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EXECUTIVE SUMMARY

1.0 INTRODUCTION

The Alaska Department of Envirornmerntal Conservation
contracted L.R. Peterson & Associates, Inc. to conduct a study
of Alaska's water quality particulates criteria. The

comprehansive intemt of the study was to:

(1) Review pertinent literature to determirne state—-of-the—
art measurement technology, physical/chemical effects,

and biological effects of particulates.

(&) Compile and agsess particulates criteria from other
states and Carnadian provinces anrnd territories and
compile U.S. Environmental Protéction,ngency guidelin;E

and requirements for particulates criteria.

(3) Evaluate the adequacy and scientific merit of existing

Alaska criteria for particulates. -
(4) Assess the potential for using parameters other thanm
turbidity, susperded and settleable smlids, and the

percentage accumulation of fines in spawning gravels.

(S) Propose new particulates criteria if scientific

evidence supports this action.

The investigation was limited ¢to the problems of water

pollution resulting from particulates and the direct and

indirect mathcds for measuring particulates, A comprehernsive

literature review was performed to document the effects of
particulates on various water uses. Backgfcund informatiaon
regarding garticulate measurement techniques, water gquality, and

aguatic ecology apoears in Sectionm 2.0, Section 3.0 summarizes
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particulates cCoriteria used in water guality standards and guice-
lines throughout the United States and Canada. Rlaska’s
particulates criteria are revieawed (Section 4.0) and the
potermtial use of parameters other than turbidity,';USpended and
settleable solids, and percentage accumulation of fines in
spawnling gravels are discussed in Section 5.0, Recommended
changes to Rlaska’s criteria te insure that Alaska’s
particulates criteria are supportable and based on the best

available information are presented in Section 6.0.
2.0 COMPARISON OF ALASKA CRITERIA TO OTHER STATES AND CANARDA

Other than Alaska, 33 states have guantitative turbidity
criteria for at least gome water uses. Among the 20 states
Raving cold water systems similar to Rlaska and numerical
crffaria for turbidity, the‘ﬁriteria are numerically egual ta;ar
more dtringent than Rlaska’s, Turbidity criteria for lakes are
comparable. Quantitative turbi&;ty -:riteria in Canada are
comparable to Alaska criteria for recresation and the propagation
of fish and wildlife. The U.S. Eﬁvironmental Protection Agerncy
criterion for turbidity and solids pertains to the compensation
paint for photosynthetic activity. Of the 14 states with
turpidity standards for marine water, seven employ gquantitative

criteria.

Norne of the states have quantitative criteria for settleable
solids levels. Only four states cther thanm RAlaska currently
have numeric oriteria for suspended solida. Of the remaining
states, 17 have general narrative statements addressing these
parameters. Rlaska is the only state with criteria controlling
the accumulation of sediments as a maximum percentage by weight
of epawning bed gravels. Currently, thare are no water guality
standards far suspended and settleable gaolidas in Canadian

provinces and territories.
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3.0 PARTICULATES REQUIREMENTS FOR WATER SUPPLIES

The amount of particulates allowable in raw water supplies
depends on the type and degree of treatment u;éd t9 produce
finished water. Arn excellant source of water requiring anly
disinfection would have a turbidity of O to 10 units. A goaod
source of water supply reguiring usual treatment would have a
turbidity of 10 to E£250 units. For digsinfection purposes, raw
drinking water sources should be limited to 5 turbidity units,
and finished water should have a maximum limit of 1 turbidity
unit where the water enters the distribution system. Most

people find water with S or more turbidity units ocbjectionable.

Thae water quality requiremesnta for particulates varies among
industrial uses, At ona extrsme, rayon manufacture requires
water with: only 0.3 turbidity uniti, whareas water ﬁsedﬁ;or
cooling can -have up to SO turbidity units. Moat cother
industrial uses require manimum- turbidity levals within this
ravge. Placer mining is one industry where water containing

turbidity or suspended gsolids levels significantly higher than
S0 units may be acceptable.

4.0 PARTICULATES REQUIREMENTS FOR RECREATION

The noticeable threshold for water contact recreation is 10
turbidity units and ¢the Jlimiting threshnold is 50 units. The
suggested max imum turbidity limit for Canadian contact
recreitional water guality is 50 turbidity units and the minimumn
Secchi disk visibility depth is 1.2 meters. The noticeable
threarold for boating arnd aesthetic uses is 20<turbidity unitsg,
There is apparanfly no level found in surface water that is
likely to impede these uses, although many pecple prefer clear

water conditions. Fishing success is reduced where turbidity is
greatar thar about 235 units,
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S.0 PARTICULATES REQUIREMENTS FOR RBRIOGTRA

A large body of experimental data exist regarding the
effects af fine sediment depositicon on salmonid egbs in natural
and laboratcry stream gravels. By comparison, conly limited
rumerical data are available regarding the effects of sediment
o fish emergernce time and population changes. The percentage of
fines and level of spawning gravel embeddedrness are critical
factors to developing eggs and emerging fry. In gerneral,
salmon, trout, and char egg survival and emergence success are
adversely affected when the fraction of fine sediment exceeds 20
percent. Although the critical particle size is highly variable
among species, sediment smaller thanm 3 mm in diameter appears to
be the mest deletericus to fish egg survival, emergence success,
and productivity. A number of investigators emphasizg“the
deleterious effect of 'harticlns smaller than 1 mm in spaknfﬁg
gravels. In addition, it is gernerally reccecgrnized that depcocsited
sediments smother fish eggs and berthic macroinvertabrates by

blarketing the substrate.

The adverse impacts of a wide range of suspended sclids and
turbidity levelas have been reported for a diversity of aauatic
plants, macroinvertebrates, and various stages of fish
development. Research has been conducted under a variety of
ervirormental conditions for different lengths of time and the
resultas are gften expressad in different units of measure. In
marny instances, the data presented in one investigation aither
da not suppart or cannot be readily compared to the results of
ather investigations, An  organism’s levael of sernsitivity to
gugsperndad solids is dictated by its age, species, relative
mobility, feeding and reproductive habits, the season, the si:ze
and nature of the _Iadihcnt, the duration of exposure, the
generail health' and stress level of the individual, arnd the
gegree and duration to which the individual was previcusly
exposed. Furthermore, ar individual’s level of susceptibility
depends $o some degree uwporm its origine For instance, ane
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investigator indicates that hatchery-raised cono salmon are
considerably more sansitive to suspended solids than are wild
coho. Moreover, the results derived from laboratary experiments
do not necessarily reflect field conditions bééause of the
stress factors irvalved and bercause many arganisms possess
irmate adaptation capabilities in response to changes in their
anvironment. These variables are not always presented in the
literature. It is relatively common to find the results from
ane particular study cited in three or more literature revieaws.
Upan reviewing the original document, it appears that some of
the data have been presented without discussing cother pertinent
factors., Consequently, it is difficult t¢to draw definitive
conclusiconsg concerning the impact of a specific suspended solids
concerntration ©r turbidity level on a particular gpecies or age
class of organism. With these limitations in 'mind,_.the
following summary statiments are made concarning the effectsfﬁf

suspended scolids and turbidity on freshwater agquatic organisms.

Lethal suspended solids concentrations vary widely depending
an the gpecies and duration of exposure. RArctic grayling can
survive high concentrations (10,000 mg/L} of suspended solids
but naot extremely high concentrations (250,000 mg/L) for a few
days. High levels of turbidity (up to 8200 NTU) appear to have
na agverse effect on gQrayling survival, Rainbow trout are
capable of withstanding 30 to S0 ppm of certain types of
suspended solids for several months but suffer significant
mortality (30 percent) at levels greater than 100 mg/L for
several weeks, Rt extremely high levels of suspended solids
(160,000 mg/Lk), rainbow trout suffer total martality in 1 day.
Total egg mortality may occur at much lower concentrations (less
than or equal to 2500 mg/L) in less than a week. The amount aof
sediment required to cause J0 percent mortality in juvenile coho
salmon in 4 days is much higher in November (35,000 ppm) than in
August (1200 ppm). Chum salmcn egg survival is decreased by
about half when suspended solids levels are inmcreased from 27 to
111 mg/L.
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In general, salmonid feeding, growth, repraduction, and
behavior are not significantly affeacted by turbidity levels less
than 25 NTU or sugpended solids comcentrations less than S0
mg/L. An axception is the cutthroat trout, which céases feading
at 35 ppm susperncded solids. With one exception, there is n<
indication that suspond;d gsolids concentrations less than 20
mg/L have any adverse effect on salmonid gill or fin tissues, or
regspiratory functions. In onea instarce, an in situ
concentration of 24 mg/l. produced moderate to marked gill
hypertrophy and hyperplasia in Aretic grayling in 5 days.
Furthermore, suspended solids concentrations as low as S0 mg/L

may be stressful to grayling, a8 indicated by blood glucose
levels.

Algal—-basad productivity may begin to be reduced at
turbidity levels greater-than about 5 NTU in streamns ana Iaué;.
Rooted aquatié plants may be absent at suspended snlids
concentrations greater thanm 200 mg/L. Benthic macroinvertaebrate
populations may be adversely affected by suspensions of 40 mg/L
sr mare and zooplankton may be harmed by more than 82 mg/L
suspended solids,

Lethal and sub—lethal effects of sediments have beern
determired for a diversity of marine organisms. Numerical data
pertain primarily to the eaffects of suspended solids and
turbidity as opposed to sediments deposited on the bottom. Much
of the work done in the marine syastem involves estuarine
invertebratas, With few exceptions, marine inmvertebrates are
more tolarant of high suspendad sclids concentrations tharm are
aradromous fish and frashwater invertebrates.

Primary praduction has been reducad at turbidity levels of

&1 JTU near caffshore mining activity. However, mixing and

dilubtion limited the eaextent to whigh primary production was

reduced by localized or temporary sediment increases. The

lethal susaended salids corncentration for adult bivalves,
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crustaceans, tunicates, ard polychaetes is inm all inmstances
greater than 400 mg/L and in most cases greater thanm 1500 mg/L.
The survival of a variety of estuarime fish eggs and larvae is
nat reduced by susperded solids concentrations’iess tham 100
mg/L. However, the feeding rate of larval herring 1is

significantly reduced at 20 mg/L.

The sub—~lethal effects of suspended scolids amd turbidity on
mollusks are quite variable. The feeding rate of some ocysters
is unaffected at 100 to 700 ppm turbidity. Some clams cease
feeding at 1000 JTU. The water pumping rate of the American
aystear is significantly reduced at concentrations greater than
100 mg/L. The feeding rate of the mollusk Crepidula sp. iS
significantly reduced at 200 mg/L. Clam eggs develop rnormally
in silt suspensians' of 3000 mg/L, whereas American oyster eggs
are affected'_by_ silt concentrations as low as 188 mg/L. Sé;d

séallaps exhibit elevated respiration rates at 250 mg/L or

greater. The mussel Mytilus sp,. iz well adapted to zilt
concentrations up to S0 mg/l. The shell growth of certain
gastropods is decreased when natural suspended solids are

increased to 250 mpg/L.
6.0 CONCLUSIONS

1. The level of protection afforded by the existing Alaska
particulates criteria for tha desigrnated water uses is gererally
supported by scientific data. However, a number of proposed
modifications to the existing criteria have been made to attain

the best criteria based on information presented in this report.

Use categories for which turbidity criteria have been
retained include industrial water supply and contact and
secondary recreatiorn in freah water. Under the proposed
criteria, ro distincticon is made between lakes and streams for
recreational uses. The turbidity criteria for drinking water

supply, growtn and prapagation of aquatic organisms, and contact
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and secondary recreation in marine water are amended to allow
variable increases in turbidity within specified ranges. It is
proposed that the existing turbidity and sediment criteria be
‘deleted far certain use categories becausae: (1)1 There is no
evidence to suppart their validity, or () oather Criteria are
Judged to be more appropriate for the stated use category. it
is proposed that the existing turbidity criteria be deleted for
agriculture, gspafood processing, inmdustrial water supply in
marine waters, harvesting for consumption of raw mollusks or

ather aquatic 1ife, arnd aquaculture in both fresh and marine

waters.

The sediment criteria for agriculture, seafocod processing,
drinking water supply, and industrial supplies (fresh and marine
water) are amended to include statemants addressiﬁ§ suspended
and settleable solids. The eaxistinmg sediment criteria fbr
aquaculture and._grcwth and ’propagation of aguatic bicta have
beer rewritten te include numerical suspended solids and
settleable solids criteria for both fresh and marine waters,
Additiomally, the allowable percentage accumulation of fines in
spawning gravel is reduced for the growth and propagation of
aquatic biota inm fresh water. A naw oriterion for settleable
solids is propogsed for the harvesting of raw mollusks and other
aquatic life. It is proposed that sediment criteria be deleted

for contact and saecondary recreation in both fresh and marine

watears,
2. Rlaska currently employs particulates criteria for two
categories: turbidity and sediment. The sediment category

includes criteria for total suspended solids, saettleable solids,
and the percentaga accumulation of fines in spawning bed gravel.
Criteria for these four paramaters are adequate for the
protection of all water use categories in Alaska. It was
determined %that the percentage accumulation of fires in spawning
gravel is a difficult parameter to measure. Harce, it is
recammended that settleable swolids coriteria be usad as the
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primary method to limit the accumulation of fines in spawning
gravel, Qctual measuremant of the percentage accumulation of

fines by weight can be used as & secondary method at the
Department’'s discretion, -

o Settleable solids have direct and detrimental effects on
agquatic biota and habitat by smothering fish eggs, alevins, and

invertebrates, reducing intergravel flow, anrd by coating aguatic

wvegetation, thus reducing the potential for photosynthesis.

Solids in suspension can cause invertebrate drift, cause fish to
avoid previocusly usable habitat, prevent fish from seeing their
prey, and cauase physical damage 3such as gill irritation to
fish. The lethal tolerarce of salmonids and other aguatic
organisms to suspendad solids appears to be relatively high. In
most instances, sublethal effacts accur at much lower
cancentrations. Turbidity bravents the growth and photosynth&-
ais af green plants and can alsc cause figh to aveoid otherwise

suitable mabitat and prevent them from seeing their prey.

4. Gravimetric technigues represent a more accurate measure of
the effects of sugspended solids on aquatic biota while cptical
measurements may be mors appropriate for photosynthetic or

aesthetic purposes.

S. Sediment is, by volume, the greatest single pollutant of
surface watar., The transport and deposition of matural
sediments is often related to local storm events and stage of
hydrograbh. The fate of man—~induced sediments differs from
natural sadiments in that the former is not necessarily
asgsociated with or dependent upon fluctuations in runcoff. In
saome instances man—caused sediment inputs are greater in
magnitude, duration, and fregquency tharn natural inputs.
Furthermore, tha timing of man—caused inputs may bhe out of phase
with natural occurrences. Caonsequently, the ultimate fate of

mar—caused sediments may be different than ratwral sedimerts.
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Alsa, the sequence of artificial sediment lcading may induce

abmnormal behavioral respgonses in residemnt and anadromous fish.

&. Because many investigators have not adﬁéred to the
definition of turbidity and instrument desigm specificatiaon
Wastewater, there is a sigrnificant amount of variability in the
way turbidity is measured and reported. Thia factor makes it
axtremely difficult ¢to assess and compare the effacts of
turbidity on various water usas. Common sources of errar in

turbidity measurements include the collection of representative

samples in the field, extraction of subsamples, dilution
techrigue, and reporting data to the correct number of
significant figures. ARlthough it is recognized that turbidity

measurements may be difficult to esvaluate, turbidity is the most
applicavle af the bntantial optical pdramntars for widespré&d
use in RAlaska.

s Tha standard technique for measguring total suspended solids
is routine to perform under laboratory cnnditions and the
results are relatively exact. Common sources of errcr include
those associatad with field smampling techwiques and the
extraction of subsamples. ARAlternative methods for measuring
suspansicons of gsediment possess limitatioms that preclude their

widespread application.

8. Undar limited conditions turbidity may be effectively used
te estimate suspended sclids corncentrations. There is, however,
noe single expression which relates turbidity and suspended
gulides om a regional or universal basis. The development of any
predictive relationship betwesn thesa parameters should be on a
drainage basin baais rather than a statewide bDasig. Any
apparent carrelation should be accompanied by a rigorocus
analwvais of the data and include a statement of the erraor

associated with the correlaticon.” In addition to treating the
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data collectively, regression analyses skhould include calcocula-
tiorng of coefficients of determination armd confidence limits faor

data in the low, medium, and high ranges.

FEVIEW DRAFT 9/09/85 PAGE X!



TABLE OF CONTENTS

EXECUTIVE SUMMARY T
INTRODUCTION
COMPARISON OF ALASKA CRITERIA TO OTHER STATES

1.0
2.0

.
u'

oM
(a3 e o

AND

CANADA

PARTICULATES REQUIREMENTS FOR WATER SUPPLIES
PARTICULATES REQUIREMENTS FOR RECRERTION

PART

ICULATES REQUIREMENTS FOR BIOTA

CONCLUSIONS

TRABLE OF CONTENTS

LIST QF TRBLES

LIST OF FIGURES

1.9

2.0

0

+ 32D W

INTR

BACK
2.1

2.8

PART
3.1

PO

DEQ
ll
IE

ODUCTION

SROUND

MEASUREMENT TECHNIGQUES
WATER QUALITY

2.2.1 Fresh Water
2.2.2 Marine

AQUATIC ECOLOGY

2.3.1 Fresh Water

2. 3.2 Marine
REFERENCES

ICULATE CERITERIA

STATES

U.S. ENVIRONMENTAL PROTECTION RGENCY
CANADIAN PROVINCES AND TERRITORIES
REFERENCES

UACY AND SCIENTIFIC MERIT OF ALASKR CRITERIA
ALASKA CRITERIA
DEMONSTRATED EFFECTS OF PARRTICULATES

4.,2.1 Water Supply

4.2.2 Recreation
4,.2.2 Biocta
Fresh Water

SUGGESTED CRITERIA FROM THE LITERATURE
4,.3.1 Water Supply

4,3.2 Recreation

4.3.3 Biota

Substrate
REFERENCES
REVIEW DRAFT 9/09/85 PAGE X/l

ii
iii
iii

iv
vii
wii
Hiv

L4



TABLE OF CONTENTS continued

Page

S.0 POTENTIAL USE OF OTHER PARAMETERS . 30

S.1 RELATIONSHIP BETWEEN TURBIDITY AND SUSPENDED

SOLIDS 90

S.2 WATER COLUMN MERSUREMENTS 101

S.3 SUBSTRATE MEASUREMENTS 104
S.4 REFERENCES 105

6.0 PROPOSED PARTICULATES CRITERIA 109
€.1 INTRODUCTION 103

6.2 PROPOSED CRITERIA 110

6.3 REFERENCES 12
APPENDIX A: ANNOTATED BIBLIOGRAPHIES-—-FRESH WATER A-1
APPENDIX B: GENERAL LITERATURE--FRESH WATER B-1
APPENDIX C: ANNOTATED BIBLIOGRAPHIES--MARINE c-1
APPENDIX D: GENERAL LITERATURE--MARINE ~ D-r

REVIEW DRAFT 3/03/85 pPage Xl



—

Ei

LIST OF TRABLES

le Page
Turbidity Critearia for United States and Canada ™ 22
Suspended and Settleable Solids Criteria for the
United States and Canada 30
Effects of Settled Balids and Fines on Salmonid
Mortality and Survival ' 58
Miscel lanecus Effects of Settled Solids and Fines
on Salmonids 59
Effects of Susperded Solids and Turbidity on
Salmonid Survival and Mortality &Q
Miscellanpous Effects of Suspended Solids and
Turbidity on Aguatic Bicta 61
Survival and Mortality of Marine Organisms 71
Miscellaneous Effects on Marine Ogranisms =
Correlations Betweer Turbidity and Suspernded Salids
Concentraticons 96
Water Uses amd Parameters for Which Standards Must ba =
Established to Maaet Water Guality Objectives 111 -

LIST OF FIGURES

nre Page
Coarrelations Between Turbidity and Suspended Solids
Concentrations 28

REVIEW DRAFT 9/09/8% PAGE X1V



A=

1.0 INTRODUCTION

The federal Water Pollution Control Act as amended in 13972,
Public Law 92-500, was modified and renamed the Cigan Water Act
in 1977. This Act required all states to adopt standards of
quality to protect their waters for specific uses. In ARlaska,
the water guality standards are tha responsibility of the
Dapartment of Environmental Conservation (RDEC). Except in a
few spacial cases, fresh and marine surface waters in Alaska
must meet all standards designed to protect water gquality for
the uses shown below. The exceptions are noted in the 1985
water quality standards which indicate that all water bodies in
Alaska except the lower Chena River and Nolan Creek and all its
tributaries excluding Acme Creek are classified for all uses.

Freshwater Uses :
Drinking, including cooking and food processing
Agriculture (irrigation and stock watering)

Aquaculture

Contact recreation (swimming, wading, bathing, etc.)
Secondary recreation (boating, hiking, camping, etec.)

Growth and propagation of fish, shellfish, and other
agquatic life

+
+
+
+ Industry (mining, pulp milling, etc.)
+
+
+

ltwater Uses
Seafood processing

Harvesting of clams or other aquatic life
Acuaculture

Industry (other than seafood processing)

Contact recreation (swimming, wading, bathing, etc.)
Secondary recreation (boating, hiking, camping, etc.)

Browth and propagation of fish, shellfish, and other
agquatic life

+ + + + + + ¢+ IO
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Asgsociated with each use are criteria for different water
quality parameters. For aexample, drimking water quality
criteria apecify limits on bacterial contamination, color,
temperature, turbidity, and sediment, as well as other
paramaeters. The water quality standards consist of the sst of
most stringent criteria associated with each water use.

Particulates include ¢the fine sediment in the watar column
and on the substrate. Typical measurements of particulate
levels include <total suspended solids, turbidity, settleablie
solids, and the percentage accumulation of fine sediment in
gravel beds.

Particulate levels need to be controlled so that man—induced
sediment loads do not significantly exceed or become out of
phase with natural levels, thus adversely affecting the
characteristics of the water column and substrate. The most
obvious effect -is often the aesthetic impact on recreational
uses or visual evidence of particulate deposition. Howasver,
other water uses may be impacted, too. Heavy sediment loads in
water used for drinking and food preparation, for agriculture,
and for industry may render it unfit or unsafu. In addition,
aquatic biota, waterfowl, and furbearers may be adversely
affected by increased particulate levels. Impacts on biota may
range from mortality to short~term effects on biotic processes
and/or behavioriy these effects may be direct or indirect.
Increased sediment Jloads can affect aquatic biota directly
through changes in their anatomy and physiology, and indirectly
through changes in their habitat. Either of these broad classes
of effects may induce a variety of behavioral responses,
including inhibited movement and foraging, avoidance, modified

feeding selection and rate, and modified reproductive behavior.
Controls on sediment are mandated by the Water Pollution
Control Ret and administered by the ADEC in Rlaska. ADEC uses

both numerical and narrative coriteria for turbidity and
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saediment. . These criteria are described in detail in Section

4.1, In gereral, the turbidity criteria for the variocus
protected uses rarnges from a 5 to 25 nephelometric turbidity
unit (NTW) increase above natural conditions. " The sediment

standards are more subjective and include such statements as "No
increase in concentration of sediment, including settleable
golids, above natural conditions" and “No imposed sediment loads

that will interfere with established water supply treatment
levels. "

Numercus methods for measuring particulates, including both
direct and indirect methods, can be used to set critorii. These
methods include measurement of turbidity, total suspended
solids, settleable solids, transmissivity, Secchi disk depth,
compensation point, and methods for measuring the amount qf fine
sediment in streambeds. These methods are discussed briefly in
Section 2.0 and in detail in Section 5.0.

The purpose of this study is to evaluate the effectiveness
of existing Alaska water quality criteria for particulates and

to recommend necessary changes to these criteria. The specific
objectives are:

(1) Review pertinent literature to determine state—-of-=the=-
art measurement technology., physical/chemical effects,
and biological effects of particulates.

{2) Compile and assess particulates criteria from other
states and Canadian provinces and territories and
compile U.8. Environmantal Protection Agency (EPA)
guidelines and regquirements for particulates
criteria,

(3) Evaluate the adequacy and scientific merit of existing
Alaska criteria for particulates.
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(4) Assess the potential for using parameters other than
turbidity, suspended and settleable solids, and the

percentage accumulation of fines in spawning gravels.

(5 Fropose new particulates criteria if scientific
avideance supports this action.

This study is limited to the problems of water pollution
resulting from particulates and the direct and indirect methods
for measuring particulates. The report providos background
information pertaining to measurement techniques of
particulates, natural water quality, and agquatic ecology in
Section 2,0, Section 3.0 summarizes particulates criteria used
in the United States and Canada. The purpose of the project is
to review ARlaska's particuilates oriteria and the documented
effects of particulhtos on beneficial water uses (Snctiah 4.63;
the potential _uio of paramot.ri other than turbidity, suspended
and settleable solids, and the percentage accumulation of fines
in spawning gravels (Section 3.0); and to recommend necessary
changes in Alaska'a criteria to assure that ARAlaska’s

particulates criteria are based on scientific information
(Section &.0).
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2.0 BRCKGROUND

This chapter summarizes pertinent background information
regarding measurement technigques for particulates, %atural water
Quality, and aquatic ecology. UQuantitative data obtairned during
a comprehensive review of literature from a variety of sources
regarding the effects of particulat.s on various water uses are
presented in detail in Section 4.2, Demonstrated Effects of
Particulates.

Literature reviswed appears in RAppendices R, B, C, and D,
which are organized as followst
Rppendix A1 Annotated Bibliographies——-Fresh Water
Appendix B: General Literature--Fresh Water
' Appendix Ci Bnnofatnd Bibliographies-—Marine
Appendix D1 General Literature--Marine

Referernces listed in Appendices B and D addressed the subject of
this study but were not considered to provide pertinent
information due to the general nature of the data or

availability of more detailed coverage in other referenrces.
2.1 MEASUREMENT TECHNIQUES

Particulate levels in water are measured by numercus direct
and indirect techniques, summarized below. A more detailed
discussion of the techniques for measuring turbidity, suspended
solids, and settleable solids appears in Section 5.0,

Direct measurements of particulates include parameters such
ags total suspended solids, settleable sclids, and the amcocunt of
fine sediments on streambeds and lake bottoms. Four different
techniques for measuring total suspended scolids are reported in
the literature. The most widely accepted technigque involves
filtering, drying, and weighing., Centrifugation has been used
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to concentrate samples followed by drying and weighing, but
there are disadvantages to this technique. One disadvantage
occurs with fine~grained material Maving organic matter
associated with it since some organic matter can hﬁv- a density

similar toc water, thereby making it very difficult toc separate

(Bibbs 1974). Centrifugation also has limitations for dilute
water having less than about 10 mg/L suspernded solids (Campbell
and Elliott 1975). Radicactive abscrption has alsc been used

because the absorption of radiation is proportiornal to the maas
present and therefore a direct measuremeant of the concentration
of suspended sediment (GBibbs 1974). Fischer and Karabashev
(1977) report that suspended organic matter can be determined in
the marina environment by direct counting of particles under a
microscopa. Howevear, this technigque is time consuming.

' Settleable solids are 'dircctly measured by securing ;”1

liter sample and allowing 1 hour of settling before reading the
volume of settled material.

The volume of fines in bedlcad samples are determined by
obtaining a sample using a bedload sampler, such as a corer or a
draedge. The sample is then subjected to a grain size analysis.
Like other sampling technigues, different bedlocad samplers have
advantages and disadvantages when sampling different sized bed
material.

Indirect measurements of particulates are related to light
penetration and are essentially an indication of the
concentration of particulates. These measursments include
turbidity and transmissivity, or its inverse, light extinction.
Parameters calculated from light transmission measurements
include compensation point (the depth at which I percent of
available surface light is found in the water!), light extinction
coefficiant, percent incident photosynthetically active
radiation (PAR), and wave length analysis. '
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Indirect  measuremeantas quantify optical absorption and/or
light scattering. Nephelometric turbidity measures the 90
degree scattering of light by suspended particles, whereas the
beam transmittance meter measures the attenuation of light by
scattering and absorption. The Secchi digk is a simpla kind of
irradiance meter whose values have been correlated with

turbidity and light extinction coefficients (McCarthy et al.
1974),

An alternative method for directly counting suspended
organic matter in the marine snvironment was employed by Fiacher
and HKarabashev (1977). The volume concentration of particulate
matter of different size was measured using a conductometric
particle counter or Coulter counter and the abundance aof
particles was measured by a nephelometer. A fluorimofric
determination of pigments (by luminescence) in phytopiaﬁktﬁn

cells was then us.d to determine the amount of organic matter.

2.2 WATER QUALITY
Se2al Freash Water

Alaska aquatic environments encompass a variety of systoms
including wetlands, ponds, lakes, rivers, and intermittent
streams. Although all are interrelated, esach type of aquatic
system has unique characteristics. This section provides a

general description of the particulate levels common to these
various aquatic systems.

Lakes are lentic, or ron—=flowing, aquatic envirorments.
They may have inlet streams which contribute water and
nutrients, but the level of the lake remains essentially the
sanme and there are generally no permanant currents within the
water hody. Lakes can be miles in length and hundreds of feet
in depth with numerocus tributaries or they can be small tundra
ponds an acre or less in size. Alaska has a diversity of lake
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types encompassing large, clear water systems like Lake Iliamna,
silty lakes auch as Tustumena Lake, and small, tea-colored melt

ponds characteristic of the North Slope. Glacier—fed lakes are
often naturally turbid. h

Lakes pgenerally contain distinct habitats. The littoral
habitat, found along lake margins, is a relatively warm habitat
where light penetrates to the bottom and where rooted agquatie
plants grow. Many shallow lakes (ponds) can be desacribed as
littoral even at their deepest point. Very deep lakes have a
profundal zone where it is too dark to allow green plants,
including algae, *o pgrow. The open water area above the

profundal is known as the limnetic zone.

Sunlight and wind act upon lakes in ways which sgmqtim.s
result in t.mp.rgturi .stratification. . In deep lakes in tgo
summer, the upper layers receiving the most sun are the warmest,
whereas those next to the profundal zone are the coldest. Winds
can cause mixing currents, and temperature changes in the spring
and fall can cause a lake to mix completely or "turn over."
When a lake turns over, the cold, oxygen—poor water layer comes
to the surface while the upper layer is forced to the bottom.
Mixing currents can also bring Bottom sediments up causing a
normally clear lake to bhecome temporarily turbid. In addition,

turbidity can be introduced to a lake via its tributaries.

Clear water lakes seldom exceed 1 to 2 mg/L total suspended
solids and turbidity is typically less than 1 to 2 NTU.

Settleable soclids are commonly unmeasurable and rarely exceed
C.1 ml/L.

Rivers and streams are lotic, or flowing water, systems.
Water flow is continuous and in one direction, velocity changes
with depth, and water depth and stream widths fluctuate with
precipitation, runoff, and ercsion. There is continual hixing

within the water columrn with persistent or occasicnal turbidity,
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and the atreambed is relatively unstable,. Streams are
considered "open systems”" with respact to their interaction with

and interdependence on the terrestrial environment.

In lakesy, material brought in by tributaries or contributed
by runoff usually is deposited on the lake bottom and remains in
the asystem. In streams, material is carried downstream with
heavier particles settling out fairly scon and lighter material
remaining in suspension longer. Low density material may not
settle at all and may be carried into lakes or estuaries. This
is the case with glacial straams such as the Susitna River
where glacial silt is carried into Cook Inlet. Particulates
carried in the water column are referred to as wash load,
whereas those moving along a streambed are bedload. The
particles that bounce along the b.ﬁ make up the saltation_load.v

Alaska has a wide variety of rivers and streams, most of
which are important to water-dependent life. Stream types range
from short, steepy; clearwater systems in southeast Alaska to
amall, slow-maving tannic tundra streams, to snormous syatsms
like the Yukon and Kuskokwim Eivnrs. Streams can alaoc be
classified as clear, colored, and glacial. Colored or brown
water streams drain boggy areas and have relatively high color
values due to organic leachates.

Life forms in streams must either drift with the current or
possess some mnechanism to remain stationary within the channel.
Claar streams usually are not deep encugh to have a prafundal

zZone; the whole stream is within the euphotic zone where light
reaches all depths,

Undisturbed reaches of clear and colored streams typically
exhibit low concentrations of solids. Total suspended solids
concentrations are usually less than S mg/L but may increase to

about 100 mg/l. during spring breakup and summer floods.

~ However, higher lpvnls of sediment do occur in some systems
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during floods. Turbidity is generally less than 5 to 10 NTU,
but may be 25 to S0 NTU during pericds of high water.
Settleable sclids levels rarely exceed 0.1 ml/L. Glacial
streams carry large suspended sediment loads durin&'summ.r, but
normally become clear water streams during winter. During
sumMmer, glacial streams and lakes may exceed 1000 mg/L total

suspended solids and turbidity typically ranges between 350 and
1000 NTU.

Wetlands are a common and important type of aquatic habitat
in Alaska. Many lakes are surrounded by both tundra bogs and
marshes with emergent aquatic plants. These peripheral wetlands
furnish energy ¢to the lake system in the form of insects,
plankton, and plant material. The same is true for many rivers.
Streams often receive much of their water from surrounding
wetlands. Wetlands also iupply nutrients and furnish'roariag
areas for fish such as coho salmon and grayling. Nearly all
wetlands in Alaska can be clasiifiod as Clear water systems,
Hence, they seldom exceed 1 to 2 mg/L total suspended solids and
turbidity is typically less than 1 to 2 NTU.

2.2.2 Marine

Measuraments of turbidity and/or suspanded sediment load
within the marine waters of Alaska are highly variable and
dependent on several factors such as sesason, proximity ¢to
sediment sources (mainly rivers), distance from shore, current
structure, depth, temperature, and salinity. Particulates data
summarized herein are based on Burbank (1974) and Sharma (1379)
except as otherwise noted.

Within Boca de Guadra and Smeaton Bay in southeast Alaska,
the suspendecd sediment load is relatively low. The mean water
column concentration in the central basins is less thanm 0.5 mg/L
and less than 1.0 mg/L in the inner basins (Burrell 1984).
Conversely, Taku Inlet, also in southeast Alaska, has
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extraordinarily high susqonded sediment levels from discharge of
the Taku River and subglacial streams. The suspended saediment
load at the head of the inlet exceeds 10,000 mg/L in

near-surface wataers during summer months.

Concentrations of suspended sediment in continental shelf
surface waters off IIcy Bay in the northeast Gulf of Alaska
generally decrease seaward (i.e., 1.3 mg/L rnearshore and 0.1
mg/L at -1+ km from shore in March). The particulate
concentration is relatively constant with depth from the surface
to within about 10 m above the bottom, and from shore to 30 km
offshore at the 100 m depth. R steady increase in suspended
solids leavels within 10 m of the bottom suggests the presenca of
a nephloid or turbid layer along the bottom.

In the northern Bulf. of Alaska during heavy ruﬁo?f, tﬁo
glacial streams typically carry 1000 to 2000 mg/L of suspended
solids. Peak discharg. in the Copper River in summer carries
approximately 1700 mg/L of suspanded material at the delta.
Offshore from the Copper River during low discharge and minimal
glacial melt, surface values as high as 30 mg/L are presant.
Coarse sediments rapidly settle ocut within the first few
Kilometers, depending on the energy of the environment. At
distances greater than 10 km offshore, surface suspended solids
levels of 2 to 10 mg/L are typical. The lowast concentrations
indicated by ERTS imagery in waters greater than 50 km offshore
generally range from 1 tc 3 mg/L.

Suspended sediment concentrations in Cook Inlet vary from
2000 mg/L nrnear Anchorage to 1.0 mg/L near the east side of the
Inlet mouth. The Matanuska River, one of several sediment
sources in the Inlet, has suspended sediment levels that
approximate 3800 mg/L. The suspended lcad is mostly of glacial
origin and maximum values occur at depths of approximately 10 m
near the Inlet head. Concentrations increase with depth south
of the’ Forelands, and concentrations in the lower Inlet
genearally vary between 1 and 100 mg/L.
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In the western Gulf of Alaska from Resurrecticrs Bay through
Shelikaf Strait to Unimak Pass, suwface suspended solids vary
from 0.5 tao &.0 mg/lk in July and August. Values are generally
higher to the east rnear the Kenai Peninsula and Shefikof Strait.
On the shelf east, south, and scutheast =f Kodiak Island, there

is an apparent absence of any input of suspanded szediment.

In the Bristol Bay region of the southeastarn Bering Sea,
streams flowing from the Alaska Peninsula contribute as much as
S00 to 2000 mg/l of suspended solids. The dominant sediment
sources are the HKvichak and Nushagak Rivers at the head of the
bay. The Kuskokwim and Yukon rivers to the north provide
sediment input approximating 4 and 100 million metric tons per
year, respectively, which equates to more than 9Q percent of all
river sediment input inta the .eastern Hering Sea. Suspanﬁgd
sediment levels for surface waters off the Yukon River andzgn
Norton Sound are between 1 and 5 mg/L in July. Surface
concentrations qenef&lly av.rigo betweer: 0.5 ard 2.0 mg/L in the
rorthern Bering Sea. Concentrations increase with depth. The
near-hsttom sediment level from nrnear Cape Romanzof to Nome

ranges from 7.5 to greater than 20 mg/L, respectively.

Suspended solids levelas in the Bering Strait and vicinity
range from 1.8 to 4.1 mg/L for surface waters. The level
decreases with increasing water depth immediately south of the
Strait. Rs the water moves northward through the Strait, the
digstribution becomes almost uniform. North and rortheast of the
Strait, surface and sub-surface levels increase fourfold tao
nearly 10 mg/L. Surface water concentrations reach 5.3 mg/L
near Paoint Hope while at depth, only about 1 mg/L is in

suspension in July and RAugust.

In the northern Chukchi Sea, the suspended Iload at the
surface i3 low (less than 1 mg/L) and increases with depth.

Nearshore loads in suspension are higher than offshore.
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Measurements during two open—watar seasons in the Beaufort
Sea demonstrate the inter—annual variability of suspended solids
levels. During 1972, inshore surface waters had concentrations
averaging 1.0 mg/L with a range of 0.1 to 4.2 mg/L}'howaver, in
the following year, nearly a threefold increase was noted.
Levels ranged from 0.3 ¢to 31.0 mg/L and the average was 2.8
mg/L. Except during floods, waters low in suspanded matter
(about 1.0 mg/L) are commonly discharged in late summar from the
major distributary mouths, while the presance of relatively
turbid waters can be delineated at some distance from the
mouths. These cbservations suggest that in mid- and
late-summer, turbidity in cocastal waters for the most part is
associated with wave—induced resuspension from shallow water
regions (U.S. Cocast Guard 19723 1974).

2.2 AQUATIC ECOLOBY
2.3.1 Fresh Natnf

In & broad sense, freshwater ecosystems are divided into two
categories, lentic or standing water syltoms, and lotic or
running water systems., All rivers, lakes, and wetlands support
communities of aquatic organisms,. As such, these communities
are interrelated and interdependent, forming networks of
distinctly different habitats with respect to flora and fauna,
as well as the source of energy which drives the biological
system. Freshwater aquatic communities derive carbon enerpgy
from terrestrial sources (allochthonous organic matter) or
through instream (autochthonus) productivity or a combination of
these sources. If ona part of the community is disrupted,
revarberations may bDe experienced throughcut the entire system.
Aquatic systems have been subdivided into subordinate
communities and are discussed in this section.

Eenthic organisms are those associated with lake beds and
stream substrates. These organisms depend on the availability
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of suitable substrate materials for attachment, net building,
concCealment, movement, and burrowing. Stream benthos differs
from that found in quiescent waters in the respect that stream

Qrganisms pocssess a variety of adaptations foriwithstanding
straam currents.

The benthic stream community is extremely importanmt to the
health of the entire system. Many of these organisms provide
food for other populations within the aguatic community in the
form of invertebrate drift. Fish, in particular, are dependent
on insect larvae and adult insects which originate in the
benthic community.

Plankton are drifting organisms and can be either plants or
animals (phytoplanktpn and zooplankton). Some plankters may
actually have feeble powers of locomoffon and in lakes ﬁay miil
around and move up . and down in the water column in response to
light intensity. In streams, they are usually subject to
transport by the water current.

Phytcplankton are composed primarily of algae which exist
singly or as a collection of cone—celled plants. In lakes, algae
actively grow only in the euphotic zone. Zooplankters feed
either on other species of zooplankton or on algae. Plankton is
an extremely important focd scurce for fish, espescially juvenile
fish. Physiclogical activities of zooplankton depend on water
temperature, light, and oxygen content.

Phytoplankton production is important in many subarctic
lakes and ponds, and perhaps in the lower reaches of a few large
rivers; production is pgenerally low in arctic ponds and lakes.
Periphyton (attached algae) are dominant in high=velocity clear
water streams where light penetration is sufficient for
photosynthesis, and they can alsc be important in slow moving or
standing shallow water. In certain lotic habitati, the

avaluation of periphyton communities provides an accurate and
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reliable indicator of water quality. Macrophytes (rooted
aguatic plants) are often abundant in shallow lakes and ponds,
in the littoral zone of deep lakes, and along the edges of
quiescent rivers. Zooplankton diversity, Biomass, and

production rates are low in arctic lakes and ponds but are often
significant in subarctic lakes.

Fish are the most highly studied component of the fresh-
water community. In Rlaska, fish can be divided intoc resident
and anadromous species. Resident fish live their entire lives in
fresh water, often in the same water body. In many regions of
Rlaska, resident species such as Arctic grayling migrate
upstream during spring to spawn, then return to deeper water
downstream in the fall to overwinter. Anadromous fish spawn and

hateh in  fresh water, live the majority of their adult lives in

saltwater and return to fresh water, usually their natal streaﬁ.

ts spawn. The fivq species of Pacific salmon which inhabit
Alaska waters are the most obvious examples of anadromcus fish.
Several anadromous salmon species utilize silt-laden glacial
rivars as migratidn corridors to reach clearwater tributary
gpawning and rearing habitat.

Fish occupy a variety of niches within aquatic systems.
Somm; like the slimy sculpin live at the bottom of lakes and
awift-flowing streams and feed primarily on insects. Trout and
grayling may hide under instream cover such as debris or log
Jams, oOr overhanging streambanks, coming to the surface to feed
on zooplankton or insects which have fallen into the water or
which have drifted down from upstream. These fish are primarily
sight-feeders.

Diet and habitat requirements of fish vary with species and
life stage. For example, adult salmon return from the sea to
their natal stream to spawn often rnot feeding from the time they
enter fresh water. The fish construct redds (spawning naests),

in the gravel of the streambed and deposit their eggs. Other

REVIEW DRAFT 9/09/85 PARGE 15



fish such as Arctic grayling and lake trout are broadcast
sSpawners. The preferred size of the gravel in which the redds
are constructed varies with the species. Salmon favor clear
water streams but, in Alaska, often use turbid rivers as
migratory corridors. In some cases, redds are dug in the turbid
streams, but the nrnewly hatched fish move to Clearer backwater
sloughs or tributaries to rear. This is the case with both the
Kenai and Susitne rivers.

Fish are often used as "target" organisms in setting water
quality critaria. The criteria for acceptable water gquality

standards are usually determined with bicassays, either in situ

Agquatic systems are also important to waterfowl, furbearers,
and big game. Ducks, peese, and swans feed and nest near la&3s
and wetlands. Marny species of waterfowl depend on emergent
aquatic v.gntatién for food. 'Mailardi, Canacda geese, and brant
are examples of waterfowl which primarily consume plants.
Specias such as mergansers feed on small fish and depend on
their ability to see their prey under water.

Beaver, mink, and river otters are among the ARlaska
furbearers that inhabit riparian areas. Beavers construct
lodges in stream courses and wetlands and feed on vegetation
along stream banks. Otters live along stream banks and feed on
fish within st;enms. They are highly dependent on their ability
to sae their prey.

Mocse usa lowland aresas in the summer and feed on emergent
vegatation in wetlands and along lake and stream margins. Both
black and brown/grizzly bears consume salmon which move into
Rlazska rivers to spawn in the summer and late fall.

REVIEW DRAFT 9/09/85 PABE 16



2. 3.2 Marine

Variatioms in coastal topography, geolegy, climate, surface
hydrology, and physical oceancgraphic factors influsance the
digstribution and abundance of marine organisms along Alaska’s
33,000 miles of tidal shoreline. The coastal ecosystem has been
intensively studied in six gecgraphical regions in RAlaska
including: (1? Arctic Alaskay (2) the Bering Sea coast; (3)
Kocliak Island, the RAlaska Peninsula, and the Aleutian Islands;
(4) Coock Inlet; (S) the northern Gulf of ARAlaskaj; and, (&)
southeastern ARAlaska. - Characteristic ecosystems that have not
been thoroughly studied by marine scientists have been described
through information derived from similar habitats in other
reglions.

"The lower trophic level organisms in marine and éstuﬁriha
waters of PAlaska are comprised of two groups: the producers and
cornisumers. The primary produb.rl' are the phytoplankton,
macrophytes, ice algae, and benthic microalgae. Lower level
corsumers include the zooplankton, ichthyoplankton, and
intertidal and sub-tidal invertebrates. The degree of
productivity and diversity among these organisms varies
throughout Rlaska's coastal waters, Important rescurce
organisms such as king crab, herring, halibut, salmon, and
whales depend either directly or indirectly on the lower leavel
producers and consumers for their survival.

Phytoplankton undergo seasonal nrnet increases and decresases

in productivity, coincidental to ever changing levels of
sunlight, nutrients, grazing pressure, wind mixing, and depth of
light penetration. The major phytoplankton groups are the
diatoms, dinoflagellates, and naked flagellates. These
microscopic plants collectively represent the energy base for
many higher forms of marine life such as fish, shellfisn,
marine birds, and marine mammals. Benthic microalgae are
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restricted to portions of the subtidal zone that receive
sufficient light for photosynthesis,

Seaweads and sea grasses (macrophytes) are com;on-along the
rocky shores of the intertidal zore and in shallow subtidal
areas of RAlaska. Seaweeds are primitive species that lack root
systems and derive their nutrients exclusively from the water.
Eelgrass is a common and important marine macrophyte that roots
in wsediment in protected bays, inlets, and lagoons along the
Alaska coast. Eelgrass communities are often highly productive
and serve as a major food source for waterfowl and as a nursery

and feeding area for many marine vertebrates and invertebrates.

Zooplankton are the primary consumers in the pelagic
ecosystem and serve as a large potential energy pool for fish
. and whales. Zopplankéon are distriquid in.all Alaska wat‘;s
with productivity being greatest in spring and early summer.
Tcmpcrafuro and salinity have a major influence on the
distribution of zooplarktoni some prefer estuarine waters,
whereas others prefer the open water anvironment. Physical
factors such as light levels and sea ice affect their vertical
distribution and productivity rates. Virtually all of Alaska's
commercially—-important shellfish have a zooplanktonic larval
stage in their life history and spend up to three months in the
near—-surface layers feeding intensively on phytoplankton before
settling on the bottom tc mature.

The benthos s composed of bottom dwelling or attached
invertebrates found in the intertidal and subtidal zone of the
cCean. This important group may be divided into organisms
living on the substrate surface (epifauna), and those living in
the substrate (infauna). The distribution and richness of the
subtidal benthos within a region is determined by a number of
factors including sediment type, temperature, salinity,
pressure, available food, spocioi competition for spaée, and

larval settling success. Factors influencing the distribution
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of intertidal invertebrates are substrate availability,
competition, and ability to withstand surf and exposure to air,
Food is supplied to bottom invertebrates through several
mechanisms. A continuous flux of organic material to the bottom
is provided by dead phytoplankton and =zooplanikton and the
remains of highar organisma. A second important source of
erergy 1is provided by detritus entering the system through river
runcff and ocean currents.

An obvicus trend among the benthos in RAlaska is that
communities on the continental shelf are richer than those
beyond the shelf break. This is probably due to the higher
primary productivity of nearshore waters as compared to offshore
waters, as well as the high detritus input from river systems.

Intertidal. and subtidal benthic irvertebrates serve several
important functions. They represent a major scource of food for
shorebirds and waterfowl, as well as a variety of fish and
marine mammals, Due to their relatively stationary nature,
intartidal and subtidal species are cone of the most susceptible
groups of organisms to damage from water—horne sediments.
Consequently, bernthic organisms are useful indicators of changes
in wmater quality.
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3.0 PARARTICULATE CRITERIA

Existing particulates criteria for sach state in the United
States and for Canadian provinces are summarized inlSections 3.1
and 3.3, respectively. Information regarding the establishment
of water gquality parameters and criteria for particulates by the
Ue 8. Environmental Protection Agency (EPR) is alseo summarized
ancd appears in Section 3.2,

Telephone contacts to personnel in esach state were made to
determine particulates criteria currently used in regulations
anct guidelirnes by other states and in Canmadian provinces and
territorias. During the initial telephone contact, each
individual interviawed was apprised of the purpose of this study
and questionead concarning his/her agency's water quality
criteria for instream levels of particulates, specifica{iy
turbidity, suspended soclids, and settleable solids. Inquiries
wera also made concerning recent or proposed changes to
regulations, protected uses of water bodies, availability of
sefarate standards for marine waters (where appropriate), and

the basis for any quantitative standards or limitations

identified in pertinent regulations. Where particulate

- standards existed, the interviewee was alsoc questionad as to

recognized problems asscciated with compliance, field sampling,
or enforcement of the standards. A copy of pertinent

regulations was reguested for review from sach agancy.

3.1 ETATES

Based on information received during telephone interviews
and the water quality standards and berneficial water uses
identified in individual state regulations, a summary of the
designated water uses and associated criteria for turbidity was
compiled for the 50 states and District of Columbia (Table
3-1). To the extent possible, water use categories are gimilar

to the Alaska criteria for ease aof comparison. Where
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TABLE 3=-1 '
TURBIDITY CRITERIA FOR UNITED STATES AND CANADA
State Designated Water Use(1) Turbidity Criteria A
Alabama A, B, D, E, G, M NTE {2} 50 NTU above ambient |
(Feb 81) ,
Alaska A NTE 5 NTU above ambient when the-natural turbidity
(Apr 84) is 50 NTU or less; limit of 10% increase when e
natural exceeds 50 NTU; maximum increase of 25 NTU
B narrative
c NTE 25 NTU above ambient for streams; NTE 5 NTU for -
lakes =
D narrative
E NTE 5 NTU above ambient when natural turbidity is Jo,
50 NTU or Tess; limit of 10% increase when ambient '
exceeds 50 NTU, NTE 15 NTU increase; NTE 5 NTU over
ambient for lakes
F NTE 10 NTU above ambient when natural turbidity is o
50 NTU or less; Timit of 20% increase when ambient
exceeds 50 NTU, NTE 50 NTU increase; NTE 5 NTU over
ambient for lakes
G NTE 25 NTU above ambient; NTE 5 NTU over ambient .
for lakes o
H NTE 25 NTU
| narrative i
J narrative . T -
K NTE 25 NTU ’
L NTE 25 NTU
M compensatfon depth reduction Timit of 10%; Secchi e
disk depth reduction 1imit of 10% -
i N same as M
“ Arizona E, F NTE 50 NTU in streams; NTE 25 NTU in lakes -
(Feb 85) ?
G NTE 10 NTU for cold water fishery in streams and
1akes
special standards for "unique” waters as low as 3 o
" NTU change limit .
*ikbasin specific standards or use classification
Arkansas A, 8, D-G NTE 10 NTU for trout or coolwater streams
v 8h) <
i **ibasin specific standards or use classification
California A-G turbidity standards by basin Example: NTE 20% +
{Nov 83) increase where ambient is Tess than 50 JTU; NTE 10
JTU increase where ambient is between 50-100 JTU; sy
i NTE 10% increase where ambient exceeds 100 JTU ;
51 J=M narrative
ﬂ **iphasin specific standards or use classiffication
j Canada (Provinces, Territories, and Federal Government) =
] (Feb 85)
! Federal E, F NTE 50 JTU
: Government . il
International G NTE IOﬁ,flcrease in Secchi disk depth E
Joint Comm.

(Great Lakes)

Alberta Unknown NTE 25 JTU over ambient {objective only)
British Columbia Unknown guidelines of other agencies are used and amended
as applicable
Manitoba A 5 NTU (draft regulation) -
G NTE 10 JTU for cold water fisheries; NTE 25 JTU for :

warm water fisheries; narrative proposed as
replacement for numerfc criteria in draft revisions

a_ »




State Designated Water Use(1) Turbidity Criteria

" NTE 10 "turbidity units" for cold water fisheries;
NTE 25 "turbidity units" for warm water fisheries;
draft revision proposes change to 50 JTU for both

Manitoba E, F

uses
New Brunswick Unknown guidelines of other agencies are used and amended
as applicable
Newfoundland Unknown guidelines of other agencies are used and amended
as applicable -
Northwest Unknown guidelines of other agencies are used and amended
Territorfes as applicable
Nova Scotia Unknown guidelines of other agencies 2re used and amended
as applicable
Ontario G NTE 10% increase in Secchi disk reading above
ambient
Prince Edward Unknown guidelines of other agencies are used and amended
island as applicable
Quebec A NTE S "turbidity units" (gquideline only)
E, F NTE 10% increase in nonfilterable residue or less
than 3 mg/1 absclute (draft regulation)
Saskatchewan Unknown NTE 25 "turbidfty units' over ambient (objective
only)
Yukon : Unknown guidelines of other agencies are used and amended
as applicable
“# Colorado A NTE 1.0 turbidity unit
‘ A (Jan &&)
y *irkbasin specific standards or use classification
' Connecticut A, E NTE 10 JTU above ambient ' -
(Sep 80) - - .
B, D0, F, G NTE 10 JTU above ambient or more than 25 JTU total
H-N narrj; Secchi dfsk transparency mid-summer from 0-6
meters depth )
*kibasin specific standards for lakes
Delaware A-GC NTE 10 NTU above ambient or 25 NTU total
{Jut 83}
H~N NTE 150 NTU in tidal areas of stream basins
wikbasin specific standards or use classification
District of Columbia A, E-C NTE 20 NTU above ambient
(Mar 8%)
A, D-C narrative
Fiorida A, E-G NTE 29 NTU above ambient; depth of compensation
(Feb 83) point not reduced more than 10% from ambient
B narrative
*irkhasin specific standards or use classification
Georgia A-GC narrative
{Oct 80)
A NTE 1 turbidity unit
G (special case) streams designated as wild or scenic shall have no
alteration of ambient water quality
Wkbasin specific standards or use classification
Hawaii A~G, K-N streams: 2-15 NTU, NTE 25 NTU
{Qct 84) estyaries: 1.5-3.0 NTU, NTE 5.0 NTU
embayments: 0.4-3,0 NTU, NTE 5.0 NTU
oceanic waters: 0.03-0.10 NTU, NTE 0.20 NTU
*irkhasin specific standards or use classification
ldaho A, B, E-G narrative; also stream water quality requirements
{Oct 83) for point source discharges outside the mixing
zone: NTE 5 NTU above ambient when background is 50
NTU or less; NTE 10% increase when background is
more than 50 NTU, up to a maximum increase of 25
NTU
[T1inois A, B, D-G narrative
(Apr 84}

*iekbasin specific standards or use classification
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State Designated Water Use(1l
Indiana A, 8, D-G
(Mar 84)
lowa A, B8, D-G
(Dec 83)
Kansas A, B, D-G
(Sep 83)
Kentucky A, E-G
(Mar 83)
Louisiana A, 8, E-G
(Oct 84)
Maine A, D-G
{Sept 79)
H, J=N
Maryland E-G
{no date)
Massachusetts A, E-H, L-N .
(no date) ’
Michigan A, D=G
{Jun 84)
Minhesota A
(Feb 81) E, G
F, G
Mississippi A, E-G
{Jan 85)
Missouri Unknown
Montana A
(Mar 82) B’ D-G
Nebraska A, 8, D-G
(Feb 83)
Nevada A, 8, D-G
(Nov 8&)
New Hampshire A
(May B84)
D=G
New Jersey E-C
(Oct 84)

K=N {estuarine)

K=N (marine}

Turbidity Criteria

identified spawning, rearing, or imprinting areas
for salmonids NTE 10 JTU total; identified salmonid
migration routes NTE 25 JTU totat

*hrkbasin specific standards or use classification

NTE 25 NTU above ambient from any point source
discharge

**rbasin specific standards or use classification
narrative

***hasin specific standards or use classification
narrative

Jd¥rkbasin specific standards or use classification

freshwater lakes, reservoirs, and oxbows which are
not naturally turbid and designated scenic streams
and oytstanding resource waters NTE 25 NTU total;
other waters NTE 10% increase above ambient

*hrhasin specific standards or use classification

narrative; "great ponds” NLT 2 meters Secchi disk
transparency or as naturally occurs

narrative
*dbasin specific standards or use classification

NTE 150 NTU at any time or 50 NTU as a monthly
average

*wkbasin specific standards or use classification

narrative; for -public water supp!ies, no increase—
above ambient

narrative

classificatio

narrative; NTE 50 NTU above ambient in proposed
amendments

*wkdrainage specific standards or use
classification

narrative
NTE ambient conditions
NTE 5-10 NTU above ambient

nrddrainage specific standards or use
classification

NTE 108 increase above ambient

*ikdrainage specific standards or use
classification

none as general criteria; stream/reach specific
criteria NTE 10-50 NTU, based on location

ridrainage specific standards or use
claasification

NTE 5§ "turbidity units"
NTE 10 "turbidity units” in cold water fisheries
nor 25 "turbidity units” in warm water fisheries

NTE 15 NTU for 3G-day average;
NTE S0 NTU max. at any time

NTE 10 NTU for 30-day average;
NTE 30 NTU max. at any time

NTE 10 NTU
w*rpasin specific standards or use classification

a4
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State Designated Water Use(T)
New Mexico E-G
(Feb 85)
New York ‘A, E-G
(Sep 74)
I, K-N
North Carolina A, E-C
{Jan 85)
K-M
Nerth Dakota A, B, E-G
{Apr 85)
Ohio Unknown
Ok1ahoma A, 8, D-G
(1982)
Oregon E-G
{Aug 84)
Pennsylvania Unknown
(Feb 8%)
fhode Island A
(Dec 84) .
B, E, G
D, F, G
J=M
South Carcalina A
{Feb 85)
G
E
B, D, F

South Dakota
(Aug 84)

Tennessee
{no date)

Texas

Utah
{Oct 78)

Vermont
(Jan 85)

K, M (high quality)

A, B, D=G

A, B, D-G

A, B, D-C
J=M

A

8

D

E-C

G(non-game}

B, £, G

Turbidity Criteria

narrative
wirkhasin specific standards or use classification
narratijve

narrative

NTE 50 NTU in streams other than trout waters;
NTE 10 NTU in streams, lakes, or ‘reservoirs
designated as trout waters

NTE 25 NTU; if ambient exceeds this level, no
increase is allowed

narrative

narrative

NTE 50 NTU in warm water streams;
NTE 25 NTU in warm water lakes;

'NTE 10 NTU in cald water streams.

wirkhasin specific standards or use classification
NTE 10% increase over ambient

*ikhasin specific standards or use classification

effluent standards only; do not attempt to control
in-stream water quality

¥irkhasin specific criteria for Delaware River
Commission

NTE 5 JTU; none of other than natural origin —

NTE 10 JTU

NTE 15 JTU

narrative

#ikhasin specific standards or use classification
natural conditions maintained

NTE 10% above ambient

none

none

natural conditions maintained ‘
*irkhasin specific standards or use classification
narrative

ickhasin specific standards or use classification;
also seasonal criteria

narrative

narrative
narrative

none; case by case determination

none; case by case determination
none

NTE 10 NTU above ambient for natural conditions
less than 100 NTU; NTE 10% increase when ambient
conditions exceed 100 NTU

NTE 15 NTU above ambient with provisions for case
by case determination

rphasin specific standards or use classification
NTE 10 NTU or ambient, whichever is lower

NTE 10 NTU for cold water fish habitat; NTE 25 NTU
for warm water fish habitat

ikkhasin specific standards or use classification;

Frovision for seasonal criteria for fish habitats



State Designated Water Use(1)
Virginia A, E-G
(Oct 84)
Washington A, E, G, K, M, N
(Jun 82)

B, D, 6, J, L

A, B, D-G (lakes)

Turbidity Criteria

narrative

**kbasin specific standards or use classification

NTE 5 NTU over ambient when background is 50 NTU or

less; NTE 10% increase when background is more than
50 NTU

NTE 10 NTU over ambient when backgrouﬁﬁ is 50 NTU

or less; NTE 20% increase when background is more
than 50 NTU,

NTE S NTU over ambient
*%*hasin specific standards or use classification

West Virginia Unknown NTE 10 NTU over ambient
{1983)
Wisconsin A, B, D-G nar-ative
(Nov 79)
*ikhasin specific standards or use classification
Wyoming A, B, D-C NTE 10/1S NTU increase over ambient, depending on
(Sep 83) water class
{1)

Designated Water Uses: Fresh Water

O " Mmoo OO m® >

Designated water Uses Comparable to Alaska Categories

Water Supply: drinking, culinary, food processing
Water Supply: agriculture, irrigation, stock watering

- Water Supply: aquaculture

Water Supply: industrial

Water Recreation:
Water Recreation:

contact
secondary

Growth and Propagation of Fish, Shellfish, and Wildlife

Designated Water Uses: Marine Water

L X MR - - X

Water Supply: aquaculture
Water Supply: seafood processing
Water Supply: industrial

Water Recreation:
Water Recreation:

contact
secondary

Growth and Propagation of Fish, Shellfish, and Wildlife
Harvesting for Consumption of ‘Raw Mollusks or Other Raw Aquatics

(2) NTE = Not to Exceed
NLT = Not Less Than

o

Fedd

i
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appropriate,  turbidity criteria for marine waters are also
presented.

Although many states identify beneficial or pr&tected water
uses gimilar to those in the Alaska criteria, it is apparent
that water quality concerns associated with particulates are
approached differently by other state agencies. RAs a result of
interviews and review of individual state standards, it was
evident that turbidity and sediment concerns diffar among
agancies because of:

(1) The presence of naturally turbid systems carrying high
sediment loads;

(2) Difficulties of addressing saasonal fluctuations in
particulate concentrations; _

(3) Aquatic flora and faurna adapted to warm water systémé B
varsus cold water ecosystems;

(4) Philosophical apeproach to thrbidity control (instream
water gquality standards versus control of point source
effluents) }

{S) Lack of specific studies which document the threshold
for adverse impacts to aquatic resources or water uses;
and,

(€) Lack of basin—specific information on the natural
cccurrence of particulate loads.

None of the water rescurce agencies contacted were able to
provide  specific information to document the background
information for setting quantitative criteria in their water
quality regulations. In ganeral, most respondents were unaware
of their state's basis for turbidity, suspended solids, or
sattleable solids criteria except in referance to "generally
accepted” standards or the "Rad Book" (EPA 1978). West Virginia
currently has studies in progress on trout streams and heavily
industrialized waterways that will attempt to correlate
particulata standards with identifiable impacts to biota. Idanho
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is currently involved with a "sericous injury" tashk force which
is attempting to define thresholds of impact and acceptable

levels of injury to stream systems and bicta.

Personnel in several states acknowledged that the
implementation of turbidity criteria was not aggressively
pursued because their standards do not address natural or
seascnal turbidity and/or the differences between cold and warm
water aquatic systems. Some individuals interviewad felt that
the standards were unreasonably low or did not have a scientific
basis. Other agencies focus their corncerns on affluent
gtandards for point scurce discharges and best management
practices from non-point socurce discharges, essentially avoiding
regulation of instream water gquality.

RApproximately 30 pnfcont of the QtatQSv (17) only ha;o
general narrative criteria defining turbidity limits. These
narratiQn criteria range from general "antidegradation” state-
ments to broad pguidelines that prohibit turbidity levels which
would impact other 'usos. The remaining 70 percent (33 states)
have at least some protected water uses with guantitative
criteria for instream turbidity. Very few states have

established quantitative turbidity eriteria for all water uses.

Evaluation of 20 states which have quantitative turbidity
criteria and cold-water systems similar to Alaska revealed that
their turbidity standards for recreation and fish and wildlife
propagation are numerically equal to or, in most cases, more
atringent than Alaska criteria for these same uses. The

turbidity standards for lakes are alsc comparable.

Of the 22 states with marine or estuarire waters along their
borders, 14 have specific criteria for turbidity in marine or
tidal waters. Qf these 14 states, seven employ quantitative
criteria. _
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A summary of atates with narrative or quantitative criteria
for instream water quality pertaining to suspended and settle-—
able gaclids is presented in Table 3-2. None of the states have
quantitative criteria for sattleable Qolids levels: Only four
states other than Alaska, Nevada, New Jersay, South Dakota, and‘
West Virginia, currently have numeric standards for suspended
solids in the water column. Nevada employs specific limits for
aome stream reaches. The existing or higher quality is to be
maintained where the natural suspended solids concentration is
equal to or lass than 15 mg/L. The limit for the protection of
all beneficial uses in the upper reaches of a watershed is 295
mg/- and 80 mg/L in the lower reaches. New Jersey limits
suspended sclids concentrations to 23 to 40 mg/L on specific

streams while South Dakota has a 30 mg/L maximum limit for

coldwater fisheries. Wast Virginia employs a 30 mg/L maximum
suspended solids concentration in receiving waters. 1'Df-tﬁb
remaining states, 17 have general narrative statements
addressing these parameters. The balance of the states do not

consider suspended or settleable solids in their general water
quality critaria. Hawaii is the only state which has
established standards for maximum allowable depth of deposition
for settleable sclids. ARAlaska is the only state with standards
addressing the accumulation of sediments as a maximum percent by
weipght of spawning bed gravels.

Most states have approached the problems of suspended and
setileable sclids by regulating the maximum concentration
allowable in effluants discharged from point sources. Control
of non-point sources are generally addressed by best management
practices or special conditions attached to project
authorizations.

3.2 U.S. ENVIRONMENTAL PROTECTION AGENCY

This section summarizes information used by EPR to establish

water quality parameters and criteria for particulates.
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TABLE 3-2

SUSPENDED AND SETTLEABLE SOLIDS CRITERIA

State
Alabama
Alaska

Arizona
Arkansas
California

FOR THE UNITED STATES AND CANADA

Suspended/Settleable Solids Criteria(1)

none

narratives for most water uses

sprinkler irrigation: no particles 0.074 or coarser; NTE

200 mg/1 for an extended period; fish, sheilfish, &
wildlife: % accumulation of sediment 0.1 mm to 4.0 mm in
the gravel bed of spawning waters NTE 5% increase by
weight over natural conditions; in no case may sediments
in the 0.1 mm to 5.0 mm range exceed 30% by weight in the
gravel of spawning beds

none
none
narrative

Canada (Provinces, Territories, and Federal Government)

Federal Government

International Joint
Commission (Great Lakes)

Alberta

British Columbia
Manitoba

New Brunswick
Newfound!and
Northwest Territories
Nova Scotia

Ontario

Prince Edward [sland
Quebec

Saskatchewan

Yukon

Colorado

Connecticut
Delaware

District of Columbia
Florida

Georgia

Hawaii

narra.; regulations for effluents for some industrial
processing and mining {other than gold) are limits of 25
mg/1 maximum monthly arithmetic mean

narrative

NTE 10 mg/1 over ambient (objective only)

‘rone

narrative (draft requlations)

none . '

none

none

none

none

none

none

NTE 10 mg/1 over ambient (objective only)

none; proposed effluent standardt2$or stream classes
based on biological productivity
high biological importance - no suspended solids
effluent discharge

moderate biological {mportance - NTE 100 mg/}
suspended solids in effluent

TJow biological importance - NTE 1000 mg/1 suspended
solids unless it is tributary to a higher class
stream {then it must meet 100 mg/1 effluent
standard}

designated placer mining areas - NTE 1000 mg/1
suspended solids uniess it is tributary to a higher
class stream (then it must meet 100 mg/1 effluent
standard)

narrative; also use effluent limitations and best
management practices

none

narrative; also use effluent limits

none

none

none

standards for maximum depth of deposition

30
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State

Suspended/Settleable Solids Criteria(T)

!daho narrative

N1lincis none

Indiana narrative for salmonid waters

lowa none R

Kansas narrative '

Kentucky narrative for aquatic 1ife waters

Louisiana narrative

Maine narrative

Maryland effiuent 1imits on suspended solids in treated sewage

Massachusetts none '

Michigan narrative

Minnesota narrative; also effluent standard of 30 mg/1 for treated
sewage

Mississippi none

Missouri none

Montana none

Nebraska narrative

Nevada narrative; specific mg/1 1imits for some stream reaches

New Hampshire none

New Jersey narrative and 25-40 mg/1 1imits on specific streams

New Mexico _none - : .

New York narrative ) ' )

North Carolina narrative

North Dakota none

Ohio narrative

0Ok1ahoma narrative

Qregon narrative

Pennsylvania narrative

Rhode |sland narrative

South Carolina narrative

South Dakota

narrative and 30 mg/1 limit for coldwater fisheries

Tennessee narrative
Texas narrative
Utah narrative
Vermont narrative
Virginia narrative
Washington none

West Virginia
Wisconsin
Wyoming

30 mg/1 maximum
narrative; also effluent 1imit of 30 mg/1
narrative; also effluent 1imit of 30 mg/1

1) NTE = Not to Exceed

(2) Source: Department of Fisheries and Qceans, 1983. A rationale for standards relating to
discharge of sediments into Yukon streams for placer mines. Environment Canada, New

Westminster, British Columbia. 24 pp.
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According to HKeup (1385), there are eight reports of primary
intarest to this subject: the "Blue Book" (NAS 1973), "“Red
Book" (EPA 1976), "Graeen Book'" (Sorensen et al. 1977), three EPA
funded projects completed in 1978 and 1979 (Iwamoto'et al, 19783
Farnworth et al. 19793y Muncy et al. 1979}, and two current
reports by Camp, Dresser & McKee (GCaorge and Lahnig 1984;
Clarkson et al. 198%5),

The Blue Book, or Water__Quality _Criteria_ 1372, presents

a
discussions of turbidity and sediment only in relation to

drinking water and agriculturil uses of water. Recommendations
regarding turbidity and suspended solids concentrations in water
used for these purposes were not made, apparently because of the
lack of information regarding the effects of particulates.

first EPA criterion for 10;161 (suspended, settleable) and
turbidity t¢ protect freshwater fish and other aquatic life.
The criterion is: "Settleable ard suspended solida should not
reduce the depth of the compensation point for photosynthetic
activity by more then 10 percent from the seascnally established
norm for aquatic life.” This criterion, as well as all othars
in the Red BHook, was reviewed by the American Fisheries Society
(Thurston et al. 1979}, who state that the criterion is
difficult to apply under most conditions and impossible to apply
in others. Qccérding te the reviewers, "it attempts to make
solids and turbidity synonymous, which they are not, and no
method is propossd for measuring the compensation peoint." Other
problems noted by the reviewers include: (1) The use of a
compensation point is meaningless in shallow water bodies where
the photic Zone extends to the bottomy and, 2y It 1is
unrealistic to expect adequate data to be available for all
points to determine a '"seascnally established nrnorm" for the
compensation point. The reviewers recommanded that the

criterion be rewritten with sclids and turbidity comsiderad
separately.
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The Green Book by Sorensen et al. (1977) is a literature
review of the effects of dissolved and suspended sclids on
freshwater biocta. Iincluded are the effects of susperded solids
on agquatic photosynthetic systems, zooplankton and macroinverte-
brates, salmonid fishes, other fishes, aesthetic preference, and
puttlic and industrial water supply. Major conclusions derived
from this review concerning the biological effects of suspended
ao0lids include: (1) Acute effacts on specific organisms were
difficult to demonstrate; (2) Suspended solids have significant
effects on community dynamics due to turbidityt (3) Suspended
solids may have significant effects on community succession,
community stability, and fish avoidance reactions; (4) Sedimenta
may serve as a reservoir of toxic chemicalsy and, (35) Relatively
high suspended solids were needed to cause behavioral reactions
(20,000 mp/L) or death (200,000 mg/L) in fish over the short
term. ' ' -

Of  the three EPA funded projects completed in 1978 and 1979,
Iwamota et al., (1978) is the most applicable to this study since
it presents an extensive literature review emphasizing
freshwater salmonid habitaeats. Farnworth et al. (1373) reviewed

literature dealing with impacts of sediment, nitrogen, and

 phosphorus on aguatic biota in order to suggest future research

and management schemes for freshwater systems. Muncy et al.
(1979) reviewed literature regarding the effects of suspended
solids and sediment on the reproduction and early life of
warmwater fishes. Their review cites literature that provides
evidence of detrimental effects of sediment on reproductive
behavior, embryonic developmant, larval development, and
Juvenilea,.

The Camp, Dresser & McKee reports are the most recent EPA
funded literature reviews. Turbidity and Sglids by George and
Lehnig (1984) summarizes recent literature pertaining to the
impacts of  turbidity and sediment on primary production and on

the survival, growth, and propagation of zZooplankton,
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macroinvertebrates, and fish, NMumerical data from several key
invegtigations are presented including results from bicassay
studies, state water quality standards, and Rlaska and Canada
placer mining studies. In addition, the rnps;t axamines
Canadian water Qquality objectives for turbidity, supporting
rationalae, guidelines for setting turbidity and sediment
standards, and recommended levels for theA protection of a
variety of water uses ir. Canada.

The  Hydrologic _Basis _for_ _Suspended _Solids_ _Criteria by
Clarkson et al. (1985) discusses several factors that are
important to the dov.lopmont of a water quality criterion for
suspenced solids/turbidity for the prdtection of aguatic biota.
These factors include regional, physiographic, and sesasonal
considerations, and ~rolatad hydrologig phenomera. The haturgl
. solids loading to a waterbody will Qary from site to site,
depending upon physiographic factors (including slope, 8socil
type, ind type of ground cover)! and upon rainfall and runoff.
Hence, seasonal and regional criteria need to be developed that
take into account the significance of natural and other nonpoint
source loadings. Water quality criteria should be develcoped for
suspended solids in the water column as well as for settled
sediment, and th.so' criteria nrneed to address the complex
situation of toxics sorbed to suspended and settled solids.
Additiornally, the effects of sustained exposure tc suspended
golids versus short-term storm-related pulses need to be gquanti-
fied. Although the report does not recommend criteria to
protect aguatie life, it does establish a framework for
consideration of regional, seasonal, and biological factors.

3.2 CANRDIAN PROVINCES AND TERRITORIES

The Canadian federal government, through the offices of
Environment Canada and the Canadian Council of Resource and
Environment Ministers (CCREM), @establishes guidnlinis and

objectives for water gquality parameters for the provinces and
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territories. They alao prepare guidelines and regulations which
addregs specific activities (@.3., Metal Minimg Liquid Effluant
Regulations and GBGuidelines;y; Potato Processing PRlamt Liguid
Effluent Regulatiocons and Suidelinesy Fish Procnssi;g Operations
Liquid Effluent Guidelines; Pulp and Paper Effluent
Regulations). The CCREM Task Force on Water Quality Guidelines
has prepared an Inventory _of _Water _Quality Egiggllng!__ang
Bblectives_ _1384 which contains a compilation of guidelines and
objectives currently used in Canada (CCREM 1985). From these
guidelines, the governments of the provinces and territories
develop specific water quality criteria.

The current standards for turbidity in Canadian provinces
antd territories appear in Table 3-1. In addition to provincial

regulations, the federal government has established standards

for certain watnr ‘uses and has promulgatod standards for
boundary waters with the United States (International Joint
Commission--Great Lakes). Dn1§ Manitoba  and Ontario have

developed enforceable regulations for some water uses. The
remaining provincial governments only have objectives,
guidel ines, or draft regulations at this time. British
Columbia, New Brunswick, Newfoundland, Northwest Territories,
Neva Scotia, Prince Edward lsland, and the Yukon Territory use
the guidelines of other agerncies on a case by case basis.
Quantitative turbidity criteria for recreation and for fish and
wildlife propagation are comparable to Rlaska criteria for these

sane water uses.

Water quality standards for suspended and settleable solids
in Canadian provinces and territories appear in Table 3-2.
There are no regulations for water columm standards currently in
effect. Quantitative criteria for RAlberta and Saskatchewan are
objectives only. The Yukon Territory has proposed effluent
standards for suspended and settleable solids based on classes

of biolaogical productivity of the receiving water.
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4.0 ADEQURCY AND SCIENTIFIC MERIT OF ALASKA CRITERIA

This section summarizes RAlaska criteria for water supply,

recraation, and protectiaon of biota for boath fresh and marine

waters; summarizes scientifically documented levels af
turbidity, suspended salids, settleable snlids, and fire
particles in streambeds that have demonstrated effects on
various water uses; and, prasents suggested criteria from the

literature.

4,1 ALASKA CRITERIA

The purpose of this section is to describe protected water
uses for both fresh and marine water, and existing turbidity and
sediment criteria for the various protected uses. - . Before
. describing the protected water uses and'particulates criteria,
Mowever, four points. are made to erhance the reader’'s under-—
standing of the standards. First, the standards apply anly to
human activities which result in alterations to waters within
the state. In this context, the standards corstitute the level
of degradatiom which may not be eaexceeded in a water body.
Second, sediment refers to particulates in the water colummn as
well as particulates that settle to the bottom. Sediment in the
water columnm may be measured as total suspended solids or
settleable solids (Easton 1985). Third, the methods of analysis
ugsed to determine water gquality are in accordarce with Standard

Methods_ _for__the Examination_of Water and_Wastewater {(APHA 1380)

and Mathods_ _for_ Chemical AfArnalysis_ _of_ _Water _and Wastes (EPA

—— e S ot S e —— — . 0 T S G S S — —— — — i e S S S —— —— i e o T o o

1979). This requirement irnsures that accepted methods are used
for measuring turbidity, total suspended solids, and sattleable
solids. Fourth, if a water is classified for more than cne use,
the moast stringent water quality criteria of all tha included
uses applies. All waters in Alaska except the lower Chemna River
antd Nolam Creek and all its tribdutaries, excludivng Acme Croewl,
are classified for all uses. Therefore, the most stringent

critaria applies to all waters except thosze roted abuve. Thea
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criteria for protection of drinking water sources and contact
recreation are the most stringent for particulates, but are not
necessarily the most stringent for all other water quality

parameters.

Existing turbidity and sediment standards for the protection
of identified water ugses in both fresh and marina waters appear
below (ADEC 198%5):

FRESH WARTER

1. WRATER SUPPLY:1 DRINKING, CULINARY, AND FOOD PROCESSING
Turbidity: Shall not exceed 5 NTU above natural conditions
when the natural turbidity is 50 NTU or less, and not have
more than 10 percent increase in turbidity when the natural
condition. is more than. 50 NTU, not %o .xconq‘a maxihﬁh ‘-‘f
increase of 235 NTU. ,
Sediment No increase in concentrations of sediment,
including settleable solids, above natural conditions.

2. WATER SURPLY: AGRICULTURE, INCLUDING IRRIGATION AND STOCK
WATERING

Turbidity: Shall not cause detrimental effects on indicated

Sediment: For sprinkler irrigation, water shall be free of
particles of 0.074 mm or coarser. For irrigation or water
spreading, shall not exceed 200 mg/L for an extended period
of time.

3. WATER SUPPLY: RARUACULTURE
Jurbidity: Shall not exceed 25 NTU above natural condition
lavel. For all lake waters, shall not exceed 5 NTU over
natural conditions.
Sediment: No imposed loads that will interfere with estab-
lished water supply treatment levels. ‘

4. WATER SUPPLY: INDUSTRIAL
Turbidity: Shall not cause detrimental effects on estab-
lished water supply treatment levels.
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»than 20 percent increase in turbidity when the natural

Sediment: No imposed loads that will interfere with estab-
lighad water supply treatment levels.

WATER RECREATION: CONTACT RECREATION B
Turbidity: Shall rnot exceed S NTU above natural conditions
when the mnatural turbidity is S0 NTU or less, and not have
more than 10 percent increase in turbidity when the natural
condition is more than 30 NTU, not to exceed a maximum
increase of 15 NTU. Shall not exceed S NTU over the natural
condition for all lake waters.

Sediment: No increase in corncentrations of sediment,
ircluding settleable solids, above natural conditions.
WATER RECREARTION: SECONDARY RECREATION

Turbidity: Shall not exceed 10 NTU over natural conditions

whern natural turbidity is 50 NTU or less, and not have more

condition is more than'SOANTU. not to excesed a maximum
inerease oé SO0 NTU. For all lake waters turbidity shall not
excead 5 NTU over natural conditions.

Sediment: Shall not pose hazards t5 incidental human
contact or cause interference with the use.

GROWTH AND PROPAGATION OF FISH, SHELLFISH, AND OTHER ARQUATIC
LIFE

Jurbidity: Shall not excaed 25 NTU above natural condition
level. For all lake waters, shall not exceed 5 NTU over
natural conditions.

Sediment: The percent accumulation of fine sediment in the
range of 0,1 mm to 4.0 mm in the gravel bed of waters
utilized by anadramcocus or resident fish for spawning may not
be increased more than 5 percent by weight over natural
condition (as shown from grain size accumulation graph),

In no case may the O.1 mm to 4.0 mm fine sediment range in
tha graval bed of waters utilizsd by anadramous or resident
fish for spawning exceed a maximum of 30 percent by weight
(as shown from grain size accumulation graph). In all othar
surface waters no sadiment loads (suspernded or deposited)
which can cause adverse effects on agquatic animal or plant
life, their reproduction, or habitat.
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MARINE WATER

WATER SUPPLY: AQURCULTURE

Turbidity: Shall not exceed 25 NTU.

Sediment: No imposed loads that will interfere with estab-
lished water supply treatment levels.

WATER SUPPLY: SERFOOD PROCESSING

Turbidity: Shall not interfere with disinfection.

—— o —— —

Sediment: Below normally detectable amounts.

WATER SUPPLY: INDUSTRIAL

Turbidity: Shall not cause detrimental effects on estab-
lished levels of water supply treatment.

Sediment: No imposed loads that will interfere with estab-
lished water supply treatment levels.

WATER RECREATION: CONTACT RECRERTION

Turbiditys: Shall not exceed 25 NTU.

Sediment: ‘No measureable increase in concentration above
natural :onditions.

WATER RECREATION: SECONDARY RECREATION

Turbidity: Shall not exceed 25 NTU.

Sedimant1: Shall not pose hazards to incidental human
contact or cause interference with the use.

GROWTH AND PROPAGATION QF FISH, SHELLFISH, AND OTHER RQUATIC
LIFE

Turbigity: Shall not reduce the depth of the compensation
paint for photosynthetic activity by more thar 10 percent.
In addition, shall rnot reduce the maximum Secchi disk depth
by more than 10 percent.

Sediment: No measureable increase in concentrations above
natural conditions.

HARVESTING FOR CONSUMPTION OF RAW MOLLUSKS OR OTHER RAW
AQUATIC LIFE

Turbidity: Shall not reduce the depth ¢f the compensation

point for photosynthetic activity by more than 10 percent.
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In addition, shall not reduce the maximum Secchi disk deptn

by more tharm 10 percent.
Sediment: Not applicable.

——— e L T s —

4.2 DEMONSTRATED EFFECTS OF PARTICULATES

4.2.1 Water Supply

The effects of particulates on water supply summarized in
this section include information pertaining to both fresh and
marine waters. Fresh water usas include drinking, culinary, and
food processing; agriculture; aguaculture; and industrial.
Marine uses include aquaculture, seafood processing, and indus-
trial. The effects of particulates on these variocus water uses
are quantified in this se:tioh where possible. - o

The 'oxtnnt to which suspended sclids can be tolerated in
water supplies varies widely. Sclids in water used for
drinking, culinary, and food processing can support growth of
harmful microorganisms and reduce the effectivernesa of chlorina-
tion, resulting in health hazards. For most water supplies,
high levels of suspended sclids are objectionable for aesthetic
reasons and can interfere with treatment processes and chemical
and biological teats. Suspended sclids may alsc transport
rnutrients and toxic substances, auch as pesticides; herbicides,
and certain metals.

The amount of particulates allowable in raw water supplies
depends on the type and degree of treatment used to produce
finished water. Sorensen et al. (1977) rnote that an excellent
source of water supply, requiring only disinfection as
treatment, would have & turbidity range of O to 10 units. R
good source of water supply, reguiring usual treatment such as
filtration and disinfection would have a turbidity range of 10
ta 250 units. Waters with turbidities over 2350 units aré pocr

sourcaes of water supply requiring special or auxiliary treatment
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and disinfection. The ability of common water treaatment
procesgsgs (i.e., coagulation, gsedimentation, filtration, and
chlorinmation) to remove suspended matter to achieve water with
acceptably low turbidity is a function of the compééition of the
material as well as its concentration (EPA 1976). The type of
plankton, clay, or earth particles, their size, and electrical
charges, influence coagulation more than the number of turbidity
units (NAS 1373). For example, a water with 30 turbidity units
may coagulate more rapidly than one with 5 to 10 units and water
with 30 turbidity units sometimes may be more difficult to
coagulate than water with 100 units (NAS 1973).

Rlthough the Rlaska criteria for drinking water refer to a 5
NTJ increase in turbidity above background in raw water, the
following information pertaining to turbidity levels in finished
drinking water is pfovidod to give the reacder a feeling for fhe
importance of loﬁ turbidity levels. It should be noted that raw
watter at a low-turbidity level is the same as finished drinking
water with respect to the following information. Bruvold
(1975), reporting the results cof a consumer acceptance survey of
finished tap water conducted by Harris, notes that 11 percent of
the respondents Judged & turbidity units to be acceptable for
drinking water. This water also had 15 color units and a
thrcshold odor number of 3. For drinking water, 5 units of
turbidity become cbjecticnable to a considerable number of
pecople, and many pecple turn t9o alternate supplies which may be
less safe. Symons and Hoff (1975) discuss the relaticonship
between particulates in water and the presence of disease—
causing organisms. Low levels of particulates interfere with
disinfection and can pravent maint.nahco of an affective
diginfectant agent (@.g.y Cchlorine) throughout the distribution
system, Indications are that bacteria and viruses can be
protected by certain kinds of particles from inactivation by
chlorine. Inorganic particles can cause turbidity and probably
hava no bearing on the potential prcfnction of pathsgens. Small
organic particles, however, may protect pathogens. Therafore,
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in evaluating water supplies, the nature of the particles in the
water should be taken into account. Hence, if only disinfection
is applied, the raw water source should be limited to low levels
of particulates. Seorge and Lehnig (1984) note tgét a level of
S turbidity units should not be exceeded for drinking water.
EPR (1976) nrotes that finished drinking water should have a

maximum limit of 1 turbidity unit where the water anters the
distribution system.

Agricultural uses of water containing suspended sclids may
be adversaely affected in many ways. Deposition of suspended
sediments reduces the rcapacity of irrigation structures and
systems and decrease reservoir storage capacity (King et al.
1978). Depogsition onn land can produce érusts that inhibit water
infiltration and plant emergence, impedes soil aeration, and can
contribute to_ s;linity problems by hiﬁd.ring.laaching o? salgna
soils (King et al, 1978). High colloidal contant in water used
for sﬁrinkler irrigation may result in deposition of films on
leaf surfaces that may reduce photosynthetic activity and,
therefore, growth. The films may also affoct_markotability of
leafy vegetable crops such as lettuce (NAS 1973).

Quality requirements regarding the amournt of particulates
vary among different industrial uses. For example, rayon
manufacture requires water with only 0.3 turbidity units,
whereas water used for cooling can have up to 50 turbidity units
{McBauhey 1968). ARAlthough industrial cooling water can tolerate
relatively high levels of suspended solids without significant
problems, modern high pressure boilers require water that is
virtually free of all impurities (Hach 13983). The quality
requirements even vary within some industries, such as the pulp
and paper industry. Different proéossos within this industry
require different levels of turbidity. The groundwood process
is the least sensitive to particulates and can tolerate up to 50

turbidity units, the Kraft process up to 2% units, the soda and
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syulfite process up to 15  units, and light paper production

tolerates up to 3 turbidity units (McGauhay 1368).

Criteria established for evaluating and iddﬁtifying water
treatment neads far fiah hatcheriess by Sigma Resource
Consultants (1979) include limits on suspended solids. The
suggested limit for suspended sclids for incubating eggs is 3
mg/L and for rearing and holding the limit is 25 mg/L in the
absence of other pollutanta.

4,3.2 Recreation

Contact recreation refers to activities where there is
direct and intimate contact with water and includes wading,
swimming, diving, water skiing, surfing, and any other intimatl
cantact with water directly associated with shoro{ino
activitiaes. Sicanqary recreation refers to activities where
water use is incidental, accidbntai, or visual, and includes
fishing, boating, camping, hunting, hiking, and vacationing.
The eaffects of particulates on contact and secondary recreation
summarized in this section include information pertaining to
hath fresh and marine waters.

Water quality is rarely defined by the public in terms of
chemistry, physics, or bacteriology because public perceptions
of quality are attuned to the senses (Wolman 1974) such as
sight. The public perceives water quality in terms such as
algae, foam, and turbidity. Contact and secondary recreational
uges of water vary widely with respect to the amount of

particulates that are acceptable. Water contact uses such as

wading, swimming, and diving require clear to moderately clear
water for safety. The less turbid the water the more desireable

it becomes for swimming and other water contact sports (ERA

1976) . McGauhey (1968) noctes that the noticeable threshold is
10 turbidity units and the limiting threshold is S0 units for
water contact recreation. The guidelines for Canadian
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recreational - water quality (National Health and Welfare 1983}
note that the maximum limit for turbidity is suggested as S0
turbidity units and the water should be sufficiently clear so
that a Secchi disk is visible at a minimum of i.a meteras (4
feet). These objectives insure the protection of watars
gsuitable for contact recreation, including wading, swimming,
diving, water skiing, arnd surfing.

Fiaherman tand not to fish in areas of turbid water bhecause

game fTishes are not found there in as great abundance as in

clear waters (Bartsch 1960). Fishing success is reduced where
turbidity is greater than 25 ppm (Phillips 1971) to 30 JTU
{(Grundy 1976). According to Townsend (1983), one of the most

popular recreaticnal activities on the Chatanika River is sport

fishing for Aretic grayling. He nates that numorous'ccmplaiqgs

from the public were received about muddy water conditions.in

the Chatanika drainage in 1379, the first season of increased
placer mining activity in this dfainago. Townsend states that
fishermen pkobably refrained from fishing because of turbid
conditions. He also notes that in 1977 and 1978 the Chatanika
was the second most popular waterbody for sport fishing in the
Interior but it fell to seventh place in 1379.

Boating, canceing, and kayaking are enjoyed in RAlaska in a
variety of clear and turbid systems. There is really no upper
limit to the amount of turbidity for these activities. For
example, river boating (for pleasure and transportation) is
popular on the Tarnana arnd Yukon rivers and kavaking and rafting
are popular on the Nenana Rivery all are turbid systems,
According to McGauhey (13968), the rnoticeable threshold is 20
turbidity units fTor boating and aosth;tic uses but "no level
[is] likely to be found in surface waters {(thatl] would impede
[thesel usefsl." That is, high turbidity levels do rot
eliminate boating and aesthetic uses. However, given a choice,

most peocple prefer clear water conditions for these uses.
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4.2.3 Biota
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Scientific data describe many ways in which turbidity and
excessive concentrations of sediment may adversely affect

aquatic organisms. In general, these effects include:

{1) Direct actions which either killncr reduce growth rate
and resistence to diseaseg

(2) Prevention of the successful development of eggs and/or
larvae}

(3) Modification of natural movements and migration; and,

(4) Reduction in the abundance of available food items.

A substantial amount of ihformation exists regafdiﬁg fhn
gereral effects of suspended solids, settleable solial,
turbidity, and the accumulation of fines in spawning gravel on
fraoshwater aquatic orgahisms. A large percentage of the
published literature summarizes the results of investigations
urncdertaken by other authors, and relatively few present original
data that quantify the levels which cause deleteriocous effects.
Furthermore, many of the fregquently cited publications address
the effects of particulates on organisms not found in Alaska
waters. Difficulties arise Iin deriving conclusions about the
effects of particulates on specific organisms as a result of the
wice range of tolerance among different species, among
individuals of different ages and stages of development, and
among ihdividuall of the same species which have adapted to
diFf.k-nt natural conditions. For example, salmonid egg
incubation is adversely affected by suspended solids
concentrations pgreater than 3 mg/L, but some adult salmonids are
not adversely affected by short—-term exposure to concentrations
greater than 100,000 mg/L. There is a wide range of effects on
individuals, ¢their age class, and habitat over a wide range of

particulate types and levels. Furthermore, the various units of
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measure and - methods of measuring turbidity amd suspended matter

make it difficult to compare results,

Particulates have direct and indirect effec;s on aquatic
biota. Direct effects include anatomical and physiological
influences on the organisms themselves, whereas indirect affects
involve impacts such as a reduction in prey species or habitat
alteration. Additionally, the binlogical effects of
particulates are interaﬁtive in that a change in natural levels
may affect the structure o2f an entire aguatic community, as

opposed to only one functional group of organisms,

Data from early field studies indicate that it is often
difficult to assess the effects of suspended sclids independent
of factors such as sorbed toxic metals and pesticides, bipch.hi-
cal oxygen damand, and nutrient contint. -Consaquently; tEQ
objective of more recent studies has been to identify the
bialogiéal effects of inert particulate material, similar in
size and composition to those found in natural waters. Anaother
problem with early studies is that investipgators used a variety
of units for turbidity. Hence, there are a variety of units,
ppm, mg/L, JTU, FTU, NTU (not directly translated one to
another), making it appear that there are inconsistencies in the
reported data. The actual units reported in the literature

appear in the following discussion of the affects of
particulates on biota.

Particulates, especially turbidity, are considered to have a
deletericus effect on plant communitias within waterbodies. Few
quantitative results are reported in the literature. Eell
({1973) reported that alpgal-based food praduction for juvenile
salmonids was reduced at turbidities above 295 JTU. In Great
Britain, Nuttall and PBilby (1373) stated that rooted aguatic
vegetation was abzent at stations where suspended solids levels
exceaeded 2000 ppm in a river polluted with china-cléy wastes.

Reed et al. (1983 found in experimental ponds in North
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Carolina, that a reduction of turbidity from 12 to & NTU allowed
submarged plants to grow in deeper water areas because of the
corresponding increase in light at depth. In Ya=-Ya Lake, NWT,
phytoplankton productivity was lowest in the ‘?enion where
turbidity and suspended solids were highest (McCart et al.
1380). Van Niesuwenhuyse (1383) observed a strong correlation
between irncident photosynthetically active radiation (PAR) and
gross productivity which lead to development of a model by Van
Nisuwenhuyse (LaPerrisere 1985) to predict algal productivity at
different turbidity levels.

Benthic organisms and other invertebrates are also adversely
affected by particulates. Sammon (1370) reported a 25 percent
reduction in macroinvertebrate populations downstream from a
limestone quarry where sediment loads were less than ﬁo mg/L.
Population reductions of. 40 percent were noted in strctﬁhds:af
the river where the sediment load was 80 to 120 mg/L and, in
areas whare 120 mp/L was exceeded, the macrcinvertebrate
population reduction was €0 percent. Sediment which settled ocut
caused a reduction of 40 percent in population density
regardlaess of suspended sediment concentration. Invertebrate
drift increased immediately when introductions of 180 mg/L
sediment were made to the stream.

Wilber (1983), citing Herbert et al. (1961), reported that
macroinvertebrate pocpulations are reduced at turbidity levels of
26l to 390 ppm and that dersity is reduced at 1000 to &000 ppm.
Reduced numbers were reported for turbidities of 40 to 200 JTU
(Scrensen et al. 1977). In McCart et al. (1980), a discernible
effect on the species composition and relative abundance of
zooplankton was noted in the silty south end of Ya-Ya Lake,
NWT. Species diversity, equitability, and taxonomic diversity
appeared to be negatively correlated to siltation. Mortality of

Daphnia sp. occurred at 82 ppm suspended sclids according to
EIFAC (1365).
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McCart et al. (1980) alsa discussed the asffects of ailtation
on various fish species within Ya-Ya Lake, including two species
of sculpins, lake trout, northern pike, trout-perch, lake chub,
inconnu (sheefish) and sevaral other whitefish ;bacias. The
atudy focused on the distribution af the species in the lake.
They concluded that lake trout and aslimy sculpin were
characteristic aspeciss of clesarwater conditions, whereas the
trout-perch and spoonhsad sculpin appeared in turbid parts of
the lake. Many species which were tolerant of turbid conditions
preferred ¢to faed in thae clearwater end of the lake. These

species included northern pike and humpback and bBroad whitefish.

In laboratory tests, the torrent sculpin appeared to bhe
fairly t¢tolerant of suspnndnd sediments, and no effect on feeding
behavior was evident at lgvels ranging from O to 1350 mg/L
{Brusven and'_Ros. 1%881). Meleay it al. .{1983) conducted
laboratory tests on RArctic grayling and reported that, when
acclimated to 1S degrees C, they survived a 4-day exposure ta
sediment suspensions of more than 250,000 mg/L and a l&—day
exposure to 50,060 mg/L. Brayling which were acclimated ta 5
degqrees C survived 4 days in suspensions of less than 10,000
mg/L. Suspensions preater than 10,000 mg/L caused grayling ta
surface. Although gQill histologies appeared normal in the fish
held for 4 days, acute stress respcnses such as elevated and/or
varied blood glucose levels, were rnoted. Gill hypertrophy and
hyperplasia were reported for grayling captured in the field in
water with low suspended sclids and then held in water with
suspended scolids levals of approximately 1210 mg/L and 35 mg/L.
It was concluded that grayling subjected to short-term sublethal
amounts of suspended solids can exhibit various responses

including acute stress.

A relatively large body of literature exists dealing with
the effects of particulates on trout and salmon. The effects on
adult fish, Juveniles, and embryos are considered s.paﬁately.
Bell (1973) reports that relatively large gquantities (300 to
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1000 ppm) of gadiment locad can be carried in a stream without
any apparent detriment to adult salmon and trout for short
pericds of time. Concentrations of 4000 ppm can cause salmon to
cease instream movements, howaver, Herbert et:‘al. (1961)
concluded that brown trout populations in the rivers Fal and Par
in Cornwall were reduced In areas having suspended sediment
concantrations of 1000 ppm but were unaffected at 60 ppm.
Reductions in the standing crop of brook trout in a British
Columbia stream appeared to be the result of decreased spawning
and destruction of hiding places due to siltation (Saunders and
Smith 1985). Bachmann (1358) revealed that cutthroat trout
cesse Teeding at 35 ppm suspended solids and that cutthroat may
abandon redds if silt is present. Rainbow trout exhibited the
following respornses to varying amounts of suspesnded solids: (1)
SO0 ppm—-raeduced growthj (2) 30 ppm-—-20 percent mortality in 2 to
6 monthsa; (3 100 to 270 ppm—-fin roty (4) 200 ppm--sb‘p-rcqﬁt
mortality in 16 weeks; (5) 1000 to 2500 ppm——100 percent
mortality in ao' days) (6) 1000 ppm=--20 percent mortality in 37
daya; (7)) 4250 ppm—-50 percent mortality in 28 days; and, (&)
160, 000 ppm—=100 percent mortality in 1 day.

Results of acute (4 days or less) exposure to suspended
gediments indicate that Juvenile salmonids exhibit seasonal

charnges in their tolerance to suspended ‘s.dim.nts {Noggle

137a8). Bicassays conducted in summer produced LCS0's less than
1500 mg/Ly; while autumn bicassays showed LCSO's in excess of
30,000 mg/L. The tolerance of wild coho salmen to suspended

solids was higher than hatchery produced cohos, apparently

because of prior exposure to suspended sediments.

Langer (1980) reported reduced feeding among salmonids at
turbidities greater than 25 JTU. Brook trout exhibited
increased ventilatory respornse {(a stress reaction) at 231 NTU
clay in water (Carlsen 1984). Pacific salmon survived 3 to 4
waeks in 300 to 750 ppm suspended ®so0lids and avoided muddy
waters during migrations according to the literature review by
Wilber (1983).
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The effects of particulates on salmonid jJuveniles and eggs
have bean studied more extensively than those on adults. In
laboratory tests, Bisson and Bilby (1382) found that turbidities
of 70 to 100 NTU caused reduced feeding among cdﬁb Juvenilas.

Crouse et al. (1981) found that 26 to 31 percent sadiment in
laboratory stream gravels increased mortality among emerging
coho fry. Noggle (1378) found that feeding by coho Juverniles

was readuced at 100 mg/L and ceased at concentrations greater
than 200 mg/L. Mortality (LCS50) cccurred at 1198 mg/L in August
and at 35,000 mg/L suspended solids in November indicating
perhaps a seasonal tolerance of jJuvenile coho salmon or the
affect of increased maturity of individuals. NCASI (1984Db)
conducted a literature review pertaining to the effects of
sediments on salmon habitat. It was discovered that the time
recessary for coho fry to emerge from the gravel in'whichkthgy
were hatched irncresased from 10 to 47 days when the amount.of
fines (less than 3.327 mm in diameter) was increased from 36.6
to 42,3 percent (Koski 1966).- Success of emergence decreasad as
sediment levels increased from 27 to S1 percent. Coho biomass
decreased 63 percent when sediment smaller than 0.8 mm iricreased
from 20 to 321 percent as a result of road construction (Burns
1872). Juvernile cocho productivity was reduced from 8.8 grams
per square meter to 5.0 grams per sguare meter as sediment
embeddedness was increased from QO to 100 percent in a laboratory
stream (Crouse et al. 13813 NCASI 1284a). Sigler et al. (1984)
reported that cocho and steelhead fry showed a reduction in
growth at 285 NTU turbidity.

Wark by Herbert and Merkens (12€1) indicated that
suspensions 6f 30 ppm kaclin and diatomacecus earth caused
regligible damage to Juvenile rainbow trout over a & month
period in laborateory teats. Some mortality occurred at 90 ppm
and more than half the trout died at 270 ppm and 810 ppm. Fish
exposed to 30 to 90 ppm suspended solids exhibited rnormal gills,
but those 'enpos.d to concentrations of 270 to 810 ppm displayed
thickening or fusing of pgill lamellae. Caudal fin damage was

REVIEW DRARFT 9/a9/83 PAGESa




-

Tl

alsog evident after exposure for $7 days to 270 ppm suspended
solids.

Salmon egus are usually laid in depressions excavated in the

gravel of stream bottoms and then covered over with more

graval. Development of the eggs depends on water flowing
through the gravel, bringing oxygen to the aggs and remaoving
metabolic products. When gravel interstices are covered or

clogged with fine material, successful development of the eggs
is impaired. Byjornn et al. (13977) reported reduced survival of
salmon eggs in an Idaho stream when there was 20 to 30 percent
sand in the gravel. Increased mortality of brook trout eggs in
laboratory streams was noted by Hausle and Coble (1976) when
there was more than 20 percent fines in gravel. A literature
review by Iwamoto et al. (1978) revealed that coho eggs suffered
increased mortality when the fines content of gravel was gfqa{ér
than 13 porcontQ The same was true of steelhead eggs when the
fines content was ﬁrcatcr than 20 percent. The size of bottom
material in streams utilized for spawning by pink salmon varies
considerably. According to MchNeil and Ahnell (1964), escapement
was very high when the percentage of solids passing through a
0.833~-mm sieve was about S percent, medium to high at 10
percant, and low to fair at about 20 percent.

Bjornn (1969) reported that chinocok fry had difficulty
during emergernce when sand (0.25 mm) in the gravel was increased
20 to 40 percent, Mortality of chinook embryos approached S0
percent as a result of 30 to 40 percent sand in the gravel.
Langer (13980) reported an increase in steelhead fry mortality

when gravels contained more than 10 percent sediments. Survival

of steelhead declined to 3.3 percent when fine sediment (8.4 mm)

reached 29.4 percent in gravel (NCASI 1984b). ARApproximately 18
percent survival was achieved with 70 percent 1 to 3 mm sediment
(PhRillips et al. 197%) and 10 percent survival occurred when
0.85 mm sediment reached 19.5 percent (Tappel and Bjornn 13283)

in gravel. Only & percent survival occurred when there was 50
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percent fine sediment (9.5 mm) present (Tappel and Bjornn

19283). Steelhead fry survival decreased from 49 to 52 percent
to 3 to 9 percent when 20 percent fines (0.25 mm) were
introduced in the gravel (NCASI 1984b). Steelhead populations
declined &y &85 percent when sediment smaller than 0.8 mﬁ
increased fraom 20.6 parcent to 34.2 percant after road
construction (Burna 1372). 7

Rainbow trout alevins and eggs showed reduced survival of i
toa 1.3 percent for every 1 percent increase in 0.8 mm fines in
gravel (NCASI 1984a). Phillips (1971) raeported a 57 percent
decrease in the population of jJuvenile rainbow trout in 20 days
in an area 1 1/2 miles downstream from a gold dredge where the
suspended sediment concentration in the water ranged from 1000
to 2500 ppm.

Hausle and Coble (19786) reported that emergence time for
broak trout embryocs was increased and their survival decreased
when 2.0 mm sediment in gravel greater than 20 percent. Chum
salmon eggs exhibited a decrease in survival of 1.26 percent for
every 1 percent increase in sand (Koeski 1975%). For coho eggs,
the ratic was 3.1 percent decrease in survival for every 1
percent increase in sand (Cederholm et al. 1380). Sockeye
salmon eggs showed a 40 percent decrease in survival when fires
of less than 0.336 cm were introduced into gravel. The survival
of chinocok eggs decreased from 88 tao 18 percent when 33 percent
fines (6.4 mm) were in the gravel. Ccho =ggs showed a reduced
survival from 96 to 8 percent with a 0 to 70 percent ircrease in
fine (1 to 3 mm) sediment (Phillips et al. 1373).

In labcocratory tests, Phillips et al. (1973) found that the
survival of coho eggs correlated negatively with the addition of
sand to the substrate with the following results. There was %6
percent survival in the control mixturae, 82 percent survival in

10 perceant sand, 64 percent survival in 20 percent sand,

1
o

percent sSurvival in 30 percent sand, 20 percent survival in 40
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percent sand, 2& percent survival in 30 percent sand, and 8 to
10 percent survival in &0 to 70 percent sand. Steelhead eggs
showad a similar response; survival was reduced from 99 to 18

percent when sand was increased to 70 percent.

In other studies, Shelton and Pollack (13966) found that 1S
percent of chincok salmon eggs survived when 13 to 30 percent of
the gravel voidsa were filled with sediment in laboratory
at reams. Tagart (1978) observed that survival of coho aggs in
the Clearwater River in Washington was negatively correlated
with the percent of "poor" (fines less than 0.85 mm in diameter)
gravel present in the streaam. In Great Britainy Turnpenny and
Williams (1980) found that rainbow trout aggs suffered 398 to 100
percent mortality in 2 to 2481 mg/L suspended solids whare the

permeability of the gravel was 5 to 74 ecm/hr and dissolved

oxygen in the water was 2.4 to 7.8 mg/L. At suspended sedimcﬁ%

concentrations of' 3 ‘to 1810 mg/L, where the permeability was 7
to 2950 cm/hr and dissolvad oxygcn'wasys.a to 8.6 mg/L, survival
af the aggs ramged from 24 to 98 percent. Witzel and MacCrimmon
(1981) found that only 1 percent of the rainbow eggs survived
when the qgravel waa 2 mm in diameter but that 7& percent

survival was achieved when the gravel diameter was 265.5 mm.

The main concern with regard to the protection of aquatic
fauna fromr lethal sediment concentrations is the amount of
golids in suspension that can potentially settle out (settleable
solids! a3 flow decreases (Duckrow and Everhart 1971). It is
the sessile, immobile forms in or on the streambed which are the
most susceptible to being smothered. Sedimentation of the
stream substrate, particularly the gravel used for spawning,
produces significant detrimental effects on salmonid rescurces
(Iwamoto et al. 1978). Iwamoto et al. (1378) note that there are
substantial data describing the deletericus effects of particles
of sizes less than 0.850 mm in diameter when they exceed
approximately 20 percent of the total. They also rnote that
sediments ranging between 0.1 and 3.3 mm appear to cause the
most significant impact.
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Sediment - deposited on the streambed surface or withinm the
gravel can reduce the exchange of water bhetween the stream and
the gravel (Coopar 1985), Three factors affect the magnitude
and direction of water interchange in spawning béds: (1) The
surface profile of the streambedj (2) depth of the streambed;
and (3) streambed permeability. Water exchange occurs in stream
gravels as either downwelling or upwelling. Downwelling is
predominant in convex streambed surfaces, whereas upwelling
occcurs where the streambed is concave. Furthermore, increased
gtream gravel permeability induces downwell ing, whareas
decreased permeability induces upwelling {(Vaux 1368),
Substantial reductions in flow ¢through the gravel may result
from a reduction in the size of particles in the gravel bad
(Cooper 196%5). Permeability may be increased by removing fine
material from the stream gravels (McNeil and Ahnell 1364) éqgh

as during flood events that wash fines out of the gravel.

The intrusion of fines into s%roam gravels is a complicated
and not fully understcod process (Beschta and Jackson 1979).
Pregently there ia 1little known about the mechanisms and rates
of sediment intercharnge between the water column and the inter-
stitial environment (Carling 1984). Sediment intrusion involves
the transport and deposition of particles into gravel voids at
the surface, and the settling of particles into deeper gravel
voids under the influence of gravity, assisted by turbulent
pulses at the gravel surface (Beschta and Jackson 1979). Since
there is often an exchange of flow between a stream and the
gravel bed of a stream, it is logical to expect that suspended
sediments might be carried intoc the gravel and deposited even if
they are not d.positoq on the sfr.ambod. While conducting
bedload experiments with gravel, Einstein (1968) noticed that
MUurky water gradually cleared up at low bedload rates, and
postulated that the deposition of suspended silt particles must
occcur in the pores of the gravel bed. Subsequent experiments
showad that the deposition rate of suspended silt paﬁticlos
begin to fill the pores of the gravel from the bottom up. The
concentration of silt ranging from 3.3 to 30 microns decreased
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expanentially downstream as sediment was deposited in the stream
gravels, Rs a result of these experimants, Einstein (1958)
concluded that the deposition of silt is primarily a function of
the sediment concentration close to the sediment-water interface
and that hydraulic controls are of secondary importance.
Carling (1384) notes a similar experiment in which low concen-
trations of silty clay {less than 300 mg/L) decreased
exponentially downstream although high concentrations decreased

logarithmically.

A gseries of experiments conducted by Beschta and Jackson
{(1973) demonstrate that flow conditions, as indexed by Froude
numbers, significantly influenced the degree of gravel intrusion
by sand. Qther flow indicators such as shear velocity and
Reynold’s rumber did rot significantly affect the amount'qf
intriusion. . At low Frouda numbers, 0.3 mm sand duiék;}
@stablished a sand "seal" withinm the upper 5 cm of the gravel.
Once the sand seal had formed and the intergravel spaces had
filled with fines, the dowrward movement of additional sediment
was prevented and the intrusion process stopped. In comparison
with ©.5 mm sand, the intrusion of 0.2 mm sand was maore
extensive suggesting that particle size is am important variable
affecting the intrusion of stable gravels. Instead of forming a
sand seal in the upper gravels, the finer 3sands generally
migrated down through the test gravels by gravity and began to
fill them from the bottom up. The amount of imtrusion of 0.2 mm
sand decreased as the Froude number increased from 0.6 to l.1l.
Thes® observations support the findings of Einsteirn (1968) that
intrusion by fine sediments fills stream gravels from the battaom
up.

Experiments were conducted by Cooper (1363) using 0.3 to 74
micron silt in concentrations of 200 and 20Q0 ppm to determine
the rate and magnitude of fine sediment deposition. Data show
that stream gravels act as a filter irn removing suspended

sediments fram the water flowing through the gravel. The rate
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of 8ilt accumulation in the gravel varied in proportion to the
flow through the gravel.

Carling (1984) found that porous gravels cndid physically
entrap particles in the dead zones on the lee side of gravel
grains and prevent resuspension, In base level flow conditions
and low concentrations of sediment, the grain size of particles
settling onto the gravel bed is similar to particles filling the
gravel void spaces. Far all concentrations, the deposition rate
was strongly linearly correlated with the suspended sediment
concentration, Regulte indicate that open—-work gravels will
rapidly become siltad even with water containing low concentra-

tions of suspended solids.

Thus, the amount of gilt and. larger particles tranqur@ed-in
suspension may havs‘ a»pronounced affect on the natural qual{%y
and composition of gravel substrates in streams. Howeaver,
MchNeil and ARhnell (1964) report that firnes in the gravel can be
locally removed by salmon during spawning. Nevertheless,
additional sediment deposition and infiltration after spawning
may raeduce the rate and magnitude of water exchange in spawning
gravels, to the detriment of developing eggs.

Although it is well documentaed that silt  and larger
particles in suspension may fill streambed gravels, the effects
of clay-sized and other nrnon-settleable particles on streambed
embeddedress are not reported in the literature reviewed for
this project.

In summary, nriumercus field and laboratory investigations
have documented lethal and sub-lethal effects of suspended and
depcsited sediments on freshwater aguatic organisms.‘ These
effects are gsummarized in Tables 4-=1 through 4-4. Most of the
numarical data appearing in these tables pertain to salmonids
and their habitat. The impacts of a wide range of sediment and

turbidity levels have been documanted for all stages of salmonid
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TRBLE 4-3

eFFECYS OF SUSPENDED SOLIDS AND TUABIDITY 0N SRLMONID SUSWIVAL AND XORTALITY

Mature ang Extent of Effect

Aaintow Trout

= Lono Saimon

Chum Salmon

-

Mortality
Mortality
Survived

No mortality
Mo mortaiity
{20% mortality

204 mortality
0% xortality

S0% mortaiity
Greater than 30%
mortality

No mortality

100% mortality
38-100% egg mortality

24-38% egg mortality

Mortality cccurred
No mortaiity

No mortality
No mortality

S0% wortality

egg survival decreasad by

5%

Level or Jonc,  Duration

© Compants

Feference

230,000 wo/L 4 days
36,000 mg/L ik days
10,000 mg/L 3 days

330 to 8200 NTU 9 days

880 to 6600 mg/L 9 days

0 ppm 2-6 months

1600 ppa 37 days

200 ppm 16 weeks

4220 ppm 8 cays

Greater than i-6 months

270 pom

30 pm 2-t months

180, 060G “Fpm 1 day

2 to 268! mg/l —

3to 1810 mg/k  —-

1000 to 23500 ppm 20 days

S0 and 100 ppm 8 months
200 pom 3-10 months
933 ppm 4 weaks
1200 in Rugust 4 days
35,000 pom in

November

Increased by 1&% -—

Suspenced solids
Susperged solids
Suscenced soiids
Turbidity

Totai solids
Diatomaceoqus earth

Cellulose fiber
Spruce fiber

Susgended gypsum
Suspended kaolin &
diatcmaceous earth
Susgended kaolin &
diatomaceous earth
Suspenced solids
Suspended solids

Susperded solids

Suspenced solids
Coal-washery waste

Coal-washery waste
Suspended gypsum

Suspended solids

Suspended solids

Moleay et al. 1983
Peleay et al. 1343
Mciaay ot al. 1983
Simmons 1384

Simmons 1584

Herpert and Merkers
1361

EIFAC 1363

Hersert and Richards
1963

Herbert and Wakeford
192

Herbert and Meriens
1361

derbert and Merikens
%1 -
EIFAC 1969

Turnocenny and Wiilians
1580
Turnpenny and Wiliiams
1980

Campbell 1534
rerbert and Richards
1563

Herbert and Richards
1983

keroert and Wakeford
1362

Noggle 1978

Langer 1380
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LS EFrliS OF SZTTLED SCLIDS AND FINES

ect Seciment Level

Airk Saimon

Cang Salmon

Chineok Saimon
Broax Troug
dteeinead

Trog

SaimGnids

Low escapement success
fedium escapment SUCCESS
Figh escapesent success
Fry emergence tize
increased

Rbout 20%
Ahout 0%
Rbout 3%
Increased from
37 to 4%

Euergence success decreased [ncreased from

Juveniie productivity
decreased 44%
Biomass decreased £3%

Emergence impaired

Sndryo emergence time
1rCreased

Population cecreasau by
83%

Biowass decreased by 42%

Deleterious effects
Most significan® impact

27 to Si%
Increased frow
O to 100%
Increzsed from
20 to 31%
increased from
20 to 40%
increased from
0 $o g0
increased from
21 0 34X
Increased from
20 to 3%
Greater than 20%
Not stated

I’l.a

i 5 . =5 ~rae
Secizens Sizg Commerts
Z8ciment glzg

2N SRLMCNIDS

..-,E"‘EWCE

0,833 na -
0,833 mm -
0,833 rm -—

(3‘ 327 1" -

Fines -—
(2.0 mm

0.8 —
Sand —

{2 im sand -
0.8 mm . -
0,8 mm -—
{0.850 mm -—

Between (.1 —
and 3.3 mm

AEVITH DARFT 3/05/35 WE 6O

Embeddedness

-

¥aNeil ang Ahnell
¥oNeil and Ahmeil L
Moneil and Annell o
Hoski 1566

-
(S5 BT BYe ]
s
-

prite

NCAST 1384h
Crouse 2t ai. (981
Burns 1972
Biornn 1963
Hausie ard Codble 1976
Burns 1572 -

Burns 1372

Iwamoto et al. 1373
Iwamoto et al. 1378
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EF#EETS OF SETTLED SCLIDS AND FINES

Nabture and Extent of Effact

Cediment Lavel

Froox Trout
Sa.aon

Chum Zaimen

Chinoox 3almon

Lo Saimon

Aaincow Troud

Steeihead
Trout

Survival f{o amergence
Tog surviva. gecreased
£03 survival decreased
{.28%

Egg survival decreased
from 4 to 1B%

Imorya mortalify
aporoached SOK

up to 85% mortaiity

E3g survival decreased
frem 96 to 8%
cgg survival decreased

3 4w

e Wl

£3q survival decreased
from 36 to (0%

Eq3 survival averaged
22 ik :

£gg mortality increasec
Fry mortality increased

Egg mortality averaged
27, 1%

Zgg survival decreased
1.1 to 1.3%

£gg survival decreased
by 0.8%

Egg survival ranged
from | to 76%

Egg mortality increased
Egg survival cecreased
from 39 to 18%

E3g survival decreased
to 3.3%

E3g survival decreased
fo 18%

Eag survival decreased
to 10%

Z3p survival decreased
to &%

Zgg survival decreasad
Trom 32 to -9

¥ean egg survivar was I7.7%
T§g survival seEcrsasst J.4%

Greater than 20%
20 to 0% range
gach 1% increase

Increased from
28 to 3%
30 to 40%

1S %o 30% of
gravel voids
Increased from

0 to TO%

Each (% increase

Increased from
9 to TO%

Greater than 13X
Increased frow
26 to 3ix

27 to 51% fires

gach 1% increase
Each i% inCrease

Mot stated

Breater than 20%
Increased to 70%

Increased to
39, 4%

increased to 70%
Increased to
19,34

Increased fo S0%

increasec to 20%

AEYIZE DRFFT 3
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ON SALMONID MOFTALITY AND SURVIVAL

Secdiment_3iz

Commenzs

2 mm sand
Fires
Sang

1to03m
Sand

3and

C.B83 rm

Fines
Fines

2.327 m

0.6 am fines
5.4 mn fires
2 to 26.5 om

rines
Sand

6.4 mm fines

{ to 3 mm
fines

0,089 nm
fines

3.5 = fines
025 wm finas
De 35 M

7. 83 mm

103/85  2R3E bl

in gravei

Filled gravel
volids

in gravel
In gravel

In gravel

In gravel

Sefererce

rausie and Cocale 1976

Bloren et al. (374
Yoski 1373

NCASI 19840

Bjornn 1963

Shelfon arg Poilack
1366

fhillios et al. 1373
Cedernolm et al. 1380
Ahillios at al 1373

T-gart‘1976

iwamotc et al, 1378
Crcuse et al. 133%

Koski 13€5

NCRST 1984a

NCASI 19B4a

Witzel and MacCrimmon
1981

Iwamcto et al. (578
Phillips et al, 1375
NCARSI 1584b

Philiiss et al. 1375
Tappel and Bjornn 1382
Taggel and Bjormn 1333

SCAST 1364G

Cadernoaa 27 al. 1380

Ceperncim =t ai.

=30
L ITV



TRELE 4-4
MISCZLLANECUS EFFeCTS OF SUSPENDED SCLIDS AND TURBIDITY ON REUATIC 3i07TA

croanasm Mature and Extent of Effects Level or Cong, Duraticn Comment s defarence

Salmomigs 1n
gereral

Rainbow Trout

Bteeihead
Trout

Sona Salman

Algai aseg
Sroguctivity
Ancteg Plants

Suomergen
flants

~Muatic Jlarss

Cease instrean moveswents
N aoparent detriment
Aeduced feeaing
roduction reduced
Proguction increased 33%
Slight effect on growth
Reduced gqrowth rate
Juvenile population
decreased 57

Normai gills

%ormal giil nistelogy

Gili thickening or fusing
Mo sign of disease

Caudal fim diseasa

Some fin disease

Avoidance -
feduced growth
Displacement
Avoidance

Feeding reduced
Feeding reduced

Feeging ceased

Reduced growth
Avorgance by juveniles
Disniacement

Recuced

Absent
Srew n Ceeger water

Seguren oroguction

&400 pom

300 to 1200 oom
Greater than 25
NTU

Greater than 25
JU

Reduced by 83%

30 %o 60 pom
270 ppm
1000 to 2000 ppm

30 opm kaolin &

giatcasceous garth

30 &t 30 opu
Kaolin ¥ diato-
macecus earth
270 and 810 ppa

S0 pom
270 ppm
200 pom

Y167 NTY

25 NTU

40 %0 50 NTU
YIBT NTU

100 ag/L

70 £o 100 NTU

200 ag/L
25 N
70 NTUY
fo 50 NTU
25 NTU

YEO00 opm

Reouces from 12
to & 4TY
D 4o 1300 NTU

Sedinent loaa
Sediment iocad
Turbidity
Turbidify

3anc

Coal wasnery waste
Suspenged matier
Suspenged solids

Suspended solids

Suspended solids

Suspended solids
Wood fiber
Diatcmacecus earth
Wood fiber

Turbidity
Turpidity
Turpidity
Turbidity
Suspended solids
Turbidity

Suspenced solids
Turondity
Turdidity
Turbigity
Turpidity

China clay wasies
Tursigity

Turnidisy

PRE bd

Zell 1973
Bell 1373
Linger 1380

NCASI 15840

Alexander and Hansen

1983
Merbert ang Aichards
1783
Nersert ang MerHens
1961
Millips et al. 370

Herhert and Merxens
1961 .
rersert ang ferkens
1961

Herbert and Merians
1961 '
Herdert and Merkens
1364

tert and Merkens
1351
Hersert and Meriems
1961
Jigler et al. 1984
Sigier et al. 1384
Sigler et ai. 1384
Sigier et al. 1984
Noogle 1978

Alabaster 13725 Sviora

et al., 1972
Noggle 1378
Sigler et ai. 1384

Bisson and Bilby 1982

Sigler 1381
Beil 1972

Nuttall ard Bildy (373

ymo

Reec =t al. [T&2

vanNieuwenhuyse 382

D

o,

oy,

s
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Oreanism_

Ber¢hic
Inver{esrates

Torrent 3ctioin
grayling

Brown Trout

Cutthroat
Trout
Braok Trout

Dagnnia magna

TABLE 4-4 Continued

MISCELLANEOUS EFFECTS OF SUSPENDED SEDINENT ARD TURBIDITY CN AQUATIC BIZTR

Nature ard Extent of Effect Level or Conc,

Papuiation reduced by 2S%
Pupulation reduced by 40%
Jopulations reduced by &0%
Population reduced to 23%

Bottom fauna apsent

Popuiation numbers reduced

Pensity reduced to 11%
Raungance unaffected
5% increase in drift
0% increase in drift
Reduced abundance
Impajred Feeding
tlevated blood 3iucose,
reguced leucocrit

Gili hypertrophy and
hyperolasia

Swan to surface

Normal gill histologies

Moderate gill tissue Camage

Extensive gill damage
Limited food intake
Limited food intake

Population uraffected
Reguced abundance
Density reduced by 86%

Production increased by &%

Cease Feeging

Increasad ventilatory
rESpONSe
Harmful effects

Duraticn Coaments . Referernce

80 ng/L -— Suspended solias Bammon 1370

80 to 120 my/L — Suspended solids Samacn 370

} 120 mg/L —_ Suspended solios Gammon 1370

261 to 3% ppm  — Susoerded solids Sorensen et al. 1377
250 ppm -_— Suspended sclids EIFAC 1385

40 to 200 JTU  -— Turbidity Sorensen at al. 1977
1000 to 6000 JTU Suspended solids Heroert et al. 136

80 ppu Suspended solids Herbert et al. 1561

40 mg/L increase
80 mg/L increase
0 to )2230 NTU

0 to 1250 mg/L
10,000 mg/L

34 and 1210 mg/L

110,000 mg/L

170 wgiL

1208 mg/L

1388 =g/L

1130 to 4825 NTU
1340 ‘o 6280
ag/L

80 pom

1000 pom

1000 to €000 ppm
Reduced by 86%

5 ppa
231 NTU

82 to 102 ppa

AEViEa DRRFT

Y |

/

4 days

4 days
2 days
4 days
& days
& days

R

Susperged solids
Suspended solids
Turbidity

Susperded solios
Suspended solids

Susperced solids

Suspended solids
Total solids
Total solids
Total soligs
Turdidity

Total solids
Suspended solids
Suspended solids
Suspended solids
Sand

Suspended solids
Clay

Haolimite and
sontmorilionite

/35 AEE &

Bammcn 1570

Gammon 1370

tarerriere et al. 1983
Brusven and Rose (381
Acleay et al, 1283

tcLeay et al. 1583

Mcleay et al. 1383
Sinmons 1384
Simmons 1984
Simmens 1984
Simmons 1284
Simmons 19684

Herbert et ai.
Herbert et al.
EIFAC 1363
Alexancer ard Hansen
1383

Bacheann 1338

S0
[Yo BNV )
o o
—

Carlson 1984

EIFRC 1363



development including eggs and embryos, alevins, fry, juveniles,
and adult fiash, Furthermoreg, quantitative analyses have been
performed to determine the effects of sediment on feeding,
growth, productivity, biomass, abundance, anatomy;'physiology,
and behaviaor. Nonetheless, a number of data gaps exist with
regard to threshold levels having a specific effect on a
particular species.

The above discussion demonstrates that particulates have

detrimental effects on freshwater aguatic biota.

(1) Turbidity reduces the amount of light available for
green plant growth and photosynthesis within water
bodies, can inhibit instream movements of fish, and
may inhibit the ability of fish to see their prey,

(2) Turbidity and settled solids can cause reductionéxiﬁ
invertebrate populations and can cause an increase in
invartebrate drift.

(3) ARAbility of fish to withstand various concentrations aof
settled and/cr suspended sclids depends on their life
stage. Adult fish can withstand relatively high corncen-
trations of suspernded solids for limited amounts of time
without suffering mortality, although other physiolaogi-
cal effects such as fin and gill damapge and stress
reactions may result.

(4) Survival of Ffish eggs and juveniles may be significantly
reduced by settled solids in spawning and rearing areas.

(%) Settled scolids have direct effects on aguatic biota and
habitat by smothering fish eggs, alevins, and inverte—
brates, reducing intergravel flow, and by coating
aquatic vegetation, thus reducing the potential for
photosynthesis.

(&) Solids in suspensicon can cause invertebrate drift, cause
fish to avoid previously usable habitat, prevent fish
from seeing their prey, and cause physical damage, such
as gill irritation, to fish.
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(7) 8ilt and larger particles in the water column can fill
open—work gravels even when the concentration of

suspended gsolids in the water is low,

The bioclogical effects of inorganic suspended solids on
marine communities are complex and extremely difficult to
quantify. The effaects on zooplankton and higher aquatic
organisms are more difficult to avaluate than the effects on
phytoplankton (Brehmer 19&5). With the exception of a few
commercially important species, little is known about the
ef fects of turbidity and suspendad material on marine
iﬁvertabratus (Stern and Stickle 1978). Different species of

marine organisms are affected to diffarent degrees by the same

concentrations of turbidity-causing sediments (Loosancff 1951;

Moore 1977; McFaElanq and Peddicord 1980), Many species of
marine shellfish and finfish are sensitive to increases in
suspended scolids, which undoubtedly have an injurious effect on
the estuarine community as a whole (Brehmer 19&85). Filter
feeders and early-life stages of estuarine fish are more
gensitive to suspended sediments than bottom dwelling organisms
and adult fiash (Sherk et al. 1975). As filter feeders, bivalves
are particularly suscuptiblc‘ to the mechanical or abrasive
action of suspended sediments (Cairns 19673 Moore 1377). Qther
filter—-feading invertebrates at risk from inorganic suspensions

include mollusks, certain crustaceans, spornges, ascidians, and

The effects of particulates on marine biota are divided into
discussions of plankton, egg development and hatching success,
larvae survival and development, and adult survival., This is
fallowaed by a discussion of feeding and growth and finally
distribution.

REVIEW DRAFT 9/83/85 PAGE 65



Carbon assimilation rates by four species of phytoplankton
were significantly reduced by the light attenuating properties
af fine silicon dioxide suspensions. A concentration of 1000
mg/L caused & J0 to 90 percent reduction in carboﬁ:uptake among
the four species tested. A concentration of 2500 mg/L caused an

80 percent reduction in ome of the species tested (Sherk et al.
1376).,

The praesence of an open—ocean turbidity pluma in the North
Equatorial Pacifiec, having an average suspended sediment concen-
tration of 440 ug/L, reduced primary productivity by 40 percent
over the entire euphotic zone. However, betause particulate
concentraticons return to ambient within a few days, it is
believad that species composition changes would neot take place
(Ozturgut et al. 1981). The results of two sats of plamkton
tows indicated there was no major.decrease in the abundance . of
neustonic macﬁo;ooplanktan or sufficient amounts of particulates
ingaasted to cause alteratiocon in their chemical compasition at
turbidity concentrations of less tham 1 mg/L.

The relationship between gastropod eggs and suspended solids
caoncantrationa (s discussed in a literature review by Stern and
Stickle (1978). One species of plarvorbid snail showed narmal
egg development at 190 to 32&0 ppm, while ancther species
experienced high mortality at the same concentrations. A third
species did not lay eggs In the 360 ppm water but did sa in
water containing 190 ppm suspended solids.

Locsanoff and Davis (1963) report that silt is considerably
more harmful to oyster egygs than to clam eggs. at
concentratiorns of 250 mg/L silt, only 73 percent of oyster eggs
survivad, while more tham 95 percent of clam eggs developed
rnormally. Practically all clam eggs developed in concentrations
af 500 mg/L silt, while only 31 percent of oyster eggs survived.
In a 1000 mg/L suspersion of kaolin and Fuller’s earth, orn the

other hand, practically all oyster =sggs developad normally,
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while anly 37 to 57 percent of clam eggs survived. Davis (1360
showed that the normal development of clam (Venus mercenarial
egqgs decreased as concentrations of clay, chalk, and Fuller's
earth increased up to 4000 mg/L. The same was true for silt
concentrations exceeding 7350 mg/L. Furthermore, no clam eggs
develaped normally in silt concentrations of 3000 or 4000 mg/L.
In a subsequent paper, Davis and Hidu (1963), report that 188
mg/L silt, 3000 mg/L kaolin, or 4000 mg/L Fuller*s earth
significantly reduced the normal development of American oyster
aggs. Oyster eggs were not, however, affected by 4000 mg/L
silicon dioxide, . regardless of the particle size. These
findings suggest that the composition, as well as the concenfra—

tion of different sediments may be critical to the narmal
developmant of bivalve eggs. '

Auld and Schubel (1978) ricte that suspended sediment cbnéenf'
trations ug to 1000 mg/L did not significantly affect the
hatching success of a variety of non—salmonid anadromous and
estuarine fish. The same concentrations did, however, reduce
the hatching success of white perch and striped bass. Kiarboe
et al. (1981) report that herring eggs are unaffected by
suspended silt. They nrote that the embryonic development of
herring is unaffected by either short-term exposure to 500 mg/L,

or long—term exposure to 5 to 300 mg/L suspended silt.

With respect to larval survival and development,
experimantal resultes indicate that suspended sediment concentra-
tions of S00 mg/L significantly reduced the survival of striped
bass and white perch larvae, whareas short-term exposure to 100
mg/.- reduced the survival of American shad larvae (Ruld and
Schubel 1978). As in the case of clam and oyster eggs,
Loosanoff and Davis (1983) found silt to be more harmful to
oyster larvae thanm to clam larvae. At a concentration of 750
mg/l. silt, oyster larvae growth was markedly decreased, while
clam larvae grew normally in 1000 mg/L silt. Maoreover, clam

larvae survived for 12 days in 3000 ¢to 4000 mg/L silt. In
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contrast to silt, 1000 mg/L kaolin caused total mortality in
clam larvae in 12 days, while the growth of oyster larvae was
rnot affected by 1000 mg/L kacolin. Silicon dioxide particles

ranging from S to SO microns had little effect anm the survival

af either clam or American oyster larvae. The smallest
particles ({3 microns) had the greatest affect on the larvaas of
both species. Growth of RAmerican oyster larvae decreased

progressively as the size of silicon dioxide particles decrmased
{Davis and Hidu 1369, From thesse studies, it was concluded
that bivalve larvaa grew faster in low concentrations of
suspended solids than in clear sea water (Davis and Hidu 1963).,

With respect ¢to adult survival, McFarland and Peddicord
{1380} observad a wide range of sensitivities to suspended
kamlin among the 16 marine species they studied. Eight species
kexhibit-d less than 10 pearcant m0fta1iﬁy after exposure tp 100
g/ suspended sidiment. Several other species were found to-be
more sensitive. The 200~hr LCSO for the mussel M, californianus
was 36 g/L. Two species of tunicates were relatively taolerant
of suspended solids with a 12-day LCS50 of 100 g/L. The 200-hr
LCS0 far the aspot-tailed sand shrimp was 350 g/L. The 400-hr
LCSO for the same species was 40 g/L indicating a high tolerance
to suspended clay. The eurvyhaline pgrass shrimp was even less
sensitive to suspended kaolin. The Dungeress crab, Cancer

magister, was found to be more sansitivea than any of the shrimp
species, with a 200-hr LCSO0 of 32 g/L. The amphipad,
Anisogammarus confervicolus, demonstrated an intermediate
sensitivity to suspended sediment with a 100-hr LCS50 of 78 g/L.
The kaolin concentration which caused 50 percent mortality in
the polychaste Nganthes sugcinea was 48 g/L in 200 hours. The
Erglish sole, Farcphrys vetulus, experienced no nmortalities in
10 days at a concentration of 70 g/L or less. However, 80
percent mortality occurred aftar 10 days at 117 g/L. The shiner
perch, L. agpregata, was the most sensitive species tested with

only ome fish alive after 26 hours in 14 g/L suspended kaolin

(McFarlamd and Peddicord 1380). In a similar publication,
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Peddicord (13280) states that marine and estuarine invertebrates
were able to tolerate continuous exposure to suspensions of
kaclin and berntonite in the grams/liter range for several days
to several weeks without substantial mortality. Fish tolerated
similar. concentrations for gsimilar periods under similar
conditions. Even at high temperatures and low dissolved axygen
concentrations, most invertebrates tolerated continuocous exposure
to 60 g/L suspended bentonite for several days before mortality
cccurred. An exception is naoted for Juvenile Dungerness crabs
which were affected to a greater degree by kaolin suspersions
tharnn other species. Moore (1377) notes an experiment in which
shrimp (Crangon Sp.) survived immersion for 14 days in a clay
suspension of 3000 mg/L. In ancther experiment, Crangen crangon
survived red mud suspensions up to 33 g/L for 72 hours, but were
heavily coated on the gills. Experiments using seed scallbps
showed elevated respiration rates at kaolin concentrétioné~g?
250 to 1000 mg/L. Adult bivalves (Argopecien irradiang) also
showed higher respiration rates at 3500 and 1000 mg/L kaolin.
The bivalve Mya arenaria survived for only 11 days at 1280 mg/L
suspended mud and 15 days at 1520 mg/L chalk (Moore 1377). In
their literature review, Stern and Stickle (1978) report that
suspencded sediment concentrations from 4 to 32 g/L can be
detrimental ¢to oysters. Furthermore, they rnote that scallap and
quahog {clam) reproduction may be impaired By high
concentrations of suspended scolids.

Peddicord et al. (197%) note several investigations in which
deposited sediments increased the mortality rate of bottom
dwelling marine invertebrates, QOysters (Crassgstrea virginica)
suffered 87 percent mortality where they were covered with 2 to
15 cm of sediment near a dredge spoil site. This compared to 17
percent mortality in the same oyster bed where little
sadimentation had occurred. Cumaceans and harpacticoid cocpepods
were killed by deposition of 15 om of sediment. The same amaount
2f deposition reduced the number of large bivalves by SO

percent.’ In experiments conducted by Peddicord et al. (1375,
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the mortality of mussels (M., edulis’) was 10 percent under 4 cm

and &Q percent under & and 8 cm of sediment deposited on the
mussels.

Static bivassays cenducted by Sherk et al. (19735)
established the lethal concentration of Fuller’s earth on a
varigty of non—-salmonid estuarine fish. Species were classified
as tolerant (10 g/L), sensitive (1.0 %o 10 g/L), or highly
sensitive ({1.0 g/Lk), based on a 24—-hour LC10, Lethal
corcentrations ranged from 0.358 tao 24.% g/L, depending on the
species. Exposure to sublethal concentrations af Fuller’'s earth
significantly increased the hematoccrit value, hamoglobin cancen-

tration, and erythrocyte rnumbers among the species tested.

With respect to feeding and growth, Johnston and Wildish
(1380) conducted an investigation to determire if incfeaséd
lavels of suspeﬁded sediment reduced the fesding rate of larval
Rerring. Larvae foa in water :oﬁtaining 4 and 8 mg/L corsumed
the same quantity of 2coplarkters as those fed in clear water.
However, larvag fed at 20 mg/L consumed significantly fewer zoo-
plankters thanm did the contrals. They concluded that decreased
light intensity at the lower sediment corncentrations (4 and 8
mg/L), is8 not sufficient to depress larval feeding rates. A&t
greater suspended sediment concentratioms (20 wmg/L), light
intensity and visibility of prey are reduced sufficiently to
cause depressed feeding rates. Brehmer (1963) reports that the
feeding activity of certain filter-feading shellfish is
inhibited by high suspended sclids levels. RAn example is noted
by Moore (1977) in which +the filtration rate of a mollusk
(Crepidula ep.) was significantly reduced as turbidity increased
from 140 to 200 mg/l. Likewise, Johnson (1971) found that the
filtration rates of G. fornicata decreased as natural suspended
solids levela increased from 2 to 250 mg/L. He alsc found that
the filtration rate decreased significantly as the concentration
of silt, Fuller’s earth, and kaclin was increased up to & g/L

under experimvertal conditions. It is interesting to rnote the
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differerce between natural and experimental sediment
concentrations which produced the same reported effect. The
presence of O to 500 mg/L suspended kaolin reduced the filtering

rate of the scallop Placopecten magellanicus and the mahogany

e R L e e, madS LR olEmXRN
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In the lower sediment concentration range, Kiorboe et al.
(1980) indicate that the blue mussel Mytilus edulis is well
adapted to feeding in silt suspensions up to 55 mg/L, and even
berefits from concentrations up to 25 mg/L. Furthermore, Stern
and Stickle (1978) cite a report in which the pumping rate of M.
edulis was not reduced by bentonite suspensions of 1000 mg/L.
In arn experiment conducted by Loosanoff ard Tommers (1948), as
little as 100 mg/L g9ilt significantly reduced the water pumping
rate and shell movements of adult oysters; At concentrations of
3000 to 4000 mg/L the pumping rate was reduced by 94'per:enp}
In another experiment, coysters failed to resﬁma normal pumpfng
rates or shell movements after being subjected to water
containing 1000 to 4000 mg/L suspended sediment for 48 hours
(Loosanoff 1361). It as apparent that suspernded sediments
adversely affect adult oysters by damaging their gills and
palps. Furthermore, it was apparent that oysters and clams feed
nost effectively in relatively clean water. In contrast, Stern
and Stickle (1978) cite a report which states that oyster
feeding rates were not impaired by 100 ta 700 ppm of suspended
mud.

The ingestion rate of two calancid copepods F-X-
significantly reduced during exposure to a 2850 mg/L mixture of
Fuller's earth, fire silicon dioxide, and river silt (Sherk et
al. 1975; 1976). At a concentration of 500 mg/L river silt, the
inrgestion rate was reduced by 77.3 percent (Sherk et al. 1576).

The distribution of marine organismas may be affected oy
turbid conditions. Resulting from an investigation of the

filtration and shell growth rate of the filter feeding gastropad
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C. fornicata, Johnson (1371) suggests that sustained high
turbidity levels may have a limiting effect on its distributicorn.
Moore (1977) rotes that an inshore cephalopod, Laliguncula

p— X )

brevis, preferred intermediate turbidities (70 '%a 30 percent

light tranasmissiocon) and was limited seaward by higher
turbidities.

Several anadromous salmonid investigatiorns performed in
fresh water are cited in the marine literature. The results of
such studies apply to both fresh water and maring systems and
are presented above in Tables 4-1 through 4-4. The guarntitative
effects of suspnﬁdad solids and turbidity on marine plankton and

macroinvertebrates are summarized in Tables 4-5 and 4-6.

The above discussion demonstrates that particulates maybﬁave
detrimental . effects on marine biota. Theae effects gke

summarized below.

(1) The bioclogical effects of particulates on marine biocta
are similar to the effects on freshwater aguatic biota.
Particulates in the water column reduce the amount of
light available for photosynthesis, can inhibit maove-
ments of fish, and may inhibit the ability aof fish and
other sight—-feeders to see their prey. Filter feeders,
which are particularly susceptible to the mechanical or
abrasive action of suspended sediments, and early-life
stages of estuarine fish are more sensitive to susperded
sadimants than bottom dwelling organisms and adult fish.

{2) Much of the marine literature refers to the effects
causad by clay, silt, chalk, Fuller‘'as sarth, and kaclin.
It appears that the composition and/or particle size, as
well as the concentration of different sedimerts may be
critical to predicting the effects af particles on
marine organisms. ‘

(3) The differernce between rnatural and experimental sediment

concentrations producing the same reported effect should
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Organism

Riewife, Yeilow
Farch, FAmerican
Shad, Bluepacx
Herring

White Perch,
Stripged Bass
Yellow Perch,
Striped Bass
fmerican Shad
Five Species

Herring Eggs
and Larvae

8 Species of
Zstuarine
Macrofauna

" Shiner Perch

Erglish Sole

Adult Bivalve
M. arenarip)
Blue mussel
Coast mussel

Polychaete
Ciam larvae

Clam & ayster
larvae

Sea Urchin

Cysters

Cumaceans &
COpeDeds

Bivaives

Mussel

. guiss)

Nature_and Exzent of Effect Level ar Cone.

Ratching success unaffected

Hatching success affectad
feduced survival of larvae

Reduced survival of larvae

10% mortality

Survival reduced to 40-30%
Survival reduced to 0-22%

10% mortality

Near 100% wmortality '
No mortality

0% mortality

Mortality increased from

0 to 100%

10% mqrtaiity
S0% mortality
0% mortality

{30% mortality

No appgreciable mortality

Severe mortality

No mortality
37% mortality
Mortality

¥ortality
i0% mortality
60% mortality

TRBLE 4-5

SURVIVAL AND MORTALITY OF MARINE ORGANISMS

Quration Gomments
1000 mg/L -— Suspended solids
1000 mg/L e Suspended solids
1500 mg/L —_ Suspended soiids
Y100 mg/L 4 days Susperded solids
580 to 24,500 24 hours Suspended solids
ng/L

1 to 10 al/L -—
1.23 o 2.3 -—_

al/b

100, 0G0 mg/L 5-12 days
14,000 mg/L 26 hours
170,000 wg/L 10 days
117,000 mg/i 10 days
Ipcreased from 13 days
440 to 1520 mg/L

100,000 =g/L 11 days
96, 000 ag/L 200 hours
48,000 ag/L 200 hours -

230-300 mg/L -_—

4000 mg/L -—-
900 mg/L -
100,000 mg/L 9 days
2t0 15 ca -
15 o -—
1S em -
4 cm —
Sand 8 cw -

EVIZW DRAFT 9/09/35 PREE 7Y

Suspended red mud
Suspended red aud

Suspended kaclin

Suspended'kaolin
Suspencéd kaglin
Suspended kaolin
Suspended chalk

Suspended kaolin
Suspended clay

Suspended kaolin

Mixed suspension
Silt
Silicon dioxide

Deposited sediment
Desosited sediment

Depcsited sediment
Jeposited sediment
Descsited sediment

feference__

Auid and Schubel 1978

Auld and Schusel 1378
Auld and Schubel 1378

Aulg and Schubel 1378
Sherk et ai. 1379

Rosanthal 1371
Rosenthal 1971

_McFariand and

Pecdicord 1380

YcFarland and

Peddicord 1980
McFarland and

Peddicorg 1380
McFarland and

Peddicord 1380
Moore 1977

Peddicord et al. 1373
MeFariand and
Peddicord 1380
McFarland and
fedaicord 1980

Davis 1963

favis 1360

Davis and Hidu 1965

feddicord ot al.
Jeadicord et al.
Peddicorg et al,

1375
1975
1375

Peddicord et ai, (379
Peddicora et al. 1579
Paddicore et ai. i573



Croanism

TRELE 4-3 Continued

SURVIVAL AND MORTALITY CF MARINE OAGANISMS

Mature and cxtent of Effep: Level or Conc

Tunicates (2)

Rmpniped

curynaline
Brass Shriwo
Soot-tailed
Sann Shring
Shrimp
{Crangon s}
_ohster

Jungeness
Cran

tstuarine

Invertebrates

S50% mortality

0% mortality
50% mortality

20% aortality
20X mortality

0% mortality

Survived ciay concenirations
Surviveg red mud

No mortaliity

No mortality

S0% morsality N

No substantial mortality

100,000 mg/l

35,000 mg/L
78,000 mg/L

35,000 mg/L
77,000 mg/L

0,000 mg/l

3000 mg/L

Up to 33,000 mg/L

50,000 mg/L
1600 pom

32,060 hg/L

Up to 60,000 ng/L
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Duration

Comment

Reference

i2 gays

200 hours
100 hours

200 nours
200 hours

200 hours

14 days
72 hoyrs

£00 hours

Several days

Suspenced clay

Suspended 4aolin
Susgended clay

Suspended Kaolin
Suspended kaclin

Susoended clay
Suspendeg clay
Suspended clay
Suspended kaolin

Turbidity

Shspended'ciay

¥cFarlanc and
Peddicord (3
Pegoicord et al. 1375
McFarland ang
Peddicord (380
fsddicord et ai. 1975
Pegdicord 2t al. 1375

McFarland and
Peddicord 1580
Moore 1977

Moore 1377

Stern and Stickle
1978

Stern and Sticiie
1978+ )
#cFartand and
Peddicord 1580

Suspended kaolin and Peddicord 1980

bentonite
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TABLE 4-8

MISCELLANEOUS EFFECTS CN MARINE ORGANISHS

Orzanisu vature and extent of £ffsct Llevel or Canc. Duration Comments Feference
fmerican Jyster }22% decrease in normal egy  188-4000 mg/L — Susperded silt Davis and Hidu 1969
development
Mormal egg development To 1000-2000 mg/L — Mixed suspensions Davis and Hidu 1263
Aeduced average pumping 100 mg/L = Silt Logsanof? and Tommers
rate by 7% 1243
Aeduced average oumping 3000-4000 mg/L - Silt Loosaroff and Toamers
rate by 94% 1548
Faileg to resume normal 1000~4000 mg/L 48 hours 911t suspensions Loosanoff 1361
functions '
Qysters No effect on feeding 100~700 ppm —_ Suspended sciids Stern and Stickle
1378
Seed Scaileps Clevated respiration rate 220-1000 mg/L —_ Kaolin suspensions Moore 1977
Clams No eggs developed normally  3000-4000 mg/L -~ Silt susaensions Davis 1960
Decreased development Up to 4000 mg/L -— Mixed suspensions Davis 1360
Ceased feeding 1000 JTU average 3 days Turbidity tern and Stickie
. 1978
Quahog Reducec filtration rate 0 to 300 sg/L -_ Susperdad «aolin Peddicord ef .al. 1379
" moilusk Filtration rate Increased froa —_ Suspended solids Moore 1977
{Crepidula sp.} sigmficantly reguced 140~200 mg/L -
Mussel Well adaoted to silt conc. Up to 55 mg/L — 8ilt - diorboe et al. 1980
(Mytilus sp.) Benefits from silt conc. Up to @ mg/t -— Silt Kiorboe et al. 1380
Increased respiration rates S00-1000 mg/L 7-14 days Kaolin suspensions  Moore 1977
No reduction in pumping 1000 mg/L — Bentonite Stern and Stickle
rates _ Suspensions 1978
Anytoplankton Production reduced to 40%  0.44) mg/L Temporary Mining plume Ozturgut et al. 1981
Larbon assimilation 1000 =g/L —_— Siilicon dioxide Sheri et al. 1978
decreased hy 30-302 _ suspension
Carbon assimilation 2300 mg/L — Silicon dioxide Sherk et al. 1976
gecreased by 80% suspension
Prinary Reduced by J0% 41-43 JTU average — Turbidity Stern and Stickle
Procuction 1978
looplankton No significant decrease in 1 mg/L Temoorary Mining plume Ozturgut et al, 1981
aburdance
Calarcid Ingeétion rate reduced 77% 500 mg/L —_— Suspended silt Sherx et al. 1376
Copepods Ingestion rate reduced 250 mg/L - Mixed susgension Sherk et al. 1973;
signficantly 1978
Cephalopod Preferred intersediate 70-90% light -—_ —_ Moare 1977
turbidities transmission
Basiropod Decreased filtration rate  Increased fros —_ Natura] sediment Johnson 1971
2 to 250 mg/L
Decreases shell growth rate Increaseg from —_ Nixed suspensicn vehnson 1974
80 to 1560 agL
Fiitration rate decreased  Up to 6000 mg/k  — tixed susgension Jannson .371
Herring Imbryonic deveiopment U Yo 300 mg/l Leng-ternm Suspended silt #igrooe et al. 1980
uraffected oy continuous
exposure
tarval feeqing signifi- 29 mgi/L —_ Suspented soiigs Joangton and wiilish
cantly reguced el
REYIEW DRAFT 5/09/85 AAeE T8



- —————— i

be noted. Laboratory experiments often do rnot duplicate
natural conditions or reflect natural levels of organism

tolerance to turbidity ard suspended material.

k
&

SUGGESTED CRITERIA FROM THE LITERATURE

VYarious authors suggest different criteria for the
prctection of water used for supply, recreation, and biota.
This section presents these suggested criteria. It should be
noted that there ia general agreement on the criteria for water
supply and recreation, but the criteria for the protection of

aquatic biota are varied.

4. 3.1 Water Supply

For drinking water, -the raw water scurce should Bahlimitéd
to 35 turbidit& units if only disinfection is applied (George and
Lehmig 1984). Higher levels of particulates are acceptable if
the source water is adegquately treated ({coagulation,
sedimentation, filtration) prior to chlorination or other mearns
of disinfection. EPR (13978) notes that finished drinking water
ahould have & maximum limit of 1 turbidity unit where the water

enters the distribution system,

The water gquality criteria for particulates varies among
industrial uses. At one extreme, rayan manufacture reguires
water with only 0.3 turbidity units, wheraas water used for
cooling can have up to 50 turbidity units (McGauhey 13968).
Qther industrial uses require maximum turbidity levels within
this range.

Criteria established for evaluating and identifying water
treatment needs for fish hatcheries by Sigma Resource
Consultants (1973) include limits on suspended solids. The

suggested limit for suspended solids for incubating eggs is 3
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mg/L. and for rearing and holding the limit is 85 mg/L in the
absence of other pollutants.

4,3.2 Recreation -

Thae noticeable threshold for water contact recreation is 10
turbidity units, and the limiting threshold is S0 units
(McBauhey 1968). The suggested maximum turbidity limit for
Canadian contact recreational water guality is 350 turbidity
units and the minimum Secchi disk visibility depth is 1.2 meters
{Natiormal Health and Welfare 1983). Fishing success is reduced
whaere turbidity is greater than 25 (Phillips 1971) ta 30 NTU
{(Grundy 19765. According to McGauhey (1968), the noticeable
threshold for boating and aesthetic uses is 20 turbidity units.
However, there is no evidence that boating and a.sthet}c uses

are pracluded at higher turbidities.

4,3.3 Biota )

Sugestad particulates criteria from the literature are
divided into two categories in the following discussion: (1)
Criteria for sediment in the water column (suspended solids and
turbidity)s and, (2) Criteria for sediment deposited on the
substrate (settleable sclids and substrate measurements).

GCeneral suspended sediment criteria were initially proposad
by Ellis (19377 1944) with respect to light penetration and
aguatic life. For the r.sforcticn of streams, Ellis (1937)
suggested the silt load should rnot reduce the light intensity at
5 meters by more tham one millionth of its intensity at the
surface. Ellis (1944) restated this criterion faor the
pravention of direct damage to the gills and delicate exposed
structures of fish, mollusks, and insects. For the protection

of fish, Berger (1377) suggests that turbidity shall not average
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more than 27 times the natural level during any 8-hour periad,
oar more than S5 times the natural level during any 96-hour
period, or more than 3 times the natural level during any 30-day
period. These suspended sediment standards shalfbapply during
construction activities and for 2 years after they have ceased.
Berger's criteria for turbidity and macroinvertebrates during
the post-construction period were stated as follows. In the
year that starts 128 months after completion of a construction
activity, turbidity should not excesd one—-half of the levels
reconmendead above and the Sharnrnon Diversity Index for
battom~living aquatic macroinvertebrates shall not be changed
more than 25 percent from the natural value as a result of

finely~divided solids.

The first definite suspended scolids criteria for fresh water
were proposed by the Eurocpean Inlénd Fisheries Rdviso}y
Cammission (EIFAC}) in 1365. RAcocording to the commission, there
is no ‘evidnnca‘ that suspendcd solids levels less than 25 ppm
Mave any harmful effects on fish; suspended solids in the range
of 25 to 80 ppm will maintain good to moderate fisheriea; 80 to
400 ppm suspended solids are unlikely to support good freshwater
fisheriesy and, at best only poor fisheries are present in
waters containing greater thanm 400 ppm suspended solids. These

tentative criteria proposed by EIFAC were basad on a survey of

existing literature, and were presented as a basis for
discussions af - criteria nacessary for the maintenance of
freshwater fish, They are by far ths most frequently cited
criteria. Not all authers, however, indicate if thay simply

concur with the criteria suggested by EIFAC or are suggesting
identical criteria based on conclusions derived independently.
Those whao suggest or state criteria similar to EIFARC include
Gammon {(1970), Alabaster (1972), DBell (13973), NRAS (1973,
Sorensan et al. (1977), Alabaster and Lloyd (1382), Wilber

(1383), and Gecrge and Lehnig (1384%) . In addition, Var
Nieuwenhuyse (1983) and Simmons (13984) suggest turbidity
criteria levels {(NTU) similar to the EIFAC criteria for

susperded golids (ppm).
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In their review of the EPA Red Book, Thurston et al. (137%)
support a limit aof 100 mg/l. of suspended soalids to prevent the
martality of fregh and marine organisms. However, one of the
reviewars felt that 100 mg/L is too restrictive and that concen-
trations could be much higher without causing adverse effects.
These values are higher than those suggested by EIFRC (1965) to
maintain a geod fishery, but do not account for the sublethal
effects discussed by saveral authors and presented 1in this
literature review. Thurston et al. (1979) state that no
universal agreemant exists as to the level of turbidity to be
allowed. Herbert and Richarda (1963) note that there is a
fairly distinct separation at 100 mg/L, between rivers
containing fish and those devoid of fish, thus supporting the
recommandat ion of Thurston et al. (1979) regarding lethal

concentrationgs.

The meost conservative recommended turbidity standard iz 25
NTU above natural conditions in streams and 5 NTU above matural
conditions in lakes for moderate protection, and § NTU in both
lakes and stresams for a high level of protection (Lloyd 1985).
With regard to incubating eggs, Sigma Rescurce Consultants
(1379) propcse an acceptable limit of 3 mg/L suspended solida
and 235 mg/L would be acceptable for fish rearing and halding in

the absence of cther pollutants.

DFD (1983) has proposed sediment discharge standards, as
opposed to receiving water standards, for five different classes
of streams. For streams which are importamt as salmon and trout
spawning habitat (A classificationa), the recommended sediment
standard is O mg/L. Streams which are rearing areas for salmon
and trout (B classifications) and those which pravide habitat
for grayling, whitefish, and burbot (C classifications) would
have a discharge limit of 100 mg/L. In gstreams having low or no
se by any of the above fiah except as migration routes, the
recommended standard is 100 or 1000 mg/L. The same is true for
all gstreams having a reduced biclogical capacity due to past
placer mining activities (X classification).
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Sherk et al. (1975) state that the use of lethal concertra-
tions (LCSO) to establish suspended sclids criteria ignores
biolagically significant sublethal effects on estuarine
organisms. Therefore, in establishing criteria for the
protection of estuarine organisms, the sublethal effects of
suspended sediment on the moat sensitive biological components
(important species and life stages) must be corsidered.
Adequate knowledge of local conditions, such as life-history
stages, sediment types, sediment concertrations, species,

duration of exposure, and habitat prafererice, iz reguired.

Tarzwell (1957) states that it is not possible to establish
humgrical criteria for settleable solids which are applicable
aver wide areas, THe critéria should be established to prote&t
envirornmental conditions but will vary from stream to stream,
depending on local concditions. With regard to deposited
sedimeant, EIFAC (19€5) concluded that gpawning grounds for
salmon and trout should be kept as free as possible from firnely
divided solids. Bjornn at al. (1974) suggested that the amount
of sediments that should be allowed to enter a stream before
detrimental effects will ocecur on the agquatic habitat will
depend on the amount of fines already contained within the
stream chamel. The amount that can enter the stream is the
difference bhetween the present level and the allowable, plus the
amount transported. Bjorrn et al. (1577) state that fire
sadiment should not be allowed to fill pools or fully embed the
iarger substrate rocks, to avoid reducing the salmonid
praduction capacity. They advocate using the percentage of fine
sediment in gselected riffle areas as the primary index for
manitoring fine sediment deposition in astreams. Along these
same lines, Iwamote et al. (1978} indicate that the best
alternative appears ¢to be the establishment of criteria which
limits the percentage of firnes in the streambed, ard suggest a

limit of 10 tao 20 percent for sediment less tharm 0.83 mm in
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diameter. In an earlier report, Ellis (1944) thought that fire
sediment should be controlled to the extent that it does not

blanket the bottom to a depth of more than cone-guarter af an
inch. )

Van Nieuwenhuyse (1983) and Simmons (1384%) propose  a
settleable solids standard of (0.1 ml/L for a high level of
protection in receiving waters. Simmons (1984) goes a step
further and suggestslsettleabla solids levels af 0.1 to 0.2 ml/L
for a moderate level, and (0.2 ml/L for a low level aof

protecticn.
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