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THE DEVELOPMENT OF A PROCEDURAL MANUAL FOR
SANITARY LANDFILL LEACHATE ANALYSIS
IN A FIELD ENVIRONMENT

CHAPTER I
INTRODUCTION

Surface and ground waters are one of the nation's most valuable,

renewable resources. This vital resource must not be destroyed by
uncontrolled stream pollution (36). According to Charles C. Johnson,

Assistant Surgeon General of the United States, our water resources,

more perhaps than any other, illustrate the interaction of all parts of
the environment and particularly, the recycling process that charac-

terizes every resource of the ecosystem. Everything that man him-

self injects into the biospherechemical, biological or physical--can
ultimately find its way into the earth's water. And these contaminants

must be removed, by nature or by man, before that water is again
potable (61).

Unfortunately, too many people consider water as a free, pure
and endless resource. They waste and abuse this natural resource;
yet expect that its quality will remain pristine and its quantity will be
endless. Russell E. Train, Administrator of the United States

Environmental Protection Agency, had this to say about water

resources:
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We in America have long considered safe drinking water
(and water in general) as our natural heritage. Indeed we

have accepted it much as we have regarded the air we breathe
unli nited, free and clean. But it is neither limitless nor
free nor a product that somehow is immune from the pollution
which affects other aspects of our lives (1).
Significance of the Problem

Since the nation's water supplies are finite, water quantity and

quality problems are becoming ever present. As an example, human
population and consumption demands are rising steadily. Also, an

increasing volume, complexity, and variety of pollutants continue to

enter surface and ground waters more frequently. Although these
pollutants emanate from many sources, one relatively unknown

pollutant source is the sanitary landfill (refuse disposal site). The
landfill source may receive and hold rubbish, garbage and ashes (21).
Other materials deposited could include bulky wastes, dead animals,

empty pesticide containers, incinerator fly ash and residue, animal
manure, flammable wastes (not highly flammable), volatile wastes
(not highly volatile), and water and waste water treatment plant
sludges (12).

Water pollution problems occur when rainfall saturates the
sanitary landfill. Robert Schoenberger, Drexel University, reported

that when rainfall infiltrates the landfill surface or when the ground

water table saturates a part of the landfill, a return to equilibrium
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moisture conditions requires that water in excess of field capacity
drain from the landfill. As the water (leachate) drains from the landfill, it carries mineral and organic material in suspension or as

dissolved matter (50). This leachate is a potential contaminant to

either surface water or ground water.
Since these leachates can chemically alter ground water and/or

surface water, a procedural manual for sanitary landfill leachate
analysis would facilitate and guide the sanitarian and other public
health officials in safeguarding the public's health by helping insure

that landfills were not polluting water sources. Also, better water
quality could be provided by enclosing charts of current water
standards in the manual.
Statement of the Problem

The intent of this study was to develop a sanitary landfill

leachate procedural manual for sanitarians and other public health
officials (see Appendix I). Many county sanitarians and health

officials have little knowledge, expertise, or laboratory equipment
to sample and analyze leachates. Numerous county health depart-

ments are without a water laboratory facility in which to have water
samples examined. Local health departments utilize the state water

laboratories for analysis of their water samples. This procedure
expends valuable time and county funds.
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By having guidelines established and step-by-step procedures

recorded in the form of a manual, the county sanitarian using field
test kits (e. g. , a Hach water analysis kit) could conduct surface
and/or ground water analyses to help identify the various types and
amounts of chemical leachates polluting waters adjacent to /around

sanitary landfills. Thus, lengthy waits for analysis results, possible
lack of testing priorities, and additional financial expenditures by the
county could be averted. Second, this manual would provide an

alternate method to counties having their own water laboratories.
For example, if the county water laboratory received a large supply

of water samples to be tested and a backlog developed, then the

sanitarian(s) could conduct required leachate analysis tests using the
manual as a guide. Third, this manual would be constructed in such

a way that it would aid sanitarians in the state of Oregon, as well as
other states, in analyzing leachate flow and contamination. Fourth,
the manual would be a useful training aid when used to educate

sanitarians in the area of field leachate analysis. Upon training
completion, each sanitarian would be able to utilize the manual and
kit successfully and obtain a much better understanding as to what

effects the landfill could have on the environment. This training
would be reinforced by analyzing associated leachates found in surface and ground waters tangent to and below respective sanitary landfills. Finally, the public would benefit by realizing that the
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sanitarian(s) had still another means in which to help monitor the
quality of water available for potential human and/or animal use.
Objectives of the Study

The objectives of the study were to plan and to develop a

chemical leachate analysis manual that could be utilized by state

sanitarians and other public health officials. Guidelines established

by this manual will provide step-by-step procedures to aid sanitarians in evaluating the quality of ground and surface waters. Such
procedures will help identify various types and quantities of chemical

leachates present and thus provide another means of safeguarding/
perpetuating human and animal life.
Limitations of the Study
1.

The evaluation of the manual procedures was confined to a

6-month analytical test period conducted by the researcher.
2.

All analytical tests were performed using the Hach portable kit

according to the manufacturer's instructions.
3.

The laboratory analysis was conducted in the field.

4.

The study was limited to one water source (a creek) tangent to

a sanitary landfill.
5.

The number of test sites in this study was limited to nine.
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6.

The study was limited in the number of chemical tests run on

each water sample. Time was a limiting factor in the number
of tests that could be run on each sample.
Definition of Terms

The following terms are defined as they were used in the
study:

absorption: penetration of one substance into the body of another.
acute: involving a stimulus severe enough to rapidly induce a

response; in bioassay tests, a response observed within 96
hours typically is considered an acute one.
adsorption: the taking up of one substance at the surface of another.
alkalinity: the measure of the capacity of a water to neutralize acids.

Anions of weak acids such as bicarbonate, carbonate, hydroxide,

sulfide, bisulfide, silicate, and phosphate may contribute to
alkalinity.

anemia: a condition in which the red corpuscles of the blood are
reduced in number or deficient in hemoglobin.

anorexia: loss of appetite.
aquifer: a water-bearing bed or stratum of earth, gravel, or porous
stone.

aseptic: free of microorganisms capable of causing infection or
contamination.
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ashes: the waste products of coal and other fuels which have been

used for industrial purposes and in homes for cooking and
heating.
autoclave: an apparatus using steam under pressure for sterilization.
biota: the plant and the animal life found in a specific region or

environment.

bloom: an unusually large number of organisms per unit of water,
usually algae, made up of one or a few species.
biochemical oxygen demand (BOD): the dissolved oxygen required by

organisms for the aerobic decomposition of organic matter

present in water.
bulky wastes: wastes that include car bodies, demolition and con-

struction debris, large appliances, tree stumps and timbers.
chronic: involving a stimulus that lingers or continues for a long

period of time, often one-tenth of the life span or more.
chemical oxygen demand (COD): laboratory measurement of the
amount of oxygen consumed under specific conditions in the

oxidation of organic material by a strong chemical oxidant which
decomposes both biodegradable and nonbiodegradable organic

matter.
dissolved oxygen (DO): the extent to which oxygen occurs dissolved

in water or waste water. It is usually expressed as concentration,

in milligrams per liter, or percent of saturation.
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E.P. A.: The United States Environmental Protection Agency.
erythrocytes: a red corpuscle; it is a very small circular disk and
contains hemoglobin, which carries oxygen to the body

tissues.
eutrophication: over-enrichment of a quiescent water body by water

nutrients, tending to produce excessive plant growth. Commonly associated with accelerated "aging" of lakes, namely
progressive change in the indigenous plant and animal life
support therein.
field capacity: the moisture content to which each layer of soil must

be raised before water can drain through it.
garbage: putrescible wastes resulting from the growing, handling,
preparation, cooking, and consumption of food.
ground water: subsurface water occupying the saturation zone, from

which wells and springs are fed. In a strict sense the term
applies only to water below the ground water table.

influent (seepage): movement of water from the land surface to the

water table. Commonly used to describe flow from a stream to
the adjacent or underlying ground water body.

LD50: median lethal dose; the dose of a test material, ingested or
injected, that kills 50 percent of a group of test organisms.
leachate: that water which has percolated through solid waste carry-

ing with it soluble and suspended substances.
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lysimeter: a device to measure the quantity or rate of water movement through or from a block of soil, usually undisturbed and

in situ, or to collect such percolated water for quality analysis.
lysis: rupture of a cell(s), resulting in loss of cell contents.
percolation: the movement or flow of water through the interstices or

the pores of a soil or other porous medium.
pH:

an index of the hydrogen ion activity.

potable water: water suitable for drinking purposes.
pristine (environment): one containing no man made contaminants.
refuse: all putrescible and nonputrescible solid wastes, with the

exception of body wastes. Such wastes include garbage, rubbish,

ashes, street sweepings, dead animals, and solid market and
indus trial was tes.

rubbish: all nonputrescible wastes except ashes. It consists of both

combustible and noncombustible substances, such as cans,

paper, brush, glass, scrap metal, bedding, yard clippings,
etc.

sanitary landfill: a land disposal area where solid waste is deposited,

spread in layers, compacted, and covered daily with earth.
sludge: the concentration of solids withdrawn from the combined

waste system of sewage and industrial waste water.
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solid waste: any refuse generated in the home, in factories,
service establishments, and government installations, to man's
eternal detriment.
surface water: water falling on the surface of the earth which runs

off into lakes, streams, and rivers.
water pollution: the introduction of foreign matter (pollutants) into

rivers, lakes, and other waters, which results in the lowering
of the overall quality and usefulness of the water resources.
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CHAPTER II
REVIEW OF LITERATURT2

Chemical Pollution of Surface and Ground Water

With the world's highest standard of living and history's greatest
industrial output, America has become the greatest producer of
pollution (4).

Unfortunately, surface and ground waters are both

susceptible to pollution and have become increasingly contaminated

during the past twenty-five years. Such pollutants as dead organic
material from animal and vegetable life, silt and dissolved chemicals,

and minerals have altered its once pure state. In total, this once

pristine, natural resource has become the recipient of nature's
waste (4).

One specific form of surface. and ground water pollution is

chemical pollution. Warren Kaufman has described (chemical) pollution as the undesirable change in water quality brought about by man,

either directly or indirectly. Direct chemical ground water pollution
results from the introduction into aquifers of waste waters containing
pollutants or substances thatmay induce chemical changes or that are
themselves modified such that pollutants are generated. Indirect
pollution is generally attributed to overpumping or excessive depletion

of the ground water source such that unwanted, naturally present
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mineral constituents are drawn into the aquifer from deeper formations (32).

When examining the types of chemical pollutants, one continues

to find a substantial and continually increasing number. In a paper
presented at the National Symposium on the "State of America's

Drinking Water" on September 26, 1974, David P. Rail (Director of
the National Institute of Environmental Health Sciences) noted the
following

It has been estimated that between 500 and 1,000 new
chemicals are introduced into the market every year; these
are in addition to approximately 10,000 chemicals that are
presently produced, distributed, (and) sold into commerce
and used in the US There are many intermediates and byproducts involved in the manufacture and disposal of such
chemical entities, It is inevitable that many of these
chemicals will find their way into the water supply (47).

Additionally, Mr, David Dominick, Acting Director of the
Environmental Protection Agency Water Quality Office (in 1971),

reported eight different types of pollutants which affect man's waters,
These eight general categories include common sewage and other

oxygen-demanding wastes; disease-causing agents; plant nutrients;
synthetic organic chemicals; inorganic chemicals and other mineral
substances; sediment; radioactive substances; and heat (20). Focusing attention on the inorganic chemicals and other mineral substances,

Mr. Dominick noted that a vast array of metal salts, acids, solid
material, and many other chemical compounds were included in this
group.
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Warren Kaufman also reported a very great variation in the
natural chemical constituents of ground water, nearly all of which
constitute pollutants if they were increased in any manner by man.

Even the major constituents (sodium, calcium, magnesium, bicar-

bonate, sulfate, and chloride) are objectionable to some users at
nearly all concentrations. Some of the secondary and minor natural

constituents (e.g., iron, nitrate, fluoride, boron, arsenic, barium)
are objectionable to man and limit the range of uses of ground water

for health or agricultural reasons (32). In a literature survey by

Arthur D. Little, Inc. it was disclosed that 266 inorganic chemicals
,

could potentially pollute fresh water. Of these, 87 have been identified

as being present in fresh water (see Appendix Table 3) (30).

With so many types of chemical pollutants present, source
identification is required and desirous. According to Dominick,
sources of chemicals and mineral substances include mining and

manufacturing processes, oil field operations, agricultural practices,
and natural sources. Water used in irrigation picks up large amounts
of minerals as it filters down through the soil on its way to the nearest
stream. Acids of a wide variety are discharged as wastes by industry,
from mining operations, and from mines that have been abandoned (20).

The study by Arthur D. Little, Inc. attributed the primary sources
of inorganic pollutants in fresh water to industrial, agricultural,
municipal and domestic resources. Table 1 shows that the industrial
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and municipal sources are the principal sources of inorganic chemical
pollution (30). Appendix Table 4 again illustrates industry as the principal

source of chemicals which are, or potentially could be, present in
fresh water. Also, this study shows that agricultural sources are

principally derived from the use of inorganic fertilizers, insecticides,
pesticides, and herbicides while domestic sources are due to the use
of detergents (30) (see Appendix III).

The toxicity of inorganic pollutants in fresh water (surface and
ground water) is dependent upon the type of agent (man or animal)

observed, the dosage used, the route administered to the test agent,
and the physical state of the agent tested. When evaluating the mammalian acute toxicity of inorganic chemicals, the Little Company

study reported that formation of complex ions and salts results in
materials in water which may have distinct toxic actions from the

particular ionic species involved in such reactions. Also, many of
the particular salts which have been measured for toxicity in animals

have a low solubility in water. When administered by the oral route,
this low solubility may result in a decreased toxocity. Thus if a

different salt of a particular ion were tested, an entirely different
pattern of symptoms might result (30). Furthermore, such effects as
synergism and high concentrations of an inorganic compound could

significantly alter the mammalian acute toxicity level and health
effects.
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Table 1. Sources of inorganic chemicals found in fresh water.
A. INDUSTRIAL
Unspecified

Arsenic
Boron
Chloride
Chromium
Copper
Indium

Iodine
Iron
Lead

Mercuric chloride
Nitrite
Nitrate

Lithium
Magnesium
Mercury

Ammonium Ion
Phosphate Ion
Zinc

Manganese
Molybdenum

Sulfate
Uranium
Vanadium

Beryllium

Bromine

Mining Operations
Aluminum

Arsenic
Lead

Mercury

Petroleum and Fuel
Barium

Metallurgy and Electroplating
Beryllium
Cadmium

Nickel
Silver

Atomic Reactors
Beryllium
Accidental Spills
Ammonium Ion

Cyanide ion

Nitrate

Caustic Chloride and Vinyl Chloride Plants

Mercury
Mercuric chloride
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Table 1, (Continued)
A. INDUSTRIAL (cont'd)

Pulp and Paper Mills
Mercury
B. MUNICIPAL (including sewage treatment)
Boron
Calcium
Carbon
Bicarbonate
Chloride ion
Fluoride

Iodine
Iron

Phosphate ion
Phosphorus
Potassium

Magnesium
Nitrite
Nitrate
Ammonium ion

Sodium
Sulfate

Phosphorus

Phosphate ion

Nitrate
Phosphorus

Phosphate ion

C. DOMESTIC

Arsenic
D. AGRICULTURAL

Arsenic
Copper

E. NATURAL

Natural sources were reported for all but 10 of the 45
inorganic chemicals which have been found in fresh water.
Those for which natural sources were not reported are:
carbon, chromium, indium, mercury, mercuric chloride,
nitrite, nitrate, ammonium ion, phosphorus and phosphate
ion,

Source: Inorganic Chemical Pollution of Freshwater. Arthur D.
Little, Inc. Cambridge, 1971.
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Pollution of Streams by Leachates
from Sanitary Landfills
Although man is emerging from a prolonged period in which he

has avoided, neglected, and abused disposal of solid wastes (e.g.,
refuse, garbage, demolition, sewage sludge), it is still evident that
pollution continues to contaminate water sources. One such source of
stream pollution is the sanitary landfill. Lewicke has defined the

sanitary landfill as a land disposal area where solid waste is
deposited, spread into layers, compacted, and covered daily with
earth. This disposal method buries solid wastes to seal off odors

and starve off vermin, rats and other disease carriers (34), The
American Society of Civil Engineers has identified a sanitary landfill
as a method of disposing of refuse in land without creating nuisances

or hazards to public health or safety, by utilizing the principles of

engineering to confine the refuse to the smallest practical area, and to
cover it with a layer of earth at the conclusion of each day's operation,

or at such more frequent intervals as may be necessary (23). If this
sanitary landfill has not been designed considering the underlying

soils and hydrogeological conditions, cover permeability, drainage,
and types of solid waste to be placed in the fill, then leachate pollution

of surface water and ground water sources is a likely possibility and
probability.
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Leachate, according to Weiss; is a solution containing dissolved
and finely suspended solid matter and microbial waste products (68).
The Chemeketa Regional Solid Waste Management Program Appendix

further identifies leachate as liquid emerging from solid wastes,
either buried or exposed, and which contains objectionable impurities,

including but not limited to organics, metals (primarily iron), micro-

organisms, minerals (primarily nitrates and sulfates), and dissolved
gases (primarily methane and hydrogen sulfide) (58).

The production of leachate, as Bruce Weddle stated, is a complex process involving many variables. Simply stated, leachate is
formed when water percolating through solid waste flushes out compounds and other products of decomposition (49, 66) (see Table 2).

This percolation of precipitation through the soil is a natural process
and is part of the ground water recharge cycle. Precipitation falls to
the ground and either infiltrates or runs off the surface of the land
disposal site (Figure 1) (24). The portion which infiltrates the surface

will satisfy water holding requirements (to be used for soil evaporation
and plant transpiration). Excess water will percolate into the layers

of solid waste below as net infiltration. Maximum possible net infiltration from precipitation (ignoring runoff) is shown in Figure 2 (24).

Other sources of water include runoff from surrounding land, moisture

contained in solid or liquid wastes placed in the fill, moisture in the

Table 2. Factors in leachate production.*
Factor

Water from decomposition

Negligible in most cases but may be significant
with highly putrescible organic wastes.

Ground water

Negligible to very large, depending on soil
permeability and location of fill in relation
to ground water table, hydraulic gradient,
and soil layering.

Surface water drainage

Infiltration and percolation to
refuse from precipitation
falling on area

*

Means of Control

Quantity

Negligible to very great, depending on precipitation, watershed area, and runoff
characteristics.

1.

Avoid burying large quantities of highly
putrescible wastes without thorough
mixing with other refuse.

Design area to minimize tributary watershed.
Install ditching to intercept ground water moving
into the fill area.
3. Maintain ground water level below fill.
4. Install an impermeable membrane or dam to
separate refuse from surrounding ground water.
1.

2.

1.

2.
3.
4.

Design area to minimize tributary watershed.
Divert surface water around area.
Pipe water through fill area in tight pipes.
Use lining for surface ditches.

Maintain surface to prevent pooling.
Slope surface to allow runoff (2 percent).
Use relatively impermeable material for cover
with topsoil to control soil moisture.
4. Plant high-transpiration, shallow-rooted
cover crops.
1.

2.
3.

Source: Salvato, Joseph A. et al. "Sanitary Landfill -- Leaching Prevention and Control." Water Pollution Control Federation Journal.
October 1971.

Vol: 43(10).
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EVAPOTRANSPIRATION

GROUND SURFACE

INFILTRATION
RUNOFF

SOLID WASTE

LEACHATE

GROUNDWATER
LEACHATE PLUME
FLOW

Figure 1. The process of leachate formation.
(Source:

G. Garland and D. Mosher. "Leachate Effects of
Improper Land Disposal." Waste Age. Vol: 6(3).
March 1975).
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Figure 2. Annual potential infiltration of precipitation ignoring
runoff.
(Source:

G. Garland and D. Mosher. "Leachate Effects of Improper
Land Disposal. " Waste Age, Vol: 6 (3). March 1975).
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site before and during placement, moisture from solid waste decomposition, and water entering thruagh the bottom or sides of the fill (24).
Initially, Garland noted that the solid waste acts as a sponge and
simply absorbs the water (24). Detailed information on the water

absorption capability of solid wastes is available (59). Eventually,

however, Garland reports that solid waste reaches a level of moisture
content known as field capacity. At this moisture content any further

addition of water causes an equal quantity of leachate to leave the

solid waste. Some leachate may be formed before field capacity is
reached because solid waste is not homogeneous, channels will exist,
and some of the waste does not absorb water readily. These factors

may cause water to collect in some areas and create leachate even
though the entire fill is not at field capacity (24).

As Dirk Brunner stated, leachate may leave the fill at the ground

surface as a spring, or percolate through the soil and rock that underlie and surround the waste (12). These contaminants may also

reappear in streams, lakes, swamps or pumping wells (Figure 3)
(62).

If the contaminated recharge water enters an aquifer within the

cone of influence of a pumping well, Walker reports that in time it
will move through the aquifer to that well as shown in Figure 3-A.

In

umpumped aquifers, the contaminants move through the water-

bearing material to some nearby subsurface drainage tile system,

drainage ditch, or stream (Figure 3-B), blend with water from other
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areas at this point, and perhaps leave the area undetected several
days, months, or years after the initial entry into the aquifer (62),
As the leachates move or percolate through the soils around

the solid waste in the landfill, they are subject to purification.
According to Brunner, this purification (attentuation) of the con-

taminants occurs due to ion-exchange, filtration, adsorption, complexing, precipitation, and biodegradation. It moves either as an unsatu-

rated flow if the voids in soil are only partially filled with water or
as a saturated flow if they are completely filled. The type of flow

affects the mechanism of attentuation, as do soil particle size and
shape and soil composition, Attentuation of contaminants flowing in

the unsaturated zone is generally greater than in the saturated zone

because there is more potential for aerobic degradation, adsorption,
complexing, and ion-exchange of organics, inorganics, and microbes.
Adsorption and ion-exchange are highly dependent on the surface

area of the liquid and solid interface (12).

Brunner continues by stating that leachate travel in the saturated
zone is primarily controlled by soil permeability and hydraulic gradient, but a limited amount of capillary diffusion and dispersion do
occur (Figure 4) (12), The leachate is diluted very little in ground

water unless a natural geologic mixing basin exists. Leachate movement will closely follow the streamlines of ground water flow (12),

Precipitation

t!

t

Soil Cover
Surface runoff
Sanitary lent:111

Subsurface movement

Groundwater table \

i
Spring

OETTIOIrD JOINTS _r
Permeable sandstone

Impermeable shale

.....
Gravel aquifer

Figure 4.

Leachate and infiltration movements are affected by the characteristics of the
soil and bedrock.

(Source:

D. Brunner and D. Keller. Sanitary Landfill Design and Operation. U. S. E. P. A.
Washington, D. C. 1972).
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To prevent leachate movement and the contamination of streams

(surface water) and ground water via sanitary landfills, Ralph Black
recommends the following preventive measures:
1.

Locating the site at a safe distance from streams, lakes, wells,
and other sources of water.

2.

Avoiding sites having subsurface formations (fractured lime-

stone, for example) that will lead the leachate from the landfill

to water sources.
3.

Using cover that contains sufficient clay to form a good seal.

4.

Providing suitable drainage channels to quickly carry the surface water away from the site (10).
Other methods of minimizing leachate pollution potential from

landfills subject to periodic flooding were outlined by Joseph Salvato
in Table 2 (49) and as follows:
1.

Construction of a tight earth dam between the refuse and the
water.

2.

Interception and diversion of all surface and ground water before

it reaches the fill area.
3.

Effective equalization and maintenance of water level on all

sides of the fill.
4.

Thorough compaction of the refuse and covering of the top and

faces with a relatively impermeable cover material graded to
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allow runoff. Gas vents must be installed when the surface is

sealed.
5.

Seeding the cover material with a high transpiration cover crop
(49).

Water Quality Criteria and Standards

Since water has no fixed address, but moves or circulates
from the land to the oceans to the atmosphere and back to the land

again (the water or hydrologic cycle), the water quality is forever
changing (Figure 5) (6). Therefore, criteria and standards have been

established by the federal and state governments to better insure
surface and ground water quality. In discussing water quality, it is

important to understand the critical difference between water criteria

and standards. As McKee and Wolf reported, the term "criterion"
(criteria) designates a scientific requirement on which a judgment or

decision to support a particular use may be based. A criterion should
be capable of quantitative evaluation by existing analytical tests and
also be capable of definite resolution. However, criteria have no
connotation of authority (38). Baldwin and Swenson further defined

criteria as being helpful in forming a judgment about the water

supply--they serve as yardsticks of water quality (6). Continuing,
McKee and Wolf define a "standard" as a definite rule, principle, or

Water vapor mixes with gas and dust in clouds

Ci)

Vapor condenses around small particles to form rain or snow
Evaporation increases concentration of minerals in water
left on the earth

Changes in water quality of lakes due to physical,
chemical,and biological processes

Quality cf surface water is modified by contact with
soil and air

0 Ground water modified chemically and physically by
minerals and gases dissolved from the rocks
16.'

:1-11-)

Figure 5.
(Source:

Salt water from ocean mines with fresh water from
river (surface water)
Mixing along salt-fresh water interface (ground water)
Water quality in ocean altered by physical, chemical,
and biological processes

sTi Irrigation increases concentration of salts in water
Surface -water quality further modified by chemical reaction
among salts, sediments, and biological materials in the water

Cities and factories add chemical and organic pollutants
to water

03)

Duit and spray are picked up by air movement from
the land and/or water surfaces and introduced
into the atmosphere

How water quality is changed as water moves through
the water cycle.
H. Baldwin and H. Swenson. A Primer on Water Quality.
U. S. Gov. Printing Office. Washington, D. C. 1965).
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measure established by authority. Since it is established by authority,

it is official or quasi-legal (38).
Historically, the establishment and improvement of water

quality as well as criteria and standards have been slow, yet continuous. As recorded in the booklet, The Challenge of the Environment,

federal water legislation dates back to the nineteenth century, when
Congress enacted the River and Harbor Act of 1886, recodified in the
Rivers and Harbors Act of 1889. Recognizing the threat that dirty

water posed to the public health and welfare, Congress enacted the
Federal Water Pollution Control Act (FWPCA), in order to "enhance

the quality and value of our water resources and to establish national
policy for the prevention, control and abatement of water pollution."
FWPCA and its several amendments set out the basic legal authority

for federal regulation of water quality.
The original Act was passed in 1948. Its amendments broadened

the Federal Government's authority in water pollution control. The
Water Pollution Control Act Amendments of 1956 strengthened enforce-

ment provisions by providing for an abatement suit at the request of a
state pollution control agency; where health was being endangered, the

Federal government no longer had to receive the consent of all states
involved. The Federal role was further expanded under the Water

Quality Act of 1965. That act provided for the setting of water quality

standards which are state and federally enforceable; it became the
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basis for interstate water quality standards (61). In establishing such

standards, the Secretary of the Interior, the Hearing Board, or the
appropriate state authority (would) take into consideration their use
and value for public water supplies, propagation of fish and wildlife,

recreational purposes, and agriculture, industrial, and other legitimate uses. If a state did not adopt water quality standards consistent

with the parties listed above, the act then provides the Secretary
with the opportunity to set the standards (63).

Further legislation, The Clean Water Restoration Act of 1966,
imposed a $100 per day fine on a polluter who failed to submit a

required report. The Water Quality Improvement Act of 1970 again
expanded Federal authority, and established a state certification procedure to prevent degradation of water below applicable standards.

Later, the 1972 amendments to the Federal Water Pollution Control
Act restructured the authority for water pollution control and consolidated authority in the Administrator of the Environmental Protection Agency (61).

In these Water Pollution Control Act amendments of 1972,

Congress designated 1977 as the deadline for installing the "best
practicable" facilities--meaning the best that could be adopted con-

sidering availability of hardware, costs, and other temporary constraints--to contain fluid pollutants. Also, Congress set 1983 as the
deadline for installing the "best available" equipment for purifying
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fluid waste (28). This date established a deadline for an interim level

of water quality that provided for the protection of fish, shellfish, and
wildlife and recreation (61). Then, Congress set 1985 as the target

date for an almost utopian achievement of "zero discharge"--meaning
complete containment of fluid pollutants (61).

Water quality criteria and standards are nothing new for drinking

water. As John Sliter noted, the Public Health Service (PHS) first
established its drinking water standards in 1914 to protect the health

of the traveling public and assist in the enforcement of the Interstate
Quarantine Regulations (54). The standards have been revised and

updated several times (1946 and 1956). In 1962 the U.S. Public

Health Service established standards that, in part, identified chemical substances found in water which were hazardous to human health.

Furthermore, this revision set mandatory limits for health-related
chemical and biological impurities, and recommended limits for
impurities, affecting appearance, taste and odor. Although these

standards applied only to water supply systems serving interstate

carriers, most states and large cities used them as guidelines to
regulate drinking water quality within their jurisdiction (1, 46).
In 1974, the Safe Drinking Water Act was designed to assure an

adequate supply of safe drinking water for all Americans served by
public water systems., This Act gives EPA responsibility for setting

minimum national drinking water standards for all public water
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systems throughout the United States having at least 15 service

connections or regularly serving at least 25 people. The states play
the lead role in enforcing these standards, as well as supervising
drinking water sources and public systems. If a state is negligent in
administering the law, however, EPA may take legal action. The
Agency also may act to prevent or terminate drinking water con-

tamination posing an "imminent" health hazard, if state and local
authorities fail to respond (1).
Drinking water standards are of two types: primary and

secondary. Primary standards are aimed at protecting public health
with the best water treatment methods generally available, taking
costs into consideration. These standards will ultimately include
maximum allowable contamination levels in drinking water, water

treatment techniques, and general criteria for water supply system
operation, maintenance, siting and intake water quality (1). Secon-

dary standards are designed to protect public welfare, and apply only
to taste, odor and appearance of drinking water. Unlike primary

standards, secondary regulations are enforced only if a state elects
to do so (1).

In 1975, interim (temporary) primary standards were proposed
by EPA for protecting health to the extent feasible, taking costs into
consideration, using (available) technology, and treatment techniques
(31). These standards are scheduled to become effective in
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December 1976. Revised primary standards (are) scheduled to be

proposed in 1977 and to become effective in 1979 (1) .

In reviewing water quality criteria, the National Technical
Advisory Committee recommended surface water criteria for public
water supplies in 1968 (Table 3) (63). During 1972, the National
Academy of Sciences National Academy of Engineering Committee on

Water Quality Criteria completed a report which represented a complete reexamination of the problems, and a critical review of all data
in the 1968 study. It included water quality criteria for recreation

and aesthetics, public water supplies, fresh water aquatic life and
wildlife, marine aquatic life and wildlife and agricultural uses of
water and industrial water supplies. Table 4 summarizes quality
characteristics of surface waters at the point of intake that have been

used as sources of boiler makeup, cooling, and process water (64).
The Environmental Protection Agency (EPA) published two volumes

of proposed criteria for water quality in 1973. Volume I contained

criteria for water quality for the protection of human health and for
the protection and propagation of desired species of aquatic biota.
Volume II contained information on the maintenance and restoration,

measurement, and the classification of waters (44). In 1975, EPA
compiled chemical and related water quality criteria guidelines.

Table 5 summarizes this chemical and related water quality criteria
and the effects of the constituents in drinking water (14).
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Surface water criteria for public water supplies. *

Table 3.

Constituent or characteristic

Permissible
criteria

criteria

75
Narrative

Virtually absent

Physical:

Color (color units)
Odor
Temperature *

Turbidity
Microbiological:
Coliform organisms
Fecal coliforms
Inorganic chemicals:
Alkalinity
Ammonia

Arsenic'

0.05

Fluoride *
Hardness *

Narrative

Lead *

0.3
0.05
0.05

Phosphorus *
Selenium °
Silver *
Sulfate *

Total dissolved solids *
(filterable residue).
Uranyl ion 0
Zinc *
Organic chemicals:

Carbon chloroform extract * (CCE)
Cyanide *
Methylene blue active substances 0
Oil and grease *
Pesticides:
Aldrin °
Chlordane *
DDT *
Dieldrin 0
Endrin *
Heptachlor *
Heptachlor epoxide *
Lindane *
Methoxychlor *

Organic phosphates plus
carbamates.*

Toxaphene °
Herhicides:
2,4.1) plus 2,4,5-T, plus 2,4,5-TP*
Phenols *
Radioactivity:
Gross beta °
Radium-226 *

Strontium-90 °

Source:

(mg/1)

Narrative
<0.01
Absent

do .
<25
Absent

>4 (monthly mean)
>3 (individual sample)

Virtually absent
Near saturation
Narrative
do

do

Virtually absent

10 (as N)
6.0-8.5
Narrative
0.01
0.05
250
500

Absent
do .

Virtually absent
Narrative
do
_Absent
do

<50
<200
Absent

5
5

0.15
0.20
0.5

Virtually absent

<0.04

Absent

Virtually absent

Virtually absent

Absent

0.017
0.003
_0.042
0.017
0.001
0.018
0.018
0.056
0.12

do
do
do
do
do
do
do
do
do
do

0.005

do

0.1

do
do

_0.035

0.001
(pc/i)

1,000
3
10

....

do
do

0.05
1.0

The defined treatment process has little effect on this
are monthly arithmetic averages
based upon an adequate number of samples. Total coliform
constituent.
1 Microbiological limits

<100/100 inl '
_<20/100 nal '

(mg/I)

Narrative

0.5 (as N)
1.0
1.0
0.01
250

Manganese* (filterable)
Nitrates plus nitrites *
pH (range)

Narrative
Virtually absent

10,000/100 ml'
2,000/100 ml'

Barium °
Boron *
Cadmium *
Chloride *
Chromium,* hexavalent
Copper *
Dissolved oxygen

Iron (filterable)

<10

do
do

(Pc/1)

<100
<1

<2

limit may be relaxed if fecal coliform concentration does not

exceed the specified limit.
As parathion in cholinesterase inhibition. It may be neces-

sary to resort to even lower concentrations for some compounds or mixtures. See par. 21.

Water Quality Criteria. U.S. Gov. Printing Office.
Washington, D. C. 1968).

Table 4,

Summary of specific quality characteristics of surface waters that have been used
as sources for industrial water supplies. *
(Unless otherwise indicated, units are mgrl and values are maximums. No one aster will have all the maximum values shown)

Boiler Makeup water

Coating Water

Process Water

Mining Industry
Fresh

Characteristics

Brackish.

Pulp and

Industrial

Utility 700

6 to 1,500

to 5,000

Once

Makeup

Once

Makeup

psig

psis

through

recycle

through

recycle

Textile

Lumber

Paper

Industry

Industry

Industry

SIC-22

SIC-24

Prim.

Oil Recovery

Chemical

Petroleum

Metals

Copper

Industry

Industry

Industry

Sulfide

S10-28

SIC-29

SIC.33

Concentra

Leach

for Process

Solution

SIC-26

injection Waters
Copper
Sea

Formation

Water

Water

Water

Silica (Si 0c)

150

Aluminum (Al).
Iron (Fe)

30

Manganese (Mn)

10

150

3

3

30

50

150

3

3

14

80

1.0

1.0

0.3

10

0.02

0.02

1.0

2.5

10

25

25

50

15

12,000

Copper (Cu)

2.6

10

15

0.2

12,000g

11

2

0.5

Calcium (Ca).

500

500

1,200

1,200

250

220

100

15

1,510

400

2,727

(CaC0a)

Magnesium (MI)
Sodium I potassium

12,000

230

1,272

655

10,140

42,000

(Na --I--K)

Ammonia (NH,)

40

Bicarbonate (11CO3)

600

600

600

600

180

189

600

480

Sulfate (10)

1,400

1,400

680

680

2,700

2,700

850

900

Chloride (CI)

19,000

19,000

600

500

22,000

22,000

500

1,600

2006

Fluoride (F)

500

12

2,100

..

30

30

50

4

4

5

5

281

2,560

42

11,980

72,782

35.050

34,292

118,524

6

Dissolved Solids

35,000

35,000

1,000

1.000

35,000

150

Suspended Solids, ..,
Hardness (CaC0.)

15,000

15,000

5,000

15,000

350

250

1,000

5,000

5,000

350

850

1,000

7,000

120

500

500

500

500

150

150

1,000

1,000

0

200

0

0

Alkalinity (Ca C13.)
Acidity (CaC01)

pH, units
Color, units

5.0-1.9
1.7..,1

3.5-9.1

5.3-8.4

5.0-8.4

1,700

1,200

1,080

()

2,501

3,500

1,500

10,000

5,000

3,000

1,000

900

1,000

500

500

200

475

Methylene blue as-

2,1

1.3

10

1.3

6.0-8.0

5-9

4.6 -9.4

5.5-9.0

0.0-9.0

360

500

25

3-9

1.3

bye substances

Carbon tetrachloride

100

100

100

500

(')

100

()

100

30

extract
Chemical oxygen de-

200

100

nand (COD)
Hydrogen sulfide (H,S).
120

120

100

Water containing in excess of 1,000 mg I dissolved solids.

k May be <1,000 for mechanical pulping operations.

No particles >3 mm diameter.

One mg 'I for pressures aloe 700 pit.

120

4

4

100

120

.

1,530
415

15

Organic.:

Temperature, F

64,000

1.2

Nitrate (140a)
Phosphate (P01)

142

1,634

20

95/

100

No floating oil.

llpries to bleached chemical pulp and paper only.
a 12,000 mg I Fe inclaoes 6,060 Fe'; and 6,000 Fe".
ASTM Standards 1910, or Standard Methods 1971"

*Source: Water Quality Criteria, 1972. U. S. E. P. A. March 1973.

to 11.7

3-3.5

to 6.5

Table 5. Chemical and related water quality criteria.
Recommended*

Chemical Substance
Alkyl Benzene
Sulfonate (ABS)
Arsenic (As)

Limit (mg/1)

Mandatory*
Limit (mg/1)

May cause undesirable taste and foaming.
Indicative of sewage pollution.
Toxic. Poisoning is cumulative and
frequently fatal.
Toxic. Affects heart, blood vessels, and

0. 5

0. 05

0. 01

1.0

Barium (Ba)

Effect

nerve s.
Cadmium (C d)

Chloride (C1)
Chromium
(Hexavalent) (Cr +6)

Copper (Cu)

Fluoride (F)

Toxic. May cause vomiting. Responsible
for adverse renal arterial changes in man.
Chlorides cause unpleasant taste.

0. 05

Toxic

250. 0

May impart an undesirable taste and cause
vomiting. Causes a blue stain to fixtures.
Indicator of organic residues (man made
and natural).

1.0

Carbon Chloroform
Extract (CCE)
Cyanide (CN)

0. 01

0. 7

Toxic

0. 2

O. 01

0. 8-1. 7

***

**

1. 4-2. 4

*

Aids in prevention of dental caries. Excessive fluoride may cause mottled and discolored teeth.

Table 5. (Continued)
Recommended*

Chemical Substance
Iron (Fe)

Limit (mg/1)
0.

0. 05

Manganese (Mn)

Nitrate (NO3)

0. 05

**

0. 002

45.

0

Selenium (Se)

0. 01

Silver (Ag)
Sodium

0. 05

****

Sulfate (SO4)

250.0

Effect

Bitter or astringent taste. Water may be

3

Lead (Pb)

Mercury (Hg)

Mandatory*
Limit (mg/1)

brownish and could discolor laundry and
stain fixtures.
Toxic. Poisoning is cumulative and may be
fatal.
Impairs taste of beverage including coffee
and tea. Produces a brownish color in
laundered goods.
Toxic. Has long retention time within the
human body and has serious effects on the
human nervous system and the brain, and
damages developing human tissue.
Toxic. Nitrate poisoning may occur in
infants during first few months of life.
Toxic. May increase incidence of dental

caries. A potential carcinogen.
Imparts a permanent blue-grey discoloration
to the skin, eyes, and mucous membrane.
Has been implicated in the cause of hypertension and heart disease.
Unpleasant taste. Acts as a laxative. Makes
coffee bitter.

Table 5. (Continued)

Chemical Substance

Recommended*

Mandatory*

Limit (mg/1)

Limit (mg/1)

Total Dissolved

500.0

Solids (TDS)
Zinc (Zn)

5.0

Effect

May cause unpleasant taste.

Zinc salts may impart a milky appearance
to the water or a metallic taste.

Related Factors
pH (Hydrogen Ion ****
Concentration)

7.0-8.5 (World Health
Orgn. - International, 1963)

Alkalinity
(as CaCO 3)
Hardness
(as CaCO 3)

**

30-500 (EPA, Water
Quality Criteria)
80-100 (American Water
Works Association Goal)

pH may interfere with effective disinfection.
Wide variations from a neutral pH are
indicative of pollution. Water with a pH
less than 6.5 is corrosive and could
remove metals, such as lead, from pipe.
High alkaline waters are unpalatable.

Hard waters require large amounts of
soap to produce foam or lather. Hard
water toughens vegetables cooked in it,
and forms scales in boilers, water heaters,
pipes, and utensils.

U. S. Public Health Service Drinking Water Standards (1962). Recommended limit should not be
exceeded where other more suitable supplies are or can be made available. Mandatory limit, when
exceeded,
constitutes grounds for rejection of the supply. * *Range depends on temperature.
***
Proposed for 1975 Federal Drinking Water Standards. **** No Federal Standard established.
_a/Source: Chemical Analysis of Interstate Carrier Water Supply Systems. U. S. Government
Printing Office, Washington, D. C. April 1975.

39

To safeguard public health, water quality standards were established by the United States Public Health Service. Table 6 records
these 1962 Drinking Water Standards (48). By 1979, revised pri-

mary standards will replace the 1962 Drinking Water Standards. In

addition to federal government water quality standards, the states
also have been given the option of preparing and submitting standards.

After each state prepares its water standards, these standards are
reviewed by and subject to approval of the Secretary of the Interior.

Then at least once every three years, all states must hold public
hearings to review respective water quality standards. As noted in
the Oregon Administrative Rules, Chapter 333, chemical quality of
domestic water supply production and delivery has been established
and defined by listing maximum allowable concentrations for potential
water contaminants (Table 7) (40). A dditionally, the state of

Washington has proposed surface water quality standards for both

fresh water and salt water (Table 8

)

(11).

Methods of Sampling and Analyzing for Chemicals
in Surface and Ground Waters

When reviewing different methods of sampling and analysis for

chemicals in surface and ground water, two most important con-

siderations must be continually realized and practiced. These considerations are the measurement of significant parameters and the

40

Table 6, U.S. Public Health Service drinking water standards,
1962.*
Recommended Limit Mandatory Limit
Agent

(mg /1)

(mg /1)

Arsenic
Barium

0.01

Boron
Cadmium

1.0

0.05
1.0
5.0
0.01

Chloride
Chromium+6
Copper
Cyanide
Fluoride
Iron
Lead
Manganese
Nitrate
Selenium
Silver
Sulfate
Zinc

250.0

0.05
1.0

0.01
Varies
0.3

0.2
Varies
0.05

0.05
45.0

0.01
0.05
250

5.0

Source: Recommended Standards for Sanitary Landfill Design,
Construction and Evaluation and Model Sanitary Landfill
Operation Agreement. U.S. E. P. A. Washington, D. C.
1971.
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Table 7. Water quality standards for domestic water supply systems.
(1) SCOPE

The water quality standards apply to water leaving the source
facilities and to water entering the user's service pipeline.
(2) CHEMICAL QUALITY

(a) Routine Analysis
Contaminant
Alkalinity (total as CaCO3)
Calcium
Chloride
Copper
Fluoride
Hardness (as CaCO3)
Iron
Manganese
Magnesium
Nitrate (as N)

Nitrite (as N)
pH

Silica
Sodium
Sulfate

Solids (total)
Solids (volatile)
Zinc

Max. Allowable
Concentration
(mg /1)

N.A.
N.A.
250.0
1.0

2.0
N.A.
0.30
0.050
N.A.
10.0
N.A.
N.A.
N.A.
N.A.
250.0
1000.0

N.A.
5.0

"N.A." means "not applicable" as applies to a maximum concentration
but the determination shall be included in the analysis.
(b) Special Analysis
Arsenic
Barium
Cadmium
Chromium

0.050
1.0
0.010
0.050
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Table 7. (Continued)

Contaminant

Max. Allowable
Concentration
(mg /1)

(b) Special Analysis (cont'd)
Cyanide
Lead

Mercury
Organics
Alkyl benzene sulfonate (ABS)
Carbon chloroform extract (CCE)
Phenols
Selenium
Silver

0.20
0.050
0.0020
0.50
0.20
0.0010
0.010
0.050

Source: Oregon Administrative Rules, Chapter 333, Section 42.
State of Oregon Printing Office. Salem. March 1976.
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Table 8.

Surface water quality standards. *
Stale of Washington
Salt waters

Fresh waters

Characteristic

Alkalinity (phenolphthalein
and total)b
Ammonia nitrogen
Arsenic
Bacteriac
Barium

Goal

Standard

Goal

Standard

0.3
0.003

0.5
0.005

0.0025
0.003

0.003
0.004

0.01

0.05

0,05

0.06

1.0
0.1

2.0
0.3

1.0

4.7

2.0
5.5

None
0.0005

None
0.001

None
0.00011

0.00013

0.00

0.10

10

20
0.01

0.05
Natural
0.00005

0.10
120% of natural
0.00006

50/100 ml

240/100 ml
5 units
120% of natural

d

Bicarbonate
BOD
Boron

Bottom deposits from
waste water discharge
Cadmium

None

Calciume
Carbonatef

CCL (carbon chloroform
extract)
Chloride
Chromium

Trace

CO Dg

conforms (domestic
sewage origin)
Color

Conductivity
Copper

50/100 ml
5 units
110% of natural
0.05

240/100 ml
5 units over natural
125% of natural
0.02 above
background

None
Natural
0.05

0.06

Cyanide
Dissolved oxygen
Fecal streptococci
Floating solids
Fluoride

0.005
95% saturation

0.01

None
95% saturation

0.01

85% saturation

None
0.5

None

None

None

1.0

1.3

1.5

Hardness (as CaCO3)

20 to 75

20 to 125

Ilydroxide
Iron

None
0.0 above

None
0.1 above

None
0.01 above

None
0.2

lead

Limit of

natural
0.02

Limit of

natural

85% saturation

natural
0.004

detection

detection
Magnesium'
Manganese

Nitrate

Trace
0.1 above
natural

0.01
1.0 above

0.002
0.5

0.04
0.6

natural

V3:11C, in tag/1 unless otherwise specified.

,) specific limits. A Waste discharge is not to increase the natural total alkalinity by more than 10 percent or to impart.
phenolphthalein (.CO, and OH -) alkalinity to a receiving water.
No bamt specified: refer to conform organisms.
No hit-lit specified: relates to conductivity and plf.
No limit specified: see hardness.
Fhough carbonate itself in moderat..i concentrations is not particularly detrimental. it is associated with high pll values
,treat'' than 8.3). Any carbonate discharge is not to be detectable below the point of discharge.
10e the chemical oxygen demand is related to the BOD, DO, and CCf, it has no limit specified herein.
ecal bacteria are represented by the colidorm group standard.
Controlkd by hardness content: no limit specified.
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Table 8. (continued)
Fresh watera
Characteristic

Nitrogen (total)
Threshold-odor number
Oil and tars
Pesticidesi
pfl
Phenol

Phosphate (total)
Potassium

Radioactivity
Selenium
Silicak
Silver

Sodium

Goal

Salt watera

Standard

0.4 above
natural

Goal

Standard

1.0 above
natural

0.5

0.6

1.0
None

None

1.0

3

None

None

7.0-8.0

6.5--8.5
0.0005

7.5-8.4

7.5-8.4

0.04

0.05

0.15

0.3

5.0

380

0.4
450

None

USPHS DR'S

Limit of
detectability

0.002

None
0.004

0.005

Limit of
detectability
10 over natural

0.003

0.0003

0.0004

35 over natural

10,500

12,500

Limit of
detectability
0.03
2.5

3

USPHS DWS

Spent sulfite liquorl
Sulfate
Surfactants
Temperature
Total dissolved solidsm

15

30

Trace (LAS)
Natural + 1°C

0.10 (LAS)
Natural + 2°C

2700
Trace (LAS)
Natural + 1°C

3200
0 10 (LAS)
Natural + 2°C

Toxicants, miscellaneous

None

None

None

Turbidity

detectable
5 units

detectable
Natural

detectable
3 units

None
detectable
5 units

Limit of
detectability

Limit of
detectability

0.01

0.012

Viruses
Zinc

a All values in rn01 !rates, .,thenvisr spe;:itic:i
I Insufficient darLi.
k
No standard proposed. Turbidity will include colloidal silica.
Effect covered by other parameters.
mNo standard proposed. Conductivity standards are related.
n None proposed at present.
I

*Source:

R. Bond and C. Straub. Handbook of Environmental
Control, Vol. III. The Chemical Rubber Company Press.
Cleveland.

1973.
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collection of representative samples. For most studies of aquatic
systems it is impossible to measure all variables, and usually it is

necessary to limit analysis to just a few selected parameters. The
time required for collecting and analyzing water samples is the
factor most often limiting the number of variables which can be considered. Since time is limited, the number of parameters measured

must be optimized so that the data recorded are those which are most
helpful in solving the problem under investigation (15).

According to Ciaccio, many different, but interrelated, factors
must be considered in planning any field study of an aquatic system.

Selection of measurement parameters is dictated by both the objective of the study and the time available for sample collection and
analysis. The analytical scheme chosen influences the sampling pro-

gram, but the availability of sampling gear and the ability to collect

representative samples also limit the testing program. Thus the
problem must be well defined and all facets of the investigation must

be considered prior to sample collection (15).
After the testing program has been optimized to fit within the

limits imposed by all of the different factors, the specific collection
methods and sampling schedule can be selected. Sample size,
number, frequency, and pattern required to obtain an adequate level
of precision should at least be estimated prior to the establishment of
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the sampling schedule. The precision required depends largely on
the objective of the study (15).

When collecting water samples, the following five general

instructions must be adhered to if accurate results are to prevail:
1.

Select representative sampling locations.

2.

Obtain an adequate number of samples of adequate sample
volume.

3.

Preserve aseptic handling of samples; avoid contamination

from skin, clothing, equipment, water and adjacent surfaces.
4.

Record necessary sampling data.

5.

Analyze samples within a permissible time interval after
sampling (9).

In reviewing these instructions, specific information is recorded
in the Standard Methods for the Examination of Water and Wastewater
book. It shows that a two-liter sample should suffice for most

physical and chemical analyses. No attempt should be made to use

the same sample for chemical, bacteriologic, and microscopic
examinations because the methods of collection and handling are quite
different. The time interval between collection and analysis varies.

In general, the shorter the time that elapses between collection of a

sample and its analysis, the more reliable will be the analytical

results. For certain constituents and physical values, immediate
analysis in the field is required in order to obtain dependable results,

47

because the composition of the sample may change before it arrives

at the laboratory. The following maximum limits are suggested as
reasonable for samples for physical and chemical analysis (56):
Unpolluted waters

Slightly polluted waters

Polluted waters

.

.

.

72 hours

48 hours

.

.

12 hours

Ciaccio noted that the number of samples which may be obtained

depends on the time required to collect and process each sample.
Generally, it is desirable to collect samples from as many different

points within a body of water as time permits, but it is equally
important to obtain accurate measures of each variable at each point
(15). Furthermore, the Standard Methods for the Examination of

Water and Wastewater book shows that when sampling from rivers and

streams (if equipment is available), it is best to take an "integrated"
sample from top to bottom in the middle of the stream in such a way
that the sample is made composite according to the flow. If only a
grab sample can be collected, it is best taken in the middle of the
stream and at mid-depth (56).

The variability of the environment also is an important factor
which must be considered in formulating the sampling pattern and
selecting individual sampling sites. The specificity of the biota for
narrow environmental niches and incomplete mixing of waste effluents

with the receiving waters also must be considered. Knowledge of the
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amount of waste water and the degree of mixing with the receiving

water is useful in positioning individual sampling sites (15).

The simplest sampling pattern is to make all collections at

points of easy access, such as collecting stream samples at bridges
and lake samples from boat docks. However, a more complete

coverage of the area is required to meet the objectives of most studies
(15).

For lakes, Mackenthun and Ingram suggest that a transection

sampling grid be used, with all transects intersecting at the deepest
point in the lake. The primary advantage of this method is that if

samples are taken at various depths at fairly close intervals along

each transect, a three-dimensional picture of the lake can be constructed (35).

When taking samples from streams, the collection sites should
be located both above and below the point of influent of each waste

stream and tributary. As Ciaccio noted, this will allow for evaluation
of the effects of these inflowing waters. In many instances, particu-

larly below points of waste inflow, it is desirable to measure the
degree of alteration or recovery within the stream following a marked
change in water quality. This can be accomplished by collecting

samples at several points downstream from the waste influent. Analy-

sis of these samples allows measurement of the change in the stream
system with both time and distance. The distance between these

downstream sampling sites may be 100 meters, 1 mile, or any
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other appropriate distance, but all samples should be collected
from similar (water) environments (15).
According to Standard Methods for the Examination of Water and

Wastewater, certain precautions need be observed when obtaining

water samples from distribution systems and wells. Before samples

are collected from distribution systems, the lines should be flushed

for a sufficient period to insure that the sample is representative of
the supply, taking into account the diameter and length of the pipe to
be flushed and the velocity of the flow. Samples from wells should be

collected only after the well has been pumped for a sufficient time to

insure that the sample will represent the ground water which feeds the
well. Sometimes it will be necessary to pump at a specific rate to

achieve a characteristic drawdown, if this determines the zones from
which the well is supplied (56).

Upon completion of gathering each water sample, insure that it
has been labeled and completely documented on the sampling data
sheet. On this data sheet, record the water temperature and the pH

at the exact spot where the sample was collected. Record also the

name or precise location of the source water, the time of day, the
date, name of the worker, the sampling station designation and the
appropriate volume drawn ( 9 ), For wells, it may be desirable to

record the pumping rate and the drawdown as part of the sample
record (56). Then be sure to label all bottles with tie-on tags (or
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other types of tags which can be securely affixed to the sampling

bottles). A typical tag label might include the following data:

(1) source water; (2) sample station; (3) date; (4) time; (5) worker's
name (9).

After completing water sample collection in the field, the
Standard Methods for the Examination of Water and Wastewater book

records that immediate analysis of water samples for chemical
pollutants is highly desirable. However, distance between the field to

the laboratory and other laboratory priorities cause delays in analysis
initiation. If immediate initiation of water analysis is not feasible,

then samples need be preserved. Preservation of samples is difficult

because almost all preservatives interfere with some of the tests.
Storage at low temperature (4 degrees Centigrade) is perhaps the best
way to preserve most samples until the next day. Chemical preservatives are to be used only when they are shown not to interfere with the
examinations being made. When used, they should be added to the

sample instantly, so that all portions of the composite are preserved

as soon as collected. No single method of preservation is entirely
satisfactory and the preservative should be chosen with due regard to

the determinations that are to be made. All methods may be inadequate when applied to suspended matter. Formaldehyde affects so

many of the determinations, for example, that it is not recommended
(56).
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To provide an idea of different ways to preserve samples,
Standard Methods for the Examination of Water and Wastewater lists

several tests and the preservation that can be used prior to analysis.
For the biochemical oxygen demand (BOD) test, samples must be free

from all preservatives. When samples are composited, the individual
or composite sample must be chilled immediately to 3-4 degrees
Centigrade (C) and kept at this temperature during the compositing
period. Samples for determining chemical oxygen demand (COD) by

the dichromate method should be preserved by adding sufficient sulfuric acid to obtain a final pH value of 2-3. Nitrogen balance may be

preserved for 24 hours by adding sufficient sulfuric acid to produce

1,500 milligrams per liter acidity in the sample, equivalent to pH 2-3.
When analysis cannot be made immediately (on sludge and sediment

samples), these samples may be preserved with 5 grams sodium

benzoate, or 1 milliliter concentrated sulfuric acid, for each 80 grams
of sample, providing that these preservatives do not interfere with the
tests to be made (56). Mecuric chloride is utilized to preserve water
samples to be analyzed for nitrogen and phosphorus (45).

Upon receipt of water samples and allocation of time, the

laboratories will begin analyzing these samples. There are many
methods of analyzing water and the method(s) used depend(s) on what

pollutants, tests, and expense limit the sample originator desires.
Also, the types of laboratory equipment limit the variety of analyses
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which could be performed by the laboratory. For example, the
"Chemistry and Industry" periodical portrays the constituents for
which methods are available in the Lee Conservancy Catchment Board
Laboratory (in England) (29) (Table 9 ). These methods are classi-

fied according to the type of analysis carried out and their frequency

of use, reflecting the three main functions of the laboratory. The
first row of the table represents the pollution control function of the

river authority laboratory. Combined with the first row is the second
row, which represents the basic data collection function of the labo-

ratory. Sampling is done monthly rather than weekly, whereby
information on conservative substances and trace constituents is

gradually accumulated. The last row represents the incidental pollution function where methods are available for constituents likely to
be involved in pollution occurring occasionally (29).

As noted in Table 9

,

both manual and automatic analytical

methods are available. Several manual methods are the following;

(1) gravimetry; (2) colorimetry; and (3) titrimetry. Some automatic
analytical methods involve use of the autoanalyzer, electrode, atomic
absorption/flame photometry, gas liquid and thin layer chromatography. The Standard Methods for the Examination of Water and
Wastewater book also listed some methods for chemically analyzing

water. One method of analysis, the colorimetric method, depends
upon matching colors, either by use of the eye or with a photometric

Table 9 . Methods of analysis in Lee Conservancy Catchment Board Laboratory.*
Manual
Auto Analyzer

Gravimetric
ROW 1

All
samples

Colorimetric

Suspended
solids

Electrode
methods

Titrimetric
BOD

NH 3-N

pH

NO2-N

Electrical
conductivity

NO 3-N

Dissolved
oxygen

(105'C)
Suspended
solids
(600°C)

Atomic
absorption/
flame
photometry

Gas liquid and
thin layer
chromatography

Chloride
Phosphate

ROW 2

Regular
samples

Sulphate

UV absorption

Alkalinity
Total
hardness
COD

ROW 3

*

Occasional
samples

NI-13-N

P. V. (411)

NO 2-N

Chloride
Chromate

Anionic
detergents
Silicon

Fluoride

Ca
Mg
Na

Boron
COD

Organochlorides
Organophosphates
Herbicides

K

NO 3 -NH3

NO 3-N

I-

Anionic
detergents
Phosphate
Phenol
Cyanide (free
and complexed)

Respirometry

Chromate
Cd
Cu
Fe
Hg
Mn
Ni

Dinitrophenols
Non-ionic

Pb
Zn

Source: D. Hinge. "Sampling and Analysis of Chemical Pollutants in River Water." Chemistry and Industry, No. 15. 4 August 1973.
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instrument. In the visual method, tall-form nessler tubes provide a

30-centimeter path, which is highly desirable when faint colors are to

be compared. They are portable and do not require a source of
electric light (56). Meanwhile, the photometric instrument utilizes

colored filters and a photoelectric cell to analyze samples. In choos-

ing filters, generally the best wavelengths or filter to select is that
which produces the largest spread of readings between a standard and
a blank. This usually corresponds to a visual color for the light

beam which is complimentary to that of the solution--for example,

a green filter for a red solution; a violet filter for a yellow solution.

The test results are read from a meter scale (56).
The atomic absorption spectroscopy method has been applied to
the determination of a growing number of metals in drinking water

without the need for prior concentration or extensive sample pretreatment. The use of organic solvents coupled with oxyacetylene,
oxyhydrogen or nitrous oxide-acetylene flames enables the deter-

mination of metals which form refractory oxides.
Two more methods, flame photometry and emission spectro-

scopy, help man analyze water. Flame photometry is used for the

determination of sodium, potassium, lithium and strontium. Emission spectroscopy is becoming an important analytical tool for water
analysis and is proving valuable both for trace analysis and for
certain determinations not easily made by any other method (56).
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Such elements as silver, aluminum, barium, boron, chromium,

copper, iron, lead, lithium, magnesium, manganese, nickel, silicon,
strontium and zinc can be detected and analyzed using emission
spectroscopy.

Polarography, potentiometric titration, and specific ion electrodes and probes are three more analytical methods of analyzing
chemicals in water. Polarography is suggested for scanning industrial

wastes for various metal ions, especially where the possible interferences in the precise colorimetric procedures are unknown.
Potentiometric titration instruments can be applied to many of the

titrimetric determinations including those for acidity and alkalinity.
Specific ion electrodes and probes function best in conjunction with the

concurrently developed expanded-scale pH meters. For the most
part, the new electrodes operate on the ion-exchange principle (56).
Some of the probes available will measure the quantity of calcium,

sodium, bromide, chloride, nitrate, sulfide, potassium and fluoride
ions.

Finally, two more methods used to analyze water for chemicals
are gas chromatography and automated analytical instrumentation.
Methods utilizing gas chromatography will determine chlorinated

hydrocarbon pesticides in drinking water as well as components in

sludge digester gas. Automated analytical instruments are in use to
run individual samples at rates of 10 to 60 samples per hour. The
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instruments are composed of a group of interchangeable modules

joined together in series by a tubing system. Each module performs
the individual operations of filtering, heating, digesting, time delay,

color sensing, etc. that the procedure requires. The read-out system
employs sensing elements with indicators, alarms and/or recorders
(56).

Effects of Specific Leachates on Man,
Animals and Vegetation

Chemical hazards of public health importance are associated

with leachates from sanitary landfills. Such chemical inorganic

materials as lead, zinc, phosphate, sulfate, chloride, sodium, iron,
nitrogen, nitrate, nitrite, nickel and copper have been identified in
sanitary landfill leachate. Other factors, including pH, hardness,

and alkalinity, also can effect leachates and therefore the health of
man, animals, and plants. Also, the growth of vegetation can be
impaired as a result of high concentration of leachate materials being
absorbed.

A more in-depth review will be made on the following leachates:
(1) lead; (2) zinc; (3) phosphate; (4) sulfate; (5) chloride; (6) nitrate

and nitrite. As an example, literature shows that lead can cause harm
to living organisms. The Merck Index describes the chronic lead
toxicity effects on humans as producing anorexia, nausea, vomiting,
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severe abdominal pain, paralysis, mental confusion, visual disturbances, anemia, and convulsions (57). Acute toxicity is most
common in children and is manifested by anorexia, vomiting and con-

vulsing due to intracranial pressure (44). In animals, chronic lead
poisoning produces cellular aberrations of erythrocytes and blockage
of heme synthesis (70).

Zinc itself is relatively non-toxic to animals (44). According to

Berry, the element itself is not toxic (in humans), but its salts (oxide
and chloride) have caused vomiting, diarrhea, and gastric pain.
Massive exposure has resulted in death from pneumonia and shock (8).

Phosphates have far-reaching effects on plants, humans and
animals. In a report to the Ho Use of Representatives in April of

1970, phosphorus was attributed as causing death to plants (algae)

due to eutrophication. Phosphorus (and phosphates), while an essential

to life, can also cause death because of its ability to nourish excessive
growth of algae which then die and decay thereby depleting oxygen (in

the water) and this causes fish to die (43). Animals are affected by

the eutrophication process, too. It has been noted by Shilo that
sudden decomposition of algae bloom (a result of eutrophication) often

preceded mass mortality of fish, and similar observations have been
made with livestock poisoning. This suggests that the lysis of the

algae may be important in the release of the toxicants (53).
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Sulfates affect water used by man due to their laxative-producing
effects. These cathartic effects are commonly experienced with water

having sulfate concentrations of 600 to 1,000 milligrams per liter,

particularly if much magnesium or sodium is present (46). When
cattle were exposed to large doses of sulfate (3, 590 and 2, 104 milli-

grams per liter) from drinking water over a period of time, they
developed a rundown, ragged appearance; eventually weakened and
died (38).

Chlorides are a nuisance to humans in drinking water. Although

not toxic to man, chlorides can be detected by taste and can lead to
consumer rejection (64). Too much chloride (in the form of sodium

chloride) in water can adversely affect vegetation and aquatic animals

requiring fresh water.

Nitrates (indirectly) and nitrites can cause serious and
occasionally fatal poisonings in infants drinking well (ground) water
(46). Nitrates become toxic only under conditions in which they are,

or may be, reduced to nitrites. The nitrites, then constitute the
principle toxic agent (71). Methemoglobinemia, which can arise from

nitrite or indirectly from nitrate, can lead to difficulty through
impairment of oxygen transport in the blood (2). Methemoglobinemia

is largely confined to infants less than three months old because their
gastric juices have a lower pH (high acidity) which creates a suitable

environment for the bacteria which convert the nitrates to nitrites
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(19, 44). Animals have become ill or died after consuming feed or

water containing high concentrations of nitrate or nitrite. The nitrite
is readily absorbed and the ruminants are quite sensitive to nitrates
in feed and water because of the nitrite buildup (2). Additionally,

nitrites can be equally dangerous in water supplies. They may enter
the water supplies inadvertently as a result of intentional addition to
private supplies as anticorrosion agents (46).
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CHAPTER III
METHODOLOGY

Design and Preparation of a Leachate
Analysis Manual
A leachate analysis manual was developed as a practical and

educational "tool" for use by sanitarians and other public health
officials. This manual was designed to be used in a field environ-

ment whereby rapid results concerning water quality could be
obtained. The manual would provide health and educational organiza-

tions with more versatility and adaptability in analyzing water quality
and in educating personnel about the techniques used in examining

water for pollutants. Before development of the manual, an
empirical investigation was conducted of several current water
analysis manuals and handbooks listed in the bibliography. Practi-

cality of manual procedures was analyzed during a six-month testing
period. Pertinent observations and recommendations were incor-

porated prior to completion of the manual in its final form.
Procedures Utilized in This Study
The major procedures used in the investigation and develop-

ment of a procedural manual for sanitary landfill leachate analysis
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included: (1) selection of the test site area and individual sampling

stations/sites; (2) preparation procedures to perform water sampling
and water analysis; (3) sampling procedures to be utilized in obtaining water samples from surface and ground water sources; (4) analy-

tic procedures to be used in water sample analysis; (5) data recording
procedures to be utilized; and (6) data evaluation. The equipment
from the Environmental Health Laboratory at Oregon State University

was utilized in sampling and analyzing water samples.
Selection of Test Site Area and Individual
Sampling Stations /Sites

An initial survey was conducted to establish locations of

operating sanitary landfills within Oregon. The survey results were
narrowed to a six-county area in the mid-Willamette Valley.

Of

these six counties (Benton, Marion, Lane, Lincoln, Linn, and Polk),
Benton County was selected for the following reasons:
1.

The location was an operational, year-around landfill and under

consideration for a regional sanitary landfill.
2.

The location was on a hillside (west side of Coffin Butte) where

potential leachate problems could exist.
3.

A creek (Soap Creek) flowed partially around and adjacent to
the west base of Coffin Butte.
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4.

During the wet season, springs were present on the lower,
westward portion of the sanitary landfill.

5.

The test stations could be established along a surface water
source that was adjacent to a sanitary landfill.

6.

This surface source of water could be a pollution source for
other surface and ground waters in the Willamette Valley.

7.

The test area was moderately accessible to the experimenter

as well as to material resupply sources and related literature
resources.
Having selected Coffin Butte Sanitary Landfill (Tax Lot 1000,

Section 13, Township 10 South, Range 5 West, Willamette Meridian

of Benton County, Oregon) as a source from which to gather and

analyze potential leachates, the next step involved establishing a test

area and several test stations/sites. A segment of Soap Creek was
identified as the surface water medium from which to obtain water
samples. This creek segment included a portion above and a segment

below the immediate landfill surface/subsurface drainage area. A
control station was established upstream from the immediate landfill
drainage area and another station was positioned downstream from

the immediate landfill drainage area. The purpose of this control
station was to provide a reference of the creek's water quality prior
to leachate contamination, if any, from the sanitary landfill. Additionally, the experimental station furthest downstream from the
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drainage area of the sanitary landfill provided indications whether
and/or how much landfill leachates were being diluted by Soap Creek.

Then six experimental stations were placed between the two
station locations just previously mentioned. Location of these six

sites was determined after considering the following factors:
(1) adequate surface water runoff coverage from the landfill side of

the creek bank; (2) periodic interval spacing of stations to insure
adequate coverage of all potential leachates which might wash into the

creek; (3) station protection from foreign element contamination;
(4) continual accessibility throughout the test period; and (5) dilution/

mixing effects of the creek itself on pollutants.
During the six-month water sampling and analysis period
(October 1975 through March 1976) the first three months involved

taking water samples from eight stations along the Soap Creek segment, while the second three-month period included taking samples
from nine stations. This ninth station was established upstream
from the control station (January through March 1976) to check the

validity of the control site established earlier. For example, if this
new station produced data revealing equal or higher concentrations

of chemical pollutants than the original control site downstream
(Site #1 in this study), then the experimenter could deduce that the

control site was not receiving any noticeable leachates from the
sanitary landfill. However, if the test results from the second
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control station (Site #0 in this study) were lower than those from the

original control site downstream, then two possibilities could exist.
Either leachates from the sanitary landfill were contaminating the

control station downstream, or there were leachates coming from
other sources and polluting only that one site, Additional investigations would need to be initiated to determine the pollutant's source(s).

In summary, test stations (sites) were chosen so that the one
control station was located upstream from sanitary landfill and any

other adjacent potential contamination sources in the test area.
Experimental test stations were located downstream from the control

station at strategic locations and fairly well spaced apart from
adjacent test stations. The number of experimental stations was
determined by the perimeter side of the sanitary landfill area
adjacent to the stream bank.

Preparation Procedures
In making preparations prior to water sampling, the individual

collecting samples should insure that correct, adequate, and clean
equipment is available and that adequate supplies are present. The
quantity and diversity of equipment and supplies varied depending

upon the water sample sources, In general, the following pieces of
equipment were require± (1) sample bottles; (2) bottle rack or
basket (covered container is best); (3) 10% sodium thiosulfate solution
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(for dechlorinating treated water samples); (4) aluminum foil or
Kraft paper; (5) field thermometer (Centigrade range = -20 to 100

degrees); (6) reliable time piece (watch or clock); (7) durable tie-on
tags (can use embossing tape); (8) sampling data sheets; (9) waterproof pen or marker; (1) weighted bottle frame and nylon line for
bricl.ce and depth sampling (depends on water source); (11) boat, in-

flatable raft, or wading gear (for mcst sampling stations, longsleeved rubber gloves are also recommended)(depends on the water

source); (12) geological survey map, blueprint, etc, of the study area
(35).

The amount of equipment required depended upon the number of

stations present and the frequency of sampling. Also, potential
breakage of equipment should be considered when determining the

amount required. To help eliminate this breakage and loss of water

specimens, the bottles may be packed in wooden, metal, plastic, or
heavy fiberboard cases with a separate compartment for each bottle.
Boxes may be lined with a separate compartment for each bottle.

Boxes may be lined with corrugated fiber paper, felt or other resilient
material, or may be provided with spring-loaded corner strips,

to

prevent breakage. Lined wicker baskets may also be used (56).

Insuring equipment is clean prior to sampling is of utmost

importance. Glass bottles may be rinsed with a chromic acid cleaning mixture made by adding one liter of concentrated sulfuric acid
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slowly, with stirring, to a 35 milliliter saturated sodium dichromate
solution, or with an alkaline permanganate solution followed by an
oxalic acid solution. The newer detergents are excellent cleansers

for many purposes; either detergents (ones without phosphates) or

concentrated hydrochloric acid can be used for cleaning hard-rubber
and polyethylene bottles. After having been cleaned, bottles must

be rinsed thoroughly with tap water and then with distilled water (56).

A second way to prepare collecting bottles for water sampling is

to first add 0.1 milliliter of 10 percent sodium thiosulfate solution for
each 4 ounces (120 milliliters) of bottle capacity. Then wrap the

bottle stopper or cap and top of the bottle with foil or Kraft paper.
(This wrapping or "hood" should remain on the bottle top at all times

before and after sampling.) The third step is to dry heat sterilize
glass bottles at 170 degrees Centigrade for one hour, or autoclave

sterilize glass or plastic bottles, loosely covered, at 121 degrees
Centigrade and 15 pounds per square inch for 15 minutes (9).

If dry heat or an autoclave is not available, and/or the bottles

are a non-heat resistant polyethylene material, then a dishwasher
can be used. Place bottles in the washing rack and close the lid.

Then set the dials for the following: (1) wash

160 degrees Fahren-

heit (F) for 4 minutes using 4 ounces of detergent; (2) rinse

degrees F for 4 minutes; (3) final rinse

160

distilled water for one

minute. Then repeat this procedure, but do not use any detergent the
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second time. When the washing cycle has been completed, dry

sample bottles in a circulating air dryer for 20 to 30 minutes.
After completing water sample preparation and collection,

certain tasks must be accomplished prior to analyzing these samples.
In field analysis, the following equipment would be required:

(1) distilled water container; (2) tap water container; (3) washing con-

tainers; (4) single burner camp stove or a "sterno" can for heat;
(5) a Hach Kit (direct reading colorimeter) and associated equipment;

(6) thermometer; (7) pipettes; (8) titration apparatus; (9) glass
beakers (50, 100, 200, and 500 milliliter sizes); (10) manual-wind

timer; (11) liquid waste containers with covers; (12) solid waste
containers; (13) wash brushes; and (14) an extra battery pack, photo
cell and lamp bulb. The following supplies would be required:

(1) sterile alcohol swabs; (2) non-phosphate detergent; (3) distilled
water; (4) tap water; (5) matches; (6) paper towels; (7) a 10 x 12 foot
ground cloth; (8) data recording and compilation sheets; and (9) associated Hach Kit liquid and solid chemicals.

When the field laboratory site has been chosen, then three steps
need be accomplished before analysis can commence. Step one
involves setting up all analyzing equipment and placing all supplies in

easily accessible locations. It is recommended that the Hach Kit be
placed in the center of the field laboratory analysis work area. Step
two includes filling all containers with respective liquids (e.g.,
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distilled water, tap water, chemical reagents, etc.). Step three
involves checking the battery pack to insure that a minimum of

80 percent transmittance is registered on the Hach Kit meter scale.
This battery check will help insure that the colorimeter tests are
accurate.
Sampling Procedures

In order to obtain valid and representative samples, specific
sampling procedures were followed. In this study, water sampling

procedures (methods) were taken from established and recognized

sources (e.g., Standard Methods for the Examination of Water and
Wastewater and the Hach Methods Manual). When taking grab (single)

samples from streams (similar procedures for other surface waters),
the following procedures were utilized

(1) grasp the bottle near its

base with one hand; (2) remove the stopper and hood (lid and tinfoil or

Kraft paper cover) as a unit with the other hand, remembering to keep
it clean; (3) plunge the bottle, mouth down, about 6 to 12 inches into the

water and avoid introduction of surface scum into the bottle; (4) point

the bottle into the stream current and away from hands and/or legs
of the sampler; (5) make a current, if there is none, by moving the
bottle in the direction it (the bottle mouth) is pointing; (6) tip up the
bottle mouth until bubbles indicate that the bottle is filling (keep

bottle mouth below the water surface; (7) fill the bottle nearly full,

69

leaving a small air space at the top, so that the sample may be
shaken easily (do not draw less than a 100 milliliter sample);
(8) withdraw the bottle, replace the hood and stopper, and label
the bottle with a tie-on tag (9).

In taking these water samples, a day and time schedule was
established. The collection of these samples was scheduled once a
week on Friday for six months beginning in October 1975. The time

period of sample gathering was set for early morning between six and
nine o'clock. Furthermore, the sample furthest downstream was

taken first to better eliminate potential contamination of other test
stations. Upon sample gathering completion at each station, the

water sample bottle was placed in a light-proof container.
Analytical Procedures

In this study, two analytical procedures were utilized to deter-

mine the chemical constituents present in the water samples. One
procedure used a battery-powered colorimeter designed by the Hach
Chemical Company. In conducting water sample tests, two colori-

meter bottles, a preselected color filter, and a light source located in
the Hach Kit were utilized for each test. Pre-calibrated meter

scales visually depicted the amount of chemical substance in each test
sample. This procedure was used in analyzing water samples for the
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pH val.:1e, nitrite, sulfate,

ortho-phosphate, and nitrate

present.
A second procedure used titration equipment. This apparatus

included a titration stand and burettes. To perform titration analysis,
the desired burette was filled from the Hach Kit supply bottle and

placed in the titration stand. Fluid in the burette was leveled at the

zero milliliter mark. Then a pre-measured sample of test station
water was placed under the burette in a glass flask. Fluid from the
burette was added to the flask a drop at a time with stirring of the
flask contents after each drop until the desired color change was
obtained. The amount of burette fluid added to the flask multiplied

by an arithmetic factor indicated the amount of chemical present in

the station sample. The titration analytical procedure was utilized in
analyzing water samples for presence of chloride, water hardness,
and alkalinity.

Data Recording Procedures
When recording data, it was important that it be accomplished

in a timely, clear and accurate manner. Recording compilation data
(the data taken after gathering the water samples and before chemi-

cally analyzing them) was first initiated after collecting all water

samples. These data included (1) date and time samples were taken;
(2) station number; (3) water temperature. Data were again annotated
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before and after each analytical test. The sample temperature was

listed prior to each test and the concentration result of each chemical
substance was listed upon test completion (see Figure 6).
The computation data recording (if any) was completed after all

analytical tests for each station had been completed. Certain arithme-

tic factors (due to test dilution factors, etc.) were multiplied with the
compilation data to obtain final test results (see Figure 7).

Final results were recorded on the appropriate form using three
significant figures (see Figure 8).
Data Evaluation

Upon completion of recording the weekly data compilations,

computations, and results, the concentrations of each chemical

leachate were examined. These leachates were compared to the

1962

U.S. Public Health Service Drinking Water Standards and the Oregon

Water Quality Standards for domestic water supply systems because
many of them could percolate from Soap Creek to ground water in the
Willamette Valley. This percolated water (with associated chemical

leachates) could easily pollute well and spring waters being utilized
by humans and animals for drinking purposes.
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Figure 6. Data compilation form.

BATTERY CHEC1C:

Tr

Figure 7. Data computation form
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CHAPTER IV
PRESENTATION AND ANALYSIS OF RESULTS

The purpose of this study was to develop a procedural manual

for leachate analysis from a sanitary landfill in a field environment.
By analyzing water samples in the field, fast and more accurate
results could be obtained. Also, it would give county sanitarians and
other public health officials much more flexibility in analyzing for

leachate contamination from a sanitary landfill. Additionally, these
individuals would obtain a better understanding of how pollution by

chemicals can evolve from these landfills and be transferred to surface ground water sources.
Area, Landfill and Stream Locations

In order to evaluate this procedural manual, a test area was
chosen in western Oregon approximately 90 miles south of the
Columbia River in the Willamette Valley. This area was located due

west and adjacent to a sanitary landfill. A stream (Soap Creek) was

selected as a water source where sample staticns could be established
to check for possible leachate coming from the sanitary landfill.

Furthermore, a portion of the creek directly adjacent to the sanitary
landfill on Coffin Butte was selected as the surface water test area.
Both the sanitary landfill, located at the west base of Coffin Butte,
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and Soap Creek are located approximately 8 miles north of Corvallis,
Oregon and 1 1/4 miles west of Highway 99W on County Road 45-01.

The sanitary landfill location is legally described as Tax Lot 1000,
Section 13, Township 10 South, Range 5 West, Willamette Meridian of
Benton County, Oregon (48). The legal description for the Soap Creek

test area is identical for test stations one through eight. Test station
zero is located in Section 24, Township 10 South, Range 5 West,
Willamette Meridian of Benton County, Oregon (see Figure 9) (18).
Individual Stream Test Station Locations

Individual test stations were established along a segment of

Soap Creek. Test station intervals were determined by considering
the sanitary landfill potential drainage area, land topography, and

visually observing surface water drainage into Soap Creek. For the
first three months, one control station (station 1) and seven experimental stations (stations 2 through 8) were utilized. All station

locations and distances are referenced from station number 8 as
follows:

Station 8

47 yards northwest of bridge on county road 45-01.

Station 7

57 yards southeast of station 8.

Station 6

94 yards southeast of station 8.

Station 5

184 yards southeast of station 8.

Station 4

258 yards southeast of station 8.
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Station 3

337 yards southeast of station 8.

Station 2

427 yards southeast of station 8.

Station 1

470 yards southeast of station 8.

During the second three-month test period (January through
March 1976), an additional control station (number zero) was added to
check the validity of control station number one. Station zero was

located approximately 1,702 yards south of station 8 (see Figure 9)
(18).

Locations of the experimental stations (stations 2 through 8)

remained the same throughout the six-month test period. They were
strategically placed along the stream (Soap Creek) where potential
leachate runoff from the landfill might occur. Natural and man-made

depressions, elevations and barriers were considered when establishing test stations.
Climate, Geology and Soil Conditions

The climate, geology and soil conditions affect the amount of

surface water runoff and leaching which may occur at a sanitary landfill. At Coffin Butte, Cooper classified the climate for the (Willamette)

Valley region as mild, (with)wet winters. The test and sanitary land-

fill areas overlay a black basalt formation. The basalt dips rapidly
to the south (18). This common basalt is a pillow basalt with inter-

stratified beds of tuff (5). Typically, the basalt is 20 to 60 feet below
the ground surface (on the west face of Coffin Butte) and has up to
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20 feet of broken rock immediately above (it). The static water table

is generally 10-20 feet below ground level, but as close as four feet in
low areas adjoining Soap Creek (18). This accounts for the soil

becoming saturated, especially during the wet winter months. These

soils consist of clays, some gravel, silt and broken rock. Furthermore, the so;:_ has been classified as Witzel very cobbly, si
clay loam, ASSITO A-6. The soil depth varies from 2

tc; 15

feet (18).

Testing Parameters
In establishing the testing parameters for this study, potential
leachate health hazards and time constraints were considered. After
evaluating and reviewing all possible chemical analysis tests applicable in a field environment, the following analytical tests were
recommended: (1) temperature; (2) pH value; (3) nitrite nitrogen;

(4) chloride; (5) hardness; (6) alkalinity; (7) ortho-phosphate; (8) sul-

fate; (9) nitrate nitrogen; (10) dissolved oxygen. These tests, with

the exception of nitrate nitrogen and dissolved oxygen, were evaluated

over a six-month period (see Table 10). Also, analysis of the weekly
water samples was in accordance with the Standard Methods for the
Examination of Water and Wastewater book and Hach Methods Manual.

Furthermore, all samples were collected weekly on the same day
(Friday) between 6 and 9 a.m. Sample collection began downstream at
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Table 10

Water quality analysis results on Soap Creek study.
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station 8 and continued upstream to avoid sample site and water
sample contamination. Sample analysis was completed within a 24-

hour period after collection and at the same specimen temperatures
of previous weeks (23 degrees Centigrade, plus or minus one degree).
The single variable in this study was the amount of leachate, if any,

found in the water samples from each test station.
Test Results and Comparisons

Depending upon the specific analytical test performed, the test

result was obtained from individual laboratory result forms after
taking the compilation data and multiplying it by an arithmetic test

factor (if required). This result was then compared with the U.S.
Public Health Service Drinking Water Standard to establish whether

the chemical detected was within acceptable limits for human (and
animal) health safety (see Tables 6 and 7). In all cases the pH
value, nitrite, chloride, hardness, alkalinity, sulfate, ortho-

phosphate; and nitrite levels were within the acceptable
limits as specified by the U. S. Public Health Service and the state of

Oregon (see Table 10 for specific results).
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CHAPTER V
SUMMARY, CONCLUSION AND RECOMMENDATIONS

The purpose of this study was to develop a procedural manual
which could be utilized to analyze leachate emanating from sanitary
landfills. This manual incorporated step-by-step procedures in pro-

viding users with sampling and analytical directions required when

chemically analyzing leachates in a field environment. A water source
adjacent to a sanitary landfill was identified and sample test stations
were established. Required leachate sampling and analyzing equipment and supplies were identified. Preparations needed prior to

gathering water samples as well as procedures required in collecting
water samples were described. Also, preparations needed prior to
analyzing water samples followed by procedures required in conduct-

ing chemical water analysis were listed in the manual. Additionally,
methods of recording data listings and calculations were reviewed.

Finally, water analysis test results were compared with established
U. S. Public Health Service Drinking Water Standards to provide an

indication of the stream's water quality and receivance of leachate
pollution from the adjacent sanitary landfill.

To validate the usability of this procedural manual, a six-month

testing period was established. A sanitary landfill, adjacent stream,
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and test stations were identified. These control and experimental

test stations were established in strategic locations along the creek
segment to allow for maximum coverage of potential chemicals

leaching from the sanitary landfill. Water samples were collected
once a week (on Friday) in the early morning hours (6 to 9 a. m. ).

A

field laboratory analysis kit was utilized in analyzing water samples.

Tests for pH value, nitrite nitrogen, chloride, hardness, alkalinity,
sulfate, ortho-phosphate, and nitrate nitrogen detection were conducted in accordance with approved methods established by Standard
Methods for the Examination of Water and Wastewater and the Hach
Methods Manual. Test results were compared with the U.S. Public

Health Service Drinking Water Standards to identify chemical pollu-

tants that could alter stream water quality.
Conclusion

On examination of the comparative results among the various

chemical tests, it was apparent that (1) some chemicals were being

leached from the soil into the stream (Soap Creek); (2) some chemi-

cals were washed into the stream from above the soil surface and
from surface drainage swales; (3) higher chemical concentrations were

leached from the soil during rainy days than during test days preceded by two days of no rain; (4) the concentrations of all chemical
leachates were below the maximum allowable limits established by the
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U.S. Public Health Service. The leachate analysis manual was found
to be adaptable and usable when testing water quality in a field

environment. Time required for leachate analysis could be reduced
and earlier analysis begun by utilizing the manual in the field environment. In the six-month test period, nine tests were performed weekly

on site samples. During the last three-month segment of this test
period, nine water samples were tested weekly. The average time
required to complete these tests was between 6 and 8 hours. Less

time would be required for either fewer samples collected, or fewer
analytical tests performed. The procedural manual proved a valuable
tool in guiding and educating the experimenter in sampling and analyz-

ing leachates from sanitary landfills. Also, the experimenter obtained
a much better understanding as to what effects the landfill could have
on the surrounding environment by analyzing associated leachates

found in surface/ground waters adjacent to the sanitary landfill.
Recommendations

Further work should be accomplished in testing and evaluating

this sanitary landfill leachate analysis manual. Prior to publishing
this manual, the following actions require completion: (1) conduct

additional research and evaluation utilizing a large number of state

registered sanitarians. Suggested methods would include (la) selecting at random two groups of state sanitarians; (lb) having one group of
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sanitarians evaluate the contents of the manual from an educational
viewpoint; (1c) having the second group of sanitarians conduct chemi-

cal leachate analysis tests following the manual's directions.
(2) Have both groups report on the manual's usefulness, thorough-

ness, and adaptibility using mailed questionnaires. Pertinent
recommendations could then be incorporated to better improve the

contents of this leachate analysis manual.
After incorporating all valid recommendations from the

questionnaires, this sanitary landfill leachate analysis manual should
be submitted to the Oregon State Health Division for review. The

division's comments and suggestions need be reviewed as well as the

possibility of utilizing this manual for part of the state's sanitarian
training program. If accepted as a state educational training guide,
this manual could be utilized in training all field sanitarians to
conduct leachate analysis tests. Regional offices of the Oregon State
Health Division should be responsible for program implementation,

continuation, and evaluation. These regional offices would serve as
the focal point between the state and county levels for educational
program coordination.

With this training program being conducted and evaluated on a

continually scheduled basis, the state could better its water quality
surveillance and further insure the public of receiving the highest
quality water available.
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INTRODUCTION

Purpose.
Many county sanitarians and public health officials have little

knowledge, expertise, or time when it comes to sampling and analyz-

ing leachates from such sources as sanitary landfills. Brunner and
Keller stated that such leachates were solutions containing dissolved
and/or finely suspended solid matter and microbial waste products.
Furthermore, the Chemeketa Region Solid Waste Management Pro-

gram Appendix identifies leachates as liquid emerging from solid

wastes, either buried or exposed, and which contains objectionable

impurities, including but not limited to organics, metals (primarily

iron), microorganisms, minerals (primarily nitrates and sulfates),
and dissolved gases (primarily methane and hydrogen sulfide) (18).

Leachates may leave sanitary landfills at the ground surface as a
spring, or percolate through the soil and rock that underlie and
surround the refuse. Composition of leachate is important in determining its potential effects on the quality of nearby surface and ground

waters. Contaminants carried in leachates are dependent upon solid
waste contents and on the simultaneously occurring physical, chemical, and biological activities within the sanitary landfill (4).
Many county health departments have no water laboratory

facilities in which to have water samples tested. As a result, they
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must send such samples to the state water laboratories for analysis,
which expends valuable time and county finances. By having guide-

lines established and step-by-step procedures recorded in the form of

a manual, the county sanitarians using a field test kit (e.g., the Hach
Kit) can conduct surface and/or ground water analyses to help identify
the various types and amounts of chemical leachates polluting ground

and surface waters around sanitary landfills.
Need for Information.

Safeguarding public health, complying with laws and regulations,

and establishing a local guideline in leachate analysis are several
factors which dictate the need for a sanitary landfill leachate analysis
manual. Since leachates can chemically alter ground water and/or

surface water, laws and standards have been established by the
federal government to better insure water quality. In 1946, the Public
Health Service Drinking Water Standards were established and then
revised in 1962. These standards, in part, identified chemical sub-

stances found in water which were hazardous to human health. Charts

have been established noting the suggested limits which each chemical

substance should not exceed as well as chemical concentrations which

would be cause for drinking water rejection (13, 20).

In addition, the Federal Water Pollution Control Act, as
amended by the Water Quality Act of 1965, authorized the State and
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Federal governments to establish water quality standards for interstate (including coastal) waters by June 30, 1967. This Act reflected

that standards, such as to protect the public health or welfare,
enhance the quality of water and serve the purposes of this Act.

In

establishing such standards, the Secretary of the Interior, the Hearing
Board, or the appropriate state authority shall take into consideration
their use and value for public water supplies, propagation of fish and

wildlife, recreational purposes, and agricultural, industrial, and
other legitimate uses. If a state does not adopt water quality standards
consistent with the above paragraph, the act provides the Secretary
with the opportunity to set the standards (20). Then in 1972, more
amendments of the Federal. Water Pollution Control Act were incorporated. These amendments, in part, strengthened the earlier act

and empowered the Federal government, through the U.S. Environmental Protection Agency, to take action against states which could

not prevent, reduce, and eliminate water pollution. States formulated
special rules pertaining to landfills and the leachates they produce.
As an example, the Oregon Administrative Rule, 61-040 (3)(b),

reflected that leachate production shall be minimized and where

required shall be collected and treated or otherwise controlled in a
manner approved by the Department of Environmental Quality (18).

Chemical hazards of public health importance are associated

with leachates. Such chemical inorganic materials as lead, zinc,
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phosphate, sulfate, chloride, sodium, iron, nitrogen, nitrate, nitrite,
nickel, and copper have been identified in sanitary landfill leachate.,

Other factors, including pH, water hardness, and alkalinity, also can
affect water quality and therefore the health of man and animals.
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SECTION I

STATE OF OREGON RULES REGULATING
SANITARY LANDFILLS

State of Oregon Rules

Oregon establishes leachate controls and guidelines through
the Department of Environmental Quality. Specific Oregon Admini-

strative Rules (10) pertaining to leachate control from sanitary
landfills are as follows:

110

DEPARTMENT OF ENVIRONMENTAL QUALITY

CH. 340

that such burning is permitted by rules and
regulations of the air pollution control authority having jurisdiction.

(3) Landfill Design and Construction.
(a) Location. Modified landfills should
be located a minimum of 1/4 mile from
the nearest existing residence or com61-040 SPECIAL RULES PERTAINING

TO LANDFILLS. (1) Detailed Plans and

Specifications
limited to:

shall include but not be

(a) Location and design of all physical
features of the site, such as, berms,

dikes, surface drainage control, access

and on-site roads, water and waste water
facilities, trenches, landfill lifts and cells,
monitoring wells, fences, utilities, truck
washing facilities, legal boundaries and
property lines, land use, and existing
contours and projected finish grades at
not to exceed 5 foot contour intervals
unless otherwise approved by the Department.
(b) A detailed operational plan and time-

table including the proposed method and
sequence of site development, utilization
and operation and a proposal for monitoring and reporting any environmental
effects resulting therefrom.
(2) Authorized Landfill Methods.
(a) Sanitary Landfill. Disposal of solid
waste by landfilling shall be by the sani-

tary landfill method unless a modified

landfill is specifically authorized by written permit.
(b) Modified Landfill. Modified landfills
may be permitted if it is determined by
the Department that special circumstances

such as climate, geographic area, site
location, nature or quantity of the material to be landfilled, or population density justifies less than daily compaction
and cover.
(c) Open Burning or Open Dumps. Open

burning or open dumps of putrescible

solid wastes shall not be permitted.
Open burning of non-putrescible combustible wastes at a disposal site at dis-

tances greater than 500 feet from the

active landfill area may be permitted in
accordance with plans approved and permits issued by the Department provided
6-1-72

mercial establishment other than that used
by the landfill operator.
(b) Leachate. Leachate production shall
be minimized and where required shall be

collected and treated or otherwise controlled in a manner approved by the Department.

(c) Groundwater. Areas having high
groundwater tables may be restricted to
landfill operations which will maintain
a safe vertical distance between deposited
solid waste and the maximum water table
elevation.
Solid

wastes other than tires, rock,

dirt, brick and concrete rubble and similar non-decomposi'fle materials shall not
be deposited directly into the ground-

water table or in flooded trenches or
cells.
(d) Monitoring Wells. Monitoring wells

may be required where deemed necessary to determine the effect of a landfill
on usable groundwater resources in accordance with plans approved in writing
by the Department.
Other sites may be required to provide
monitoring wells if they are determined by
the Department to be necessary.

(e) Drainage Control. A disposal site
shall be so located, sloped or protected
that drainage will be diverted around or
away from the operational area of the
site.
The surface contours of the site shall
be maintained such that surface water
run-off will not flow into or through the
fill.
(f) Dikes. Landfill sites which may be
subject to flooding shall be protected by
dikes which are constructed to be impervious to the passage of water and
designed to prevent erosion or cutting
out of the filled portions of the landfill
site.

(g) Cover Material. Adequate quantities of cover material shall be available to provide for periodic covering of
deposited solid waste in accordance with
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the approved operational Flan and permit conditions.

Final cover material must be avail-

able which will permit minimal percolation of surface water and minimum c at: king of the completed fill.
rh) Access Roads. Roads from a
highway to a disposal site and roads within
a disposal site shall be designed and neon -

tained to prevent traffic congestion, tra:fic hazards and dust and noise pollution
)

Fences. Access to landfills which a

ihe

not attended on a twenty-four hour liasis
shall be controllable by means of gates
which may be locked and the site shall be
completely enclosed by a perimeter fence
unless access is adequately ecintrolled by

the natural terrain features of the site.
(j) Site Screening. Site screening shall
be provided as required to effectively
insofar as is practicable, the
active landfill area from residences and

screen,

public view.
(k) Public Dumping. Where practicable,

special facilities such as a transfer station, vehicles or drop-box shall be pro-

vided to keep the public out of the active
landfill area.
(1) Fire Protection. Fire protection
shall be provided in accordance with design and operational plans approved by
the Department and in accordance with
pertinent state and local fire regulations.
Where practicable, water under pressure shall he available at the site.
A minimum water supply of not less
than

300

gallons

should

be

provided.

(m) Special Handling. Large dead animals, sewage sludges, septic tank pumpings, hospital wastes and other materials
which may be hazardous or difficult to
manage, shall not be deposited at a disposal site unless special provisions for
such disposal are included in the operational plan or otherwise approved by the
Department or local health department
having Jurisdiction.

(n) Signs clearly stating dumping area

rules shall be posted and adequate to
obtain compliance with the approved opera

,al

A clearly visible and legible sign or
signs snail be erected at the entrance to
the disposal site which shall contain at
least the following:

S

rne of facility and owner.
Emergency phone number of attendant.
strieted materials (if applicable).
Operational hours during which wastes
lil be received for disposal.
Penalty for unlawful dumping.
Facilities. Truck
OD) Truck Washing
washing areas shall he hard surfaced and

wash waters shall be conveyed to a
h basin, drainage and disposal system approved by the Department or state
all

iee local health agency having jurisdiction.
(pl Sewage Disposal. Sanitary waste

disposal shall be accomplished in a manner approved by the Department or state
or local health agency having jurisdiction.
(4) Landfill Operation. (a) Compaction

and cover. Solid Waste deposited at a
landfill site shall be spread on a slope
no steeper than 3 horizontal to 1 vertical

and compacted in layers not to exceed 2 feet

in depth up to maximum cell heights in
accordance with the approved operational

plan and covered with not less than 6
inches of compacted cover material at
intervals specified in the permit. Alternative procedures to achieve equivalent results may be approved by the Department.
(b) Final Cover and Grading. A layer
of not less than two (2) feet of compacted
earth, in addition to intermediate cover

material, shall be placed over the completed fill following the final placement

of solid waste. The final cover shall be
graded, seeded with appropriate ground

cover and maintained to prevent cracking,
erosion and the ponding of water.
(c) Exposed Solid Waste. Unloading of
solid waste on the site shall be confined to

the smallest practical area and the area
of exposed waste material on the active
landfill face shall be kept to a minimum.
(d) Equipment. Sufficient equipment in
good operating condition and adequate to
construct and operate the landfill site including placernent, compaction and cover-

ing of solid wastes under all anticipated

weather and soil conditions shall be available at all times, with provisions for auxiliary or standby equipment as required in
th.e approved operational
ccnroance
plan.

(e) Accidental Burning. All reasonable
precautions, such as segregation of flammable wastes and early removal of "hot
6-1-72
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spots", shall be taken to prevent accidental ignition or spontaneous combustion of

solid wastes at a landfill site. Water,

stockpiled earth or other means shall be
available to extinguish such fires as may
occur.

Hot or burning materials, or any materials likely to cause fire shall be depoAted temporarily at a safe distance from
the fill area and shall not be included in
the landfill operation until the fire hazard
is eliminated.
(f) Salvage. Salvaging or scavenging
shall be controlled so as to not interfere
with optimum disposal site operation and
to not create unsightly conditions or vector harborage.
All salvaged materials shall be removed
from the disposal site at the end of each
operating day, unless some other recycling

or storage program is authorized in the

operational plan approved by the Department.

Food products, hazardous materials,
containers used for hazardous materials
or furniture and bedding with concealed

CH. 340

manner approved in writing by the Department.

A maintenance program for continued
control of erosion, repair, and stabilization of the fill shall be provided until the
completed fill has stabilized to the point
where maintenance is no longer required.

61-045 SPECIAL RULES PERTAINING
TO INCINERATION. (1) Detailed Plans and

Specifications. (a) All incineration equip-

ment and air pollution control appurtenances thereto shall comply with air pollution control rules and regulations and

emission standards of this Department
or the regional air pollution control authority having jurisdiction.
(b) Detailed plans

and specifications

for incinerator disposal sites shall in-

clude, but not be limited to, the location
and physical features of the site, such as
contours, drainage control, landscaping,
fencing, access and on-site roads, solid
waste handling facilities, truck washing

facilities, water and wastewater facili-

posal site.
(g) Nuisance Conditions. Blowing debris

ties, ash and residue disposal and design
and performance specifications of incineration equipment and provisions forte sting emissions therefrom.

Dust, malodors and noise shall be con-

tion. (a) Ash and Residue Disposal. In-

filling shall not be salvaged from a dis-

shall be controlled such that the entire
disposal site is maintained free of litter.
trolled to prevent air pollution or exces-

sive noise as defined by ORS Chapter 449
and Chapter 452, Oregon Laws 1971, and

rules and regulations adopted pursuant

thereto.

(h) Health Hazards. Rodent and insect
control measures such as baiting and
insecticide spraying shall be provided as
necessary to prevent vector production
and sustenance.

Any other conditions which may result
in transmission of diseases to man and
animals shall be controlled.
(i) Records. The Department may require such records and reports as it considers are reasonablynecessaryto ensure

compliance with conditions of a permit

of these regulations.

(j) Closure of Landfills. Before a land-

fill may be closed or abandoned to further

use, all solid wastes at the disposal site
shall b compacted and covered and the
site finally graded and restored in a
6-1-72

(2) Incinerator Design and Construc-

cinerator ash and residues shall be disposed in an approved landfill unless handled otherwise in accordance with a plan
approved in writing by the Department.

(b) Waste Water Discharges. There
shall be no discharge of waste water to
public waters except in accordance with
a waste discharge permit from the Department, issued under ORS 449.083.

(c) Access Roads. All-weather roads
shall be provided from the public high-

ways or roads, to and within the disposal
site and shall be designed and maintained
to prevent traffic congestion, traffic hazards and dust and noise pollution.
(d) Drainage. An incinerator site shall
be designed such that surface drainage
will be diverted around or away from the
operational area of the site.
(e) Fire Protection. Fire protection
shall be provided in accordance with plans

approved in writing by the Department
and in compliance with pertinent state and

113

CH. 340

OREGON ADMINLSTRATIVE RULES

local fire regulations.

(f) Fences. Access to the incinerator
site shall be controlled by means of a

complete perimeter fence and gates which
may be locked.
(g) Sewage Disposal. Sanitary waste
disposal shall be accomplished in a man-

ner approved by the Department or state
or local health agency having jurisdiction.
(h) Truck Washing Facilities. Truck
washing areas, if provided, shall be hard
surfaced and all wash waters shallbe conveyed to a catch basin, drainage and dis-

posal system approved by the Department or state or local health agency

having jurisdiction.
(3) Incinerator Operations.(a) Storage.
All solid waste deposited at the site shall

confined to the designated dumping
area.
Accumulation of solid wastes and un-

be

disposed ash residues shall be kept to
minimum practical quantities.
(b) Salvage, Salvaging shall be controlled so as to not interfere with optimum disposal operation and to not create
unsightly conditions or vector harborage.

All salvaged material shall be stored
in a building or enclosure until it is removed from the disposal site in accord-

ance with a recycling program authorized
in the operational plan approved in writing
by the Department.

Food products, hazardous materials,
containers used for hazardous materials,
or furniture and bedding with concealed
filling shall not be salvaged from a disposal site.

( c) Nuisance Conditions. Blowing debris

shall be controlled such that the entire
disposal site is maintained free of litter.
Dust, malodors and noise shall be con-

trolled to prevent air pollution or excessive noise as defined by ORS Chapter
449 and Chapter 452, Oregon Laws 1971,

and rules and regulations adopted pursuant thereto.
(d) Health Hazards. Rodent and insect
control measures shall be provided, sufficient to prevent vector production and
sustenance. Any other conditions which
may result in transmission of disease to
man and animals shall be controlled,
(e) Records. The Department may require such records and reports as it con-

siders are reasonably necessaryto ensure
compliance with conditions of a permit or
these regulations.
61-050 SPECIAL RULES PERTAINING
TO COMPOSTING PLANT:3. (1) Detailed

Plans and Specifications shall include but
not be limited to:
(a) Location and design of the physical
features of the site and composting plant,
surface drainage control, waste water

facilities, fences, residue disposal, odor
control and design and performance specifications of the composting equipment and
detailed description of methods to be used.

(b) A proposed plan for utilization of
the processed compost including copies
of signed contracts for utilizationor other
evidence of assured utilization of composted solid waste.
(2) Compost Plant Design and Construction. (a) Non-Compostable Wastes. Fa-

cilities and procedures shall be provided
for handling, recycling or disposing solid
waste that is non-biodegradable by composting.

(b) Odors, The design and operational
plan shall give consideration to keeping
odors to lowest practicable levels. Composting operations, generally, shall not be
located in odor sensitive areas.
(c) Drainage Control. Provisions shall
be made to effectively collect, treat and

dispose of leachate or drainage from
stored compost and the composting operation.

(d) Waste Water Discharges. There
shall be no discharge of waste water to
public waters, except in accordance with
a Waste Discharge Permit from the Department, issued under ORS 449,083.
(e) Access Roads. All-weather roads

shall be provided from the public highway

or roads to and within the disposal site
and shall be designed and maintained to

prevent traffic congestion, traffic hazards
and dust and noise pollution.
(1) Drainage. A composting site shall

be designed such that surface drainage

will be diverted around or away from the
operational area of the site.
Protection. Fire protection
shallFire
be provided in accordance with plans

approved in writing by the Department
6-1-72
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in compliance with pertinent state and
local fire regulations.
(h) Fences. Access to the composting

site shall be controlled by means of a
complete perimeter fence and gates which
may be locked.
(1) Sewage Disposal. Sanitary waste dis-

posal shall be accomplished in a manner approved by the Department or state
or local health agency having jurisdiction.
(j) Truck Washing Facilities. Truck
washing areas, if provided, shall be hard

surfaced and all wash waters shall be

conveyed to a catch basin, drainage and
disposal system approved by the Department or state or local health agency
having jurisdiction.

(3) Composting Plant Operation. (a)

Supervision of Operation. A composting
plant shall be operated under the supervision of a responsible individual who is

thoroughly familiar with the operating
procedures established by the designer.
All compostable waste shall be subjected to complete processing in accordance with the equipment manufacturer's

operating instructions or patented process
being utilized.
(b) Removal of Compost. Compost shall

be removed from the composting plant
site as frequently as possible, but not

later than one year after treatment is

completed.
(c) Use of Composted Solid Waste. Com-

posted solid waste offered for use by the
general public shall contain no pathogenic

organisms, shall be relatively odorfree
and shall not endanger the public health
or safety.
(d) Storage. All solid waste deposited
at the site shall be confined to the designated dumping area.
Accumulation of solid wastes and undisposed residues shall be kept to minimum practical quantities.
(e) Salvage. Salvaging shall be controlled so as to not interfere with optimum disposal operation and to not create
unsightly conditions or vector harborage.

All salvaged material shall be stored
in a building or enclosure until it is removed from the disposal site in accordance with a recycling program authorized
in the operational plan approved in writ6-1-72
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mg by the Department.
61-055 SPECIAL RULES PERTAINING
TO SLUDGE DISPOSAL SITES. (1) Per-

mit Required. (a) Land used for the

spreading, deposit, lagooning or disposal
of sewage sludge, septic tank purnpings

and other sludges is defined as a disposal site by Chapter 648, Oregon Laws
1971, and is subject to the requirements
of these regulations including the require-

ments for obtaining a permit from the

Department in accordance with Sections
61-020 and 61-025 of these regulations.
(b) Disposal of sewage sludges resulting from a sewage treatment facility that
is operating under a current and valid

Waste Discharge Permit, issued under
ORS 449.083, is exempted from obtaining

solid waste disposal permit, provided
that said sewage sludge disposal is adequately covered by specific Conditions of
a

the Waste Discharge Permit. Such sewage
sludge disposal operations and sites shall
comply with all other provisions of these
regulations and other laws, rules and
regulations pertaining to solid waste disposal.
(2) Plans and Specifications for Sludge
Disposal Sites.
(a) Detailed plans and specifications for
sludge disposal lagoons shall include, but
not be limited to location and design of the

physical features of the site, such as
berms, dikes, surface drainage control,
access and on-site roads, waste water

facilities, inlet and emergency overflow
structures, fences, utilities and truck
washing facilities, topography with contours not to exceed 5 foot contour intervals, elevations, legal boundaries and
property lines, and land use.

(b) Plans and specifications for land

spreading of sludge shall include, but not
be limited to physical features of the site,

such as, surface drainage, access and

on-site roads, fences, truck washing facilities, topography with contours not tss
exceed 5-foot contour intervals, rates and
frequency of sludge application, legal
boundaries and property lines and land
use.

(3) Prohibited Methods of Sludge Dis-
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posal. (a) Septic tank pumpings and raw
sewage sludge shall not be permitted to be
disposed of by land spreading, unless it is

specifically determined and approved in

writing by the Department or state or

local health agency having jurisdiction,
that such disposal can be conducted with
assured, adequate protection of public
health and safety and the environment.
(b) Except for "heat-treated" sewage
sludges, sewage sludges including septic
tank pumpings, raw, non-digested and digested sewage sludges, shall not be:

(A) Used as fertilizer on root crops,

vegetables, low growing berries or fruits
that may be eaten raw.
(B) Applied to land later than one year
prior to planting where vegetables are to

be grown.

(C) Used on grass in public parks or
other areas at a time or in such a way
that persons could unknowingly come in
contact with it.
(D) Given or sold to the public without
their knowledge as to its origin.

(c) Sludges shall not be deposited in
tional plans that have been submitted to
landfills except in accordance with opera-

and approved by the Department in accord-

ance with section 61-040 (1) (b) of these
regulations.
(4) Sludge Lagoon and Sludge Spreading Area Design, Construction and Operation. (a) Location. Sludge lagoons shall
be located a minimum of 1/4 mile from
the nearest residence other than that of
the lagoon operator or attendant.
Sludge

shall not be spread on land

where natural run-off could carry a residue into public waters.
If non-digested sludge is spread on
land

within 1/4 mile of a residence,

community or public use area, it shall
be plowed under the ground, buried or
otherwise incorporated into the soil within five (5) days after application.

(b) Fences. Public access to a lagoon
fencing and gates which shall be locked
at all times that an attendant is not on

site shall be controlled by man-proof

duty.

Public access to sludge spreading areas
shall be controlled by complete perimeter
fencing and gates capable of being locked
as necessary.

(a) Signs. Signs shall be posted at a
sludge spreading area as required. Signs
which are clearly legible and visible
shall be posted on all sides of a sludge
lagoon, stating the contents of the lagoon and warning of potential hazard to
health.

(d) Drainage. A sludge disposal site
shall be so located, sloped or protected
such that surface drainage will be diverted around or away from the operational area of the site.
(e) Type of Sludge Lagoon. Lagoons

shall be designed and constructed to be
non-overflow and water tight.

(f) Lagoon Freeboard. A minimum of
3.0 feet of dike freeboard shall be maintained above the maximum water level
within a sludge lagoon unless some other
minimum freeboard is specifically approved by the Department.

(g) Lagoon Emergency Spillway. A

sludge lagoon shall be provided with an
emergency spillway adequate to prevent
cutting-out of the dike, should the water
elevation overtop the dike for any reason.

(h) Sludge Removal from Lagoon. Wa-

ter or sludge shall not be pumped or
otherwise removed from a lagoon, except
in accordance with a plan approved in
writing by the Department.

(i) Monitoring Wells. Lagoon sites located in areas having high groundwater
tables or pate nt i al for contaminating
usable groundwater resources may be
required to provide groundwater monitoring wells in accordance with plans
approved in writing by the Department.
Said monitoring wells shall be sufficient
to detect the movement of groundwater
and easily capable of being pumped to
obtain water samples.

(j) Truck Washing. Truck washing

areas, if provided, shall be hard surfaced and all wash waters shall be conveyed to a catch basin, drainage and
disposal system approved by the Department or state or local health agency
having jurisdiction.

(k) Records. The Department may require such records and reports as it considers are reasonably necessary to ensure
compliance with conditions of a permit or
these regulations.
6-1-72
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61-060 GENERAL RULES PERTAINING
TO SPECIFIED WASTES. (1) Agricultural

Wastes. Residues from Agriculturalpractices shall be recycled, utilized for pro-

ductive purposes or disposed of in a
manner not to cause vector creation or

sustenance, air or water pollution, public
health hazards, odors or nuisance conditions.
solid Wastes. No hazard(2) Hazard,:.
ous solid wast I shall be deposited at any
-;

disposal site without prior written approval of the Department or state or lo-
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61-065 TRANSFER STATIONS. (1) Plans

and Specifications. Plans and specifications for a fixed or permanent transfer
station shall include, but not be limited to
the location and physical features of the
facility such as contours, surface drainage

control, access and on-site roads

traffic routing, landscaping, weigh stations, fences and specifications for solid
waste handling equipment, truck and area

washing facilities and wash water dis-

posal, and water supply and sanitary waste
di sposal.

cal health department having jurisdiction.

(2) Transfer Station Design, Construc-

Dumping. Disposal of loose waste tires
by open dumping into ravines, canyons,
gullies, and trenches, is prohibited.
(b) Tire Landfill. Bulk quantities of
tires which are disposed by landfilling

tion and operational requirements for an
incinerator disposal site under sections

ricking or otherwise handled in a manner provided for by an operational plan

(1) General Requirements. (a) Storage
and collection of solid waste shall be
conducted in a manner to prevent:
(A) Vector production and sustenance.
(B) Conditions for transmission of diseases to man or animals.
(C) Hazards to service or disposal
workers or to the public.

(3) Waste Vehicle Tires. (a) Open tion and Operation. The design, construc-

and which are not incorporated with other
wastes in a general landfill, must be
baled, chipped, split, stacked by hand

submitted to and approved by the Department.

(c) General Landfill. Bulk quantities
tires if incorporated in a general
landfill with other wastes, shall be placed
of

on the ground surface on the bottom of the

fill and covered with earth before other
wastes are placed over them.
(4) Waste Oils. Large quantities of
waste oils, greases, oil sludges or oil
soaked wastes shall not be placed in any
disposal site unless special provisions
for handling and other special precautions are included in the approved plans

and specifications and operational plan to
prevent fires and pollution of surface or
groundwate re.

(5) Demolition Materials. Due to the
unusally combustible nature of demolition materials, demolition landfills or
landfills incorporating large quantities of
combustible

materials shall be cross-

sectioned into cells by earth dikes sufficient to prevent the spread of fire between

61-045 (2) and (3) shall apply to a transfer

station, except for section 61-045 (2) (a)
regarding Ash and Residue.

61-070 STORAGE AND COLLECTION.

(D) Air pollution.

(E) Water pollution or allow escape of

solid wastes or contaminated water to

public waters.
(F) Objectionable odors, dust, unsightliness, aesthetically objectionable conditions or other nuisance conditions.

(2) Containers and Storage Areas. (a)
Standard Garbage Containers. Individual
containers for manual pickup shall have
a tight-fitting lid or cover, hand holds or
bales, be in good condition and have maximum capacity of thirty-two (32) gallons.

Collectors may refuse to pick up containers, including tote containers, of a
gross weight of more than seventy-five
(75) pounds,

(b) Storage Bins and Storage Vehicles.

required by these regulations. Equipment

Storage bins and storage vehicles shall*
be leak-proof, have tight lids and covers

to be included in the landfill.

and shall have suitable fittings to facilitate removal or emptying.

cells, in accordance with enginee ring plans

shall be provided of sufficient size and
design to densely compact the material
6-1-72

that may be easily opened for intended use
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Containers, storage bins or storage
vehicles shall be readily washable or have

liners of paper, plastic or similar ma-

terials, or both.
(c) Storage Area. Storage houses,
rooms or areas shall be of rodent proof
construction which are readily cleanable
with proper drainage.
Storage rooms or buildings, if not refrigerated, shall be adequately vented and
all openings shall be screened.
(d) Unconfined Waste. Unless special
service or special equipment is provided
by the collector for handling unconfined
waste, materials such as rubbish and
refuse, brush, leaves, tree cuttings and
other debris for manual pickup and collection shall be in securely tied bundles
or in boxes, sacks, or other receptacles
and solid waste so bundled shall not exceed 60 pounds in weight.

(3) Removal Frequency. Putrescible
solid waste shall be removed from the
premises it regular intervals not to exceed 7 days. All solid waste shall be removed at regular intervals so as not to
create the conditions cited in section
61-070 (1).
(4) Cleaning of Storage Area. Areas
around storage containers shall be cleaned

regularly so as not to create the condi-

tions cited in section 61-070 (1).
(5) Storage of Specified Wastes. (a)
Industrial Solid Wastes. Storage of indus-

or otherwise hazardous in a manner designed to give adequate protection to the
collector and storage site operator.
61-075 TRANSPORTATION. (1) Collec-

tion and Transfer Vehicles Construction
and Operation. (a) Solid waste collection
and transfer vehicles and devices shallbe
constructed, loaded and operated so as to
prevent dropping, leaking, sifting, or blow-

ing or other escapement of solid waste

from the vehicle.
(b) Collection and transfer vehicles and

devices carrying loads which are likely
to blow or fall shall have a cover which
is either an integral part of the vehicle or
device or which is a separate cover of
suitable materials withfasteners designed

to secure all sides of the cover to the

vehicle or device and shall be used while
in transit.
(2) Cleaning Collection Vehicles. (a)
Collection and transfer vehicles or other
devices used in transporting solid waste
shall be cleanable and shall be cleaned at
weekly intervals or more often as necessary, to prevent odors, insects, rodents
or other nuisance conditions.
(3) Waste Water. Waste water from the

cleaning process of containers of nonhazardous waste shall be disposed of in a
manner approved by the Department or
state or local health department having

trial solid wastes shall be in accordance
with these rules and regulations. Open
storage areas shall not be closer than 100
feet horizontal distance from the normal
highwater mark of any public waters unless special provision is made whichprevents wastes, or drainage therefrom,
from entering public waters.
(b) Agriculture Wastes. Storage of ag-

jurisdiction.

tor production or sustenance, conditions
for transmission of diseases to man or
animals, water or air pollution and shall
be in a manner to reduce and minimize
objectionable odors, unsightliness, aes-

pose and intent of these regulations can
be achieved without strict adherence to
all of the requirements.

ricultural wastes shall not create vec-

thetically objectionable and other nuisance
conditions.

(c) Hazardous Wastes. Containers for

hazardous wastes shall be marked to
designate the content as toxic, explosive,

61-080 VARIANCES, The Commission

may by specific written variance or con-

ditional permit waive certain requirements of these rules and regulations when
circumstances of the solid waste disposal
site location, operating procedures, and
or other conditions indicate that the pur-

61-085 V IO LAT I () N S. Violations of
these regulations shall be punishable upon
conviction as provided in Section 20,

Chapter 648, Oregon Laws 1971 (HB 1051).
6-1-72
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SECTION II
WATER STANDARDS AND CRITERIA

Water Standards

The United States Public Health Service has established the
following drinking water standards (8):
Recommended Limit
(mg/1)

Mandatory Limit
(mg/1)

Arsenic
Barium

0. 01

0.05
1.0

Boron
Cadmium
Chloride
+6
Chromium
Copper
Cyanide
Fluoride
Iron
Lead
Manganese
Nitrate
Selenium
Silver
Sulfate
Zinc

1.0

5. 0

Agent

0.01
250. 0
0. 05
1. 0
O. 01

Varies

0.2
Varies

0. 3
0. 05
O. 05

45.0
0.01

0.05
250. 0
5. 0

Source: Inorganic Chemical Pollution of Freshwater. Arthur D.
Little, Inc. , Cambridge. 1971.
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Water Criteria
Surface water criteria for public water supplies have been
established by the National Technical Advisory Committee to the

Secretary of the Interior, This water quality criteria is shown
on page 120.
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Constituent or characteristic

Physical:

Color (color units)

10,000/100 nil'
2,000/100 ml '
Narrative

freer)

0.5 (as N).
0.05
1.0
1.0

0.01
250
0.05

(filterable)
Nitrates plus nitrites *
pH (range)
Phosphorus *
Selenium °
Silver *
Sulfate *
Total dissolved solids *
(filterable residue).
Uranyl ion *
Zinc *
Organic chemicals:
Carbon chloroform extract * (CCE)
Cyanide *
Methylene blue active substances *
Oil and grease *
Pesticides:
Aldrin °
Chlordane *
.

Dieldria *
Endrin *
Heptachlor *
Heptachlor epoxide *
Lindane *
Methoxychlor °
Organic phosphates plus__
carhamates.°
Toxaphene °
Herbicides:
2,4-D plus 2,4,5-T, plus 2,4,5-TP
Phenols *
Radioactivity:
Gross beta *
Radium-226 °
Strontium-90 ''

Absent
do
do
do

Absent

_ do

Lead *
Manganese

(11q,.11)

Narrative

<25

_ >4 (monthly mean)
>3 (individual sample)
_Narrative

Iron (filterable)

<100/300 ml' ....
<20/100 ml

.

1.0

Fluoride *
Hardness *

Virtually absent
Near saturation
Narrative
do

.

Virtually absent

0.3
0.05
0.05

Absent
do

Virtually absent
Narrative
. do

_10 (as N)
6.0-8.5
Narrative

_Absent
do

0.01
_0.05
250
500

<50
<200

5
5

Absent

0.15
0.20
0.5

<0.04

Virtually absent
Absent

Virtually absent

Virtually absent

Absent

0.018
0.018
0.056
0.035
0.1 '

do
do
do
do
do
do
do
do
do
do

0.005

_ do

0.017
0.003
0.042
_0.017
0.001

0.1

0.001
(pc/1)

1,000
_3

10

The defined treatment process has little effect on this

constituent.
I Microbiological limits are monthly arithmetic averages

based upon an adequate number of samples. Total coliform

Source:

<10

_Virtually absent
Narrative
Virtually absent

do
_ do _

Temperature °
Turbidity
Microbiological:
Coliform organisms
Fecal coliforms
Inorganic chemicals:
Alkalinity
Ammonia
Arsenic *
Barium ''
Boron *
Cadmium *
Chloride 4
Chromium,* hexavalent
Copper *
Dissolved oxygen

criteria

criteria

15
_Narrative

Odor

DDT *

Permissible

do
do
(pc/1)

<100
<1

<2

limit may be relaxed if fecal coliform concentration does not
exceed the specified limit.
As parathion in cholinesterase inhibition. It may be necessary to resort to even lower concentrations for some cOmpounds or mixtures. See par. 21.

Water Quality Criteria. U.S. Gov. Printing Office.
Washington, D. C. 1968).
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SECTION III

CHEMICAL HAZARDS OF PUBLIC HEALTH IMPORTANCE

Chemical hazards of public health importance are associated

with leachates from sanitary landfills. Such chemical inorganic

materials as lead, zinc, phosphate, sulfate, chloride, sodium, iron,
nitrogen, nitrate, nitrite, nickel, and copper have been identified in
sanitary landfill leachate. Other factors, including pH, water hard-

ness, and alkalinity, also can affect leachates and therefore the health
of man and animals. Additionally, the growth of vegetation can be

impaired as a result of high concentrations of leachate materials
being absorbed. Other leachates can cause vegetation (algae) to grow
out of control.

The chronic lead toxicity effects on humans can produce

anorexia, nausea, vomiting, severe abdominal pain, paralysis,
mental confusion, visual disturbances, anemia, and convulsions (17).
Acute lead toxicity is most common in children and is manifested by

anorexia, vomiting, and convulsing due to intracranial pressure (12).
In animals, chronic lead poisoning produces cellular aberrations of
erythrocytes and blockage of heme synthesis (21).

Zinc itself is relatively non -toxic to animals (12). According to

Berry, the element itself is not toxic (in humans), but its salts (oxide
and chloride) have caused vomiting, diarrhea, and gastric pain.
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Massive exposure has resulted in death from pneumonia and shock
(2).

Phosphorus (and phosphates) can cause death to plants (algae)

due to eutrophication. While an essential to life, it can also cause
death because of its ability to nourish excessive growth of algae
which then die and decay thereby depleting oxygen (in the water). This

lack of oxygen can cause fish to die, too (11). Animals are affected

by the eutrophication process, too. It has been noted by Shilo that
sudden decomposition of algae bloom (a result of eutrophication) often

preceded mass mortality of fish, and similar observations have been
made with livestock poisoning. This suggests that the lysis of the

algae may be important in the release of the toxicants (14).
Sulfates affect water used by man due to their laxative-producing
effects. These carthartic effects are commonly experienced with

water having sulfate concentrations of 600 to 1,000 milligrams per

liter, particularly if much magnesium or sodium is present (13).
When cattle were exposed to large doses of sulfate (3, 590 and 2, 104

milligrams per liter) from drinking water over a period of time, they
developed a rundown, ragged appearance; eventually weakened, and
died (9).

Nitrates (indirectly) and nitrites can cause serious and occasionally fatal poisonings in infants drinking well (ground) water (13).

Nitrates become toxic only under conditions in which they are, or may
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be, reduced to nitrites. The nitrites, then constitute the principle
toxic agent (22), Methemoglobinemia, which can arise from nitrite or

indirectly from nitrate, can lead to difficulty through impairment of
oxygen transport in the blood (1). Methemoglobinemia is largely con-

fined to infants less than three months old because their gastric
juices have a lower pH (high acidity) which creates a suitable environ-

ment for the bacteria which convert the nitrates to nitrites

(6, 12).

Animals have become ill or died after consuming feed or water con-

taining high concentrations of nitrate or nitrite. The nitrite is readily

absorbed and the ruminants are quite sensitive to nitrates in feed and
water because of the nitrite buildup (1). Additionally, nitrites can be
equally dangerous in water supplies. They may enter the water

supplies inadvertently as a result of intentional addition to private
supplies as anticorrosion agents (13).
Besides the possibility of having public health endangered by

chemical substances, leachates from sanitary landfills may carry
pathogenic microorganisms. Such organisms from refuse and vermin
can contaminate ground water and cause such human illnesses as

water-borne typhoid fever, infectious hepatitis, and leptospirosis to
spread in epidemic proportions. Livestock can become infected with
other illnesses which could cause both economic hardship on ranchers

as well as potential contaminated meat being available for market

customers.
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SECTION IV

LEACHATE SAMPLING AND ANALYSIS EQUIPMENT REQUIRED

Sampling Equipment.
1.

Polyethylene sampling bottles (500 or 1,000 milliliter sizes).

2.

Bottle rack or basket and covered holding container.

3.

Field thermometer (Centigrade scale range: -20 to 100 degrees).

4.

Watch or clock with a second hand.

5.

Clipboard with a clear plastic coversheet.

6.

Weighted bottle frame and nylon line (for bridge and depth
sampling).

7.

Boat or inflatable raft (with oars and life vests).

8.

Wading gear and rain gear.

9.

Geological survey map or blueprint of the study area.

Analysis Equipment.
1.

The portable Hach. Direct Reading Colorimeter Kit (Model
1206-00).

2.

Equipment associated with the Hach Kit.

3.

Distilled/demineralized water dispensing container (1 to 2
quarts).

4.

Tap water dispensing container (2 to 3 quarts).

5.

Equipment washing containers (dish pans).

6.

Single burner camp stove.
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7.

"Red-liquid" thermometer (Centigrade scale).

8.

Glass or plastic pipettes (10 ml and 1 ml sizes).

9.

Titration stand and apparatus.

10.

Glass beakers (50, 100, 200, and 600 ml sizes).

11.

A manual-wind timer.

12.

Liquid waste containers with covers.

13.

Solid waste containers with covers.

14.

Hazardous waste container with cover.

15.

Glassware wash brushes.

16.

Graduated cylinders (25 ml and 100 ml sizes).

17.

Graduated measuring cup (1 pint size).

18.

Rubber stoppers for the colorimeter bottles (10 pairs).

19.

Colorimeter bottles (10 pairs).

20.

Volumetric flasks (50 ml and 125 ml sizes).

21.

Plastic funnel.

22.

Polyethylene squeeze bottle with spout.

23.

Clipboards with plastic coversheets (2 of each).
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SECTION V

LEACHATE SAMPLING AND ANALYSIS SUPPLIES REQUIRED

Sampling Supplies.
1.

Aluminum foil or Kraft paper.

2.

Durable tie-on tags (can use embossing tape).

3.

Embossing tape gun.

4.

Compilation (sampling) data sheets.

5.

Waterproof pens.

6.

Long-sleeved rubber gloves.

7.

Sterile alcohol swabs.

8.

Paper towels.

Analysis Supplies
1.

A 10 percent sodium thiosulfate solution (for dechlorinating

treated water supplies).
2.

A "Sterno" can for auxiliary heat.

3.

Waterproof matches or a flint striker.

4.

One extra battery pack, photocell, and lamp bulb for the Hach
Kit.

5.

Sterile alcohol swabs.

6.

Paper towels.

7.

Non-phosphate detergent ("Alconox").

8.

Distilledidern.ineralized water (1 to 2 quarts).
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9.

Tap water (2 to 3 quarts).

10.

A 10 x 12 foot ground cloth (for lab work area).

11.

A fire extinguisher (5 pound dry chemical type).

12,

Computation data sheets.

13.

Result data sheets.

14.

Hach Kit liquid chemicals.

15.

Hach Kit solid (powder pillow) chemicals.

16.

Powder pillow opener.

17.

Test tube and colorimeter scrub brushes.

18.

Fuel for the one-burner stove.

19.

Filter paper (12.5 cm size).

20.

Waterproof tape.
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SECTION VI
PREP-L'aRATION REQUIRED PRIOR TO GATHERING
WATER SAMPLES

Literature Review.
1.

Research literature concerning correct methods to establish
station locations.

2.

Review procedures pertaining to correct methods of preparing

water sample bottles and other laboratory equipment for test
use.
3.

Research literature to obtain information on all materials
required for water sample collections.

Test Area and Station Identification.
1.

Identify the water source(s) to be tested.

2.

Obtain clearance to take water samples on private/public
property.

3,

Make a survey utilizing a map and mark all test stations (sites)
on the map.

4.

Establish one control station upstream and far enough away from
any suspected leachate contamination.

5.

Establish a representative number of test (experimental)
stations to adequately cover the suspected leachate area being
tested.
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6.

Mark each field test station with a "flagged" stake to insure that

ensuing water samples are taken from the same test station
locations.

Washing Preparation.
1.

Method A
a.

For glass or heat-resistant plastic bottles.

Add 0.1 milliliters of 10 percent sodium thiosulfate
solution for each four ounces (120 milliliters) of bottle
capacity to the sampling bottle.

b.

Wrap the bottle stopper (cap) and top of the bottle with foil

or Kraft paper.
c.

Dry heat sterilize glass bottles at 170 degrees Centigrade
for one hour.

d.

If bottles are plastic or glass, autoclave sterilize them,
loosely covered, at 121 degrees Centigrade and 15 pounds

per square inch for 15 minutes.
e.

Remove bottles and secure the caps to maintain sterile
bottle condition.

2. Method B
a.

For non-heat resistant (polyethylene) bottles.

Open dishwasher cover and place bottles and caps inverted
in the wash racks.

b,

Close the lid and set the washing dials as follows:
(1) Wash - 72 degrees Centigrade for 4 minutes.
(2) Detergent

4 ounces (non-phosphate type),
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(3) Rinse

72 degrees Centigrade for 4 minutes.

(4) Final rinse - 1 minute (distilled water).
(5) Repeat process, but do not use detergent.

3.

c.

Open the lid upon cycle completion.

d.

Transport the bottle and cap rack to the dryer.

e.

Set the dryer at 60 degrees Centigrade.

f.

Leave the bottles and caps in the dryer for 20 to 30 minutes.

Method C

For glass, heat resistant, and non-heat resistant

bottles.
a.

Boil water and pour it into a dish pan.

b.

Add four ounces of a non-phosphate detergent to the dish pan.

c.

Submerge the sample bottles and caps in the wash water.

d.

Use a bottle brush to wash bottles and caps.

e.

Rinse washed bottles and caps in a second dish pan full of
boiling water.

f.

Final rinse sample bottles and caps with distilled water.

g.

Invert the bottles and caps on a pre sterilized wash rack.

h.

Place caps on sample bottles when dry and store in a closed
container.

Labeling Preparation.
I.

Select the number of sampling bottles needed.

2.

Take a durable tie-on tag and write on the following title
headings:
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3.

a.

Water source.

b.

Sample station number.

c.

Date.

d.

Time.

e.

Sampler's name.

Place this tie-on tag securely around the neck of each sample
bottle.

4.

Place all sampling bottles in a covered container (3).

Equipment and Supply Preparation.
I.

Collect and pack all equipment required.

2.

Collect and pack all supplies required.
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SECTION VII

PROCEDURES REQUIRED IN TAKING WATER SAMPLES

Sampling Procedures.

Following correct water sampling procedure is a must if

accurate analytical results are desired. The following procedures
are recommended (3)
1.

Collect samples during the same time period each day when

analyzing a water source over a period of time.
2.

Collect samples on the same day each week when analyzing a

water source over a period of time.
3.

Gather samples beginning downstream and work upstream

against the current.
4.

Grasp the bbttle near its base with one hand.

5.

Remove the stopper and hood (lid and tinfoil or Kraft paper

cover) as a unit with the other hand, remembering to keep it
clean.
6.

Face the mouth of the sample bottle downstream.

7.

Plunge the bottle, mouth down, about 6 to 12 inches into the

water, while avoiding introduction of any surface scum into the
bottle.
8.

Turn the mouth of the bottle around so it is facing upstream.
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Keep the mouth of the bottle pointed away from the sampler's

hands and/or legs.
i0.

Make a water current, if there is none, by moving the bottle in
the direction the mouth opening is pointing.

11.

Insure that the bottle mouth is kept under the water's surface

at all times.
12.

Tip up the bottle mouth until bubbles are released, indicating
that the bottle is filling keep bottle mouth under the water's
surface).

13.

Fill the sample bottle nearly full, leaving a small air space at
the top.

14.

Withdraw the bottle and replace the stopper and hood.

15,

Fill out the tie-on label tag.
Place the filled sample bottle in a closed container which is
stored out of the direct sunlight.
Fill out the "compilation data form" upon completion of water

sample collections from all test stations in the study.
Dissolved Oxygen Sampling Procedures.

Taking water samples for dissolved oxygen analysis varies

g hdv from other methods. Extreme care must be taken not to add
more oxygen to the water sample. Therefore, the following Hach
Chemical Company sampling procedures are utilized:
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I.

Perform the sampling procedures, number one through three,
as noted above.

Collect the sample in a 60 ml glass-stoppered bottle by allowing

the sample to overflow for two or three minutes.

Run the water into the sample bottle through a glass or rubber

4

tube extending to the bottom of the bottle.
4.

Withdraw the filling tube while the water is flowing (make sure
the bottle is filled to overflowing).

.

Stopper the sample bottle by inclining the bottle somewhat and

inserting the stopper with a quick thrust to avoid trapping air
bubbles in the dissolved oxygen bottle (7).
6.

Complete steps 15 through 17 listed above.
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SECTION VIII

PREPARATION REQUIRED PRIOR TO ANALYZING
WATER SAMPLES

Field Laboratory Site,
1.

Locate and set up the field laboratory site.
a.

Pick a site with flat ground and shade.

b.

Clear away ground clutter,

c.

Spread the ground cloth over the flat site.

d.

Set the stove off the ground cloth and on a non-flammable

surface.
e.

Locate the fire extinguisher near the stove.

f.

Place the Hach Kit (in the left center section of the ground

cloth) so the operator is not facing the sun.
g.

Locate the titration stand to the right of the Hach Kit.

h.

Place the water sample bottles to the right of the titration
stand.

i.

Locate the distilled/demineralized water and potable (tap)
water to the right Of the water sample bottles,

j.

Place the washing and disposal equipment to the right of
the potable (tap) water container.

2.

Fill all containers with respective liquids.
a.

Dig tilled /demineralized water.
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b.

Potable (tap) water.

c.

Chemical reagents.

Colorimetry Analysis.
1.

Check the battery strength in the Hach Kit.
a.

Place battery switch in the test position.

b.

Select the "percent transmittance" meter scale card.

c.

Slide this card into the slot on the left-hand side of the

meter case.
d.

Locate the meter needle adjustment screw just below the

glass meter cover.
e.

Adjust the meter needle (turn the screw clockwise to move

the meter needle to the left) so it is directly above the far

left-hand-side mark of the meter scale.
f.

Close the light shield over the colorimeter bottle compartment.

g.

Depress the light button; the percent transmittance reading
should be above 80 percent.

h.

Install a new battery pack if the meter reading is less than
80 percent transmittance.

i.

RETURN the battery test switch to the operational position.

Remove and store the "percent transmittance" meter scale
card.
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2.

Assure colorimeter bottles are useable.
a.

Check to see that no deep scratches or chips are present.

b.

Wipe sides of each colorimeter bottle with a sterile alcohol
swab to remove any organic material.

c.

Match colorimeter bottles in like pairs according to the
identical numbers printed on one side of the bottles.

d.

Assure there are two colorimeter bottles for each water
sample.

e.

Number each pair of colorimeter bottles so that all tests

for each water sample are performed in the same pair of
bottles (7).
3.

Check the Hach Kit light control, light shield, and light switch
to insure operability (Appendix Figure 1).

4.

Check the physical condition of the color filters.

5.

Clean the lamp, lens, color filters, and photo cell with a soft,
damp cotton cloth periodically.

Titration Analysis
1.

2.

Check over the titration apparatus.
a.

Look for breaks or cracks in the plastic material.

b.

Check the plastic rod assembly for damage.

Assemble the titration apparatus (7).
a.

Remove the white plastic block from the Hach Kit case.
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b.

Insert the rod and tighten the base screw,

c.

Make sure the plastic brackets are parallel to the white
base (Appendix Figure 2).
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Appendix Figure 1.

METER ADJUSTMENT
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DR-EL
CASE

BATTERY OPERATED COLORIMETER

The Hach Kit - battery operated colorimeter.

(Source: Hach Methods Manual, 10th edition. Hach Chemical Co.
Ames. 1973).
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Appendix Figure 2.
(Source:

The titration stand apparatus.

Hach Methods Manual, 10th edition. Hach Chemical Co.
Ames. 1973).
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SECTION IX

PROCEDURES REQUIRED IN CONDUCTING
CHEMICAL WATER ANALYSIS

Analytical Procedures
The Hach Chemical Company designed two analytical proced-

ures utilized in determining the chemical constituents present in

water samples. One procedure uses a battery-powered colorimeter.
To conduct water sample tests, two colorimeter bottles, a preselected color filter, a meter, and a light source located in the Hach

Kit are employed. Pre-calibrated meter scales visually display
the amount of chemical substance in each water sample. This

colorimetric procedure is used in analyzing water samples for the

pH value, nitrite, sulfate, ortho-phosphate, and nitrate present (7).
Another procedure uses titration equipment. This apparatus

includes a titration stand, glass flasks, and burets. To perform
titration analysis, take the desired buret bottle from the Hach Kit.
Fully squeeze the bulb and release it. With the bottle at eye level,

lift the buret until its tip touches the inside of the neck of the bottle.
Squeeze the bulb slowly to discharge solution until its level is about
1/16 inch above the zero mark on the buret (7).

Place the buret on the titration stand and the plunger in
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position above the rubber bulb (Appendix Figure 2). Screw the

plunger down until the buret reads exactly zero. When viewed level
with the eye, the bottom of the meniscus should be exactly even with
the zero mark on the buret (Appendix Figure 3) (7).

WRONG

RIGHT

READING THE MENISCUS

Appendix Figure 3. Reading the graduated cylinder, buret, or
pipet meniscus.

(Source: Hach Methods Manual, 10th edition. Hach Chemical Co.
Ames. 1973)
If a drop of solution is hanging on the tip of the buret, remove

it by touching the tip against the outside of the titration flask (7).

To titrate, a pre-measured water sample is pipeted into the
titration flask. Then the flask is placed under the buret and a dye
is added. Fluid from the buret is added to the flask a drop at a
time.

Contents in the flask are stirred following each drop of solu-

tion from the buret. This procedure continues until the desired
color change of the flask solution is obtained. The amount of buret

fluid added to the flask, multiplied by an arithmetic factor, indicates
the amount of chemical present in the station sample.
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This titrimetric procedure is used in analyzing water samples for the
presence of chloride, water hardness, and alkalinity.
Dilution Procedures
Dilution techniques devised by the Hach Chemical Company are

required when the color which has developed in the sample is too

intense to be measured (colorimetric test), or when samples contain
unusually large quantities of the substances to be determined and,

consequently, requires many burets full of titrant (titrimetric test).
To accomplish the sample dilution conveniently, pipet the chosen

sample portion into a clean graduated cylinder (or clean volumetric

flask for more accurate work), and fill the cylinder (or flask) to the
desired volume with demineralized water. Appendix Tables 1 and 2

are aids in diluting water samples (7).
Water Sample Mixing Procedures
The following mixing methods designed by the Hach Chemical

Company are helpful in tests where it is necessary to mix the water
sample with chemicals (usually indicated by the instructions, Ifswirl
to mix1t).
1.

When the mixing is done in a square colorimeter
bottle, the swirling motion is imparted by a
simple twisting motion as shown in Appendix
Figure 4. This is done by grasping the neck of
the colorimeter bottle with the thumb and index
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Appendix Table 1. Colorimetric dilution guide.

Water sample

Demineralized water used
to bring the volume to 25 ml

Multiplication

Factor

25.0

ml

0. 0

ml

1

12.5

ml

12.5

ml

2

10.0

m1-1/

15.0

2.

mla/
2.5
ml-a/
mla/
1. 0
0.250 mla/

20. 0

ml
ml
ml
ml
ml

5. 0

22.5
24.0
24. 75

5

5

10

25

100

a/For sample sizes of 10 ml or less, a pipet should be used to

measure the sample into the graduated cylinder or volumetric
flask (7).

Source: Hach Methods Manual, 10th edition. Hach Chemical Co.
Ames. 1973.
Appendix Table 2. Titrimetric dilution guide.

Water sample
(use pipet)
10.0

5.0
2.0
1. 0

ml
ml
ml
ml

Demineralized water used
to bring volume to approximately
10 ml (use graduated cylinder)
0 ml
5 ml
8 ml
9 ml

Multiplication
Factor
1

2
5

10

Source: Hach Methods Manual, 10th edition. Hach Chemical Co.
Ames. 1973.
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finger of one hand while resting the concave bottom of
the bottle on the tip of the index finger of the other
hand. Rotate the bottle quickly, first one way and
then the other, to mix the sample (7).
Z.

A swirling motion is also recommended when mixing
takes place in a graduated cylinder or a titration
flask. Grip the cylinder (or flask) firmly with the tips
of three fingers (Appendix Figure 4). Hold the cylinder
at a 45 degree angle and twist the wrist. This motion
will move the cylinder in an approximately 12-inch
circle, thereby giving the liquids an intense rotation
which accomplishes complete mixing in a few turns

(7)
Temperature Testing Procedures
1.

Select a ',red-liquidly thermometer calibrated in degrees
Centigrade.

2.

Wash the thermometer in warm water with detergent added.

3.

Rinse the thermometer with distilled/demineralized water.

4.

Shake the "red liquid', down to between 10 to 15 degrees
Centigrade.

5.

Shake the sample bottle.

6.

Remove the cap and insert the thermometer in the sample
liquid.

7.

Leave the thermometer in the sample for 30 seconds.

8.

Remove the thermometer and obtain a reading very quickly.

9.

Record the temperature, place the cap on the water bottle,
and wash the thermometer.
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Appendix Figure 4. Colorimeter and graduated cylinder swirling
technique s.

(Source: Hach Methods Manual, 10th edition. Hach Chemical Co.
Amex. 1973).
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10.

Heat or cool the water sample until the temperature is in
the 20 to 27-degree Centigrade range to insure better
accuracy (use hot or cold water to change water sample
temperature).

11.

Recheck the water sample temperature again after heating

or cooling (23 degrees C., + 1 degree is an optimum
temperature).
12.

Check the water sample temperature each time you begin
a new chemical test.

Test Procedures
Testing procedures for analyzing pH value, nitrite content,

chloride amount, water hardness, alkalinity, sulfate concentration,
ortho-phosphate amount, nitrate content, and dissolved oxygen were
developed by the Hach Chemical Company (7). These procedures

utilize either the colorimeter or titration apparatus in determining
the amount(s) of leachate present in the water samples.
1.

pH Value - Colorimetric Method
a.

Procedures
(1)

Check water sample temperature for correct
range (20-27 degrees Centigrade).

(2)

Accurately measure a 25.0 ml water sample by
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filling the 25 ml graduated cylinder to the 25.0 ml

mark. Pour into a clean colorimeter bottle.
(3)

Add 1.0 ml of Wide Range pH Indicator Solution.

Swirl to mix.
(4)

Fill another colorimeter bottle with some of the

original water sample and place it in the light cell.
(5)

Insert the Wide Range pH Meter Scale in the

meter and use the 4084 color filter.
(6)

Adjust the light control so that the meter reads at
the far right end of the scale.

(7)

Place the colorimeter bottle containing the pre-.

pared sample in the light cell and read the scale.
Read from right to left on the upper scale for

green, blue, and violet solution colors. Read
from left to right on the lower scale for red,
orange, and yellow solution colors (7).
b.

Notes
(1)

Due to the nature of pH, sample dilution is not
applicable. If the meter reading is off scale,

other procedures are required to determine pH.
(2)

The Wide Range pH Indicator Solution usually

keeps well, although on long standing it may

deteriorate.
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(3) A series of pH Buffer Powder Pillows are available in increments of 1 pH unit (from pH 4 to 10)

for occasional checking. To use the Buffer Powder Pillows, add the contents of one pillow to 50

ml of demineralized water and proceed as in
steps 2, 3, and 4.
(4)

Chlorine will cause an interference in the pH

test if present in amounts greater than 1.0 mg/l.
The chlorine may be removed through the use of
Dechlorinating Solution. One drop is sufficient to

remove 10 mg/1 chlorine (7).
2.

Nitrite - Diazotization. Method
a.

Procedures
(1)

Take a water sample by filling a clean graduated

cylinder to the 25 ml mark. Pour the sample into
a clean colorimeter bottle.
(2)

Add the contents of one NitriVer R III Nitrite

Reagent Powder Pillow, stopper the bottle, and
shake vigorously for one full minute (see note 1).
(3)

A pink color will develop when nitrite is present.
Allow at least 10 minutes, but no more than 15
minutes for the color to fully develop before

completing steps 4, 5, 6, and 7.
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(4)

Fill another colorimeter bottle with about 25 ml
of the original water sample and place it in the
light cell.

(5)

Insert the Nitrogen, Nitrite (NitriVer

R III

Method) Meter Scale in the meter and use the
4445 color filter.
(6)

Adjust the light control for a meter reading of

zero mg/l.
(7)

Place the prepared sample in the light cell
(depress the light pushbutton for five seconds),

and read the mg/1 of nitrite nitrogen (7).
b.

Notes
(1)

The test results will not be affected if a small
amount of the powder does not dissolve.

(2)

The results can be expressed as mg/1 nitrite by
multiplying the mg/1 nitrite nitrogen by 3. 3.

(3)

Strong oxidizing and reducing substances interfere.

(4)

The R is a registered trademark of the Hach
Chemical Co. , (7).

3.

Chloride - Mecuric Nitrate Method
a.

Procedures
(1)

Accurately pipet a 10 ml water sample into the

titration flask.
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(2)

Add the contents of one Diphenylcarbazone Reagent

Powder Pillow. Swirl to mix (see note 1).
(3)

Titrate the sample with Mercuric Nitrate Standard
Solution until the color changes from yellow to
purple.

(4)

The mg/1 of chloride is found by multiplying the

ml of mercuric nitrate used by 50 (7).
(5)

Dispose of mercuric nitrate water solution in the
hazardous waste container.

b.

Notes

(1) A small portion of the Diphenylcarbazone Reagent
Powder may not dissolve. This will not affect the
re sult.
(2)

For dilution of samples, see ilDilution Procedures.

(3)

Chromate ferric ion and sulfite interfere when
present in excess of 10 mg/1 (7).

4.

Water Hardness, Calcium - EDTA Method
a.

Procedures
(1)

Accurately pipet a 10.0 ml water sample into a
titration flask.

(2)

Add 2 drops of Potassium Solution to the sample.
Swirl to mix.
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(3)

Add the contents of one CalVer R II Calcium

Indicator Powder Pillow. Swirl to mix.
(4)

Titrate the sample with TitraVer

R

Hardness

Titrant until the color changes from pink to blue.
Titrate slowly toward the end point, adding the

hardness titrant in small fractions of a drop at
a time.
(5)

The calcium hardness of the water (as mg/1

calcium carbonate) is the ml of TitraVer

R

Hard-

ness Titrant used multiplied by 100 (7).
b.

Notes
(1)

For dilution, see !TDilution Procedures. tt

(2)

In the presence of copper and/or iron, the end
point may be masked or delayed.

(3)

If these metals are present (or suspected to be
present), they may be complexed either by the
addition of 0.2 grams of Potassium Cyanide

(poisonous) after step 2, or the addition of 3 drops
of TitraVer

R

Hardness Titrant after step 1

(before the addition of Potassium Hydroxide
solution).
(4)

Count all of the TitraVer R Hardness Titrant
added (7).
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(5)

Dispose of Potassium Cyanide water solution in
the hazardous waste container.

(6)

The R is a registered trademark of Hach Chemical Co.

5.

Alkalinity - Phenolphthalein and Total Alkalinity
a.

Procedures
(1)

Using demineralized water, rinse the titration

flask three or more times.
(2)

Pipet a 10 ml water sample into the titration
flask.

(3)

Add one drop of Phenolphthalein Indicator
Solution.

(4)

If the sample turns pink, titrate with Sulfuric Acid
Standard Solution until the color disappears. If

a pink color does not form, proceed with step 6.
(5)

The phenolphthalein alkalinity (as mg/1 calcium
carbonate) is found by multiplying the ml of
Sulfuric Acid Standard Solution used by 100.

(6)

Add the contents of one Brom Cresol Green Methyl Red Indicator Powder Pillow to the sample.

(7)

Continue the titration with Sulfuric Acid Standard

Solution until the color changes from green or
blue-green to pink.
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(8)

The total alkalinity (as mg/1 calcium carbonate)
is calculated by multiplying the mg/1 of Sulfuric
Acid Standard Solution used in both tests by 100
(7).

b.

Notes
(1)

Dispose of Sulfuric Acid water solution in the

hazardous waste container.
(2)

For dilution of samples, see 'Dilution
Procedures!! (7).

6.

Sulfate - Turbidimetric Method
a.

Procedures
(1)

Take a water sample by filling a clean 25 ml
graduated cylinder to the 25 ml mark (see note 1).

(2)

Add the contents of one SulfaVer R IV Sulfate

Reagent Powder Pillow. A white turbidity will

develop if sulfate is present.
(3)

Allow at least 5 minutes, but not more than 10
minutes for turbidity to fully develop and proceed
with step 4 (see note 2).

(4)

Fill a colorimeter bottle with demineralized water
and place it in the light cell.

(5)

Insert the Sulfate (SulfaVer

IV Method) Meter
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Scale in the meter and use the 4445 color filter.
(6)

Adjust the light control for a meter reading of

zero mg/l.
(7)

Place the prepared sample in the light cell and
read the mg/1 sulfate (see note 3) (7).

b.

Notes
(1)

Filtering is recommended for colored and/or

turbid water samples. Large amounts of color
or turbidity will interfere and cause high readings. The filtered water is then used in steps 1
and 3.
(2)

The sample must be allowed to set undisturbed

for 5 minutes before taking a reading.
(3)

After each test, the colorimeter bottles should be
cleaned with a brush and soap. If this is not done

soon after each test or series of tests, the inside
of the bottles will become coated with a white film

which will lead to errors when conducting future

tests.
(4)

The R is a registered trademark of Hach
Chemical Co. , (7).
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7.

Ortho-Phosphate - StannaVer R Method
a.

Procedures
(1)

Adjust the temperature of the samples to 24 + 1
degree Centigrade.

(2)

Take two water samples by filling two clean 25

ml graduated cylinders to the 25 ml mark. Pour
each into a clean colorimeter bottle.
(3)

Add 15 drops of Ammonium Molybdate Reagent

to each colorimeter bottle and swirl to mix.
(4)

Add the contents of one StannaVer R Phosphate

Reagent Powder Pillow to one of the colorimeter
bottles. Swirl to mix. If ortho-phosphate is

present, a blue color will develop. Allow 10 + 1
minutes for color development.
(5)

Place the colorimeter bottle which does not contain StannaVer R Phosphate Reagent in the light

cell.
(6)

Insert the High or Low Range Phosphate
(StannaVer R Method) Meter Scale in the meter

and use the color filter 2408.
(7)

Adjust the light control for a meter reading of

zero mil.
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(8)

Place the prepared sample in the light cell and
read the mg/1 ortho-phosphate (7).

b.

Notes
(1)

If the original water sample is clear, it may be
used as the blank sample for standardizing the

colorimeter meter in step 7 without the addition
of Ammonium Molybdate Reagent as directed in
step 3.
(2)

If a color other than blue is formed, a sample
dilution is required (see HDilution Proceduresii).

As the concentration of phosphate increases, the
color changes from blue to green, to yellow,
and finally to brown.
(3)

Oxidizing agents will bleach the color. Iron

interferes in amounts larger than 1.5 mg /1.
(4)

For wastewater turbidity, dilute the sample 9:1
to reduce turbidity to an insignificant level.

(5)

The R is a registered trademark of Hach
Chemical Co., (7).

8.

Nitrate - Reduction Method
a.

Procedures
(1)

Take a water sample by filling a clean 25 ml

graduated cylinder to the 25 ml mark. Pour
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the sample into

clean colorimeter bottle (see

note 1).
(2)

Add the contents of one NitraVer

R

V Nitrate

Reagent Powder Pillow to the colorimeter bottle.
(3)

Stopper the bottle and shake vigorously for

exactly one minute. An amber color will develop

if nitrate nitrogen is present. To insure proper
color development, allow at least 5 minutes but not
more than 15 minutes before completing steps

4, 5, and 6.
(4)

Fill another colorimeter bottle with about 25 ml
of the original water sample and place it in the
light cell.

(5)

Insert the Nitrogen, Nitrate (NitraVer

R V

Method) Meter Scale in the meter and use color
filter 5543. Adjust the light control for a meter

reading of zero mg/l.
(6)

Place the prepared sample in the light cell and

read the mg/1 nitrate nitrogen.
(7)

Multiply the results (mg/1 nitrate nitrogen) by 4.4
to obtain the mg/1 of nitrate present (7).

b.

Notes
(1)

The colorimeter bottles and stoppers should be
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rinsed by shaking with portiop.s of demineralized

water several times before each test.
(2)

NitraVer x V Nitrate Reagent is slightly tempera-

ture sensitive. For best results, the test should
be performed with a sample temperature of 2024 degrees Centigrade.
(3)

Strong oxidizing and reducing substances will

interfere. Ferric iron causes high results and
must not be present.
(4)

The R is a registered trademark of Hach Chemical Company (7).

9.

Dissolved Oxygen - Modified Azide-Winkler Method with

Drop Count Titration.
a.

Procedure
(1)

Carefully remove the stopper from the bottle
and drop in one glass bead.

(2)

Add the contents of one Dissolved Oxygen Reagent
Powder Pillow and one Dissolved Oxygen 2

Reagent Powder Pillow.
(3)

Stopper the bottle carefully so that air is not
trapped in the bottle. Invert several times to

mix. A flocculant precipitate will be formed
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which, if oxygen is present, will be brownishorange in color.
(4)

Allow the sample to stand until the floc has
settled and leaves the upper half of the bottle

clear. Again, invert several times and let the
sample stand until the upper half of the bottle is
clear (see note 2).
(5)

Carefully remove the stopper and add the contents
of one Dissolved Oxygen 3 Reagent Pillow.

Stopper again and invert to mix. The floc will
dissolve and, if oxygen was present, will leave
a yellow iodine color.
(6)

Accurately pipet a 5.8 ml sample of the above
solution into the titration flask.

(7)

Add PAO Titrant dropwise, counting the drops

and swirling the flask after each drop is added,
until the sample changes from yellow to colorless.
(8)

The mg/1 dissolves oxygen is equal to the number
of drops added (7).

b.

Notes
(1)

Allowing the floc to settle halfway, twice, insures
that the chemicals present have reacted with all
the dissolved oxygen present.
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(2)

PAO Titrant is decomposed by ultraviolet radiation and should be kept protected from direct
sunlight except when in actual use (7).
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SECTION X

DATA RECORDING PROCEDURES

Recording the Data

When recording data, it is important to accomplish it in a

timely, clear, and accurate manner. Recording compilation data
(the data taken after gathering the water samples and before chemically analyzing them) is accomplished after collecting all water samples. This data is taken from the bottle tie-on tags and includes the
(1) date and time samples were taken; (2) station numbers; and (3)

water sample temperatures.
Data is again annotated before and after each analytical test.

The sample temperature is listed prior to each test and the concentration result of each chemical substance is listed upon test completion (see Section KIE, Appendix Figure 5).

The computation data recording (if any) is completed after all

analytical tests for each station are completed. Certain arithmetic

factors (due to test dilution factors, etc.) are multiplied with the
compilation data to obtain final test results (see Section XI, Appendix
Figure 6).

Then final results are recorded on the appropriate form using
three significant figure notations (see Section XI, Appendix Figure 7).
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SECTION XI

SAMPLE AND ANALYTICAL FORMS

Forms

Three types of forms are used in recording water sample
data. They are the "data compilation formic, ildata computation

form'', and "data results form!! (see Appendix Figures 5, 6, and 7).
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SECTION XII
GLOSSARY

The following terms used throughout this manual are thus
defined.

alkalinity: the measure of the capacity of a water to neutralize acids.
aquifer: a water-bearing bed or stratum of earth, gravel, or porous

stone.
autoclave: an apparatus using steam under pressure for sterilization.

biochemical oxygen demand (BOD): the dissolved oxygen required by

organisms for the aerobic decomposition of organic matter
present in water.
blank: the water sample in a colorimeter bottle in which no chemicals

or dyes have been added.

chemical oxygen demand (COD): laboratory measurement of the
amount of oxygen consumed under specific conditions in the oxi-

dation of organic material by a strong chemical oxidant.
dissolved oxygen: the extent to which oxygen occurs dissolved in

water or waste water.
eutrophication: over-enrichment of a quiescent water body by water

nutrients, tending to produce excessive plant growth.
ground water: subsurface water occupying the saturation zone, from
which wells and springs are fed.
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leachate: that water which has percolated through solid waste carry-

ing with it soluble and suspended substances.
percolation: the movement or flow of water through the interstices or

the pores of a soil or other porous medium.
pH:

an index of the hydrogen ion activity.

potable water: water suitable for drinking purposes.
sanitary landfill: a land disposal area where solid waste is deposited,

spread into layers, compacted and covered daily with earth.

solid waste: any refuse generated in the home, in factories, service
establishments, and government installations, to man's eternal
detriment.

surface water: water falling on the surface of the earth, which runs

off into lakes, streams, and rivers.
water pollution: the introduction of foreign matter (pollutants) into

rivers, lakes, and other waters, which result in the lowering of
the overall quality and usefulness of the water resource.
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Table 3. 1,isting of inorganic pollutants in fresh water. *
Aluminum

aluminum ion

Al

Boron

-H-+

+++

Al

boron ion

Sb

metaborate

B02

stibous

+++
Sb

peroxyborate

B03

stibic

+++++
Sb

borate

B03

triethylantimony

Sb (C2H5)3

diborate

B205

tetraborate

B407

Antimony

_

---

Argon

A

pentaborate

B508

Arsenic

As

borotungstate

BW12040

arsenous

+++
As

organoborate

RB0211

arsenic

As

trimethylboron

B (CH3)3

arsenide

As

decaborane

B

t

++++

_

10H 14

_

metaarsenite

As0

arsenite

As0

metaarsenate

As0

arsenate

.As0

cacodylate

As( CH

methylarsenate

HasCH

phenylarsenate

Bromine

2

Br

bromide

Br

bromate

BrO

hypobromate

BrO

bromaurate

AuBr

bromoplatinate

PtBr

C6H5AsO3H

bromoselenate

SeBr

arsine

1-13As

bromostannate

SnBr

trimethylarsine

As (CH3)3

liquid bromine

Br

tetr ani ethyldiarsyl

As (CH

Barium

barium ion
Beryllium

3

3

4

2

Be

3

3' 4

C admium

cadmium ion

Ba

Ba

f+
)

3 2

++

Calcium

calcium ion

3

_

4

6
6
6

2

Cd
Cd

++

Ca
++

Ca

Table 30 (Continued)

beryllium ion

++-

++
Be

Carbon

Bi

carbonate

CO3

bismuthous

Bi

bicarbonate

HCO3

bismuthic

Bi

carbon monoxide

CO

carbon dioxide

CO2

carbonyl sulfide

COS

carbon disulfide

CS

Bismuth

Cerium

+++

Fluorine

Ce

+++

2

F

-

fluoride

F

fluoborate

BF

Cs

hexabluophosphate

PF6

Cs

fluorophosphate

PO3F

Cl

difluorophosphate

P02F2-

chloride

Cl

fluosilicate

SiF6

hypochlorite

C10

fluoaluminate

A1F

chlorate

C103

fluosulfonate

SO3F

perchlorate

C104

fluorine gas

F2

chlora ur ate

AuC14

Gadolinium

Gd

chloroplatinate

PtC1

Gallium

Ga

chlorostannate

SnC16

Germanium

Ge

chloroplumbate

PbC16

chlorine gas

C12

cerrous

Ce

cerric

Ce

Cesium

cesium ion
Chlorine

Chromium

++++

6

Cr
++

chromous

Cr

chromic

Cr

+++

ethylgermanium oxide

Gold

4

6

(C2H5Ge0)20

Au
+

aurous

Au

auric

Au

+++
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Table 3. (Continued)
Hf

Helium

He

Cr 207

Holmium

Ho

Co

Hydrogen

H

CIO

peroxychromate

Cr0

dichromate
Cobalt

4

_

8

++

+

hydrogen ion

H

Co

hydrogen gas

H2

Cu

deuterium

cobaltou.s

Co

cobaltic
Copper

_

Hafnium

Chromate

-I

Indium

In

Iodine

I

cuprous

Cu

cupric

Cu

Dysprosium

Dy

iodide

I

Erbium

Er

iodate

IO

Europium

Eu

periodate

IO

Iridium

Ir

paraperiodate

HIO

Iron

Fe

iodine solid

I

r--i--

+ I-

Fe

++ i

ferric

Fe

ferrocy anide

Fe (CN)6

ler _cyanide

Fe (CN)

__
6

4
5

2

Neodymium

Nd

Neon

Ne

nickelous

Ni++

hexaminenickel

Ni(NH3)6

Krypton

Kr

Niobium

Nb

Lanthanum

La

Nitrogen

N

Lead

Pb

azide

N3

nitrite

NO2

nitrate

NO3

Li

cyanide

CN

hi

cyanate

OCN

+f

Wumbic

Ph

pirunbatc:

Pb0

4

_

Lithium

lithium ion
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Table 3. (Continued)
Lutetium

Lu

thiocyanate

SCN

Magnesium

Mg

ammonium

NH4

Mgr

carbamate

NH CO2

Mn

cyanaurate

Au (CN)

cyanocobaltate

Co(CN)6

nitrogen gas

N2

nitrous oxide

N20

nitric oxide

NO

Hg

hydrazine

NH2NH2

mercurous

Hg

hydroxylamine

NH2OH

mercuric

Hg

ammonomercuric

Hg (NH

organomercuric

RH

magnesium ion
Manganese

-F+

rnanganous

Mn

manganic

Mn

permanganate

Mn0

manganate

Mn0

Mercury

+iF

4
4

++
+

2

)

+

2

_

Osmium

Os

Oxygen

0

peroxide

02

HgR2

hydroxide

OH

Moly bdenum

Me

oxygen gas

02

molybdic

Mo

ozone

0

molybdate

MoO4

Palladium

Pd

paramolybdate

Mo 7024

Silver

Ag

phosphomolybdate

PMo12040

argentous

Ag

P

argentic

Ag

g

diorganomercury

Phosphorus

-1+1 F-4+

metaphosphate

P03

Sodium

hypophosphate

P03

phosphite

P03

phosphate

PO4

pyrochosphate

P207

_
__
__
___

sodium ion
Strontium

strontium ion
Sulfur

4

3

++

Na
Na

+

Sr

++
Sr
S
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Table 3, (Continued)
hypophr,sphite

H2P02-

sulfide

phospb ine

H,P

sulfite

SO3

Pt

sulfate

SO4

thiosulfate

S203

K

hydrosulfite

5204

K

pyrosulfite

5205

Praseodymium

Pr

dithionate

S206

Radium

Ra

pyrosulfate

5207

Rhenium

Re

peroxydisulfate

5208

trithionate

S306

Platinum

platinic
Poi a %slum

potassium ion

perrhenate

Pt

+-i- ++

Re0

4

__

Rhodium

Rh

tetrathionate

S406

Rubidium

Rb

pentathionate

S506

Rb{

sulfur dioxide

SO2

Ruthenium

Ru

hydrogen sulfide

H 2S

Samarium

Sin

Tantalum

Ta

Scandium

Sc

Tellurium

Te

Selenium

Se

tellurate

Teo

selenium ion

++++
Se

diethyl telluride

(C2 H5)2Te

sel enide

Se

dimethyl telluroniumdichloride

C2 H6Cl2Te

rubidium ion

selenite

Se0

selenate

Se0

Silicon

3

4

Terbium

Tb

Thallium

T1

thallium ion

Si

rnetasilicate

SiO3

silicate

SiO

4

Thorium

T1

Th
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Table 3, (Continued)
disilicate

Si 205

Thulium

Tm

Tin

Sn

stannous

Sri

stannic

Sn

organostannic

RSY1

diorganostannic

R2Sn

++++

+++
++

Ti

Titanium
Tungsten

H I+

tungsten ion
tungstate

WO

4
_

phosphotungstate

3 0 1 0 )4

P(

Uranium
++++

uranous

++++++

uranic

Vanadium

V

vanadate
Xenon

VO

3

Xe

Ytterbium
Yttrium
Zn

Zinc

zinc ion
Zirconium

++
Zn
Zr

t Source: Inorganic Chemical Pollution of Freshwater. Arthur D. Little, Inc., Cambridge
1971
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Table 4. Sources of inorganic chemicals.*.
Industrial

Chemical Industry:
Aluminum

Cupric nitrate

Potassium chloride

Aluminum fluoride

Cyanate

Potassium hydroxide

Ammonia

Ethylmerc uric chloride

Potassium sulfate

Ammonia nitrate

Ferric chloride

Sodium bisulfite

Ammonia sulfide

Ferrour sulfate

Sodium chloride

Ammonia thiocyanate.

Gallium

Sodium hydroxide

Arsenic

Hydrochloric acid

Sodium sulfate

Barium

Hydrogen sulfide

Sodium sulfide

Boric acid

Hydrazine

Sulfuric acid

Borate, sodium

Iodine

Tantalum

Cadmium

Nitric acid

Titanium

Cadmium chloride

Mercury

Uranium

Carbonate

Mercuric chloride

Yttrium

Bicarbonate, sodium

Methylmercuric chloride

Zinc

Copper

Osmium

Zinc chloride

Cupric chloride

Ozone

Zinc sulfate

Cadmium

Lead

Bromate, Na

Cadmium sulfate

Mercuric chloride

Ammonium molybdate

Mercuric chloride

Cobalt chloride

Nickel nitrate

Cupric chloride

Ferric sulfate

Ore Processing:

Ammonium chloride
Ink Manufacturing:

Dye and Pigment Industry
Aluminum

Cupric sulfate

Aluminum ammonium sulfate

Ferric chloride

Aluminum potassium sulfate

Ferric potassium sulfate

Ammonium chloride

Ferric sulfate

Antimony fluoride

Lead nitrate

Arsenic

Lead sulfate
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Table 4. (Continued)
Arsenate, Na

Magnesium chloride

Arsenite, Na

Magnesium sulfate

Cadmium

Nitrate

Cadmium chloride

Potassium hydroxide

Chlorate

Selenium

Cupric chloride

Thallium

Cupric nitrate

Thallous acetate
Thallous oxide

Titanium
Petroleum
Bromine

Ammonium sulfide

Carbon monoxide

Cyanide

Boric acid

Ammonium thiocyanate

Magnesium chloride

Ammonium ferrocyanide

Ammonium

Ammonium carbonate

Pottery and Porcelain:
Antimony fluoride

Ammonium dichromate

Arsenic

Magnesium sulfate

Boric Acid

Uranium

Sodium chromate

Water Treatment Plants:

Aluminate, Na

Sodium fluorosilicate

Ozone

Chloride

Iodine

Tribasic phosphate

Fluoride

Ferric chloride

Pyrophosphate, Na

Sodium fluoride

Ferric sulfate

Alloy Manufacturing:
Beryliurn chloride

Indium

Palladium

Gallium

Osmium

Tantalum

Arsenic

Ammonium fluoride

Potassium hydroxide

Boric Acid

Magnesium fluorosilicate

Zinc sulfate

Wood Preservation:
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Table 4. (Continued)
Borate, Na
Metallurgy:
Lead nitrate

Tungsten

Bismuth

Sodium dichromate

Sodium cyanide

Cupric nitrate

Cupric sulfate

Sodium tellurite

Cupric chloride

Indium

Tungsten

Sodium chromate

Mercuric chloride

Zinc sulfate

Potassium dichromate

Cyanide

Arsine

Electroplating industry:

Paint Industry:
Barium

Potassium dichromate

Osmium

Barium chloride

Sodium dichromate

Titanium

Barium sulfide

Lead chloride

Zinc sulfate

Sodium chromate

Lead sulfate

Photography:

Bromide, Na

Lead nitrate

Tribasic phosphate

Cadmium chloride

Ammonium molybdate

Uranium

Ammonium dichromate

Ammonium sulfite

Chloroauric acid

Potassium thiocyanate

Potassium iodine

Nitrate

Glass Industry:

Antimony

Cobalt

Sodium nitrate

Arsenic

Calcium fluoride

Titanium

Barium

Chloroauric acid

Vanadium

Boric Acid

Lanthanum

Paper Mills:
Aluminum

Potassium dichromate

Sodium hydrosulfide

Aluminum potassium sulfate

Ozone

Tantalum

Calcium sulfate

Tribasic phosphate

Titanium

Carbonate

Sodium sulfite

Vanadium

Chlorine

Sodium bisulfite

Mercuric chloride

1 82

Table 4 (Continued)
Sodium chromate

Hydrogen sulfite

Dye and Tanning:

Aluminum nitrate

Sodium dichromate

Tribasic phosphate

Aluminum potassium sulfate

Cupric sulfate

Hydrogen sulfide

Arsenic

Ferric sulfate

Sodium hydrosulfide

Barium chloride

Magnesium sulfate

Zinc sulfate

Sodium chromate

Mercuric chloride

Potassium dichromate

Ammonium chloride

Pharmaceutical:
Aluminum sulfate

Cupric sulfate

Ferric sulfate

Bromate, Na

Gallium

Osmium

Bromine

Hydrochloric Acid

Tantalum

Bicarbonate

Iodine

Mercury

.Alurninate, Na

Chlorine

Magnesium sulfate

Ammonium fluoride

Chlorate

Mercuric chloride

Ammonium thiocyanate

Cupric chloride

Nickel sulfate

Antimony

Cupric nitrate

Nitrate

Textile Plants:

Arsenate, Na

potassium sulfate

Ozone

Barium chloride

Ferris sulfate

Potassium thiocyanate

Boric acid

Lead nitrate

Sodium hydroxide

Cadmium

Lead sulfate

Sodium bisulfite

Mercuric chloride

Zinc chloride

Barium sub ide

Tantalum

Hydrazine peroxide

Uranium

Indium

Yttrium

Embalming.:

Barium fluoride
Rubber Industry:
Antimony

F311

Table 4

(Continued)

Nickel Plating Plants:

Nickel nitrate

Nickel sulfate

Antimony

Fluoride

Magnesium chloride

Ammonia sulfate

Gallium

Manganous chloride

Barium

Hydrochloric acid

Osmium

Barium nitrate

Hydrazine

Nitric acid

Boric acid

Hydrogen sulfide

Sodium

Bicarbonate

Iron

Sodium fluoride

Calcium

Iodine

Sodium sulfite

Chromium

Lead

Strontium chloride

Cobalt chloride

Lead sulfate

Sulfuric acid

Copper

Lithium chloride

Sulfur

Calcium fluoride

Lithium fluoride

Tantalum

Lithium chloride

Ammonium nitrate

Strontium chloride

Magnesium nitrate

Ammonium thiocyanate

Strontium nitrate

Berylium nitrate

Berylium sulfate

Nickel chloride
General Indus-La:

Cyanide
Pyrotechnics:

Electronic Tube Manufacturing:
Barium nitrate
Food Stuff Containers Manufacturing:
Indium

Ferric sulfate

Disinfectants Manufacturing:
Potassium permanganate

Sodium bisulfite

Manganese chloride

Sulfur

Domestic

Detergents:
Potassium hydroxide

Phosphotie acid

Tribasic phosphate
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Table 4, (ConLintied)
Aaricultural

Cadmium

Ammonium sulfate

Potassium sulfate

Magnesium suliate

Sodium nitrate

Sulfur

..Manganous suilate

Potassium chloride

Ailiemaium fluoride

Seleui',1111

17i-srsium fluoride

Sulfur

Uydrcgen cy a ;lid e

Arsenic

Sodium fluoride

Thallcus acetate

Sodium arsenite

Sodium flucroaluminate

Thallous oxide

Arsenic trioxide

Thallium

Herbicides:

Borate, Na
* Source:

Inorganic Chemical Pollution of Freshwater, Arthur D. Little, Inc, Cambridge
1971,

