salty =~ ﬁ\
: process waste waters, by lagooning. Experience has . L
shown that legoons permlt salt water to escape into the
underground water bearing strata. :

be Abandonded oll wells have permitted salt brines to rise
up and escape into higher strata of fresh water. Several
States bhave laws requiring old oil wells to be sealed and
the well filled in to guard against salt water leckage.

¢e 0Old abandonded lagoons used for salt brines or salty
industrial waste waters storage may require several years
until fresh water dilution eventually reduces the chloride
concentration below peruissible limits. Frequent water

quality tests are necessary to determine when the ground
water is potable.

d. Some areas in Florida, and possibly other places, the
construction of canals, waterways and drainage ditches

has permitted sea water to flow inland and sesp into fresh
weter strata.

e, Sea water intrusion due to over pumping of ground water
sources has developed in recent years, especially in
Southern California and Southern Florida. Two control
measures have been trieds (1) reduction in pumpage on the
underground aquifier and (2) establishment of a fresh
water barrier by pumping fresh water into the water bearing stratsa.

Thus, forecasting of possible chloride contamination would
A involve a study of provious experiences in existing nearby wells,
g or an expensive underground survey with many borings and laboratory
analyses of water samples. ‘ !

' + Additional information which should be determined might includes i
i slg records of available daba on ground water chloride content;

o 2) development of some quick method to determine the relative volumes i
of fresh water and saline water and underground flow rates; the i
directions of flows, the rates of spreading of the chloride contaminated :
water or the fresh water dilution rate, the relative inflow quantities i
of fresh and saline waters into small underground reservoirs, and ‘
other similar items. In short, some method to distinguish sult !
solutions from fresh water and to determine underground water flow rates. :

[T R TP
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Chlorides

ppm, without regard to other factors, is too a:l.mp_le. _A.more
realistic eriteria for maximum concehtrations is needéd, relat d bo. .
the different tolerances of people, the effedts of diffe: -
combination of minerals or possibly organic compounds whith m
the taste tolerances for chlorides. Also the physioloaioal effacts
of sodium may be 'involved.

9« Supgp estioné for .Obtaining Additional Information = a num'ber of

ae A review of the results to date and the work presently
in progress by several State salt water control agencies,
to determine how their present and proposed activities
nay determine information of interest to ground water
contamination related to residential projectss

be A study of chloride solution movements relative to soil
characteristics « this might be initially a laboratory study.

ce A study of dilution rates by diffusion of adjacent streams
of chloride solutions and fresh water.

de A study to determine if chlorides may be reduced by
absorption, adsorption, or other action of any soil types.

These several invegtipgations might be initiated by two procedures
(1) a collection, largely by correspondence, of information from
exigting salt water control agencles and an analysis of the data, and

(2) a pilot plant gscale experimental study using a series of lysimeters with
different soil characteristics to determine hydraulic and geochemical reactions.

10, Summary - Usually some chlorides are found in ground water, generally
in low concentrations. They may become objectional as indices of possible
sewage pollution for individual wells where the concenirations are above
the chlordde coneentration of adjacent ground water. Secondly, they may
become objectional, due to effect on palatability of the water, when
concentrations become excessive through entrance of brines from oil

wells, industrial waste waters or salt water intrusion from the sea,

or other sources, vhen aquifiers are pumped at a rete sufficient to

lower the water teble below the adjacent water having a high chloride
concentration.

Many factors affect the concentration of chloride which may be objection-
gble in a domestic water supply. A study of these factors and possibilities
of adjusting them would be a worthwhile ressarch project.

The basic correction for chloride contamination is dilution with fresh
water, so sonc pilot plant experimenial research would be desirable to
establish the relationship of soil charzeteristies and their hydraulic or
geochenical effect ou chloride concentrations,

11l. References - See Bibliography - reference items Nose 121 to 149 inclusive.
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-poaaibl& hea‘lhh mmane.‘:ln»l‘ :

Taxdeity tests on fish appear to rniso 8 quaaﬁ.onxaa wh
hexavalent chromate. compounds are .actually more toxic-then

" trivalente There is wncertainty as to the proper value'for thn
permissible concentrations for both tri=and hexavalent. chromates. .
There are data which indicate higher concentrations might be used
than specified by the PHS Drinking Water Standards.

However, any pollution by industrial waste waters might change
rapidly and without warning from a low to a high concentration.

1. Sources -~ In general, sources of hexavalent chromates are

Industrial process wastes, usually from metal pickling and plating
operations. Alsc chromous conpounds are used in anodizing aluminum, -
the manufacturing of dyes, ceramics, palnis, explosives, and soms

paper products. They include s?lub%e hexavalent chromate salts of

sodiuwn, potassium, and ammonium(122),

Trivalent chromic salts include chlorides, nitrates, and
sulfates which are quite soluble, These are employed as mordants
in dyeing, in ceramic and glass industries and in photography(122) (350).

Thus, either hexavalent or trivalent chromates might reach
ground waters by leaching of industrial waste waters or by percolation
through soils along rock crevices or through defects in well casings.

Effect on Water Quelity =~ Hexavalent forms of chromium are
consulered to be toxic and irritants, because of corrosive action on
the skin and the intestinal tract. Salts of trivalent chromium are
not considered physiologically significant or hammful(152),

However, there has developed some recent experiences which
cause questions as to the exact effect on water quelity.

orted Parmissible Concentrations ~ The PHS Drinking Water ‘}
Standardsum) state "e=shexavalent chromimum in excess of 0.05 ppm, ‘
shall constitute grounds for rejection of the supply". Grahan(l

I reported the hexavalent about 100 times more toxic than the trivalent

i form, and that 0.1 pom of hexavalent chromium in driniting water may
be quite harmful.

i
[t v v ey B

T SR A R S YR S R e i = S anes e

iﬁ




1.
Part II « Chenical -
1b - Chromates

McKee(122) stated "Recent obsczr\zBione tend. to discount the:
fears of the UsS.P.HiSsm=w! Pomeroyllblh) reported using water with
- 10 ppm of potassium dichromate as hi?,drinkihg water- for-15:-dayss -
( 1 A fanily on Long Island was reported 150) to have used-a well for
: over three years with hexavalent chromium wastes wlth a.concéntration
ranging from an initial 1.0 ppm up to 25 ppm with no apparent 11l effects.

I U AT

Welsh and Thomas(152) after reviewing the record of standards
and experience stated; "Recent observations indicate that the physiologic
effect of hexavalent chromium may not be as serious as originally
guspected.” Also "The present limit of 0.05 ppm for hexavalent chromium
appears to provide an adequate factor of safety for water users,
especially in view of the fact that analyses have shown chromium
. concentrations in milk as high as 0.5 ppm(155)w,

s Experience to Date ~ The foregoing references to the experiences
of Pomeroy and the %ogg Island family have been considered :

- Welsh and Thomas(152) "eo-do not justify an immediate change in i
the maximum permlssible 1imil whe concluded === they do indicate i
the need for more information®, :
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Reports by the Ohio River Commission(156) and Gross and Holler(157)
indicate 500 ppm hexavalent salts may be non=toxic to rats and rabbits.
McKee(122) records results of many toxicity tests on aguatic 1ife(160)
which indicate a possibility that trivalent chromium might also have a
toxic threshold limit over a longer time period, which should not be

overlooked in a ground water quallity standard where isolated waste
waters might seep into wells.
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Chromates - Passage Through Soil

5 Nature of Movement - Above ground water the soluble chromium :
compounds in waste waters wowld seep through the soil or along rock :
crevices or through well casings. Thers appears to be no information
as to the effect of the soll on the chromates, though one might expect
that some part of the hexavalent might be reduced into the trievalent form.

TR TP T

oy

Also in and with ground water soluble chrumate waste waters
would probably flow with the ground water. A limited number of data

are available.

In Michigan(158) a report showed chromate wastewater had
travelled through sand to pollute wells in three years at a distance
of about 1000 feet. Davids and Lieber(150) reported underground water
strata contaminated with 4O ppm chromium from leaching pits.
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- 4o the rates of removal of chromates either

“pasaible that some reduction could be fiound, tut speeial

AT FTE AEA  o

6. Removal of Chromates = Thére app eafs'ﬁo,'bg__? .
ground water. Since hexdvalent chromates may be oxidiz

may be necessary. Liko chlorides the concentraiona.of ehromatss 4An- -
ground water would gradually be redvced by dilution with fragh_nji_;_ej'. ,

A brief effort made by the California Sj,ét'eﬂw‘a.te'fll?p}}jit«:i;o_n ‘
Control Board to use a soluble chromate as a tracer(159) lead to the
conclusion ~ ~-= 'evidently the lon was absorbed because the near

sarpling wells yielded only weak concentrations, and the test was
abandoned",

Chromates - Determinations from Survey

7. Predicting Contamination - The present art would suggest contamina-
tion of nearby ground waters whenever waste waters from certain
type industrial processes would be discharged into storage lagoons

or leaching pits in porous earth with disposal mainly by scepags
into the soil. '

Presently, it would be uncertain how far the contamination

may travel or in what concentration it might reach any specific
water source. ’

Purther, present information would not be sufficient to
determine what concentrations of either chromous or chromic compounds
would be actually toxic to man. The concentration limit of 0.05
for hexavalent chromium specified by PHS Drinking Water Standards = 1946

may be entirely too low to be sustalned if occasion should arise to
challenge it.

Additional information is needed along these lines;

as Relative toxlcity of hexavalent and trivalent chromates -
and the factors which affect toxicity to man.

bs Vhet reactions take place when chromates pass through
soils: For example, do hexavalent change to trivalent Q
by reduction? do chromate concentrations reduce by

adsorption or absorplion, possibly by ion exchange? 4
Other reactions?

ce Rate and distance of travel in different types of soil?

ER .

d. Rate of reduction of concentration by diffusion into
frech water in different soils?

€. Stability of hexavalent chromates in underground water
and along rock passageways?

it ke e s
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8. Water g\_.ta.lity Griteria Reguired The preaent. crit.arj.g

PHS Drinking Water Standards ls inadequate. There is geod evidexo:
that 0,05 ppn of hexavalent chromate may be too low. There is some
evidence that trivalent chromate may be toxie. : »

Accordingly, more realistic cri.teria would be de 13) gble for

both the hexavalent and the trivalent chromium compoundS. GCertainly

the possibilities of contamination by chromium compounds are
sufficient to warrant consilderation in any ground water guality
standardse.

9, Suggestions for Obtaining Additionsl Information - The following "

steps or phases of research are suggested:

as Collect together available experience on locations,
numbers, and waste water disposal methods for industries
vhich produce chromate wastes; i.e., determine the
magnitude of the problem and the rate of increase in
numbers of industries which produce process waste
waters containing chromates.

b. Assemble all avallable information on underground travel
and distribution of chromium wastes.

c. Set up experimental units to determine the effects of
soil characteristics or factors on chromium compounds,
physical, hydranlic, and chemical. These might be
laboratory jar tests initially, but late the use of
lysimeter type soil columns would be desirable.

10. Summary - Many chromium compounds are soluble. Hexavalent
chromates are considered dangerous and a limit of permissible
nmaximum concentration of 0405 ppm is contalned in the current PHS
Drinking Water Standards. Trivalent cchromatss have been considered
unhamful and no maximum concentretion has been set up.

Howaver, there is evidonce that a higher maximum concentration
greater than 0.05 ppm for hexavalent may not be harmful and other
information on toxiecity appears to indicate the possibility that
trivelent chromates may be toxic also, More realistic water quality
standards should bs determined than presently available.

The econtinuad rapid industrial development in rural and
outlying urban areas will likely add to the problems of contaminas=

tion by chromates. Specific studles of thisz chemical contaminant
would be desirable.

11l. References - Bibliongraphy - reference items 150 to 160 contain
information of interest on chromate contaminants.
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10. Nitra‘bea

Nitrate contamination of ground water has been & aeriana problem,
particularly in certain midewegtern areas. Nitrates hava ST L
methemoglobinemia in infants less than 2 nonths: old (blue bahies) and - Z
has had a poisoning effect on cattle. Many well waters contain high
concentrations of nitrate. Considerable background information is
reported in Part III -~ Topic II-lc. Nitrate Gontaminants.

1le Sources - The exact sources of nitrates are not determined.
hypotheses have been given in the literature (165) (169) (173) (17h) (163)

Some mineralized waters from desp wells contain a high nitrate
content, indicative of some natural underground sources. Leaching
of cesspools; excessive application of fertillizers; plant life,
such as clover and legumes; surface water from privies, barns, barnyards,
pigpens, poultry yards, and corrals; are reported to be chief sources
of excessive nitrates in the shallow ground water.

2. ZEffect on Weter Quality = The main effect is a toxicity which
causes occasional cascs of methemoglobinemia in very young infants.
There seems to have been no serious effects on adults, but there has
been some suggestion that we may not yet know the full effect of
nitrates. In some cases very high nitrate concentrations (up to

638 and 97L ppm} have bech reported with no cases of methoglobinemia
reported. Other writers have indicated that methoglobinemia may be-
cured or prevented by simply putting lactlc acid in the baby formula.

The full effect of nitrates as a ground water contaminant is
still subject to uncertainty (165) (380) (182) (177).

3. Reported Permissitle Concentration - There is no reference to
nitrates in the PHS Drinking water Standards = 1916(108), Permissible
concentrations have been assteup or recommended by a few state public
health agencies(16l), but the record of the incidence of methemoglobinemia
has not been definitely related to any specific concentration of
nitrates(177). Any permissible or recommended concentration limits

are presently merely arbltrary puesses. A few forelgn countries have
recommended naximum permissible concentratlons which vary from 0.

to 228 ppm.(165) (178) 5 ppm C

(295 Cox et a1{177) concluded from a widely distributed questionnaire
1951)3

Yemeit 18 impossible at this time to sele + any precise concentration
of nitrate in waters fed infants, which derinitely --- are safe or '’
unsafe for this purpose,!

Concentrations between 10 and 20 ppm of nitrate-nitrogen have
been recormended by numbers. of writers as the upper limit of nitratee
nitrogen in water vhich should be used for infant feeding. (166) (171)
(173) (179) (180) (101l). Howaver, these are merely individual opinions,
with no professional group or offieisl ajency support.
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lie erience to Date = Many reported cases of methemoglobinemia
were discussed by public health and water supply authorities from
about 1948 to the late 1950's. The greater numbers of ozges. .
occurred in the central plains states and in central Canada.

Large numbers of cases of infant methemoglobinemia were reported
in Minnesota inesen'.f‘ield and Huston(189); in Menitoba, E%l’}s et a1(200) -
and Kay et gl 161); in Kensas (Metzler end Stoltemberg(169); in Ohio
(Waring(173); in New Mexico(197); in I1linois(10l); in Texas
(George and Hagtings(17h); in Michigen (McGuire(205); and in
Nebraska(216) (2179

A number of experiences have been reported from Bngland(160),
from Virginia(21l) Cox et al(l77) from a general questionneire found
high nitrates in 47 states.

MoKoo(165) reported (from Caballero(178) standards for drinking
water with limits for nitrates in Venezuela, Brazil, Dominican Republie,
Mexico, and Uruguay (range from 0.5-10 ppm up to 228 ppm in Uruguay).

Thus, experience with the problem of nitrate contamination
appears to be quite wide spread.

Nitrate = Passage Through Soil

- Nitrates are the end products of aerobic stabilization of
organic nitrogen(165), They are not sbundant in natural surface
waters as they serve as essential fertilizers for plant 1life,
Underground waters are not affected, in general, by photosymthetic
action so nitrates are not reduced to nitrites or organic nitrogen.

5« Nature of lovement - The present knowladge would indicate that
nitrates, being soluble, are carried with the water. Also nitrates
do not generally combine w}.th other compounds so there should be
1little or no variation in the travel of the chemical from the travel
of water, either above the water table or in and with ground water.

However, this hypothesis has not heenh confirmed by research or
performance experience.

There is evicdence(207) that chemlcals, including nltrates,
travel farther and faster than do bacterial pollutants. One report(197)
considers that nitrates are little affected by soll characteristics
so travel farther than other chemicals. Another writer(17h) would

expsct some reauction in nitrates due to iron and nitrate=reducing
bacteria found in the s0il,
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are, produded by 80 n trif.‘ication, i.e., bioohgnﬂ.cal aetim of 'bhe o
soil when ammonium nitrogen 1s supplied to it fyom barnyard dnd- other
sources of pollution. Seoveral writers have explained the. menhaaé.nq

of soil nitrification (162) (199) (169) (207) (197)

Other writers(17L) consider that both nitrate-rggucing haeteri.a
. and ion exchange may be possibi’litiea of reduc.tng nitrates, in the
gsoll above the ground water. - - -

. Thé several reported premises for nitrate reduction seem to
be little more than surmises. It is known that nitrate reducing
bacteria do exist, so probably thers magy be situations where the
reduction activity may be greater than the soll nitrification aotivity.

There are no reported measurements of changes in nitrate content,
tut in and with the ground water dilution with fresh water would come
into actlon, so where nitrate contaminant originates over a small
area the concentration likely would be raduced by dilution with fresh
water as the contaminant travels down grade. No. evidence was found

the literature as to the rate of dilution.

¥itrates = Deterningtions from Survey

The literature includes many articles by public health experts,
medlecal experts, geologists, and others who have reported much

fragnentary information, but no surmarized or conclusive evidence
has been found.

7o Predicting Nitrate Contanination - Present Art would be able to
predlct reasonably the possibllity of contamination of a shallow
well located within the proximity of organic polluted surface soil
with surface waler percolating down through the polluted soil into
the shallow aquifier. So down dip fiom a cesspool, & barnyard, e

pigpen or other sources of contanination, a shallow well could be
expected to be contaminated by nitrates.

Many deep wells contain water with high mineral content. This
can be detarmined by mineral analyses. Since this situation usually .
extends over a relatively wide area the possibility of nitrate

sontamination of o particvler deen well could be anticipated by water
samples from adjacent deep wells,
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Additional information would be necessary 4o datsrminefaeverdl*-
aspects of the problem of nitrate-nitrogen contamination;

as Methods are needsd by which the prehthe diatanng and

=x
-

b,

Ce

dircetion of travel of nitrates from a surface pollv'bioh o
could be determined. What measurements are needediu‘What tests?

Somathing similar would be destrable for deep uells.

Presently, the actual permissible limit of concentre.tion

1e not establiched, nor the factors which control the
toxie eflecl. Studieg of these factors would be desirable.

: d. Further review of the experience records in various health
- agencies might indicate the likelihood of adverse effects on
adults or posaibly the remedial measures to be taken.

e. A study of the lon exchange value with nitrates for
verious tyves of goll chemicals might be justified.

£. Similarly a study of the soil nitrification characteristics
would be justified.

8. Vater Quality Criteria Required - The PHS Drinking Water Standards
(108) or (209) include no reference to nitrates. There is dofinitely
a need for some authoritative criteria. Presently, there is
insufficient information on which to base a criteria.

Additlonal regearch mey be needed to deternine basic cause
. factors. This may involve both nhysical and elinitlcal studies.
Posslbly water quality criteria may require adviece as to methods
to offsol or guard agalnst the toxic effects of high nitrate water
in places vhere ro other water is avallable.

9. Sugrestions for Obteining Additional Information - The published
data ls old Zl“&l;. lach new information must row be available.

Accordingly, a number of possible studies are sugposted;

& As an dnltlal step = initlinte an axtended inquiry to
public health, medical, and water svpply agencies to
uncover a probable large numbor of unpublished data and

exporioncecs. Somcthing mere oxtensivs than a mere
questionnaire to overloaded public health officiels
should bz done,

L

b. A summary of present known medicol methods to overcome

the physlological effscts of high nitrate-nitrogen content
of drivking water, for the prrpone of establishing the
importance of the nitrate contaminent question.
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ce An experimental study of household water trs yent - ur
3 ‘to determine a practical housshold method for raducing
the nitrate content of resident:l.al water sy Ppligg‘

10, Summary - The literature ghows many rural wella e.re cont e
by nitrates, especially in the Centrul States, A record has been

made of a large mumber of cases of cyanosia which have occurred :I.n o
bottle fed bablies. :

Chemical contamination of mral wells by nitrates is likely :
to increase with an increase in soil pollution without proper sewerags.

Some health agencies have set up advisory instructions, but
as yet there is no general water quality criteris for nitrates in
drinkine water. There are so many factors affecting the toxic effecta
of nitrates that a simple water quallty standard may not be
satisfactory.

Research is justifiable to develop methods for predicting
nitrate contamination; for determining water quality standards;

for setting up methods to offset or remedy the affects of nitrate
contaminents.

11, BHeferences = See BIBLIOGRAPHY -~ Toplc II le. Nitrates
Items Nos. 161 to 219, inclusive.

1d. Disinfectants

The following four chemicals which have germicidal power
have been included as a group under the dagignation Disinfectants:

Bromine
Chlorine
Hydrogen Peroxide |
Iodine !
Of these, chlorine dissolves readily in water (258) and has
been widely used for disinfeclion of water supplles and waste waters. ‘) I
All of the chemicals are toxic to bacteria, lower aquatic life and f’
to fishes in concentrations as low as 20 ppm and up to LOO ppm (221). :

Hence . they must be considered as potential toxle contaminants in

ground waters, should the past rapid development continue in the E
use of them by ludusiries. .

The halogens, bromine, chlorine, and iodine, have similar 5
germicldal power, but different physlological effects when used in g
drinking water. Chlorine has been used freely and generslly to
disinfect drinking water. Bromine has been used to a limited
extent to dlsinfect swimming pools. Iodine, in elemental form, -
is only slightly soluble in water so ils germicidal or dizinfesting e
nower comes from tri-iodldes (222).
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Bromine has been reported to be toxic to lower forms of
aquatic life in concentrations as low as 10 ppm (223) and fishes.
have been affected in concentrations as low as 20 ppm (223).

Chlorine gas is used widely as a disinfectant and as a
bleaching agent. The technical literature on chlorine is extensive =
well beyond the scope of this study to summarize. . '

There have been suggestions that chlerine in drinking water
may cause physiological disturbances, such as colitis, asthma, and
eczema (ZZE). However, the physiological limiting concentrations
are not yet known (225’3 (2263) (227), but are probably well above

the 1,0 or 2,0 ppm which often become objectlonable due to tastes
and odors.

Some concern has been directed at the extensive use of
chlorine in municipal water supplies due to the possibility of
corrosion of zine or the solution of lead, but these questions seem
to have been proven unfounded (228) (229).

Hydrogen peroxide has been used commercially as a medical
disinfectant. More recently it, together with hydrazine has been
used in rocket fusls. Thus any extensive testing or rocket motors
may make these chemicals potential ground water contaminants.

Todine is not used widely and is less likely to become a
ground water contaminant in the near future.

l. Sources = The major sources of disinfectants, as potential ground
water contaminants may be the discharge of the chemicals with process
waste waters from industries, eapecially where the industry may be

located in a rural area and the waste waters are discharged into
pits or lagoons.

2. Effect on Water Quality - Objectionable tastes and odors caused
by these disinfectants pr_ogably would make water containing them
unacceptable for drinking and culinary use at concentrations well
below the toxic concentratlions (225) (226) (224). However, definite
toxic characteristics of these chemicals has been shown by many tests
on fishes for which McKee (122) has assembled references (222) (221)
(230) (231) (232) (233) (23L) (235) (237) (238) (239).

3. Reported Permissible Concentrations - Many writers have discussed
permissible concentrations of chlorine in water supplies. In
relatively pure waters free of chemicals which form objectional
compounds with chlorine, such as phenol, free residual chlorine
concentrations up to 2.0 ppm (236) has been acceptable, but generally
Oel to 042 ppm residual free chlorine is not objectionable (225).
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However, the threshold concentration causing objectionable
tastes and odors déepends upon the chemical content of the watey:
For example, phenols produce objectionable esathetic conditianu n.t

very low concentrations (226).

Since wasted chlorine solutions most’ likely would reach under=
ground water through some process waste waters and after passing -
through various types of soil materials there would be uncertainty

as to the chloro~compounds which actually reached the underground water.

Similarly; bromides resulting from the chemical reactions of
bromide solutions mieht hewve long term adverse physiological effacts

.which are as yet unknown (2l0).

L. Experience to Date ~ There have been many experiences of waste

waters from indus operations containing chlorine, such as

bleaching waste waters in textile mills and paper mills (2L1) (242).
Many factories and power plants use chlorine or bromine for control
of organisms in cooling water (231) (236) (226) (251). Many water

supplies for industrial processes are chlorinated to control slimes
(253) (25L4) (255) (256).

Reported experlences with hydrogen peroxide and iodine have
not been found in the literature survey, excepting one instance
of hydrogen peroxide and hydrazine wastes from a rocket (257).
These chemical. items are potential future problems.

PASSAGE THROUGH SOIL

S« Nature of Movement - Present knowledge of the movement of dise
infectant chemicals through soils is meager if not non-existent.
These chemicals are quite active and combine with many substances,
particularly chlorine = the most common disinfectant. They probably
would not go far through the scil without combining with soil

organic matter to become complex forms of chlorldes, bromides and
possibly lodides.

So ground water contamination probably would be by chloral
compounds, some of which would produce objectionable tastes and
odors, excepting in cases of fissured rock or defsctive well casings
where the wamte waters may reach ground water directly.

To date no information has besen found on the distance of
travel of disinfectant chemicals in and with the ground water.
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Removal of Contaminants -~ No specific infomation was found
on removals of disinfectant chemicals in passing through soil.
The two possibilitles relative to movement given above may be
related to potential removals. In the case of fissuréd rock or
openings in well casings some portion of the disinfectant waste
water might reach the ground water directly, in individual wells,
In other cases, the contaminants might be changed to chlorous
compounds, bromides, or iodides which, in certain cases, such as
chloro~phenols, could conceivably increase the objectionably
characteristics until dilution reduced the chemical concentration
below the permissibly threshold odor value.

DETERMINATIONS FROM SURVEY

The avallable lmowledge on disinfectant chemicals, aside
from their value as disinfectants, 1s so meager that definite
determilnations cannot be made.

Predicting Contamination = The present art of predicting contamination
from disinfectants invoives the general consideration which should

be given to any industrial process waste water likely to reach ground
water. If the waste water is discharged on to permeable soil or into
fissured rock therse wowld be danger of contamination of the ground
water in any nearby well or spring.

The information needed for definite kmowledge involes three phases:

l. More complete iﬁformation on the sources and frequency

of discharged waste waters containing quantities of
disinfectants.

2, Information on the physical or chemical reactions which
take place between the disinfectant chemicals and the
chemical or organic content of the soil.

3. The effact of travel through soil or in and with the
ground water and the rate of dilution with fresh water.

Water Qualit: Criteria Required. Presently no water quality criteria
Tor Ef&"kﬁ&xwﬁer exist with referenca to concentrations of bromine,
chlorine, hydrogen psroxide, or iodine (or iodides). There are

sume crileria for industrial water uses.

scordingly, criteris should be developed. Howsver, considerable
new kuowicdge would be required on the physiological effects of
various concentrations of chemical disinfectants and on the changes
vwhich occur as the disinfectants enter the ground water.
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Suggestions for Obtaining Information - The following steps sheuld
develop useful information as a basis for setting up water quality oriter:

tay
1. A study of the numbers of industrial operatioris-which x‘
broduce waste waters containing disinfectant chemicals.,

H

2. A study of the occurrences of waste water discharges
into areas which affect ground waters.

3. If and when the potential occurrence of ground water
contamination warrants, a laboratory study should be
made to obtain information on the physio-chemical
reactions which take place when these disinfectants
pags through soils of various characteristics.

Sunmary - The listed four chemical disinfectants are potential ground
water contaminants. Chlorine is widely used and is found in many
industrial process waste waters. The other three chemicals are not
generally used, but are potentialities with the modern rapid increase

in industries which produce process waste waters, containing large
quantities and varietles of chemicals.

The literature specifically related or indirectly related to
ground water contamination is quite meager. To date no water

quality criteria for drinking water have bean found in the literature,
but some criteria have been found for industrial waters (241) (2)2)
(2L3), for food=processing (248) (2Li9) and for irrigation (260).

The literature does not indicate any great demand for water
criteria relative to disinfectant chemicals. Howevez, there is
sufficient evidence to show an increase in the occurrence of -
industrial waste water containing at least chlorine to justify
consideration of a field survey to determine the potentialities
of this group of disinfectant - chemicals as ground water conteminants,
probably in connection with a survey of other chemical conteminants.

References ~ See Bibliography reference items Nos. 221 to 260 inclusive. ‘7
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mdridge(aél) in en early (1942) treatise, divided waate o
vaters from metel industries into three groups:

$a; 'Acid and alkaline pickling or cleaning liquora;

b) Metallic-cyanide solutions and washings from
plating processes;

(c) Waste cyanide from heat treating.

curnham(262) more recently (1955) stated;

nThe principal iron and steel industry waste is spent pickle
liquor from cleaning and descaling of steel sheets and
similar products. Sulfuric and other acids are used: =a=

The liquor must then be disposed ofe  «a=by discharge under=
ground, to lagoons or porous solls-~-There are serious

objectiong-m=since gradual oxidation of iron salts will
produce colors---1

Nemacontamination by the non ferrous metallurgical
industries---from pickling operations in the copper and
brass industries. Spent pickle liquors contain free
sulfuric or other acid, copper and zinc¢ ions =we
chromium and iron."

Gurnham(262) a1g0 1isted (page 6) the following types of waste
waters from metal=finishing and electroplating shops:

a - Oily and greasy
b « Colored

¢ - Toxic 4
d - fcid ‘
e ~ High temperatures.

l. Sources ~ The sources of metal finlishing or plating wastes as

ground water contaminants would, in general, be metal finishing or
< plating shops in semieurban or rural areas where the waste waters
are dlsposed of by putting them into pits or lagoons and allowing
> them to seep away into porcus soil.

3 Somatimes such waete wators when discharged iufw sireems have
entered porous strata and moved into the ground water(267), However,
- this 1s probably not a general situation, ss more frequently the

ground water table is above the stream water level and generally
ground water feeds the strean.

The rapid and continuing movement, in recent years, of metal
work.ng plants into outlying and rural areas has materially inereased
the sources of potentlal ground water contamination from metal
finishing plating waste waters.

g TR
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E 2. PEffect on Water Quality = Quite generally these metal waste

| waters woudd contaminate the ground water by their acldity which

: might result in the ground water plcking up hardness from the .
soil and being corrosive to pipes and water workss @

Also metal ions enter the ground water such as iron, cop'pe’f,
chromium and others, depending on what metals are being treated
or uged in the finishing or plating operations.

The plating of copper produces sodiuvm cyanide(263) and
copper ions. Chromium platlng results in chromium ions in the
waste waters(203) as well as copper, nickel, iron, and other items.

So ground waters may be contaminated with toxic metels and
taste produeing motals, svch as iron, vhen plating wastes or metal
cleaning wastes are allowed to be dispecsed of by leaching into soil
and then into ground watcre

3. Reported Permigsible Concentrations = No reports were found as to
permissitle concentrations of metal finishing or plating wastes, as
such. The permissible concentrations probably nust be related to

the various ions of toxic or deleteriovs materials; cyanide, chlorium,

copper, iron, acids, and the likee These arc discussed: in other ,
sections, 4

L. Experience to Date = There have bcen numerous reporis of platiﬁg
wastes or of pickling liquors being discharged into pits or lagoons
from which objectional contamination elemenls reached the ground water.

Two experiences(150) (158) with chromium wastes have been
referred to under Topic II-«lb « Chronatos.

An experience was encountered during 1959 (private communication)
in Uestern lilsconsin whers a motal staup company disposes of its
; netal cleaning and plating weste waters into an open pit thence
I by leaching into the ground water. Complaints have been made of
: tastes and acidity in water from a well several hundred feet distance. ‘}
This industrial operation, recently developed in a rural area, may .7
- pecome an objectionable source of ground water contamination.

A similar experience at Anderson, Indlana, was reported in
. 1950 to the Indiana State Board of Health of contamination entering

a private wall from a lagoon into vhich waste waters wnre discharged
from pleting processes.
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Billings et a1(264) reported (1952) "plating wastes continued
for the third year to soak into the sandy sovlil a few hundred feet
from the municipal well in another village." :

Billings et a1(20L) also reported on a problem of plating
( i wastes at Bronson, lich., wherc one point strongly emphasized in a

B circuit court case was the absence of any officlal toxleity
'standards for plating wastes.

' Billings et al(265) reported = "Pollution is reported to.have
regulted fronm ~--- pickling liquors --= i3 generally a locagl effect.
The localities --- tend to be urban and seni-urban in cheracterym=-"

Miller et a1(200) for the AWWA Task Group 2L5OR Report (1957)
included reference to the long time effects of azcidic wastes dumped
into a nearby estuarine swamp in lMaryland, The Tagk Group cited a
second example, of wastes from local alrcraft plants being emptied

into leaching pits and water samples from nearby wells which showad
traces of cadmium and chromlum.

PA3SAGE TriCUGH SOIIL

5. MNature of Movement - Butler at a1(207) concluded from then (195L)
available information that chemicals did not change much in pessing
through soil abeve the pround water.e However, Greenberg(aéag found
boron falled to penetrate more than 2 feets So there is uncertainty
about the nature of movement of platin% or metal finishing wastes
above ground water. Kaufman and Orlob(209) eoncluded (1956) the
fundamental physio=chemical nature of chemicals passing through
porous media is not well understood. '

The movanent of plating or metel finishing wastes in and with
ground water ls subject to many uncertalnties. The acld component
is likely to be reduced by combining with alkaline comstituents in
the goil. Butler et al(207) found Furopean data showing icklirz%
liquors traveling considerable distances. German reports{27¢) (271)
found picric acid wastes traveling as much as 3 miles in l to 6 years.

There 1s avidence that plating or metal finishing waste waters
do contaminate ground waters, but more complete data will be needed
on the physio=chemical relationship of acids and chemicals in these

wastes and the reactions which take place when the liquid wastes

pass through soils of different physical and mineral characters.

6+ Removal of Plaiing Wastes Contaminants = The infommation presently
aveilable includes instances where the acidity and toxic materials in

plating wastes have been extended over long distances. In other cases
much of the material hag been removed in short distances.
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Obviously, fissured rocks and coarse gravel might carry these
wastes long distances. Also the dilution of the waste waters with
frosh water would reduce the concentration of objectlionable elemerts.

Much remains to be done before the effect can be detenninéd,of |
various soil chemical components on the toxie or aciditic cémponents
of plating or metal finishing wastes.

f

DETERMINATIONS FROM SURVEY

The disposal of metal finishing end plating wastes into ground
waters has been a ninor sanitary problem until the relative recent
dispersal of metal finishing planis into seml=urban and rural areas.
The information on metal finishing and plating waste contamination
of ground water ls quite meager.

7+ Predicting Contamination - The present art of predicting is quite
:l'.x.mdequate. There 1s sufficient evidence to indicate possible

contemination of ground water down slope of any site where metal

finishing waste waters may be disposed of by seepage into the ground
water.

There is not sufficient information to determine (1) the
distance down slope of waste waters may eventually extend;
(2) the rate of movement laterally is unknown; and (3) the effects

of various soil components in neutralizing the toxic elements of
waste waters are unknown.

8+ Water ggali'l'% Criteria Required - A water quallty criteria
relative to plating, or metal finishing waste waters should include
two aspects; (1) the permissible type and concentration of acidity and

(2) the concentration of various chemicals which may be found in
such wastes.

The question of acidity may be especlally related to plating
or metal finlshing wactes. The question of the saveral chemicals would
probebly be hetter included under the consideration of each individual
chemical, such as, eyanidess chromiumj copper, nickel; iron; and the like.

9, Sugpestions for Obtaining Additional Information - A number of ‘)
steps Pe undertaken to obtaln useful information as a basis for

= setting up criteria for water quality and methods for anticipating
’ possibilities of ground water contamination for any specific plating

or metal finishing waste disposal projecte The following general
- items are supgested:

(1) A study of the present and probable future numbers of

industries which may discharge metal finishing wastes
into ground water.
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(2) an analytioal study to determine the uoncentraticna, aml .
types of toxic and objectionable constituents in plating
or metal finishing waste waters.

(3) The methods available and results to be ‘expected by
waste water treatment PTOCOGSes.

(L) The length of time required to remove objectionable
elements from the so0il and ground water after underground

disposal is discontinued or reduced by appropriate
treatment.

(5) Probably experimental, lysimeter t&pe studies may be
desirable, but probebly these would be related to the’
various toxic chemicals in the waates.

10, Surmary - Metal finlshing, more especially metal plating

operations are being moved into semie-urban and rural areas, where the
waste waters are frequently dlsposed of by seepage into the ground water.
Generally, the waste water quantities are placed in pits or lagoons
extending down to ground water so the problem becomes that of what
happens to the contaminants in traveling in and with the ground water.

Such waste waters contain.acids, and various metal ions which
may be toxic or at least would be objectionable in drinking water.

Presently, the information 1s lnadequate on numbers of
factordes and characteristics of the waste waters. There ia evidence
that chemicals and acldity of these waste waters may travel considerable
distances through water bearing strata and alsoc may remsin in
aquifiers for long periods of time.

However, the evidence is limited and contradictory as to what

happens to the waste materials in passing through soil in and with
ground water,

11, Reforences - See Bibliography items Nos. 261 to 271, inclusive.
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Thirteen chemicile have Besn GeRALESEed. Ln b SHGEDENER MDA
beosuse they are included in the ouwrrant (I9L6) PHS Dilrking Water
Standards and under two groupings therein. V v

Ae Chemicals With Maximum Concentration Spacified = ( A:L'hnm

The PHS Drinking Water Stendards = 1946(208) snciuge £ive
chemicals for which maximum permissible concentrations are spesifisd:

§
|

R

Specified
Maximum
Concentration
Chemical ppm
Fluoride 1.5
Arsenic 0605
Selenium 04,05
Chromium-hexavalent 0405

These specified maximum permimsible concentrations will be
discussed in following paragraphst

considering the maximum permissible limit. Probable sources

1, Sources = The source of any toxic chemical is important ﬁSZ)‘
are as follows: -

Lead = may be found naturally in some waters, it may be
Introduced by industrial waste waters, or it may be dissolved
from lead pipes in plumbing handling corrosive water.
However, modern plumbing is made generally without use of
lead, So contomination by waste waters may be the likely
gource of lead contamination of ground waters. In addition
to the metallic lsad ion several soluble lead aalts ave
toxic, such as lead acetate, lead arsenate, lead chloyide,
lead nitrate, and lead sulfites The cgrbonate and

hydroxide salts are not so suiuble(122),

Fluoride = occurs naturally in some ground waters, or may .
Pe the result of direct contamination from insecticides or (
industrial waste waters. Elemental flvoririe is very
reactive and is never found free in nature. Fluoride is
3 added to many municlpal water supplies,

Arsenic = may occur naturally or may result from oontan:lnaﬁon
. by insecticides, weed killers, or industrial waste waters.

Selenium = ocours in many soils and in some natural waters, or
nay te a constituent of an industrial waste water. Some
natural soils contain 16 ppm of selcnium(153),

i Chromium = may be introduced in ground water fxom industrial weste
e waters, such as plating wastes. (See Topic II«lb Chromates)

Rl T g T - i




b AT WAL U AR G YN (T e s oo

Part II. lfwChemicals with i
Specified 1imits<FHS Sttds 39.

The five toxic chemicals may originate from industrial
waste waterss With the rapid trend toward construocting new-industries
in rural areas and disposal of wastes into the giound, there axe'
possibilities of considerable increase in the importance of thesa,
and other, toxic materials in ground waters. o

2. Effect on Water Quality =~ All five chemicals are considered

toxic so the main effect on water quality would be potential toxicity
to water consumers. QGenerally the quantities per unit volume of
water are so small that no other effects have been reported.

Lead = McKee(122) gives a good summary on the toxicity of

lead - stating that lead poisoning of human beings is reported
for concentrations as followst

(.g "0,042 to 0,18 ppm (277) (281) (105) (282)

b) 10.2 to 0.3 w (283) (277) (28L) (285) (286)

¢) Y0.kh to 0,72 " ig'{ Egg (288) (279) (289) (2%0)
(d) ®1.0 or more (up to 25 ppm) (277) (292) (293) (289) (280)
(294) (194) (283) (295)

McKee also expressed the opiniong

®Certain lead salts, such as the acetate and chloride, are -
readily soluble, but owing to the fact that the carbonate and
hydroxide are insoluble and the sulfate is only sparingly
soluble, lead will not remain long in natural waters®,

Fluoride = possibly more study has been given to the effects of
fiuorides on human beings than to any other chemlicale A

considersble number of long terms (up to 10 years) routine ‘
studies have been made of the toxic effects of fluoride, with '
particular reference to the mottling of teeth. Many items in

the literature show the advantages of 0.3 to 1.5 ppm of

fluoride in drinking water te reduce dental decay. The

presence of about 1,0 ppm of fluoride may be more beneficial v‘
than detrimental(122),

Many hundreds of municipal water supplies are being :
troated by adding sufficient fluoride to maintain about :
1.0 ppm fluorddes A great many people oppose the addition
of fluoride to municipal drinking water ~ claiming many reasons,
but primarily objecting to the “medication® of the water supply,




PR L LA s AR 7181+ i

1

‘Part II,

: )
specified limits-PHS Stlds ’

1f«Chemicals with

= Toxicity eppears to be the eﬂéﬂt of mgni.c. “The
ect on water consumers may be slow saﬁu&r&ng 2 +o 6 years
continued use to produce arsenosis(122), _ i

Selenium - again toxicity is possibly the oply effect of- -
selenium, excepting possibly soils containing seleniwm mi
be the cause of turbidity, but this would be rare £or ground
waters and would not be due to the selenium., Sevaral writers
have proposed that selenium is h&ghly toxic to man (276) (296)
(280) (156). However, McKee(122) goncluded that We-wproof of

human injury by selenium is scanty,-=-"; which is still a falr
statement of the situation,

Probably selenium contemination of ground waters will be -
infrequent as long as surface wash of soll is prevented by
properly constructed wells. The numbers of industrial waste

waters containing seleniferous salts are few, partioularly
in rural arvess. -

So, compared to possibilities in foods, selenium poisoning
from ground waters appears fairly remote.

Ohremium - (See Topic II=1b Chromates)

30 B_s& orted Permissible Concentrations ~ As already indicated
the PHS Drinking Water Standards - 31.?13&557

specify very low concentras
tions for the five chemicals = lead, fluoride, arsenic, selenium, and
chromiun-hexavalent,

Welah and Thomas(152) have reported that the permissible cone

centrationa for lead has remained the same since the 1925 Treasury
Standards(272), The other four

g emicgls were added in 1942 to the
PHS Drinking Water Standards(273), Fluoride was put in at 1.0 pm
in the 1542 standards then inereased to 1.5 ppm in the 1946 Standards(108),
Arsenic and Selenium were kept et 0,05 in both 1942 and 1946 Standards,

while hexavslent chromivi was increased from 0,0 ppm in the 19k2 Standards
to 0,05 ppm in the 1946 Stendavrds.

Some evidence has been published (152) (27h) (%75& (276) that ‘)
the present. specified concentrations in PHS Standards(108)

= gny excess
of which, Yeew., shall constitute grounds for rejecticn of the supply®.

(108 pe 12) = might be too restrictivé for some of the chemicals,
particularly for residential supplles where a well or other ground
water may be the only feasible source.
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Welsh and Thomaa(lsz) reported higher tolerances by tue
U.S.Food and Drug Administration and other agencies as to maximum
concentrations as follows: ' A

a) Lead = "A tolerance of 7 ppm of lead in food" (27h)

b) Fluoride ~ "~-=ooncentrations less then 5 ppm are almost
completely excreted.”

"ew=exceeds 5~0 ppm with its prolcnged use
give rise to detectable changes, and then
only in the most susceptible people.”

e¢) Arsenic = "The Food and Drug Adm. permits 1.43 ppm of
arsenlic in food."

d) Selenium = "Studies ~«~ have snown that the hazard due to
w~egelenium in water is of secondary lmportance
compared to the hagard from its occurrence in
food." (275, 276)

e) Chromium = "Recent observations indicate that the physiologlic
effect of hexavalent chromium may not be as
serious as originally suspected.”

(See also Topic II=lb = Chromates)

However, after reviewing a portion of the literature on these
foregoing five chemicals Welsh and Thomas(152) cautiously concludeds

"The present limit appears to provide an adequate factor
of safety for water users." '

It would seem that a more scientific basis should be available
for setting such low permissible concentrations than merely ™--~ appears
to provide an adequate factor of safety-—w~=",

Information with particular reference to each chemical, relative
to permissible concentrations, ars indicated in the following:

Lead = McKee(122) reported that the Soviet Union(297), German(298),
and Argentina(299) 211 used the 0.1 ppm conceniration limit as
establighed in the 1925 Treasury Standards and still used by the
USPHS. A limit as low a8 0,025 ppm has been reconmended (300);
according te McKee.

Fluoride = The PHS Drinking Water Standard of 1,5 ppm was
arrived at after a great deal of investigation. The 1942
Standard i273) of 1,0 was raised to 1.5 ppm for the 19L6
Stendard (108). Considering the extremely controversorial
discussions on the use of fluoride in municipal water supplies
and the several long term (10 years) studies of the effects
of flvoridation - it would appear that the 1.5 ppm limitation
is well supporteds Howsver, evidence indicates that natural

waters with 5«6 ppm fluoride concentration nay be safely
used (152) (304).
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Arsenic « The PHS Drinking Water Standarde(loa) apecl g
a maximum 11mi?20f 0.05 ppm as originally set up in

1942 Standards{273), MoKee(l ) listed concentrations reportad QE
t0 be safe in drinking water ranging from 0,05 to 1.0 p

5
(301) (236) (156) (277) (302) (303) (299) (297) (280) (210).

Selenium =~ The maximum permissible limit of 0,05 ppm of
seleniun was also initially specified by the PHS St-asdarda
of 19142(273) and continued in the 1946 Standards(108
This appears to have been included largely on the basis of
the considerable experience with selenium poisoning of animals.

Chromium = (See Topic II 1b « Chromates)

b l_iblggerienee to Date = A great volume of literature recording much
experience data, 1s avallable for lead and fluoride contaminants.
Lead poisoning has been known for hundreds of years (152). Extensive
epidemiologic data have been reported by various State health
departments and by the U.S. Public Health Service. Less experience
data is available for arsenic and selenium, Chromium was discussed
hereintofore (under Topic II 1lb = Chromates) and need not bs repeated.

Arsenie compounds, included in insecticides and weed killers
and in many industrial liquid wastes, have become more important in
recent years as potential ground water contaminants,

ark(3°5) reported polisoning of humans by arsenic from cattlew
dipping tanks where the polsonous chemical got into wells

1.3 goncen-
tratione up to 12 ppm, resulting in two deaths. Fairhal1(?2

d experiences of 0421=leli ppm being polsonous to humans,
Goude reported that some part of the population of los Angeles
consumed water containing arsenic concentrations uwp to 1.0 ;)me for
several months (1943) without 111 effects (236)s Brown(307) reported
experlences showing the effect on humans and on vegetation of

arsenic trioxids used for insect control. Wyllie(30B) reported an
early (1936) investigation of arsenic in a well water.

\\
i

Selenium ~ As late as 1950 competent appraisal (236) of the
toxic effects of selenium stated;

famwthe toxic effects of selenium are primarily associnted
wlth w-= foods =« pather thaen drinking waters. w--ths very
possibility that potable waters may sometimes contain toxie

doses lead to the inclusion of a mandatory selenium limits
of 0405 ppmeest,
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Welsh and Thomas(152) referred back to 19kl (155) with
reference to toxicity of selenium to snimals and back to 1937 (275)
to show that selenium in food was more impcrtant than selenium in
water, They also referred to a survey reported in 1936 by
Snith et al (276( which covered the possibilities of selenium
poisoning of rural populations, '

chee(lza) concluded; ®as compared to food, water sppears to be
a relatively unimportant source of selenium poisoningw..®, Also
*proof of humgn injury by selenium is scanty —~ but it is widely
bellieved that selenium is highly toxic to men (276) (296) (280) (156)*.

- Thus, it appears that experience with ground water contamination
by selenium has been limited and the literature meager.

PASSAGE THROUGH SOIL

5« Nature of Movement w==-)

6. Removal of Contaminants) - Little information has been found on
the passage through soil of lead, fluoride, arsenic, or seleniume
Data on chromium is given hereintofore (See Topic II = 1b),

Since all four chemicals occur as staple compounds in solution,
it would appear that should the source of contamination be an industrial
waste water, it is probable that the contaminant would pass through the
goil into the ground water and along with ground water to the well
with little or no change, excepting that due to dilution by fresh water,

Fuoride is found naturally to a major extent, in ground waters,
shile selenium is related to the soil in many areas.

DETERMINATIONS FROM SURVEY

The five toxic chemicals, included in the PHES Drinking Water
Standards with quite low mendatory limits, appear to be of actual

lesser value than possibly other recently developed contaminants,

7. Predicting Contamination - The present art is fairly well imown.
Legd has been & probiem for hundres of years, dus to lead pipes in

plumbing systems, Modern plumbing uses very little lead, so
industriel waste waters are the present more likely sources of lead
and any such waste waters cuuld be checked for lead.

Arsenic is most likely to be from insectlcides, weed killevs,
or industrial waste waters and thus may be anticipated if coarse
porous soils overlay or are closely adjacent to the ground water source.
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Fluoride and selenium are found naturally in ground waters,
partioularly fluorides, chemical analyses of nearby grownd water
supplies should show the presence and concentration of these chemicals.

‘However, very little appears to be known as to the distance
and speed of travel. The question of reduction in concemtration by
dilution should be similar to meny other staple inorganic chemical
contaminants.

Chromium has been discussed hereintofore. (Topic II 1b = Ghromates)

8. Water Quality Criterim = It is probable that the current specified

maximum limits for lead and flworides may be reasonable for munlcipal
water supplies.

However, there seems to be ample evidence that fluoride con=
centrations up to 5 or 6 ppm would be safe for ground water supplies
containing natural fluoride so some modification in oriteria ought to
ve made to permit use of waters with a higher natursl fluoride content
before treatment need be considered, 1.e., the official water criteria
should distinguish between the maximum allowable amount of fluoride
permitted to be artifically put into potable water, as compared to
the maximum concentration permissible in residential water supplies
before the expense of fluoride removal must be undertgken.

Similar conditions might exist relative to the permissible
concentrations of arsenic and selenium. The present maximum concentration
of 0,05 ppm appears to be too low for the present drastic statement®™ we

grounds for rejection of the supply® (108 p. 12), when applied to
residential ground water supplies.

The question of maximum concentrations should be reviewsd and
some relaxation allowed, in official standards, to permit the use of
ground waters serving small residential installations, excepting if
the contamination is due to seepage of industrial waste waters,
where the specified concentration should be considered as the initial
evidence of a contaminant concentration which might become much , ;
higher before the waste water already in the soil can be diluted by C’
the natural underground water flow.

Thus, any concentration of 0,05 ppm should be sufficient to

- require discontinuance of the waste uater disposel, but the watcr

S

supply might be continued in use until some higher concentration of
fluoride, arsenic, or seleniunm was reached,
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9 egtions for Obtainin Adg%tégnal Information = It would seem
wﬂ%ﬁe o consider the four chemicalss lead, fiuoride, arsenic,
s and selenium (see Topic II = 1b = Chromium) from three points of viewt

1. W%What has been the extent of recent ground water contamings

tion experience recorded by public health agencles ~ but
not yet summarized or published?

2. What methods are available and how ccetly for the
reduction of conteminant concentrations, which might
be used beftre a ground water supply need be sbandoned?

3¢ Could a double stendard be enforced; i.e., one concentram
tion as a maximum for artificial contemination, such as
industrial waste waters, and a second which would be
the maximum safe concentration before water treatment
must be ingtalled or the source of water abandoned?

10, Summary = The five chemical contaminants now given manﬁtgyy
1imits of concentration by the PHS Drinking Water Standards\10
include two chemicals for which a great volume of literature is
available = lead and fluoride = two chemicals, arsenic and selenium,
shich are uncertain as to importance in ground water contamination,

and a fifth chemical, hexavalent, chromiwm, which is becoming quite
important (see Topic II=lb.)

These five chemicals have been included in the current Publie
Health Service Standards as mandatory maximum permissible concentration
as though any higher concentration would be a serious health hazard.

There is considerable evidence that higher concentrations would not
endanger heaith,

Accordingly, it is supggested that consideretion be given to
the development of a more realistic standard including two limiting
concentrations; which would represent the maximum scncentration

. permissible before the source of the ground water contamination :

B should be removed, A second = a higher concentration = would '
represent the maximun safe concentration before a residential water
source would need be abandoned, or a water treatment procsss installed.
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1f - Chemicals Covered by E.H.S.Drinking Water Stendards
B. With Recommended Concentrations (8 items)
The PHS Drinking Water Standsrds = 1946 (108) 4nelude eight

ohenical substances with recommended concentrations under the statements

Peminthiche=wshould preferably not oceur in excess of the
following concentrations where other more sultable supplies
are available in the judgment of the certifying authority*,

Chemical Should not exceed

1) Copper (Cu) 3.0 ppm

23 Iron (Fe) and Manganese (Mn) 0¢3 * (combined)

3) Magnesium (Mg) 125 »

hg Zino (2Zn) 15 »

5) Chloride (01; 250 ® (see Topic II=la)

6) Sulfate (SO 250

{7; Phenolic compounds 0.001 * (of phenol)

8) Total solids 500 * good chem.quality
1000 * "may be permitted®

Also "For chemlcally treated waters,~-= Three reguirements
should be met®

(1) Phenolphthalein alkalinity ~ not greater than 15 ppm plus
L/10 total alkalinity

(2) Normal carbonate alkalinity should not exceed 120 ppm

(3) ™If excess alkalinity is produced ==e total alkalinity
should not exceed hardness of more than 35 ppm."

However, these thrae requirements relate to results of
water treatment so should not be included as items of potential
ground water contemination in residential projects.

%%oridea have been discuased hereintofore (Topis II=-la) end
will not be er considered in this sectlon.

1. Scurces - The above elght chemical substances, with the
exception of phenolic compounds, sre found in natural waters,

some only in amall amounts. All eight of the listed chemicals may
be contaminants reaching ground waters from industrial waste waters.
It is thls later potential source which is of principal interest in
the development of residentiel projects. Corrosive ground waters
might pick up copper, iron, and zinc from pipes in aufficient amounts
to cause objectionable tastes or discolorations.
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2. Erfect on Water Quality ~ In general, the effect of these -
several chemical substances on water quality may be briefly stated
a8 follows:

or = The toxlcity of copper is not yet clenrly
estabushed '( 27) (152). Some awthorities (183) (309) consider
doses of copper over 100 me.ge ore likely to be h:iurious.
However, copper has esthetical objections. MoKee(122) stated:
"Conceritrations of 15 ppm can give water a noticeable

metallic taste, snd as much as 5 ppm (309) (155) (326) (310)
renders water unpalatable."

Presently it appears the main effect of copper 1a the
objectionable metallic taste produced,

(2) Iron and Manganese - The objectionable effects of iron
and manganese comprise three main problems which arise w»hen ground
waters contain an excessive content of iron or iron and manganese;

§a) Objectionable tastes

b) Staining of laundry and porcelain fixtures

(¢) Deterimental growths of iron (or manganese)
bacteria., These can thrive where iron content
i8 less than Oel Pepante

(3) Magnesium = Salts of this chemical occur in large
quantities in natural waterse It i1s an essentisl minersl element
for human beings (122) and is not & public-health hazard. Before
toxic concentrations are reached the taste becomes quite unpleasant (240).
Taste thresholds range from 200 to 800 ppm (311) whereas any evidence

of toxiclty effects occur with considerably higher concentrations /
(312) (313),

At higher concentrations, magnesium salts are sometimes .
laxative to water users who have not developed a tolerance to d
magnesium, particularly magnesium sulfate, i.e., "Epsom Saltas®, _
Magnesium comprises one part of the hardness of natural waters (122), S
So an important effect of msgnesium would be the undesirable z
characteristic effect of hardness in washing and cleaning uses of water.

(k) 2inc - Soluble salts of zinc are objectionable due to ;
esthetic reasons - they give a stringent unpleasant taste (31h), i
Robson and Lewis(315) elaim the taste threshold may bo 25 prme g
Kehoe et &1(155) stated 50 ppm gave a metallic taste while 30 ppm .'
caused a milky sppearances Other writers have reported opalescent :
water and a greasy film on boiling water with as little as 5 ppm (316) (31.7). i

Chloride ~ See Topic II=la.
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Sulfates = Objectjonable effects of sulfates have not been
well established. McKeehzag stated relative to the USPHS
recormended 250 ppms :

"This limit does not appear to be based on taste or
physiological effects other than a laxative action
toward new users®,

Welsh end Thomas(152) gonsidered the laxative effect to be
significant, but set the cathartic concentration at 1000-2000 ppm,

They ?leo referred to taste thresholds 200 to 600 ppm reported by
Moore 311 .

Moore(311) nes indicated that sulfates up to 1000 ppm are

harmless, excepting there msy be some slight tastes noticesble to
& few people,

Sulfides cause more unpleasant tastes than sulphates.
However, it seems unlikely that sulfates would be reduced to
sulfides in natural ground waters under normal conditions.

Phenolic Compounds = These organic chemicals are included
here merely because they are listed in PHS Drinking Water Stendards

along with the foregoing list of inorganic chemicals.

Phenols are toxic, but toxic concentrations are much higher
than taste and odor concentration would permit (122) (152).

Thus, the 1limiting factor controlling the effect of phenols

1s the objectionable tastes and odors, particularly if ground water
mist be chlorinated.

Total Solids = Total solids represent the dry residue from
water after evaporation, and would include suspended solids or
turbidity together with dissolved matier. Turbidity has been
considered under physicel qualities (Topic Ia.) In general,
total solids in ground water may be considered as & measure of the
dissolved minerals in the water. The PHS Drinking Water Standards

heve included a recommended limit on total solids since the 1925
1Treasury Standards® (272).

8.

¢
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 Welsh and Thomas(152) referring to an older reference (115)
stated: :

"Some authorities believe that the total solids limitation
was based on the fact that people who are accustomed to
drinking soft water may suffer some physical discomfort
when they consume water with a high minerel content.”

There appears to be little concern expressed in the
literature as to the effect of total solids, except that some
chemical compounds which are included in the total solids
determinations may have objectionable esthetic or minor
physiologlical effects, such as nitrates, sulfates or chlorides.

3. Reported Permissible Concentrations = The Public Health Service(108)
have set up the foregoing indicated concentrations with the :
qualifying statement:

¥e..~ghould preferably not occur in excess of -~ concentrations®,

State Boards of Health, in general, follow the lead of the
USPHS. Some other suggestive ideas are as follows:

Copper = The U.S. Treasury Standards (1925)(272) get maxiwum
pemiss'ib%e limits of 0.2 ppme In 1942 the PHS Drinking Water
Standards(273) increased the concentration to 3.0 pym and

chenged the chemlcal substance from the maximum permissible to the
recormended chemical limits list, The same ccncentration was kept
in the recommended limits list in the 1946 Standards(108),

In Holland the permissible copper content is 3.0 ppm for water
after standing 16 hours in pipes and 2,0 ppm for normal flowing
tap water (122) (318). While Argentina and Russia have set a
maximum permissible concentration in water supplies of 0.2 ppm
(122) (299) (297) = same as the 1925 Treasury Standard.

Some writers seem to suggest that consideration might be
given to the question of whether or not copper should be changed
to the maximum permissible concentration. Many ground waters are
aggressive and may corrode copper piping in the house plumbing, !
However, there is 1little avidenes in tha literatnre that eopper
is a dangerous conteminant so the main problem would be the
question of tastes. .There sppears to be some indication that
noticesble tastes would occur with 1.5 ppm (122).

P
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Iron and Manganese = A recormended combined concentration
for iron and manganese of Os3 ppm, included in the PHS Drinking
water Standards (see above) (108) was included in the 1942 - , B
Standards (273) (152) and in 1925 Treasury Standards, excepting ' @
the Treasury Standards referred to iron only (272).
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et et mavt ¢ e bt mas

Some writers (319) (320) have proposed a maximum concentration
of not more than 0.1 ppm based upon esthetic and taste considerations.
Trouble has been experienced with Crenothrix and other bacteria with
concentrations of iron as low as 04025 (122) (321)s Thresh and Beale(277)
reported many years ago (1925) that Crenothrix troubles were
experienced normally when irevn concentration exceeded 0402 ppm.

The problem of the proper iron and manganese concentration
is a question of esthetics and possibly econcmics, so the
present Standards should be reviewed realistically if and when
gufficient evidence of trouble develops to justify an investigem

tion into methods of iron and mangenese removal for individual
reasidences, '

Sometimes iron may be picked up from the plumbing if the
water contains a high CO2 content, which may complicate iron
removel treatment, Small amounts of manganese also complicates
the functioning of some iron removal processes.

Magnesium = The PHS Drinking Water Standards(108)
recormended t of %25 ppm is up from 100 ppm in the 1925
Treasury Standard(272), Welsh and Thomas justify this concentration

fewaon the basis of asesthetic considerations and minimization of
possible physiclogic effects’,

Two water quality experts, Baylis(U22) and Goudey(11W)
have proposed concentrations of magnesium ranging from 15 to 150 ppm, '
partly on the basis of industrial use of water. However, these '
proposed concentrations werc for the purpose of classifying water,
particuiarly ground water by Goudey, and did not proposs condemnge=
tion of water with higher concentrations.

Since megnesivm, together with caleium, constitutes
hardness in natural waters the limitation of hardness, in some
uses of ground water, would constitute a limitation on magnesium,

The present PHS Standards(108) recommended limit of 125 ppm
of mugnesium appears reasonable as an upper limit for consideration
of water softening processes, but not for condemnation of the
source of water. No ground water supply should be conderned as a
source on such a low limit as 125 ppm of magnesium,
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Zing = The present recommended limit of 15 ppm (108) 4s
relaxation from the specified maximum permissible mit of .
540 ppm in the 1925 Treasury Standerdsi??). Welsh wnd Themas(152)
concluded "~-«15 ppm for zinc is based primarily on aesthetieei= -
considerations®, ' '

McKee(122) reports that literature (323) (32b) (3‘25),
shows waters containing 11.2 up to 50 ppm have been used for
considerable periods without hamful effects.

Since zine usually is found in natural ground waters only
in trace amounts any concentration as high as 15 ppm in a ground
water supply would indicate a possible contemination by industrisl
waste waters with the possibility of rapid increase in objectionable

chemical contaminants as the industrial waste waters percolated
through the soil.

Accordingly, a concentration of 15 ppm of zinc would be a
reasonable upper limit indicating the need of a careful study to
determine the source of the contamination = not necessarily a
basis to abanden a ground water supply,

Chicride = (See Topic II-la)

Sulfate ~ The Public Health Service Standards h?ve fegom?n?ed
an upper limit of 250 ppm of sulfate since 1925(272) (273) (108).

Welsh and Thomas(152) astated; *The 250 PPN 1imdt wew was
based on factors other than physiologic effecte--® They did not

commit themselves to an opinion as to the desirability of the
presently recommended limit of 250 ppm.

McKeeo(122) found "Public water suppiies with sulfate

contents above this 1limit (250 ppm) are commonly and constantly
used without adverse affects® (326)

There sppears to be no substantiated bazis for keeping the
limit for sulfates as low as 250 ppme So sonsideration should be
given to increasing the recommended limit up to 500 or 750 ppm
and then to use it merely as a guide to relative qualities ¢f two
or more possible ground water supplies, and as sn index of

possible contamination by industrial waste water secping intc the
ground water. ,
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Phenolic Compounds ~ Recommended limits» for phenol at 0,001 ppm )
have been established only since 1942 (152), The recommended

concentration probably was established on the basis of tastes
resulting from chlorination of waters (122), - SEctad

=X

%
vz
=

- Since phenols in ground waters generally result from

- contamination duwe to industrial weste waters, the permlssible

. gconcentration should probably be related to the potentisl results
from industrial waste waters seepage into a ground water supply.

Consideration ahbuld be given to using a permissible
concentration closer to the concentration which would be noticed
without chlorination possibly 0.01-0.02 ppm (327) (328).

By the time the phenol reaches the noticeable concentration,
the water supply might need to be chlorinated because of possible
bacterial contamination, in that case the chloro=-phenol taste
and odor would be quite noticeably,

Total Solids - The PHS Standards(108) set 500 ppm of total solids
Ruamfor a water of good chemical quality." Also the Standards
atate "==if such water is not available, a total sclids content
of 1000 ppm may be permitted." Thus, the recommended limit

would be 1000 ppm if applied to a residential project with an
individual water supply.

Welsh and Thomas(152) concluded, "===the limitation appears

to provide adequate protection®, However, no supporting evidence
was presented by them,

Total solids may be dissolved or suspended, depending on
size of the particle. In genersl, suspended sollids would affect
turbidity which has been discussed under I = Physical Contaminants.

Many chemicals constitute dissolved solids(122), me |
physiological. or esthetic effect of dissolved solids would depend J
upon the particular chemical involved. So limltations of objectionsble ‘), ‘

¥

chemicals may af'fect the desirable maximum concentration of total
solids in some cases,

McKee'12?) peports that highly mineralized waters with
- 2000 0 4000 ppm total solids are uscd in mony communitics whers
no better water is available (329) (311) (277{ (330)¢ -He also
_ stateds "ee-more than LOOO ppm are considered unfit for human usewes®,
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i Schoellex(331) has described higher concentrations,

i particularly of salt, being used in some desert regions,
Many water supplies in North Africa(336) have totel solids
greater than 4000 ppm and are used by netive populations who,
( . over several generations, have become accustomed to the high
! wnineral content. GOenerally, Furopeans and Americans found

& salt content of 1200~1500 and total solids of possibly
2000 the upper limit,

ke erience to Date = Numerous articles relating to various
experiences have been written about sach of the eight chemicals
included in this section. Chlorides have been discussed at
length in Topie II-la, hereintofore.

Since none of the chemicals are considered a significant
public health hazard, the principal objection in residential
projects would be a matter of esthetic consideration. This results
in a wide divergence of opinions as to what is objectionable,
depending on the sensitivity of the individual consumere.

- Only a very brief review of past experiences seems
) necessary.

Copper - Many articles on the use of copper salts =
: particularly copper sulfate « in treatment of water
: supplies for the control of organisms (155) (332)
. (333) (33L4) (335). Other writers have been concerned
with the effect of corrosive waters and the resulting
staining of plumbing fixtures or the pickup of copper
by water standing in pipes (318). There are many
reports on metallic taste due to copper (309) {155 (183)
(556) and discoloration of water (337). McKee(1l22) has
referred to reports of people in copper indusiries
picking up enough copper to affeect the coloration of
their skin and hair (309) (154) (183).

Jron and Msnganese = A great deal of experience data i

. ‘s avallable. The knowledge of these two is so well f

known 1% appears unnecessary to attempt any reference
to specific experiences.

Mapgnesium « This 4is a most eommon element snd acewra in
practically all water supplies, particularly ground
waters. There seems to be no good reason to list

experience records additional to those already rsferred
to hereintofore.
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Zing « Experiences with zone in ground waters for

residential projects are probably related to industries

in isolated areas discharging waste waters into pits _
or lagoons or to corrosive well waters picking up zine , y
oxide from galvanized piping (323) (317). @

Sulfates, Phenols, Total Solids - There appears to be no
references wo consideration additional to those '
already referred to. Recent unpublished experiences

with waste waters from lsolated industries might bs
available in the files of public health agenciea.

PASSAGE THROUGH SOIL

5. Nature of Movement ==w-wa=)

6o Removal of Contaminants =-) « The salts of the several metals
are highly soluble, excepting the oxides, so passage through

solls in sufficient flows of water probably would not affect the
concentrations. However, exposure to air in the soil above the
ground water would oxidize many of the metallic salts with resultant
precipation of some portion of the oxides, The precipitates would.
then be partially removed in the soil.

Articles in the literature have not been found which give
sufficlent data on the effsgtiveness of passage contaminated waste waters
through solls. Chlorides have been discussed under Topic II=la.

Sultates may be relatively insoluble or highly soluble(122),
The less soluble sulfates would be remcved to some degree
partioularly above the ground water. Since sulfates are atable
chemicals 1ittle change in chemical composition would be expected
unleas organic matter and sulfate splitting bacteria were present.

No information was located on studies of distances to which sulfate
contamination would travel.

Phenolic compounds may be rapidly reduced in the soile-
Investigations in California (926) showed that initdally the
phenols in waste waters were rapidly réduced, when leached .
through soil columns, but the ability of soil to reduce the
phenol wa.z rggidly reduced probably by the using up of oxygen.
Lagooning{335) cansed a reduction in phencl, Sayre and Stringfiela(339)
reported that phenols in the highly pollutad Ohio River at

Parkersburg, West Virginia did not affect wells 150 feet from the river.
More ocmplete information is needed,

Total Solids « In general, total solids in aclution within the
range of 1000 to 2000 ppm would not be affected by passage through soil,
However, some industrial waste waters may contain colloidal material
or suspended particles which might be removed in the soil,
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DETERMINATIONS FROM SURVEY

The eight chemicals for which PHS Drinking Water Standards
include recommended concentrations appear to be quite important,
but the exact significance has not been determined. In gome cases,
such as copper, iron, zinc, and possibly manganese, the othar
chemicals in the water, particularly free carbondioxide, may have
greater effect on the concentration of the contaminant in the water
as used than the concentration in the natural underground water.

7« Predicting Contamination -« Often some intimation of the natural
coiitent of the listed chemicals in ground water may be found from
analyses of adjacent wells. However, the present art is inadequate
for predicting the contamination by these eight chemicals. In some
cases the natural content of some of the chemicals may be determined
from analyses of nearby wells. In other cases ~ for example iron =
it is not feasible to anticipate reliably the natural iron content
in the ground water even after a well is installed, test pumped,

and tested. Sometimes excessive iron appears after a considerable
period of heavy use.

The geology of the site of a proposed well may indicate the
potential contamination by one or more of the eight chemicals should
industrial waste waters be leached into the soil at some nearby point.

8. MWater Quality Criteria = The recommended concentrations, set up
by PHS Drinking Water Standards, may be reasonably approximate :
guides for common carrier water supplies where "-- the judgment of
the certifying authority" can be exercised as betwesn two or more
sources on behalfl of a considerable number of people.

However, for residentlial supplies, where the available
sources may be limited to ome or two possibilities and the contamina-
tion problem would be more esthetic rather than physiological and
would affect fewer people, some modification in quality criteria
might be considered. At least this deserves further consideration.

9+ Suggestions for Obtaining Additionel Information - It would seem
desirable that more definite standards be stated. A mere "recommended
concentration", which leaves the implication that higher concentrations

are dangerous, seems hardly satlsfactory for a home owmer or owners
of a group of residences, '

Possibly the same three questions suggested for the cherui.cais
with specified concentration limits (page 45) should also apply to
these eight chemicals with recommended limits.
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10, Summa ? = The elght chemicals now given reco lzmeg ed limits ot
concentration by the PHS Drinking Water S8tandards(l appear to

become objectionable esthetically in water at much lower eonc‘entrations
than concentrations which would have any physielogical: etfects, -
excepting perhaps magnesium which sometimes has a laxative effect - e
on new userse C

= There 1s evidence that concentrations much higher than the

- concentrations recommended by the PHS Standurds could be permitted
for residential projects. There is evidence that no ill physiological
effects would result from use of drinking considereble water over
long periods of time with concentrations of the eight chemicals

much higher than would produce very objectionable tastes, so higher
concentrations might be set up on the basis of esthetic acceptance
rather than health menece considerations.

Further study should be made of modifications in the
permigsible or recommended concentrations with reference to ground
water supplies for resldential projects.

1), References to Literature = Bibliography items 272 to 339, inelusive.
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1g - Potential Contam.

(o)
Srgrt

1 - Eotentiad Inorgento Quemion) Sontastoants

Many :Lnorganic chenlcals, addi'd.onal to t.h.e ﬁ.ve 1.'hama d.uenum
under sectiona II-la to II-le, mcluaivzi a:):d the thirteen.chemicals
covered by PHS Drinking Water Stendards heve toxic qualitles end
might be a menace to health or possibly to ihe estheiic character of
ground water suppliess The literature sxamlned provides insmifficient -
evidence as to the degree of toxlclty, and as to experiences with
contamination of ground weters.

On the basis of the llbrary survey and with particular attentiﬁ '
to the summary of literature relative to toxicity reported by McKee 65)
a 1list of eighteen additional chemicals have been selected for consider-
aetlon &8s potential ground water conteminants,

The selected eighteen potential bagic chemicals {or minerals),
listed alphabetlcally, are as follows:

Aluminum Potassium
Barium Silica
Boron (Boric Acid) Silver
Cadmium Sodlum
Litium Thallium
Mercury Thorium
Molybdenum Tin
Nickel Titanium
Phosphorus Vanadium

Some of these chemicals or their salts are as yet not well known
in connection with ground water cuntamination, but the rapid development
of ell manners of new products and the dispersal of new factories inte
rurel areas adjacent to residential developments make desirable some
consideration of these several ltems.

1. Sources - The salts of some chemical ltems, such as boron, cadmium,
gilice, and sodium mey be found naturally in ground water in suff'lcient
concentrations to be considered potentially objectionable. Also, most
of the 18 listed chemicel items may come from industriel weste wuters.

Aluminum - Mony selts of aluminum are soluble and may be found in
various industrial effluents (122) such as dye works, cloth-printing,
tenning end finishing leather, refining operations, disinfection, and

other processcs. Certain sluminum salts are also used in water
treatment processes.

Barium - Soluble barium salts are used in dyelng fabrics, in tenning
operations, manufacture of dyes, explosives, and other industrisel
processes end may be discharged in some industrial waste weters.
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1. Sources

- Boron 1s found in some underground waters end jn eltrus =~
frult plant waste waters. Sodium borate is used in éleanirg cempevinds,
far control of weads (340), and peper mill alifes (243)«  Bords nefd s
used in certaln industrial processes, in insecticldes, in dyaing, and
in printing (156) (280) (342) (343) (344) (345).

Cedmium - Cadmium, as an element is not readily soluble, byt cadmium
galts are soluble in water and may be found in waste waters from lead
mines, textile finlsking works, pilgment factories, and many chemical
industries. Cadmium plated containers and pipes have been considered
;(;ua:;.b:te ;t)mroes of dissolved cedmium (151) (152) (122) (156) (346)

347) (348).

Iltium - This metal is not commonly found in naturs, but some

1itium salts are used for medlcinel waters, in gless meanufacture, and
in storage batteries (122).

Mercury - Many mercuric and mercurous salts are soluble and have
been found in waste waters from frctorles for disinfectants, leather
tanning, some textlle finlshing, herblcides, leed mining, and meny
chemicals (223) (1l51)s Also herbicides such as "Scutl" and disinfectants

may be washed inio areas where they mey seep Into ground water, or
through defective well casing into wells.

Molybdenum ~ This metal or lts salts are not considered significant
in surface water pollution. However, in some rural creas soll from
pastures may contain 20 to 100 ppm of molybdenum salts. Studies have
been suggested and may warrant further consideration in rurel and semlw
urban areas which were formerly pasture land for cattle (349) (350) (351).

Nickel - Snluble nickel salts may be discharged from factory
processes, such as plating wastes, ceramlc coloring, and other menufactur-
ing processes. In general, nickel salte are not found in natural ground

waters although nickel compounds are found in ores and minersls in the
earth structure (258) (352) (353).

Phosphorus -~ In the form of phosphates, this mineral is found in
meny soluble compounds. Phosphates may be found in ground waters as the ‘
result of degradation of ores or from seepage of agricultural drainege. ‘
Leaching from heavy spplicationa of fertilizer or from cesspools may
provide high concentrations of phosphates. Some weste cooling waters
or seepege from cooling water lagoons may furnish phosphates to the ground
weter. Phosphorlc acld is used in severel industrial applications.

Phosphates may reach ground water from cesspools, fertilizers, or indus-
trial waste waters, (258) (354) (342).

Potassium - Potassium salts are so soluble it is difficult to
remove them. They make up a large pert of the earth structure and are
ugeful in many Industrisl processes, particularly in fertilizers and
some glass menufacture, oll well brines, Many industriel waste waters
contain large quantities of potassium chlorides. Textils, electroplating,
end other industrlal processes produce waste webers contazining potessium

cyanide or & combination of potassium with iron end eyanide compounds
(151) (355).
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Sources
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Potasslum hydroxidc is found in waste waters from dyeing end
bleaching of cotton, scep manufacturing, detergents, and meny smell

industries such as paint removers, electroplating, printing ink -makers, - _—

wood industries, snd others.

Silica - In general silics as send or quarts or as silicates in
varlous minerals are found as finely divided suspensions in underground
waters and thus would in part make up turbidity. Compounds of silicon
are found in meny industrial waste waters (27'7{ (151)s Silicates are
often used as coagulants or to inhibit corrosion of pipes (356) (357).

Silver - Silver ions are not expected to occur in significant
concentrations in natural waters (165), but a concentration of 0.2 ppm
was reported at Denver (183). Some silver compounds such as silver
nitrate or sllver sulfates are soluble. Silver compounds in smell amounts
mey be found in waste waters from a considerable number of manufacturing

processes, such as electropleting, photographic supplies, ink menufscture,
porcelain marking, and others.

Sodium - Many compounds of sodium are soluble in water and con-
stitute a large part of the earth surface material (258). Sodium salts
are included In meny industrial waste waters. So ground waters may
recelve substantial concentretions of sodium from natural underground
deposits or from many types of industrial waste waters, '

Thellium - Salts of thellium are used in rodent and ant poisons (151)
vwhich mey enter or reach a well water or leach into ground water, if the
polson is improperly handled. Waste waters from plants which menufacture

rodent poisons or ant beits might find thelr way by ceepsge into the
ground water,

Thorium -~ A relatively rare metal is used in electrical lamp
mentles and filaments. Some e«perience has been reported for the
chloride (358). Very little informetion has been found on the future
contamination potentialities and possible sources of thorium compounds.

Iin - Stennous or stennic compounds - chlorides, chromate, oxide
and sulflde - are used in dye houses, welghting of silk, varnishes and
other processes. Many tin sslte are insoluble or soluble in smsll amounts,
but soluble tin salts may be conteined in various process waste waters snd
by seepage through soll or entronce through defective well casings mey
reach ground water supplies (183).

Titanium - This metal is used as en elloy in steel fabrication.
Some experiences have shown substantlsl amounts of titanium in weter,
but the origin was not determined (359).

Vanadium - Certein vanadium compounds are quite soluble and may be
found in waste waters from dyeing and printing fabrics, glass manufac-
ture, processing of photographic materials.




i
£
E

Part II-lg.Potential Inorg.Chem. 60,
Water Quality Effect

2 [Effect on Water Quallty - There is smell evidence showing éome of .
the 18 1listed chemlcels may have nhysiclogicel effects on ground.waber
supplies. These chemicals are potential comtaminants, but puslisksd -
information is too meager to determine the probability of toxliclty

problems in ground waters which may be due to some of the many compounds
of the 18 basic elementa.

& - Aluminum Effects - Generally, the use of aluminum 18 not considered _
@ public-health problem (165}, Alunlnum chloride, votessium sulfate, ()
and ammonium sulfate, soluble chemicals found in industrisl waste
waters, have been found toxic to Dapnia magna (360) (361) and fish
in greater concentrations (156). Much lower concentrations of
aluminum nitrate have been toxlc to stickleback. Aluminum sulfate
1s used extensively as coagulant in municipal water treatment.

b - Barium Effects - Some writers belizve all soluble berium salte are
tocde (156) (258). There are unknown aspects 8o more study would be
desirable(240). The chloride and nitrate of barium have been tested
for toxic effect on fish and smaller organisms (223) (361) (151).
Consideration has been given to a limitetion on the amount of barium
dust in alr pollution. More information is needed to provide any
authentic basis for a limitation on barium salts in ground water.

¢ - Effect of Borom ~ In the forms of boric acid, sodium borate, or
sodlum perborate there are results of toxiclty tests to indicate
these compounds are probably toxie if a sufficlent concentration
should get into ground water (240) (156) (362).

Effect of Cadmium ~ Some health departments have forbidden the use
of cadmium-plated food containers, because cadmium in considered
toxic (165). Ceadmium 18 expected to accumilate in the body tissues.
One report indicated a boy was killed in a short time by about 9
grams of cadmium chloride (156). Rabbits and cats have been killed
by cadmium chloride in thelr diet. Also cadmium nitrate has proven
toxic for stickleback at less than 1/2 ppm. Other reports show
evidence of cadmium toxicity (346) (34'73) (348).

There appears to be sufficient evidence to show that cadmium is
toxic, but there is insufficlent information to determine the
toxicity threshold for psople or whether there mey be any acoumils-
tive effect (223) (361) (363).

e - Litium Effects - There is little information published on the effects 0)
of 1itium in ground waeter. One repurt (223) indicates that a
relatively high concentration of litium chloride (3750 pom) was lethel
to goldfish. Another report (361) found 1msa than 7.2 ppm would stop

activity of Dapimia magna, Thus, some smell evidence of toxlcity has
been found in the literature (365).
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- Mercury Effect - One writer (364) suggests that 10 pmm of mergury :Ln ,

-an-adult, but might be fatel 1f 2 gl son
’ehlﬁriae 18 reported to be 50 percent fatal if as mich as one

weter may be safe if no more than 1/3 ga.llons per- dey be. o

be baken in drinking water (151), Small fishes heve been-1led With
concentrations of 5 to 40 ppm (366) (367) (223) (369). Much smeller
concentrations (0,006 to 0.2 ppm) were lethal for Daphnis magns and
& flat worm (361). When mercury chloride ia combined with copper
compounds the toxicity appears to increase (370). Other mercury
compounds such as P. acetate ("Scutl") and P, lactate have been
reported much mors toxic than mercury chloride (372) (371).

There are meny wrltlings showing mercury compmmds would be fod.c
if they reached ground water in sufficlent concentrations,.

Effect of Molybdenum - Salts of this element are not considered
significant in surface water pollution (165). However, ground waters
for rurel residentlal projects might be conteminated from soil of
pestures where cattle have scoured (350) (351). It was reported (349)
that studies of the significance of molybdenum were being made in

Australia, The possible toxlec effects of this mineral element seems
to be similar to selenium,

Nickel Effect on Ground Water - Nickel seems to have been toxic to
plant growth and large dosages were reported lethal to dogs (156),

Wastes from nickel plating have proven toxic to various smell
organisms (361) (348).

Phosphorus Effects - The phosphates in water treatment tend to en-
courage growths of organisms (183) (373). Hexamephosphates heve

been considered toxic to some degree (374). In the form of phosphine
gas, phosphorus is quite toxlc (258) (342). There appears to be

some possibilities that leaching of phosphates from fertilizers,
cesspools, and possibly certain industriel wastes might conteminate
ground waters. It has been suggeated that 0.2 ppm of phosphate in
ground water might be considered an index of fecal contamination (375).

Potassium Effects - A dose of 1 to 2 grams of potassium is cathartic
(165). Certain salts have a taste threshold of about 400 ppm (311).
Barly writers presented experimental data showing toxicity of
potassium salts to fishes (376) (223) (377). Potassium salts are
quite common and very active under certain circumstances (258).

However, there appears to he no complete nowledge of the total
effects of potassium.

Silica Effects ~ There is some evidence that the concentratlons of
sillica or slllicales normully found in natural yaters have caused no
111 physiological effects (194), but Reux (378) guggests some years
ego that 50 ppm or more of silica causes turbidity problems. The

major effects of sllica has been to form encrustations on heating
tubes in bollers and hot water heaters,
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m B : B =
reportod that these mcentra:bims a.rc no'h tmd.c ta peranne not do-
they have esthetic effects (381)., Howsver, small dosages have been
reported as toxic to smaller orgenisms (348) (36l). So there mey be
toxic effects to perscns in drinking waters if sufflclent congentra= -
tions should reach ground waters by leaching of industrial wagte watera.

m - Sodium Effects - Sodium has been found objectionable to persoms w:l'bh ' ‘>
‘several different diseases and doctore routinely prescribe sodium
free diets (292). Many sodium salts are freely soluble in water so-
excessively high concentrations of sodium mey reach ground waters.

Sodium carbonate and probably other sodium salts have taste threshold
in the megnitude of 15 to 75 ppm (311). (n the other hand much
higher conceiitrations have been considered safe by earlier writers
(277) (194). Since the carbonate is toxic to plants (258) there is
uncertainty as to the actuel effects of sodium in ground waters.
More information is needed.

n - Thallium Effects - Toxicity is the principal potentiel effect of

salts of thallium (258) (307) (382). More complete informatiom is
needed.,

’ o - Thorium Effects - Potentlal toxlclity appears to be the uncertain

‘effect of thorium salts (358) (258), but little appears to be known
about these chemlcals,

P - Tin Effects - Tannous end tannic salts have been found toxlc to fish,
Tats, and cats (361) (156) (358) (383). There is also informetion
that considerable tin is contained in dlets of people without adverse .
effect. More complete informetion is needed.

q - Titanium Effects - The effects in ground waters of this relatlvely
uncommon chemlical are not known.

r - Vanadium Effects - Toxicity effect of vanadlum compounds appears
probable from some discussions of effects on plants, algae, and
rats (384) (385) (386) (151). There have been reports that intestinal
upsets have been csused by venadium in food.
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3. Permissible Concentration o

3+ Report I gsible Concentration ~ The 1946 PHS Drinking Weter
Stades (OB Sbe gy Tttt - consentretians for the fopes

going listed 18 chemigalse & fow writers hggg»gnggj?gm

tlons and in some -cases forsign officlel standerds Ve bden Het up, . .
There have been suggestions as to permissible concentrations » of certain
chemlcals, for water to be used in industrial processes.

However, no permissible concentrations have been proposed for ground
waters and in no cases have permissible concentrations been considered
4 in terms of two renges of permissible and safe concentraticna for

individual water supplies, as suggested hereintofore.

.

s

Briefly the suggestions as to permlissible concentrations found in
literature are as follows:

g - glaﬁtnmm None relative to residential water supplies.

¢ - Boron - I-Ioski.n(3 87) recommended a boron limit of 20 ppm for drinking

water. Goudey (344) reported that concentrations up to 30 ppm were
not harmful,

d - Cadmium ~ The UsSeSeRe es&?ﬁ.shed a limit of O.1 ppm for cadmium
(297). Welsh and Thomas have stated ". . ,Thie value may be
a satisfactory limit for use in the United States until further
experience and knowledge provide a more feasible limit." Thus » it

has been proposed to base PHS Drinking Water Standards on Russian
standards,

e - Litium - An early (1934) suggestion by Hibbard (388) of 5 ppm for

drinking and cooling purposes seems to be the only published
information.

f - Mercury - A maximum permissible ?gsgintratim of 0.005 ppm in the
Ue.34SeRe was reported by Kirkor .

¢ ~ Molybdenum - No informetion found on permissible concentration.

h - Nickel - Again Kirkor (277) reports a U.5.8.R. permissible limit of
1.0 ppm. There are other writers who indicate this concentration
may be overly conservative (156).

i - Phosphorus - No literature on permissible concentrations of
phosphorus compounds nor phosphates., Safe doses have been suggested
(3715 renging from 90 to 450 grams, depending on the compound. ;
Excesslve phosphate concentration has been considered wndesireble, !
hut ne cuggestions as to dofinite 1inmids have been found in Lhe
literature.

J - Potassium - Moore (1) has suggested a maximum permisaible con-
centration of 1000 to 2000 ppm, but also considers 350 ppm as &
taste threshold for the chloride salt. Early (1937) reports (223)
indicate fish have been killed by lower concentratioms.
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3. Permissible Concentration S
Le Experiences

k - Silica - No definite dﬂ.seusaiona of & permissible. concen'bz;a.t.inn for

sillca heve been found. Concentrations.of .4 o 2.ppn have heen

uned in mnieipsl vater supplies for coprosion centrol withowt
objections (277).

1 - Silver - No standerds for permissible concentration of silver nor
any suggestions of proposed concentration, have been fm.md.

e

m - Sodium - An early (1934) writer's suggestion (388) of I0pmesa
desirable 1imit on sodium has not been given mich ettention, Ancther

early (1939) report (331) suggested ﬂzz*); & water supply might contain
up to 115 ppm of sodium. Goudey's ( roposed ground water
classification for domestic use (Class AA would 1linit sodium
bicarbonate to O ppm. The taste of sodium iz reported to be notice-
able in congentrations of 15 to 7? g%l (311). However, discussing
the "reasury Standards" Hoskins 3 suggested that the permissible
concentration for sodium carbonate could be relsed. Concentrations
of 360 to 500 ppm have been discussed (194),

e i e L L IR

Sodium chloride has been discussed under Topic II-la. Chlorides.

Some sodium compounds such as sodium borate (341), sodium
cyanide (156), and possible others, mey have concentration limits
because of toxic characteristics. In other cases, perhaps more
generelly limiting the concentrations of sodium ions, may be the need

of a low sodium diet by considerable numbers of people suffering with
various ailments,

No conclusive evidence as to the proper minimum concentration of
sodium has been found in the literature.

n - Thalliur )

0 - Thorium ) The literature studied presents no definite data on
p-Tin ) limitations for safe concentrations of these five metals,
q - Tilanium ) nor their salts, which occur naturally in trace quentities,
r - Vangdium ) if at all, in ground waters.

be rience to Date - The 18 inorganic chemicals, listed in n preceeding
paragraph Epage 57) s are largely metals and thelr salts which, quite

generally, have been found in industriel waste waters. To date the
experience with ground water contamination has been limited and only a .
few instences have been published. Dispersal of industries into cutlylng

urban and rural areas has been rapldly increasing the potential ground
water contamination,

- Aluminum salts have been studied with reference to toxlcity -

Aluminum ione have been found non toxic by earlier writers (183)

(240) (284); aluminum sulfate, nitrate and chloride have been found
toxic to fish and smaller organisms (223) (361); the oxide has been
the suspected cause of the death of cattle (389); the sulfate (fllter
alum) has been extensively used, but there has been some evidence that

it may increase the solubility of lead (229) and mey irritate mucous
membranes.

A
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4. Fxperiences

b - Barium - The Industrial Hyglenists have oonsidered Larium in.elr
dangerous, The 1950 ORSANGO yepo (1561_cona; ared. o -
ealte gilte -t with eLrEety O Ghp Elond and g '
' The eontention of esplier (19387 ‘wrlters (2
barium sre not understood seems still to hold.

¢ - Boran - Several writers (236) (280) (344) (345) (387) have
discnssed boron concentrations in the Los Angeles water supply.
Other experiencés have been reported from Italy.

.
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d - Cadmium - The Ohio Commission has reported (156) ceses of food
polsoning by cadmium, Although health authorities have been conw .
cerned about cadmium, no literature on specific ground water
contamination experiences has been found.

e - Litium - This metal, as a chloride, has beerd found in mineral
epr:lng waters and in artificiel mineral waters,.but no reports of
ground weter contamination have been found.

- Mercury - Many reports have been found on the toxlc effects of
mercury compounds, but no report on & specific experlence with
ground water contemination.

- Molybdenum - Reports (350) (351) on effects on cattle on one farm
and similar experiences in Australia (390) seem to be the present
record of potentisl ground water contemination by salts of molybdenum.

h - Nickel = No reported specific experiences of ground water contamine-
tion have been found.

i - Phosphorus - McKee (165) hes assembled 18 references to discussions
of the effects of phosphates, but no records of ground water
contamination have been found.

J - Potaseium - A report (391) on & large fish kill in New York by
industrial waste waters contsining potaseium ferrocysnide and an
earlier report (368) on fish kills by other szlts illustrate
potentisl possibilities of ground wster contamination.

k - Silica - Many papers have been written on silice and silicates in |
- water aupplies, but no report of a specific experience with ground !
water contamination hes been found.

1 - Silver - Only small concentrations of silver have been reported in
ground waters (183). No reports or experiences have been found for
high concentrations in ground water from industrial waste waters.

n - Sodium - Meny a.nalyses have shown high sodium concentrations in
grmmd waters.
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8. Water Quality Criteria .

DU L : . L.l

s No reporta have been found of fpeqific
q - Tltaniun with ground vater contamination.
r - Vanadium )

PASSAGE THROUGH SOIL

5. Nature of Movement )

6. Removel of Contaminants ) No literature has been found with specific
information, on the nuture of movement or the Igggval of these potentlal
contaminents by passage through soll, McKee ( hes surmised that many

salts of these several potentlal metallic conteminents might be chenged
to insoluble compounds.

L et s LT e

DETERMINATIONS FROM SURVEY

7. Predicting Contamination - Presently there appears to be.no method
to predict ground water contaminatlon by waste waters containing any of
the foregoing list of elghteen potential chemicel contaminants, excepting
by general hypothesis based on reduction of concentration by ground water
dllutions and possible chemlcal reactions which would change certain
compounds to other salts leas solubles No literature has been found

with specific information on either ground water movements or removals
of these metallic compounds.

Information is needed as to the possibilities of chemicel changes
in and through the soil and also as diffusion of the chemical solutes
into the ground water to obtain the effect of dilution. This is a
common problem with all chemlcals. Also more information is needed on

the experiences of contaminatlon of ground waters by these elghteen
chemical items,

8+ Water Quality Criterlia Required - There appears to be sufficient
Information on the toxicity of some of the chemlcals to jJustify a water
quality criteria. For example Barium salts; Cadmium sslts; Mercury
compounds; Potasaium compounds; and possible Sodlum salts. However,

more speclflc informetion is needed to determine the reletive importence
of these elements,

¢

There is insufficlent information on which to base & Judgement as
to the need for criteria for meny of the chemlcals or the permissible

concentrations for all of the elghteen llsted potential chemlcal
contaminanta,




Part II-1b.Potentisl Inorg, Chem. 67,

Sumary

9. Suggestions for Obtaining Additionsl Informatlon - An initlal
investigation should include the collection of specific infoma.tion on
unpublished experiences with ground water conpbenddeticd by any of the -
elghteen potential chemical conteminants, The same type of inquiry of

various agencles already suggested several times hereintofore, should
be the first step.

A second step should involve & summary of the present medical
knowledge of the toxlc effects of these several chemicals.

A third step, for such chemicals as are found toxle, should

include investigatlons of the hydreulle; physleal and chemical reactions
between the chemicals and various types of soil,

10. Summery - The elghteen chemicals listed as "potential contaminants"
have been discussed by a number of writers, wlth sufficlent evidence of
toxicity cheracteristics to warrant consideration as potential
contaminents. In most cases the degree of toxicity is not well
established or, in some cases, now even well understood.

The literature includes a number of discussions of possible toxie
effeets, but very little is reported of actuel experiences with ground
water contamination. Published experience data appear to be insufficient
to clearly determine the relative importance of the seversl chemlcals,
Some proposals have been discussed recently relative to permisaible
concentrations for barium and cadmiuvm., Recent rapld dispersal of
factories may have resulted in cases of unpublished experiences, some
records of which may be avallable in files of various public agencles.

1l. References to Literature - Bibliography items 340 to 391, inclusive.
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10 groups

I, GHRMICAL CONTAMINANTS (Gontimied) -
2. Organic Chemical Gontamingnts

There are huge numbers of organic chemicals which may be cone
taminante of ground water, ei?her dvue to objectional esthetio qualities 4
or as toxic matter. Ettinger(392) pecently reported: 0

#More than 500,000 organic chemicals are known and have been
synthesized and describeds A few dozen of them are accepted by

the Food and Drug Administration as being safe for addition to
food and beveragese"

oy mmm\nﬂm‘mﬂmﬁmﬂwmmmwmw ZEh

The presently reported survey could not possibly attempt to review
individually the huge numbers of organic chemicals, which numbers are
inereasing rapidly and constantly,

Certain chemical compounds have been known as ground water conw
taminants for geveral years = such as sewage chemicals, synthetic
detergents, waste waters from factories which process many animal and
vegetable products. McKee(165) has reported the characteristica of
many orgenic chemicals, including numercus tests for toxicity.

In order to provide a reasonable coverage of organie chemicals
and the potentiality of such chemicals becoming ground water contaminants,

ten major groups have been selected relating largely to the sources of
orgenlec waste waters, as follows:

2a = Synthetic Datergents

2b = Domestic Sewage (Chemicals only)

20 = Animal and Vegetabls Process Wastes
2d ~ Petroleum Oil Wastes

2¢ =~ Coal Tar Products Wastes

2f « Coke Gas Plant Wastes
2g =~ Dye Wastes
2h « Explosive Wastes

21 « Insectiocides, Larvlicldes, Pesticides, Herbicldes
23 = Petrochemicals '

These ten groups permit a general survey of the status of present‘l g
A knowledge and to determine a general outline of additional information
neededs As lmowledge becomes more extensive other chemical items or

types of process wastes may be added to the list or scme of the initisl

—
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- i 10 groups might be broken down into individual chemical compounds or 5
i other groups of items. §
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2e - Synthetic Detergent Jontaninania L
Many recent writings have appeared discussing reported experiences
of ground water contamination by synthetic detergents. These are reviewed
in some detell in Appendix E. _

~ 1. Sources - of ground water contamination by syndets have been:

( } (a) sewage from household sewage disposal facilities (395) (399); o
(b) sewage lagoons; (c) leundry waste water disposal by seepage into soilj
and (d) some industrial waste waters.

2. Water Quality Effects = have included (a) an off-taste of water (398);
(b) Trothing or foaming of the water; and (c) a discoloration of the
water. There seems to be no toxicity problem, excepting that ayndets

may be considered evidence of sewage, hence potentlal pathogenic
contamination.

3. Reported Permissible Concentrations ~ The reported evidence on several
experiences indicate an AES content of 1.0 ppm likely would cause
objectionable tastes or possibly foaming and discoloration (LO7) (395).

A number of reports indicate that the toxieity threshold is still

unknown (401) (Norwell & Linquist). The AASGP Committee (Moss et al) (LO6)
of the soap and glycerine producers concluded;

HeewABS can be consumed at concentrations at least several times
those presently found in drinking waters without producing any
long~term physiological effects."

Presently, there appears to be no official water quality Standard
giving a pernmissible concentration value. In a recent paper (Hopkins and
Gullans) (40B) proposed a limit of 0.5 ppm of ABS on the basis that
undesirable foaming might occur and "=~-that at least 5% of the water
ig of sewage originn©,

L. Experience to Date - During the past 10 years many experiences with
syndets in surface waters have been reported., An early reported
experience by Flynn et al (395) gave a graat deal of information on cone
tamination of ground water on Long Island extended back to 1957 in

areas where no such evidence was found in a 1955 survey.

i In 1956 a report was published (402) of an experimental study in

- Kearney, Nebraska, Letters of inquiry to State Sanitary Engineers in

1959 (Appendix B) brought out six states reporting sppearance of syndets ‘
in wells (403)s A quick reconnaissance survey by the U.8. Geological '
Survey (105) in 1959 resulted in finding six locations where water

analysea showed ABS in well waters. Newell and Almquist reported (LOT)
experiences in connection with contamination of well waters by aynthetie
detergents were noticed Mabout four years ago =--" (Prior to

September 1959),
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Tt is very likely that many more experienceswill be Teported in
the near future. To some measure the foaming or discoloration due to
\ABB is evidence, observable by the householders of sewage contamination
of their wells, which sewage pollution may have exlsted for years.
Accordingly, the serious problem may be that of sewage pollution.

PASSAGE OF SYNDETS THROUGH SOIL

5. Nature of Movement)

6. THemoval of Syndet ) Experience data from Kearney, Nebraska (Lo02)

and Trom Long Island (398) (395) indicate that syndets may move in "slugs"
and may not be reduced, excepting by dilution with fresh water.

DETERMINATIONS FROM SURVEY = SINDETS

7. Predicting Contamination = Flynn (395) concluded that with individual
wells and sewage disposal systems on small lots syndets could be
anticipated in the wells. However, there is no conclusive evidenca

relative to the prediction of contamination in various types of scils
and types of wells,

Considerable information is needed to show the relationship of
ABS concentration and soil characteristies. Chemical, hydro=mechanical,

and biological soil reactions may ~ and quite likely do - affect the
concentration and movenent of AES.

8. Water Quality Criteria Required - Some criteria as to ABS concentra=
tion should be established particularly spplicable to well waters for
residential projects. Also any criteria for ABS, i.e., synthetic
deterzents, ought also to include somc consideration of sewage contamination.

9. Sugpestiong for Obtaining Information « Presently the literature seems
to indicate that synthetic detergents will require extensive laboratory
and field studies to determine a proper scientific basis for understanding
and predicting the probable effects of synthetlc detergents on ground
water contamination. More deteiled suggestions ars glven in Appendix E,

10. Summary - Synthetic detergents are being used in huge quantities
and all individual sewage disposel systems have become major or

potential sources for syndet (also gsewage) contamination of water
supplies wells for residential projects.

The situation is getiing progressively worse, so rapldly that
special attention should be given to these organice chemicals. An activs
research program shovld be initiated promptly to determine the effects
of s0il characteristics on the ABS constituent of synthetic detergents.

1l. References - Bibliography items 393 to 408, inclusive.
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Sewage Contaminants

2b.~ Domestic Sewage Chemical Contaminants
Domestic sewage is the source of many organic chemical ooﬁp‘d'uhdag

s8¢y Organic matter deposited in the soil when sewage 1s alléwed to-
leach into the soils For many years domestic sewsge contamination has

been quite generally related to potential biologicel contamination and
more recently to potential viral contamination or‘g:ou;;d water,

It is the function of this section to consider only the chemical
constituents of sewages Blological and viral contaminants are discussed
in later sections (Section IV. Biologicel Contaminants and
Section V. Viral Contaminants). '

Sewage 1s not normally analyzed to show all of its chemical
constituents (409) (410), but laboratory examinations have included
limited determinations frequently designated "Sanitary Analyses®
which have included some or all of the following items:

a)  Ammonia = Free and Albuminoid _

b) Total Nitrogen (avlso Nitrites, Nitrates sometimes)
¢) Total Solids (suspended and dissolved)

d) Chlorides

e) Oxygen consumed)

£) B.0.D. ) Considered to be a measure or organic matter.

g) Dissolved Oxygen

h) 0Oils, Fats, and Grease
i) Sulfates

j) Hydrogen Sulfides

k) pH Values

Prior to the advent of bacteriological knowledge efforts were
made to measure concentration of water pollution by chemical analyses

énot including B.O.De a more recent analytical determination)
Log) (la1) (la2).

l. Bources of Segwage Chemical Contaminants = Such sources include:
(a) residential cesspocls and septic tank leaching fields (413);

(b) effluents from municipal sewage plantss (o) sewage or sludge lagoons (l15); !
and {d) sometimes leaky sewers (llh). In some areas serious censideration

has been given to ground water replenishment by sewage reclamation (416)
and numercus studles have been reported on the potential pollution
effects on ground water,

2o Effect on Water Quality - Sewage may affect the physical, chemical

or blological qualily of water (Ll7). After leaching through the soil
the turbidity aspects of the physical cqualities mey be reduced, but
color and possibly odor may remain if the sewage concentration is high,




of the respective arcas.
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Chemical effects may include salt content, ammonia n:l.sbmgen ,
hydrogen sulfide (417). Other writers (l13) report ammonia, chlorides,
and alkalinities in higher concentrations than in natursl ground watérs

3. Reported Permissible Goncentrations - In recent years examinations of
water relative to sewage contamination have been so concerned with
bacterial contamination that little or no attention has been given to
setting any limitations on chemical concentrations. In meny areas the-
chemical content of natural ground water may be higher than the concentras
tion of the sewape, relative to certain chemicals,

Accordingly, no exact concentration limits mey be considered
objectionable until the natural concentrations of the chemicals in the
.ground water are known. Some earlier writers indicated concentrations
of certain chemicals, such as ammonia, nitrites, nitrates, oxygen consumed,
and other determinations desipgnated as "ganitary chemical analyses®,

These appear to be of very little value as compared to more
modern determinations of syndets, bacterial analyses, and microscoplc
examinations, particularly examinations by electronic microscopes.

o Experiences to Date = Many writers have discussed and reported upon
sewage contamination of ground waters. An early (1927) experimental
investipation reported by Stiles et al (L19) showed uranin reaching wells
at distances up to L50 feet from the point of injection, and remaining
in the ground water for up to more than two years seven months.

A second early (1932) study reported by Da.ppert(w*) furnished
data on activated sludge plant effluent seepage into ground wat=r gnd
its travel to a spring about one quarter mile away.

Other experiences could be summarized, but the more recent
experiences with synthetic detergents, discussed hereintofore appear
to be much better indices of sewage contaminations,

PASSAGE THROUGH SOIL

5. Nature of Movement ) ")
6., Removal of Contaminants) « Butler, et a1{116) nave reported that

chemicals travel further and faster than bacterial contamingtion in

ground water. Earlier writers(ll9) reported that chemicals from

sewage appeared to float cut in a blanket close to the ground water

table and tend to filter out into the capillary fringe in the soil and

travel of contamingtion was in the direction of ground water flow.
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Salvato(ham pe:l.nted oub (1958) that s‘eﬁ. chargcrbf‘i ETION HWove
vaxiably and had great effect on undergréound sewage pu:l.lntﬁm Aravel.
Extensive inveatigationa are underway particularly in Califernia in
connection with efforts to replenish ground waters with reclama‘.tion
of sewage. Conclusive resulis have not been dstemined.

The remcval of chemi.eals by traval through the goil appears -to -
be quite variable, depending on the chemical and on the soll.- physical
and chemical characteristics. Some information is available (416) (l19),
but much more information will be required. The problem is complicateds

DETERMINATION FROM SURVEY

7+ Predicting Contamination = Available literature does not clearly
indicate any sure procedure to predict ground water contamination by

sewage chemicals. More information must be obtained on several

complicated relationships between characteristics of chemicals and of soils.

8. Water Quality Criteria Needed = There are no specific quality criteria
for many chemical constituents of sewage. The Public Healtu Standards(108)
indicate very low permissible concentrations for certain chemicals, but -
more spplicable criteria are needed, as discussed hereintofors under
inorganic chemicals and synthetic detergents.

9« Suppestions for Obtaining Information = Field investigations should
be continued, which have been under way by various authorities(117) to
determine possibilities of ground water replacement. In addition,
laboratory scale and experimental pilot plants of the lysimeter type
should be set up wilth various kmown soil constituents and solutions
containing various chemicals passed through the soil columns to
determine relationships of chemical ions and soil, as has been
suggested hereintofore for other chemical contaminants.

However', any proposed research relative to sewage chemicals
should be correlated with similar researches proposed hereintoforas for
various chemicals such as syndets and others.

10. Summary - Sewage chemicals may conteminate underground water by
movement of sewsge through soil into ground water supplies. The most

frequent sources are cesspools, septic tank effluents, and other sources
of sewage flows or sewage sludge.

Normally the small concentrations of chemicals in sewage may be
Insignificant compared to chemicsal aoncentrations from indusiclul waste
waters. Certain sewage borne chemicals, such as synthetic detergents
have beeome quite significant. These are discussed hereintofore.
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"have been and still may be 8o much more impertant than aeﬂaga chemigﬂa,
that near future research projects might well congentrate-ov-sych ' . -
biological contaminants, excepting experience has indivated thab: under
gome clrcumstances sewage chemicals may be easier to follow in. movgment p

= through soil than biological organisms. &

1.

References - Bibliography Items 409 to 420, inclusives
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2¢ to 211 = Industrial Process Waate Wa'hera

Process waste waters from many industrial processes contsin organie
chemlcals which may be toxic or may produce objectionable esthetic sffects
in ground water supplies. These may become ground water contaminants :i.n
areas where discharge of process waste waters Into surface water ways may
not be feasible or would be too costly.

There are many instances where process waste waters are disposed
of by lagooning, by leaching into water bearing strats, or by injection
into the ground water through bore holes or wellse. Such process waste
water disposal to the ground water is probably increasing with the rapid
dispersal of industries into suburban and rural areas (421) (422) (271).

Miller et ,J_(h22) have reported:

#The disposal of liquid wastes through wells has received cone
slderable attention from industry and government agencies.
meu}03t wastes === were so objectionable that it was thought
sound policy to get them out of the way by planting, wwethe
liquid bodies do not always stay where they are planted.

Statutory regulations and public opinion dictate the need for
rigid standardse="

It is the general purpose of this section to briefly review the
slx groups of industriael process waste waters, listed in Table "A",
Topies 2¢ to 2h, inclusive, which have fairly common problems of ground
water contamination, similer characteristics as to sources of contamina=
tion, effect on water quality, generally unknown permissible concentra-

tions, and meager experience data, to date, on thelr effect as ground
water contaminants,

The six groupings (from Table A) are as followss

2¢. Animal and Vegetable Process Waste Waters

Packing Plants Textile MLll Vastes
Slaughter Houses Milk Processing
Rendering Plants Distilleries
Refineries = Vegetable Oils Sugar Plants

Cotton Seed Paper and Pulp

Corn (Maize) Wool Seouring

Soya Beans

Petroleum Oi) Processing Wastes

N
I

011 Fleld Wastes
Rafinery Wastes « Petrolsum 0ils

Marketing and Storage of Petroleum 011 Products
Gasolene = lesks and losseos
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2e. Qoal Tar Products. Process Waste Waters

Acridine Phenola ;
Creuylic Acid % Pyridine ' : -
Creosols (Cresylic Acid) " Quinoline _ @
Naphthalena Thiophene )
Phenanthrone Xylene

2fes Coke Gas Plant Waste Waters

Ammoniacal Liquors
Cyanides
Organic Aclds

2go Dye Waste Waters

Aniline
Nigrosine
Picoline
Others?

2he Explosive Mfg. Wastes

Ammomium Picrate Orthodichlorobengene
Dinitrophenol Picric Acid
Mononitrotoluene Tetryl

Nitro Benzene ™NT (Trinitrololuene)

The foregoing six groupings of organic chemical wastes include
two groups or types of industrial operations which produce complex
organic chemiocal wastes, which are listed without attempting to specify
the component chemicals, Several objectionable organic chemicals mey
be present in the process waste waters from two or more groups of industries.

In the other four groups of industrial operations the chemicals i
. listed, and possibly others, are those most commonly reported as
/ potentially toxic materials. These may be considered as illustrative :
; or representative organic chemicals which may contaminate ground water, (7/
Again soma of these listed chemicals might also be produced by industrial ) 1
processes under other groupings of industrial process waters. |

i 3, Sonroes = The snources of grownd wster contamination by the organie
chemical process wastes in the six groupirigs most likely would be from
industriel plants located in areas, generally suburban or rural, where
discharge of process waste waters into surface waters may not be feasible
or permissible and underground disposal is attempted either directly by
dlscharge into bore holes or into wells or indirectly by discharge into
leaching pools or lagoons. The latter appears to be most common,

e
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The source of chemical. contominants generally is waste materials
no longer useful to the manufacturing processes, Sometimea the waste
products may be in the solid state placed in waste dumps and then
reaching the ground water through solution by rain water or surface flowHe

Under Topic 2d (Petroleum Oil Wastes) there should be considered
also the sources of contaminants inecident to the handling, storage, and
marketing of petroleum oil productss Oenerally, the objectlonable . .
chemicals are in solution or partial solution in process waste waters
and are carried to a point of disposal by water carriages

2. Water Quality Effects « have included (1) an offwcolor or off-taste,
thus reducing or spoiling the esthetic quality of the water, or (2) a
sufficient toxicity to be dangerous to health if consumed in sufficient
quantities. The effect on color, taste, or odor characteristics of
ground water supplies may be the most cormon water quality effect.

3. Reported Pemmissible Concentrations ~ There sppear to be no official
standards which set permissible concentrations for most, if not all, of

the organic chemicals in the six groups of process waste waterse In
certain cases, such as phenols and cysnides, the PHS Drinking Water
Standards ~ 1946 (108) include partial standards, as discussed hereintofore.

Even as late as March 1960 Welsh and Thomas(152), in a disecussion
of chemical 1imits in the PHS Drinking Water Standards, practically

ignored the rapidly developing problems of organic chemical contaminants
reaching ground waters.

In general, the literature on these various organic chemical .
process wastes relates to their effect on stream pollution, Insufficient

attention seems to have been given to the contaminants and allowuble
oconcentrations in ground water supplies.

Some future possibilities ﬁs ;.o permissible standards have been
discussed by Hopkins and Gulla.ns( 08 vho have stated:

#*Today the new chalilenge —=e is the control and removal of the
chemicals and isotopes which are being produced in a hewlldering
array of new compounds. «--very little 1ls known about the extent
of pollution === by these new chemicals ~--, In the current
revision of the USPH3 Drinking Water Standards, by far the
greatest amount of effort has gone into the problem of setiing
1imits for chemleal contaminantse =~--IlL has been recommended
that drinking water contain not more than 200 ppb of CSCFF.®
(CSCFS=Chloroform=goluble carbon filter extract. (352)
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There has been very little data to support any conclision that the
proper permissible concentration is 200 ppb es proposed for this carbon
filter extract measurement, which is in effect a "catchwall® test on the
premige that any concentratlon of chlorofomm-goluble carbon filter extract
materials would be undesirables It is recognized that the isolation for — o
meny of the GSCFF constituents would be a very difficult problem and that &;

, a compromise, such as a "calch-all" test is needed end does represent a
. forward stepe

R L L

However, this does not indlcate what organic chemicals are present,
: nor give any evidence as to the maximum concentration which can be
permitted before an only residential water supply must be abandoned.

L. Experience to Date = Many articles in the literature report surface
water pollution experiences. Relatively few discussions have been found
of experiences specifically related to ground water contaminatione. This
has been due largely because major numbers of industrial plants with
process waste waters have been located along surface water ways or

jocated in areas isolated from residences, where no ground water supplies
Were nearby.
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A few illustrative experiences have been located which appear to
indicate a trend toward greater frequency of ground water contaminatlon,.
Ground water contamination troubles from some of these are Just beginning

to appear as the adjacent areas are developed and wells are installed
for residential projects.

S 2F b

Miller ot al“‘zz) discussing underground disposal of waste waters
reported:

- "Some serious problems have occurred in Wisconsin and Michigan

! because inadequate investigation failed to reveal sufficient data
: concerning soll and water tsble characteristics. Some shallow
well waters developed undesirable taste, cdor, and color.®

A E L

Correspondence with State Hsalth Agencies (Appendix B) breught out :
g number of instances of ground water pollution by organic chemicals. :
Examples: Illinoist pollution == due to bresk in gasolene supply line; !
E%ana: an instance of gasolene in a public water supply, (several other m ,
investigations were discussed verbally); Iowa: wells contaminated by oil ‘ i
products, industrisl wastes, chemical wastes, and nitrate contentj
Kansas: wells contaminated by gasolene, oil field brines, and by detergentsj
ﬂg_rxland: wells contaminated by industrial wastem; snd wide spread con=
tamination il housing developments; Massachusettst many investigations of
chemical waste contamination of ground water; Minnesota: well contamination
by dyc solutlon, gasolene tastes and odors in another case, pollution by
chemicals from pole treating plants, and waste water from zeolite softening
plant; Montanat report on petroleum products travel through soil;

o A IR el
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. Nevadat subsurface well chemically saturated from an jndustey; - - - -
New Mexico: contamination from uranium mills, high nitrates, and waste - - -
disposals New York: studies on gasolene and natural gas cofitamifiation
of ground water, special study on detergent and lgindry contamination
of wells, and study of barium in public Water supplies; OkIahomat-salt - -
water pollution, oil refinery waste pollution, and oil field wastes
contamination of ground watersj Pennsylvanias tests for detecting ... .
chemicals in contamination of underground waters; Texast reports on
brines and chemical contamination of ground water; West Virginias wells
grossly polluted by milky wastes, apple seeds, brines, -acid and irony
waters, industrial wastes, and infiltration of contaminated river waters
Wyoming: oil field contamination, diesel oil, crude oil, and phenolic wastes.

Lang(270) reported some early (1932) experiences with contamination
of ground water by wood tar gickling liquors, and pieric acid wastes.
Later (19L0) Lang and Burnsti’ 1) reported phenol tastes and fungus growths
in wells from garbage dumps and & leaking sewer pipe. !

Colvert(L23) reported chemical contamination of ground water from
impounded garbage, as early as 1932, More recently (1952) Muller{L2l)
reported some German experience with gasclene contemination of wells
located long distances from the source of the waste water.

Many 1llustrations of potential ground water contamination by
chemicals have been reperted from investigations of artificial recharge
of ground water supplies in Ohio, Texas, New York, Kansas, California,
and slsevhere (b25) (426) (h27) t2) (h9) (130) (W3L) (132)e -

Many instances of contamination of rural wells by underground
disposal of waste waters from smaller chemicel plants located in rural
areas probably have not become known publically because of private
agreements between the industry and the owners of the affected wells.
As land areas in the vieinity of these industries are built up the
problem of ground water contamination becomes more difficult.

Many artlclea descriptive of chemical contamination eriences

l(xgg)ar(’ g%'e%hgggfng the past number of years (435) (159) (L3k) (L35)

PASSAGE THROUGH SOIL

5¢ Nature of Movement )

6. Removal of Contaminants) = infarmation is meager. Much of the dis-
cussion that has been written for inorganic chemicals and for organic
chemicals, particularly for synthetic detergents (Sect. 2a) and domestic

sewage chemicals (Secte. 2b), apply to the many organic chemicals in
industrial process wastes.
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Gotaas and a.ssociates(uﬂ have reported:

%..-All investigators seem to agree, however, that pollution travels
farthest in the direction of ground water flow, and.that chemilcals.
travel much farther than bacterie in a water bearing stratum.®

They also presented a tabular summary of published data showing
travel of chemicals with distances ranging from about 100 feet to dlstances

up to 20 miles. Several instances were reported where chemicals traveled
2 to 5 miles.

There are various. factors which cause some chemicals to be removed
by passage through soil: (1) filtering action of the soil, (2) chemical
reaction with the soil, and (3) other possible factors.

However, very little specific knowledge appears available relating
to travel and removal of chemicals in which the character of the chemical
is related to the physicalechemical characteristics of the soil, either
gbove or below the water table. Some meager information is available
(La8) (la9) (117), but quite insufficient.

DETERMINATIONS FROM SURVEY

T« Predicting Contamination = Uhere existing industries may be discharging
liquid process wastes, or had done so in recent years, into lagoons or

into underground disposal areas, sometime even into practically dry
streams, the probable contamination of ground water can be anticipated,
particularly down-dip of the point of waste water disposale To determine
the distance down~stream or distances to the sides or even up-dip that

the chemical contaminant had travelled may require considerable underw

ground investigation and analyses of water samples obtained from wells,
bore holes, or by test well drilling.

To predict the possibllities of the continued extension of tha
underground contamination or the possibilities of contamination from
proposed or future industrial installation would require more information
than presently uvallable on adjacent soils and on the interrslations of
chemicel characteristlics and the physicsl and chemical characteristics “;
of solls « together with the flow characteristics of the ground water.

8o Water Quelity Criteria Needed = The many chemicals likely to be
found waste waters from Industriel processas, may be toxin in
varying degrees or may simply be objectionable because of odor, taste,
color, or other esthetic reasons.

Several years ago (1945) Hart et a1(L39) discussed toxicity of
industrial wastes on fishes. Many other writers have done so since.
There have been considerable attention to the effect of industrial

wastes on cattle (LL0),but surprisinply little attention has baen
reported as to thu effect of industrial wastes on mang
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Criteria are needed to indicate the eoncentrations, of various
organic chemlcals, beyond which residentisgl water supplies must be
abandoned = even though the only water supply. These should be in

- addition to the proposed CSCFF tect, which would indicate a desirable
limit for municipal water supplies.

Much research and development is needed to (a) determine the
objectionable chemicals present in various process waste waters,
(bg establish the undesirable characteristics of the many chemicals,
and (c) to set up desirable permissible concentrations and extreme

maximum concentration beyond which the affected ground water supply
must be abandoned.

9+ Sugpgestiong for Obtaining Informg}ﬁion = A number of research studies
and investigations should be considered:

a)

A netion wide survey to determine the present status of
disposal of Industrial process waste waters into places
(lagoons, boreholes, wells, etc.) where the chemical
" waste waters are likely to contaminate ground water suppliese
b)

A study of the trend in the numbers of such methods of
waste water disposal.

¢) A determination of the objectionable chemicals in variocus
indusgtrial process waste waters and the concentrations which
may be toxie or may be objectionable for esthetic reasonse
d)

A study of the hydro-physical, bio-chemical, or other soil

characteristics with reference to the travel and the removal
of the offensive chemicals.

Thess investigations would be complex and time consuming,
Accordingly, the suggested initial research ( (a) above) should determine
the rapidity of the inerease in underground disposal of chemicals in

industrial process waste waters and the urgency for the other phases of
investigation.

10 Summary = Many industrial process waste waters include organic
chemicals, many of which would be contaminents if they reach ground water
supplies in sufficient concentrationa. The dispersal of industries inte
rural or suburban locallties where waterways are not available may ’
result in disposes) of process wasie walers into lagoons, old wells,
leaching beds, bore holes, or other discharges into underground water
bearing strata and thus constitute a pollution of underground water supplies.
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Considerable numbers of expericnces have been recordads l!.any
more actusl or potential problems of ground water contamination: are
likely as xural and suburban areas bedome developed as resi

projects depending on ground water for resldential water auppliea.

i
2

Information is inadequate on the numbers of industrial v;l.n,stg.ua-
tions, the chemical character of their process waste waters, the
seriousness of the chemicals as ground water contaminants, and what
oconcentrations of the various chemicals can be tolerated.

1le Roferences - Bibliography Items 421 to L4O, inclusive.
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Topic ITw?i. Pegticides (Insecticides, Herbicides)

‘The use of organic pesticides has inoreased very rapidly end .
Rk steadily (211). Many new toxic materials and new uses for older materials
{ are being developed each year. Sales of all formulations now emount to
s billions of pounds yearly, with usage so great that many fishkills have
resulted. Heukelekian and Associates(Llil) have concludeds

LR

"Synthetic organiec pesticides now must be considered as water
pollutants®,

The word "Pesticldes™ has been used as a general term to includej
insecticides, rodenticides, herbicides, and bactericides. Sometimes the

term "larvacides” is found in discussions of chemicals used to kill the
larva stage of insects.

Van Nostrand!s Scientific Ehcyolopedia(hhz) (1958 Ed.) includes
| the definition:

"A legal definition for a pesticide is that it is any substance
or mixture of substances used in the production, storage, or
transportation of food which is intended for preventing,
destroying, repelling, or mitigating any insects, rodents,
fungl, or weeds, and other forms of plant or animal 1life or
viruses, except viruses on or in living man or other animals®,

This definition must be enlarged, with reference to ground water
contaminants to also include many substances used to control objectionable
insects, weeds, and probably other undesirable life or organisms,
(Example: Some types of fish in ponds or water veservoirs).

Many artlcles have appeared in the literature during recent years
describing and discussing pollution of surface waters, particularly
relative to fish kills due t?ﬁgticides being washed into streams, .
(Examples .Heukelekian et al review 20 articles published in 1959).

Comparatively few writers have discussed problems of ground water
contemination,

Any complete 1ist of chemicals used for pesticides would bs
beyond the scope of this reporte A few illustrative items, by several

larger groups may be justified. Many chemicals are used in two or
more of the groupings,
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Insecticides = ("Representative Insecticides" (Lh2) ) The ,
following. partial 1ist is representative of many chemicels applied to
the control of insectst

A - SYNTHETIC ORGANIC

Conmon Name
(or Trade Name)

DDT
Methoxychlor

Chlordane

Aldrin (HHIN)
TEPP

®Schradan® (OMPA)
Parathion
Malathion -

Rhodanates
farathone"

NATURAL ORGANIC
INSECTICIDES

Allethrin

INORGANIC INSECTICIDES

Tartar Enetic

Chemical Name
(or Chief Ingredient)

Dichlorediphenyltrichloroethanse
Dimethoxydlphenyltrichloroethane
Tetrachlorodiphenylethane
Di(chlorophenoxy)methane
Hexachlorocyclchexane
Hexachlorocyclohexane (gamma isomer only)
Octachlorchexahydromethanoindene
Hexachlorohexahydroendoexodimethanonaphthalene
Tetraethyl pyrophosphate
Octonethyl pyrophosphoramide
Diethylnitrophenyl thiophosphate
Dimethyl dithiophosphate of diethyl merw
captosuceinate phenothiazine
Gengral name for thiocyanates
Dinitrocaprylphenyl crotanate

Nicotine

Nicotine sulfate

Nornicotine

Pyrethrum

(Synthetic
pyrethrum

Rotenone and Rotenolds

Sabadilla

Hellebore

Various Oils and Tars

roduct allied to compound in

¢

Avsenates and Arsenites of Calcium, Copper
(Paris Green), Magnesium, Sodium, and Lead
Fluorddea, Fluosilicates and othar Fluorine

Compounds
Intimony Potassium Tartrate
Compounds of Mercury, Thallium and Selenium
Phosphides :
Cyanides
Sulfur Compounds

b

i A e s o e
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Rodenticides = (Authority - VanNostrandls (Lh2) )

a)

b)

c)

85

Before 1920 = Arsenic compounds

(mainly inorganie) Barium carbonate
Phogphorus
Strychnine

Just prior to War II - Red squill (known to ancient Egyptians)

Thallium sulfate :
Zine phosphlde

Chloropierin
During World War IIL - ANTU
(mainly organic) 1080
Warfarin
Pival

Herbieides (Weedicides) - (Seme authority (L42))

a) -

b)

Orgenic = 2,L=dichlorophenoxy~acetic acid (2,4~D)

2,L,5=trichlorophenosy=acetic acid (2,l,5«T)
lj~chloro-z-methyl~phenoxyacetic acid
Isopropyl=N=(3~chlorophenyl)=carbamate (ehloro 1PC)
li36=dinitromomcresol (DNOC)
Dinitro=~o=sec=butylphenol (DNOSEP;
Trichloroacetic acid (TCA or TCAA

24 2=cichloropropionic acid (Dalapon)
Pentashlorophenol (PCP)

Maleic hydrazide (MH)

N-l-naphthylphthalamic acid (NPA)

Pihenyl mercurie acetate

Monochloroacetic acid

Sodium naphthaleneacetate (SNA)

Inorganic = Sodium arsenite

Calecium cyanamide
Sulfamic acid

Ammonium sulfamate
Ammoniwn thiocyanate
Solium chlorate
Potagsiun cyanate (KCNO)
Sodivm methaarsenite

Other lists of pesticides, in earlier grticlea (Lk3) (Lbl) include

names of several other chemicals, McKee(l2

under *Insecticldes and

Larvicides" lists, Dieldrin, toxaphene. There may be other trads names.
For example; Chlordane is also known as "Velsicol 1068%, "CDw68% and
"0ota=-Klor" (151) (122),
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The foregoing lists indicate a large numbers of chemicels,

some inorganiec; but more organic compounds are now being widely used as. . '
pesticides, Data is not complete as to theé number that may be 'qu:;i_.p_.t_«g(né)}__;,m \
man, but most of them have been found to be toxic to fishes, refs MoKee @!'
and 1959 WPCF Review (LhS) (LL7) (LLB) (Lk9) (L50) (LS1), so may be

potentially toxic to man if they should reach ground water supplies in
sufficient concentrationse

- AR RS B IR
§
(%

The VanNostrand's Encyclopedia (LL2) includes the statement:

"The majority of chemlcal protectlve measures are designed for

the asctual destruction of the pestsj hence the substances used
may be classed as poisons.®

Many chemical compounds have been formulated in chemicel warfare

researchess Some of them have found their way into commercial usej
others may do so.

l. Sources of Pesticide Contamination = Possible contamination of ground
water by pesticides generally would involve the leaching into the soil
of surface water, or rainwater, which had become laden with acme

chemical which had been distributed for pest control, or the direct
entrance into a well or 2 spring of water laden with toxic chemicals

through openings or defects in the protectlive wells or structure for
the well or spring.

Since pesticldes are generally used sporatically it is unlikely
that a continuous buildeup of chemicals over a period of time would
develop into a toxlc concentration, but rather any contamination would
be the result of a relatively large flow of rain water run-off shortly
after the application of a pesticidal chemical.

2. Effect on Water Quality =~ Chemicals used for pestieides might effect ]
water quality by causing turbidity and objectional flavor; or by

producing toxic conditions if concentrations become sufficient, In some

cases leaching of the chemical solution through the soil might remove §
turbldity and color, but still leave toxlc chemicgls in solution at 0

sufficient concentration to produce tastes and/or also posaibly to be
toxic, in the case of certaln chemlecals.

3. Reported Permissible Concentration = In general, no specific permissible

concentrations of puwsilcidel chemicals in water supplies have been
reported.

Some chemicals, such as arsenle, phenol, chromates, have been i
. given a specified maximum concentration in the PHS Drinking Water
Standards ~ 1946(108), as discussed hereintofores A proposed CSCFF cone

centration of 200 ppb (392) probably would involve a good meny of the E
synthetic organic pesticides.
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However, the PHS Standards = 194601%%) and the proposed CSGEF teat
results (392) relate to a maximum desirable concentpsiion for municipsl
water supplies and not necessarily to the maximum permissible -concentration
before the water becomes unusable for an Individual residence. Also
many chemical pesticides may not be toxic to persons in any concentration
at 61l likely to reach any ground water supply.

h. BExperiences to Date - Many articles describe experiences with cone
tamination of surface waters and effects on fish, Very few articles
have consldered ground water contamination.

?hgt?at mass of teehnical articles have been published on DDT
Bishopp{l>2) found 965 articles published between Jan. 1943 to June 1946,

Most writers consider DDT a safe insecticide so far as danger to humans
is concerned.

Howsver, Brown(3°?) has set the lethal dose of DDT in kerosene
for man at 150 mg. per kg. of body welght. Harry Jordan has urged
caution in that little is kmown about accumulated effects of DDT.
Bishopp(L52) concluded that DDT may be stored in the body so subwelethal
doses may bulld up in the body and besome fatal.

Certain benzene hexachloride compounds, such as Lindane, ERiC,
Gammexane, and others, are powerful insecticides with estimated doses
fatal to humans much lower than DDT dosages (248). However, it has -
besn slso estimated that an objectional musty taste or odor would
prevent the use of water for drinking with concentrations much below
the estimated lethal concentration (151).

Other chemicals, for example Toxaphene with a atrong turpene odor,
would probably be objectionable for esthetlic reasons long before the
concentration reached lethal concentrations (307).

An early (1952 article by Carson(l53) indicates "Parathion” to

be toxic to man at less than 1 mge per kilogram of body weight, but
doea not give any experience data,

McKee(122) reports several articles (4SL) (LSS) (LS6) (311) on
experience in California (Alhambra) where a quantity of chemicals,
used in the manufacture of the "2,4~D" weed killer, was dumped into a
sewer, passed through a sewage treatment plant, traveled 3 to 5 miles
overland, then seceped into the undergrowm water bearing sirata used
as a municipal supply for Montebelle and csused objectional tastes

and odors with an estimated dilution of 1/10,000,000 for the original
chemical,
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Thers have been reports of chemliecals used for termite control ,
being found in an underground water supply.

D e

Warrick(l57) made an early (195L) report on a speotacular. fishk:lll
by insectidsl chemicals washed into a river by a rainstom shortly after

insectldes had been heavily spread over a large area to kill undesginw
ablas insects.

Two early (1947 and 1949) reports record arsenical poisoning of
persons using well water (in South Africa and in Vemezuela) which had
become contaminated by an arsenic compound dip used for the control
of ticks on cattle., The spent dipping solution had been disposed of
by dumping on land and after a number of years had reached wells being
used for drinking water supply. Two instances were reported in
South Africa (458) with several deaths reported - in one case a conw
centration of 0484 gr. of arsenic per gallon of water was reported.

Similar experience was reported for Venezuela, excepting no deatha were
reported (L59).

Currie(lé0) 51 an early (1947) review of the action of arsenie
referred to cases of cancer, reported from Silesia and from Argentina
which were congidered to be due to arsenic in water supplles.

Teeman et a1(l6l) discussing the effect of “BICT, "DDI" and
phosphoric acid esters on several types of foods, and on drinking
water found objectionable flavors resulted from the use of insectlioides
and lmpaired quality of food stuffs,.

Lyne and MeLachan,{462) discussing water contamination by
trichlorosthylene, stated that wells near factories often are rendered
unfit for drinking, Two cases were degoribed =« in one case a tank of
liquid burst and the liquid rasmched the ground water. In the second
case a well was contaminated 150-200 yards from a gravel pit into
which waste trichlorosthylene had been dumped for more than l years.

Water contained 18 ppm of chemical, caused stomach disorder and
dizziness.

Wty B
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PASSAGE THROUGH SOIL

5. Nature of Movement

6. Removal of Contaminants) = Published information is meager. There
have been some experiences to indicate that some insecticidal chemicals
may travel long distances without reduction in their chemical '
characteristics which cause taste and orders in drinking water from
ground water supplies (122). Alsc other evidence indicates the-
possibility of some chemicals ~ arsenic for example - bullding wp in

the soil over a period of many years, until dangerous concentration
may be reached (L58) (L59).

It is likely that the several complex organie chemicals presently
used as pesticides, may be affected differently in passing through soil.
Much information is needed to determine both the nature of movement and

the extent of removel of pesticidal chemicals as contaminants from
ground waters.

DETERMINATIONS FROM SURVEY

7. Predicting Contamination ~ There is evidence on which to base
predictions that certain liquid waste chemicals used for pest control e«
arsenic dips for example = could endanger ground water supplies (458)

and (459). Also available evidence indicates other pest control chemicals
could cause objectional tastes and odors in ground water supplies, if
permitted to reach the ground water, even in small concentrations.

However, there is meager data from which to forecast the
possibilites of ground water contamination of the ever increasing use
of complex organic chemicals for insect or other pest control by dosing
large areas by dust or liquid sprays. Numerous fish kills indicate
potential hazardas to ground water supplles under the proper conditions
of a heavy spray application followed by a heavy rainfall and a ground
water supply with defective protection at the well or in a nearby
sand and gravel quarry or other depression in porous soil,

Much more information is needed both with reference to the
frequency and concentration of pest control operations, the effect of
rains, the durability of the pesticidal chemicals, and the concentrations
likely to cause serious contamination of ground water.

8. Water Quality Criteria Neednd = Fortunately many chemicals used for
pest control cause quite objectional tastes and odors in concentrations
far below any lethal econeentration. lowever, Uhis may not be a sufficlent
protection. So some determination should be made as to (1) which
chemicals may be objectionable ethetically and at what concentrations

and (2) which chemicals may be dangerous due to thelr toxicity and at
what concentrations.
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Again it would appear desirable to provide two scaleg for the
congentration levels, particularly for those pesticidal chemicals which
may be used periodically. One level would be the desirable maximum
concentrations The other at a higher concentration level, would be a
maximum at which level the water should not beée used for drinking or -
cooking, even as the only supply for a residence = until the chemiecal. G
concentration is decreased by dilution to a permissible level,

Since most pesticidal chemicals are complex compounds some
relatively simple and convenient procedure should be developed by which
chemlical concentrations can be quickly determined,

Much research is needed to (1) detemine the magnitude of the
problem of contamination of ground water by pesticidal chemicals (separate
from the extensive concern about effect on fish in surface waters);

(2) establish the relative hazards of various chemical compoundsj
(3) set up concentration allowances; and (L) develop concentration
measuremant procedures.

9. Suggestions for Obtaining Information = Similar research studies

as suggested in the foregoing discussion of industrisl process waste
chemicals (Topic 2¢ to 2h par. 9). '

a) A survey to determine the present status of pest control §
procedures, particularly in the use of chemicals and the ‘
frequency of use, including consideration of the trend
in such use of pesticidal chemicals.

b) A determination of the objectionable characteristic of
various pesticidal chemicals, as regards taste or odors
and toxiclty effects, together with a study of methods
for determination of chemical concentrations.

¢) A study of the effect on pesticidal chemicals in passing

through soils with various physical and chemical
characteristics.

The proposed researches comprise essentially thrse distinet f
clesses of study 21) a wide ranging survey (2) a sanitary laboratory '
bottle study and (3) a sanitary=chemical soils investigation probably

using both laboratory test tube type experiment and outdoor lysimeter :-"5/ /
experiments, '

Sl T
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10, Summary = The extremely large uge of toxic materials for pest
control, together with the considerably experience in large fish 151.11@
' in gurface waters and a limited number of reported incidence of ground

vater contamination, should warrant consideration of pesticidal chgnulcala '
as potontial ground water contaminants.

It is possible that the considerable concern over the possibility
of toxicity to fish, as indicated by large numbers of articles published

during the last ten years, may have overshadowed the potential problems
of ground water contamination,

A study specifically related to ground water contamination by
chemicals used for pest control would appear warranted.

" 1l. References = Bibliography Items LLL to L62, inclusive.
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Topic IT-2j. Retrochemiosl fodustiles Wamtes

Petrochemical industries include two general groupst (1) organio
chemioal industries which use petroleum, natural gas; or cosl) ag¥aw = o

. products, and (2) chemical industries which use as their source.materials. . ..
the chemicals produced from petroleum, natural gas, or coal. Petrochemical -

industries have grown in a phenomenal manner during the past decade (li63).

Van Nostrand's Scientific Enéyclopedia(M) (p. 1218) contalns a
brief definition of Petrochemicalss

f"Chemicals derived from petroleum and more specifically
subatances or materials manufactured from a component of crude
oil or natural gas. In this sense ammonia and synthetic rubber
made from natural gas components are petrochemicals.®

Other writers have included coal as a third natural raw material
in the 1ist of original basic sources of petrochemicals (Li53).

Van Nostrandts m::yclopedia(hhz) also contains the following
informational atatementst

"The major petrochemical subastances are = ethylene propylene,
butadiene, acetylene, benzene, toluene, styrene, phencl,
formaldehyde, acetaldehyde, methyl alcohol, ethyl alcohel,
isopropyl alcohol, butyl alcohols, ethylene oxide, ethylene

gylocol, acrylonitrile, acetic acid, acetic anhydride,
acetone, and ammonia."

"The seven largest end uses of petrochemicals are those in
the rubber industry, the automotive and aviatlon industries,

in plastics, synthetic fibers, agriculture, surface coatings,
and explosives." '

The foregoing statements suggest a too limited magnitude relative
t0 numbers of petrochemicals and the quantities produced. Data reported
by Eliassen Associates(l63) in 1957, based on United States Tariff
i Bulletin "Synthetic Organic Chemicals, United States Production ~ 1954",
i give a better indication of magnitude, Two lists of production figures ‘\;

were published with numbers of specific chemicals and total annual proe
duction quantities as followss

Number of Annual Production

List " ' Chemicals million pounds
- 1. #"Crude Products Derived
from Petroleum and Natural Gas" 17 13, lhi6n
2, "Cyclic Intermediates® 225 _ L, 614

#20,60 percent increase over 1953 production.
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Many of the organic chemicals listed under the foregoing organic
chemicals = Topilcs IIw-2a to 2, inclusive =~ are petrochemicals or are
derived from petrochemicals., Thus, there are duplications-under seversl . .
Topics which will need to be considersd in planning research.work'to - .7
determine more specific information as to ground water contamination by
organic chemicals or process wastes from organic petrochemical industries,

ls Sources = Most petrochemical industries using petroleum, gas, or
coal to produce crude chemical products are relatively large factories
with large flows of process wastes, so in general, they are located

on large streamss These chemical plants would become a source of ground
water contamination only incidentally, or in a few cases where the

stream may become the source of ground water replenishment downstream
of the chemical plant.

A greater possibility of ground water contamination would be
smaller industries located in rural areas which may discharge petrochemicals
or derivatives of petrochemicals through chemical losses or chemical
process wastes discharged into lapoons, seepage areas, sprayed on land,
or dlscharged into a small stream which supplies a ground water aquifer.

In general, the major sources of petrochemical ground water conw
taminants would be industries producing or using petrochemicals.
Thus, these ground water contaminants would be chemical losses or
process wastes associated with thousands of industries, In addition,
the end products of petrochemicals may become contaminants, such as
pesticides, or fertiligers, which may be widely used for agriculture.

2, Water Quality Effects = The major effect on water quality probably
would be a deterioration of the esthetic quality of water by prodwcing an
of { taste or odor or possibly a color to the water. An unknoun number

of petrochemical contaminants may bs toxic at concentrations below the
taste or odor tolerance,

3+ Reporied Pemissible Concentrations - No general limitation would be
satisfactory for all petrochemicals. The propossd 200 pPeDsbe of CSCFF
limitation (392) would not be sufficient for residentisl projects, where
ground water may be the only water supply. Much more information is needed.

L4e Experience to Date = Again the huge numbers of articles on surface
water problems has obscured any substantial publication of experiences
related to ground problems. Some experiences with end products of

petrochemicals, such as detergents, pesticides, ete., have been discussed
in foregoing sections.
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PASSAGE THROUGH BOIIS

%S¢ Nature of Movement

S

)
it Removal of Contaminants) = Information is meager and much resemh
& i needed. Some actions of micro-orgsnisiis may be fastors (455)e

Previous discussions of the passage of organic chemicals through aoﬂ.,
in general, apply also to patrochemical contaminants.

e
LS m-ﬂn,

DETERMINATIONS FROM SURVEY
7« Predicting Contamination ~ See foregoing discussions, Topic II~2 to 2h
(pe B0), Toplc 11-21 (p. 89) and other organic chemicals.

8. Water Quality Criteria Needed = Criteria are needed to indicate the

" concentrations of petrochemicals in residential water supplies beyond
which the ground water supply must be abandoned « even though it be the
only available supply.

Much research is needed along the lines cutlined for Topic II=-2¢
to 2h (ps 81) for contamination by industrial process waste waters.

9. Suppgestions for Obtaining Information = The four general lines of
investigation suggested (p. ﬁli for Topic ITw2¢ to Zh, Industrial Process
Waste Waters apply also to petrochemical ground water contaminants.

10, Sumary = Huge numbers and quantities of petrochemicals are being
produced at a rapidly incressing rate. Many small chemical plants, or
other type of industries using chemicals, now being developed in rural
and suburban areas, are likely sources of ground water contamination.

Available information is inadequate and much more research is
needed to detemmine the seriousness of petrochemicals as ground water
contaninants, the maximum permissible concentrations, and the effects
of passage through soil of various characteristios.

" 11« References ~ Bibliography Items 463 to 165, inclusive,
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Gontaminants

Topic IIL = Eadiological contaiﬁinénta
dofinite economic factur. Much material to date. haa begL q,by
underground buriale. This has resulted in ground water eontamination

and is potentially a future problem of some magnitude. A review of
literature by Larry M. Ogden is reported in Appendix F. i

1. Soqus gf Radioactive Wastes  Kaufman(511), Stranb(l96), and
Ruchhoff have reported on sources. These reported sources may
be classifled as follows:

ilg Mining and processing radium and uranium ores
2) Reactors for radioisotopes production or for power generation

(3) Radioisotopes in research, medical work, and industry
(4) Nuclear weapons

2. Effect on Water Quality = Physiological effects on water users of
radioactive particles in water are the major effects on water quality.

3. Reported Permissible Concentrations = Recommendations of permissible
concentrations water are set by the National Committee on Radiation
Protection (483), and the Atomic Energy Commission (L82). A large amount

of research has been and is being done and the permissible concentrations

are modified from time to time., Large numbers of radicisotopes are
involved, too many to be listed herein.

eriences to Date ~ Numerous reports are found in the literature.
Items 53235 (519) (L70) (L71) (L79) (ﬁ&l) are illustrative. The AEC, the
several State and Federal Public Health Agencies, and Health Safety
Units in many induatries are continuously on the lookout for instances

of contamination by radiocactive materials. Probably no other health
huzard has received so much attention,

PASSAGE THROUGH SOILS

5« Nature of Movement
6. Temoval of Radioactive Material) - The literature contains many

uscmgnprmug (4B5) (L9o) (k1) (wz)(hss) (L96)
(s03) (s50k) (505) (513) (516) (521

The most favorable results seem to indlcate possibilitles of
ion exchange or surface adsorption to retard and remove radicactive
particles in thelr passage through soils., A great deal more research
work is needed. Since radioactivity does not change the chemical
characteristics of compounds or elements, much of the research knowledge
relative to radioactive substances should be applicable alse to many

other chemical contaminants, No easy, complete, or exact conclusions
are yet available.
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DETERUINATIONS FROM SURVEY

7« Predicting Contamingtion = The pregent art and knowledge is inadaqtmc .

to predict how'far any specific concentration of. radioagti:
may -contaminate ground water. .The results of invegtigation
certain radioactive chemicals may be absorbed or -adsorbed: b; ‘tain.
types of soils while other chemicals may travel long distances. In
general, travel of contaminants can be expected to go down dips
Howover, topography of the ground surface does not always indicate the
direstion of underground water flow or the dip of the water bearing
strata.

More extensive investigations are needed to determmine the effects
of various physical and chemical charaecteristics of soil on the movement
or removal of various chemicals or radioactive particles., Most of the
suggestions as to procedures given hereintofore for various chemicals
would apply to radioclogical contaminants.

8. Water Quality Critoria Required = The most importaont water eriteria
requirements have to do with the permissible coneentrations of radioe

active particles, their half life, and the possibilities of removal
by passage through soils, .

The permissible concentrations for radioactive materisls are
not well known. The extent of permissible exposure specified by
either the National Committee on Radiation Protection or the AJE.C,
have been changed several times and likely will be changed in the-

future. However, these agencies are the only present sources for
sumarized information.

De Sugges§ions for Obtaininpg Additional Information ~ Ogden (see
Appendix ¥) has suggested a more reliable determination of basie

faotors relative to locations of well water supplies and sites of
potentlel radiological contamination of ground watere He has outlined
nine items of investigation, largely experimental with laboratory and
pilot type soll column test units to establish ralationship between
g0il characteristics and the adsorption end leeching of radiocactive
materials. These proposed investigations are outlined in

Appendlx F = pages 22 and 23,

10. Summary ~ Several studies have been made under the support of
A.E.C. and by the U.S.P.H.S., but these have been relatively exploratory,
Much interest has been displayed by various health agancies snd meny
articles in the literature comprise generalizationa of the problem of
water contamination by radioactive materials.

“aL
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There are a few reports on partiel studies, ‘but much remains
to be done before adequate knowledge becomes avallable from whieh to
determine the potential contamination of ground water at any #pesifioc

well location by radioactive matter from any site of radioactive - - -
material disposal,

Much basic resesrch is needed to determine the relation of soil
types and various radioactive materials. Presently, F.H.A, should
endeavor to profit by investigationa being made or anticipated by
A«EdCy, the U.S.P.H.S., and various other health agencies.

1l. References ~ Bibliography items L66 to 523, inclusive.
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Blologlcal contaminants are considered in this report to include

Viral Conteminants. In a broader sense biological contam:lnanﬁa;:should
include those orgenisms which affect the palatability of water as wall
as those which may be a health hazard.

g
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Many writers have discussed water contamination by biological
agents in terms of the diseases which may be caused by them (52)4) (526)
(527) (528). For example, Fair & Geyer(10l) (1954) stated:

Me—water~borne diseases fall into five categoriea ———
bacteria, protozoa, worms, viruses, and fungi, wee enteric,
water-borne, bacterial infections inelude typhoid fever,
paratyphoid fever (salmonellusis), bacillary dysentery
(Shigellosis), and cholera. w-=-=- undulant fever (brucellosis)
and tularemia have been reported, but are of unusual
occurrence.s w~-= reported incidence of water-borne amebic
dysentery (amebiasis) has been smalls ~== eggs of some
intestinal worms and the larvae of others undoubtedly find
thelr way === into water suppliese =~- no widespread
infections from this source have been reporteds w=~-Infection
by the larval form (cercariae) of the blood flukes (schistosomee)
is another matters w«=~gchlslosomlasis does not occur in

meny reglons =~ because of the absence of a suitable snall
hoste «=~the snail hosts and larvae of certain schistosomes
that cause == g skin disease (cerearial dermatitis) are
found in some parts of the country. w=-~In certain regions of
the world, the minute crustacean "Cyclops" contains the larvae
of the guinea worm, «~= that infects man,"

Also Hopkins and Schulze(52L) (195L) stated:

"The most important water-borne diseases are dysentery,
chlorea, typhoid fever, and amebiasis."

More recently the Water Supply Scetion USPHS(530) prepared a
memorendum (Appendix J - Notes on Water Borne Diseases) in which
eight ®commonly known watar-borne diseases" were listed, as follows:

1. Amoebic dysentery (amoebiasis)

2, Bacillary dysentery (shigellosis)
- Cholera

L. ZLeptospirosis
5. Tularema .
6. Typhoid and .. watyphoid
T. Undulent tever (brucellosis)
# 8, Yellow jaundice (infection hepatitis)®

#See Tople V = Viral Contaminants

all living particles which may cguse disease or reduce the palatability of -
ground water, exoccpting viruses which ere considered later under Topie V =
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More exactly blologlcal contaminants should include the specific
agent or organism which may be potentially the cause of a so~palled
wator-borne diseases Discnse producing organisms are frequently
deslgnated as pathogens or pathogenio orpganisms, ,

SRS

Most water~borne disease bacteria can be isolated and 6bééi?§éda
g However, the determination of coliform organisms has been easler go:

= results of collform examinations have been used almost universally as

= -~ indices to probable biclogical contaminationa '

i 1. Sourceg - Public Health authorities generally have assumed that. ...

biological contaminants would originate from sewage. (108) (112) (L20).
Undoubtedly sewage may be the major source of biologlcal contaminants
that potentially may reach ground water.

Some writers have indicated other possibilities, such as
gecretions and discharges of infected rodents and other small animals;
offal from slaughtered animals; drilling mud and lack of supervision

) during drill wells (56k), by drainage from garbage (270) (599) (L23);
- by cemetery drainage (600); by industrisl waste waters (568); and others.

Certain fungi and alpea growths in wells or piping may ecsuse objectional
tastes or odors.

2., Effect on Water Quality = In general the hazard to health by causing
a disesase is the major effect on water quality. However, in some cases
the inflow of surface wash or sewage may cause turbidity by colors

In an occasional case odors may result from fungi, algea growths, or ]
other micro-organismse. 4

3. Reported Permisnible Concentration -« No reports have been found

which suggested any speciflie numbers of pathogenic orpanisms which

should be considered as a permissible concentration. Thie iz due in

part to the infrequent direct determination of the pathogenic organisme
Usvally the concentration of coliform organisms has been limited on the
theory that safety of the water is related to the numbers of coliforms (108),

L. Experiences to Data - Many articles have been written descriptive
of cutbreaks of water-borne diseeses traced to underground water supplies =
generally through wells, sometimes springs. A major number of these
reports probably relate to sewage entering wells, or springs, through
underground channels. Frequently access of contamination into a ground
water supply may be through defective well construction (56k) (569).

m Much attention is given to this possibility in public health regulations.

] Classic illustrations of water contamination experiences,

: including ground water supplics are given in many treatises on water
supply (527) (528). An early (1931) tabulation of upwards of 15,000 cases

- of typhoid and dysentery undar eight erategories of aceecs to ground water

were published by Wolman snd Gorman(529), These have been supplemented
by seversl recent summaries (530).

There 1s ample experlence data on the entrance into underground
waters with sewage of specific agents which cause the more commonly listed
water~borne diseases. Some lesser known diseases maywarrant some investigation
to establish a sounder knovledpe of their potentialities in grourd waler

contemination.
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PASSAGE THROUGH SOIL .. .

B« Nature of Movement ; ' o
6. TRemovel of Gonteminants) - Butler et a1(207) reviewed literature.

and reported on experimentdl lysimeter tests on five types of godil: They 4

found that size of soil grain vas importent and that finer :goils.removed ..
bacteria faster then coarse soils. Also bacterial removal was accomplished
by shorter travel than removal of chemlicalse They concluded that

feue~further studies with deeper columns of coarse solls is clearly
indicated." .

In an old article (1509) Ditthorn and Iuerssen(589) reported on
B. prodigiosus organisms injected into an aquifier 69 feet from a well,
. The organisms appeared in the well on 10 consecutive days and were found
as long as 30 days after injection had been discontinued. Wuhen applied
above the water table the bacteria did not appear in a well 58 feet away.

Calwell(L%1) (590) preporting pit latrine tests found bacteria
did not travel as far as chemicals. Distances of travel of coliform
ranged from 10 to 35 feet when the latrines penetrated the ground water.

Early (1927) studies by Stiles, Crohurst and Thomas(l19) found
bacteria traveled 232 feet from sewage polluted trenches. Chemicals
travelled 450 feet.  Movement was in the direction of ground water
flow only and more extensive in wet weather.

Gotaas et 31(117) reporting on experimental work in California
relative to rate and extent of travel of bhacteria as a result of
recharge of sewage effluents into water bearing strata found bacteria
travelled sbout 100 feet in the direction of normel ground water movement
and about 60 feet in other dirsctions, but found Pw==This maximum distance
of travel is not, however, related to the ground water velocitywe=",
Removal of bacteria with distance was extremely rapid and dees not

increase at higher rate of recharge, but does depend upon characteriatics
of the aquifer.

A number of small experimental studies have been reported, but
none have covered fully the variables involved. (589) (590) (591) (592)
(593) (59L) (l19) (595) (596.

|
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~ DETERMINATIONS FROM SURVEY
7. Predicting Oontamination = The pregent art is very de s -Home
p;'ecau'_tlféns can be taken egainst poteniial contaniriation (a) by avoiding
placing sewage disposal areas clogse to ground water sourcesj
(b) by considering the underlying geology and probable direotion of

-~ underground water movements; and (c) by providing proper protectden

seals around wells and springas to keep out surface wash.

However, much more knowledge is needed on the distances of travel
of biological contaminants in various types of solls and on methods of
determining the direction of flow of underground water, particularly
when influenced by drawndown of the ground water table by pumping, In

sonme areas, ground water recharges also may modify the ground water
flow pattern.

8. Water Quality Criteria Required - There has been considerable
discussion, over several years, as to the reliability of the colifomrm
index for water quality control. A number of less complicated and
faster procedures have been proposed. Also it should be feasible
to develop more specific tests to show actual presence or sbsence

of biological contaminants for use possibly in addition to the present
coliform index.

Further, the present water quality criteria relate primarily to
vater quality after the water 1s produced. The F.H.A. should have more
- gpeclfic eriteria relating to precautions and examinations to be made
before ground water scurces are developed by which mesns the potentiality

of contamination may be anticipated. Also some simple methods for
checking existing wells would be useful,

9. Supgestions for Obtaining Additional Information = Many qualified
regearchers have worked on this question and many proposasls have been

mades, It is beyond the scope of this study to attempt any swmary
of auch proposals.

The following general suggestions are sutmitted, on the premise
that urban development and populstion concentration beyond the limits of
municipal water supplies are so rapidly producing hazards to health by
potential blological contaminants that positive sction is needed prior to
construoction of ground water supplies, i.e., wells, infiltration galleries,
springs, and other means of obtaining underground water;

ae BStudy of presently available knowledge, including a summary
and coordination of unpublished results of ground water ine
vestigations presently in progress, to determine (a) the scope
of the several investigations; (b) the progress being made; and
{c) the areas of needed knowledge now being studied.
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be A review of the laboratory and field techniquea and available
laboratory facilities with the objective of preparing an
instruction manual for field lnspectors to gulde them and

facilitete investigations of the possibilities of biological
contamination. .

Ge A program of laboratory research with small lysimeter type
units to study more exactly the relationship between soil

characteristies and the travel and survival of biological
contaminants.

10. Summary - It appears from the literature that, to date, the emphasis
relative to blological contaminants has been on the diseases produced and
on the health safety of water by the use of the coliform index applied to
ground water supplies already produced, with a minimum of attention to

measures to detect specific apents of biological contamination or
measures to prevent ground water contamination.

It would appear reasonable to give more attention directly to the
specific agents, i.e., the biological contaminants and to develop
improve methods of rapid identification.

Also for the F.H.A. the emphasis should be related more specifically
to methods and procoedurss for examinations of the possibilities of trouble

with biological contaminants, particularly in connection with proposed
water supply projects.

The literature contains articles on many partial stucdies and
extensive dlscussions based on incompletes knowledge, largely related to
water quality end efforts to explain instances of water-borne diseases
attributed to underground water supplies without adequate knowledge to
properly fix the source of contamination or the proper corrective
measures to avoid further outbreaks of disease - oftentimes the
possibilities of contamination are not removed, but health safety is
made dependent on water disinfection, generally by chlorination.

More knowledge is needed to provide a basis for an instruction
menusal field inspections and developers with specific yet simple and

rapid methods for examination of the possibilities of guerding against
bioclogical contaminants,

11. References - See BIELIOGRAPHY - Topic IV, Ttems 524 to 600, inclusive,
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g__”.'t_. \l‘iral centami.na:hion

Viral contamination is oonsidered = in this report - 10 ggggi,gt. ot
the presence of wiral particles in water supplies in such adnc
that persons using the water, whether on a mingle occdaion or

prolonged peiiod, develop clinical symptona of which a vims is -t-ha i
causeative agent. - e

The problem of potentisl viral infection of ground waters- deserves
serious conslderation for two particular reasonst

(1) Virus diseases may be rare, but they can be extremely serious
when they do occur « the frequency of such diseases is increasing,

(2) Present rapid population growth in the United States increases
the seriousness of problems of disposal of toxiec agents
including viruses.

The published svidence is not conclusive as to potential water
borme virus diseases. There is stiil less evidence as to passage of
viruses through soils In this report three major virus groups have been
discussed as possible contaminants rather than specific diseases.
Laboratory research has tended to define certain serclogically related

roups of agents, whereas symptons of a particular type of disease
©+gey meningitis) may be associated with a variety of agents.

Berg(L0) recently (1958) has proposed that viruses of concern
in water contamination comprise:

"], Infectious heptaitis virus(es)

2+ The Enteroviruses

1) Poliovimges ==-=a-rme=a 3 types
2) Coxsackie "A" viruses---25 types
3) Coxsackie "B" viruses-~--5 types
4) ECHO viruges =ewew-w-e-s2l; types

3¢ The adenoviruses =mewaecw---.19 types associated with man.®

Earlier (1545) Brown(603) 1igted "inclusion conjunctivitiea"

*infectious hepatitis®", "poliomyelitis®, and "prelibial fever® as water
borne virus :l.nfeotions.

For the purposes of this report the list of viruses by Berg has
been considered the more complete list. Miss Eligabeth . Maclean has
prepared a discussion in some detail, which is included in Appendix H.

The following paragraphs sumnarize very briefly pertinent information
taken largely from Appendix H.
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important source of viral contgminants in %mund wakepe (622)°
(619) (611) (6u1) (650) (6u2) (6L43) (707) (65L) (610).

There is a likelihood of contamination by surface: mh £

entei*ing farm wells. (605) (701;) Viruses have been found i
pigs and farm animals.

2. Effect of Viruses on Water Cuality - Viral contamination, as defined
sbove, would render water unsafe pathogenically. The viruses themselves

_ may not produce any effect on the esthetic quality or palatability of
the water (602). The more dangerous contamination might include the
entrance of viral particles with other materials.

However, the viral contaminating particles may be accompanyin

, -4
by soil and other matter which would also affect the physical characteristics
of the water.

3+ Reported Permissible Concentrations =~ No authorlity has proposed any
1imit as a permissible concentration of viral infection. Some reports (634)
indicate very low concentrations may be dangerous. Other writers (615) (69L)
suggest the possibility that low concentrations of wesk organisms might
produce immunity. Gilereas and Kelly(628) proposed there is a great need
for research work on the subject of virus pollution of water.

Lo Experiences with Viral Contamination = There have been a considerable
number of confirmed experiences with infectious hepatitis in water lies
(625) (602) (632) (&ﬁJ (6L8) (656) (6L9) (687) (658) (653) (633) (6

(631) (679) (603) (615) (606) (6L6) (617) (663)

Poliomyelitis has not been generally accepted as being water borne,
although there are several reported instances where strong indications |
point to poliovirus being carried by water. (691) (689) %683) (657) (6l1) 1
(666) (651) (685) (68L). Other data have besn published tendin ]
disoount the possibility of water borne poliovirus diseases. 230) (680)
(693) (667) (608) (60L4) (697)s Some published material seems to suggest
that poliovirus in water might provide an immunization effect. (675) (69k)

Discussions of Coxsackie and ECHO virus contamination of water
supplies have only appeared in recent years. DlMost writers seem to consider

water borme virus, in these two groups, unlikely to be sources of disesses
(639) (623) (670) (559).

Other viruses have a still mors uncartain history thon the
foregoing, (65L) (677) 686) (62L).

Methods of lsolating viruses are still quite uncertain. In
some cases (eege, infectious hepatitis) there is no present method to
propagate the virus in laboratory substances, excepting by human volunteers.
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PASSAGE THROUGH SOIL

5. Nature of Move‘ment--—----) R e e L i
6. Removal of Contamination) = Due to the extremely emall size of vimis
organisms it would appear, by inference, they might pass through soil

more readily than bacteria. Also the passage of chemicals associated

with sewsge and bacteria might be considered as giving some indieation

of the probable passage of viruses. - e e

SRR

However, meagre date available does not furnish definite nor
conolusive information either on the possible passage of viruses through
soils or the removal of viruses by socils. Several preliminary experimental
studies furnish initial data. (675) (703) (628).

A number of epidemiological studies (647) (615) (6L6) (609) (662) (617)
appear to show that virua do pass through some soils, but no definite
relationship has been established either with referance to the type of
soil or the travel distance,

The effect of ground water on the survival of virus organisms is
another important factor. Studies on infectious hepatitis and poliovirus
indicate possibilities of relative long survival period (615) (633) (656)
(682) (607) (629) (686), However, these experiments wers uncertain and
their resulte inconclusive. Much more information is nseded.

Knowledge on removel of virus is relatively unknown. A few
gmall studies seem to indicate a possibllity that the resistance of

virus to inactivation may be equal to or greater than that of E=Coli
(675) (703) (628).

The effect of light, especlally sunlight, may be more important
than other factors. Much basis research will be needed to determine
these questions.

DETZRMINATIONS FROM SURVEY

7. Predicting Viral Contamination = A presont art of predicting speocific
viral contamination is non-existant. Available knowledge is only
fragmentary and inconelusive. A number of preliminary suggestions for
anticipating viral contamination are outlined in Appendix H (page L8),
but none are considered sufficlently secure to warrant practical applicaw
tion, In general, coliform tests are conaidered to be inferential

tests for potential virus contamination.

Additional information needed involves many poorly defined
factors. (1) an answer to the characteristics of viruses whieh would be
infective to humans; (2) improved bio~-assay methods; (3) survival of
viruses in soil and in ground water; (}) interrcactions of viruses
and soils, such as possible adsorption of viruses by soil grains; and

(5) probably other aspects which would arise after preliminary studies
were started.
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8, Water Oriteria Needed - The present Public Health Drmk;mgjaber '
Standerds(I08) rely on the coliform index. There have been expenieneea
which indicate a need for a critical review of this basie. philggn

when other biological agenta such as viruses, are concerned.(618) Ti _57)
(628) (629) (705) (708),

9. Supgestiona for Obtaining Needed Information = The quantitative atudy
of vIr%E contamination involves many serious problems, including the - -
problem of bio~assay to detemine numbers and survival of viral
organisms, culture systema ara not yet available for many viruses =

the infectious hepatitus organisms, for example. Further study of biow
assay procedures may be early items to investigate.

Other possible experimental studies are outlined by Maoclean
(Appendix H), including (1) assay efficiencies; (2) effect on viruses
and salts or other materials in ground water; (3) concentrations of
viruses present under practical conditions; (L) interaction of viruses
with soils; (5) adsorption of viruses to soil particles; and (6) others.

10. Summa_x:z = Infectious hepatitis is a known potential water bome
virus disease. Poliovirus and other viruses of the entercvirus group
have been found in sewage s0 may be potential water contaminants. The
spread of enterovirus infections by water haa not been demonstrated

posslibly because the etiologic agents have been rarely identified in
these virus epidemics.

The problems of viral contamination of ground waters will une
doubtedly increase with increase in population concentration and greater
demand on ground water supplies.

Presently, the presence of viral contaminants in ground water is ‘
only inferred from the coliform index. GOenerally, the inference is ,
actively followed when specific viral infection is experienced. There /
is need for proven methods to identify viruses and for research to
determine the interaction of viral types and properties with soil
physicel and chemical properties.

1l. References - Many articles have appeared in the literaturs on .iz :
/ various aspects of viruses and viral diseases. The 119 bibliographical !

items, 601 to 719, seem to be representative of knowledge on viruses
and virus diseases, as they may be related to ground water contamination,

T o o T ST o i s e e e minarten - vtme AT < en p ot
TR B .



SAREIRAR

Bibliography

Ing.

BIBLIOGRAPHY AND REPERENCES

The following list of writinga contains infommw

to scue phase of ground water conteainmmts or contminati
References to writings have been made in Part I e

and also the sections of Part III « Supplemental Memoran
in this Bibliography in the order in which potentisl cont
appear in Table A« Some writings have been referrsd to more than .
‘once in discussing the geveral contaminuints, so more than one
references number may be given to the same article.

Numbering « To avoid the remumbering of references in the several
Supplemental Memoranda = some of which wers prepared early « the
first refersnce in the following listing has been numbered 101.

I, BHeferences for Physical Contaminants
101¢ Falr, Gordon Maskew snd Geyer, John Charles, Elements of %ter
ey

g%li and Waste-Water Disposal, New York, Jo s Ince,
Ce s PPe - 3 [}
Sig

102 wn, Ho;ard Bs, The Meanin

103s Ropkins, Edward Scott and Schulge, Wilmer Henry, The Practice of
Sanitation, Baltimore, The Williams & Wilkins Co., os I%E, Pe 1564

104, Middleton, F. M., Grant, W,, and Roger, A. A.; "Organic Chemical
Compounds as Cause of Drinking Water Taste and Odors,®
Industrial and Engineering Chemistry, 48, 259, February 1956.

105, Turmesure, F. E, and Rugsell, H. L., Public Mater Supplie
New York, John Wiley & Scns, Inc., Fourth Edition, c. 5:915, Pe 151,
106+ Ruchhoft, C. C., Middlaton, F. M., Braus, Harry, and Rosen, A. A.,
"Taste= and Odor-Producing Components in Refinery Gravity 04l

Separator Effluents®, Industrial & Engineering Chemistry Noe 2
Pebruary 195k, pp. 2§1’-289o ’ &. * o

107. m.‘, Je Ec. teor ality Criteria, SWPCB Publ, No, 3’
California Staa Wdﬁr 'Follutfon 5ontml Board, o, 1952,

Ppe 226=228, 305«6, 3909k, 39899 and addendum Noe 1,
Ge 195k, Ppe 117120,




s R A BRI

LT PR K

Bivliography ‘ - 108,

108, Public Health Serviece Drinking Water Standards = 19
Reprint No, 2697, Public Health Reports, March 1915, ,
U.S. Department of Hesltn, Edusetion shd Welfare, - L
Public Health Service, Washingten 25, DeCe - - - - : -‘}

R i SR
I A Al i)

109 Vels, Ce Jop "Influence of Tempsrature on Coagulation®, .
Civil Engineering, L, 35, 193k; Water Pollution Abs., 8, June 1935,

110, Burson, Blalr, "Seasonal Temperature Variations in Relation to
Water Treatment”, Journal A«WeWehs, 30, 793, 1938,

111, Salvato, Joseph A.,*Environmental Sanitation} New York,
John Wiley and Sons, Incey ce 1958, pe 613 ppe 112-113;
PPe 118"119, PPe 122126,

112, Babbitt, Harold EB,, E%oering in Public Health, New York,
MaGraw-Hill Book Go., Cey Co 19 25 DPe an

113, Babbitt, Harold B, end Doland, James J.,

?%Lﬁ&!ﬁillﬁam
New York, McGraw=Hill Book Coe, INnce, ce 1955, ppe 303305,

PPe 53Lm35,

114. Goudey, Ray F., "Developing Standards for the Protection of

Ground Water”, J. American Water Works Assoc., 39, ppe 10101020,
October 1947,

115, American Water Works Association, Manual of Water ity Cont:

New York, American Water Works Association, c. ﬁﬂg, Pe %.

116, "Standard Methods for the Examination of Water, Sewage, and
Industrial Wastes®, Tenth Edition, 1955, APHA, AWWA, FSIW.

117. Gotaas, Harold B,, MeGauhey, P. H., and Krane, Ray Bes

Investigation of Travel of Pollution, Pub. Noe 11, (195h)
State 7&55 Pollution Oontrol ﬁaﬂ, to, ©

Sacramento, California.

118, ?ﬂ% Hftabéumlx Sanitation, by Joint Committes on Rural i
anitation, Suppl. No. » Public Health Reports, Q’ !
U.8. Public Health Service (1945). :

119, gmlera%ivictﬁ:h My and Sti1l, Emest Ve, ume%gﬁ. and Ruped )
anitation, Edition, New Yo cGraw k Compuny, Ine. -
Te 1950, ’ ’ T '~




Bibliography =
Chlorides 199,

120,

ia.

122,

123.

125,

126,

127.

128.

Tonic IT = Ghl] o

Elisssen, Dr. Rolf and Symons, Do James M., "Major Industrial

‘Wasten from the Petrochenical Industries® Raport to. Ribsrt:As Tifh,

Sanitary Bigineering Oénter, Public Health Sefvice, pe 1, #epte 3557,
Topic II la -~ Chlorides = References '

Brown, Howard B., "The Meaning Significance, and Expression of
Commonly Measured Water Quality Criteria and Potential Pollutantse,

Louisiana State University Engineering Experiment Station,
Bulletin NO. 58 (1957)0

McKee, Jo E., "Water Quality Criteria®, (including addendum Nos 1),
State Water Pollution Control Board Publication Noe 3,
Sacramento, California (1957)

Winslow, A. G, and Kister, L. R.,, "Saline~Water Resources of
Texas", U.S. Geologiocal Survey Water-Supply Paper 1365,

UsSs CGovit Printing Office, Washington, D.C., (1956),

12 PD.§ Water Polluie Abs, 1]_.) Noe 72 » (1958)0

mlw, Alln GO, mm’ wh w" .nd wcod, Imm ‘0.
"Salt Water and Its Relation to Fresh Ground Water in
Harris County, Texas®, U.S. Geological Survey Water-Supply
Paper 1360=F, (1957), Chem. Abs, 18398a (1957).

Shamburger, V. M., Jre, "Alleged Woll Contamination in Relation
to Brine Disposal in Clemville, Matagorda County, Texasj
Board of Water Engineers, (July 195§§ .

Shamburger, Ve Me, J»., "Reconnaissance Report on Alleged
Contamination of California Creek Near Avoca, Jones County,
Texss", Texas Board of Water Engineers Contamination
Report Xoe 5, (December 1958),

Shamburger, V. Me, Jre, "™Memorandum Report on Water Well
Contamiration in the Sespomco Area, Wilson County, Texas®,

Texas Board of Water Engineers, Contamination Report No, 3
(September, 1958), ! *

Shamburger, V. M., Jr., "Reconnaissance of Water Well'
Pollution and the Occurrence of Shallow Ground Water,

Runnsls Cownty, Texas®, Texas Board of Watar Engineers,
(March 1959)




Bibliography =

Chlorides

129,

130,

131.

132.

133,

134

135,

136,

137,

138.

Shamburger, Ve Y., Jre, "Roconnaissance of Water.Well -
Contamination in the City of Victorda ard at Placebo Junction,
Victorda County, Texas®, Texas Board of Water Enginaers, -
Contamination Report Nos 2, (July, 1958)s = .. .~ -

Martini, He J., "The Occurrence, Origin, and Zsonomic
Importance of Saline Ground-Water in North«West Germany*,
Wasserwirtachaft, Aus Stuttgart, 31=3L, (1951);
Water Pollut. Abs., 26, 1136, (1953).

Ulbrich, R., "The Source of Nitrate and Chlorids in Ground
Waters Arcund Wursbury and in Ground Waters ¢f the Rhone",
Gesund.heitaung 18, 80=82, (1957); Water Pollut. Abs.,

3L, 21k, (1958).

NOring, F., "Effect of Artificial Fertilizers of the Chemical
Composition of Ground«Water®”, Gesund. Ing., 72, 190191,
(1951)3 Cheme Abs., 36984, (1952), Water PolTute Abs.,

26, 668, (1953).

Bacon, Vinton W., Glesson, George B., Walling, I. W.,
"Water Quality as Related to Water Follution in Californiaf,
Ind., and Eng'g., Chem. L5, 2657-2665, (1553).

Shafer, Ross A., "Ground Water and Used Water in Basin
Recharge Areas", Indiana Engtg. Chem., L5, 2666-2668, (1953).

Tolman, C. Fe and Poland, J. F,, "OGroundewater, Salt~water
infiltration and Ground-Surface Recission in Santa Clara
Valley, Santa Clara County, California® Trans. Amere
Geophys. Union 2L, 23w=3L, (1940).

Piper, A. M., Garrett, A. A., et &1, "Chemical Character

of Native and Contaminatoed Ground Waters in the Long Beach =
Senta Ann Area, California®, U.S. Dapt. of the Interior,
Geological Survey, Water Supply Paper 1136, (1953),

Parker, Gerald G, "Salt Water Ercroachment in Southern
Florida", J. Amer. Water Uorks Assocs, 37, 52642, (19l5).

Schneider, "Results of regional invastigations on chemical
compoeition of ground water and their significance on the
gendtery evaluation of analyses of single samples of water®,
in "Meeting of Water and Sewage Technicians at Wiesbaden"
by We Merkel; Gas<Us Wasserfach, 89, 13, (1518); wWater
Pollut. AbSO’ ?b 1279(2), (3), ( 8).

110w




Bibliography =
Chlorides

139.

Lo,

pth

12,

1L3.

1lke
k5.
16,

147,

118,

1L9.

Tullis, Edward Hey Gries, -’Ohh Po. GQFO; JOSQPhKQQ

“Pinal Report to United Statea Department of the Infeplar -
Saline Vater Conversion Progyom: Inventtry of Fublished™
and Unpublished Date cn tha Obaractéristics of Salike -

Surface and Ground Waters of South Dakotal, . .
Engineering snd Mining Experiment Station, South Dekota
School of Mines and Technology, (June 195:;).7

Culp, Russell L., Chief, Water Supply Secticn, Kensas State
Board of Health « PFrivate correspondence by letter date
February 17, 1959.

Todd, David Keith, PheD., "Oround Water Hydrology*,
Jonn’Wiley & Sons, New York, N.Ts, (T956Tc Ak

Barksdale, Henry C., "The Contamination of Ground=Water by
Salt Water Near Parlin, New Jersey®, Trans. Amer. Geophys.
Union, 21, h71-L7h, (19L0).

Oberzill, W., "Danger to Ground Water by Oravel Piis in
the district of the well fields of St. Pblten at Spratsern®,

W Ost. Wasserw. 7, 269-272, (1955); Water Pollut. Abse 2
N s L ’ 2

Cslifornia Department of Public Works, Water Quality
Investigationst "0il Field Brine Investigation Orange County",
(June 1954).

None., "Pollution of ground water, conclusions reached at
the Fifth European seminar for Sanitary Engineering®,
World Health Organ. Chronicle, 10, No. 11, 362, (Nov. 1956).

Brown, Russell H., and Parker, Gerald G., "Salt Water
Encroachment in Limestone et Silver Bluff, Miami, Florida",
Boons Geols, 40, 235«62, (19L5)e

Vinck, F., "Increase in salt content of ground weter in
Schleswig=Holstein, Cause, Extent, Importance, and Control",
Bes. Mitt, dtsch, Jahrbuch, No. 12, 5«53, (1955),

(Gowhsser Kundliche Tagung 1955); Lit. Ber. Waas,

Abwasse Luft ue Baden, 5, 6, (1556); Water Pollut. Abs.,
30, 07, (1957).

Rudolf, Z., "Principles of the Determination of the Physical
and Chemlcal Standards of Water for D::'i.n!c.’n.ngs Industrial
]

snd
Domestic Purposes®., Gas i Woda 10, 57 (1530); Water Pollut, Abs. b,
March (1931)

Proceedings Fifth European Seminar « Ground Water Pollution,




TR NN P s R R

Bibliography =
Chromates

150,

151,

152.

153.

15k

155.

156.

157,

158,

159.

160.

by Chiomium Wastes", Water and Sewage Woi-krzg, 5283.3(195—1) -

Davids, He W, and Lieber, Mo, "Undergrovnd Waber.Contiamin

The Merck Index of Chemicals and Drugs Tth Eds (1955)s

Welsh, Gene B, and Thomas, Jerome F., "Significance of
Chemical Limits in USPHS Drinking Water Standards®,
Jour. AWAA 52:289 (Mars 1960).

Grgham, De We, "Chromium = A Water and Sewage Problem®.
Jour, AWHA 352159 (Febe 19LL)

Pomeroy, Re., "Report of Experiment on Effect of Hexavalent
Chromitm in Drinking on & Humen Subject® (McKee(122) p, 501 Ref., 1107)

Kehoe, R. A.j Cholak, Jaccb; and Largent, E. S., "The Hyglenlc
Significance of the Contaminallon of Water with Certain
Mineral Constituents", Jour. AWWA, 362645 (June 194L)

Ohio River Valley Water Sanitation Commission, Subcommittece
on Toxicities, Metal Finishing Industries Action Committee,
Report Nos 3 = 1950,

Oross, W. G., and Heller, V. G., "Chromates in Animal Nutrition®,
Jours Ind. Hyglene and Toxicology 28, 53 (1946).

Well Pollution by Chromates in Douglas, Mich.%,
Mich, ¥W. Wks News, 1:3:16 (July 1947)

tInvestigation of Travel of Pollution® State Water Pollution
Control Board, California =~ Publication Noe 11 = 195k

Hcl(ee(l?-a) has listed additional references ~ Numbers

(1is) 152, 3L6, $97, 1104, 1110, 1111, 1112, 313, 35k, 358,
598, 608, 617, (These relate generally to the subject of
toxic substancss end effects of chrumates on fishes).



Bibliography =

Nitrates

161,

162,

163.

164e

165,

166,

167,

168,

169,

170,

i7n.

113,

Topic II » lc. Nitrates ~ References

Kay, Le Aot Ward, We M.5 and Hendin, N. D.; *Nitrates in Mmitohl.
Water Supplies®, Canadian Jouyr. of Pube. Health, March 1953, pa 95.

Sohmidt, Edwin L., PheD., "Soil Nitiiflcation and Nitrates in
Waters®, Public Health Reports = U.S. Dept, of He E. and Welfare,
Public Health Service -~ Vol, 71, Nos 5, pe 497 (May 1956),

®llis, J, H.j Poyser, E. A3 and Leclair, F. P.j "Nitrates in
Water and Fodder = Meepawa Area®, a Manitoba Soil Survey Report -
Dominion Experimental Farms Branch, Menitoba Department of
Agriculture; Soils Department, University of Manitoba,

Winnipeg, Manitoba, Canadea.

Maxoy, Kenneth F., "Relation of Nitrate Mitrogen Concentration
in Well Water to the Occurrence of Methemoglobinemia in Infants”,
U.S. Amed Forces Medical Jour. 1, No. 9, 1007 (Septs1950),

MoKee, Jo Es, "Water Quality Criteria®, State Water Pollution
Control Board, Sacramento, California - Publication No., 3, 1957
(2nd Printing 1957 Including Addendum Noe 1),
Notet These were first published as two separate reports
"Water Quality Criteria® in 1952 and Addendum Noe 1 in 195l

Cornblath, Mervin, and Hartmann, Alexie F., "Methemoglobinemia
in Young Infants", Jour. of Pediatrics 33, No. l, L2l (October 19L8).

Hom, K., "Damage to Heelth by Water Supplies Containing Nitrate,
Especially in the Case of Infants, with Referencs to Local
Hygienic Conditions* Stidtehyglene 9, 21, (1958)

Wat. Pol. Abs. 2076 (1958)

Feucett, Re L., and Miller, H. C., "™ethaemoglobinaemia Occurring
in Infants Fed Milk Diluted with Well Water of High Nitrate Contentt,

Jour. Pediatrics 2k, 593 (1946) ~ Wat. Pol. Abs. 20, October 1947,

Metgler, Dwight Fs and Stoltenberg, Howard A., "The Public Heslth
Significance of High Nitrate Waters as a Cause of Infant Cyanosis
and Methodg of Control®, Trans. Kenses Acad. Sel., 53, No. 2, 191 (1950).

Ferrent, Maurice, "Methemoglobinemia®, Jour. Pediatrics 29, 585 (19L6) - )
AdWeWohe Joure L0, 262, Pebruary (1048} &

Comly, He H., "Cyanosis in Infants Caused by Nitretes in Well Weter ® -
Joure Ane Meds Assoce, 129, 2, (1945)




WD it 4 WY W

&

A J:immnwmm‘ﬂmgm‘%

Bibliography

Nitrates

1724

173.

17he

177.

178,

179,

180,

181,

182,

183,

18L.

185.

186.

1xh.

e ez g S

Siemens, H., and Mellet, C., "™itrats Content in Well Waters",
Canadian Jours Pub. Heelth, L1, 20L (1950} = Chem. Abs. 63259 (1951).

Waring, F. H., "Significance of Nitrates in Water Supplies®, B |
Jour, ichWcAc, _’.g._, 1?47 (191&9)0 ‘

George, We O+ and Hestings, Warren, "llitrate in the Grounc Water
of Texas)' Trans. Am, Geophysical Union, 32, L50, (1951).

Weksmen, S. A., "Principles of Soil Mierobiology®,
Pube by Williams and Wilkins, Beltimcre, Md. (1532).

Ullrich, R., "The Source of Nitrate and Chloride in Grouvnd Wators
Around Wursburg and in Ground Weters of the Rhone', Gesundheltsing,
78, 80 (1957) Wat. Pole Abs. 21k, (1958).

Cox, Charles R., Crairman ®"leport of the Committee on Water Supply",

Aner, Jour, of Public Health, Yearbook, 117 (1951).

Caballero, P. J., "Discussion Sobre Las Mormes de Callidad para
Aqua Potable", Americanc de Ingenleria Sanitaria 3, 53 (1951).

Bosch, H. Y., Rosenfield, A. B., Huston, R., Shipman, H. R.,

and Woodward, Fe L., "Methemoglobinemia and Minnesota Well Supplies¥,
Jour. AQWQWQAQ’ g’ 161 (1950§0

Ewing, Mary C., and White, R. M. (West Suffolk General Hospital,
England), "Cyanosis in Infancy from Nitrates in Drinking Watepr®,
Jour, Lancet 260, 931, (1951).

Medovy, Harry, "Well Water Methemoglobinemla in Infents", ‘g
Jour. Lancst 68, 19«6 (19L8). ‘

Wise, We 8., "The Industrial Waste Problem. IV. Erass and Copper,
Electroplating and Textile Wastes®, Sewage Works Jour. 20, 96 (1948),

Ane W, Wks, Assn,, "Water Quality and Treatment®, 2d Ed, A.W.W.A, (1950). ‘

i
Waring, F. He, "Nitrates in Water and Their Relatinnship to E
Methemoglobinemia®, Univ, Mich. Inservice Training Course in '
Water Works Problams, Feb. 15-16 (1951).

Ohio R. Valley Wat, Sane Commission, Subcommittee on Toxlcities,
Metal Finishing Industries Action Committee, Rpt. No« 3 (1950).

Welton, Orgham, "Survey of the Literature Relating to Infant

Methemoglobinemia Due to Nitrate Contaminated Waterw,
Am, Jour. Pub, Health (1951); Pub. Health Fng. Abs. 31, Sept. (1951).

ST OO e



Bibliogrephy =

Witratea

187,

188,

189,

191,

192,

193.

19k,

195,

196,

197.

198,

199,

118.

Dugan, Fe Cs; "The Effect of Nitrates in Rural Water Supplies
on Infant Health¥, Bull, Ky. Dept. of Health 21, 3 (1943).

Maxey, K. F., "Report on the Relation of Nitrate Nitrogen :
Concentration in Well Waters to the Ocourrence of Xethemoglobinemia
in Infants", Appendix "D* of the Rpt. by Committee oh San. Engng.
and BEnvironment to Director of Med. Sciences; Natl. Research
Council (1950) (3ae alsec L above.)

Rosenfield, A. B. and Huston, R., "Infant Metaemoglobinaemia
in Minnesota Due to Nitrates in Well Water®, Minn. Med, 33,
787 (1950)0 Water Pols Abs, 2,4, Jane (195150

Anon. %Blue Baby Deaths Leid to Water", Johnson Nat. Drillers! Jour.
20, by May (1548

Van Heuvelen, W. V., "vhat About Nitrates in North Dakota Drinkin,
Water?", Ofc. Bull, No. Dakota Wat. & Sew, ks, Conf. 16, 22 (191;%).
Wat. Pol. Abs, March (191[9)0

Beger, H., "The Value and Importance of !Iimiting Concentrationst
in Determining the Hyglenic Quality of Water", Part II, Ki. Mitt,.
Ver, Wesser, Baden and Iufthyg, 18, 115 (1942);

Wat. Pol. Abs,. !._é, Dec. (19’-30

Mohler, H., "New Swiss Regulations for Drinking and Mineral Waters®,
Jour. Ame W. Wkse Assoce 31, 1421 (1939).

Taylor, E. W., "The Examination of Waters and Water Supplies",
P. Blekiston's Son and Co, .

Macris, C. Ge, "Pollution of Potable Water mnd Watered Milk by
Nitrates, As a Cause of Methaeglobinaemia in Infants®,
Iatr. Proades 52, No. L3 (1951); Wat. Pol. Abs. 25, No. 2, 25 (1952).

Anon, "Nitrates in Drinking Water®, Nutrition. Rev. §, 159 (1951).

ge:lld:fco ?eg:; of aublioiiealﬂn,, "Report on an Investipgation of
ollution of (round Water in The (rants = Bluewster, New Mexico Area®
Santa Fe, New Mexico, August (1957). ==

Schmidt, Edwin L., Ph.Ds, "Soil Nitrification and Nitrates in Waters®,
Public Healih Heports [l, Noe« 5, May (1956)

Robertson, H. E.y, and Riddell, W. A., "Cyenosis of Infants Produced
by High Nitrate Conecentretion in Rural Waters off Saskatchewan®,
Canad, Jour, Pub, Health &, No. 2, 72"77’ (Feb. 191&9).




o O R PRI T R R DT

Bibliography =
Nitrates

200,

201,

202,

203.

204,

205,

207,

208,
209,

210,

a,

2.2,

ay.

i T g R S AT SR S e

E1is, J.H., Poyser, E. A.,, and Leclair, F. P., "Nitrates in
Weter and Fodder - Neepawa Area", Manitoba Soil Survey -
Dominion Experimental Farms BEranches, Manitoba Department of
Agricultures Soils Dapts, Univ. of Manitoba (1951%).

® '
Bosch, H. M., Rosenfeld, A. B., et alt "Methaemoglobinaema and @ ‘
Minnesota Well Supplies®, Jour. A.W.W.A. 12, 161 (1950)., !

Xreuger, Gs Mo, "A Method for the Removal of Nitrates from water
Prior to use in Infant Forsmla", Jour. Pede 35, Nos Ly 482 (Octe 15L9)

Medovy, Harry, Cuest, W. C., and Victor Maurice -~ "Cyanosis in
Infents in Rural Areas", Canad. M. A. Jour. 56, 505 (19L7)

Abbott, G¢ A., and Voedisch, F. W, -~ Noxth Dakota Geologi