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FOREWORD

This technical paper is one of a series of papers in which the
background material, models, and data used to develop the ecological systems
component (ESCY of the activity assessment routine [AAR) are discussed.
Together, the papers are reference sources for the ESC user’s manual and
form 2 basis for further system developement,

Staff members of the Environmental Management Division., Texas General
Land Office, in Austin are available to assist interested parties in Tearn-
ing to use the system, and they welcome any questions, comments, and sugges-
tions concerning the ESC.

Many individuals assisted in the production of these technical papers.
The principal-in-charge was Ron Luke. Project manager was Andrew Reed.
Author of this paper was Chris Caran. James Kimmel managed final production
of these technical papers. The technical editor was Nancy Grena. Productio
assistance was provided by Denise Girard, Lori Snyder, Kim Frazier, and

5
Margaret Wells,

Bob Armstrong, Commissioner
General Land Office of Texas
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categories of attributes; discussion of conventions relevant to this distinc-
tion is provided in Chapter 5. However, effects on attributes are variable
through time, and additional remarks concerning duration are inciuded in
Chapter 6. Finally, possible exceptions to the general guidelines for desig-
nating the divection of an effect are introduced in Chapter 7.



Z. EFFECTS ON CONTIGUOUS ECOSYSTEMS

The natural environment is usually seen as a collection of ecological
systems, or ecosystems (E.P. Odum, 1971). Schwarz et al. {1976) define an
ecosystem as "any complex of 11v7ng organisms taken together with all the
other biotic and abiotic factors which affect them, that are mentally isolated
for purposes of study."” (p. 67} This def initiaﬁ is consistent with the
gesignation of coastal ecosystems in the ESC user's manual.

Ecosystems are somewhat artificial divisions, separated along concen-
tualized boundaries. Materials, energy, and organisms move thro wgh the
environment n?reatra?ned by barriers ?WPCb@d for the convenience of assess-
ments.  The ESC accounts for such movements of flows by defining pathways
of interaction among contiquous ecosystems {see Figure 1). Exchanges of
materials and enerqy between ecosystems are called imports and exports. The

movement of organisms across ecosystem boundaries is called immigration and
emigration,

Ec@?mq%ca? system diagrams (ESDs) are used in the ESC methodology as
ecosystem models. The pathways of exchange shown on a diagram provide access
from one ecosystem to another during an impact assessment. If, in the analysis
of a single ecosystem, exchange with one or more contiguous ecosystems is
anticipated, the consequences of the flow must be evaluated in the contiguous
or participant ecosystems, as well. The exchange would serve as a orimary
ecological alteration (PEA) in the participant ecosystem{s). The first-degree
attribute alteration which results frew that PEA thus directly corresponds to
the atiribute alteration in the scosystem which initiated the exchange. The
duration, magnitude, and probability {see ESL user's manual) of such corres-
ponding alterations would be identical. However, the direction of the alter-
ations would be opposite

For example, dredging activity in th e medium salinity bay ecosystem may

affect top consumers, an attribute {see medium salinity bav gcosystem diagram,
ESC user's manuall. An assessment of this 5‘*egt could indicate probable
displacement of top consumers from the alteration site and possible emigration
from the medium salinity bay ecosystem. The consumers would then immigrate

to the contiquous ecosystem, the bay transitional area in this examnle. {See
Figure 2.}

The duration, magnitude, and probability of the emigration of top
consumers from the medium salinity bay would he identical to those of immi-
gration of top consumers into the bay transitional area. However, by conven-

{ad



Figure 1

PATHWAYS BETWEEN CONTIGUOUS ECOSYSTEMS

Feosysiem frosystem Ecogsysienm Ecosystenm
A g L B
{#) Diagram of exchan

ge between contiguous ecosystems,
tar

_ Pathways of exchange:
rials, energy!

tmpori-export {ma and immigration-emigration {organisms)

]

(b} Plan view of contiguous ecosystems representing pethways of exchange



m
—ry
-y
T
]
=t
[
L]
P
£
L]
P
g
(]
[yl
[t
o
=
[V}
ISE]
I
2
L
-
1A%
-4
Tt
e
L

o o

tap
CONSUMErs

emigration .0 Vmnigration N

7 7

Medium Bay
itk Satinity Transitional
O Bay Area

g -
Py
woE
Ty
vl
&0
(e}
ar L3

top

tap

CORSUMErs t Consumers
}
\ i
k4 i L 4
e § g
}
}
i
s e i e N

In this example, the disﬁ?&ceﬂ@nt of top consumers from the medium
salinity bay ecosystem is imary acological alteration (PEA) in
the bhay transitional area Fﬁﬁif’ Cem,



tion, the direction of an emigration is designated a decrease (D) while an
immigration is reported as an increase (I). (See Chapter 7 of this technical
paper). The directions of the two corresponding alterations would be apposite.
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The absence of definitive measurements of an ecosystem's energy budget
requires consideration of alternatives. One such alternative is to express
energy flow in dimensionless {i.e., unitless) percentages. In this way, change
in an atiribute can be readily estimated as a proportional variation from that
attribute’s baseline energy condition. The baseline eneray condition is
usuatly assumed to be unity, or one. For example, an estimate of a 20 percent
change in energy processing by attribute A is as useful and very likely nearly
as accurate as a prediction of a 5,000 kilocalories reduction in A's normal
energy processing rate of 25,000 kilocalories per unit time. By establishing
reasonable conventions for evaluating energy flow in terms of percent charige,
the ESC has incorporated many of the advantages of energetics analysis in a
practical procedure for environmental impact assessment.
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5. TYPE A AND TYPE B ATTRIBUTES

Two classes of ecosystem attributes can be distinguished on the basis of
eneray processing. (See Appendix A.)
gy | g _

TYPE A ATTRIBUTES

Type A attributes are those which process energy directiy. Organisms
primary energy sources in the environment are the most important Type A
ibutes, a%ﬁera}1y, enerqgy sources are not directly affected by activities
the ecosystem. Instead, the rates of fiow along pathways connecting energy
urces to other attributes may be altered to varying degrees,

Effects on organisms are more complex. For example, a reduction in energy
processing by a consumer group can mean that (1) the consumers eat less and
therefore grow and reproduce less readily; {2} the consumers modify their diet
r behavior in terms of energy expenditure per unit intake, loosely

.;1na reduced growth rate; (3} the consumers are displaced to unaffected or
affected areas which may be ab?e to sustain an immigrant p0ﬂu1afzon’ or
the consumers sustain !etnai effects. Percentage change in energy flo

cannot always be directly equated with numbers of nrganigms or even with
tation density. This is particularly true when the change is much smaller
v 100 pevcent. A complete description of the method of 9V»§Jﬁi3ﬂ0 Type A
at%r hute alterations is included in Chapter Z, Part III of the user's manual.

TYPE B ATTRIBUTES
Type B attributes are those abiotic comporents of an ecosystem which affect
energy processing by Type A atiributes, but which do not themselves constitute
primary energy processors.

Changes in Type B attributes can have marked eFFectg on organisms and other
Type A atiributes in the ecosystem. A change in a Type B attribute which is
sufficient to kill or displace a major prnﬁdrﬂw or consumer group, or to
seriously impair the energy flow from some other Type A atiribute fo the affec-
ted portion of the ecosystem, FQpFECEﬁLS an obvisus threshold against which to
gauge lesser effects. Similarly, changes in Type B attributes which are so
minute as to approach the analytical limit of detection may have negligible



effects on Type A attributes. Least certain is the extent to which moderate
changes in Type B attributes may alter enérgy transfer, Sublethal effects on
organisms and partial impairment of energy flows occur over a broad range of
variation in any Type 8 atbribute. Effects within this range are complex and,
in some cases, synergistic or mutually compensating. Professional Judgment

is reguired to establish the approximate intermediate thresholds which
correspond to changes in equivalent energy flow,

A change in a Type B attribute is restricted in time and space; that is,
the effect generally persists for a finite time period and encompasses a
finite area. The duration of the effect is discussed in Chapter & of this
technical paper. The areal extent of the expected effect must be approximated
by the analyst. In the FSC procedure, the area over which a change may occur
is important in describing the magnitude of an attribute alteration.

CORRELATION OF TYPE B ATTRIBUTES
WITH TYPE A ATTRIBUTES

An example of the manner in which actual, or absolute, changes in Type B
attributes may be correlated with effects on Type A attributes is shown in
Tabie 1. The extent to which Type B attributes may exert such influence is
subliect to interpretation, and must be viewed in the context of a particular
ecosystem.  The analyst must generate a comparabie correlation table for each
ecosystem for which an assessment is conducted, These tables should be stored
for reuse and reyviewad periodically to ensure consistency with current know-
fedge of the interactions described.

Not ail of the changes ohserved in Type B attributes can be readily
refated to changes in energy fiow, In particular, small changes in some Type B
attributes may not clearly correspond to demonstrable effects on Type A
attributes. In such cases, the analyst may designate categories of proportion-
al change in material flow within which the absolute change may be expressed.,
ihe proportional change s given as a percentage of ambient values or of some
other standard against which deviation may be measured. Table 1 is organized
such that the percentage change in the attribute is numerically equal to the
corresponding change in erergy flow in instances where a clear relationship
gxists. Tharefore, the Tigure which appears at the head of each column may
be used to designate either the proportional change in the attribute or the
equivalent change in enerqy flow, when given. This figure is used in classify-
ing the magnitude of atrribute alterations when plotted on the magnitude matrix.

For each Type B attribute, the analyst must provide a reasonable estimate
of the expected absolute change in that attribute. Information from many
sources may be used by the analyst in making this estimate, including the
following pertinent portions of the project description; the environmental
reporty site inspections and surveys: technical Titerature used in defining
relationships among attributes: descriptions of engineering technigques to be
employed during the project, and appticable performance specifications; environ-
mental monitoring and Tife history data: detailed analog models of natural
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processes in the ecosysiem: geologic, pedoiogic, hydrographic, topographic,
and biotic assemblage or ecosystem maps; and aerial photoaraphs .,

‘he ecological system diagram (see Technical Paper No. 12} of the ecosys-
mounder consideration provides a togical framework in which to view a se-
uence of changes in attributes. The number of considerations which arise at
ach point in the analysis is thus limited. Cause and effect can be ispiated
T

ot
0

)
et
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[Z ]

50 that the analyst is usually able, with confidence, to make a reasonable
roximation of the change without an exhaustive data search. Ordinarily,
5 approximation must be accurate only to the nearest order of magnitude
wwtor of ten), thereby permitting a considerable margin of error. The
i
n

jeX

T

Loty g
e L3
L

¥8is s generally not hampered by imprecision of less than one order of
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The change will, in most cases, be estimated initially as an actual or
absolute value (e.q. one part per mitlion} or as a percentage of an absolute
value (e.q., 10Z of the ambient value). A table such as Table 1 wil] be used
to correlate such values with the proportional change in the attribute given
a5 a percentage or with the percentage change in equivalent energy flow. The
crialyst must prepare such a table before beginning the assessment. Appendix
of this technical paper provides information which the analyst may find
useful in constructing the table and in developing an understanding of its
meaning.

v

he figures appearing at the head of each column in the correlation
table will be used to determine the magnitude of the alteration sustained by
the ativibute, The “percentage equivalent change” is expressed as either a
change in equivalent enerqgy Tlow or material flow., In the ESC analysis
changes in Type B attributes are not described n terms of energy flow directly,
but rather as changes in equivalent energy flow {when changes in the attri-
sutes correspond cliosely To effects on organisms or other enpergy Processors )
broas a proportional change in the attribute. The proporticnal changes serve

to categorize Lhe spectrum of detectable variation in the attribute.
psolute values shown in the three columns in Table 1 define approximate

thresholds beyond which change in the Type B attribute and the effect that

change may have on Type A attributes is markedly increased or decreased.

Because the ESC system of analysis is primarily intended to distinguish effects

which differ by an order of magnitude (factor of ten) or more, use of a tahle
of relationships such as Table 1 does not vequire data {i.e., estimates of
absoiute change) with accuracy grealer than to the nearest order of magnitude.
Most effects in nature cannot he reliably predicted with greater precision,
Therefore, an order of magnitude estimate of potential effects is both adequate
and reasonable. Heowever, the level of detail attainable in the analyst's
estimate of absolute changes in Type B attributes matches precisely the dearee
of accuracy attainable in an impact assessment which employs the ESC methadol-
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Figure 4

ESTABLISHING DURATION CATEGORIES:
ALTERNATE MEANS OF REPRESENTING CATEGORIES OF

DURATION
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; ‘ ¥ ' -y \ !
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a greater extent than on the passage of an arbitrary period of calendar time.
By evaluating the magnitude of impacts over a two-year time span, the analyst
ensures that at least one full annual cycle of phenologic events is completed
regardless of the season in which the initial impact was sustained.

In many cases, the relative recovery of an attribute cannot be estimated
unless the impact is envisioned after one full seasonal cycle has ensued
following cessation of the disturbance. Longer-lived changes are those which
resist restoration despite passage of the time required for a full cycle.
Therefore, division of the time line into short-term (twm calendar years or
Tess) and long-term {longer than two calendar years) intervals was both
necessary and sufficient for the analyt1ua1 detail attainable in the trial
assessment. In addition to ensuring passage of at least one full annual cycle
during the short-term time interval, two calendar years is a period of adequate
length to permit confident discrwmwnatzon of effects which are rapidly compen-
sated {i.e., instantanesous) by normal environmental oprocesses from ardduai1y
modified and permanent changes in the affected porticn of the ecosystem.

Within the power of resolution which can be defensibly attributed to the
ESC, distinction of short-term, long-term, and by convention, instantaneocus
effects as here defined may represent the limit of user confidence in dividing
the impact time line. However, other applications of the analytical method may
require more refined time considerations or division of the time line on an
entirely different basis. The user is free to select the method of describinc
impact persistence that is most suitable to his needs as long as that method
can be consistently and meaninafully applied.
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7. DIRECTION

he nature of the

In the ESC methodology, direction is the designation of t
increase or decrease

alteration (i.e., whether the net effect of a change is to
the energy or material flow to and/or from an attribute).

However, effects on some attributes, particularly Type B attributes, may
be difficult to describe as an increase or decrease. For this reason, the
analyst may wish to establish conventions governing the designation of direc-
tion codes for such attributes on the assessment worksheets. Generally, a
simple definition, recorded in the “"Comments® section of the worksheets and
etsewhere as advisable, will suffice in permitting the analyst to apply the
same code {"I" or "D") to alterations not otherwise readily conceivable as
an increase or decrease.

For example, the storage "bacteria-suspended organic matter™ which appears
on the medium salinity bay ecosystem diagram i1s linked to, and thus affects,
two mutually exclusive processes: production of toxic substances (such as
sulfates and ammonia} under conditions of oxygen depletion, and nutrient
cycling {organic matter decomposition) under conditions of higher dissolved
oxygen tensions. Yet in neither case is the amount of organic matter or the
gross energy processing rate by bacteria necessarily altered (increased or
decreased). To facilitate and simplify the assignment of direction and to
avoid loss of information and/or confusion, a simple definition is established:
with respect fo the action of bacteriaz on organic matier, oxidizing activity
is designated an increase, while reducing activity is said to be a decrease,
Such a definition is also useful in describing the direction of imports and
exports (suggest increase and decrease, respectively), inmigration and
emigration {same convention), and substrate texture (reduction in substrate
coarseness implies decrease). In such cases, the actual definition can be
arbitrary, but it should be followed throughout the analysis, and it must be
recorded on the assessment worksheets,






APPENDIX A

LISTS OF TYPE A AND
TYPE B ATTRIRUTES



TYPE A ATTRIBUTES

1.

10,

22

Coastal Prairie

Macroplant detritus

Microplant detritus and microbes

Perennial grasses

Brush

Annuals

Perennial herbs

Small mammals

Granivorous birds

Predatory mammals and raptors
Insectivorous songbirds

invertebrate consumers

Salt Marsh

Water head for ebb tide

Spartina alterniflora

Epiphytes
Phytoplankton

Detritus

Detritus export/import
Muskrats

Oysters

Meiofauna

Snails

11,
1z,
13.
14,
15,
ib,
17.

o
.

10.
i1,
12,
13.
14,
15,

Insects

Water fowl

Wading and shorebirds
Crabs and shrimp
Small fish

Raccoons

Large fish

Brackish Marsh

Phytoplankton

scirpus

Spartina patens

Detritus and microbes
Rough mat

Aquatic invertebrates
Waterfow)

Fish

Furbearers

Small mammals

insects

Alligators

Red wolves

Predatory mammals and raptors

Wading and shorebirds



Medium Salinity Bay

Birds

Bacteria/dissolved and suspended
organic matter import/export

Current energy
Turbulent energy
Phytoeplankton

Herbivores and detritivores
migration

Intermediate consumers migration
Top consumers migration
Phytoplankton import/export

Bacteria/dissolved and suspended
inorganic matter

Bacteria/sediment organic matter
Benthic community

Herbivores and detritivores
(zooplankton, mullet, shrimp)

Intermediate consumers

Top consulers

Bay Transitional Area

Current energy
Turbulent energy

Bacteria/dissolved and suspended
arganic matter import/export

TYPE A ATTRIBUTES

Phytoplankton import/export

Herbivores and detritivores
migration

Intermediate consumers migration
Top consumers migration

Birds

Phytopiankton

Macrophytes {seagrass)

Bacterig/dissoived and suspended
organic matter

Bacteria/sediment organic matter
Microalgae, diatoms, blue-greens
Benthic community

Herbivores and detritivores
Intermediate consumers

Top consumers

Wind Tidal Flats

Current energy

Turbulent enerqgy

Organic matter import/export
Phytoplankton import/export

Herbivores and detritivores
migration

Intermediate consumers migration

{continued)

™3
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TYPE A ATTRIBUTES

{Wind Tidal Flats, cont.)
7. Top consumers migration

8. Bacteria/suspended organic
matter

9. Bacteria/sediment organic mtter
i0, Phytoplankton

11, Herbivores and detritivores

12, Microalgae, diatoms, blue-greens
13, Benthic community

14, Intermediate consumers

I5, Top consumers

16, Birds

24

Tidal Stream Reach

Dissolved nutrients (inorganic
and organic)

Turbulent enerqgy

Wind or wave action
MmmmymSam;%Mpwum(&Qﬁg)
Phytoplankton

Estuarine bay (plytoplankton import/
export)

Zooplankton

Macrobenthic invertebrates (Rangia,
Penaeus }

Benthic invertebrates
Aquatic invertebrates

Top carnivores (alligator gar and

Cynoscion)

Estuarine bay consumer migration



Coastal Prairie 24,
Sait spray
tand slope
Land elevation
Groundwater
1.
Sediments import
2.
Surface water
3.
Macropore water
4,
Micropore water
5.
5011 heat
6.
Heat export
7.
Sediments in system
8.
Sediment export
9.
So0it air
14,
Fire frequency
11,
Fire
12.
Sotl teoxicants
13,
5011 structure
14,
5011 texture
i5.
Available nutrients
16,
navailable nutrients
i7.
Plant surface salts
18.
5611 salt content
19,

Mutrients and salt export

TYPE B ATTRIBUTES

Runoff (except that detritus in
runoff may be & major energy
source {Type A} in downstream
system)

Salt Marsh

Heat (fresh water)

k]

£

Nutrients {fresh water

£

Sediments (fresh water)

Sediments (saltwater)
Nutrients (saltwater)
Heat {saltwater)
Available nutrients
Unavailable nutrients
Frequency of inundation
Gas exchange
Heat storage
Salt storage
Suspended solids
Bottom sediments
Hutrients export
Salt export

Heat export
Suspended solids export

Waterborne poliutants

{continued)



TYPE B ATTRIBUTES

{Salt Marsh, cont,)

20,
21,
22,
23,

26

Hater heat
Bissolved oxygen
Oxidizable materials

Water salinity

Brackish Marsh

Inundation frequency
Sediment import

Land elevation
Standing water
Macropore water
Micropore water
Suspended solids
Bottom sediments
sediment export
Buration of submergence
Average depth

Frequency of submergence-
emergence

Gaseous exchange
Heat

S0i1t salinity
Available nutrients

Unavailable nutrients

18.
19.
20,
21,
22.
23,
24,
25,
26.

Fire frequency

Fire

Dissolved oxygen

Water heat

Water salinity

Oxidizable material
Waterborne toxic substances
Total suspended solids

Runoff (standing water export)

Medium Salinity Bay

Water depth

Water heat storage

Sediment heat storage

Heat import/export

Salinity import/export
Salinity storage

Suspended solids storage
Sediment solids storage
Substrate texture/structure
Suspended solids import/export

Dissolved and suspended inorganic
nutrients fmport/export

Dissolved and suspended toxics
import/export

{continued)



(Medium Salinity Bay, cont.)

13.

14,

15,
16.

i7.
1.
19.

Dissplved oxygen import/export

Dissolved and suspended
inorganic nutrients

Inorganic sediment nuirients

Dissoived and suspended toxics
storage

Sediment toxics
Dissolved oxygen in water

Dissolved oxygen in sediment

Bay Transitional Area

Heat import/export
Salinity import/export

Suspended sclids import/export

Dissolived and suspended inorganic

nutrients import/export

Dissolved and suspended toxics
import/export

Diszolved oxygen import/export
Salinity storage

Heat storage

Water depth

Sediment solids

Sediment heat

Substrate texture/structure

TYPE B ATTRIBUTES

Suspended solids

Bacteria/dissolved and suspended
organic matter import/export

Dissolved and suspended toxics
Dissolved oxygen
Sediment dissolved oxygen

o

Sediment toxic

a3

Inorganic sediment nutrients

Wind Tidal Flats

Sediment heat
Water depth
Sediment solids
Substrate texture
Suspended solids

Dissolved/suspended nutrients
Water heat

Sediment nutrients

Sediment toxics

Dissolved oxygen, surface only
Dissoived oxygen
Dissolved/suspended toxics
Salinity

Heat import/export

{continued)
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TYPE B ATTRIBUTES

(Wind Tidal Flats, cont.,)

15,
16,

i7.

e
ew]

Irorganic solids import/export
Nutrients import/export

Haterborne toxics import/export

Tidal Stream Reach

Land sTope

Stream morphoioqgy
Stream gradient
Stream form ratio
Stream velogity
wa terborne toxins

Heat

Dissalved oxygen

Fresh water

Saltwater

Substrate

Suspended sediments

Bottom sediments

Substrate texture {grain size)
Exported sediments

Average water depth

Dissolved toxins

Sediment toxins

Estuarine bay (water discharge)

Toxins export



APPENDIX B

THRESHOLDS IMPORTANT IN CORRELATING
TYPE B ATTRIBUTES
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ALKALINITY

"Alkalinity is the capacity of a water to react with hydrogen ions to

{a mintmum of ) pH 4.5, Alkalinity in water is raused orimarily by bicarbon-
b
ates, carbonates, and nydroxides.’ Their relative concentrations are a func-
tion of the temperature, pH, and concentration of other dicsolved solids.®
{Brown et al., 1970, p. 41) "Alkalinity is (functionally) defined as the
capacity of the {aguecus) solution to neutralize acid."  (Hem, 1970, p. 152}
"Alkalinity, therefore, is a measure of the {acidity~) buffering capacity of
the water, and since oH has a direct effect an organisms as well as an
indirect effect on the toxicity of certain other pollytants in the water, the
buffering capacity is important to water quality,” (U.S. EPA. 1976, B, 7)
See also “pH."

"Like acidity, alkalinity is related to pH but high alkalinities should not
be confused with high pH values. Thus, a relatively pure water with a pH
value of 7.0 (neutral) will have a Tow total alkalinity whereas a buffered _
(against acidity) water at pH 6.0 will have a high total alkalinity. . . . None of
the strong alkalies. such as calcium, potassium, and sadium hydroxide, has
been shown clearly to be lethal to fully developed fisk in natural waters
when 165 concentration is insufficient to raise the oH well above 8.0. Inter-
ference with normal development and other damage to fish 1ife sometimes may
ocour, however, at lower pH values. UWhen caused almost entirely by bicarbon-
ates, alkalinity does not seem to have any harmful effect upon, plankton and
other aguatic Tife. . . . It is generally recognized that the best (fresh) waters
for the support of diversified aguatic 1ife are those with pH values between
/oand B, having a total alkalinity of 100 to 120 mg/) or more. . . . This alkalin-
ity serves as a buffer to help prevent any sudden change in pH value (that
might otherwise result from an influx of acidic solution), which might cause
death to fish or other aquatic 1ife " (McKee and Wolf, 1963, pp. 128, 129)
"Alkalinity is important for fish and other aquatic 1ife in freshwater systems
because 1t buffers pH changes that occur naturaliy as a result of photosyn-

. . . : . .2 . :
thetic activity of the chlorophyll-bearing vegetation, Components of alkalin-
ity such as carbonate and bicarbonate will complex {effectively, to remove

from interaction) some toxic heavy metals and reduce their toxicity markedly.

z“&irect contribution to alkalinity by hydroxides is rave in nature, and
their presence can usually be attributed to water treatment or to contamina-
tion." [Brown et at., 1970, p. 42)

B

“Highere photosynthesis by aquatic organisms {plants and photosynthe-
sizing protists) takes up dissolved carbon dioxide {which in sotution forms
carbonic acid} during the daylight hours, a diurnal pH fluctuation may occur
and the maximum pH value may sometimes reach as high as 9.0."% (Hem, 1970,
p. 93]
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For these reasons, . . . a wminimum alkalinity of 20 mg/1 (s recommended, but)
natural atkalinity (should) not be reduced by more than 25 percent {regard-
less}. The use of the 25 percent reduction avoids the problem of establish-
ing standards on waters where natural alkalinity is at or below 20 mq/1. For
such waters, alkalinity should not be further reduced . . .. Ade

(should) be maintained to buffer the pH with tolerable limits (s
marine waters {as well)." {U.S. EPA, 1976, pp. 7-8)

A related water quality parameter is "hardness.” ‘“Hardness of water is
a physical-chemical characteristic that s . . . attributable to the presence
of alkaline earths {principally calcium and magnesium bicarbonates and car-
bonates)." {U.S. Geological Survey, 1977, p. 8) “The concept of harndess comes
from water supply practice. It [hardness) is measured by soap requirements
for adequate lather formation and as an indicator of the rate of scale form-

ation in hot water heaters and low pressure boilers, . . . Hardness . . . freguently

is distinguished as carbonate and bicarborate fractions. The carbonate frac-
tion is chemically equivalent to the bicarbonates present in water., Since
bicarbonates generally are measured as aikalinity, the carbonate hardness
usually 1s considered equal to the alkalinity." (U.S. EPA, 1976, p. 75)

AMMONIA {TOTAL AMMONIA NITROGEN, ﬁH3 + NH,, EXPRESSED AS N)

"Ammonia (NH?} is & pungent, colerless, gaseous, alkaline compound of ni-

trogen and hydrogen that is highly soluble in water. It 4935 a biologicaily
active compound present in most waters as a normal biclogical degradation pro-

- " < 3 fia -~ 5y ¥ s %
duct of nitrogenous organic matter." (U.S. EPA, 1976, p. 10} "1t tammonia)

may also result from the discharge of industrial wastes from chemical or gas
plants, from ice plants, or from scouring and cieaning operations where
‘ammonia water' 15 used. Rivers known to be unpolluted have very low ammonia
concentrations, generally Tess than 0.2 mg/] as N." {McKee and Wolf, 1963,

n. 132)

: T WL ;i‘é'--3
E”Amm@ﬂia nitrogen includes nitrogen in the forms of Hh? and  Ni,

b

As & component of the nitrogen cycle, {ammonia} is often present in water,
but usually in small amounts.” {Goerlitz and Brown, 1972, p. 13)

1



‘dhen ammonia dissolves in water, some of the ammonia reacts with the
water to form amonium ions. A chemical equilibrium is established which

contains un-ionized ammonia {NH3}, ionized ammonia (NHZ . the ammonium radi-

cal), and hydroxide fons (OH™) . . .. The toxicity of aqueous sotlutions of
ammonia is attributed (largely) to the NH3 Species.é Because of the equili-

brium relationship among NHB, NH;, and OH {nontoxic), the toxicity of ammon-

1a is very wmuch dependent upon pH as well as the concentration of total

ammenia.” , . . In most natural waters, the pH range is such that the NH+ fraction

4
of ammonia predominates; however, in highly alkaline waters (well above the

typical range of values encountered in freshwater, estuarine, and marine
systems), the NHB fraction can reach toxic levels. . . . Other factors also affect

the concentration of NHB in water solutions, the most important of which are
temperature and ionic strength, The concentration of NH3 increases with in-

treasing temperature, and decreases with increasing ionic strength. In
agqueous solutions of dilute saline concentrations, the NHS concentration de-

Creases with increasing salinfty." (U.S. EPA, 1876, pp. 10-11)

qﬁithOUQh early studies “concluded that the NH; fraction had 1ittle

or no toxicity, {more recent work} has attributed some degree of toxicity to
fishes and invertebrates by the NHZ species {less than 1/50th that of
HES),” (U.S. EPA, 1576, p. 11}

5”?he difference in sensitivity among fish species to proionged exposure

{to ammonia in water) is probably small.® (U.S. EPA, 1976, p. 11)
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OXYGEN {DISSOLVED)

"Oxygen dissolved in water is derived from the air and from the oxygen
given off in the process of photosynthesis by aguatic plants.” {Brown et al.,
1970, p. 126} "The content of dissolved oxyaen in water at equitibrium with
a normai atmosphere is a function of the femperature and salinity {dissolved
solids content] of the water, the ability of water to hold oxygen decreasing
with increases in femperature or dissolved solids. . . . Natural waters, however,
are seldom at equilibrium and seldom exactly saturated with dissolved oxygen,
for temperatures are changing and physical, chemical, bie-chemical, or
bioloagical activities are utilizing or Viberating oxygen. . . . Temperature
affects not only the amount of available dissolved oxygen in water but also
the rate at which fish utilize such oxygen." {McKee and Wolf, 1983, p. 180)
“Water bodies in which theve is much organic productivity often display wide
Tluctuations of dissclved oxygen in respense to the biological activity."
{Hem, 1970, p. 221}

"No general statement can be made to give the minimum dissoived-oxygen
concentration required te support fish 1ife, owing to the fact that the
oxygen requirements of fish vary with the species and age of the fish, with
prior acclimatization, with temperature, with the concentration of other _
substances in the water, and with several other factors. . . . The Tethal effect
of tow concentrations of dissolved oxXygen appears to be increased by the
presence of toxic substances, such as excessive dissolved carbon dioxide,
ammonia, cyanides, zinc, lead, copper, or cresols. . . . With so many factors
influencing the effect of oxygen deficiency, it is difficult to estimate the
minimum safe concentration at which fish will be unharmed under natural
conditions.” [McKee and Wolf, 1963, p. 180)

“Water should contain sufficient dissolved oxygen to maintain aerghic
conditions in the water column and, except as affected by natural phenomena,
at the sediment-water interface, . . . Dissolved oxygen concentrations are an
fnportant gauge of existing water quality and the ability of a water body to
support a well~balanced aguatic fauna. . ., . The dissolved oxygen criteria {given
in Table Bl on page 49} are based on the concentration that will support a well-
rounded population of fish . . , as 1% would occur under natural conditions.
Fish embryonic and larval stages are especiaglly vulnerable to reduced oxygen con-
centrations because their ability to extract oxygen from the water is not fully
develcped and they cannot move away from adverse conditions. Although many
species can develop at oxygen concenirations as low as 2.5 to 3.0 mg/1, the
effects of a reduced oxygen concentration even as high as 5 or 6 mg/1 can cause
a partial mortality or at the least retard development . . .. For most fish,
maintaining a mintmum 5 mg/1 in the water mass in the vicinity of the embrvos
and larvae should suffice. . ., {Alsc,) as Tong as dissolved oxygen concentra-
tions remin entirely satisfactory for fish, no matarial impairment of the food
resources {invertebrates and smailer vertebrates) for fish ascribable ta dissolved
cxygen insufficiency will occur,” {U.S. EPA, 1974, pp. 123-126)

s

A related and frequently reported property of natural waters 3s biochemical
axygen demand. "a weasure of the gquantity of dissolved oxygen, in miliigrams
per iiter, necessary for the decomposition of organic matter by microorganisms,

$ad
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such as bacteria.” {(U.S. Geological Survey, 1977, p, 5) This property is also
related to the total organic carbon content of the waters.

"As in tests for alkalinity, acidity . and specific
conductance the determination of biochen (G*O.ﬁ ) does not
reveal the concentration of & specific it measures the
effect of a combination of substances 5.

As a parameter of the detrimental ts of organic matter upon a surface
water, the {often reported) S-day B.0, gl ne means very little. In
itself, B.0.D. is not a pollutant and exercises no direct harm, Only by de-

pressing the dissolved-oxygen content that are inimical to fish 1ife
and other beneficial uses does B.0.D. exert an indirect effect. Where reaer-
ation, dilution, and/or photosynthetic action offset or minimize this depletion,
B.0.D. does not interfere with the reasonable uses of the water . , ..

5.0.0. is important only insofar as it produces sepiicity or decreased
dissolved oxygen, or subsequent growth of saproshytic bacteria which incrsase
the turbidity or other undesirable characteristics of the ztreams. In a slow,
sluggish stream, a 5~ 4ay B.O.D. af & ma,l might be sufficient to produce de-
oxygenation Ye%u§t1ﬂq in anaevcb": conditions, whereas a swift mountain stream

Y
a

&
O

can easily handle 50 mg/] S5-day B.0.D. without aporeciable deplet of
dissolved oxygen. Each etream must be considered in its own right, and until
the reaeration characteristic of the stream is known the limiting values of

*

B.0.D. cannot be set." {McKee and Wolf, 1963, p. :147)

"Many {waste

) effluents {and other inflows) . . . contain substances that
are oxidized by the

dissolved oxygen in the water either direc f]d or after
partial diSTﬂtmqrat on by bacterial action. These compounds, collectively,
times reduce the dissolved DXyGL“ to critically low levels 'ﬂd can prodyce
sudden, serious, oxygen crises if the water temperature is ised or 1f stream
flow is decreased. Silt and {other suspended sediments) ¢ &
problems produced by the oxygen-consuming materials
] vers on the bottom of the stream where they
b ubam fauna. It is necessary, therefore, to
power of most effluents containing oxidizahle m
difficult teo make accurate deterwinations of the
effluents, as these wastes are varisble mixtures
nxidized at different rates and have different oxy
18946, p. 25 Tﬁhse effects may in part be expres
oxyqen demand LGT} “a measure 0’ the chemically
water, (furnishing) an ap f
material present.” (U Geol Qg
reported than is Bu3 fhe two ferm
interchangeably.
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pH (MEASURE OF HYDROGEN ION ACTIVITY)

“The effective concentration {activity) of hydrogen ions could be ex-
pressed in the same kinds of units as other dissolved (chemical) species, but

H+ concentrations in miiligrams per liter or moles per 1iter are very low for
water solutions that are not strongly acid. The activity of hydrogen ions can
be most conveniently expressed in Togarithmic units, and the abbreviation

'pH' represents the negative base-10 Tog of the hydrogen-ion activity in moles

per 1iter,"® {Hem, 1970, p. 88) The "pH is an important factor in the chemical
and biological systems of natural waters. The degree of dissociation of weak
acids or bases is affected by changes in pH, This affect is important be-
cause the toxicity of many compounds is affected by the degree of dissocia-
tion." (U.S. EPA, 1976, p. 178)

"Conversely, the concentration of weakly dissociated acids and bases
markedly affects the pH value and the ease with which it can be altered.

For this reason, pH should not be confused with acidity and a?ka?inity.g The
presence of carbonates, phosphates, borates, and similar ons give water a
buffering power so that addition of an acid or base is less tikely to be
deleterious.” {McKee and Wolf, 1963, p. 235) “A solution is said to be
buffered if its pH is not greatly changed by the addition of moderate quanti~
ties of acid or base. Buffering effects occur in systems where egquilibria
involving hydrogen ions occur, and the range of pH over which buffering is
effective depends on the nature of the splute species. Most natural waters
are buffered to some extent by reactions which involve dissolved carbon diox-
ide species. The most effective buffering action by these species is within
the pH range of most natural waters, from near 6.0 to about 8.5." (Hem, 1970,
p. 92} MNote: “The pH of a water does not {(by itself) indicate ability to
neuytralize additions of acids or bases without appreciable change., This
characteristic, termed 'buffering capacity,' is controlled by the amounts of
alxalinity and scidity present." (LS. EPA, 1976, p. 178)

!iT‘

he permissible range of pH for fish depends upon many other factors

such as temperature, dissolved oxygen, prior acclimatization, and the content

of various anions and cations." (McKee and Wolf, 1963, p. 236} "The suscep-
tibility of (some fish) to changes in temperature and dissolved oxygen is
markedly increased by shifting the hydrogen~ion concentration (activity) from

pH 8 to pH 6. . . . Tt is neither accurate to state that any given {normal) pH is

BpH = m109EQ{H+]9 where H+ is the hydrogen jon activity.

QUnderscored here for emphasis. Popular and some technical accounts of
pH incorrectly use the term interchangeably with acidity and alkalinity.

(%]
h



or is not (by itself) harmful to fish life, nor sound to dismiss the pH
determination as of no consequence merely because it falls in the range of
hydrogen-ion concentrations commonly accepted as harmless to fishes . . .. There

1E3 . N . .
gre’g (however) certain gross Timits to the hydrogen-ion concentrations beyond

which rapidly Tethal effects are almost inevitable if fishes are exposed to

such waters for even a short time; namely, acidity in excess of pH 4.0 {pH values
lTower than 4.0) and alkalinity greater than pH 9.5 (pH values higher than 9.5).
Many acids and their acidic salts, however, kill at hydrogen-ion concentrations
much less acidic (at higher pH values) than pH 4.0 and various alkalis and
atkaline salts are Tethal in waters less alkaline (at Jower pH values than

pH 9.0. . . . Considering the varicus possibilities, pH determinations lying
outside the range pH 6.0 to pH 8.7 {in most natural waters) indicate that the
usual balance of carbon dioxide and the carbonates and sulfates of calcium and
magnesium had been disturbed efther by the presence of too large a quantity of one
or more of these compounds or by the addition of other substances to the physico-
chemical compiex of the water, Generally such deviations point to conditions at
least unfavorable to fish Vife," (E111s et al., 1946, p. 44)

TOTAL DISSOLVED SOLIDS AND SALINITY

"Total dissolved solids, (a term) generally associated with fresh water
systems, . . . consist of inorganic salts, small amounis of organic matter, and
(other) dissolved materials. . . , Salinity is an oceanographic term, and
although not precisely equivalent to the total dissolved salt {solids} content
it is related to it, . . . For most purposes, the terms total dissolved salt

Y e ey - . [ - TR
content {total dissolved solids}) and salinity are equivalent. The principal

10 .
Underscored here for emphasis.

"Total dissolived solids are usually measured in mg/1 (milligrams per
Titer, approximately equivalent to parts per million) while salinity is
generally measured in 0/00 {parts per thousand) which is three orders of
magnitude greater than paris per million. To convert parts per milliogn to

2
parts per thousand, multiply by 1,000 {107): to convert parts per million to

parts per thousand, muitiply by 1/1.000 {Eij},
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frequently measured and reported property of natural waters is "specific
{electrical} conductance, . . . a measure of the ability of a water to conduct
an electrical current, . . . Specific conductance is related to the type and
concentration of ions in sotution and can be used for approximately {or deter-
mining accurately) the dissolved solids content in the water. Commonly, the
concentration of dissolved solids (in milligrams per liter) is about 65 percent
of the specific conductance {in micromhos per centimeter at 257°C, adjusted to
field conditions). This relation is not constant from stream to stream (site
to site), and 1t may vary in the same source with changes in the composition of
the water.”  (U.S. Geological Survey, 1977, p, 12}  "To conduct a current,
solute jons actuall y must move through the solution to transfer charges, and
the effectiveness of a particular fon in this process depends upon its charge,
size, the way it interacts with the solvent, and other factors. . . . It is
apparent that even in relative) y simple solutions the relationships that
affect conductance may be complicated. . . . Natural waters are not simple
sotutions. They contain a variety of both fonfc and undissociated (chemical}
species, and the amounts and proportions of each may range widely, When applied
to natural waters, therefore, the conductance determination cannct be expected
to be simply refated to ion concentrat “oas or to total dissolved solids.

+ " .
A

A reasonably well-defined rﬂ;atzaﬁeh1p ss" indicated for the range (of conduc-
tance values commonly recorded); so for any given conductance value a dissolved-
solids value can be estimated w1tk an urcertd1nty of only about 17100 mg/1
{dissolved solids). . . . The regression line (which results from a linear

plot of specific conductance against dissclved solids concea*rai1en) has some
curvature; hence, thL straight=1ine formula KA=S, where K is conductance in
micromhos {per centimeter at 25°C, as adjusted), 5 is dissolved solids in

w?? igrams per liter, and A the conversion factor, does not fix exactly. This
kind of formula is often used, however, in calculating approximate dissolved-
Sﬁl“d" values from conductance determinations. For the analyses of {most)
natural waters, . . . the range of A is about frem Q.Bd to 0.96, which

re;re;ent; nearly the full range to be expected. Usually A is between (.55
nd 0.75, the higher values generally being a556s1a+ed with waters high in
sus;;te concentration." {Hem, 1970, pp. 98, 99}

SULFATE, SULFIDE, AND HYDROGEN SULFIDE

“The element sulfur when dissolved in water generally occurs %r the fully
L LE . .
oxidized {5 ﬁ; state complexed with oxygen as the anion sulfate JJG . The

is sometimes found as the HS  fon {hydrosulfide, in
fssolved undissociated 42% (hydrogen suifide, in

g environments). Conversion of oxidized to reduced species or vice

Underscored here for emphasis



versa often is associated with biochemical processes, and in fact, some re-
actions of sulfur such as the reduction of sulfate hardly can be made to take
place in natural systems unless certain species of bacteria, along with a
suitable food or enerqy supply, are present, . . . The sulfate ion is chemically
stable in aerated water and forms salts of low solubility." (Hem, 1970, pp. 161~
162, 164} “Sulfates are found in most natural (waters). . . . Sulfates, particu-
Tarly magnesium, calcium and sodium sulfates can be listed, therefore, as one

of the expected groups of compounds tolerated by fishes in concentrations up

to 380 p.p.m. {approximately equivalent to 300 mg/1) or more without marked
effects.” (EYiis et al., 1945, 5.77)

"The degree of hazard exhibited by sulfide to aquatic animal life isg
dependent on the temperature, pH, and dissolved oxygen. At lower pH values a

greater proportion is in the form of the toxic undissociated HgS. In winter

when the pH is neutral or below {(in many fresh water systems) or when dissolved
oxygen levels are Jow but not lethal to fish, the hazard from sulfides is
exacerbated." (U.S. EPA, 1976, pp. 213-214) "Hydrogen sulfide is a {flammable, )
soluble, highly poisonous, gaseous compound having the characteristic odor of
rotten eggs. . . . (It) biologically is an active compound that is found primarily
45 an anaerobic degradation product of both organic sulfur compounds and in-
organic suifates. The anaerghic decomposition of (wastes and) naturally depo-
sited organic material s a major source of hydrogen sulfide. . . . Many past data
on the toxicity of hydrogen sulfide to fish and other aquatic 1ife have been

based on extremely short exposure periods, . . . Recent iong term data, both in
field situations and under controlled laboratory conditions, demonstrate

hydiogén sulfide toxicity at lower concentrations " (U.S. EPA, 1976, pp. 214-
215}

SUSPENDED SEDIMENT CONCENTRATION AND TURSIDITY

"Sediment is solid meterial that originates mostly from disintegrated
rocks and 15 transported by, suspended in. or deposited from water; it includes
chemical and biochemical precipitates and decomposed organic material, such as
humus.  The quantity, characteristics, and cause of the occurrence of sediment

in streams are influenced by environmental factors. Some major factors are

degree of slope, length of slope, soil Characteristics, land usage, and quan-

tity and intensity of precipitation. . . . Suspended Sediment is the sediment that
at any given time is maintained in suspension by the upward components of

turbulent currents or that exists in {more permanent} suspension as a col-

foid, . . . The velocity~weighted concentration of suspended sediment in the {stan-
dara U.5. Geological Survey) sampled zone {from the water surface to a point approx-
mmately 0.3 1. above the bed) is expressed as milligrams of dry sediment per

Titer of water-sediment mixture (mgi1).“}5 (U.5. Geological Survey, 1977, p. 11)

Eg?wo other expressions of water-transported sediment are occasiana]ly‘
recorded.  These are: {1} "Suspended - sediment discharge, . . . the rate {in
tons per day) at which dry weight of sediment passes a {given) section of a



Turbidity is an expression of "the reduction of transparency (ﬁf water)
due to the presence of suspended particulate matter {and other cm;er?ng agents),
such material may consist of clay or silt, finely divided organic matter,
plankton, or 3»ﬁer micrescopic Jrqan?sws which cause light to be scatiered and
absorbed rather than fwarsmﬁtt ed in straight Tines through the sample. . . . At-
tempts to correlate turbidity with the weight concentration of suspended ma+tpv
are impractical, as the size, shape, and refractive index of the particulate
materials are of gre** importance optically {for turbidity measurements,} but
bear 1ittle direct rel aL% onship to the concentration and specific gravity of
the suspended matter.” {Brown et al., 1970, p. 156) However, suspended
sediment OﬁCé?tFa*ﬁﬁﬂ and turbidit ty are related, although not interchangeably.
The threshold vaiues provided by Table BY on page 49 reflect the crrreiatioﬂ
but independence of these two expressions whose detrimental effects may be qu
distinct.

"Matural waters, particularly if they are moving rapidly or are subject
to strong wind, wave, or current action, cavry varying quantities of suspended
matter. This matertal is often of importance . . . as bottom conditions, light
penetration, bacterial f@ﬁfﬂnu, and various other feature of the aquatic

complex can be modified seriocusly by suspended matter.” (E11is et al., 1946,

p. 51) "The impact of man's activities . . . alter and augment the suspended
solids in surface waters by the dasgharq9 of 1iquid (and solid) wastes . .

by increased evosion , . ., {by excavation, fiiling, and other bottom distur-
bance), by dusis that are biown into streams (and marine habitats). . . . To
differentiate between suspended solids and settleable solids is often d Ffin
cult, because the two are often confused in the {scientific) literature,

. . . . . . 16
aithough the metnhod of determination of each is {established; see Brown et
1., 1970 and U.S. Geological Survey, 1977, Strictly speaking, until they have

stream or is the guantity of sediment, as measured by dry weight..., that
passes {the) section in a given time. It is computed by multiplying (stream)
discharge {in cubic feet per second) times mg/1 {of suspended gediment} times
0.0027. (2} Total Sadiment Discharge, . . . the sum {in fons per day) of the
suspendad-sediment discharge and the bed-load discharge (not often reforded}-
it is the total quantity of sediment, as measured by dry weight . . ., that
passes {the) section during a given (interval of) time, (U.S. Geological Survey,
1977, p. 11) These expressions are generally applied only to the sediment in
rivers and lesser streams.

PThe U.S. uwain;wca1 Survey routinely measures and reports the "percentage
{of suspended sediment sampled) finer than 0.062 mm (the size of silt, normally
the largest partwg?ﬂs which will remain in suspension under nonturbulent
conditions)



settied to the bottom of a water course {or a laboratory sample bottle), all
settleable selids are suspended solids, On the other hand, only a fraction of
the suspended solids are settleable and this fraction is dependent upon {water)
quiescence, temperature, density, flocculation {enhancement), and many other
factors.” {McKee and Wolf, 1963, pp. 279-280)

“Disregarding any possible toxic effects attributable to substances
teached out {of the suspended sediment) by water, suspended solids {sediment)
may kill fish and shellfish by causing abrasive injuries; by clogging the gills
and respiratory passages of various aquatic fauna; and by blanketing the
stream bottom, killing eggs, young, and food organisms, and destroying spawn-
ing beds. . . . Indirectly, suspended solids are inimical to aquatic life because
they screen out Tight {turbidity) and because, by carrying down and trapping
bacteria and decomposing organic wastes on the bottom, they promote and main-
tain the development of noxious conditions and oxygen depletion, killing fish,
shellfish and fish food organisms. . . , It has been pointed out that healthy fish
may swim through heavy suspensions of solids without significant injury . .
yet, in the presence of even low concentrations of toxic substances, fish may
be so weakened that the abrasive and clogging actions of suspended solids be-
come m?re effective and dangerous, and even lethal." (McKee and Wolf, 1963,
o, 280}

b3

"Settleable materials which blanket the bottom of water badies damage
the invertebrate populations, block gravel spawning beds, and if organic,
remove dissclved oxygen from overlying waters. . . . When settleable soiids block
gravel spawning beds which contain eggs, high mortalities result although there
is evidence that some species of (fish) will not spawn in such areas. . . . It has
been postulated that silt attached to the eqggs prevents sufficient exchange of
oxygen and carbon dioxide between the egq and the overlying water. The impor-
tant variables are particle size. stream velocity, and degree of turbulence.
Deposition of organic materials to the bottom sediments can cause imbalances in
stream biota by increasing bottom animal density, principally worm populations,
and diversify is reduced as pollution-sensitive forms disappear. . . . Algae
Tikewise flourish in such nutrient-rich areas atthough forms may become less
desirable. . . . The near surface waters are heated because of the greater heat
absorbency of the particulate material (in suspension) which tends to stabi-
Tize the water column and prevents vertical mixing. . . . Such mixing reductions
decrease the dispersion of dissolved oxygen and nutrients to lower portions
of the water body. . . . One partially offsetting benefit of suspended inorganic
material in water is the sorption of organic materials such as pesticides.
Following this sorption process subsequent sedimentation may remove these
materials from the water column into the sediments.” (U.S. EPA, 1976, pp.
211-212)

WATER TEMPERATURE
"Temperature changes in bodies {of water) or streams . . . may result

from natural climatic phenomena, . . . from the introduction of {waste effluents,
and from other activities). The temperature is important, and sometimes
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critical, for many uses of water. . . . Heat may contribute to undesirable (water)
conditions such as decreased oxygen gﬁpac:*" increased oxygen demand, anae-
robic zones, putrefication of Tudge deposits, and the growth of sewage

fungus. . . ., Stream tem ”ava?ufes may also be increased by irrigation pgactzces
and the return of agricultural dr atnage., sewp&“a?dre rises of 10 to 20°C

have been reported, . ., . ?E@cgu ation and sedi wpnfa+guﬂ rates are 1ncreased as
the temperature is in was found that at 2°C the settling period was
73 percent longer ThiI t 2000 . . .. The exchange capacity of base-exchange
materials ., . . varies with temperature, but not in a uniform direction; for
some substances rising temperatures inc reasm the exchange capacity, for others
they reduce it., . . . The bactericidal effects of disinfectants are generally
increased by an increase in the temperature of the water. . . . Changes 1in
water temperature as a result of human activity are generally upward. An
exception is the release of c¢old bottom water from stratified artificial im-
poundments, which may alter the flora and fauna for many miltes downstream

from the dam,

Dther activities of man such as the disc harge of conling water, warm
industrial wastes, and return irrigation water generaily raise he tempera-
ture of receiving waters, with the following concomitant effects: fa} higher
temperatures diminish the solubility of dissolved oxygen and thJS decrease the
avaitability of this essential gas., {b) elevated temperatures increase the
metabolism, respiration, and oxygen demand of fish and other aquatic tife,
approximately doubling the respiration for a 109C rise in temperature; hence
the demand for oxygen is increased under conditions where the supply is lower-
ed, (c] the toxicity of many substances is intensified as the temperature
rises, {d} higher temperatures militate against desirable fish 1ife by favor-
ing the growth of sewage fungus and the putrefaction of sludge deposits, and
F1ﬂa11y {e) even with aﬂ»quﬂte dissolved oxygen and the absence of any toxic
substances, there is a maximum temperature that each species of fish or other
organism can tolerate; higher temperatures produce death in 24 hours or less.

The maximum tempmrﬂTmPﬁ' that adult fish can tolerate vary with the
species of fish, prior acclimatization, oxvgen avaitability, and the syner-
gistic effects of other pollutants. ﬁewiaa tolerance limits {?Lm} have been
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g are 10 to 159C below the median tolerance limits. . . .
ratures for rate of growth and reproduction. Given a

choice, they also show a Qrﬁf rence for water of a definite temperature

range. . . . If the temperature of a reach of stream is raised by 5-10°C, it is

EFOLJJ g that {some) f1ch will avoid this reach and that they will be replaced

by rwarmar~s water fish. Thys, without any direct mortality, the character

of the fish 1ife will % ange. It will also change because of effects upon

spaar;nq and hatching of eggs. . . . Sudden changes in temperature ( frog acclimati-

zation *ﬁmpevatures, deleterious to fish 1ife, with abrupt changes of 5°C or

greater 1ikely to be harmful, , . . Increased temperature is also an important con-

sideration when toxic substances are present in a stream., Many substances

(e.g., cyanides, phenol, xylene, 3vc) exhibit increased toxicity at elevated

temperatures. . . , This SJHE?”"%tEC effect is aggravated at Tow tensions of dis-

soived oxygen. . . . Changes in temperature also affect lower aguatic and marine
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time of exposure to the elevated temperature {Coutant, 1972). The upper in-
cipient lethal temperature or the highest temperature that 50 percent of a
sample of organisms can survive is determined on the organism at the highest
sustainable acclimation temperature. The lowest temperature in which 50 per-
cent of the warm-acclimated organisms can survive is the ultimate lower inci-
plent lethal temperature. True acclimation to changing temperatures reguires
several days. . . , The lTower end of the temperature accommodation range for
aquatic Tife is 00C in fresh water and somewhat lower for saline waters. How-
ever, organisms acclimated to relatively warm water may suffer a significant
mortality due to thermal shock when subjected to reduced temperatures which
would not be detrimental under other conditions of acclimation.

Through the natural changes in c¢limatic conditions, the temperatures
of water bodies fluctuate daily as well as seasonaliy. These changes do not
eliminate indigenous aguatic populations. but affect the existing community
structure and the geographical distribution of species. Such temperature
changes are necessary to induce the reproductive cycies of aquatic organisms
and to regulate other life factors. . .

Artificially induced changes such as the return of cooling water or the
release of coolhypolimnetic waters from impoundments may alter indigenous
aquatic ecosystems, . . .

In open waters elevated temperatures may affect periphyton. benthic in-
vertebrates, and fish in addition to causing shifts in algal predominance.

The number and distribution of bottom organisms decrease as water temperatures
increase. The upper tolerance limit for a balanced benthic population struc-
ture is approximately 329C. Many of these invertebrate species are able to
tolerate higher temperatures than those required for reproduction, .o

In marine and estuarine waters, the limiting effects of thermal addition
are not as conspicuous in the fall, winter, and spring as during the summer
season of maximum heat stress. Nonetheless, crucial thermal limitations do
exist. Hence, it is important that the thermal additions to the receiving
waters {or other temperature-affecting activities) be minimized during all
seasons of the year, Size of harvestable stocks of commercial fish and shell-
fish, particularly near geographic limits of the fishery, appear to be mark-
edly influenced by slight changes in the long term temperature regime. . .

Community balance can be influenced strongly by such temperature depen-
dent factors as rates of reproduction, recruitment, mortality and qrowth of
each component population. A few degrees elevation in average monthly tem-
perature can appreciably alter a community through changes in inter-species
retationships.

Temperature is a primary factor controlling reproduction and can in-
fluence many events of the reproductive cycle from gametogenesis to spawning,
Among marine invertebrates, initiation of reproduction (gametogenesis) is often
triggered during late winter by attainment of a minimum environmental thresh-
old temperature. In some species, availability of adequate food is also a
requisite. . . . Elevated temperature can limit gametogenesis by preventing accu-
mulation of nutrients in the gonads. This problem could be acute during the
winter if food availabitity and feeding activity are reduced. Most marine
organisms spawn during the spring and summer: gametogenesis is usually initi-
ated during the previous fall. It should also be noted that some species
spawn during the winter and the very early spring. . . . It is clear that adaptations
for reproduction exist which are dependent on temperature conditions close to the
natural cycle.
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Juvenilte and adult fish usually thermoregulate behaviorally by moving
to water having temperatures closest to their thermal preference. This pro-~
vides a thermal environment which approximates the optimal temperature for
many physiological functions, including growth (Neill and Magnuson, 1974).

As a consequence, fishes usually are attracted to heated water during the fall
winter, and spring. Avoidance will occur as water temperature exceeds the
preferred temperature by 1% te 30C {Coutant, 1975). This response precludes
probiems of heat stress for juvenile and adult fishes during the summer, but
several potential problems exist during the other seasons. The possibility of
cold shock and death of plume-entrained fish due to winter plant shutdewn is
well recognized. Also, increased incidence of disease and a deterioration of
physiological condition have been observed among plume-entrained fishes, per-
haps due to insufficient food (Massengill, 1973). A weight loss of approx-
imately 10 percent for each 19C rise in water temperatire has been observed in
fish when food is absent {Phillips, et al. 1960). There also may be indirect
adverse effects on the indigenous community due to increased predation; thermal
addition may lead to increases in fish populations which are dependent on this
compunity for their food.

Fish migration is often Tinked to natural environmental temperature
cycles.  In early spring, fish employ temperature as their environmental cue
to migrate northward (e.qg., menhaden, bluefish) or to move inshore (winter
flounder). Likewise, water temperature strongly influences timing of spawning
runs on anadromous fish into rivers (Leggett and Whitney, 1872). In the
autumn, a number of juvenile marine fishes and shrimp are dependent on a drop
in temperature to trigger their migration from estuarine nursery grounds for
oceanic dispersal or southward migration {Lund and Maltezos. 1970; Talbet,
1966).

Thermal discharges should not alter diurnal and tidal temperature var-
jations normally experienced by marine communities. Laboratory studies show
thermal tolerance to be enhanced when animals are maintained under a diurnally
fluctuating temperature regime rather than at a constant temperature (Costlow
and Bookhout, 1971; Furch, 1972; Hoss, et al. 1975). A daily cyclic regime
can be protective additionally as it reduces duration of exposure to extreme
temperatures {Pearce, 1969; Gonzalez, 1972).

Summer thermal maxima should be established to protect the various
marine communities within each biogeographic region. During the summer, nat-
urally elevated temperatures may be of sufficient magnitude to cause death
or emigration (Chin, 1961; Glynn, 1968; Vaughn, 1918). This more commonly
oteurs in tropical and warm temperate zone waters, but has been reported for
enclosed bays and shallow waters in other regions as well. . . . Summner heat
stress also can contribute o increased incidence of disease or parasitism;
reduce or block sexual maturation; . . . inhibit or block embryonic cleavage
of larvai development . . . reduce feeding and growth of juveniles and adults
.« . result in increased predation . . . and reduce productivity of micro-
algae and sea grasses, . , ." (U.S. EPA, 1976, pp. 220-229)

3
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