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EXECUTIVE SUMMARY

1.9 INTRODUCTION

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

comnprehansive intent of the study was to:

(1) Review pertirent literature to determirne state-of~the-
art measurement technolaegy, physical/chemical effects,

and biological effects of particulates.

&) Compile and assess particulates criteria from ather
states and Carnadian provinces and territories and
compile U.S. Environmental Protéction,ngency guidelin&&

and requirements for particulates criteria.

(3) Evaluate the adequacy and scientific merit of existing

Alaska criteria for particulates. -

(4) ARAssess the potential for using parameters other thanm
turbidity, susperded and settleable solids, and the

percentage accumdlatiorn of firmes in spawrning gravels.

(S) Propose new particulates criteria if scientific

evidence supports this action.

The investigation was limited ¢o the problems of water
pollution resulting from particulates and the direct and
indirect mathcds for measuring particulates, A comprehersive
literature review was performed to document the effects of
particulates on various water uses. Backgﬁaund information
regarding particulate measurement techrnigues, water guality, and

aguatic ecology apoears in Sectionm 2.0, Section 3.0 summarizes

REVIEW DRAFT 13/03/85 PAGE L ~ ARLIS

Alaska Resources
- % Information Services
rage, Alaska



particulates cCoriteria used in water guality standards and guice-
lines throughout the United States anmd Canada. Rlaska’s
particulates criteria are reviawed (Section 4.0) and the
potermtial use of parameters cother than turbidity,';USpended and
settleable solids, and percentage accumulation of fines in
spawning gravels are discussed in Section 5.0, Recommended
changes to Alaska’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 TQ OTHER STATES AND CANRDA

Other than ARAlaska, 33 states have guantitative turbidity
criteria for at least gsome water uses., Among the 20 states
Raving cold water systems sSimilar to RAlaska and numerical
crifaria for turbidity, the‘briteria are numerically egual to;ar
more dgbtringent than RAlaska’s, Turbidity criteria for lakes are
comparable. Quantitative turbiﬁ;ty -:riteria in Canada are
comparable to Alaska criteria for recrsation and the propagation
of fish and wildlife. The U.S. Eﬁvironmental Protection Agerncy
criterion for turbidity and sclids pertaing to the compensation
paint for photosynthetic activity. Of the 14 states with
turpidity standards for marine water, seven employ guantitative

criteria.

Nore of the states have quantitative criteria for settleable
solids levels. Only four states cther tham Alaska currently
ave numeric oriteria for suspended solids. Of the remaining
states, 17 have general narrative statemernts 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 for suspended and settleable solidas in Canadian

provinces and territories.
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3.0 PARTICULATES REQUIREMENTS FOR WATER SUPPLIES

The amaunt of particulates allowable in raw water supplies
depends on the type and degree of treatment u;éd ta produce
finished water. An excellant source of water requiring anly
disinfection would have a turbidity of O to 10 units., R good
source of water supply reguiring usual treatment would have a
turbidity of 10 to &850 units. For disinfection purpases, raw
drinking water sources should be limited to 5 turbidity units,
and fimiashed water should have a3 maximum limit of 1 turbidity
umit where the water enters the distribution system. Most

people find water with 5§ ar more turbidity umits objectionable.

Tha water quality requirements for particulates varies among
industrial uses. At one extresme, rayon manufacture requires
water with anly 0.3 turbidity uniti, whareas water ﬁsedﬂ?or
cooling can -have up to SO turbidity units. Mast other
industrial uses require max imum turbidity levals within this
rarge. Placer mining is one industry where water cantaining

turbidity or suspended solids 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 limiting threshold is 50 units. The
suggesteaed Max imum turbidity limit for Canadian contact
recreitianal water guality is 50 turbidity units and the minimum
Secchi disk visibility depth is (.2 meters. The noticeable
threarold for boating and aesthetic uses is Eo<turbidity units,
There is apparenﬁly noe level found in surface water that is
likely to impede thecse uses, although many pecple prefer clear

water conditions. Fishing success is reduced where turbidity is
greatar tharn about 25 units,
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S.0 PARTICULATES REQUIREMENTS FOR RIOTRA

A large body of experimental data exist regarding the
effects of fine sediment deposition on salmonid egbs in matural
and laboratory stream gravels. By comparison, only limited
ramerical daté are avalilable regarding the effects of sediment
on  fish emergence time and population changes. The percentage of
fines and level of sgpawning gravel embeddedness are critical
factors to developing eggs and emerging fry. In géneral,
Salmon, trout, and char egg survival and emergence sSuccess are
adversely affectad when the fractiom 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 mast deletericgus to fish egg survival, emergence success,
and productivitye. A number of investigators emphasizg”the
deleterious effect of ‘barticlns smaller than 1 mm in épaknfhg
gravels. In addition, it is gererally reccgnized that depcsited
sediments smother fish eggs and bermthic macroinvertebrates by

blarnketing the substrate.

The adverse impacts of a wide range of suspended sclids and
Lurbidity levels have been reported for a diversity of aguatic
plants, macroinvertebrates, and variocus stages of fish
development. Research has been conducted under a variety of
envirornmental conditions for different lenmgths of time and the
results are oftan expressed in different units of measure. In
many instances, the data presented in orne inveatigation either
da not suppart or cannot be readily compared to the resudlts of
ather investigations, An organism’s level of gernsitivity to
susperdad solids is dictated by its age, gpecies, relative
mobility, feeding and reproductive habits, the season, the size
and nature of the _sadiﬁent, the duration af exposure, the
general health' and stress level of the individual, ard the
cegrea and duaration to which the individual was previcusly
@xposed. Furthermore, ari individual's level of susceptibility
depends to some degree uporn its origina For instance, one
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investigator indicates that hatchery-raised coho salmon are
considerably more sensitive ¢to suspended solidg thanm are wild
coho. Moreaver, the results derived from laboratahy expariments
do not necessarily reflect field conditioms bééause of the
stress factors irvalved and bercause many arganisms possess
inmate 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.
Uparn reviewing the original document, it appears that some of
the data have been presented without discussing cother pertinent
factors., Consequently, it is difficult to draw definitive
conclusicons concerning the impact of a specific suspended solids
concentration or turbidity level on a particular gspecies or age
class of organism. With these limitations in 'mind,_.the
following - summary statimants are made concerning the effectsfﬁf

suspended solids and turbidity on freshwater aquatic 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 not extremely high concentrations (250,000 mg/L) for a few
days. High levels of turbidity (up to 8200 NTU) appear to have
na agverass effect on grayling survival, Rainbow trout are
capable of withstanding 30 to 90 ppm of certain types of
suspended solids for several months but suffer significant
mortality (30 percent) at levels greater than 100 mg/L ?or
several weeks, Rt extremely high levels of suspended solids
(160,000 mg/L), rainbow trout suffer total mortality in 1 day.
Total egg mortality may occour at much lower concentrations (less
than or egqual to 2500 mg/L) in less than a week. The amount of
sediment required to cause J0 percent mortality in jJuvenile caoho
salmon in 4 days is much higher in November (35,000 ppm) than in
August (1200 ppm). Chum salmon 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, grewth, repraduction, and
behaviar are not significantly affected by turbidity levels less
than 25 NTU or suspended sclids concentrations legs thanm S0
mg/L. An axception is the cutthreoat trout, which céases feeding
at 35 ppm suspended solids. With one axception, there is no
indication that suspcndéd golide concentrations less than 20
mg/lL have any adverse effect on salmonid gill or fin tissues, or
respiratory functions. In one instance, an in situ
convcentration of 34 mp/L produced moderate to marked gill
hypertrophy and hyperplasia in Arctic grayling in 5 days.
Furthermore, suspended solids concentrations as low as S0 mg/L

may be stressful to grayling, as indicated by blood glucose
levels,

Algal-basad productivity may begin ¢to be reduced at
turbidity levels greater-than about 5 NTU in astreams ana laké;.
Root ed aquatié plants may be absent at suspended solids
concentrations greater thanm 200 mg/L. Benthic macroinvertabrate
populations may be adversely affected by suspensions of 40 mg/L
or mere and zooplankton may be harmed by more thanm 82 mg/L

suspended solids.

Lethal and sub—-lethal effects of sediments have been
determired for a diversity of marine organisma. Numerical data
pertain primarily to the affects of suspended solids and
turbidity as opposed to sediments deposited on the bottom. Much
of the work done in the marine syatem irvolves estuarine
invertebratas. With few axcepticons, marine invertebrates are
more tolarant of high suspended solids concenmtrations tharn are

aradromous fish and freshwater invertebrates.

Primary praduction has been reducaed at turbidity levels of

41 JTU near offshore mining activity. However, mixing and

dilution limited the aextent to which primary production was

reduced by localized or temporary sediment increases. The

lethal suszended solicds corncentration for adult bivalves,
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crustaceans, tunicates, arnd polychaetes i3 inm all inmstances
graater than 400 mg/L and in most cases greater thanm 1500 mg/L.
The survival of a variety of estuarirme fish eggs and larvae is
nat reduced by suspernded solids ccncentrations’iess tham 100
mg/L. However, the feeding rate of larval herring 1is

significantly reduced at 20 mg/L.

The sub—lethal effocts of suspendad solids amd fturbidity on
mollusks are quite variable. The feeding rate of some aysters
is unaffected at 100 to 700 ppm turbidity. Some clams cease
feeding at 1000 JTU. The water pumping rate of the American
aystar is significantly reduced at concentrations greater than
100 mg/L. The feeding rate of the mollusk Crepidula sp. iSs
significantly reduced at 200 mg/L. Clam eggs develop rniormally
in silt suspensians' of 3000 mg/L, whareas American oyster eggs
. ara affacted'_by_ silt concentrations as low as 188 mg/L. Sé;d

séallﬁps exhibit elaevated respiration rates at 2350 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 mg/L.
6.0 CONCLUSIONS

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

the best criteria based on information presented in this report.

Use categories faor which turbidity criteria have been
retained include industrial water supply and contact and
secondary recreatiorn in freash water. Under the proposed
criteria, rno distinction 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 because: (1)1 There is no
evidernce to support their validity, or () other oriteria 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, industrial water supply in
marine waters, harvesting for consumption of raw mollusks or
other aquatic life, and 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 statements addressirg susperded
and settleable solids. The existimg sediment criteria fbr
aquaculture and._grcwth and ’propagation of aguatic bicta have
beern rewritten to include rnumerical suspended solids and
settleable solids criteria for both fresh and marine waters,
Rdditiomally, the allowable percentage accumulation of fines in
spawning gravel is reduced for the growth and propagation of
aquatiec biota in fresh water. A naw criterion for settleable
solids is propogsed for the harvesting of raw mollusks and other
aquatic 1life. It is proposed that sediment criteria be deleted

for contact and saecondary recreation in both fresh and marine

watars,
2. Rlaska currently esmploys particulates criteria for two
categories: turbidity and sediment. Tha sediment category

includes criteria for total suspended solids, settleable solids,
and the percentagn accumulation of fines in spawning bed gravel.
Criteria for these four parameters are adequate for the
protection of all water use categories in Rlaska. It was
determnined %that the percentage accumulation of fires in spawning
gravel iz a difficult parameter to measure. Harce, it is
recammanded that settleable solids criteria be usad asg the
REVIEW DRARFT 3/09/8S PRAGE YII
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primary method to limit the accumulation of fines in spawning
gravel,. Qctual measurement of the percentage accumulation of

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

3. Settleable solids have direct and detrimental effects on
aguatic bDiota and habitat by smothering fish eggs, alevins, and

invertebrates, reducing intergravel flow, ard Dy coating aguatic

vegetation, thus reducing the potential faor photosynthesis.

Solids in suspension can cause invertebrate drift, cause fish to
avoid previcusly usable babitat, prevent fish from seeing their
prey, and cause physical damage such as gill irritation to
fish. The lethal tolerance of salmonids and other aguatic
organisms to suspendad solids appears to be relatively high. In
most instances, sublethal effacts occur at much lower
concentrations. Turbidity prevents the growth and photosyntha-—
sis of green plants and can alsc cause figh to avoid otherwise

suitable habitat and prevent them from seeing their pray.

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

aesthetic purposes.

S. Sediment is, by wvolume, the greatest single pollutant of
surface wataer. The transport and depogsition 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 nrnot necessarily
associated with or dependent upon fluctuations in runcff. In
some instances man—caused sediment inputs are greater in
magnitude, duration, and fregquency than natural inputs.
Furthermore, the timing of man—caused inputs may bhe out of phase
with natural occurrences. Consequantly, the ultimate fate of

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

abnormal behavioral resporses in resident and anadromous fish.

&. Because many investigators have nat adﬁéred ta the
definition of turbidity and instrument design specificatian
Wastewater, there is a sigrnificant amount of variability in the
way turbidity is measured and reported. This factor makes it
extremely difficult to assess and compare the effacts of
turbidity on various water uses. Common sources of arrar 1n

turbidity measurements include the collection of representative

samples in the field, extraction of subsamples, dilution
tachrique, and reporting data ¢tc the correct number of
gsignificant figures. Rlthough it is recognized that turbidiity

measurements may be difficult to evaluate, turbidity is the most
applicable of the bntantial optical pdramntars for widespréﬁd
use in Alaska.

7. The standard technique for measuring total suspended solids
is routing to perform under laborataory conditions and the
results are relatively exact. Common sources of error include
those associated with field sampling techrigques and the
extraction of subsamples. RAlternative methods for measuring
suspanasions of gsediment possess limitations that preclude their

widespread application.

8. Under limited comditions turbidity may be effactively used
ta estimate suspanded scolida concentrations. There i1s, however,
noe single expression which relates turbidity and suspernded
solids on a regiomal or univarsal basis. The devaelcopment of any
predictive relationship betwesn these parameters should be on a
drainage basinm baaiszs rather than & statewide basig. Any
apparent correlation should be accompanied by a rigorous
analvais of the data and include a statement of the errar

associated with the carrelation.” In addition to treating the
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data collectively, regression analyses skhould include calcula-
tions of coefficients of determination armd confidence limits far

data in the low, medium, and high ranges.
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1.0 INTRODUCTION

The federal Water Pollution Control Act as amended in 1972,
Public Law 92-500, was mcdified 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 Rlaska,
the water quality standards are tha responsihility of the
Dapartment of Environmental Conservation (ADEC). Except in a
few spaecial cases, fresh and marire surface waters in Alaska
must meet all standards designed to protect water quality for
the uses shown below. The exceptions are noted in the 1385
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
hgriculturo (irrigation and stock watering)
Aquaculture

Industry (mining, pulp milling, etc.)

Contact recreation (swimming, wading, bathing, etc.)
Secondary recreation (boating, hiking, camping, etc.)
Growth and propagation of fish, shellfish, and other
aquatic life

+ + + 4+ + 1

Saltwater Uses
Seafood processing
Harvesting of clams or other aquatic life
Aouaculture

Coantact recreation (swimming, wading, bathing, etc.)

Secondary recresation (boating, hiking, camping, etc.)
Graowth and propagation of fish, shellfish, and other
agquatic life

+
+
+
+ Industry (other than seafood processing)
+
+
+
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Asgsociated with each use are criteria for different water
quality parameters. For exampla, drinking water quality
criteria specify limits on bacterial contamination, color,
temperature, turbidity, and sediment, as well as other
paramaters. The water quality standards consist of the set of
most stringent criteria associated with each water use.

Particulates include the fine sediment in the watar column
and on the substrate. Typical measuremants of particulate
levels include <total suspended solids, turbidity, settleable

sclids, 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 .il often the aesthetic impact on recreational
uses or visual evidence of particulate deposition. Howaver,
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 unsafc. 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 proceases
and/or bahavioriy 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 behavicral responses,
including inhibited movement and foraging, avoidance, modified

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

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

4,1, In general, the turbidity criteria for the varicus
protected uses ranges from a S to 25 nephelometric turbidity
unit (NTW) increase above natural conditions. hiThe sediment

gstandards are more subjective and include such statements as "No
increase in concentration of sediment, including settleable
solids, above natural conditions" and "No imposed sediment lcoads

that will interfere with established water supply treatment
levels."

Numercus methods for measuring particulates, inclqding beth
direct and indirect methods, can be used to set criteria. These
methcds include measurement of turbidity, taotal suspended
solids, settleable solids, transmissivity, Secchi disk depth,
compensation point, and mathods for measuring the amcount qf fine
sediment in streambeds. These methods are discussed briefly in
Section 2.0 and in detail in Section S5.0.

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
ohjectives are:

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

{2) Compile and assess particulates criteria from other
states and Canadian provinces and territories and
compile U.8. Environmental 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, suspendad and settleable solids, and the

percentage accumulation of fines in spawning gravels.

(5 Propose new particulates criteria if scientific
avidance 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 provides background
information pertaining to measurement techniques of
particulates, nratural 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 Rlaska's particuilates oriteria and the documented
effacts of particulitns on beneficial water uses (Slctioh 4.6;;
the potential _uio of param.t.rd octher than turbidity, suspended
and settleable solids, and the percentage accumulation of fines
in spawning gravels (Section 35.0); and to recommend necessary
changes in Alaska'a criteria to Assure that ARAlaska’s

particulates criteria are based on scientific information
(Section 6.0).
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2.0 BRACKGROUND

This chapter summarizes pertinent background information
regarding measurement technigques for particulates, %atural water
quality, and aguatic ecology. UQuantitative data cbtained during
4 comprehensive review of literature from a variety of sources
regarding the effects of particulatis oNn various water uses are
presented in detail in Section 4.2, Demonstrated Effects of
Particulates.

Literature reviswed appears in PRppendices A, B, C, and D,
which are organized as followst
Rppendix A1 Annotated Bibliographies—-=Fresh Water
Appendix B: General Literature--Fresh Water
- Appendix Ci anofat.d Bibliographies--Marine
Appendix D1 General Literature--Marine

References 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 references.
2.1 MEASUREMENT TECHNIGQUES

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

Direct measursments of particulates include parameters such
as total suspended solids, settleable solids, and the amount of
fine sediments on streambeds and lake bottoms. Four different
techniques for measuring total suspended solids are reported in
the literature. The most widely accepted technique involves
filtering, drying, and weighing. Centrifugation has besn used

REVIEW DRAFT 9/09/85 PAGE S



to concentrate samples followed by drying and weighing, but
there are disadvantages to this technique. One disadvantage
occurs with fine~grained material having organic matfer
associated with it since some organic matter can hﬁv- a4 density

similar tc water, thereby making it very difficult to separate

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

because the absorption of radiation is proportional to the mass
present and therefore a direct measurement of the concentration
of suspended sediment (Gibbs 1974). Fischer and Karabashev
(1977) report that suspended organic matter can be determined in
the marine environment by direct counting of particles under a
microscope. However, this technigue is time consuming.

' Settleable solids are 'dirnctly measured by securing ;"1

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

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

Indirect measurements of particulates are related to light
penetration and are sssentially an indication of the
concentration of particulates.  These measuremants include
turbidity and transmissivity, or its inverse, light extinction.
Farameters 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
coefficient, percent incident photosynthetically active
radiation (PAR), and wave length analysis. '
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Indirect  measuremants 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 disk is a simpla kind of
irradiance meter whose values hHave been cCorrelated with

turbidity and 1light extinction coefficients (McCarthy et al.
1374).

An alternative method for directly counting suspended
organic matter in the marine environment was employed by Fiascher
and Karabashev (1977). The volume concentration of particulate
matter of different size was measured using a conductometric
particle counter or Coulter counter and the abundance of
particles was measured by a nephelometer. A fluorimnfric
determination of pigments (by luminescence) in phytcpiaﬁktﬁn
cells was then us-d to determine the amount of organic matter.

2.2 WATER QUALITY
SeZal Freash Water

Alaska aquatic environments encompass a variety of s&st-ms
including wetlands, ponds, lakes, rivers, and intermittent
streams. Although all are interrelated, sach type of aquatic
system has unigque characteristics. This section provides a
general description of the particulate levels common to these
various agquatic systems.

Lakes are lentic, or non—=flowing, aquatic envirornments.
They may have inlet streams which contribute water and
nutrients, but the level of the lake remains essentially the
sane and there are generally no permanent currents within the
water hody. Lakes can be miles in length and hundreds of feet
in depth with numercus 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,
gilty lakes auch as Tustumena Lake, and small, tea-colored melt

ponds characteristic of the North Sleope. Glacier—fed lakes are
often naturally turbid. »

Lakes generally contain distinet habitats. The littoral
habitat, found along lake margins, is a relatively warm habitat
where light penetrates o the bottom and whnﬁa rooted agquatic
plants grow. Many shallow lakes (ponds) can be describaed 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, *to grow. The opaen water area above the
prafundal is known as the limnetic zone.

Sunlight and wind act upon lakes in ways which sgmq#im.s
result in tcmpor;turi .stratificntion. . In deep lakes in tge
summer, the upper layers receiving the most sun are the warmest,
whereas those next to the prafundal zone are the coldest. Winds
can Ccause 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 become 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 solids are commonly unmeasurable and rarely exceed
0.1 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 ercsicn. There is continual hixing

within the water column with persistent or occasional turbidity,
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and the st reambed is relatively unstable. Streams are
considered "open systems" with respect to their interaction with
and interdependence on the terrestrial environment.

In lakes, material brought in by tributaries or contributed
by runoff usually is deposited on the lake bottom and remains in
the system. In streama, material is carried downstream with
heavier particles settling out fairly soon 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 streams 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 & streambed are bedload. The
particles that bounce along the bcq 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, steep, clearwater systems in southeast Rlaska to
amall, slow-moving tarnic tundra streams, to enormcous sysatems
like the Yukon and Kuskokwim Eivnrs. Streams can alsoc be
classified as clear, caolored, 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 mechanism to remain stationary within the channel.
Clear streams usually are not deep encugh to have a prnfundai
zore; the whole stream is within the euphotic zone where light
reaches all depths.

Undisturbed resaches of clear and colored streams typically
exhibit low concentrations of sclids. 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 23 to 30 NTU during periods of high water.
Settleable solids levels rarely exceed ©.1 ml/L. Glacial

streams carry large suspended sediment loads durinﬁ'summnr, but
normally become clear water streams during winter. During
summer, glacial streams and lakes may exceed 1000 mg/L total

suspended solids and turbidity typically ranges between 50 and
1000 NTU.

Wetlands are a common and important type of aquatic habitat
in ARAlaska. Marny lakes are surrounded by both tundra bogs and
marshes with emergent aquatic plants. These peripheral wetlands
furnish aenergy to the lake aystem 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'r.ariag
areas for fish such as coho salmon and grayling. Nearly all
wetlands in Alaska can be clal;ifi.d as Clear water systems.
Hence, they seldom exceed 1 to 2 mg/L total suspended solids and
turbidity is typically lesas 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 ssason, proximity ¢teo
sediment sources (mainly rivers), distance from shore, current
structure, depth, temperatures, 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 suspended sediment load is relatively low. The mean water
column concentration in the central basins is less than 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 susgonded sgdiment levels from discharge of
the Taku River and subglacial streams. The suspended sediment
load at the head of the inlet exceeds 10,000 mg/L in
near-surface waters during summer months. K

Concentrations of suspended seadiment in continental shelf
surface waters off Icy Bay in the northeast Gulf of Alaska
generally decrease seaward (i.e., 1.2 mg/L nearshore and 0.1
mg/L at 6% 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. A steady increase in suspended
solids levels within 10 m of the bottom suggests the presance 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 dischargc in the Copper River in summer carries
approximately 1700 mg/L of suspended 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 out 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
gererally 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 sast 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 load 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
generally 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, surface suspended sclids vary
from 0.5 to &.0 mg/k 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 cantripute as much as
S00 to 2000 mg/l of suspended solids. The dominant sediment
sources are the Kvichak and Nushagak Rivers at the head of the
Day. The Kuskokwim and Yukon rivers to the north provide
sediment input approximating 4 and 100 million metric tons paer
year, reaspectively, which equates to more than 90 percent of all
river sediment input into the . eastern Hering Sea. Suspenﬁgd
sediment levels for surface waters off the Yukon River and:;n
Norton Sound are between 1 and 5 mg/Ll in July. Surface
cancentrations genefally aVIrige betweer: 0.5 ard 2.0 mg/L in the
rorthern Bering Sea. Concentrations increase with depth. The
near-hsttom sediment level from rear Cape Romanzof to Nome

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

Suspended solids levels in the Bering Strait anmd 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. As the water moves northward through the Strait, the
digstribution becomes almost uniform. North and rnortheast of the
Strait, surface and sub-surface levels increase fourfold to
nearly 10 mg/L. Surface water concerntrations reach 5.3 mg/L
mear Paoint Hope while at depth, only about 1 mg/L is in

suspension in July and August.

In the nrnorthern Chukchi Sea, the susperded load at the
surface i3 low (less ¢than 1 mg/L) and increases with depth.

Nearshore loads in suspension are higher tharn offshaore.
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Measurements during two open—-watar seasons in the Beaufort
Sea demonstrata the inter—-arnual variability of suspendsd solids
levels. During 1972, inshore surface waters had concentrations
averaging 1.0 mg/L with a range of Q.1 to 4.2 mg/L}'however, in
the following year, nearly a threefold increasa was noted.
Levels ranged from 0.9 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 coastal waters for the most part is
associated with wave-induced resuspension from shallow water
regions (U.S. Coast Guard 19723 1974).

2.3 AQUATIC ECOLOGY
2.32.1 Frash Nat.f'

In a broad sense, freshwater ecosystems are divided into two
categories, lentic or standing water systems, and lotic or
runriing water systems. All rivers, lakes, and wetlands support
communities of aquatic organisms,. As such, these communities
are interrelated and interdepandent, forming networks of
distinctly different habitats with respect to flora and fauna,
as well as the socurce of enargy which drives the biolegical
system. Freshwater aquatic communities derive carbon enargy
from terrestrial scurces (allochthonous organic matter) or
through instream (autochthonus) productivity or a combination of
these sources. If one part of the community is disrupted,
reverberations may be experienced throughout the entire system.
Aquatic systems have bean subdivided inte subordinate
communities and are discussed in this section.

Eenthic organisms are those associated with lake beds and

stroam substrates. These organisms depend on the availability
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of suitable substrate materials for attachment, net building,
concealment, movement, and burrowing. Stream benthos differs
from that found in gquiescent waters in the respect that stream

organisms pcssess a variety of adaptations foriwithstanding
stream currents.

The benthic stream community is extremely important 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 miﬁl
around and moQo up . and down in the water column in respornse to
light intensity. In streams, they are usually subject to
transport by the water current.

Fhytoplankton are composed primarily of algae which exist
singly or as a collection of one—celled plants. In lakes, algae
actively grow only in the euphotic z2one. Zooplankters feed
either on other species of z2o0o0plankton or on algae. Plankton is
an extremely important food source for fish, espescially juvenile
fish. Physiclogical activities of zooplankton depend con water
temperature, light, and oxygen content.

Phytoplankton production is important in many subarctic
lakes and ponds, and psrhaps in the lower reaches of a few large
rivers; production is generally 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 shal low water. In certain lotic habitaté, the
avaluation of periphyton communities provides an accurate and
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reliable indicator of water quality. Macrophvytes (rooted
aguatic plants) are often abundant in shallow lakes and ponde,
in the littoral zone of deep lakes, and along the adges 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 bady. In many regions of
Rlasika, resident species such as RArctic grayling migrate
upstream during spring to spawn, then return to deeper water
downstream in the fall to overwinter. Anadromous fish spawn and

hatch in  fresh water, live the majority of their adult liyns in

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

to spawn. The fivg species of Pacific salmon which inhabit
Alaska waters are the most obvicus examples of anadromous fish.
SevEral anadromous salmon species utilize silt—-laden glacial
rivers as migratidn corridors to reach clearwater tributary
apawning and rearing habitat.

Fish occupy a variety of niches within aquatic systems.
Somm; like the slimy sculpin live at the bottom of lakes and
swift-flowing streams and feed primarily on insects. Trout and
grayling may hide under instream cover such as debris or log
Jams, or overhanging streambanks, coming tc 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 not feeding from the time they
enter fresh water. The fish construct redds (spawning nests),
in the gravel of the streambed and deposit their eggs. Other
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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 mnewly hatched fish move to clearer backwater
sloughs or ¢tributaries toc rear. This is the case with both thae
HKenai and Susitne rivers.

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

standards are usually determined with biocassays, either in situ

Agquatic systems are also important to waterfowl, furbearers,
and big game. Ducks, peese, and swans fead and nest near lagis
and wetlands. Mary species of waterfowl depend on emergent
aquatie v.nntati&n for food. 'Mailardi, Canada 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, mirk, and river otters are among the Alaska
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 use lowland areas 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.
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2.3.2 Marine

Variations in coastal topography, geolegy, climate, surface
hydrology, and physical oceancgraphic factors influsnce the
distribution and abundance of marine organisms along Alaska’'s
334000 miles of tidal shoreline. The coastal ecosystem has been
intensively studied in eix gecgraphical regions in Rlaska
including: (1? Arctic Alaskaj (2) the Bering Sea coast; (3)
Kodiak Island, the Alaska Peninsula, and the Aleutian Islands;
(4) Cock Inlet; (5) the northern Gulf of Alaska; and, (&)
southeastern RAlaska. - Characteristic ecosystems that have not
been thoroughly studied by marine scientists have been described
through information derived from similar habitats in other
regions.

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

Phytoplankton undergo seasonal net increases and decreasss

in productivity, coincidental to ever changing levels of
sunlight, nutrients, grazing pressure, wind mixing, and depth of
light penetration. The majger phytoplankton groups are the
diatoms, dinoflagellates, and naked flagellates, These
microscopic plants collectively represent the energy base for
marny higher forms of marine life such as fish, shellfish,
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,

Seaweeds and 3sea grasses (macrophytes) are com;on-along the
rocky shores of the intertidal zorne 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 scurce 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 distribu€id in-all Alaska wat‘;s
with productivity being greatest in spring and early summer.
Tomp.rafurc and salinity have a major - influence on the
distribution of zooplanktoni some prefer estuarine waters,
whereas others prefer the open water anvironment. Physical
factors such as 1light 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 is 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 (infaunal. The distribution and richness of the
subtidal benthos within a region is determined by a number of
factors including sediment type, temperature, salinity,
pressure, avalilable food, spccioi 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 =zooplankton and the
remains of higher organisma. AR second important source of
erergy i1is provided by detritus entering the system through river
runcff and ocean currents.

An obvious trand among the bLenthos 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 scurce of food for
shorabirds and waterfowl, as well as a variety of fish and
marine mammals, Due to their relatively stationary nature,
intertidal and subtidal species are one of the most susceptible
groups of organisms to damage from water—borne sediments.
Consequently, benthic organisms are useful indicators of changes

in water quality.
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3.0 PARARTICULATE CRITERIA

Existing particulates criteria for each state in the United
States and for Canadian provinces are summarized inlSections 3.1
and 3.3, respectively. Information regarding the establishment
of water quality parameters and criteria for particulates by the
Ue 8. Envirornmental Protection RAgency (EPR) is also 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 guidelines by other states and in Canadian provinces and
territorias. During the initial telephone contact, each
individual interviawed was apprised of the purpose of this study
and questioned concerning his/her agency's water quality
criteria for instream levels of particulates, specifica{iy
turbidity, suspended solids, and settleable solids. Inquiries
were also made concerning recent or proposed changes to
regulations, protected uses of water bodies, availability of
separate standards for marine waters (where appropriate), and

the basis for any gquantitative standards or limitations

identified in partinent regulations. Where particulate

- standards existed, the interviewee was also questionad as to

recognized problems asscociated with compliance, field sampling,
or enforcement of the standards. A capy of pertinent

regulations was reguested for review from each agancy.

3.1 STATES

Basead 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 aase of 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 i)
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 j=
50 NTU or less; lTimit 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 e
S50 NTU or less; Timft of 20% increase when ambient
exceeds 50 NTU, NTE SO NTU increase; NTE 5 NTU over
ambient for jakes
G NTE 25 NTU above ambient; NTE 5 NTU over ambient .
for Takes -
H NTE 25 NTU
l narrative .
J narrative . T -
K NTE 25 NTU ’
L NTE 25 NTU
M compensation depth reduction Timit of 10%; Secchi ol
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
spacial standards fer "unique” waters as low as 3 -
" NTU change limit :
*ikbasin specific standards or use classification
Arkansas A, 8, D-G NTE 10 NTU for trout or coolwater streams
v 84) o
. *kkbasin specific standards or use classification
California A-C turbidity standards by basin Example: NTE 20% -
{Nov 83) increase where ambient is less than 50 JTU; NTE 10
3 JTU increase where ambient is between 50-100 JTU; ey
i NTE 10% increase where ambient exceeds 100 JTU .
% J-M narrative
! *kbasin specific standards or use classification
j Canada (Provinces, Territories, and Federal Covernment) 7#
(Feb 85)
Federal E, F NTE SO0 JTU
Covernment . .
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 numerfic criteria in draft revisions

a_ »
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State Designated Water Use(1)
Manitoba E, F
New Brunswick Unknown
Newfoundland Unknown
Northwest Unknown
Territorfes
Nova $cotia Unknown
Ontario G
Prince Edward Unknown
island
Quebec A
E, F
Saskatchewan Unknown
Yukon Unknown
“# Colorado A
Z {Jan &4)
Connecticut A, E
(Sep 80)
B, D, F, G
H-N
Delaware A-G
{Jul 83)
H~-N
District of Columbia A, E-G
(Mar 8%)
A, D-C
Florida A, E-G
(Feb 83)
B
Georgia A-G
(Oct 813)
A
G (special case)
Hawaii A~G, K-N
(Oct 8&)
ldaho A, B, E~C
(Oct 83)
[11inois A, B, D-G
{Apr 84}

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
uses

guidelines of other agencies are used and amended
as applicable

guidelines of other agencies are used and amended
as applicable -

guidelines of other agencies are used and amended
as applicable

guidelines of other agencies are used and amended
as applicable

NTE 10% increase in Secchi disk reading above
ambient

guidelines of other agencies are used and amended
as applicable

NTE S "turbidity units" {(guideline only)

NTE 10% increase in nonfilterable residue or less
than 3 mg/1 absclute (draft regulation)

NTE 25 "turbidfty units" over ambient (objective
only)

guidelines of other agencies are used and amended
as applicable

NTE 1.0 turbidity unit

*irkbasin specific standards or use classification
NTE 10 JTU above ambient " -

NTE 10 JTU above ambient or more than 25 JTU total

narr; Secchi disk transparency mid-summer from 0-6
meters depth

*kipasin specific standards for lakes
NTE 10 NTU above ambient or 25 NTU total

NTE 150 NTU in tidal areas of stream basins
wikbasin specific standards or use classification
NTE 20 NTU above ambient

narrative

NTE 29 NTU above ambient; depth of compensation
point not reduced more than 10% from ambient

narrative
‘irkbasin specific standards or use classification
narrative

NTE 1 turbidity unit

streams designated as wild or scenic shall have no
alteration of ambient water quality

w*kbasin specific standards or use classification

streams: 2-15 NTU, NTE 25 NTU
estuaries: 1.5-3.0 NTU, NTE 5.0 NTU
smbayments: 0.4-3,0 NTU, NTE 5.0 NTU

oceanic waters: 0.03-0.10 NTU, NTE 0.20 NTU

**¥hasin specific standards or use classification

narrative; also stream water quality requirements
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

narrative

*ekbasin specific standards or use classification

>3



State Designated Water Use(ll
Indiana A, B, D-G
(Mar 84)
lowa A, B, D-G
(Dec 83)
Kansas A, By, D-G
{Sep 83)
Kentucky A, E-G
{Mar 83)
Louisiana A, B, E-C
(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, 0=G
{Jun 84)
Miphesota A
»
F, G
Mississippi A, E=G
{Jan 85)
Missouri Unknown
Montana A
(Mar 82) 8, 0-C
Nebraska A, 8, D-G
(Feb 83)
Nevada A, 8, D-C
(Nov 84}
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 total

*kbasin specific standards or use classification

NTE 25 NTU above ambient from any point source
discharge

***basin specific standards or use classification
narrative

***basin specific standards or use classification
narrative

Jkkbasin specific standards or use classification

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

*kkhasin specific standards or use classification

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

narrative
*ribasin specific standards or use classification

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

*wikbasin specific standards or use classification

narrative; for public water supplies, no increase-
above ambient . .

narrative

classificatio

narrative; NTE S50 NTU above ambient in proposed
amendments

**kdrainage specific standards or use
classification

narrative
NTE ambient conditions
NTE 5~10 NTU above ambient

weadrainage specific standards or use
classification

NTE 10% increase above ambient

*irkdrainage specific standards or use
classification

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

wtdrainage specific standards or use
classification

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

NTE 15 NTU for 30-day average;
NTE SO NTU max. at any time

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

NTE 10 NTU
*rrhasin 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
Ok 1ahoma A, 8, D-G
(1982)
Oregon E-G
{Aug 84)
Pennsylvania Unknown
(Feb 85)
Rhode Island A
(Dec 84) :
B, £, G
D, F, G
J=M
South Carclina A
(Feb 85)
G
E
B, D, F
K, M (high quality)
South Dakota A, B, D-G
(Aug 84)
Tennessee A, B, D-G
{no date)
Texas A, B, D~C
J=M
Utah A
{Oct 78)
B
D
E-G
G{non-game}
Vermont A
{Jan 85)
B, E, G

Turbidity Criteria

narrative
*hasin 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 cold water streams.

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

*kkhasin specific standards or use classification

effluent standards only; do not attempt te controil
in-stream water quality

*kkhasin specific criteria for Delaware River
Commission

NTE 5 JTU; none of other than natural origin -

NTE 10 JTU

NTE 15 JTU

narrative

#ikbasin specific standards or use classification
natural conditions maintained

NTE 10% above ambient

nane

none

natural conditions maintained

*ikbasin specific standards or use classification
narrative

wikhasin 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

rpasin 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)

West Virginia
{1983)

Wisconsin
(Nov 79)

Wyoming
(Sep 83)

B, D, G, J, L

A, B, D-G (lakes)

Unknown

A, B, D-G

A, B, D-C

Turbidity Criteria

narrative

#*ikbasin 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
SQ NTU

NTE 10 NTU over ambient when backgrouﬁﬁ is 50 NTU
or less; NTE 20% increase when background is more
than 50 NTU.

NTE 5 NTU over ambient
*¥*basin specific standards or use classification
NTE 10 NTU over ambient

nar-ative

*ikhasin specific standards or use classification

'NTE 10/15 NTU increase over ambient, depending on
water class

{1

Designated Water Uses: Fresh Water

O Mmoo e >

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

2 X r XK« — 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
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appropriate, . turbidity criteria for marine waters are also
presanted.

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 pressnce of naturally turbid systems carrying high
sediment loads;

(2) Difficulties of addressing seascnal fluctuations in
particulate conccntratiohs: )

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

{4) Philosophical approcach to thrbidity control (instream
water gquality standards versus control of point scurce
aefflusnts) }

{3) 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
occurrence of particulate loads.

None of the water rascurce 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
af their state’'s basis for turbidity, suspended solids, or
sattleable solids criteria except in referance to "generally
accepted” standards or the "“"Red Boek" (EPA 1976)., West Virginia
currantly has studies in progress on trout streams and heavily
industrialized waterways that will attempt to correlate
particulata standards with identifiable impacts to bhiota. Idanho

REVIEW DRAFT 9/09/85 PAGE 27



is currently involved with a "serious injury"” task force which
is attempting to define thresholds of impact and acceptable
levels of injury to stream systems and bigta.

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

RApproximately 30 pnFcnnt of the QtatQSv (17) only ha;c
general narrative criteria defining turbidity 1l1limits. These
narratch criteria range from general "antidegradation" state-
ments to broad guidelines that prohibit turbidity levals which
would impact other ,u’.s- 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
stringent than Alaska criteria for these same uses. The
turbidity standards for lakes are also comparable.

Of the 22 states with marine or estuarire waters along their
borders, 14 have specific criteria for turbidity in marine ar
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 gsolids is presented in Table 3-2. None of the states have
quantitative criteria for sattleable éolids levels: Only four
states other than Alaska, Nevada, New Jersay, South Dakota, and‘
West Virginia, currently have numeric standards for suspended
gsolids in the water column, Nevada employs specific limits for
some stream reaches. The existing or higher guality 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 2%
mg/. and 80 mg/L in the lower reaches. New Jersey limits
suspended solids concentrations teo 23 to 40 mg/L on specific
streams while Socuth Dakota has a 30 mg/L maximum limit for

coldwater fisheries. West 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 criteria. Hawaii is the only state which has
established standards for maximum allowable depth of deposition
for settleable solids. Alaska is the only state with standards
addressing the accumulation of sediments as a maximum percent by
weight of spawning bed gravels.

Most states have approached the problems of suspended and
setileable solids by regulating the maximum concentration
allowable in effluents discharged from point sources. Control
of non-point scurces are gernerally addressed by hest management
practices ar special canditions attached to project
authorizations.

3.2 U.S. ENVIRONMENTAL PROTECTION AGENCY

This section summarizes information used by EPA 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, shelilfish, &
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 4.0 mm range exceed 30% by weight in the
gravei of spawning beds

none
none
narrative

Canada (Provinces, Territories, and Federal Government)

Federal Government

International Joint
Commission (Great Lakes)

Alberta

British Columbia
Manitoba

New Bruaswick
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) o —

‘rione

narrative (draft regulations)

none ° '

none

none

none

none

none

none

NTE 10 mg/1 over ambient (objective only)

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

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

Tow biological importance - NTE 1000 mg/1 suspended
solids unless it fs 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

0
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State

!daho
Mlinois
Indiana
|owa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota

Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexice
New York
North Carolina
North Dakota
Ohio

0Ok1ahoma
Oregon
Pennsylvania
Rhode |sland
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

none : ST

Suspended/Settleable Solids Criteria(T)

narrative

none

narrative for salmonid waters

none

narrative

narrative for aquatic life waters
narrative

narrative

effiuent 1imits on suspended solids in treated sewage
none ‘
narrative

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

none

none

none

narrative

narrative; specific mg/1 1imits for some stream reaches
none

narrative and 25-40 mg/1 limits on specific streams

narrative

narrative

none

narrative

narrative

narrative

narrative

narrative

narrative

narrative and 30 mg/1 limit for coldwater fisheries
narrative

narrative

narrative

narrative

narrative

none

30 mg/1 maximum

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

(1) NTE = Not to Exceed

(2} Source:

Department of Fisheries and Oceans, 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 Keup (198%), there are eight reports of primary
interest to this subject: the "Blue Book" (NAS 1973), "Red
Book" (EPAR 1976), "Green Bock" (Sorensen et al. 1977), three EPR
funded projects completed in 13978 and 139373 (Iwamoto'et al, 19783
Farnworth et al. 197393 Muncy et al. 1979}, and two current
reports by Camp, Dresser & McKee (Ceorge and Lehnig 1984;
Clarkson et al. 198%5}.

The EBlue Book, or Water QGuality Criteria 1372, presents

discussions of turbidity and sediment only in relation to

drinking water and agriculturdl uses of water. Recommendations

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

firet EPA criterion for so;idl (suspended, settlesable) and
turbidity to protect freshwater fish and other aquatic life.
The criterion is: "Settleable and suspended solids should not
reduce the depth of the compensation point for photosynthetic
activity by more then 10 percent from the seasocnally established
norm  for aquatic life.” This criterion, as well as all othaers
in ¢the Red Boock, 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. Rccérding to the reviewers, "it attempts to make
golids and turbidity synonymous, which they are not, and no
method is proposed for measuring the compensation point." Other
problems nrnoted by the reviewers include: (1) The use of a
compensation point is meaningliess in shallow water bodies where
the photic zone extends to the bottomy and, 2) It is
unrealistic to expect adequate data to be available for all
points to determine a '"seasonally established norm" for the
compensation point. The reviewers recommended that the

criterion be reawritten with solids and turbidity considered
separately.
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The Green Book by Sorensen et al. (1977) is a literature
review of the effects of dissolved and suspended solids on
freshwater biota. Included are the effects of suspernded solids
on aquatic 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 biclogical effects of suipcnd.d
solids include: (1) Acute effacts on specific organisms were
difficult to demonstrate; (2) Suspended solids have significant
eflects on community dynamics due to turbidityy (3) Suspended
solids may have significant effects on community succession,
community stability, and fish avoidance reactiorns; (4) Sediments
may serve as a reservoir of toxic chemicalsi and, (35) Relatively
high suspended sclids were reeded to cause behavioral resactions
(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,
Iwamoto et al.(1978) is the most applicable to this study since
it presents an extensive literature review emphasizing
freshwater salmonid habitets. Farnworth et al. (13973) reviewed

literature dealing with impacts of sediment, nitrogen, and

 phosphorus on aqQuatic biota in order to suggest future research

and management schemes for freshwater systems. Muncy et al.
(1379) 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 development, larval development, and
Juveni les.

The Camp, Dresser & McKee reports are the most recent EPA
funded literature reviews. Turbidity and_Solids by George and
l.ehnig (1984) summarizes recent literature pertaining to the
impacts of turbidity and sediment on primary production and on
the survival, growth, and propagation of zooplanktaon,
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macroinvertebrates, and fish, Numerical data from several key
investigations are presented including results from bicassay

studies, state water gquality standards, and Alaska and Canada

placer mining studies, In addition, the repd?t axamines
Canadian water gquality objectives for turbidity, supporting
rationale, guidelines for setting turbidity and sediment

standards, and recommended levels for the 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 d.vnlopﬁent of a water quality criterion for
suspended solids/turbidity for the prdtection of aguatic biota.
These factors include regional, physiographic, and seascnal
considerations, and related hydrologi; phernomena. The natural
. solids loading to a waterbody will Qary from site to site,
depending upon physisographic facteors (including slcocpe, soil
type, énd 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 cther nonpoint
source loadings. Water quality criteria should be developad for
suspended solids in the water column as well as for settled
sediment, and th.se' criteria reed to address the complex
situation of toxics sorbed to suspended and settled solids.
Additionally, the effects of sustained exposure to suspended
aolids versus short-term storm-related pulses need to be quanti-
fied. ARlthough the report does not recommend criteria to
protect agquatic life, it doss establish a framework for
consideration of regional, seasonal, and bioclogical factors.

3.3 CANARDIAN PROVINCES AND TERRITORIES

The Canadian federal goverrment, through the offices of
Environment Canada and the Canadian Council of Resource and
Environment Ministers (CCREM), @establishas guidelines and

objectives for water guality parameters for the provinces and
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territories., They also prepare guidelines and regulations which
addregs specific activities (e.3., Metal Minimg Liquid Effluent
Regulations and Guidelines; Potato Processing PRlant Liguid
Effluent Regulations and Guidelinesy 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_ _Guality Guidnlines and

—_—— e e e e e -

Bblectives_ _1384 which contains a compilation of guidelines and

objectives currently used in Canada (CCREM 1985). From these
guidel inas, the goverrments 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 promulgat.d standards for
boundary waters with the United States (International Joint
Commission--Great Lakes). Dnlf 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,
Nova Scotia, Prince Edward Island, and the Yukon Territory use
the guidelines of other agencies on a case by case basis.
RQuantitative 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 column 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 biclagical productivity of the receiving water.
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4.0 ADEQUACY AND SCIENTIFIC MERIT OF ALASKA CRITERIA

This section summarizes Alaska criteria for water supply,

recraation, and protection of biota for both fresh and marine

waters; summarizes scientifically documented levels of
turbidity, suspended solids, settleable solids, and fine
particles im streambeds that have demonstrated effects on
various water uses; and, presents 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-—
standin§ of the standards. First, the standards apply anly to
humarn activities which result in alterations to waters within
the state. In this context, the standards cornstitute the level
of degradatiom which may not be exceeded in a water body.
Secord, sediment refers to particulates in the water columm 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 1385). 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 AfAnalysis_ _of_ _Water _and Wastes (EPA

—— S it S e e i T — —— A T — G - S — —— — — e e S S S —— ——— i e e o T e o

1973). This requirement insures that accepted methods are used
for measuring turbidity, total suspended solids, and settleable
solids. Fourth, if a water is classified for more than cne use,
the most stringent water quality criteria of all thae included
uses applies. All waters in Alaska except the lower Cherna River
artd Naolam Creek and all ite tributaries, excludirng Acme Creak,
are classified for all uses. Therefore, the maost stringent

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

parametera.

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

FRESH WRTER

i. WRATER SUPPLY: DRINKING, CULINARY, AND FOOD PROCESSING
Turbidity: Shall not exceed 5 NTU above natural conditions
when the natural turbidity is S0 NTU or less, and not have
more than 10 percent incr.aso»in turbidity when the natural
condition. is more than. 50 NTU, not to .xconq‘a maxihdh ‘-‘f
increase of 25 NTU. ,
Sediment: No increase in concentrations of sediment,
including settleable solids, above natural conditions.

2. WATER SUPPLY: AGRICULTURE, INCLUDING IRRIGATION AND STOCK
WATERING
Turbidity: Shall not cause detrimental effects on indicated
use.

Saediment: 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: RRUACULTURE
Turbidity: Shall not exceed 25 NTU above natural condition
leval. For all lake waters, shall not exceed 5 NTU cover
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
TJurbidity: Shall rnot exceed S NTU above natural conditions
when the natural turbidity is 50 NTU or less, and mot have
more thanm 10 percent increase in turbidity when the natural
condition is meore than S0 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,
including settleable solids, above natural conditions.
WATER RECREATION: SECUONDARY RECREATION

Turbidity: Shall not exceed 10 NTU over natural conditions

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

condition is more than'ﬁOANTU. not to exceed a maximum
increase o% SO0 NTU. For all lake waters turbidity shall not
exceed 5 NTU cover 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 AQUATIC
LIFE
Jurbidity:s Shall not excaed 2% 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
the gravel bed of waters utilized by anadramous or resident
fish for spawning exceed a maximum of 30 percent by weight
(as shown from grain size accumulation graph). In all other
surface waters no sediment loads (suspernded or deposited)
which can cause adversa effects on agquatic animal or plant
life, their reproduction, or habitat.
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MARINE WATER

WATER SUPPLY: AQUACULTURE

Turbidity: Shall not exceed 25 NTU.

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

WATER SUPPLY: SERFOOD PROCESSING

Turbidity: Shall not interfere with disinfection.

—— e o —— —

WARATER SUPPLY: INDUSTRIAL

Turbidity: Shall not cause detrimental effects on estab-

Sediment: Below normally detectable amounts.

lished levels of water supply treatment.

Sediment: N& imposed loads that will interfere with estab-

lished water supply treatment levels.
WATER RECREATION: CONTACT RECREATION
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.

Sediment Shall not pose hazards to incidental human

contact or cause interference with the use.
GROWTH AND PROPAGATION OF FISH, SHELLFISH, AND OTHER AQUATIC
LIFE

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

4.2 DEMONSTRATED EFFECTS OF PARTICULATES

4.2.1 Water Supply

The effects of particulates on watar supply summarized in
this zection include information pertaining to both fresh and
marine waters. Fresh water uses include drinking, culinary, and
food processing; agriculture; aguaculture; and industrial.
Marine uses include aguaculture, seafood processing, and indus-
trial. The effects of particulates on these various water uses

are quantified in this section where possible.

The 'nxtont to which suspended solids can be tolerated in
water supplies varies widely. Sclids in water used for
drinking, culinmary, and food processing can support growth of
harmful microorganiams and reduce the effectiveness 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 tests. Suspended solids may alsc transport
nutrients and toxic substances, such as pesticides, herbicides,
and certain matals.

The amount of particulates allowable in raw water supplies
dependas on the type and degree of treatment used to produce
finished water. Sorensen et al. (1977) note that an excellent
source of water supply, requiring only disinfection as
treatment, would have a turbidity range of O to 10 units. A
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 250 units aré poar

gources of water supply requiring special or auxiliary treatment
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and disinfection. The ability of common water treaatment
processgs (i.e., coagulation, sedimentation, filtration, and
chlorination) to remove suspended matter to achieve water with
acceptably low turbidity is a function of the compé@ition 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 (NARS 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 bhe more difficult to
coagulate than water with 100 units (NARAS 1973).

Rlthough the Rlaska criteria for drinking water refer to a S5
NTJ increase in turbidity above background in raw water, the
following information pertaining to turbidity levels in finilhed
drinking water is pfovid.d to give the reader a faeling for fhe
importance of loﬁ turbidity levels. It should be noted that raw
water at a low-turbidity level is the same as finished drinking
water with respect ¢to the following information. Bruvald
(1975), reporting the results of a consumer acceptance survey of
finished tap water conducted by Harris, notes that 11 percent of
the respondents Judged 5 turbidity units to be acceptable for
drinking water. This water also had 15 color units and a
thvoshold odor number of 3. For drinking water, 5 units of
turbidity become cbjecticnable to a considerable number of
people, and many pacple turn to 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. bow levels of particulates interfere with
disinfection and can pravent maint.nancn of an effective
digsinfectant agent (. g.y chlorine) throughout the distribution
system, Indications are that bacteria and viruses can be
prctected by certain kinds of particles from inactivation by
chlorine. Inorganic particles can cause turbidity and probably
Mave nec bedring on the potential profoction of pathogens. 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 scurce 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) notes that finished drinking water should have a

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

Agricultural uses of water containing suspended sclids may
be adversely affected in many ways. Deposition of suspended
sediments reduces the capacity of irrigation structures and
systems and decrease reservoir storage capacity (King et al.
1978). Deposition o land can produce érusts that inhibit water
infiltration and plant emergence, impedes soil aeration, and can
contribute to_ salinity praoblems by hiﬁdoring.leaching o? saigns
soils (King et al, 1978). High colloidal content in water used
for sbrinkler irrigation may result in deposition of films on
leaf surfaces *that may reduce photosynthetic activity and,
therefore, growth. The films may also affcct_markntability of
leafy vegetable crops such as lettuce (NAS 1973).

Quality requirements regarding the amournt of particulates
vary among different industrial uses. For examplae, rayon
manufacture requires water with only 0.3 turbidity units,
whereas water used for cooling can have up to S50 turbidity units
{McBaunhey 1968). RAlthough industrial cooling water can tolerate
relatively high levels of suspended salids without significant
problems, modern high pressure boilers require water that is
virtually free of all impurities (Hach 1383). The quality
requirements even vary within some industries, such as the pulp
and paper industry. Different proécss.s 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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sulfite process up to 15 wunits, and light paper production
tolerates up to 3 turbidity units (McGauhay 1368).

Criteria established for evaluating and iddﬁtifying water
treatment needs for fish hatcheriaes by Sigma Resaurce
Consultants (1979 include 1limits on suspended solids. The
suggested limit for suspended solidas for incubating eggs is 3
mg/L and for rearing and holding the limit is 25 mg/L in the
absence of other pollutants.

4,3.2 Recreation

Cantact recreation refers to activities where there is
direct and intimate contact with water and includes wading,
swimming, diving, water skiing, surfing, and any other intimato
cantact with water directly associated. with shorc{inc
activities. SQconqary recreation refers to activities where
water use is incidental, accidintai. or viaual, and includes
fishing, boating, camping, hunting, hiking, and vacaticning.
The affects 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
chemiatry, physics, or bacteriology bescause public perceptions
of quality are attuned to the senses (Wolman 1574) such as
sight. The public perceives water qguality in terms such as
algae, foam, and turbidity. Contact and secondary recreational
uses 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) notes that the noticeable threshold is
10 turbidity units and the limiting threshold is 50 units for
water contact recreation. The guidelines for Canadian

REVIEW DRAFT §/89/8% PAGE 45



recreational - water quality (National Health and Welfare 13983)
note that the maximum limit for turbidity is suggeasted as 50
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, aswimming,

diving, water skiing, and surfing.

Fiahermen tend not to fish in areas of turbid water because
game fishes are not found there in as great abundance as in
clear waters (Bartsch 1960). Fishing success is reduced where
turbidity i3 greater than 25 ppm (Phillips 1971) to 30 JTU
(Grundy 1976). According +to Townsend (1983), cne of the most
popular recreational activities on the Chatanika River is sport

fishing for Arctic grayling. He naotes that num.rous'complaigfs

from the public were received about muddy water conditions.in

the Chatanika drainage in 1979, the first season of increased
placer mining activity in this ﬁfainag.. Townsend states that
fishermen pkobably rafrained from fishing because of turbid
conditions. He also notes that in 1377 and 1978 the Chatanika
was the second most popular waterbody for sport fishing in the
Interior but it fell to seventh place in 1979.

Boating, canceing, and kayaking are enjoyed in Rlaska 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 bhoating (for pleasure and transportation) is
popular on the Tanana and Yukon rivers and kayaking and rafting
are popular on the Nenana Rivery all are turbid systems,
According to McGauhey (1968), the noticeable threshold is 20
turbidity units for boating and ansthitic uses but '"no level
Lis) likely to be found in surface waters (thatl]l would impede
[thesel uselsl." That is, high turbidity levels do rot
@liminate boating and aesthetic uses. However, given a choice,

most peocple prafer clear water conditions for these uses.
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4.2.3 Biota

— — T i o o —— ——

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 killnor reduce growth rate
and resistence to diseases

(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 regaédiﬁg the
gereral effects of suspendead solids, settleable solias,
turbidity, and the accumulation of firnes in spawning gravel on
fraoshwater aguatic orgahisms. A large percentage of the
published literature summarizes the results of investigations
urciertaken by other authors, and relatively few present original
data that quantify the levels which cause deleteriocus 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
wicde range of tolerance among different species, among
individuals of different ages and stagaes of development, and
among ihdividuall of the same species which have adapted to
diFf.E-nt natural conditions. For example, salmonid egQg
incubation is adversely affected by suspended solids
concentrations greater than 3 mg/L, but socme 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. Furthermora, the various units of
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measure and - methods of measuring turbidity and suspended matter

make it difficult to compare results.

Particulates have direct and indirect effec%s on aquatic
biota. Direct effects include anatomical and physioclogical
influences on the organisms themselves, whereas indirect affects
involve impacts such as a reduction in prey species or habitat
alteration. Additiomally, the biolagical effects of
particulates are intera&tive in that a change in natural levels
may affect the structure of an entire aguatic community, as

opposed to only one furctional group of organisms,

Data from early field studies indicate that it is often
difficult ¢to assess the effects of suspended solids independent
of factors such as sorbed toxic metals and pesticides, bipchcmi—
cal axygen demand, and nutrient contint. -Consaquently; ﬁﬁn
objective of more recent studies has been to identify the
biclogiéal effects of inert particulate material, similar in
gize and composition to those fourd in natural waters. Another
problem with early studies is that investigators used a variety
of units for turbidity. Hernce, there are a variety of units,
ppm, mg/L, JTY, FTU, NTU (not directly translated orne to
ancther), making it appear that there are inconsistencies in the
reported data. The actual units regorted in the literature
appear in the following discussion of the affects of
particulates on biota.

Particulates, especially turbidity, are considered to have a
deletericous effect on plant communities within waterbodies. Few
quantitative results are reported in the literature. Eell
{1973) reported that algal—-based food production for juvenile
salmonids was reduced at turbidities above 25 JTU. In Great
Britain, Nuttall and Bilby (1373) stated that rooted aguatic
vegetation was absent at stations where suspended solids levels
excepded 2000 ppm in a river polluted with china-cléy wastes.

Reed et al. (1983} found in exgerimental ponds in North

REVIEW DRAFT 9/a9/8% PARGE 48




B R

i

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 Nieuwenhuyse (1383) observed a strong correlation
betwean irncident photosynthetically active radiation (PAR) and
gross productivity which lead to development of a model by Van
Niesuwenhuyse (LaPerriere 1985) to predict algal productivity at
different turbidity levels.

Benthic organisms and other invertebrates are also adversely
affected by particulates. Sammon (13970) reported a 25 pesrcent
reduction in macroinvertebrate populations downstream from a
limestorne quarry where sediment loads were less than ﬁo mg/L.
Population reductions of . 40 percent were noted in strctéhés:af
the river where the sediment load was 80 to 120 mg/L and, in
areas whare 120 mgp/L was exceeded, the macrcinvertebrate
population reduction was €0 percent. Sediment which settled cut
caused a reduction of 40 percent in peopulation density
regardlass af suspended sediment concentration. Invertebrate
drift increased immediately when introductions of 160 mg/L
sediment were made to the stream.

Wilber (1983), citing Herbert et al. (1361), reported that
macroinvertebrate populations are reduced at turbidity levels aof
261 to 330 ppm and that density is reduced at 1000 to €000 ppm.
Reduced numbers were reported for turbidities of 40 to 200 JTU
(Sorensen 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 (1965).
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McCart et al. (1980) alsa discussed the sffects 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
study focused on the distribution af the species in the lake.
They concluded that lake trout and slimy sculpin were
characteristic aspeciss of clesarwater conditions, whereas the
trout-perch and spoonhead sculpin appeared in turbid parts of
the lake. Many species which were tolerant of turbid conditions
preferred to faeed in the clearwater end of the lake. These

species included northern pike and humpback and broad whitefish.

In laboratory tests, the torrent sculpin appeared to bhe
fairly tolerant of susp-ndcd sediments, and no effect on feeding
behavior was evident at lgvels ranging from 0O to 1350 mg/L
{Brusven and'_Rosc 1881). MelLaay ét al. .(1983) conducted
laboratory tests on RArctic grayling and reported that, when
acclimated to 15 degrees C, they survived a 4-day esxposure to
sediment suspensions of more than 250,000 mg/i. 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. Suspensionas preater than 10,000 mg/L caused grayling ta
surface. Although gill histologies appeared normal in the fish
held for 4 days, acute stress responses such as elevated and/ar
varied blood glucose levels, were rnoted. Gill hypertrophy and
hyperplasia were reported for grayling captured in the field in
water with low suspended scolids and then held in water with
suspended solids levels of approximately 1210 mg/L and 35 mg/L.
It was concluded that grayling subjected to short-term sublethal
amnounts of suspended solids can exhibit various responses

ineluding 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 scpaﬁately.
Bell (1973) reports that relatively large gquantities (300 to
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1000 ppm) of gediment locad can be carried in a stream without
any apparent detriment to adult salmon and trout for short
pericde of time. Concentrations of 4000 ppm can cause salmon to
cease instream movements, however, Herbert et:‘al. (1961)
concluded that brown trout populations in the rivers Fal and Par
in Corrnwall were reduced In areas having suspended sediment
concentrations of 1000 ppm bBut were unaffected at 60 ppm.
Reductions in the standing crop of brook trout in a British
Columbia stream appeared to be the regult of decreased gspawning
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 responses to varying amounts of suspended sclids: (1)
S0 ppm—-reduced growthj (2) 30 ppm-—=20 percent mortality in 2 to
6 monthse; (3) 100 to 270 ppm--fin rotj; (4) 200 ppm--sb‘porcqﬁt
mortality in 16 weeks; (5) 1000 to 2500 ppm——100 percent
mortality in EO' daysy (6) 1000 ppm=-20 percent mortality in 37
daya; (7)) 4250 ppm—-50 percent mortality in 28 days; and, (8)
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
changes in their tolerance to suspended ‘s.dimcnts {Noggle
1978). 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 salmon 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 JTuU. Brook trout exhibited
increased ventilatory response {(a stress reaction) at 231 NTU
clay in water (Carlson 1984). Pacific salmon survived 3 to 4
weeks in 300 to 750 ppm suspended ®solids and avoided muddy
waters during migrations according to the literature review by
Wilber (1983).
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The effects of particulates on salmonid Juveniles 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 Juveniles,

Crouse et al. (1381) found that 26 to 31 percent sediment in
laboratory stream gravels increased mortality among emerging
cohe  fry. Noggla (1378) found that feeding by coho juveniles

was reduced at 100 mg/L and ceased at concentrations greater
tham 200 mg/L. Mortality (LC350) occcurred at 1138 mg/L in August
and at 35,000 mg/L suspended solids in November indicating
perhaps a seasonal tolerance of Juvenile coho salmon or the
affact of increased maturity of individuals. NCASI (1984Db)
conducted a literature review pertaining to the effects of
sediments on salmon habitat. It was discovared that the time
recessary for coho fry to emerge from the gravel in'whichkthgy
were hatched increased from 10 to 47 days when the amount-of
fires (less than 3.327 mm in diameter) was increased from 36.6
to 42.3 percent (Koski 1965).- Success of emergence decreased as
sediment levals increased from 27 to Si percent. Coho biomass
decreased 63 percent when sediment smaller tham 0.8 mm increased
from 20 to 21 percent as a result of road construction (Burns
1872). Juvenile ccho productivify was reduced from 8.8 grams
per square meter to 5.0 grams per square meter as sediment
embeddedness was increased from O tc 100 percent in a laboratory
stream (Crouse et al. 15813 NCASI 1984a). Sigler et al. (1984)
reported that cocho and steelhead fry showed a reduction in
grawth at 25 NTU turbidity.

Wark by Herbert and Merkens (12€1) indicated <that
suspensicns 6f 30 ppm kaolin and diatomacecus earth caused
regligible damage to Juvenile rainbow trout over a & manth
period in laboratory tests. Some mortality occurred at 90 ppm
and more than half the trout died at 270 ppm and 810 ppm. Fish
exposed to 30 to S0 ppm suspended solids exhibited normal gills,
but those 'exposod to concentrations of 270 to 810 ppm displayed
thickening or fusing of pgill lamellae. Caudal fin damage was
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algo 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 asggs and removing
metabolic products. When gravel interstices are covered or
clogged with fine material, successful development of the eggs
is impaired. Byjornn et al. (1977) reported reduced survival of
gsalmorn eggs in an Idaho stream whan there was 20 to 30 percent
gsand 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 Iwamcto et al. (1578) revealed that coho eggs suffered
increasad mortality when the fines content of gravel was gfqa{ér
than 13 parcintQ The same was true of steelhead eggs when the
fines content was ﬁrcat.r 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 5 percent, medium ¢to high at 10
perceant, and low to fair at about 20 percent.

Bjormn (196%9) reported that chinook fry had difficulty
during emergernce when sand (0,25 mm) in the gravel was increased
20 to 40 percent, Mortality of chinook embryos approached SO
percent as a result of 30 to 40 percent sand in the gravel.
Langer (1980) 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 (6.4 mm)

reached 39.4 percent in gravel (NCASI 1984b). Approximately 18
percent survival was achieved with 70 percent 1 to 3 mm sediment
(PhRillips et al. 1975) and 10 percent survival cccurred when
0.85 mm sediment reached 19.5 percent (Tappel and Bjorrnn 1283)
in gravel. Only & percent survival occurred when there was 50
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percent fine sediment (9.5 mm) present (Tappel and Bjornn

1983). Steelhead fry survival decreased from 49 to 52 percent

ta 3 to 9 percent when 20 percent fines (Q.285 mm) were
introduced in the gravel (NCASI 1984h). Steelhead populatiors
declined by &85 percent when sediment smaller tham 0.8 mm

increased fraom 20.86 parcent to 34.2 percent after road
construction (Burng 1372).

Rainbow trout alevins and eggs showed reduced survival of i
te 1.3 percent for every | percent increase in 0.8 mm fines in
gravel (NCARSI 1984a). PRillips (1971) reported a S7 percent
decraase in the population of Juvenile rainbow trout in 20 days
in an arsa 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 (1978) reported that emergence time for
brook trout embryos was increased and their survival decreased
whert 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 (Koski 19795). For coho eggs,
the ratico was 3.1 percent decrease in survival for esvery 1
percent increase in sand (Cederholm et al. 1380). Sackeye

salmon eggs showed a 40 percent decrease in survival when fires
of less than 0.336 cm were introduced into gravel. The survival
of chinook eggs decreased from 88 to 18 percent when 339 percent
fires (6.4 mm) were in the gravel. Coho eggs showed a reduced
survival from 96 to 8 percent with a 0 to 70 percent increase in
fine (1 to 3 mm) sadiment (Phillips et al. 1379).

In laboratory tests, Phillips et al. (1973) found that the
survival of coho eggs correlated negatively with the additian of
sand to the substrate with the following results. There was %€
percent survival in the control mixture, 82 percent survival in
10 percent sand, 64 percent survival in 20 percent sand, 38

percent survival 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 percenmt survival in &0 to 70 percent sand. Steelhead eggs
shaoawed a similar response; survival was reduced from 939 to 18

percent when sand was increased to 70 percent.

In other studies, Shelton and Pollack (1966) faound that 1S
percent of chincok salmon eggs survived when 13 to 30 percent of
the gravel voidas were filled with sediment in laboratory
st reams. Tagart (1978) observed that survival of coho aggs in
the Clearwater River in Washington was negatively correlated
with the percent of "poor" (fines legss than 0.85 mm in diameter)
gravel present in the stream. In Great Britainy Turnpenny and
Williams (1980) found that rainbow trout aggs suffered 398 to 100
parcent mortality in 2 to 2481 mg/L suspended solids whare the
permeability of the gravel was 35 to 74 cm/hr and dissglved

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

concentratians of' > .ta 1810 mg/L, where the permeability was 7
to 2950 cm/hr and dissolved 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 parcent of the rainbow eggs survived
whern the gravel was 2 mm in diameter but that 78 percent

survival was achieved when the gravel diameter was 25.5 mm.

The main concern with regard to the protection of aquatic
fauna fromr lethal sediment concentrations ias the amount of
golids in suspension that can potentially settle out (settleable
solids! as 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. 1378). Iwamoto et al. (1378) note that there are
substantial data describing the deletericus effects of particles
of sizes less than C.8%50 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 within the
gravel can reduce the exchange of water bhetween the stream and
the gravel (Cooper 1965), 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 occcurs in stream
gravels as either downwelling or upwelling. Downwelling is
predominant in convex streambed surfaces, whereas upwalling
occurs where the gtreambed is concave. Furthermore, increased
st ream gravel permeability induces downwelling, 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 bed
(Cooper 1965). Fermeability may be increased by removing fine
material from the stream gravels (McNeil and Ahnell 1364) such

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

The intrusion of fines into niroam gravels is a complicated
and not fully understcocod process (Beschta and Jackson 1979).
Pregently there is little known about the mechanisms and rates
of sediment intercharge between the water column and the inter-—
stitial environment (Carling 1984). Sediment intrusion involves
the transport and deposition of particles intoc gravel voids at
the surface, and the settling of particles into deeper gravel
voids under the influerce of gravity, assisted by turbulent
pulses at the gravel surface (Beschta and Jackson 1879). Since
there is often an exchange of flow betwean a stream and the
gravel bed of a stream, it is logical to expect that suspended
sediments might be carried inte the gravel and deposited even if
they are not dlposith on the lﬁrnambod. While conducting
badload experiments with gravel, Einstein (1368) noticed that
murky water gradually cleared up at low bedlocad rates, and
postulated that the deposition of suspended silt particles must
occur in the pores of the gravel bed. Subsequent experiments
showad that the deposition rate of suspended silt paéticlos
begin to fill the pores of the gravel from the bottom up. The
concentration of silt ranging from 3.5 to 30 microns decreased
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exponentially downstream as sediment was deposited in the stream
gravels. As a result of these experiments, Einstein (1968)
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 series of experiments conducted by Beschta and Jackson
{1973) demonstrate that flow conditions, as indexed by Froude
numbers, significantly influenced the degree of gravel intrusion
ny sand. Qther flow indicators such as ghear velaocity and
Reyrold’s rnumber did not significantly affect the amount'qf
intrusion. . At low Froude numbers, 0.5 mm sand duiék;}
astablished a sand "seal" withinm the upper 5 com of the gravel.
Ornce 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 0.5 mm sand, the intrusion of 0.2 mm sand was more
extensive suggesting that particle size is an important variable
affecting the intrusion of stable gravels. Instead of forming a
gand seal in the upper gravels, the finer sands generally
migrated down through the test gravels by gravity and began te
fill <them from the bottom up. The amount of intrusion of 0.2 mm
sand decreased as the Froude number increased from 0,6 to 1.1.
Theseg ocbservations support the findings of Einstein (1968) that
intrusion by fine sedimants fills stream gravels from the bottam
up.

Experiments were conducted by Cocper (1363) using 0.5 to 74
micron silt in concentrations of 200 and 2000 ppm to determine
the rate and magnitude of fine sediment deposition. Data show
that stream gravels act as a filter in 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 thraugh the gravel.

Carling (1984) found that porous gravels caﬁid physically
entrap particles in the dead zones on the lee side of gravel
grains and prevent resuspension, In bagse 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. For all concentrations, the deposition rate
was strongly linearly correlated with the suspended sediment
cancentration. Resultes indicate that open—-work gravels will
rapidly become silted even with water containing low concentra-

ticns of suspended solids.

Thus, the amount of silt and larger particles tranqurqe&-in
suspension may havs‘ a»pranounced affact on the natural qual{%y
and composition of gravel substrates in streams. Howeaver,
MchNeil and Rhnell (1964) report that fines 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 documented that silt .and larger
particles in suspension may fill streambed gravels, the effects
of clay-sized and other non-settleable particles on streambed
embeddedness are not reported in the literature reviewed for
this progject.

In summary, numercus field and laboratory investigations
have documented lethal and sub-lethal effects of suspended and
depocsited sediments on freshwater agquatic organisms.‘ Thesa
effects are gsummarized in Tables 4-1 through 4-4. Most of the
numerical data appearing in these tables pertain to salmonids
and their habitat. The impacts of a wide range of sediment and
turbidity levels have been documented for all stages of salmonid
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£FFECTS OF SUSPENDED SCLIDS AND TUARBIDITY ON 3ALNONID SUAVIVAL

e
Jrgamisy_ Nature arg Extent of Effect
: Orayiing Mortalivy
Mortality
Survived
- No mortality
‘ Mo mortaiify
Rairtow Trout  {20% mortality
o=
20% mortality
2% wortality
rym
‘ E0% mortalily
- Greater than 304
£ mortality
No mortality
BRI
: 100% mortality
38-100% egg mortality
e 24-38% mgg wortality
1
Mortality cccurred
- No mortaiity
L
i No mortality
i)
3 No mortality
o Lono Saimon S0% mortality
o Chum Salmon egg survival decreasad by
; ks |
.
=
™
|
1

-3

TRBLE 4-3

Level or fonc,  Durafion

© Compants

AND NORTRLITY

Feference

230,000 wo/L 4 days

3G, 000 mg/L {6 days

10,000 mg/L 3 days
330 to 8200 NTU 9 days

880 to 6600 mg/L 9 days
30 ppa 2-6 months
1600 ppa 37 days
200 ppm 16 weeks
4220 ppm 28 cays
Greater than 1-6 months
270 pom

30 pom 2-t months
180, 060G “Fpm 1 day

2 to 2481 mg/i. —

3to 1At mg/k —-

1000 to 23300 ppm 20 days

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

Increased by 12% -—

Suspenced solids
Susperged solids
Suscencad soiids
Turbidity

Total solids
Diatomacequs earth

Cellulose fiber
Spruce fiber

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

Susperded solids

Suspenced solids
Coal-washery waste

Coal-washery waste
Suspended gypsium

Suspended solids

Suspended solids

MoLeay et 3l. 1983
weleay et al, 1563
Mciaay at al. 1383
Simmons 1384

Simmons 1984

Herpert and Merkers
HE 3

EIFAC 1363

Hersert and Richards
1963

Herbert and Wakeford
192

Herbert and Merkens
1361

derbert and Merikens
%1 -
EIFAC 196S

Turngenny and Wiilians
1580
Turnpenny and Wiliiams
1980

Campbell 1534
rerbert and Richards
1563

Herbert and Richards
1983

hergert and Wakeford
1362

Noggie 1378

Langer 1380
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MISCELLANEDLS EFFEDTS OF

Nature and Extent of EZffe

Airk Saimon

Cang Salmon

Chinook Saimon
Broax Troug
dteeinead

Trog

Saimgnids

Low escapement success About 20%
Zedium escapment SUCCERSS Ahout 0%
Figh escapesent success Rbout 5%
Fry smergence tise Increased
increased 37 to 4%
Emergence success decreased Increased
':'T tC' =4.f.
Juveniie productivity Increased
decreased 44% O to 10¢%
Biomass decreased 63% Increased
20 to 3i%
Emergence impaired Increased
20 to 40K
Subryo emergence time increased
1ncreased 0 to 20%
Population cecreased by increased
83% ) 21 0 34X
Biowass decreased by 42%  Increased

20 o 31X
Deleterious effects

Most significant impact Not stated

TRBLz

SETTLED SCLIDS AND FINES

from

from

from

from

from

from

from

from

AV DRAFT

ect Segiment Level

Greater than 20%

3/

I’l.a

2 5. 29 ~pame
Zecizent Size Cgmpents

2N SALMCHIDS

n-,E“EWCE

0,833 ma -—
0,833 mm -
(. 833 nm -—

(3. 327 1" -

Fines -
(2.0 mm

0.8 —
Sand —

{2 im sand -~
0.8 nm . -—
2.3 mm -—

{0,850 mm —
Between (.1 -

and 3.3 m
06/35 =E 60

Enbeddedness

¥oheil ang Annell
MoNeil and Ahmeil L
Moneil and Annell o
Hoski 1566

b

(S5 BT BYe ]

'
b

pre

NCASI 1384h
Crouse 2t ai. (981
Burns 1972
Biormn 1963
Hausie ard Codble 1976
Burns {572 -

Burns 1372

Iwamoto et al. 1373
[wamoto et al. 1378
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TRBLE

EF#EETS OF SETTLED SCLIDS AND FINES

Nabture and Extent of Effect

Cediment Lavel

Froox Trout
Saian

Chum Zaimen

Chinoox 3almon

Lo Saimon

Aaincow Troud

Steeihead
Trout

Survival f{o amergence
Tog surviva: gecreased
£03 survival decreased
{.25%

Egg survival cecreased
from 4 to 18%

Imorya mortalify
aporoached SOK

up to 83% mortaiity

E3n survival decreased
frem 96 to 8%
cgg survival decreased

3 4w

e ul®

£3q survival decreased
from 3 to 0%

Eq3 survival averaged
22 i :

£gg mortality increasen
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 99 to 18%

E3g survival decreased
to 3.3%

Egg survival decreased
fo 18%

Eqg survival decreased
to 10%

239 survival decreased
to &%

Zgg survival decreasad

. = L =
from 38 to 3%

Greater than 20%
20 te 0% range
zach 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 $c TO%

Greater than 13X
Increased from
26 to 3ix

37 to 51% fires

Each iX increase
Each i% inCrease
Not stated

Breater than 20%
Increased to 70%

Increased to
39. 4%
increased to 70%

Increased to
19.3%

Increased fo S0

increasec to 0%

¥Ban Bgg survival was IY.7% Sxceedzg 0%
T§g survival cECrsasst J.4% Zach 1% incresse

AEYIz4 DARFT  3/(3/82

4=t

ON SALMONID MOFTALITY AND SURVIVAL

Seciment_3iz

Comments

2 mm sand
Fires
Sang

6.4 am

Sand

0. 83 rm

Fines
Fines

2. 327 mp

0.6 am fines

5.4 mm fires

Sto 265 m

Fines
Sand

6.4 mn fines

{ to 3 am
fires

0.085 =m
fines

3.5 m Fines

0.5 sm funes

De 35 M

7. 89 =

in gravei

Filled gravel
voids

in gravel
In gravel

In gravel

In gravel

deferaree

rausie and Cocale 1976
Bloren et al. (374
“oski 1378

NCAST 19840

Bjornn 1963

Shelton arg Poilack
1366

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

T'gartiii?ﬁ- T

iwamotc et al, 1978
Crcuse et al. 133%

Koski 13€8

NCRST 1384a

NCASI 19B4a

Witzel and MacCrimmon
198:

Iwamcto et al. 1378
Phillips et al, 1375
NCASI 1584b

Phillias et al. 1375
Tappel and Bjornn 1382
Taogel and Bjornn 1333

SCAST 136G

Cadermoaw 27 al. 1380

ety = 2 ety
Ceterhoim =t ai. .3c0
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MISCELLANEDUS EFFeCTS OF SUSPENDED SCLIDS AND TURBIDITY ON AGUATIC 3i07H

Natiuce and Extant of Lffects

TRELE 4-4

Levei or Coneg,

Duraticn

Coaments

defarence

Salmemigs 1n
gereral

Rainbow Trout

Bteeihead
Trout

Sono Salman

Alga: daseg
Sraductiivity
Aocteg Plarts
Suomergen
Plants
Aquatic Jlarss

Ceass instreanm movements
N aoparent detriment
deduced feeding
Mroduction reduced
Proguction increased 33%
giight effect on growth
Reduced growth rate
Juvenile population
decreased 57

Normal gills

%orwal giil nistelogy

Gili thickening or fusing
Mo sign of disease

Caudal fin diseasa

Some f1in disease

Avoidance -
feduced growth
Displacement
Avoidance

Feeding reduced
Feeding reduced

Feeging ceased

Reduced growth
Avorgance by juveniles
Disniacement

Repuced

Absent
Srew n ceeger water

Segures orocuction

&400 pom

300 to 1200 oom
Greater than 25
NTU

Greater than 25
U

Reduced by B3%

0 to 60 pom
270 ppm
1000 to 2000 ppm

30 opm kaolin &

4.5 months
20 days

2 months

giatcasceous garth

Sediment loaa
Sediment ioad
Terbidity
Turbidity

Sand

Coal wasnery waste
Suspenced matter

Suspenged solids

Suspended seclids

30 &2 30 opm }5 months  Susoerden solids
Kaolin & diato-

macecus earth -

270 and 810 ppa )5 months  Suspended solids
50 pam 8 months Wood fiber

270 opm 37 days Diatcmacequs earth
200 pom 8 months Wood fiber

Y167 NTU -— Turbidity

25 NTU -—_ Turpidity

40 to 50 NTU -— Turbidity

Y167 NTU —_ Turbidity

100 g/l - Suspended solids
70 to 100 NTU -— Turbidity
200 ag/L -~ Susperced solids
25 NTU — Turondity
70 NTU — Turdidity

to 50 NTU — Turbigity

25 NTU —_— Turpidity
Y EO00 opm -— China clay wasies
Recugec from 18 -— Tursigily

to g uTt

D g 1300 NTY _ Turaidity
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Zall 1973
gell 1373
Linger 1580

NCASI 15840

Alexander and Hansen
1983

Kerbert and Aichards
1383

Nersert ang Meriens
1961

Millips et al, 375

Herhert and Merwens
1961 .
rersert ang ferkens
1961

Herbert and Merians
1961 '
Herbdert ard Merkens
1361

tert and Merkens
13561
Hersert and Meriers
1961
Jigler et al. 1984
Sigier et al. 1384
Sigier et al. 1984
Sigier et al. 1384
Neggle 1978
Alabaster 13723 Bywura
et ai. 1372
Noggle 1378
Sigler et ai. 1384
Bisson and Bilby 1982
Sigler 1381
Bell 1973

Nuttall ard Bildoy (373

-
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Oreanism_

Ber¢hic
Inver{ecrates

Torrent 3ctipin
Grayling

Briown Trout

Cutthroat
Trout
Braow Trout

Dagnnia magna

TABLE 4-4 Continued

MISCELLANEOUS EFFECTS OF SUSPENDED SEDINENT AKD TURBIDITY {N AQUATIC BIZTR

Mature and Extent of Effect Level or Conc,

Popuiation reduced by 25%
Pupulation reduced by 40%
Jooulations reduced by 60%
Population reduced to 23%

Bottom fauna apsent

Popuiation nuabers reduced

Pensity reduced o 11%
Roungance unaffected
5% increase in drift
0% increase in drift
Reduced abundance
Impaired Feeding
tlevated blood 3iucose,
reguced leucoerif

Bili hypertrophy and
hyperolasia

Swan to surface

Normal gill histologies

Moderate gill fissue camage

Extensive gill damage
Limited food intake
Limited food intake

Population uraffected
Reguced abundance
Density reduced by 86%

Production increased by &1%

[ease Feading

increased ventilatory
response
Harmful effects

Duraticn Coaments . Reference

4) mg/L -— Suspended solids Bamwon 1370

80 to 120 mg/L — Suspended solids Samcn 1370

} 120 mg/L —_ Suspended solids Gammon 1370

26! to 330 ppm  — Suscerded solids Sorensen et al. 1377
250 ppm -_— Suspended solids EIFAC 1385

40 0 200 U -— Turbidity Sorensen at al. 1977
1000 to 6000 JTU Suspended solids Hersert et al. 1963

&0 ppu Suspended solids Herbert et al. 1561

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

0 to 1230 mg/L
10,000 mg/L

34 and 1210 mg/L

710,000 ng/L

170 agiL

1208 mg/L

1388 =g/L

1130 to 4825 NTU
1340 to 6280
#g/L

80 pom

1000 pom

1000 to €000 ppm
Reduced by B6%

3 poa
231 NTU

82 to 102 ppm

AEVica DRAFT 3/0

———
—
——

4 days

4 days
2 days
4 days
& days
& days

Susperged solids
Suspended solids
Turbidity

Suspended solios
Suspended solids

Susperced solids

Susperded solids
Total selids
Total solids
Total soligs
Turbidity

Total solids
Suspended solids
Suspended solids
Suspended solids
Sand

Suspended solids
Clay

Haolinite and
sontmorilionite

Bammcn 1570

Gammon 1370

Larerriere et al. 1983
Brusven and Rose (381
Mcleay et al, 1282

MELeay et al. 1583

Mcleay et al. 1983
Sinmons 1384
Simmons 1984
Simmons 1984
Siamons 1384
Simmons 1984

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

Bacheann 1338

‘E -
L )
o o
— e

Carlson 1984

EIFRC 1963



development  including eggs and embryos, alevins, fry, juveniles,
and adult TFish, Furthermore, gquantitative analyses have been
perfarmed 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 thresheold levels having a specific effect on a
particular species.

The above discussion demonstrates that particulates have
detrimental effaects on freshwater aguatic biota.

(1) Turbidity reducas 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 sea their prey,

() Turbidity amd settled solids can cause reductions in
invertetrate populations and can cause an increase in
invertebrate drift.

{3) Ability of fish to withstand various concentrations of
settled and/or suspended solids depends on their life
stage. Adult fish can withstand relatively high corncen-
trations of suspended solids for limited amounts of time
without suffering mortality, although other ghysiolagi-
cal effacts such as fin and gill damage and stress
reactions may result.

(4) Survival of fish eggs and jJuveniles may be significamtly
reduced by settled solids in apawning and rearing areas.

(%) Settled soclids have direct effects on agquatic 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 suspension can cause invertebrate drift, cause
fish to aveid 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 esven when the concentration of

suspended solids in the water is low,

The biological effects of inorganic suspended solids on
marine communities are complex and extremely difficult to
quantify. The effects on zooplankton and higher aquatic
organisms are more difficult to avaluate than the effects on
phytoplankton (Brehmar 19&85). With the exception of a few
commercially important species, little is known about the
effacts of turbidity and suspended material on marine
invertebrates (Stern and Stickle 13578). Differant species of

marine organisms are affected to different degrees by the same

concentrations of turbidity-causing sediments (Loosancff 196;i

Moore 1977; McFaElanq and Peddicord 1980), Many species of
marine shellfish and finfish are sensitive to increases in
suspended solids, which undoubtedly have an injurious effect on
the estuarine community as a whole (Brehmer 1965)., Filter
feedersa and early-life stages of estuarine fish are more
sensitive to suspended sediments than bottom dwelling organisms
and adult fish (Sherk et al. 1375). As filter feeders, biValves
are particularly susceptibln‘ to the mechanical or abrasive
action of suspended sediments (Cairns 19673 Mocore 1377). Qther
filter—-feeding invertebrates at risk from inorganic suspensions

include mollusks, certain crustaceans, sponges, ascidians, and

The effects of particulates on marine biota are divided into
discussions of plankton, egg development and hatching success,
larvae survival and developmernt, and adult survival, This is
fallowed By a discussion of feeding and growth and finally
distribution.
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Carbon assimilation rates by four species of phytoplankton
were significantly reduced by the light attenuating properties
of fine silicon dieoxide suspensions. A concentration of 1000
mg/L caused & J0 to 90 percent reduction in carboﬁ:uptake amang
the four species tested. A concentration of 28500 mg/L caused an

80 rpercent reduction in one of the species tested {(Sherk et al.
13976).,

The prasence 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
aver thae entire euphotic zone. Howaever, because particulate
concentrations return to ambient within a few days, it is
believad that species composition changes would mot take place
(Ozturgut et al. 1981). The results of two sats of plarmkton
tows indicated there was no major.decrease in the aburdance of
neustonic macﬁo;ooplanktan or sufficient amounts of particulates
ingasted to cause alteration in their chemical composition at
turbidity concentrations of less tham 1 mg/L.

The relationship between gastropod eggs and suspended solids
concantrations is discussed in a literature review by Stern and
Stickle (1378). Ore species of plarorbid snail showed rormal
egy development at 190 to 360 ppmy, while another 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 egos 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

ather hand, practically all oyster gsggs developed normally,
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while anly 37 to 57 percent of clam eggs survived. Davis (1360
showed that the rormal development of clam (Venus mercenaria)
eggs 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
developaed nrnormally in silt concentrations of 3000 or 4000 mg/L.
In a asubsequent paper, Davis and Hidu (196%3), repart that 188
mg/L silt, 3000 mg/L kaolin, or 4000 mg/L Fullerts earth
significantly reduced the normal development af American oyster
aggs. Oyster eggs were not, however, affected by 4000 mg/L
silicon dioxide, . regardless of the particle siza. These
findings sugpest that the composition, as well as the cancenfra—

tion of different sediments may be critical to the normal
development of bivalve eggs. '

Auld and Schubel (1978) riote 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. Kiorboe
et al. (1981) report that herring eggs are unaffected by
suspended silt. Thay note that the embryonic development of
herring is unaffected by either short-term exposure to S00 mg/L,

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

With respact to larval survival and development,
experimantal results 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/i- reduced the survival of PAmerican 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 than 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. Mareover, clam

larvae survived for 12 days in 30Q0 ¢tao 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
rot affected by 1000 mg/L kaalin. Silicon diaxide particles

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

af either clam or American oyster larvae. The smallest
particles ((§ microns) had the greatest affaect on the larvaes of
both species. Growth of RAmerican oyster larvae decreased

progressively as the size of silicon dioxide particles decreased
{Davis and Hidu 196%), From thease studies, it was concluded
that bivalve larvas grew faster in low corcentrations of

suspended solids than in clear sea water (Davis and Hidu 1363),

With respect ¢to adult survival, McFarlanmd and Peddicord
{1980) gbserved a wide range of sensitivities to suspended
kKaomlin among the 1& marine species they studied. Eight species
~exhibited less than 10 percent mortalify after axposuras tp 100
g/L suspended sidimlnt. Several cther species were found to-be
more sensitive. The 200~hr LCS50 for the mussel M, californianus
was 396 g/L. Twa species of tunicates were relatively tolerant
of suspended sclids with a 12-day LC350 of 100 g/L. The 200-hr
LCEO  foar the szpot-—-tailed sand shrimp was 50 g/L. The 400-=hr
LCSO for tha same apecies was 40 g/L indicating a high telerance
to suspended clay. The eurvhaline prass shrimp was even less
sengitive to suspended Haolin. The Dungeress crab, Cancer

magister, was found to be more sansitive than any of the shrimp
species, with a 200-hr LCSO0 of 32 g/L. The amphipod,
Aniscgammarus confervicolus, demonstrated an  intermediate
sensitivity to suspended sediment with a 100-hr LLCSO of 78 g/L.
The kaolin concentration which caused 50 percent mortality in
the polychaete Neanthes sugtirnea was 48 g/L in 200 hours. The

Ernglish sole, Ffarophrys vetulus, experienced no mortalities in
10 days at a concentration of 70 g/L or less. However, 80
percent mortality occurred after 10 days at 117 g/L. The shiner
perch, L. aggregata, was the most sensitive species tested with

only orne fish alive after 26 hours in 14 g/L suspendad kaolin

(McFarland and Peddicord 1380). In a asimilar publication,
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Peddicord (13280) states that marine and estuarine invertebrates
were able to tolerate continuous exposure to suspensians of
kaclin and berntonite in the grams/liter range for several days
to several weeks without substantial mortality. Fish tolerated
similar. concentrations for gimilar periods under similar
concditions. Even at high temperatures and low dissolved axygen
concentrations, most invertebrates tolerated continucus exposure
to B0 g/L suspended bentonite for several days before mortality
ocourred. An exception is noted far Juvenile Dungeness crabs
which were affected to a greater degqree by kKaolin suspensions
than 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, Crarngon crangen
survived red mud suspensions up to 33 g/L for 72 hours, but were
Meavily coated on the gills. Experiments using seed scallbps
showed elevated respiration rates at kaolin concentrétioné~g?
250 to 1000 mg/L. Rdult bivalves (Argopectien irradiang) also
showed higher respiration rates at 3500 and 1000 mg/L kaolin.
The bivalve Mya arenaria survived for only 11 days at 12280 mg/L
suspended mud and 15 days at 1520 mg/L chalk (Moore 1377). In
their literature review, Stern and Stickle (1978) report that
suspended sediment concentrations from 4 to 32 g/L can be
detrimental to ocysters, Furthermore, they note that scallaop and
quahog {clam) reproduction may be impaired by high

concentrations of suspended solids.

Peddicord et al. (19795 rnote several investigations in which
deposited sediments increased the mortality rate of bottom
dwelling marine invertebrates, QOysters (Crassgstrea virginica)
suffered 57 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
sedimentation had occurred. Cumaceana and harpacticoid cropepods
were killed by depcosition of 15 cm 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 bioassays conducted by Sherk et al. (1973)

established the lethal concentration of Fuller’'s earth on a
varigty of non—salmonid estuarine fish. Species were classified
as tplerant ()10 g/L), sensitive (1.0 %o 10 gs/L), or highly
sensitive ({1.0 g/Lk), based on a 24-hour LC10O, Lethal
corcentrations ranged from 0.358 tao 24.% g/L, depending on the
species. Exposure to sublethal concentrations of Fuller's earth
significantly increased the hematoccrit value, haemoglobin concen-

tration, and erythrocyte numbers among the species tested.

With respect to feeding and growth, Johnston and Wildish
(1380) conducted an investigation to determine if inc#eagéd
lavels of suspeﬁded sediment reduced the feeding rate of larval
herring. Larvae fea in water coﬁtaining 4 and 8 mg/L. corsumed
the same quantity af 2coplarkters as thoae fed in clear water.
However, larvae fed at 20 mg/L consumed significantly fewar zoo=-
plankters than did the contrals. They concluded that decreased
light intensity at the lower sediment concentrations (4 and 8
mg/Ll), is not sufficient to depress larval feeding rates, At
greater suspended sediment concentrations (20 mg/s/L), light
intensity and visibility of prey are reduced sufficiently to
cause depressed feeding rates. Brehmer (1965) reports that the
feeding activity of certain filter—-feading shellfish is
inhibited by high suspsnded sclids levels. RAn example is noted
by Moore (1977} in which the filtration rate of a mollusk
(Crepidula 9ep.) was significantly reduced as turbidity increased
from 140 to 200 mg/l. Likewise, Johnson (1971) found that the
filtration rates of Q. fornicata decreased as natural suspernded
scolids levels increased from 2 to 2850 mg/l. He alac faund that
the filtration rate decreased significantly as the concentration
of silt, Fuller’s earth, and kaclin was increased up to & g/L

under experimertal conditions. It is interesting to note the
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differerce between natural and exparimental sediment
concentrations which produced the same reported effect. The
presence of O to S00 mg/L suspended kaolin reduced the filtering
rate of ¢the scallop Placopecten magellanicus and the mahogany

e e it madS LR NEmRN

quanog Arectica islandica (Peddicord et al. 137%).

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 an experiment conducted by Logsanoff armd Tammers (1948), as
little as 100 mg/L 9ilt significantly reduced the water pumping
rate and shell movements of adult oysters; At corncentrations of
3000 to 4000 mg/L the pumping rate was reduced by 94'percenp}
In another experiment, oysters 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
({Loasanoff 1361). It as apparent that suspended sediments
adversely affect adult oysters by damaging their gills and
palps. Furthermore, it was apparent that ovsters arnd clams feed
most 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 copepads WAaS
significantly reduced during exposure to a 2850 mg/L mixture aof
Fuller's earth, fire silicon dioxide, and river silt (Sherk et
al. 19755 1976). At a concentration of S00 mg/L river silt, the
irgestion rate was reduced by 77.3% percent (Sherk et al. 137&).

The distribution of marine organisms may be affected by
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 distribution.
Moore (1977) notes that an inshore cephalopod, Laligungula

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

light transmission) and was limited seaward by higher
turbidities.

Several anadromous salmonid investigatiornz performed in
fresh water ara cited in the marine literature. The results of
such studies apoly ¢tc both fresh water and marire systems and
are presented above in Tables 4-1 through 4-4. The guantitative
effects of suspended sclids and turbidity on marine plarnkton andg

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

The above discussion demonstrates that particulates may have
detrimental . effects on marine bicta. These effects are

summarized below.

(1) The bioclogical effects of particulates on marine biota
are similar to the effects on freshwater aquatic biota,
Particulates in the water column reduce the amount of
light available for photosynthesis, can inhibit move-
ments of fish, and may inhibit the ability af fish anrd
cther sight—-feeders to see their prey. Filter feeders,
which are particularly susceptible to the mechanical o
abrasive action of suspanded sediments, and early-life
stages of estuarine fish are more sersitive to susperded
sadimants than bottom dwelling organisms and adult fish.

(2) Much of the marine literature refers to the effects
caused by clay, silt, chalk, Fuller's earth, and kaclin.
It appears that the composition and/or particle size, as
well as the concentration of different sedimernts may be
critical to predicting the effects of particles on
marire organisms. ‘

(Z) The difference between natural and experimental sediment

concentrations producing the same reported effect should
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Srganise

Nature_and Exzent of Effect Level ar Cone.

flawife, Yellow Hatching success unaffected

Perch, FAmerican
Shad, Bluepacx
Herring

White Perch,
Striped Bass
Yellow Perch,
Striped Bass
ferican Shad
Five Species

Herring Eggs
and Larvae

8 Speries of
Cstuarine
Macrofauna

" Shiner Perch

Erglish Sole

Adult Bivalve
4. arenarip)
Blue mussel
Coast mussel

Polychaete
Clam larvae

Clam & oyster
larvae

Sea Urchin

Cysters

Cumaceans &
CODEDOdS

Bivaives

Mussel

(8. eduiis)

Hatching success affectad
fleduced survival of larvae

Reduced survival of larvae

10% mortality

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

10% mortality

Near 100% mortality

No mortality

80% mortality

Mortality increased from

Q0 o 100%

10% mortaiity
S0% mortality
50% mortality

{30% mortality

No appreciable mortality
Severe mortality

No mortality
37% mortality
Mortality

¥ortality
i0% mortality
60% mortality

TRBLE 4-5

SURVIVAL AND MORTALITY OF MARINE ORGANISMS

Duration Gomments
1000 mg/L -— Suspended solids
1000 mg/L - Suspended solids
1500 mg/L —_ Suspended soiids
Y100 mg/L 4 days Suspended sociids
380 to 24,500 24 hours Suspended solids
ng/L

1 to 10 al/L -—
1,23 o 2.3 -—_

ml/L

100, 0G0 mg/L 5-12 days
14,000 mg/L 26 hours
170,000 wn/L 10 days
117,000 mg/L 10 days
Increased from 15 days
440 to 1520 mg/L

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

230-300 mg/L -_—

4000 mg/L -
500 mg/L -—
100,000 mg/L 9 days
2t 15 cn -
15 o -—
15 o -
4 cm —
Sand 8 cuw -
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Suspended red mud
Susgended red aud

Suspended kaolin

Suspended'kaolin
Suspencéd kaqlin
Suspended kaelin
Suspended chalk

Suspended kaolin
Suspended clay

Suspended kaolin

Mixed suspension
Silt
Silicon dioxide

Deposited sediment
Jesosited sediment

Depcsited sediment
Jeposited sediment
Deocsited sediment

feference__

Auid and Schuzel 1978

Auld and Schusel 1378

Auld and Schubel 1378

Auid ard Schubel 1378
Sherk et ai. 1379

Rosanthal 1371
Rosenthal 1971

_McFariand and
Pecdicord 1380

YcFarland and

Peddicord 1980
McFarland and

Peddicorg 1380
McrFarland and

Peddicord 1380
Moore 1977

Peddicord et al. 1373

MeFariand and
Peddicord 1380
McFarland and
fedaicord 1980
Davis 1963
favis 1360

Davis and Hidu 1963

Peddicord et al.
Peadicord et al.
Peddicorg et al,

Peddicord et al.
Peddicora et al.
Paddicore at al.

1375
1975
1375

e rist
1373

1678
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TRELE 4-3 Continued

SURVIVAL AND MOATALITY OF MARIME CRGANISMS

dature and cxient of Effert Levei or Conc.

Duration

Comment

Reference

Tynicates (2)

Racniped

Zurynaline
Grass Shriwo
Soot-tazled
Sano Shrinp
Shrimp
{Crangon =27
_obster

Jungeness
Cran

tstuarine

Invertebrates

S04 mortalidy

0% mortality
50% mortality

Z0% aortality
20X mortality

S0% mortality

100,900 mg/L

35,400 mg/L
78,000 mg/L

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

50,060 mg/L

Survived clay concentrations 3000 mg/L

Surviveg red mud
No mortaiity

No mortality

S0% mortality

No subsiantial mortality

Up to 33,000 mg/L
50,000 mg/L

{600 pom
32,600 hg/L

Up to 60,000 mo/L
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i2 cays

200 hours
100 hours

200 nours
200 hours

200 hours

14 days
72 hours

209 hours

Several days

Suspended clay

Suspended “aolin
Suspended clay

Suspended xaolin
Suspended kaclin

Susoended clay
Suspendeg clay
Suspended clay
Suspended kaolin

Turbidity

Shspended'c}ay

McFarlanc and
Peddicord (3
Pecgicord et al. 1375
McFarland ang
Peddicord 1380
feddicord et ai. 1973
Peodicord 2t al. (373

¥cFarland ard
Peddicord 1580
Moore 1977

Moore 1377

Stern and Stickle
1978

Stern and Stickie
1978+ )
neFarland and
Peddicord 1580

Suspended kaoiin and Peddicord 1980

bentonite

o=
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TABLE 4-8

MISCELLANEOUS SFFECTS CN MARINE ORGANISHS

Orzanisu vature and extent of £ffsct Level or Conc. Duration Comments Feference
fmerican Jyster }22% decrease in normal egg  188-4000 mg/L — Susperded silt Davis and Hidu 1369
cevelopuent
Mormal egg development To 1000-2000 mg/L — Mixed suspensions Davis and Hidu 1963
Aeduced average pumping 100 mg/L = Silt Logsanof? and Tammers
rate by 57% 1243
Aeduced average pumping 3000-4000 mg/L - Silt Loosaroff and Tommers
rate by 4% 1548
Failed to resume normal 1000~4000 mg/L 48 hours Silt suspensions Loosanoff {361
functions '
Qysters No effect on feeding 100~700 ppm — Suspended solids Stern and Stickle
13978
Seed Scaileps Clevated respiration rate 220-1000 mg/L —_ Kaolin suspensions Moore 1977
Clams No eqgs developed normally  3000-4000 mg/L -~ Silt susaensions Davis 1360
Decreased development Up to 4000 mg/l.  -—— Mixed susgensions Davis 1360
Ceased feeding 1000 JTU averace 35 days Turbidity Stern and Stickle
. 1978
Juahog Reducec filtration rate 0 to 300 sg/L — Susperdad «aolin Pegdicord ef .al. 1979
" moilusk Filtration rate Increased from —_ Suspended solids Moore 1977
{Crepidula sp.} sigmaficantly reguced 140~200 mg/L -
Mussal well adacted to silt cone. Up to 35 mg/L — gilt - Kiorboe et al. 1980
(Mytilus sp.) EBenefits from silt conc. Up to 25 mg/t -— Silt Kigrboe 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
fnytoplankton  Production reduced to 40%  0.440 mg/L Temporary Mining plume Qzturgut et al. 198§
{arton assimilation 1000 mg/L -_— Silicon dioxide Sherk 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
Arocuction 1978
looplanikton No significant deerease in 1 mg/l Teaporary Mining glume Ozturgut et al. 1981
aburdance
Lalarcid Ingeétion rate reduced 77% S00 mg/L _— Suspended siit Sherx et al. 1776
Copepods Ingestion rate reduced 250 mg/L - Mixed suspension Sherk et al. 1973;
signficantly 1978
Cephalopod Preferred intersediate 70-30% light —_ — Moare 1977
turbidities transmission
Basiropod Decreased filtration rate  Increased fros — Natural sediment Johnson 1971
2 to 250 mg/L
Decreased shell growth rate Increaseg from —_ Nixed suspensicn vehnson 1974
80 to 1560 agiL
Fiitration rate decreased  Up to 6000 mg/k  — tixed susgension Jannson 371
Herring Imbryonic deveiopment Un Yo 300 mg/l Long-tern Suspended silt #igrooe et al. 1980
uraffected oy continuous
exposure
tarval feeqing signifi- 20 =g/l —_ Suspented soligs JoAnSton argt willlisn
cantly reguced it
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be noted. Laboratory experiments often do rnot duplicate
natural conditions or reflect natural levels of organism

tolerance to turbidity ard suspended material.

r
&

SUGGESTED CRITERIA FROM THE LITERATURE

Various 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 is general agreement on thae 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 Eahlimitéd
to 35 turbidit} units if only disinfection is applied (George and
Lehnig 1984). Higher levels of particulates are acceptable if
the source water is adegquately treatsed ({cocagulation,
sedimentation, filtration) prior to chlorination or other means
of disinfection. EPR (1976) notes that finished drinmking 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, rayon manufacture requires
water with only 0.3 turbidity units, whersas water used for
cooling can have up to 50 turbidity units (McGauhey 1968),
Qther industrial uses require maximum turbidity levels within
this range.

Criteria established for eavaluating 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 25 mg/L in the
abserce of other pollutants.

4,3.2 Recreation

The 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
whare turbidity is greater than 25 (Phillips 1971) ta 30 NTU
{(Grundy 19765. According to McGauhay (1968), the noticeable
threshold for boating and aesthetic uses is 20 turbidity units.
However, there is no evidence that boating and acsthetjc usas

are praecluded 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); and, (2) Criteria for sediment deposited on the

substrate (settleable solids and substrate measurements).

Gereral suspended sediment criteria were initially proposed
by Ellis (19377 1944) with respect to light penstration and
aguatic life. For the r.sfornticn of streams, Ellis (1937)
suggested the silt load should not reduce the light intensity at
E meters by more than one millionth of its intensity at the
surface. Ellis (1944) restated this criterion for the
pravention of direct damage to the gills and delicate exposed
structures of fish, mollusks, and insects. For the protection
of fish, Berger (13577) suggests that turbidity shall not average
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more than 27 times the natural level during any 8-hour perind,
or more than 39 times the natural level during any 9&-hour
pericd, or more than 3 times the natural level during any 30-day
period. These suspended sediment standards sha1f¥apply 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 astarts 12 months after completion of a construction
activity, turbidity should not exceed one—-half of the levels
recommended above and the Sharmron Diversity Index for
battam~-living aquatic macroinvertebrates shall not be changed
more thanm 2% percent from the natural wvalue as a result of

finely-divided solids.

The first definite suspended sclids criteria for fresh water
were proposed by the European Inlénd Fisheries deisg;y
Cammission (EIFACY in 1365. According to the commission, there
is no ‘evidnnca‘ that suspended splida levels less than 25 ppm
Have any harmful effects on fish; suspended solids in the range
of 25 to 80 ppm will maintain good to moderate fisheries; 80 to
400 ppm suspended spolids are unlikely to support good freshwater
fisheries; and, at best only poor fisheries are present in
waters containing greater than 400 ppm suspended solids. These

terntative criteria proposed by EIFAC were based on a survey of

existing literaturs, and were presented as a basis for
discussions of  criteria necessary for the mainternance of
freshwataer fish, They are by far the most frequently cited
criteria. Not all authors, however, indicate if they simply

concur with the coriteria suggested by EIFAC or are suggesting
identical criteria based on conclusions derived independently.
Those who suggest or state criteria similar to EIFRC include
Gammon {1970), Alabaster (1972), Bell (1973), NAS (1973},
Sorensan et al. (1977), Alabaster and Llgyd (1382), Wilber

(1383d), and Gecrge and Lehnig (1984), In addition, Van
Nieuwenhuyse (1983) and Simmons (1384) suggest turbidity
criteria levels {NTU) similar to the EIFAC criteria for

susperded soalids (ppm).
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In their review of the EPA Red Book, Thurston et al. (1379
support a limit aof 100 mg/l. of suspended salids to prevent the
martality of fregsh 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 rnot account for the sublethal
effects discussed by several authors and presented iIin this
literature review. Thurston et al. {1979) state ¢that no
universal agreemeant exists as to the level of turbidity to be
allowed. Herbert and Richarda (1963) note that there iz a
fairly distinct separation at 100 mg/Ly, between rivers
containing fish and those devoid of fish, thus supporting the
recommendation of Thurston et al. (1973) regarding lethal

concentrations.

The mest conservative recommended turbidity standard is 25
NTU above natural conditions in streams and S5 NTU above natural
conditions in lakaeas for moderate protection, and § NTU in bath
lakes and streams for a high level of protection (Lloyd 1985).
With regard to incubating eggs, Sigma Rescurce Consultants
(1579) propose an acceptable limit of 3 mg/L suspended solids
and 25 mg/L would be acceptable for fish rearing and holding in

the absence of other pollutants.

DFD (1983) has proposed sediment discharge standards, as
opposed to receiving water standards, for five different classes
of streams. For streams which are important as salmon and trout
spawning habitat (A classifications), the recommended sediment
standard is O mg/L. Streams which are rearing areas for salmon
and trout (B classificationa) and those which praovide habitat
for grayling, whitefiash, and burbot (C classifications) would
have a discharge limit of 100 mg/L. In streams having low or ne
se by any of the above fiash except as migration routes, the
recommended standard is 100 or 1000 mg/L. Tha same is true for
all gstreams having & 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 concentra-—
tions (LCS0O) to establish suspended solids criteria ignores
biolagically significant sublethal effects on estuarine
corganisms. Therefore, in establishing crité?ia for the
protection of estuarine organisms, the sublethal effects of
suspended sediment on the most sensitive biclogical components
(important species and life stages) must be cornsidered.
Adeguate knowledge of local conditions, such as life-history
stages, sediment types, sediment concerntrations, species,

duration of exposure, and habitat prefererce, is reguired.
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Tarzwell (1937) states that it is rnot possible to establish
ﬂumgrical criteria for settleable solids which are applicable
aver wide éreas, Tﬁe critéria should be established to proteﬁt
environmental conditions but will vary from stream to stream,
depending orm local concditions. With regard to deposited
sediment, EIFAC (196%5) concluded that spawning grounds for
salmon and trout should be kept as free as possible from firnely
divided soclids. Bjorrnn at al. (1974) suggested that the amount
of sSediments that should be allowed to enter a stream before
detrimental effects will occocur on the aguatic habitat will
depend on the amount of fines already contairned within the
stream channel. The amount that can enter the stream is the
difference between the present level and the allowable, plus the
amount transported. Bjornn et al. (1877) state that fire
sediment should not be allowed to fill pools or fully embed the
larger substrate rocks, to avoid reducing the salmonid
praduction capacity. They advocate using the percentage of finae
s@diment in gselected riffle areas as the primary index for
monitoring fine sediment deposition in streams., RAlong these
same lirnes, Iwamota &t al. (1378) indicate that the best
alternative appears to be the establishment of criteria which
limits the percenmtage of fires in the streambed, arnd suggest a

limit of 10 $tao 20 percent for gsediment less tharm 0,85 mm in
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diameter. In an earlier report, Ellis (1944) thought that fine
sediment should be controlled to the extent that it does not

blanket the bottom to a depth of more than cne-gquarter aof 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 stap
further and suggestslsettleabla solids levels aof 0.1 to 0.2 ml/L
for a moderate level, and (0.2 ml/L for a low level of

protecticon.
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-5.0  POTENTIAL USE OF QTHER PARAMETERS

This section presents a discussion af potenmtial altermnatives
ta the parameters ocurrently used Dy FAlaska %br definming
particulates oriteria for the various protected water uses.
RParameters currently employed imclude turbidity, total suspended
solids, settleable solidsy, and the percentage accumulation of
fine particles in the substrate. This discussion is divided
inta water column measurements and substrate measurements. The
settleable solids test, although a water column measurenment, is
discussed with substrate measurements because settleable sclids
frequartly become part aof the substrate. A discussion of the
relationship between turbidity and suspended solids appears
before the discussion of watar column and substrate

measurement s.
S.1 RELATIONSHIP BETWEEN TURBIDITY AND SUSRPENDED SOLIDS

The accepted techrnigue for measuring suspended solids (APHA
1285 is time consuming, costly, and normally performed in a
laboratory. Due to these gconatraints, many field investigators
have used turbidity as an indirect measurement of the corcentra-
tion of suspended solids. In order to adequately assess the
potential for a relationship, if one exists, ore must understand
the principles aof turbidity and suspended solids measurement, be
familiar with the variocus methods of measuremert and analysis,

and be aware of the potential variability inherent in each of
these methods.

In simple terms, turbidity may be interpreted as a mgasure
of the relative clarity of water (Hach et al. 1984). However,
turbidity is rnot as precisely defined as dissolved oxygen, pH,
alkalinity or many other water gquality parameters. It must be
raecagnized that turbidity, like color, is a visual or apticsal
properiy. Conseguent ly, the word means different things to
gifferent pecple. Pickering (1378) notes that turbidity should
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be treated as a non—-quantitative term similar to the term

"warmth," in the raspect that one measures temperature and not
warmth.
With respect to measuring particulates, turbidity has

received the most attention. Same water'quality experts believe
that the turbidity measurement is subject to great uncertairty
and variability as a unit of measurement. This belief primarily
ariginates from a number of studies related to placer mining
where exceedingly high levels of turbhidity have been measured.

Turbidity measurements are less precise at high levels.

Attempts to quantify turbidity have led to the development
of several methods, instruments, standards, and units of
measure. Consaquently, there is a great deal of confﬁs;on over
which methods, instruments, standards, and units of measure are
the most appropriate. MeCluney (1975) has summarized the
various definitions of turbidity.,. These include the intensity
of light ¢transmitted (unscattered) through the sample, ratioc of
the intensity of light scattered by a sample to the intensity of
the 1light source, the amount of light scattered and absorbed
rather than transmitted in straight lines through the sample,
and & reduction in transparency of a sample due to the presence
of particulate matter. Turbidity has also been defined as the
amount of suspended matter, in ppm, as ascertained by optical
observation, and in terms of different measurement technigues
{€.3sy Jackson Candle and nephelometric turbidity). The units
of measure for turbidity bave included mg/L, ppm, Jackson
turbidity units (JTU), formazin turbidity units (FTU), and
nephelometric turbidity units (NTU). Because of the variety of
different methods, instruments, standards, and units of measure,
many of the supposed equivalent measurements presented in the
literature are actually expressions of different properties of
natural water (McCarthy et al. 1374). Today, However, most
investigators use rephelometers and report results in NTU rather

tharn the older units, Herce, recent data are more comparable.
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Comparability of turbidity measurements may rot only be
affected by the numercus ways of measuring it, but may also be
influenced by the variability among instruments (Beschta 1980).
Even amorg nephelometers, there is a variety ;f different
physical designs. This situatiorn makes it difficult to compare
turbidity levels. Even using the same standard suspension for
calibrating different instruments does not insure that turbidity
values will be the same. Pickering (1376) reports that
different types of instruments were calibrated with the same
formazin standard and then used to measure various natural water
samples. This resulted in a variety of turbidity values for

the same sample.

The anly means for reducing the confusion surrounding
turbidity measurements is to standardize the defimition of
turbidity and the instrument desigrn specifications. This has

been accomplished according to Standard Methods (APHAR 1385) and

the EPA (1983) methods wmarnual. §i§ggggg_mggugg§ is jJointly
published by the Americarn Water Works Rsscociation, a drinking
water group, the Water Pollution Control Federation, a waste and
sewage group, and the American Public Health Asscciation, a
public health group. The EPA methods manual is usad by many
among these groups as well as scientists interested in streams,
lakes, wetlands, estuaries, and coastal areas. Hencey, much af
the confusion could, and should, be avoided by adhering to the
dafinition of turbidity and instrument design specified by APHRA
(138%5),

APHA (1983) defines turbidity as an expression of the
optical property that causes light to be scattered armd absorbed
rather tharn transmitted in straight lires through the samples.
Turbidity in water is caused by suspended matter, such as clay,
silt, finely divided worganic and inorganic matter, soluble
colored organic compounds, and plankton and ather micrescapic

Srganismns,
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Accarding. to APHR (1385), the standard instrument for
measuring low turbidities is the rephelometer, for which a
formazin polymer is uJused as the standard reference suspension.
The 1light source is a tungsten-filament lamp operateﬁ at a colar
temperature between &,200 and 3,000 K, where the angle aof light
acceptance by the detector is 90 degrees plus or minus 30
degrees. The distance traversed by incident light and scattersd
iight within the sample fube is not to exceed 10 cm. Turbidity
measurements less thanm 40 NTU canm be read directly from the
instrumant. Turbidities above 40 NTU need to be diluted with
turbidity=free water until turbidity falls between 30 and 40
NTU.

The precision and accuracy of nephal&metric turbidity
measurements are highest at lower levels, the levels at which
criteria are currently set. This statement is supported by the
’proper reportingA af Asignificant figures ’acccrding to APHA
(198%), which isi ' ,

Turbidity Range Repert to the

NTY _— Nearest NTU_
0-1.0 0.0%5
1-10 0. 1

10-40 1
40-100 5
100-400 10
400-1000 50

» 1000 100

There are fewar direct methods for measuring total suspended
solids than there are for furbidity. Hence, there is less
variability in suspended scolids determinations. Total susperded
solids represent the material retained on a standard
glass—fiber filter after a well-mixed sample is filtered, then
dried at 103 to 105 degrees T (APHA 1988)., Some investigators
have imnappraopriataly used ©0.45 micron filters. Some marirne

scientists have used centrifugation for concentrating suspended
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particulates. faollowed by drying and weighing. However, this
method is  imprecise for dilute waters having less thanm 10 mg/L

suspended salids (Camphell and Elliott 1975).

A magar source of variability inm both turbidity and total
suspended solids measurements is abtaining a sample that is
represertative of the water being sampled. It is difficult to
callect rapresentative sampleas for suspended salids and
turbidity. Many irnvestigators simply cocllect grab samples,
which may or may not be representative of the stream water being
sampled. This depends on the amount of variability in the
sampled streamn. Irn determining the suitability of the water for
various uses, it is essential that a sample represent the total
or  average discharge, as opposed ta an isclated cell of water.
Herice, some investigators obtain composite samples aveh“timénby
marivally collecting gréb gsamples acrossgs a craoss—-section or.Ey
the use of automatic samplers. Automatic samplers, however, are
usually set to sample only ore location at a cross—section and
may not caollect all particle sizes. Composite samples can be
time—weighted by cambining equal volumes of individual samples
at a specified time interval, or discharge-weighted where the
valume «f each individual sample is proportional to the stream
discharge. Each type of caomposite can result in different

reported particulates levels.

The difficulty in obtaining representative and reliable
particulates data from automatic samplers has been documented
for municipal wastewater treatment plants., Reed (1977) reported
the results of Harris and Keffer who note that the suspended
solids data for a raw municipal wastewater treatment streamnm,
monitaored concurrently with more than one commercial automatic
sampler, carn vary by as much as 300 percent depending on the
type of automatic sampler used.

The most reliable suspended scolids data are those collected

using depth-integrated samplers. These samplers are lowered at
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few tao 100 ml or more depending orn the concentration of

a uniform rate with water being admitted throughout the vertical
profile. The number of verticals collected across a stream
depends on the accuracy being saught and on the the variation of
sediment concentrations across the stream. :Variability

typically increases as the concerntration of sediment increases,

Another source of variability in turbidity and suspended
solids analyses ocours in the analytical process. Subsampling a
relatively small sample for analysis is difficult when the
particulates concentration is moderate to high, and when the
particle size is equivalent to small sand or larger. This
situation arises when relatively large samples (typically 250 ml
ta 1 liter) are collected in the field but the volume required
for turbidity and total suspended solids analyses is small.
Turbidity requires about 25 ml and suspended solids Pequires a
particulates, Cohsquently, the analyst must thoroughly mix the
sample and then obtain a reprosentétivé subsample by decanting,
pipetting, or other appropriate means. This process is
exceedingly difficult and is a source of significamt variability
among samples containing high particulates concentrations arnd/or
samples containing sand-sized particles. Sand settles too fast

to enable an anmalyst ta obtain a representative subsample.

Assegsment of the raiaticnship between turbidity and total
suspended solidas must consider the sources of variability
discussed above: (1) Variability in the turbidity analyasis; (&)
variability in the suspended solids analysisj {(3) sample
variability; and (4) subsample variability. These sources
produce variability in the relationship between turbidity and
suspended solids. Mény authors (Black and Harmnah 13653 Duckrow
and Everhart 13713 Peterson 1973; McBirr 19745 Carlson 1976;
Pickering 1376; Stern and Stickle 13783 Langer 13980; McCart et
al. 139803 LaPerriere 138325 Wilber 1983; GCeosrge and Lehnig 1984
Hach et al. 1984) recognize that turbidity is not rmecessarily a

good guantitative indicator of the concentration of suspendec
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solids because of the inmcorsistent correlatiorn between these
parameters., Table S-1 and Figuyre S-1 present numerous
correlations, both linear and logaritnmic, between turbidity and
suspended solids concentrations reported by many aﬁthcrs. This
information clearly demonstrates that there is no single
eguation relating these two parameters. Furthermore, mast of
the authors listed in Table S5-{ failed to consider percertage
arrar. Kunkle and Comer (1371) reported a percentage error for
their correlation rangirg fram ~-69 to +3233 percent. Allen
(1973) studied a turbidimeter to determine its accuracy in
predicting suapended sediment concentrations. His results
showed maximum errors of =184 percent at ore gaging station,
+261 percent at another, arnd average prediction arvors of Z1 and
25 percent. Allen attributed the poar correlation to changes iw

the particle—-size distribdution of the sediment.

Turbidity,< an optical property, must be recognized as being
grtirely different from a weight corncentration of suspended
matter. This accurs bhecause the size, shape, and refractive
index of suspernded particles which influence turbidity measurae-
merts are not directly related to the concentration and specific
gravity of the suspended matter. Particle size and particle
size distribution are twa key factors reguired in comparing
suspgended solids measurements to the actual turbidity present in
a sample (Booth 1374). McCarthy 2t al. (1974) fourd that the
same FTU reading could be obtained from a given concentration of
kaolinite and twice that concentration of calocium
montmorillonite. They concluded that because twice as much
material is in suspension, the resulting siltation problem would
be significantly greater for a calcium montmorillonite discharge
thar for a kaclinite discharge.

The majority of turbidity is due to the scatterirng of light
by particles having diameters less tham about 10 micrams (Kinmg
et al. 1378). Although turbidity s often wunsuitable for

datermining suspended salids concentratiors, findirmgs indicate
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Logarithmic_Correlations __RE__
TED = 3.20 (TsSS)C-84 0.77
TBD = £.00 (T55)0.-631 0. 80
TED = 1.78 (TSg)0-863 0. 87
TBD = O.44 (TSS)0.858 0.83
TBD = 0.185(Tsg)0-398 0. 92
TED = 1.103(TsS)0-968 0. 92
TBD = 13.49 (Tsg)9.-68 0. 89
TSS = S5.32 (TBD)1-32 0. 82
TSS = 3,92 (TED)1-41 0. 89
TSS = & (TED) 1. 25 S—
TSS = 4.2 (TBD)1.0% -——
TSS = 2.34 (TED)1.0 0. 88
TSS = 0.63 (TED)1.1%3 0.95
TSS = 21.1 (TBDYP-7 _—
Linear Correlations_____

TBD = 15.65 + 0.861(TSS) 0.49
TED = 8.69 + 0.904(TSS) 0.8739
TED = Q.18 + Q.41 (TS8) .47
TED = 8,78 + 0.26 (TS8) 0.42
TBD: Turbidity, NTU

TSSt1 Total Suspended Solids, mg/L
Notes

—_—a

TAEBLE 5-1

" CORRELATIONS BETWEEN TURBIDITY AND
SUSPENDED SOLIDS CONCENTRATIONS

Refererce___________
Weagle 1384

R&M 1385

R&M 1985

Lloyd 1385

Lloyd 1385

Lloyd 1385

R&M 1382

Kunkle and Comer 1371

Kunkle and Coamer 1971

King et al. 1378
Kirng et al. 13278
King et al. 1978
King et al. 1978
King et al. 1978

R&M 1985
Toland 1983
Fetersaon 1973
Peterson 1973

Correlation applied to placer wmining effluent samples.

Glacier Fark, tributary to Eklutna Lake,

percent of the basin is covered by glaciers.

East Fark, tributary to Eklutna Lake,

percent of the basin is covered Ly glaciers.

Alaska—--9 to 10Q

|
(S [ 14
0]

o N O 0 &+ W W

(h

10a
10b
100
10d
iQe

Rlaska--30 ta 40

Data provided by USGS for 227 samples of RAlaska streams,

many of which are glacial o+ glacially influernced.
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TABLE S~1 Continued

CORRELATIONS BETWEEN TURBIDITY AND
SUSPENDED SDOLIDS CONCENTRATIONS

Cited Peratrn@ich, Nottingham & Drage, Imc. data from the
Susitna River, Alaska.

Data for 279 samples collected from unmined ard placer mined
streams in interior Alaska by the Alaska Department of Fisn
and Game and Toland (1383).

Data from settling coclumn tests performed on Alaska placer
minimg sluice box discharges.

The correlation represents 2 years of data collected fraom an
agricultural area. The percentage error ranged from =672 to
+333 percent and the high percerntage errors generally were
asgociated with the low turbidities (less tham 500 mg/L
sediment. 4

The correlaticon represents'the first year of data for the
above equation.

Correlations from other authors presented by King et al.
{1378) for drainage from sandy to silty, silt loam, fine
3ilt loam, and fine ailt plus clay soils in agricultural
areas {(10a-10e correspond to equatiocns in Figure 5-1),.
Five combined Eklutna Lake, Alaska sample stations.
Chatanika River, Alaska. The correlation appears to hold up
to about 230 mg/L and NTU. Abave tnis range, the curve
flattens shawing higher suspended sclids values in relation
to turbidity. Qther variables appear to affect this corre—
lation so that uniform applicatiorn cammot be assured.
Correlation for data ccllected from the Chatanika River,
Alaska in 1370 and 1971 when placer mininmg had nc measure-
able affect on water gquality.

Carrelation for data collected from Goldstream Creek,
Rlaska 1 1970 and 1371.
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TOTAL SUSPENDED SOLIDS (mg/L)

sof

TOTAL SUSPENDED SOLIDS {mg/L)
—

10
{ i 1 i
~ TURBIDITY (NTU) % 50

TURBIDITY (NTU)

Note: See Table 5-1 for references to the various equations.
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that a correlaticon may be useful inm cases involving fine
sediments (Rllen 1373). Turbidimeters respornd less to larger
sedimert sizes.

Turbidity measuremnants vield results that are roughly

proportional  to the amount af suspended material only wnder

certain circumstances. Turbidity instrumentation relies on
cptical properties of particulates such as their shape,
rafractive index, particle size distribution, particle
cancentration, and the absorption spectra (MeClurney 1975).

Herce, turbidity is proporticrnal to mass or volume concentration
arnly when all other parameters are constant. Hawever, the
sadiment in natural waters exhibit considerable variability in
these paramaters, which makes the establishment of the desired
relaticnship difficult. This variability in natural . water
- savaerely restricts the usefulmness of usihg turbidity for routine

measurement of the amoaunt of suspernded material (MeCluney 1975).

ARlthough turbidity and suspended sediment concentration are
ot SYNATYMOLS, they are related in some instances, and
turbidity can be used ta help defirne +the level of sediment

coricentration (Ritter and 0Ottt 1974)., Within certain size and
‘cancentratian ranges, and with certain types of suspended
material, it is possible to estimate sediment concentrations
based on turbidity (Pickering 1376). Hernce, any predictive
relaticonships betwaen these paramaeters must be developed on a
drainage basin basis (Kunkle and Comer 13713 Beschta 1980;
Beschta et al. 1981). Qnce a correlation between turbidity and
suspended solids has been established for a given water body,
ane paramegter can be used to give an estimate of the other,
although each of the measuremerts has independert sigrnificarce
(MeGirr 1374). Truhlar (1976) found a gaod correlaticon between
cdaily mear discharge-weighted turbidity ard daily méam
diécharge—weighted suspended solids conceritratiar. This
apprzach considers the variability im narticulates

gomcenbtratiovms with gdischarge.
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Based on the above infarmation, it is clear that there is no

e comsisternt correlation between turbidity arnd suspended
solids concentrations. However, these parameters may be
correlated under certain circumstances, Consequéntly, using

turbidity to predict suspended scolids concentrations may be
useful but the investigator rneeds to recognize all the potential
variables, calculate the correlation including pericdic updates,
and cal:ulate the parcentage erragr asscociated with the
correlation. In addition to ¢treating the data collectively,
regression analyses should include calculations of coefficierts
of determirnation and confidence limits for data in the low,

medium, and high ranges.

Since the relationship between turbidity arnd susperded
salids concentration is dependent on local geclogical and hydro-
lagical characteristics, any correlation betweeﬁ' theée
parameters neédsv tes consider drainage, season, and discharge.
There are natural and man—-made sources of particulates that
improve the correlation between 'these parameters, such as
glacial streams and placer mining. Particle sizes and shapes
and particle-size distributions from these sources prabably

gxhibit less variability than in natural clear water systems.

5.2 WRATER COLUMN MEASUREMENTS

Particulate levels in water have been measured by numercous
direct and indirect techniques. Direct measurements of the
rnumber or weight of particles include total susperded solids,
microscopic analysis, electrornmicroprobe analysis, use of a
Coulter counter, X-ray methods, and radiocoactive absorption. The
most widely accepted technique, the total suspended solids test
described above in Section 9.4, invoelves filtering a krnown
valume of water through a glass—-fiber filter followed by drying
and weighing. Centrifugation has been used to concentrate
samples followed by drying and weighing, but there are

disadvantages to this technigque. One disadvantagé oocurs when
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fine-grained. sediment has worganic material associated with i%.
Some organic material car have a demsity close to that of water,
making it wvery difficult to separate (GBibbs 1974). Arother
disadvantage is that centrifuging is mot pgood fcridilute water
having less tham about 10 mg/L suspended solids {(Campbell and
Ellictt 19730, Radicactive absorption has beer used because the
absorption of radiation is proportional to the mass present and
therefore directly measures the concentration of suspernded
sediment (Gibbs 1974}, However, this method is impractical
because of its expernse. Microscopic anmalysis and the Coulter
counter rely on counting the number of particles present, both
of which are time consuming. RAdditionally, conversion of the
mumber of particles to weight per wurnit volume requires
assessmant of particle size and gpecific gravity.
Electrormicraprobe analysis and X-ray methods require expensive
equipment arnd a relatively high level of expertise. Therefare,
of the direct methods for measuring particulates in the water
column, the nravimetric method for total suspended solids as
described by APHA (135835) iz the most acceptable. This is the
methaod specified inm the RRlaska water quality standards (RADEC
1985 .

Measurements related to light penetration may, urder certain
clircumstarces, be an indication of the corncentration of
particulates. These measurements include turbidity (described
above in Section 5,1) and transmissivity, or its inverse, ligh%
extinction. Microspectrophotometry, Secchi disk depths, and
remote sSeNnsing using color infrared photography are alsa

indirect measurement technigques.

These optical methods rely on absorption and/or scattering.
Nephelometric turbidity measures the scattering of light by
suspended particles, whereas the bheam trarnsmittarnce meter
measures the attenuwation of light by scattering and absoarpticon,
The Secchi disk 1s a simple kind aof irradiarce meter which is

es3 precise than cther indirect methaocos. Additionally, use of
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the BSecchi disk is inapplicable in shallow, clear to moderately

turbid areas. Measures of light penetration, such as
compensation point, light extinction coefficient, wave length
aralysis, angd transmissivity have been related Tta primary

pracuction. Furthermore, extrapolations have been made from
these measures to other effects of particulates on aguatic

biota.

A chief concern in egtimating susperded solids
corncentrations in water by remote sensing is abtaining adequate
ground truth data (Shelley 1378). Two aspects that must be
considered irn abtaining ground truth data are timing actual

sample collection with the remote sensor pass, and standardizing

sampling equipment and tachnigues. it appears that remcte
sensiing is less precise than nephelaometric - turbidity
measurement s. ' il

Although no 'single cptical measurement technique stands aut
as being the most accurate and precise, the rephelometric
turbidity measurement as defined by APHA (1988) is the most
acceptable indirect technique for measuring particulates for a
riumber of reasons. First, the irnstrument specificaticons are
well defined, leading to improved accuracy and precision.
Secord, turbidity is more widely accepted than many aof the other
indirect methods. Third, turbidity measurements have been
applied to many different water uses including water supply,
recreation, and tha protection of aquatic bicta. Fourth,
turbidity levels may be highly correlated with total susperded
solids concentrations  under certain circumstances. Therefore,
rephelometric turbidity measurements are the mast applicable
indirect measurement technique for particulates. The existing
Alaska water guality standards (RADEC 1985) specify that
turbidity measurements are to be performed in accordarice with
APHA (1385).
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S.d SUBSBTRATE MEASUREMENTS

The measurement of settleable solids is typically a
volumetric test that measures the volume of material that will
settle under gquiescent canditions in one hour. An Imhoff core
is filled to the l-liter mark with a thoroughly mixed sample and
allowed to settle for 45 minutes. The sample is gently stirred
along the sides of the cone with a rod or by spirnming, and
allowed to settle 15 additional minutes (APHA 1385). The vaolume
of settleable matter in the cone is recorded as milliliters per
liter (ml/L). A gravimetric technigue for settleable solids can
be emplaoyed. However, this technique is time consuming and

employs all the equipment regquired in the suspended sclids

test. The volumetric test can be performed easily in the

field. Hence, it is the recommended araocedure for settlgéble

solids. -
Substrate conditions in spawning areas are typically

determined by measuring the percentage of wvarious particle
sizes, the permeability of gravels, or the dissolved oxygen
corcentration in the gravel. The most widely used and accepted
technique i1is measuring the percentage of various particle sizes.
This technique is specified by ¢the Alaska water guality
standards (ADEC 1985).

The volume of fines i{n substrate samples is determined by
firet securing a sample using a&a substrate sampler such as a
carer or dredge. The sample is then subjected to grain size
analysis. Like other sampling technigues, different samplers
have advantages and disadvarntages wher sampling different size
bed material. To minimize loss of fine-grained sadiment, the
Alaska water Qguality standards specify that ‘a technigue for
freeze sampling streambed sediments Dbe followed. A majaor
disadvantage of this technigue is that it requires additional

and Nheavy eguipment, making it difficult to use in remote

REVIEW DRAFT 9/09/8% PFAGE Jo4

L=}




areas. Furthermore, variability 1% relatively high with this

technique, as it is with other substrate sampling devices.

Measurements of bedload, although technically vé&id, are too
complicated as a criterion (Iwamoto et al. 1378). Iwamoto et
al. (1978) suggest that it may be possible to relate suspended
solids in the water column to the bedload by the use of sediment
rating curves. The use of suspended solids as the basis for
bedizad criteria may hald promise if difficulties with
estimatiaon, prediction, and determination «of the relationship
with streambed sediments, and long— and short-term effects on
aguatic bicta are clarified ta the extent that reproducible
results are cbtainable. However, until this is accomplished,
the accepted technique of freeze core sampling to determine the

percentage of varicus particle sizes in streambed sediments is

recammerded.
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6.0 PROPOSED PARTICULATES CRITERIA
6.1 INTRODUCTION

A criterion is a designated concentration or limit of a
parameter that, when nat exceeded, will protect a prescribed
water use with a reasorable degree of safety. In some cases, a
criterion may be a narrative statement instead of a numerical

limit.

The water quality standards for a particular water bhody
consist of those criteria associated with the uses for which
that water body is protected. Water bodies are classified by
the uses for which they are protected. In Alaska, all water
bodies except the lower Chena River and Nolan Creek (and most of

its trzbutarzes) are classified for protection of all uses.

Ideally, paramaters used for defining criteria should be
able to be measured relatively simply and be inexpensive, fast,
precise, and accurate,. It is desirable to use techniques that
can be performed in the field without compromising the precision
or  accuracy of the measurement. Rdditionally, standards should
include only the most applicable parameters for each water usas.
For axample, turbidity criteria are sufficient to protect
secondary recreational uses, so there is ro rneed to have
suspernded or saettleable solids criteria. Standards must be
stated in clear, understandable terms so that confusion does not
arise over their interpretation. Ideally, they should be
appropriate for all types of aquatic systems and shaould consider
seasonal, geographical, and flow differences in nafural

particulate concentrations.

Criteria should be pericdically reviewed and updated as new
data or techniques for cbtaining fast and accurate measurements
become available. The particulates criteria should not be

viewed as permanent fixtures but as essential parts of an
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evalving system to safeguard the current and future uses of

Rlaska’s waters.

6.2 PROFOSED CRITERIR

This section outlines suggested changes to the Alaska water
quality criteria for particulates. The current wording,
proposed  wording, and supporting raticrale are presented for
each criteria. The rationale for retaining, charmging, ar
deleting each criterion is based on the literature reviewed for
this document. That literature has been used to formulate the
discussions 1in Chapters 1 through 5. Therefare, the rationale
sections are necessarily summaries of the preceding discussions,
The reader is referred to the earlier chapters for more detailed
averviews of literature relating to the effects of particulates

on water supply, recreation, and biota.

Givén the status of knowledge, there are probably as many
defersible sediment and turbidity criterisa for certain use
categories as there are informed agencies or individuals
interested in proposing them. In reality, there is probably ro
one definitive level or concenmtration that is detrimental to
each use inm all syatems under all circumstances. In same
instances, the existing oriteria have been refined or modified

to reflect the findings of a variety aof researchers. With

regard to aguaculture, definitive maximum suspended solids
concentrations for ogg incubation and rearing have bheen
identified in the literature. In cther instances an absclute

maximum turbidity level or suspended scolids concentration may
rot be appropriate. Such is the case for growth and propagation
of freshwater and marine organisms. The propossd standards for
these categories reflect seasonal fluctuations armd site-specific
differences in natural turbidity and sediment levels. They
limit any apgreciable increase above natural levels in systems
which normally carry low partichlate loads while allowing faor
scme increase in systems which periodically exhibit moderate to
nigh natural levels.
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The proposed particulates criteria presented below are made
with two caveats fromb the Rlaska Department of Envirormental
Conservation. First, the Department does not want to assess
revisions to the existing water use categories asipart of this
study. Second, since it is the Department's responaibility to
fully protect the various water uses, in setting criteria the
Dapartment preacribes limits be sat on the mast sersitive use in
aach water use category. For aquatic bicta, this means setting
criteria for the most sensitive life stage of the most sensitive
species in the most sSernsitive season. This approach is

prescribed by the EPA,

Table 6-1 lists water uses and the parameters that are
essential to each. Farameters not appearing in a particular
category are cansidered unnecessary for the protection of that

usa.,

Fresh_Water
i, Water supplyt drinking, culinary and food processing
a. Turbidity
Existing: Shall not exceed 5 NTU above natural
conditicons when the natural turbidity is
S0 NTU or less, and rnot have more than 10%
increasa in turbidity when the natural
condition is more than S0 NTU, nat to exceed
a maximum increase of 25 NTU.
Proposed: There shall be no increase in turbidity when
the natural condition is § NTU or less, in-
crease shall not cause turbidity tc exceed 10
NTU when the natural condition is between S
and 10 NTU, shall not cause more tham a S NTU
increase when the natural condition is 10 to
25 NTU, and shall not cause turbidity to
exceed Z50 NTU when the natural condition is
50 to 230 NTU.
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TABLE &-1

WATER USES AND PRARAMETERS FOR WHICH CRITERIA MUST
BE ESTABLISHED 7O MEET WATER QUALITY OBJECTIVES

Water Uag - Particulate Parameters ______
. Settleable % Accum.
Turbidity T88 __Solids _ _Eines

Drinking, culinmary,

and food processing X X X
Agriculture X X
Aguaculture X X
Industrial X X X
Contact recreation X
Sacqndary recreation _ X
Browth of aqﬁatic organisms X X X X

Marine Water

—— e Sy iy s e i T i i e

Aguaculture X X
Seafood Processing X X
Industrial X X
Contact recreation X

Secondary recreation X

Browth of aguatic organisms X X X
Harvest of raw shallfish X

TSE = Total Suspended Sclids
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b. Sediment
Existing: No measurable increase above natural
conditians.
Proposed: No increase in settleable solids or volatile

suspended solids above mnatural conditions.

Although light attenuation is nrot an issue related to the
acceptability of drinking water, most pecple find water with S
oy more turbidity units objectionable (Bruvald 1375). Sorensen
@t al. (1977) atate that Q to 10 turbidity units provide an
axcellent source of water supply requiring only disinfection.
They also state that 10 to 250 units provide good sources
requiring only usual treatment, and that waters with turbidities
greater than 250 units arese poor sources reguiring special aor
auxiliary treatment. Therefora, the existing criteria has been
modified to protect nraturally clear sources of drinking watgf.
At the same timi, the proposed standard allows for a greater
increasa where ﬁater contains higher natural turbidity leveis
which would reguire usual treatment or would otherwise be
unacceptable as a water supply. With regard to sediment, the
primary cancern is that sediment not interferes with
disinfection. Interference with disinfection is directly
related to the type arnd amount of organic sediment (volatile
suspended salida) present in the water (Symons and Hoff 19795).
an increase in inorganic suspended sediment above natural
conditions does not necessarily impede the clarification
process, and in some instances may enhance it (NAS 1973) There-
fore, the suspsnded sediment criterion has been modified to
limit only wvolatile sasuspended solids. The raticnale for the
proposed settleable solids coriterion is: (1) Natural waters
which are otherwise suitable as a water supply rnormally cdntain
low levels aof settleable solidsy and (2) settleable solids may
significantly dacrease the effective life of sedimentation

basins or filtration systems, thereby increasing treatment

oosts.
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2. Water supply: agriculture, including irrigaticorm and stock
watering
S Turbidity
Existing: Shall rnot cause detrimental effecfé ar
indicated water use.

Proposed: Delete criterion for this use category.

b. Sediment

Existing: For sprinkler irrigation, water shall be free
of particles of 0.074 mm or Coarser. For
irrigation or water spreading, shall nrat
exceed 200 mg/l for an extended period of
t ime.

Proposed: Retain the existing criteria and add the
follow;ng. Increase in total suspended
sclids‘shall not interfere with the treat-
ment of agricultural water supply. No
increase in settleable sclids above natural

conditions allowad.

The concern is for particulate matter which may block
pumping and sSpraying equipment and cause formationm of crusts on
land or coat vegetables which have been irrigated. The sclids
criteria should be measured directly. Turbidity shcould be
deleted because the concern is for the physical presence of
particles and net light scattering and absorption. The term
"axtended periad of time" is vague, but there was rno information
in the literature reviewed that would improve this term and be
defensible. The particle size criterion appears to be adequate
because it limits the particle size to silt and smaller

material.

S Water supply: aquaculture
a. Turbidity
Exigting: Shall rot exceed 25 NTU above natural condi-

L AR P _P

tion level. For all lake water, shall rot
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exceaed I3 NTU over natural conditicons.

Proposed: Delete criteria for this use category.
b. Sediment
Existing: No imposed loads that will interfere with
established water supply treatment levels.
Propaosed: Where the natural condition is less than 3
mg/L, suspended solids shall ruot exceed 3
mg/L. Where the natural condition is greater
than 3 mg/L, suspended saclids shall not
increasa by more than 20%. There shall be no
increase in settleable solids above natural

conditions.

A definitive maximum concentration of 3 mp/L for ircubating

salmonid eggs and 25 mg/L for salmonid rearing is presented in

the literature (Sigﬁa Resource Consultants 1979), Thus, thé

maximum concentration should be limited in order to facilitate
adequate water supply treatment an& ansureg successful incubation
and rearing. The 3 mp/L level is important because most
hatcheries support egg incubation and use of this level is the
mast . conservative. There is no apparent reason for a turbidity
criterion as such. The proposed suspended salids criteria would
insure that turbidity-causing sediments are kept to a minimum.
It should ba nroted that ultraviolet disinfection may be
inhibited by turbidity-causing sediments, However, therem are no
data in the literature reviewed regarding specific turbidity
levels that inhibit ultraviolet disinfection. A low level
increase in suspended solids (3 mg/L) will limit the volume aof
turbidity-causing particles, The rationale for limiting
setileabla solids include the well documented adverse impacts «f

sediment accumulation on egg incubation and fry develcpment (see
Tables 4-1 and 4-2).

4. Water supply: industrial
a. Turbidity

Existing: Shall riot cause detrimental effects on
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established water supply treatment levels.

Proposed: Retain criterion for this use category.

B. Sediment

Existing: N2 imposed loads that will inter#ére with
established water supply treatment levels.

Propused: No increase in total suspended solids and
settleable solids levels above rnatural con-
ditions that would adversely affect estab-

lished water supply treatment.

Turbidity is retairnad for thoss industries which use
turbidity as the established paramater in treatment systems,
such as the brewing industry. As pointed cut in Section 4.2,
industries wvary considerably with regard to the amount of
particulataes which can be tolerated. Some industries can
tolerate only low particulate levels. Because thé Fange:bf
acceptable wafer quality varies widely, a narrative criteria is
probably the best available. The proposed sediment criterion is
designed to protect established treatment techniques.

S« Water recreation: contact recreation
4. Turbidity
Existing: Shall not exceed 5 NTU above natural condi-
tions when the natural turbidity is SO NTU or
less and not have more than 104 increase in
turbidity whem the natural condition is maore
than 350 NTU, mnot to exceed a maximum irncrease
of 15 NTU. Shall riot exceed 5 NTU cver
natural eonditions in all lake waters,
Proposed: Shall not exceed % NTU above natural condi~
tions when the natural turbidity is S0 NTU or
less and rnot have more than 10% increase in
turbidity when the natural condition is maore
than S0 NTU.
b. Sediment
Existing: No increase in concentrations above ratural
conditions.
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Propogsed: Delete criterign for this use category.
Aesthetics and safety are the primary considerations for
contact recreation such as diving, swimming, and Qéding. Data

shaw that people prefer to recreate in clear rather than turbid

water, R S NTU ehange in turbidity levels is noticed by most
people. Cloudy water can also obscure dangercus rocks or ather
underwater obstructions. The upper limit for achieving these

goals is S0 NTU (McBauhey 1968). There is no basis for having
different standards for lakes and streams. Therefore, thia part
of the standard is deleted. There is no information that
warrants changing the turbidity levela in the existing criteria,
which afford a high level of protection, other than the amount
af maximum increasa.

 Sediment is nat a direct consideration for confa¢f
recreation and this standard is dalgted. Suspended sediments
may reed tao be limited only if thé particles are organic or are
asscciated with pathaogenic microorganiams. The presenée of
pathogenic organisms are covered in water gquality criteria not

addressed in this document.

(=0 Water recreation: secondary recreation
3. Turbidity

Existing: Shall not exceed 10 NTU over natural condi-
tions when natural turbidity is S50 NTU or
less, and rnot have more thanm 20% increase in
turbidity when the natural condition is more
tharn S0 NTU, not to exceed a maximum increase
of SO NTU. For all lake waters, turbidity
shall not exceed 5 NTU over natural condi
tions.

Proposed: Shall not exceed 10 NTU cver natural condi-~
tions when natural turbidity is SO NTU or'
less, and not have more tharn 20% increasa2 in
turbidity when the natural condition 1s more
tharm 30 NTU.
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D. Sedimenmt

Existing: Shall not pose hazards to inciderntal human
contact or cause interfererce with the use.
Proposad: Delete criterion for this use catsgory.

Based on McBauhey (196€8), the current turbigdity criteria
affeord a high level of protection for boating and ather
nen—-contact water recreation. Fishing may require nore
stringent standards in order to maintain a suitable sport
fishery. However, in thi1s case, the turbidity criteria for the
grawth and propagaticon of fish, shellfish, and other aguatic
organisms would apply. There is no apparent reason for lake and
stream standards to differ. Furthermore, there is nao defersible

reasarn  for retaining the sediment criterion for this use based

o the literature reviewed.

7. Growth and propagaticon of fish, shellfish, and other aquatic
life l :
@&. Turbidity
Existing: Shall not exceed 23 NTU above natural condi-
tion lavel. For all lake waters, shall not
exceed S NTU over natural conditions.
Propogsed: Shall not exceed 5 NTU increase above natural
conditions up to &5 NTU and shall not exceed
20% increase above natural conditions
(mmasured in NTU) whern the natural condition
is 25 NTU or greater.
b. Sadiment
Exigting: The percent accumulatiom of fine sediment in
the range of 0.1 to 4,0 mm in the gravel bed
of waters utilized by amnadromous or resident
fish for spawning may not be increased more
than S% by weight <ver rnatural conditions (as
shown' from grain size accumulation graphl.
In no case may the 0.1 tao 4.0 mm fine

sediment range in the gravel bed of waters
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used by anadromous and resident fish for
apawning exceed a maximum of 320% by weight

(as shown fram grain size accumulation
graph). (See note 3 and 4) In all other
surface waters no sediment loads (suspended

or depoéited) which can cause adverse effects
on aguatic animal or plant life, their repro-
duction or habitat.

Propoged: Suspended and/or settleable solids content of
surface waters shall not adversely affect
aquatic plants and animals, their reproduc-—
tion or habitat. In natural conditions less
than 25 mg/L, suspended scolids shall not have
more than a 10% increase. In wateras where
the natural condition is greater than @25
mg/L, suspended solids shall rnot have more )
than a 20% increasae. Nc‘increase in settle-
able solids above natural conditions. The
parcent accumulation of fine sediment in the
range of 0.1 to 4.0 mm in the gravel bed of
waters used Dby anadromous or resident fish
for spawning may nct be increased more than
5% by waight over natural conditionas, not to

exceed 20% by weight over natural conditions.

The existimg turbidity criteria afford a moderate tc high
level of protection for agquatic organisms as evidenced by data
fram Herbert et al. (1961), Alabaster (1372), Sykora et al.
(1972), Sorensen et al. (1377), Langer (1380Q), Sigler (1981),
Bisson and Bilby (1982), NCASI (1384b), Sigler et al. (1384),
arnd Simmons (1984). Although, the current state of knowledge in
Rlaska is inadequate to describe the energy base of more thar a
few streams and lakes, it should ba assumed that many systems
depend oan primary productivity ¢to at leagst some extent.
Quantitative information presented by Bell (1372), Nuttall arnd
Bilby (1373), mMcCart et al. (1380), VYan Nieuwenhuyse (13983), and
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LaPerriere et al. ({1983) indicate that turbidity criteria are
necessary for the protection of aguatic aystems which deperd on
in—stream primary productivity. Furthermare, there is
substantial evidernce that turbidity has a negathe impact an
salmonid feeding (Alabaster 197283 Sykora et al. 197&; Langer
13980; Simmons 1984), salmonid growth (NCASI 1984b; Sigler et al.
1984, gsalmonid distribution (Sigler 19813 Bisson and Bilby
132823 Sigler et al. 1984, and bBenthic macroinvertebrate
populations (Herbert et al. 136135 Sorernsen 1377; LaPRPerriere et
al. 1983, The suggested charnges in the turbidity standard
address the fact that increases in very clear water are likely
to have a greater effect on aquatic organisms and primary
productivity tham the same magnitude of increase in mnaturally

turbid water.

The reason for ﬁlimiting fines in epawning gravels is.to
avoid smctharing' eggs and alevins by filling interstices in the
gravel.x This is a volumetrie, not a gravimetric concern.
Depending on the type of fine matarial, weight may vary widely
for particles of the same dimensicons, -but both would cccupy the
same volume of space and reduce the oxygen-carrying capacity in
water flowing through the gravel to the same degree. However,
because the accepted technique is to weigh the fines, the
proposed criteria are expressed in terms of weight. Rlthoughy
the percentage accumulation of fine sediment in a gravel bed is
difficult to evaluate, the Department has found it to be a
useful criterion. With regard to substrate characteristics of
spawning bedsg, the size range stated in the existing criteria
are adequate and based on informatiorm in the literature (McNeil
and Ahrnell 13643 Koski 19663 Burns 13727 Phillips et al. 1973;
Hausle and Coble 19763 Tagart 137635 Iwamote et al. 1378;
Caderholm et al. 19803 Crouse et al. 19813 Tappel and Bjornn
1983). The criterion allowing a maximum of 30 percent fine
saediment is not supported by the literature; this maximum shnuld‘
bhe lowered &3 20 percent as a maximum (McNeil and Ahrell 1964

Moski 19€6; Shelton and Pollack 19663 Bjornn 19633 Burns 13723
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Byornn et al. 1974; Hausle and Coble 1376; Iwamoteo et al. 1378;
Cederholm et al. 1980; Crouse et al., 19813 Tappel and Bjarwmn
13835 NCASI 1984a; NCASI 1984h). The settleable salids
measurement is relatively simple and reliable and car be used in
place of the percentage accumulation of finme sediment at the
Department’'s discretion. EIFAC (196€5) concluded that spawning
gravels should be kept as frea as possible from finely dividied
solids. Van Nieuwerhuyse (1983) and Simmons (1384) suggest a
settleable solids criterion of less than 0.1 ml/L for a high
leval of protection. Thus, the proposed criteria afford a high

level of protection for salmonid spawning gravels.

Suspended solids are also detrimental to aguatic grganisms
ard, since suspended scolids can not be correlated with turbidity
an & state-wide basis, it is necessary to have a stancdard for
total suspended solids. | The proposed criterion is reétrictiyé
for naturally clear water but less restricfive for wate?s
containing natur&lly high suspended salids concentraticons. It
is in agreement with the 25 mg/L criteria suggested by several
authors (EIFAC 19653 BGammon 1970) 3 RARlabaster 13723 Bell 1973
NAS 1973; Scorensen et al. 19773 Alabaster and Lloyd 19823 Wilber
1383; and George and Lehnig 1984) to maintain optimal fisheries
ard prevent harmful effects an fish. This criterion offers a
high level of protection for sediment-free spawning and rearing
watera while allowing some increase in streams and lakes which
receive natural sediment loads. It also accounts for the high
degree of seasonal suspended sSediment variability inm Rlaska’s
many streams and lakes.

1. Water supply: agquaculture
A Turbidity

Existing: Shall not exceed &3 NTU.

Propoged: Delete standard for this use category.

—_———SE S s
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b. Sediment

———E I aaT

The rationale

fresh water.

b=

2.  Water supply:
a. Turbidity

b. Sediment

—— e S e e

The turbidity

seafood processing

No imposed loads that will interfere with
established water supply treatment levels.
Where the natural condition is less than 3
mg/L, suspended soclids shall rot exceed 3
mg/L. Where the natural condition is greater
than 3 mg/L, suspended solids shall not
increase by more than 20%. There shall be no
increase in settleable solids above mnatural
conditions.

is the same as cited above foar aguaculture in

seafood processing

Shall not interfere with disinfection.

Delete criterion for this use category.

Below rnormally detectable amounts.

Shall not increase levels of suspended and
settleable solids above natural condition or
shall not interfere with disinfection or

established water treatment processes.

standard was deleted because the concern with

is the amcunt of suspended and settleables

solids in the water rather than light scattering. The sediment

critarion, "below

ambiguous and was

rnormally detectable amounts,"” ig somewhat
redefingd in terms of an increase in suspended

and settleable sclids above natural conditions, thereby making

the criteriom sasier to enforce,
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3. Water supply:

industrial

a. Turbidity
Existing: Shall not cause detrimental effects on estab—
lished levels of water supply tregtment.
Proposed: Delete criterion for this use category.
b. Sediment
Existingt No imposed loads that will interfere with
established water supply treatment levels.
Proposed: No increase in total suspended and settle-
able scolids levels above natural conditions
that would adversely affect established water
supbly traatment.
Turbidity was deleted because light scattering is not a
concern for industrial use of marine water; suspended and

settleable
their water quality requirements.
free of
uses so

Rlaska are not precluded.

4, Water recresationt

-

b.

Aesthatics

contact

particulates.

that

Turbidity

Sedimeant

recreation

salids

cpportunitiés

and safety are the

levels are the.concern.

Industries vary . in
Some require water virtually
This standard encompasses all potential

for future economic developmernt in

contact recreation

Shall not exceed 25 NTU.

Shall not exceed 5 NTU above natural condi-
tions when the natural turbidity is 50 NTU or
less and not have more than 10% increase in
turbidity when the natural condition is more
tham SO NTU.

No measureable increase in corncentrations
above natural conditions.

Delete criterion for this use category.

primary considerations for

such Data

as diving, swimming, and wading.
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show that people prefer to swim in clear rather thav turbid

waters, Cloudy water can alsc obscure dangerous underwater
obstructions. The upper limit for achieving these goals is SO
NTLU. Therefore, the turbidity standard is lihited to that
level, The turbidity criteria afford a high level of

protection, but  are lower than natural conditions in scome areas
of Alaska marine waters.

Sed iment is nat a consideration for contact recreatiorn and
this criterion should be deleted.

S. Water recreatiom: secondary recreation

a. Turbidity

Existing: Shall not exceed 25 NTU.

Propesad: Shall not exceed 10 NTU over natural andf;_
tions when natural turbidity is S0 NTU or
less and not have more than 20% increase in
turbidity when the natural condition is more
than S0 NTU.

B. Sediment

Existing: Shall not pose hazards to incidental human
contact or cause interferernce with the use.

Propogsed: Delete criterion for this use category.

The current standards afford a2 high lavel of protection for
boating and other non—-contact water recreation. Fishing may
require more stringent standards in order to maintain a suitable
sport fishery. However, the standards for the growth and
propagation of fish, shellfish, and other aguatic organisms
would cover the concerns.

6. Growth and prepagation of fish, shellfish, and other aquatic
life
a. Turbidity
Exigting: Shall noct reduce the depth of the comperisa—

tion point faor photaosynthetic activity by
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mere than 10%, In addition, shall not reduce
the maximum Secchi disk depth by more than
10%.

Proposed: Withinm the photic zone, shall not exceed S
NTU ircrease above natural conditionm up to
2% NTU and shall not exceed a 20% increase
above natural condition (measured in NTU)
when the natural conditiaon is 285 NTU or
greater, Shall rnot reduce the depth of the
campensatiaon point (depth at which 1% of the
incident light is available) for photosynthe-
tic activity by more than 10%.

b, Sediment

Existing: No maasureabdble increase in concentrations
above natural conditions.

Proposed: Total suspended solids shall not have mofe -

. than a 20% increase above natural conditions.

Thére shall be no increase in settleable

salids levels above natural conditions.

The existing criteria using compensation point and Secchi
disk depth may be adegquate. However, there are few data in the
literature reporting compensation point and Secchi disk depth in
Alaska marine waters, Most of the data are reported as
turbidity and suspended scolids. Hence, turbidity levels should
be used as the primary criterion limiting the amount of
particulates where light penetration is of paramount interest
with compensation point as a secondary criterion. The suggested
charges in the turbidity standard address the fact that
increases in turbidity in clear waters are likely toc have a
greater affect on primary preductivity and depth of the suphotic
zone than the same magnitude of increase in turbid waters.

The existing sediment criterion (no measurable increase in
concentration above natural conditions) certainly affords a high

level of protection, This criterion is restated in terms of
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suspended and asattleable solids, allowing for some increase in
total susperded sclids above natural conditions. The suspended
sclids criterion reflects marine organisms’ gererally greater
tolerance of sediment than that of freshwater 1organisms as
evidenced by higher concentrations (100 to 8000 mg/L) at which
adversae affects have been reported (see Tables 4-5 and 4-&).
Furthermorae, increases in suspended marine sediments are likely
to be localized and periodic (Qzturgut et al. 1981} in this high
dilution environment. Although no specific settleable sclids
criteria are presented in the literature, the proposed criterion
is conservative and restricts any increase for the folleowing
reasorsi (1) The natural variability in settleable solids
levels with verticle depth in the water columng (2) the
potential difficulty in establishing natural levels of ingorganic
sediment which will aventually sattle urnder quiescent
conditionsg f3) the poteﬁtial diffiéulty in monitoring “aﬁd
enforcing a définitive criterion in the marine envirarments; (4)
the varliability in distribution of infaunal and epifaunal
organisms which may be sensitive to additional sediment
accumulations; and, (5) the lack of scientific data regarding

the demonstrated effects of settleable scolids on marine benthos,

7. Harvesting for consumption of raw mollusks or other raw
aquatic life
a,. Turbidity
Existing: Shall not reduce the depth of the compensa-
tion point for photosynthetic activity by
more than 10%. In addition, shall not reduce
the maximum Secchi disk depth by more than
10%.
Propeosed: Delete criteria for this use category.
b. Sediment
Exigsting: Mo existing standard.

Proposed: No increase in settleable solids above

ratural conditiorns.
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There is ro evidence to support the rnecessity of having
turbidity or suspendad solids criteria for this use category.
Cormcerns relating to toxic materials and/or microbial
cortamination of raw shellfish are covered in other water
quality standards cutside the scope of the particulate
standards. The proposed settleable sclids criterion protects

the consumer from undesirable deposits of particulate matter on

editle organisms.
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REFERENCE: RADEC, 19835. Water quality standards. Alaska Dept.
of Environmental Conservation, Juneau, Rlaska.

27 pp.
REFERENCE
LOCATION: L.A. Peterscon & Associates, Irc.
IMPORTANT
PAGES: 3=-13

KEY WORDS: Standards, Turbidity, Sedimant .

The water quality standards, 18 ARC 70, are described by various
sections which include a general section and discussion of
short—-term variance, protected water uses and criteria,
procedure for applying water quality criteria; mixing zones,
zones of deposit, thermal discharges, classification of state
waters, preocedure for reclassification, classification criteria,
enforcement discretion, and definitions.
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REFERENCE: Alabaster, J. S., and R. Lloyd, 13982. Water quality
eriteria for freshwater fish. Second Edition,
Butterworth Scientific, Boston. 361 pp.

REFERENCE :

LOCATION: University of RAlaska Library, Fairbanks

IMPORTANT

PRGES: 1=3y 15-17

KEY WORDS: Sediment, Turbidity, Suspended Solids, Fish, Water
Quality

ANNQTATION

Excessive concentrations of finely divided solids may be harmful

to a fishery by: acting directly on fish swimming in water

containing suspended solids, and either killing them or reducing
their growth rate and resistance to diseasej) by preventing the
successful development of fish eggs and larvaey by modifying
natural movements and migrations of fishy by reducing the
abundance of food available ¢to the fishj; or by affecting the
efficiency of methods for catching fish. The spawning grounds of
trout and salmon are particularly susceptable to finely divided
solids, and a small amount of turbidity or deposited solids may
cause fish to avoid them or prevant successful development of
their eggs. There is no aevidence that suspended solids
cencentrations below =41 mp/L have any effact on fish.
Corcentrations above 25 mg/L have, in some instances, reduced
fish yieldy 35 mg/L have reduced fesding intensityj; %50 mg/L have
recduced the growth rate of troutj 82 mg/L charcoal have killed
Daphnia. The lowest concentration hknown to have reduced fish
life expectation is 90 mg/L, and the lowest concentration known
to have increased susceptibility to disease is 100 mg/L. In some
waters fish are few in number, or absent in the 100-400 mg/L
range. Similar concentrations increase susceptibility ¢to
disease, mortality rates, reduce prowth rates, kill Daphnia, and
drastically reduce invertebrate fauna in stream beds. There is
no reliable evidence to indicate that fish faunas exist in waters
normally containing greater than 400 mg/L suspended solids. Fish
may survive concentrations of several thousand mg/L for short
periods but may damage their gills. This may subsequently affect
theair survival.

Terntative criteria for suspended solids in freshwater are as
follows: (25 mg/L have no harmful effects on fishes; 25-80 mg/L
will provide for pgood or moderate fisheriesy 80-400 mg/L are
unlikely ¢o support geod fisheries; at best, only poor fisheries
are likely to be contained in waters normally containing ) 400
mg/L.
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REFERENCE: Arruda, J. A.y, 8. R. Marzolf, and R. 7. Faulk. 1%583.
The role of suspended sediments in the nutrition of
zooplankton in turbid reservoirs. Ecclogy, 64(35):

1228-1238.
REFERENCE
LOCATION: Alaska Resources Library, Anchorage (microfilm)
IMPCRTANT
PABGES: 1225~123S

KEY WORDS: Daphnia, Suspended Sediment, Rlgae

Daphnia were tested to discover: (1) The physical effects of
suspencded sediments on ingestion and incorporation rates of
algae; (2} Ingestion rates of two sizes of clay mineral sediment
particlesy and (3) Growth and survival when fed yeast and
sedimants with and withcut organic material adsorbed onto
particles. Increases of suspended sadiment from 0.0 to 2451 mg/L
decreased ingestion rates of algaes by 95 percent and decreased
incorporation rates by . 99 percent. Nutrisnts can be adsorbed
onto sediment particles and provide food for Daphnia but nct as
well as directly ingesting nutrients. The threshold of suspended
solids for efficient feeding appearsd to be 100 mg/L.
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REFERENCE: Bell, M.C., 1973, 8ilt and turbidity. In:
Fisheries Handbook of Engineering Requirements and
Bioclogical Criteria. U. 8. Army Corps of Engineering
Division, Corps of Engineers, North Pacific Division,
Portland, Oregon. -

REFERENCE _
LOCATION: e As Peterson & Asscciates, Inc.
IMPDRTANT

PRBES! 1-7

KEY WORDS: Sediment, Silt, Bed-locad, Turbidity, Trout, Salmon,
Eggsy Alevins, Production, Mortality, Smothering,
Infection
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Relatively large dquantities (S500-10C0 ppm) of suspended water-—
borne material can be carried for short periods of time in
streams without detriment to fish., The catch of fish is affected
above levels of 30 JTU, as visual referernces are lost. Primary
food production is lowered above levels of 25 JTU. The presance
of bed load material can kill buried eggs or alevins. by
restricting water interchange and can smother food organisms.
Studies conducted in the Chilcotin  River in British Columbia
indicate that salimonid fish will not move in streams where the
silt content is above 4,000 ppm. Btreams with average silt loads
betwean 80 and 400 ppm are not desirable for supperting fresh-
water fisheries. Streams with less than 25 ppm may be expected
to support pgood freshwater fisheries., When an excess amount of
silt is deposited throughout salmon and ¢trout redds after
spawning is completed, there is a resultant interfersnce with the
proper percolation of water upward through the redd, a loss of
dissolved oxygen, and a lack of proper removal of catabolic
products. This "smothering" of eggs also promotes the growth of
fungi which may spread throughout the entire redd. The extent to
which siltation is harmful to salmon and trout spawning and egg
incubation depends upon the amount and type of material
deposited, as well as the time of occcurrance. Whan sedimant
contains clay particles, it may form a hard, compact crust over
the stream bed and render the spawning area unusable. Gensrally,
salmonid eggs will suffer a mortality of 85 percent whan (S to 20
percent of the gravel voids are filled with sediment. Prolonged
exposurae to scome types of sediment results in thickening of cells
of the respiratory epithelium and the eventual fusion of adjacent
gill lamellae. Evideance of gill irritation in trout and salmon
fingerlings held in turbid water has besn noted frequently by
fish culturists, and considered a common avenue of infection for
fungl and pathogenic bacteria. It is apparent that salmonids
suffer more physical distress in turbid water than do other
species.
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REFERENCE: Baschta, R. L. 198¢. Turbidity and suspanded
sediment relationships. Ing Proec. SBSymp. on
Watershed Management '80, Boisae, ldaho. pp. 271-2a2.

REFERENCE .

LOCATION: Alaska Department of Fish and Game, Anchorage

- IMPORTANT

PRBES1

KEY WORDS:1 Suspended Sediment, Turbidity

The Oak Creek and Flynn Creek watersheds in western Oregon were
analyzed for turbidity and suspended sediment. Suspanded
sediment concentration and turbidity correlated significantly at
the 90 percent conficdence limit for 24 of 26 storm svents. The
relationships differed significantly between drainages, howaver,
80 prediction equations must be worked out for sach waterahed.
Turbidity may be useful in eavaluating sediment trarsport in small
mountain drainages where sauspended sediment concentrations and
water discharges can change gquickly.: Turbidity measurements,
though, are ambiguocus partly bDescause there are so many ways of
measuring it and each instrument used influences tha resultant
turbidity values. On this project, the Hach 21008 turbidimeter
calibrated in NTU was used. Formulae and curves showing the
relationships betwean susparded sediment and turbidity are
presented.
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REFERENCE: Bisson, P. A. and R. E. Bilby. 1982. ARvoidance of
suspended sediment by Juvenile coho salmon. No.
fAmeyr., Jour. of Fish., Manage., 2(4)1371-374.

REFERENCE .
LOCRTION: Alaska Resources Library, Anchorage

IMPORTANT
PRGEST

KEY WORDS: Turbidity, Coho Salmon

ANNQTATION

Juvanile salmon were tested under laboratory conditions to
determine threashold levels eliciting avoidance and modification
of behavioral response by acclimation to chronic low levels of
fine sediment. Sediment was introduced into a divided chamber
and fish were observed +to see which half they preferred.
Suspended sediment levels avoided by coho juveniles were below
lethal levels. Feeding effectiveness may be impaired in the 70
to 100 NTU range. Fish may have avoided waters in that range so
they could see prey. Fish did not select slightly turbid (10 to
20 NTW) water but water of slightly higher turbidity appearaed to
be used for cover. The authors conclude that fish should not be
stocked into highly turbid water. ARlso, moderate increases ovenr
low backpground levels are apparently not avoided by the fish.
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REFERENCE: Bjornn, T. C., M. A. Brusven, M. P. Molnau, and J. H.
Milligan, 1377. Transport of granitic sediment in
streams and its effects on insects and fish.
University of Idaho, Forest Wildlife and Range
Experiment Staticn Bulletin No. 17, Moscow, Idaho.

47 pp.

REFERENCE

LOCATION: Cooperative Fish Unit, University of Alaska,
Fairbanks

IMPORTANT

PRAGES: 40, 41

KEY WORDS: Salmonids, Aquatic Insects, Abundance, Drift,
Sediment, Embeddedness

The effects of (6.35 mm diameter sediment on juvenile salmonids
and agquatic insects was assessad in ¢two Idaho streams. In a
natural stream riffle, benthic irnsects were 1.5 times more
abundant in a plot cleaned of sediment, with mayflies and
atoneflies 4 to 8 times more aburidant, respectively. In small
natural pools, additions of sediment resulted in a proportional
decrease in fish numbers. - The amounts of sediment in the twa
streams studied did not have an obviocus adverse effect on the
abundance of fish or the insect drift on which they feed. In
artificial stream channels, benthic insect density in fully
sedimented riffles ()2/3 cobble esmbeddedness) was 1/2 that in
unsedimented riffles. However insect drift was essentially the
same in both. Fish in sedimented channels exhibited hierarchical
behavior, whils those in unsedimented channels were territorial
in behavior.

Conclusions derived from experimental data are that sediments can
affect aquatic insect populations when deposited in riffles,
raeduce the summer rearing capacity of streams when deposited in
poocls, and reduce the winter fish capacity of streams when
deposited in the larger interstitial spaces of stream substrate.
If the percentage of fine sediment exceeds 20 to 30 percent in
spawning riffles, survival and emergence of salmonid embryos
begins to decline. When riffles are fully embedded with fine
sediment, insect species composition and abundance changes. The
abundance of Juvenile salmon in pools of small rearing streams
declines in almost direct proportion to the amount of pool area
or volume lost ¢to fine sediment deposited in the poeol. The
number of salmonid fish a stream can support in winter is nmuch
reduced when the interstices in the stream substrate are filled
with fine sediment. The percentage of fine sediment in riffles
not only provides a measure of the suitability of the riffles for
embryo survival, but is alsoc an index of the amount of fine
sediment being depcosited in pools or substrate interstices.
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REFERENCE: Clarkson, C.C., D. E. Lehnig, S.V. Plante, R. S.
Taylor, and W. M., Williams, 1985, Hydrologic basis
for suspended sclids criteria. Prepared for
Envirvormental Protection Agency by Camp, Dresser &
MoKee, Annandale, Virginia. -

REFERENCE

LOCATION: Alagka Department of Envirornmental Conservaticon
IMPORTANT

PAGES: v=vii, 2=-34=-2~37, 4—1-=4=25

KEY WORDS: Sedimentation, Suspended Solids, Turbidity, Primary
Production, Zooplankton, Macroinvertabrates,
Salmonid, Fish, Hydrology
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The report discusses several factors that are important to the
devalopment of a water quality criterion for suspended
solids/turbidity for the protection of aquatic biota. These
factors include regional, . physiographic, and seasonal
considerations, and related hydrologic phenomana.

The natural solids loading to a waterbody will vary from site to
site, depending upon physiographic factors (including slope, soil
typm, type of ground cover) and upon rainfall and runoff. Hence,
s@asonal 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 developsd for
suspended solids in the water column as well as for settled
sediment and these criteria need to address the complex situation
of toxics sorbed to suspended and settled solids. Additionally,
the effects of sustained exposure to suspended solids versus
short~-term storm related pulses need to be quantified. Although
the report does not recommend criteria to protect aquatic life,
it does establish a framework for consideration of regional,
seasonal, and biological factors.

4/9
REVIEW DRAFT 8+t3/85 PAGE A-9



REFERENCEy Crouse, M. R., C. A. Callahan, K. W. Malueg, and
8. &. Dominguez, 1981, Effects of fine sediment on
growth of juvenile coho salmon in laboratory streams.
Trans. Amer. Fish. Soc., 110{(2)i1281-286,

REFERENCE
LOCATION: Alaska Resources Library, Anchorage {(microfilm)

IMPORTANT
PRGES:

KEY WORDS8: Coho Saimon, EBenthos, Sedimentation

Juvenile coho salmon production expreased as tissue elaboration
was mMmeasured in laboratory streams under six levels of fine
sedimentation, Levels of sediment smbaddedness were 20, 40, 690,
8%, and 100 percant as cumulative weight. Production of coha
salmon was inversely related to the quantity of fine sediment.
Significant decreases in fish production occurred in the 80 to
100 percent embeddedrness streams when fine (2.0 mm or less)
sadiments were 26 and 31 percent by voelume. Benthic organisms
- ware covered by the sediment. Authors conclude that rearing
habitat for Juvenile salmon as well as spawning habitat should be
protected from sedimentation.
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REFERENCE: DFO, 1583. A rationale for standards relating to the
discharge of sediments into Yukon streams from placer
mines. Department of Fisheries and Oceans, Field
Services Branch, Environment Canada, Environmental
Protection Service, New Westuinister, B.C. 24 pp.

REFERENCE X

LOCATION: Alaska Department of Fish and Game, Habitat Division,
Fairbanks

IMPORTRANT -

PRACES: ii, 1-3, 13-18

KEY WORDS: GSediment Discharpge, Plants, Invertebrates, Fish,

Production, Mortality, Stream Classifications,
Standards

Suidel ines are proposed for an administrative/regulatory
framework to manage placer mirniing sediment discharge. This
approach is based on an extensive review and discussion of
literature regarding the sensitivity of biclogically important
aquatic resources. Five classifications (R, B, C, D, and X) have
besan proposed based on the bioclogical sensitivity of rescurces
and past mining activity in each waterbody. "R" classifications
are associated only with high importance = Schedule I (salmon,
trout, or char) spawning habitat. "B" classifications would
serve as rearing areas for Schedule I fish. "C" classifications
are pgood habitat areas for Schedule II fish such as grayling,
whitefish, or burbot. "D" classifications would exhibit low or
no use by any of the above fish or be used only as migration
corridors, and "X" classifications are for praviously designated
placer mining areas. Sediment discharge standards to the waters
of the above classifications are proposed to be 0 mg/L for all
"RA" waterbodies, 100 mg/L for all "B" and "C" streams, 100 or
1000 mg/L for all "D" streams and 100 or 1000 mg/L for "X©
streams. These 3standards are upper limits of acceptable levels
and are defined for effluents from the operation as opposed to
receiving water standards.

The impact of a sediment release on stream production will depend
on the organisms present, streambed composition, the season,
stream flow, stream velocity, background sediment levels, the
volume of release, the duration of ¢the release and the
composition of the sediment. The obvious effacts of sediment on
fiah production will be most moticeable on certain stages of fish
life cycles which varies among species. Sediment causes the
graatest reduction in fish production by causing mortality in the
egy and alevin stages of development and in the degradation of
the habitat. Since primary producers, invertebrates, and fish
are linked together in aquatic food chains, any deletericus
effect on algas will affect aguatic invertebrates and fish that
depend on energy produced in the stream.
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REFERENCE: European Inland Fisheries Advisory Commission, 1396%.
Water quality criteria for European freshwater fish,
report on finely divided solids and inland fisheries.
EIFAC Technical Paper No. 1. International Journal
of Air and Water Pollution, 9(3)1151-168,"

REFERENCE

LOCATION: University of Alaaska, Fairbanks
IMPORTANT

PAGES1 165-167

KEY WORDS: Suspended Solids, Turbidity, Fish, Water Quality
Criteria

A literature survey addresses the direct effects of suspended
aolids on fish-growth, death, resistance to disesane,
reproduction, behavior, and food supply. Eviderce indicates that
fish species are not egqually susceptible to suspended solids and
that solids are not squally harmful. Minimal turbidity may cause
fish to aveid spawning grounds or prevent successful egg
development. There is no evidence that suspended solids
concantrations baelow 23 ppm harms fish or fisheries.
Concentrations above 25 ppm have reduced fish, SO ppm have
reduced pgrowth rate of trout, and 82 ppm of charcocal have killed
Daphnia. The lowast reported concentration for a stretch of
stream containing few or no fish is 85 ppm. Thers are several
other streams with slightly lower concentrations where the
fishery is not noticeably harmaed. In laboratory tasts the lowest
concantration  known to reduce fish life expectations is 90 ppm
and  the lowast concentration kriown to have increased
susceptability to disewase is 100 ppm. Waters containing 100 to
400 ppm suspended solids increass susceptibility to disease,
increase mortality rates and reduce growth rates. Daphnia have
been Kkilled by a variety of solids in this concentration range.
There is no svidernce that waters normally carrying solids greater
than 400 ppm support varied or plentiful fish faunas. Many kinds
of solids can be present in concentrations of several thousand
ppm for short pariods without killing fish, but may damage their
gills.

Tentative suspended solids criteria are proposed as follows: (25
pem will not have any harmful effects on fisheries; 25 to 80 ppm
will maintain good or moderate fisheriesy 80 ¢to 400 ppm are
unlikely ¢to support good freshwater fisheries; at best only poor
fisheries are likely to be found in waters containing ) 400 ppm
suspended solids.

{
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REFELRENCE: Gammon, J. R., 1970. The effect of incrganic sediment
on stream biota. Prepared for the Water Quality
Office of the Environmental Protection Agency, Grant
No. 180S0DWC, U.S8. Bov. Printing Office, Washington,
D.C. 141 pp. -

REFERENCE

LOCATIONS Cooperative Fish Unit, University of Rlaska,
Fairbanks

IMPORTANT

PABES: i [} ii [} 1 -31 7, a

KEY WORDS: Fish, Macroinvertabrates, Suspended Sediment,
Population Density, Diversity

Fish and macroinvertebrate populations fluctuated in response to
varying quantities of sediment produced by a crushed limestone
Quarry. Suspended scolids lcads {40 mg/L resulted in a &5 percent
raduction in macroinvertebrate density belaw the guarry. Inputs
of 80 to 120 mg/l  caused a 40 percent reduction and inputs of

.more than 120 mg/L resulted in a &0 percent reduction  in

macroinvertebrate population density. Sediment which settled out
in riffles caused a 40 percent decrease in population density
regiardless of the suspended solids concentration, Macrcinverte-
brate population diversity remained unchanged bscause most taxa
responded to the same degree. Introductions of sediment up to
180 mg/L causes immediate increases in the rate of invertebrate
drift proportional to the concentration of additional suspended
solids, The standing crop of fish decreased drastically when
heavy suspended sediment (150 mg/L) occurred in spring. Fish
remained in pools during the summer when sediment input was very
heavy but vacated as sediment accumulated. After winter floods
removed sediment deposits, fish returned to the pools during
spring and achieved SO percent nrnormal standing crop levels by
early June. It is concluded that significant reductions in fish
and macroinverterbate population densities will definitely occur
at suspended sclids concentrations as low as 50 to 80 mg/L.
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REFERENCE: Gworge, T.8., and D. E. Lehnig, 1984. Turbidity and
solids, Prepared for U. 8. Environmental Protection
Agency by Camp, Dresser & McKee, Annandale, Virginia.

REFERENCE

LOCATION: L. R, Paterson & Asscciates, Inc.
IMPORTANT

PABES: 2-2 = 4~11

KEY WORDS: Turbidity, Sediment, RAquatic Biota, Impacts,
Standards, Criteria, Water Quality Objectives

ANNOTATION .

Summarizes recent literature pertaining to the impacts of
turbidity and sediment on primary production, and on the
survival, growth and prapagation of zooplankton,

macroinvertebrates, and fish. In addition, it examines Canadian
water quality objectives for turbidity, and the supporting
raticonale. Numerical data from several key investipations are
presented including results from bicassay studies, state water
quality standards, placer mining studies in Alaska, guidelines
for setting turbidity and sediment standards, and recommended
lavels for the protection of a variety of water uses.

/
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REFERENCE: Hauslime, D. R., and D. W. Coble, 1376. Influsnce of
sand in redds on survival and emergance of brook
trout (Salvelinus fontinalis). Transactions American
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Fisheries Society, No. 1, pp. 57-63.

REFERENCE

LOCATION: University of RAlaska Library, Fairbanks
IMPORTANT

PRBES: 59-62

KEY WORDS: Brook Trout, Spawning Gravel, Sand Concentration,
‘ Emergence, Survival, Mortality

Alevins of brook trout were buried in laboratory troughs in
spawning gravel containing 0 to 25 percent sand. Sand slowed
emergence and reduced the number of fry emerging. Rlthough the
percentages of fry emerging in laboratory studies were high ()82

percent), they decreased significantly with increasing sand
composition. Emergence of brook ¢trout from this study, and
steelhead, chinook salmon, and coho salmon in other

investigations declined when spawning gravel concentration of
sand exceeded about 20 percent. The brook trout survival rate
from hatching to emergence was -estimated at 70 percent in
Lawrence Creek, Wisconsin where natural spawning redds contained
31 percent sand. Total emergence was 359 percent from agg
deposition to emergence. Mortality of 41 percent or more of
depcsitad ova in Lawrence Craek may have been caused by low
concentrations of dissolved oxygen and/or the effects of sand.

I
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REFERENCE: Herbert, D. W. M., and J. C. Merkens, 1961. The
effect of suspended mineral scolids on the zurvival of
trout. International Journal of Air and Watar
Pollution, Vel. 4, No. 1, pp. 46-35.

REFERENCE

LOCATION: University of Alaaska, Fairbanks
IMPORTANT

PRGES 1 51-54

KEY WORDS: Suspended Solids, Trout, Lethal Effects, Gill Damage,
Fin Rot

ANNOTATION

Suspensions of kaolin and diatomacecus zarth were used to test
the effects of suspended solids on trout. From the data
available thers appears to be no great difference in the lethal
effect of kaolin and diatomaceous earth. Suspensions of 30 ppm
caused nregligible damage to fish over a & month period. A few
deaths occurred in suspensions of 90 ppm indicating that this
level may have an adverse effect. More than half the trout died
in suspensions of 270 and 810 ppm, frequently from the effects of
disease. Fish exposed to suspended solids concentrations of 30
ta 90 pam exhibited novrmal gills but fish exposed to
concentraticns of 270 to 810 ppm displayed a thickening and/or
fusing of gill lamellae. After 57 days of exposure to 270 ppm
diatomacecus sarth trout showed signs of caudal fin damage.

o /G
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REFERENCE: Herbert, D. W. M., and J. M. Richards, 13963. The
growth and survival of fish in some suspensiona of
solids of industrial origin. International Journal
of Air and Water Pollution, Vol. 7, pp. 297-302

REFERENCE :

LOCATION: University of Alaska, Fairbanks
IMPORTANT

PAGES 1 302

KEY WORDS: Suspended Seolids, Trout, Survival, Disease, Growth

e e o 1 v it vt s Sy e

A fishery is likely to be seriously harmed if <the average
concantration of suspended solids in the water is greater than
about 600 ppm. At concentrations of 90 and 300 ppm the effect is
more doubtful. This study has shown that trout can be kept in
good health for 9 months in 200 ppm coal-washery waste solids.
The extent to which concentrations in this range will be harmful
depands on the nature of the solids and other environmental
factors. There is no indication that 30 ppm kaolin and
diatomaceocus earth make trout more susceptible to disease or
reduce their chances for survival. In one experiment 50 ppm wood
fiber and coal-washery solids reduced the growth of rainbow trout
in the laboratory. In practice, i} is unlikely that S50 to 60 ppm
solide will have a seriocus effect on growth.

/5
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REFERENCE: Hynes; He B. N. 1973. The effects of sediment on the
bicta in running water, In: Fluvial processss and
sedimentation. Proc. of Hydrology Symp., Univ. of
RAlberta, Edmonton, Alberta.

REFERENCE
LOCATION1 Alaska Department of Fish and Game, Anchorapge

IMPORTANT
PAGES;

KEY WORDS: Sedimentaticn, Standards

ANNOTATION

The status of knowledge of the effects of turbidity and siltation
by inert =solids on plants, benthos, fish, and fish eggs is
reviewad. It is concluded that the upper limit for suspended
sedimenta ia 80 mg/L of inert silt, sand, or clay. This lesvel
will not sericusly damage a fishery but may reduce growth rates
and abundance. The allowable amocunt should not, however, result
in siltation. If so, the level should be adjusted. Streams must
always be allowad to remove the silt. -

—~ f
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REFERENCE: Iwamoto, R. N., E£E. 0. Salo, M. A. Made), and R. L.
McComas, 1978. Sediment and water guality: a reviaw
of the literature including a suggested approach for
water gquality criteria. Fisheries Research
Institute, College of Fisheries, University of
Washington, Seattle, Washington. Pragared for the
U. 8. Envirormental Protection RAgency, Seattle, EPAR
910/9-78-048. 46 pp. + Appendices.

REFERENCE

LOCATION: Falls Creek Environmental, Anchorage
IMPORTANT

PAGEES & 1-5, 8-12, 43-46, Appendix A, Appendix C

KEY WGRDS: Sediment Criteria, Suspended Sediment, Turbidity,
Bedload, Streambed, Measurement Techniques,Algae,
Phytoplankton, Invertebrates, Insects, Fish,
Salmonids

Conclusions and recommendations regarding sediment criteria are
based on an analysis of the literature and the procesdings of a
one-day sediment workshop. Among the conclusions drawn by the
technical panel at the sediment workshop, the following points

arae most pertinenti: (1) Sedimentation of spawning gravels

prociuces significant detrimental effects on salmonidss (2) Fine
bed material appears toc have a significant impact on primary and
secondary productivityy (3 Turbidity measurements are useful
indicators of general suspended sediment levels but are difficult
to relate to any bioclogical significance; (4) The establishment
of sediment criteria on the basis of measurements other than
turbidity may be difficult but not impractical) (%) Alternative
approcaches to turbidity as a criterion include composition of bed
material, behavioral aspects of aquatic fauna, and clinical
measurements of physiclogical functions as a measure of stress)
(&) A set of sediment criteria is nreeded rather than one
numarical standardy (7) If a criterion is chosen, it should be
streambed material and it should be associated with the amount of
fines in the spawning bedy (8) Hedload measursments are too
complicated to use as a criteriony (9) Streambed composition
reflects the overall condition of a stream in relation to
sadiments)y (10) The best alternative appears to be establishment
of criteria limiting the percentage of fines in streambeds; and,
{11) A need exists to develop a measurable relationship between
suspanded sediments and streambed composition.

a/q
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REFERENCE: King, L. G., D. L. Bassett, and J. M., Ebeling, 1978.
Significance of turbidity for quality assessment of
agricultural runeff and irrigation return flow,
Agricultural Engineering Department, Washingten State

University, Pullman, Washington. 36 PPe +
Append ices, :

REFERENCE

LOCATION Nichols Environmental Consulting

IMPORTANT

PRAGES1 i, 7-11, 28-33

KEY WORDS: Sediment, Turbidity, Runaff, Irrigation, Erosion
ANNOTATION

Turbidity and suspended sediment concentration were measured for
beth agricultural runoff and irrigation return flow. Extensive
statistical arvalysis showad only minimal correlation. Miea
scattaring theory was explored to determine the significance of
such factors as particle size, index of refraction, concentration
and arngle of scatter for bothh the nephelomster and the

- transmissiometer. It was found that only particles of less than
10 microns in diameter contribute significantly ta the
measurement of turbidity. The ressarchers recommend direct

measurement of suspended sediment for agricultural runcoff and
irrigation return flow.

. 9
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REFERENCE3y Langer, 0. E., 1980, Effects of sedimentation on
salmonoid stream life. Paper presented at the
Technical Workshop on Suspended Salids in the Aquatic
Environment, June 17-18, Whitehorse, Yukon Territory,

Canada. Environmental Protaction Service, Vancouver,
B. Cun 20 pp.

REFERENCE

LOCATION: Rlaska Department of Fish and Game, Habitat Division,
Fairbanks

IMPORTANT

PRGES: 1-20

KEY WORDS: Sediment, Salmonid, Turbidity, Periphyton, Primary
Production, Rlgae, Macraophytes, Invertebrates

ANNOTATION

Available data from several investigators indicate that sediment
can affect all forms of stream life. The greater the increase in
sediment in a salmonid stream, the greater will be the adverse
effacts on plant and animal life present in the stream. The
addition of sediment to a stream increases turbidity, causes
scouring, smothers periphyton, and produces unstable substrates.
These conditions have an adverse impact on primary production,
photosynthetic activity of algaw and macrophytes, and
invertebrate populations. Since lower trophic levels produce
most of the food required for salmonid production, any decrease
in their quantity or gquality will affect fish growth and
survival. Sediments may directly affect fish through abrasion
and/or clogging of gills, reducing feeding efficiency, and
destruction of eggs in spawning grounds.

The British Columbia Pollution Control Branch accepts 50 mg/lL as
an acceptable asediment release level, while Federal Fisheries
accepts releases of 25 mg/L or background levels, whichever is
greater, The state of Oregon insists that releases be no higher
than background levels up to 30 JTU. When background levels
exceed 30 JTU, the relesase may slevate background levels by 10
parcent. Unfortunately, turbidity does not necessarily correlate
with the amount of suspended sediment present.

ok
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REFERENCEy Lsnat, D.R.y; D. L. Penrose, and K. W. Eagleson, 1381.
Variable saffacts of sediment addition on stream
benthos. Hydrobiologia, 79:1187-197.

REFERENCE s

LOCATION: Biomedical Library, University of Alaska, Fairbanks
IMPORTANT

PAGES!: 187, 188, 1s2, 193

KEY WORDS: Sediment, Invertebrates, Banthos, Stream
ANNOTATION

The effects of sediment inputs from road construction on two
streams were studied. Data supgpest that the benthic stream
community responded to sediment additions in the following ways.
As sediment was added ¢to a stream, the area of available rock
habitat decreased with a corresponding decrease in benthic

density. During low flow conditions a stable sand community
develops which is gualitatively different from the rocky
substrate community. During periocds of high flow, sand

substrates are an unsuitable habitat for benthic organisms. As
available habitat decreases, the benthic community has a markedly
lower density. Both streams exhibited downstream increases in
mean suspended solids concentrations in the range of 17 to 105
mg/L, and in the percentage of substrate sand and gravel.

4,
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REFERENCE: Lloyd, D. B., 1985. Turbidity in freshwatar habitats
of Alaskar a review of published and unpublished
literature relevant to the use of turbidity as a
water quality standard. Report No. 85-1, Alaska
Dept. of Fish and Game, Habitat Divisiom, Juneau,
Alaska. 101 pp. .

REFERENCE

LOCATION: Rlaska Department of Fish and Game, Anchorage
IMPORTANT

PAGES! 39-46, 51-70

KEY WORDS: Turbidity, Suspended Sediment, Water Quality
Standards, Aquatic Habitat

This report is a review and interpretation of information
provided by numerous investigators on turbidity as it relates to
frashwater aquatic habitats in Alaska. A summary of information
from Rlaska and eslsewhere addressing the effects of turbidity on
freshwater aquatic habitats is presented. A specific discussion
is presented concerning turbidity as ‘it affects light
penetration, primary production, secondary production, and human
use of freshwater habitats. This information provides a basis
for establishing turbidity watar quality standards.
Relationships betwean turbidity and suspended sediment are also
discussad. Summary tables present documanted affects or
ralationships of turbidity and suspended sediment ranges on a
variety of systems and organisms. It is concluded that turbidity
is a reasonable water quality standard for use in Alaska. Based
on currant information, the pressnt standards provide a modarate
level of protection for the propagation of fish and wildlife in
claar water aquatic habitats. This paper also presants a model
pradicting the effects of turbidity on primary productivity.

/9
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REFERENCE: McCabey, G. D., and W. J. Q'Brien, 19583. The effects
of suspended silt on feeding and reproduction of
Daphnia pulex. ARmerican Midland Naturalist, Vol.
1 10' No. Eg PP 324-337.

REFERENCE

LOCATION® Univeraity of Alaska Library, Fairbanks
IMPORTANT

PAGES: 329-335

HEY WORDS: Daphnia pulex, Zocoplankton, Suspended Silt, Filter-
ing Efficiency, Assimilation Rate, Growth, Size,
Reproduction

The effects of suspended silt and clay on the filtering and
assimilation rates of Daphnia pulex were determined using a
Carbon 14 radiotracer method. The filtering rate for all
chservations at turbidity less than 10 NTU is 2.03 ml/animal/hr.

At a turbidity of 10 NTU ¢the filtering rate significantly

declines. The decrease in filtering rates above turbidities of
10 NTU is probably due to increased gut~locading of ingested
silt. In addition, with an increase in suspended silt

concentration from Q to 10 NTU, the assimilation rate of algae by
D. pulex decreased to below S5 percant in all cases. It was
shown that the greatest effect of turbidity on assimilation
efficiency occurs at low turbidity valuss. Results from a life
table axperiment show that weven low suspended silt levels
impaired healthy Daphnia population growth, Fecundity levels
were also greatly influenced by increased levels of suspended
silt. The filtering rates for turbidities used in the life table
experiment were 2.5 ml/animal/hr at 2 NTU, but declined to 0.4
ml/animal/hr at 33 NTU. When assimilation efficiencies are
factored iny, animals feeding at 2 NTU would obtain (6 times more
energy than animals feeding at 33 NTU. The mean body length for
control animals was significantly smaller than the mean body
length of D pulex raised in both low and high silt
environments. The most likely reason for this discrepancy is
that animals growing in the suspended silt environment channel
more energy inte increasing body size than into reproduction.
Although the animals raised in suspended silt were larger, they
wera nrnot as healthy as those raised in the absence of silt.
Specifically, the individuals raised in silty water lacked
carapace strength and resiliency. It was concluded that both
filtering efficiency and assimilation rates are severly depressed
at even low concentrations of suspended silt and clay.
Furthermore, the population pgrowth rate of zooplankton was
gignificantly diminished by suspended silts and clays.

/9
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REFERENCE: McCart, P. J., P. M. R. Green, D. W. Mayhood, and
P. T. P. Tsui, 1980. Environmental studies No. 13
effacts of siltation on the ecology of Ya-Ya Lake,
N:e W.e T. Prepared for Minister of Indian and Northern
Affairs by Aquatic Environments, Limited, Calgary,
Alberta. 286 pp.

REFIERENCE
LOCRTION: Nichols Environmental Consulting
IMPORTANT
PABIES: 85-141, 144-162, 231-235, 250-274

KEY WORDS: Suspended Sediment, Turbidity, Secchi Disk,
Chlorophyll-a

ANNOQTATIAON

The report provides a detailed discussion of a variety of water
quality parameters and the ecology of Ya-Ya Lake, Northwest
Territories. Water Quality paramaters discussed include
suspended sediment, Secchi disk transparency, turbidity,
tempearature, dissoclved oxygen, pH, alkalinity, and nutrients.
Biological functional groups discussed include phytoplankton,
zooplankton, zoobenthos, and fish. The report also addresses the
probliem of guantitative standards -for suspended solids, including
the relationship between turbidity and suspended solids.

i
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REFERENCE: McCluney, W. R., 1375, Radiometry of water turbidity
mMeasuraments. Journal Water Pollution Control
Federation, 47(2)1252-2€6.

REFERENCE

LOCATION: L. A. Peterson & Associates, Inc.
IMPORTANT

PRGES1 252, 253, 256—-264

KEY WORDS: Turbidity, Transmittance, Scatter, Nephelometric

ANNCTATION

A number of optical measurement techniques for particulates have
bean developed that are easy and quick and can be performed in

situ. Howaver, these methods are applicable only if a proper
relationship between the optical property being measured and the
amount of suspended sediment can be found. Soma of these

techniques yield results that are roughly proportional to the
amount of suspended material under certain circumstances.
However, the optical properties of these technigquas rely on the
shape, refractive index, particle size distribution, particle
concentration, and the ‘absorption spsctra. - Hence, optical
proparties are proportional to mass or volume concentration only
whenn all othasr parameters are constant. Howsver, natural waters
exhibit considerable variability in these parameters, which makes
the establishment of the desired relationship difficult. Thie
variability in natural water severly restricts the usefulness of
using optical technigques for routine measurement of the amount of
suspended material.

Of the various ¢techniques for measuring optical properties,
turbidity and transparency are the most widespread.

A variety of definitions of turbidity exist. These include the
intensity of light transmitted (unscattered) through the sample,
a ratioco of the intensity of light scattered by a sample to the
intensity of the light source, the amount of light scattered and
absorbed rather than transmitted in straight lines through the
zample, and a reduction in transparency of a sample due to the
presance of particular matter. Turbidity has alsc been defined
as the amount of suspended matter, in ppm, as ascertained by
optical observation, and in terme of different measurement
techniques (e.g., Jackson Candle and Nephelometric turbidity).
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REFERENCE: McLeay, A. Juy, A. J. Knox, J. B. Malick, I.K.
Birtwell, G. Hartman, and B. L. Ennis, 1383. Effacts
exposure to Yukon p1§EeF'§IRIn§‘§EEIEEata= labora-—
tory and field studies. Canadian Technical Report of
Fisheries and Aquatic Sciences No. 1171. 40 pp. +

Appandices.

REFERENCE

LOCATION: Alaska Department of Fish and Game, Habitat Division,
Fairbanks

IMPORTANT

PABES: xiii, xiv, 34, 35

KEY WORDS: Grayling, Suspended Sediment, Mortality, Sub—-lethal
Effects, Blood Gluccse Levels, Gill Histologies

ANNOTATION

In a laboratory study, laboratory—-reared grayling which were
acclimated to 1S5 degrees C survived a 4-day exposure to sediment
sunpensions of (250,000 mg/L, and a 16-day exposure to 50,000
mg/L. Fish which were acclimated to § degrees C and held in pay
dirt suspensions of (10,000 mg/L survived for 4 days, whereas 10
to 20 pearcant mortality occurred at the higher concentrations.
Inorganic sediment levels of )10,000 mg/L caused fish to surface,
a direct response to elevated sediment levels. The gill
histologies of fish surviving thess 4-day exposures was normal.
Sunpensions of sediment caused acute stress responses (elevated
and/or more varied blood glucose levels, depressed leucocrit
levels) in grayling acclimated to either temperature. Hematocrit
values for these fish were not affected by sediments.

During summer field bicassay studies, all grayling held in (20
mg/L and <100 mg/L streams survived with no overt signs of
diatress or physical damage. Subsequently, fish captured in low
suspended solids water were exposed tc levels of (1210 mg/L and
{34 mg/L for & days in two separate streams. Although all of
those fish survived, gill tissuss from specimens at each site
showed moderate—to—-marked hypertrophy and hyperplasia of lamellar
epithelium, along with a proliferative number of pgill
ectoparasites. It was concluded that short—term exposure of
Arctic pgrayling to sublethal concentrations of suspanded sediment
can cause a number of effects including acute stress responses.
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REFERENCE: NCAB1, 1984a. A laboratory study of the effects of
sedimants of two different size characteristics on
to fry emergence. National—E;;;ciI_;;—;F; Paper
Industry for Air and Stream Improvement, -Technical
Bulletin Ne. 429, April, 1984. 439 pp. + Appendices.

REFERENCE

LOCATION: University of RAlaska Library, Fairbanks
IMPORTANT

PAGES: 45, 46

KEY WORDS: Fine Sediment, Rainbow Trout, Embryos, Fry Emergence,
Entrapment, Mortality, Survival

ANNOTATION

This technical bulletin describes the findings of a continuing
laboratory study of the affects of selected firne sediments on the
survival of rainbow trout ambryos tc fry emergence. The presence
of fine sediment was observed to be beneficial -as well as
detrimental depending on the size of the sediment. Physical
entrapment was indicated to be the principle cause of mortality
while there was no discernable difference in fish sizes or times
of fry emergence under the conditions studied. Conclusions from
this study are as follows., Major differences were observed in
the survival of rainbow eggs to the time of emergence, between
{0.88 mm and (6.4 mm diameter sediment. Fines (0.8 mm were found
to reduce survival by 1.1 percent for each percent increase in
fines over the range of 10 to 40 percent. This compares to a 1.8
percent mean reduction in survival for sach percent increase in
fines, determined from a large number of literature referances.
The presence of coarse fines (6.4 mm diameter reduced survival by
approximately 0.8 percent for each percent increase in fine
sediment over the range of 0 to 40 percent fines.
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REFERENCE: NCARSI, 1384b. Tha effacts of fine sediment on
salmonid spawning gravel and juvenile rearing habitat
- a literature review. National Council of the
Industry for Air and Stream Improvement, Technical
Bulletin No. 428, New York. 6& pp. -

REFERENCE

LOCATION: University of Alaska, Fairbanks
IMPORTANT

PRGEES: ig-g1, 30-61

KEY WORDS: Fine Sediment, Salmonids, Survival, Mortality,
Emergence, Production, Turbidity, Avoidance, Feeding,
Measurement Techniques

ANNOTATION

A literature review is presented on the effects fine sediments
may have on salmonid habitats, primarily with reference to
spawning gravel and Juvenile rearing habitat. Life history and
habitat characteristics of eight species are summarized. Fine
sedimants in spawning gravel bhave been.defined as particles being
anywhere from 0.8 mm ¢t5 9.51 mm diameter, depending on -the
author, It has been shown that an increase in fine sediment
decreases gravel permeability, intragravel water flow, and oxygen
concentrations in the gravel, decreases embryonic survival,
impairs normal embryo develcopment, and affects timing, size, and
success of fry emergence. Documented effects on salmonids are
presented for the eight species.

Documented effects of fine sediment in the water column and
streambed on Juvenile salmonids pertain to growth, survival,
movement, density, size, biomass, and production. Catchability
of fish was reduced when turbidity exceeded 30 JTU due to reduced
visibility. Rlgal=-based food production is reduced when
turiidities exceed 25 JTU. Fish movement was impaired in streams
where silt exceeded 4,000 ppm. Juvenile coho salmon which were
preacclimated to turbidity exhibited an avoidance reaction at
thrashold levels of 100 NTU.

Fine sediment measurement techniques include the McNeil bottom
sampler, a device for measuring gravel size constituents by
volumetric development, a liquid carbon dioxide freeze core
sample device, and a tritube freeze core sampler.

STs
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REFERENCE: Noggle, C.C., 1978. Behavioral, physiological and
lethal effects of suspended sediment on juvenile
salmonids. M.S. Thesis, College of Fisheries, Univ.
of Washington, Seattle, WA. &7 pp.

REFERENCE

LOCATION: University of Alaska, Fairbanks (Interlibrary loan)
IMPORTANT

PRGES: 2-7, 59-75

KEY WORDS: Suspended Sediment, Salmonids, Bioassay, Turbid

Studies were conducted to assess the effects of suspended
sediment on juvenile salmonids in the stream envirorment. Static
bicassay tanks were used to determine 96 hour LCS0's, changes in
gill histology, and changes in blood physiclegy. Two
axperimental stream designs were used to relate sediment concen-
trations to avcocidance behavior,

Results, involving acute (4 days or less) rather than chronic
. axposure to suspended sediments, indicate seasonal changes in.the
tolarance of salmenids to suspended sediment. Bicassays
conducted in summer produced LCS0's less than 1500 mg/L, while
autumn bicassays showsed LCS50's in excess of 30,000 mg/L. The
tolerance of wild coho salmon to suspended solids was higher than
hatchery produced coho's, apparantly because of prior exposure to
suspended sediments. Histological examination of gills ravealed
atructural damage by suspended sediment. Blood chemistry showed
elevated blood glucose levels at sublethal suspended sedimeant
concentrations. Experiments conducted with a turbid artificial
stream and clear tributary indicated a reluctance by the fish to
laave thair established territories, Studies conducted with a
Y-shapad stream showed a preference for turbid water at low to
medium concantrations and aslight avoidance at high
concentrat ions.

/9
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REFERENCE: Nuttall, P.M., and G. H. Bilby, 13273. The effect of
china-clay wastes on stream invertebrates. Environ-—-
mental Pollution, (5)177-86.

REFERENCE "
LOCATION: University of Alaska Library, Fairbanks
IMPORTANT

PRAGES!: 77, 79, 81, 83

KEY WORDS: Clay Wastes, Suspended Solids, Deposited Solids,
Aquatic Plants, Macroinvertebrates, Population,
Density, ARbundance

ANNOTATION

Rivers polluted with clay wastes supported a sparse population of
few species. Rooted aquatic vegetation was absent at stations
where the suspended solids concentration was high ( Y2000 ppm)},
whereas unpolluted reaches supported a rich community of aquatic
plants. Contral streams supported 36 times the dernsity of
animals fournd at clay-polluted stations. Species comMposition was
greater in unpolluted rivers and at stations downstream of sewape
autfalls compared with clay-polluted reaches. Clay pollution
either eliminated or reduced the abundance of several macro-

invertebrate species frequent in control streams. The absence of
plants and macroinvertebrates in rivers receiving clay waste was
asscciated with the deposition of fine inert solids rather than
turbidity or abrasion by particles in suspension.

35
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REFERENCE: Phillips, R. W. 1971, Effects of sadiments on the

. gravel environment and fish production. In: Proc.
of Symp. Forest Land Uses and Stream Erosion, Oregon
8t. Univ.

'REFERENCE

LOCATION: Alaska Department of Fish and Game, Anchorage
IMPORTANT

PABGES:

KEY WORDS: Rainbow Trout, Gold Mining, Logging, Turbidity
ANNCTATION

Sediment influences fish in many ways: (1) Blocks transmission
of light, reducing alpgae productiony (2) Damages pill membranas
and can cause death where concentrations are high and exposures
are longl (3) Harms spawning by filling interstices and reducing
oxygen exchangej) {(4) Interferes with removal of metabolites; ()
Makes barriers preventing fry from emergingy and, (6) Reduces
cover on stream bottom. Sediment is defined as particles less
than 4 mm in size. Fishing success is reduced whara turbidity -is
preater than 25 ppm. Concentrations of kaolin and diatomacecus
earth of 270 to 810 ppm for 10 days killed rainbow trout.
Mortality of 87 percent in rainbow fingerlings one and a half
mile downstream of a pgold dredpe producing 1000 to 2500 ppm
solids ocourred in 20 days versus 9.5 pearcent mortality in a
control stream.. Cther fiash species such as sunfish and bass
appear to be more tolerance of turbidity. Turbidity is produced
from ercosicon as a result of logging, road building, mining, and
other activities.
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REFERENCE? Phillips, R. W.y R. C. Lantz, E. W. Claire, and J. R.
Moring, 1975. Some effects of gravel mixtures on
emergence of coho salmon and steelhead trout fry.
Trans. Amer. Fish. Soc., 104(3):1461-466E.

REFERENCE
LOCATION: Rlaska Rescources Library, Anchorage (microfilm)

IMPORTANT
PRGES:

KEY WORDS: Coho Salmon, Steelhead Trout, Sedimentation

Eight mwmixtures of sand and gravel were tested in incubation
troughs using coho salmen and steelhead eggs. Survival for coho
eggs was 96 percent in control mixture, 82 percent in 10 percent
sand, 64 percent in 20 percent sand, 38 percent in 30 percent
sanc, 20 percent in 40 percent sand, 22 percent in 50 percent
sand, and 8 to 10 percent in 60 to 70 percent sand. Sand was 1
to 3 mm in diameter. For steelhead, the relationship was
gimilar, ranging from 99 percent in the control mixture to 18

. percent in 70 percent sand. Emergence of. fry appeared to be

garlier than normal. This study appears to support previous
stuciies which have shown the inverse relationship between the
amount of fines and egg survival. :
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REFERENCE: Pickering, R. J., 1876. Mmasurement of “turbidity”
and related characteristics of natural waters. Open-
File Report 76-153, U.S5. Geological Survey. 13 pp.

REFERENCE

LOCATION: L. A. Peterson & Asscociates, Inc.
IMPORTANT

PABGES: i, 2

KEY WORDS: Turbidity, Jackson Candle, Formazin, Nephelometric
ANNOTRATION

Rttempts to quantify turbidity have led to a proliferation of
definitions, methods of measurement, instrumenta, standards, and
units of measure. Turbidity data for natural waters are applied
to several uses, includingi (1) Determirnation of the depth to
which photosynthesis can occurg (2) Aesthetic evaluation of water
used for recreation; and, (3) Estimation of concentration of

suspended sediment. Lack of standardization of the measurement
often has resulted unwittingly in correlations between unrelated
nunbers. There is a -strong feeling within the hydrologic

profession that more precise and definitive sets of methods and
termirnclogy are required. Turbidity generally is measured as an
optical phenomenon and should be reported in optical units.

The u. S. Gevlogical Survey has adopted the following
principles: (1) Standard instruments and methods should be
adopted to Neasurae and report the light transmitting
characteristics of natural waters in optical units, thus avoiding
the use of "turbidity" as a gquantitative measure; {(2) Reporting
af “"turbidity" in Jackson Turbidity LUnits, Hellige Units,
severity, or Nephalometric Turbidity Units should be phased out}
{3) The basis for estimations of sediment concentrations using
light measurements should be documented acdequatelys; and, (4) The
use aof transparercy measurements by Secchi disk is considered to
be acceptable, although light transmittance may prove to be a
more precise means of ocbtaining the same information.

/5
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REFERENCE: Shelton, J. M., and R. D. Pollock, 1366. Siltation
and egg survival in incubation charnnels. Trans.
Amar. Fish. Soc., 95(2)1183-189,

REFERENCE -
LOCATION: Alaska Resources Library, Anchorage (microfilm)

IMPORTANT
PAGES:

KEY WORDS: Chirnoock Salmon, Chum Salmon, Siltation

ANNOTATION

Chinook and chum salmon eggs in incubation channels were
subjected to siltation. In the first season, 180,000 chinook
eggs were planted and no siltation control measures were
implementad. Survival of sggs was 5C percant. In the succeeding
two seasons, chum salmon eggs were planted and silt control
measures were implemented. Survival was 92 and 95 psrcent,
respectively. Silt was cleanad from the channel after the first
season. Deposition was primarily silts and clays and accounted

for. 0.5-10.4 percent of total substrate sample weight. In the
firet season, siltation was so heavy that an estimated 35.2
percent of intergravel voids were filled. The upper portion of
the channel was used as a settling basin in seasons 2 and 3 and
most of the material settled out. Mortality of eggs in the first
season ranged from 85 percent in the heaviest silt to 32 percent
in the lightest silt.

: Qﬁi ,
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REFERENCE: 8Sigler, J. W.y T. C. Bjornn, and F. H. Everest, 1984,
Effects of chronic turbidity on density and growth of
steelheads and coho salmon. Trans. Amer. Fish. Scc.,
113(28)1142-150.

REFERENCE
LOCATION: Rlaska Resources Library, Anchorage

IMPORTANT
PRBES:

KEY WORDS Coho Salmon, Steelhead, Turbidity

Yearlong and older salmon can survive high concentrations of
suspended sediment for considerable lengths of time. Mortality
coccurs above 20,000 mg/l. This paper considers the effects of
suspended sediments on newly emsrged young. Teasts done in
laboratory streams used clay, fireclay and bentonite.
Significant differeances wers sesn between the growth rate of fish
in clear versus turbid streams. Fish tended to move out of
turbid channels. In natural systems, newly emerged fish
encountering turbidity would likely move out of the area. Bill
tissue damage was cbserved after 3 to 5 days in turbid water. As
littie as 25 NTU caumed reduction in fish pgrowth, probably from
raduced ability to fead. It is not known (f this is due to
inability to see prey or interceptions of appropriate light
wavelengths by particles. At turbidities of 100 to 300 NTU, fish
left the charmels or died. The tests were conducted primarily
with turbidities of 25-50 NTU.
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REFERENCE: Sigma Resource Consultants, 1973. Summary of water
quality criteria for salmonid hatcheries. Dept. of
Fisheries and Oceans.

REFERENCE 1 -
LOCATION: Rlaska Department of Fish and Game, Anchorage

IMPORTANT
PAGESB1

KEY WORDSE: Salmon, Suspernded Sclids

ANNDTATION

Criteria are established to allow evaluation of new water sources
and identify water treatment needs when establishing a hatchery.
Primary fish culture parameters such as dissolved oxygen, pH,
ammonia, dissolved carbon dioxide, hydrogen sulfide, nitrite, and
suspended solids are considered. Suspended solids are either
organic or inorganic. Inorganic solids can transport adsorbed
pollutants such as pesticides. Coating of fish eggs with silt
can inhibit gas tranafer of carbon dioxide, oxygen, and ammonia.
It can also affact Juvenile fish by reducing growth rate,
reducing dissolved oxygen, disrupt feeding, transportation of
adsorbad pollutants, and damape to gills. It is suggested that
an acceptable limit of suspended solids for incubating eggs is 3
mg/L. and for rearing and holding the limit would be 2% mg/L in
the abserce of other pollutantasa.

!
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REFERENCE: Simmons, R. C., 1584. Effects of placer mining
sedimentation on Arctic grayling of interior Alaska.
M.S. Thesis, University of RAlaska, Fairbanks, Rlaska.

75 ppe.
REFERENLCE
LLOCATION: L. RA: Petearson & RAssociates, Inc.
IMPORTANT
PAGES: 3, S52-65

KEY WORDS: Turbidity, Settleable Solids, Total Residue

ANNOTATION

The effects of placer mining sedimentation on Arctic grayling
ware assessed by comparing data collected in mined and unmined
streams. Although many young—of-the-year and adult grayling used
unmined streams for summer habitat, no grayling were found in the
mined streams except during periods of migration. Grayling
apparently selected clear water streams for summer residence.

Caged fish studiss demonstrated that if grayling could not escape
from streams carrying mining sediments, they would suffer direct,
chronic effects, including gill damage, dietary deficiencies, and
slowed maturation. The indirect effects of sedimentation on
grayling populations, through loss of summer habitat for feading
and reproducticon, are more severe than the direct ones.

Based on this study, the following water quality guidelines and
corresponding levels of protection expected in receiving waters
were suggested:

L.evel of Yotal Residue, Settleable Turbidity,

Protection mQ/L Solids, ml/L —NTU___

High { 150 { 0.1 { 25

Moderate 150-300 C.i=-0.2 25-100

Low Y 300 )y 0.2 y 300
a/q
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REFERENCE: Scorensen, D. L., M. M. McCarthy, E. J. Middlebrooks,
and D. B. Porcella, 1977. Suspended and dissolved
sclids effects on freshwater biocta:t a review.
EPA=-&00/3-77—-042, Corvallis Environmental Research
Laboratory, Office of Research and Development,U.S.
Environmental Protection Agency, Corvallis, Oregon.

635 pp.
REFERENCE
LOCATION: L. R. Peterscn & Associates, Inc.
IMPORTANT
PAGES: i, 2, 21,28, 32-42

KEY WORDS: Suspendedanisms werae difficult to demonstrate;
Suspended solids have significant effects on community dynamics
due to turbidity; Suspended solids may have significant effects
on community succession, community stability, and fish avoidance
reactions; Sediments may serve as a reservoir of toxic chemicalsy
and, Relatively high suspended solids were needed to cause
behavioral reactions (20,000 mg/L) or death (200,000 mg/L) in
fish over the short term.

anisms were difficult to demonstrate; Suspended solids have
significant effects on community dynamics due to turbiditys
Suspended #0lids may have significant effects on community
succession, community stability, -and fish avoidance reactions;
Sediments may serve as a resarvoir of toxic chemicalsy and,
Relatively high suspended solids wers needed to cause behavioral
reactions (20,000 mg/L) or death (200,000 mg/L) in fish over the
short term.
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REFERENCE: Symans, J. M., and J.C. Hoff, 1575, Rationale for
turbidity maximum contaminant level. Presented at
Third Water CQuality Technology Conference, American
Water Works Associationy Atlanta, Georpgia, December
8-10, 1375. Water Supply Research Division,
Environmantal Protection Agency, Cincinnati, Ohio.

18 pp.
REFERENCE
LOCATION: Alaska Department of Environmental Conservation
IMPORTANT
PRGES: 1~4, 15, 17

KEY WORDS: Turbidity

ANNOTATION

For drinking water, 5 units aof turbidity became objecticnable to
a considerable number of pecple, and many people turn to
alternate supplies which may be less safe. The relationship
between particulates in the water and the presence of disease
causing organisms was documented from literature. Turbidity aven

at low levels, above 1 turbidity unit, interferes with
disinfection and pravents maintenance of an effective
disinfectant agent (e.g., chlorine) throughout the distribution
asystemn, 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

have no bearing on the potential protection aof pathogens. Small
organic particles, on the other hand, may protect pathogens.
Therefore, in evaluating turbidity, the nature of the particles
in the water must be taken into account.

/9
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REFERENCE: Tappel, P. D.y and T. C. Bjornn, 1983. A new method
of relating size of spawning graval to salmonid
ambryo size. North American Journal Fisheriaes
Management, 3:123-135.

REFEERENCE

LOCATION" University of RAlaska Library, Fairbanks
IMPORTANT

PAGES: 129-131

KEY WORDS: Salmonid, Survival, Size, Emergernce, Spawning Gravel,
Fina Sadiment

ANNQTATION

A nrnew method for describing the size composition of salmonid
spawning gravel was developed. Salmonid embryc survival was
relatad to two particle size groups, 3.50 mm and 0.85 mm, in
laboratory tests. In these tests, )30 percent of the variability
in eaembryo survival was correlated with changes in subtrate size
composition. Gravel mixtures containing high percentages of the
fine sediment produced slightly smaller steelhead fry than
gravaelas containing low percentages of fine sediment. There was
no relationship betweaean changes in gravel size composition and
the size of chinook salmen emeargents. In gravels containing
large amounts of fine sedimant, many of the steelhead and chinook
salmon fry emerged before yolk sac absorption was complete.
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REFERENCE: Thurston, R. V., R. C. Russo, C. M. Fetterolf, Jr.,
T. A. Edsall, Y. M. Barber, Jr., (eds.), 1979. A
review of the EPA Red Book: gquality criteria for
water. Water GQuality Section, American Fisheries
Society, Bethesda, MD. 313 pp. :

REFERENCE

LOCATION: L.A. Peterson & Asscciates, Inc.
IMPORTANT :

PRBES: i, 2, 286~-270

KEY WORDS: Suspended Solids, Settleable Solids, Turbidity,
Residue, Criteria, Resthetics, Freshwater RAguatic
Life, Protection

This is a review and discussion of EPA criteria for suspended
solids, settleable sclids, and turbidity with regard toc assthetic
water gquality, freshwater fish and other aquatic life. The
aesthetics criteria are generally satisfactory as stated in the
Red Book. Recommendations for improvement of aessthetics criteria
include definition of nuisance organisms, and recognition and
discussion of the aesthetic value of bioclogical components of
aquatic systems. The criterion for frashwater and other aguatic
life is difficult to apply under most conditions and impossible
to apply in oathers. Turbidity and solids are not syrnonymous as
suggested in the Red Bock, and vo method is proposed for
measuring the compensation point., There is no correlation made
between sedimentation effects and the criterion or with
compensation depth. The recommended maximum concentrations of
suspended solids for various levels of protection are
oversimplified in the Red Book to the extent that they are no
longer scientifically sound. The application of reduced photo—

synthetic activity as a criterion for freshwater fish appears to
be an indirect measurement of the ssffects of sediment and
turbidity, at best. Residues (turbidity and solids) should be
considered separately with each parameter measured in standard
units. The criterion for solids should be defined in mp/L of
residues (solids), turbidity in NTU, and terminology shculd be
consistent with Standard Methods. Future ERA criteria should
take into account the criteria developed by a number of authors.
Many of these data would support a limit of 100 mg/L
non-filterable residue for fresh and estuarine waters to prevent
maortality. However, one reviewer of the Red Book thought that
100 mg/L is too restrictive and that concentrations could be much
higher without causing adverse effects. There is no universal

agreement azs to levels of turbidity to be allowad nor is there
agreemant upon units to be used.
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REFERENCE: Truhlar, J. F.y, 1976. Determining suspended sediment
loads from turbidity records. In: Proc. Third
Inter—~Agency Sedimentation Conf., 1976. Water
Rescurces Courcil, Denver, CO.

REFERENCE
LOCATION: Alaska Department of Fish and Game, Anchorape

IMPORTANT
PRGES:

KEY WORDS: Turbidity, Suspended Soclids

Methods of evaluating sediment~contreol measures are considered.
Field data shows a good correlation betwesen mean daily
discharge—weighted turbidity and mean daily discharge-weighted
suspended solids concentration. Digital and graphic recorders
were employed to measure turbidity. RAlthough there appears to be
no universal relationship batween turbidity and suspended
sediments, there appears to be a good correlation for individual
streams. Turbidity could be taken and suspended sclids computed
using water discharge records. Actual measurement must be made
toc wstablish the correlation and then periodically to verify it.

A/
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REFERENCE: Turnpenny, BA. W. Hey, and R. Williams, 1980. Effacts
of sedimentation on the gravels of an industrial
river system. Journal Fish Biology, 17:6881-633.

REFERENCE ' B
LOCATIONE University of Alaska Biomedical Library, Fairbanks
IMPORTANT

PAGES: €84, 586—-691

KEY WORDS: Trout, Mortality Rate, Eggs, ARAlevins, Suspended
Solids, Dissclved Oxygen, Permeability '

——— e S — . ——

Rainbow trout eggs were planted in river gravels to assess the
effects of siltation on salmonid spawning success. In reachas
where siltation due to the coal industry has occurred, 98 to 100
percent of eggs died during incubation in the gravels. This high
mortality rate corresponds to suspanded solids concentrations of
2 ta 2481 mg/L, gravel permeabilities in the range of 5 to 74
cm/hy, and dissolved oxygen concentrations of Z.4 to 7.8 mp/L.  In
another river egg mortality ranged from 24 to 98 percent
corresponding to suspended solids levels of 3 to 1810 mg/L,
gravel permeabilities ranging from 7 to 2950 em/h, and dissolved
oxygen of 3.8 to 8.6 mg/L. The lower mortality rate in the later
rivar is probably a reflection of the lower suspended solids
levels. Alevin survival threshold valuss for dissolved oxypgen
and permeability are around 4.9 mp/L and 40 cm/h, respectively.
It was calculated that a S0 percent alevin mortality rate
corresponds to a dissolved oxygen concentration of 6.5 mg/L.
Alevin size also showed a strong positive correlation with the
dissolvad oxygen supply rate.
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REFERENCE: Van Nisuwenhuyse, E. E., 13583. The effaects of placer
mining on the primary productivity of interior Alashka
streams. M. 8. Thesis, University of ARlaska,
Fairbanks, Alaska. 120 pp.

REFERENCE

LOCATION: L. A. Peterson & Asscociates, Inc.
IMPORTANT

PAGES: 58-€6

KEY WORDS: Turbidity, Settleable Solids, PAR, Gross
Productivity, Algal Productivity, Recreational
Activities, Criteria

ANNOTATION

A strong positive correlation was observed between incident PAR
and gross productivity, attesting to the importance of light in
regulating primary production. This relationship providaes the
partial basis for a model which could be used to predict algal
productivity at diffarent turbidity levels, ’

Recreational activities such as canoeing and fishing would
prabably be pepular on PBireh Creek if the channel were
rehabilitated to allow fish passage, and if turbidity could be
maintained below 200 to 300 NTU. The results of this study
support the contention that a settleable solids standard of <(O.1
ml/L for receiving waters could be reasonable. With regard to
turbidity, the fellowing tentative criteria are sugpested: € to
25 NTU high level of protection, 25 to 100 NTU moderate, 100 to
300 NTU low, 300 to 500 NTU very low.
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REFEREBCE: Vanous, R. D., P. E. Larson, and C. C. Hach, 1982.
The theory and measurement of turbidity and residue.
In: Water Analysis Volume 1 inorganic species, Part
I, Academic Press, New York, N.Y. pPp. 1lE4-234

REFERENCE

LOCATION: L. A. Peterson & Associates, Inc.
IMPORTANT

PRGES: 167-221

KEY WORDS: Turbidity, Nephelometric, Residue, Suspended and
Dissclved Solids

The theory of light scattering is presented by a review of
terminology, Rayleigh scattering and theory, and Mie scattering.
The discussion of the measurement of turbidity includes the
affacts af sample and instrument parameters on turbidity

measurement, a history of turbidimetric methods, modern
nephelometric instrumentation, commercial instrument responses,
process instruments, . specifications for nephelometiric

ingtrumentation, methods of instrumental turbidity measureméent,
and the potential of future nephelometric developments.
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REFERENCE Wilber, C. G., 1983. Turbidity in the aquatic
environment, an environmental factor in fresh and
oceanic waters., Charles C. Thomasy, Publisher,
Springfield, Illincis. 133 pp.

REFERENCE

LOCATION: Nichols Environmental Consulting
IMPORTANT

PRGES: 25-36, 41-108, 112-116

KEY WORDS: Turbidity, Suspended Solids, Freshwater, Marine
Water, Effects

A review of key literature quantifies the effects of turbidity
and suspended solids on fresh and marine water uses. Included
are affects on chemical and physical water gquality, water supply,

freshwater and marine organisms and aestheticsa. Biological
effects on a wide variety of organisms include physiological,
feeding efficiency, feeding selection, feeding rates,

filter—feadar feeding, reproductive behavior, population numbers

-and dengitiesy growth and development, resistance to disease, and

habitat wutilization. Specific groups of organisms discussed are
warn water fishes, salmonid fishes, freshwater macraoinverte-

brates, and a number of marine organisms including coral, filter
feeding orpanisma, and marine mammals.

Streams may be classified according to suspended sclids
concantrations, A concentration of 25 to 30 ppm is optimal, 30

te B85 ppm is gooed, 83 to 400 ppm is poor, and Y400 ppm is
extremely bad.
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REFERENCE: Witzel, L. D., and H. R. MacCrimmon, 1981. Rale of
gravel substrate on ova survival and alavin emergence
of rainbow trout, Salmg gairdrneri. Canadian Journal

of Zoolagy, Vol. 59. pp. 6E23-E36.

REFERENCE

LOCATIONG: Cooparative Fiah Unit, University of Alaska,
Fairbanks

IMBOGRTANT

PAGES: &29, 632~-635

KEY WORDS: Gravel Size, Trout, Ova, Alevins, Survival, Emergence

ANNOTATION

A verticle flow incubation apparatus was used to determine the
role of various gravel sizes on ova survival and emergence of
rainbow trout alevins. Survival to emergerce, time of emergence,
and alevin condition at emergence were significantly influenced
by gravel size. Mean percent survival to emergence increased
from 1 percent in 2-mm gravel to 76 percent in 26.5-mm gravel.
Survival of ova to swim-up stage in a gravel free incubator was
aa parcent. Differences in percent survival were most
significant within the 2 to 8 mm gravel range. Poor gsurvival of
trout alevinsg in the 2 to 4 mm gravel was the result of
entrapment. The time to emergence also increased with gravel
siza. Larger alevins, which emerged later from coarser gravels
had the least yolk reserve. Premature emergence of free embryos
and shortening of the alevin emergence pericd in 2.0-mm gravel
was identified as a stress response.
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APPENDIX B
GENERAL LITERATURE--FREEH WATER

The references listed herein were reviewed by project team
members and judged to be: (1) Too general; (2) Inapplicable to
the scopa of this projasct (e.ge., related topics such as
biological life history); (3) The information contained in a
specific reference was aeaxplained in more detail in one or more
of the references appearing above in Appendix A or, (4) Only a
portion of the reference was applicable and this information is
cited in the text of the reporst.
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REFERENCE: Auld, A. H., and J. R. Schubel, 1978. Effects of
suspended sediment on fish eggs and larvae: a

laboratory assessment. Estuarine and Coastal Marine
Science, (8)153-164.

REFERENCE

LOCATION: University of Rlaska Library, Fairbanks
IMPORTANT

PRAGES: 153

KEY WORDS: Suspended Sediments, Laboratory, Fish Eggs, Fish
Larvae, Hatching, Survival

ANNOTATION

Eggs and larvae of six species of anadromous and estuarine fish
were exposed to concentrations of suspended sediment up to 100
mg/l. to determine the effects of different concentrations on
hateching success and short term survival, Egg experiments
indicate that concentrations of up to 1000 mg/L did not
significantly affect the hatceching success of yellow perch,
blueback herring, alewife or American shad eggs. ‘The same
concantrations did however significantly reduce the hatching
success of white perch and striped bass, whereas lower
concentrations did not. Experiments with larvae indicated that
concentrations above S00 mg/L significantly reduced the survival
of striped bass and yellow perch. Concentrations above 100 mpg/l
significantly reduced the survival of American shad larvae
continocusly exposad for 96 hours. The significance of these
results are discussed in relation to changes in sediment loading
in estuaries.
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REFEERENCE Brehmer, M., L., 1965. Turbidity and siltation as
forms of pollution. Journal of Soil and Water
Conservation, July-Rugust, 1965. pp. 138-133.

REFERENCE -

LOCRATION: University of Alaska, Fairbanks. {(Interlibrary loan)
IMPORTANT ‘

PAGES!® 132-133

KEY WORDS: Suspended Solids, Sediment Deposition, Effects,
Estuarine Systams, Resthetic Quality, Recreational
Uses, Phytoplankton, Zooplankton, Infauna, Benthos

The role of suspended solids and sediment depositions in
estuarine systems is discussed in this paper. The destruction of
recreational beaches and aquatic habitats is well documented.
Grounds made suitable for oyster culture suffer heavily from

siltation. Dradge spoil disposal studies indicate that infaunal
forms are destroyed by smothering. Siltation can also smother
epifaunal forms, and the unstable characteristics of silt
deposits could prevent re-~astabl ishmant of populations.

Suspended solids in water have a definite effect on the water's
assthetic quality and its valus for recreaticnal purposes. The
concentration at which water becomes objectionable to the user is
A matter of individual conditioning. The bioclogical effects cof
inorganic suspended solids to estuarine communities are complex
and extremely difficult to quantify., The effects of inorganic
sadiments on zooplankton and higher agquatic life are even more
difficult to evaluate than the effects on phytoplankton.
Man-made levels of turbidity undoubtedly exert injurious effects
on the estuarine community. Shellfish and finfish are especially
vulnerable to damage by inorganic suspended solids. The feeding
activity of certain filter—feeding shellfish is inhibited by high
suspeanded solids levels.
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REFERENCE: Davis, He €C.y, and H. Hidu, 1969. Effects of
turbidity=-producing substances in sea water on eggs
and larvae of three gerera of bivalve mollusks.

The Veliger, Vol. II, No. 4, pp. 316-323
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LOCATION: University of Alaska, Fairbarks
IMPORTANT

PAGES: 320

KEY WORDS: Clams, Oysters, Silt, Kaolin, Fuller's Earth,
Coricentration, Particle Bize, Growth, Development,
Survival

ANNOTATIO

A series of experiments were run to compare the effects of
different-sized particles on embryos and larvae of hard clams and
Amarican oysters., AfAs little as 0,188 g/L silt, 3 g/L kaolin, and
4 g/t Fuller's earth caused a significant decrease in the
percentage of oystar eggs developing rormally. American oyster
eggs were not affected by 4 g/L silicon dioxide, regardless of
particle size. The smallest particles ( (5 microns) of silicon
dioxide had the greatest effect on survival and growth of clam
and oystar larvas. Particles in the range of S to 25 microns and
25 to 50 micrens had little effect on survival of either species
or on growth cof clam larvae. Browth of American oystar larvae
decreasad progressivaly as the size of gilicon dioxide particles
decreased. Bivalve larvae gren faster in low concentrations of
suspended particles than in clear sea water,

9/9
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REFERENCE: Johnson, J. K., 1971. Effect of turbidity on the
rate of filtration and growth of the slipper limpet,
Crepidula fornicata Lamarck, 1799. The Veliger, Vol.

14' No. 3. =1~ 315-320.

REFERENCE

LOCATION: University of Alaska, Fairbanks
IMBORTANT

PAGES: 318-320

KEY WORDS: Turbidity, Silt, Kaolin, Fuller's Earth, Effects,
Filter Feeding, Shell Growth, Gastropod

The purpose of this investigation was to determine how the shell
growth of the filter feeding gastropod Crepidula fornicata is
affected by prolonged exposure to various levels of turbidity
(0.002 te 0.25 g/L) in nature, and to examine the sxparimental
affects of increasing concentrations (0.08 to 1.56 g/L) of silt, -
kaclin, and Fuller's earth on the filtration rates of C,

fornicata. Results - showed that the shell growth rate decreased

. as the level of natural turbidity increased. Likewise, shell

growth was found to be greatest in a transplantation environment
of low. turbidity as compared ¢toc a high turbidity environment.
The filtration rates of (., fornicata decreased as the level of
turbidity increased. Low concentrationa of silt equivalent to
natural levels of turbidity in nature produced significant
reductions in filtration rates. 8ilt, Fuller's earth, and kaolin
each caused a significant reduction in the filtration rate as the
concentration increased up to 6 g/L. Reduced shell growth rate
may be the result of inadequate food intake due to clogging of
the filtering mechanism by turbidity. Bustained high turbidity
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REFERENCE: Johnstony D. D., and D. J. Wildish, 1982. Effasct of
suspended sediment on feeding by larval herring
(Clupsa harengus harengus ' L.). Bulletin

Environmental Contamination Toxicology, (29)1261-267.

REFERENCE

LOCATION: University of Alaska Library, Fairbanks
IMPORTANT

PAGES: 261, 264-267

KEY WORDS: Suspended Sediments, Light Intensity, Herring,
Larvae, Feeding Rate, Zooplankters, Visibility

ANNOTATION

The purpese of this study was to determine if increased levels of
suspended sadiment atcurring after dredging, and resultant
decreasss in light intensity, reduce prey visibility for larval
herring to the extent that the fesding rate is affected. The
effect of suspended sediment on larvae of different ages was also
investigated. Larvae fed in water containing 4 and 8 mg/L did
not consume significantly fewer zooplankters than did control
larvae. However, larvas fed at 20 mp/L did consume significantly
fewer zooplankters than did the controls. Similarly, larvae fed
at &5 and 105 phototopic lux consumed significantly fewer
zooplankters than those fed at 300 1lux in the control tanks.
There were sipnificantly fawer larvae in the bottom section of
the tanks containing suspended sediment than in the controls. As
the concantration of suspended sediment was increased, light
intensity and visibility of prey decreasss. As a result, the
larvae move into the better illuminated surface layers to feed.
Thae decresase in light intensity at lower sediment concentrations
(4 and 8 mg/L) is not sufficient %o result in a depression of
feading rates. At preater concentrations of suspended sediment
(20 mg/L), the visibility of prey and light intensity are
significantly decreased and the feeding rate is depressed. The
lavel of suspended sediment resulting in a depression of feeding
rate by herring larvae is also a function of larval age and size.
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REFERENCE: HKiorboe, T., E. Frantsen, C. Jansen, and B. Soransen,
1981. Effacts of suspended sediment on development

Estuarine, Coastal and Shelf Science, (13)1107-111,

REFERENCE

LOCATION: University of Alaska Library, Fairbanks
IMPORTANT

PRBES!: 107

KEY WORDS: Eggs, Herring, Suspended Sediments, Hatching,
Developmant

ANNOTRTION

Herring (Clupea harengus) eggs artifically fertilized in the
laboratory ware constantly exposad at § to 300 mg/L suspended
silt and ¢to short term concantraticons of 3500 mg/L at different
timosn during embryonic developmant. Results indicate that
embryonic development was unaffected by suspended silt.
Mortality rates varied significantly batwean aguaria, but the
variation was not related to silt concentrations. It was
concluded that no harmful effects are likely to occur to herring
spawning grounds as a result of suspanded particle inputs from
dredging and similar cperations.
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REFERENCE: Kiorbow, T., F. Mohlenberg, and 0. Nohr, 1980. Feed-
ing, particle selection and carbon absorption in
Mytilus edulis in different mixtures of algae and
resuspended bottom material. Ophaelia, 19(2):1193-20%5.

REFERENCE

LOCARTION: University of Alaska Library, Fairbanks
IMPORTANT

PAGES 193

KEY WORDS: Silt Concentration, Algas Suspansions, Mytilus
edylis, Filtration, Food Uptake, Carbon Budget

ANNOTATION
The effects of silt concentration on filtration behavior, food
uptake, and carbon budget of the mussel Mytilug eduylis were
studied. Increasing amounts of material were retained by the
gille with increasing silt concentrations, but an increasing
proportion of this was rejected as pssudofasces. Pssudofaeces
was produced at silt concentrations above 1 mg/L. The amount
increased linearally with the amount of material retained. Dry
- matter ingestion increased with incresasing concentration of silt.
At a silt concentration of 2 mg/L, algae were concentrated by a
factor of 3, and at 55 mg/L by a factor of about 30. The carbon
ingestion rate increased considerably at a low concentration of
silt compared ¢to a suspension of pure algae, and decreased at
high concentrations (55 mg/L). Carbon absorption efficiencies
ware high (59 to 65 percent) up to a silt concentration of 25
mg/L, and decreased slightly at higher concentrations (352 to 55
mg/L). It was concluded that Mytilus is well adapted to silt
concentrations up ¢toc 535 mg/L, and even benefits from concentra-
tions up to 25 mg/L.
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REFERENCE: Loosanoff, V. L., 1961. Effects of turbidity on some
larval and adult bivalves. Proceedings Bulf and
Caribbean Fish Institute, Fourtesenth fAnnual Session,
November. pp. 80-95,

REFERENCE

LOCATION! University of Alaska, Fairbanks (Interlibrary Locan)
IMPORTANT

PARGES: 80, 83-91

KEY WORDS: Bivalves, Oysters, Turbidity, Silt. Kaolin, Pumping
. Rate, Shell Movement

ANNOTATION

An analysis of the effects of turbidity upon larval and adult
bivalves is prasented,. Studies of the American oyster,

although several other species are also presented. Different
species of mollusks, their eggs and their larvae were affected to
different degrees by the same concentrations of turbidity-causing
sadiments. Vary small- quantities of silt and kaolin sometimes
stimulated normal activities of adult and larval mollusks.
Howaver, concentraticns as small as 0.1 g/L significantly reduced
the water pumping rate by an average of 37 percent and strongly
affected the character of shell movements of the adult oysters.
At concentrations of 3.0 to 4.0 g/L, the average reduction in
pumping rate was over 90 percent. The shell movements of oysters
kept in turbid waters were associated with frequent sjections of
large quantities of silt and mucus accumulating on the gills and
palps. In another experimant, oysters were exposed to silt
concentrations of 1.0, 2.0, 3.0, and 4.0 g/L for 48 hours. When
the oysters were again subjected to normal sea water, they failed
to show the usual recovery-type of shell movement nor did they
resume a rapid rate of pumping, as is normally ocbserved after
exposure to sediment for relatively short pericds. Apparently
longer exposures affect them adversely by injuring the ciliary
mechanisms of their gills and palps. Data indicated that
lamellibranchs (oysters and clams) feed most effectively in
relatively clear water.
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REFERENCE: McFarland, V. A., and R. K. Peddicord, 1980.
Lethality of a suspendaed clay to a diverse selecticn
of marine and estuarine macrofauna. Archives
Environmental Contamination Toxicology, (9)1733-741.

REFERENCE

LOCATION: University of RAlaska, Fairbanks
IMPORTANT

PAGES &€37-640

KEY WORDS: Marine Macrofauna, Suspended Kaolin, Sensitivity,
Tolerance, Mortality

ANNOTATION

An evaluation was made of the lethality of a suspended clay
mineral on a phylogenetically diverse selection of marine and
estuarine macrofauna. R very wide range of sensitivities to
suspendad kaolin was observed among the 16 species studied.
Eight had (10 percent mortality after exposure to 100 g/L
suspended kaolin for T to 12 days. f variety of other species
were found to be more sensitive. The 200~hr LCS50 for the mussel
M. Californianus was 36 g/l.. fn experiment using the tunicate
Ascidia ceratgdes was terminated at 136 hr because of the high
mortality reached at that time.- Two other tunicates were much
more tolerant to suspended kaclin with a 12 day LCS0 of 100 g/i.
The 200~hr LCSO for the spot-tailed sand shrimp was 50 g/L, and
the 400~hr LCSO was S0 g/L for the same species, indicating a
high tolerance to suspended clay. The euryhaline grass shrimp
was evern less sensitive tc suspended kaoclin. The Dungeness crab

Cancer magister was tested for 10 days and found to be more
sensitive than any of the shrimp species, with a 200~hr LCTSO of

32 g/Ll. The 100~hr LCSO for the amphipod Anisogammarus
confervicolus was 78 g/L, indicating an intermediate sensitivity
to suspanded kaolin. The concentration causing S50 percent

mortality of the polychaste Neanthes succinga in 200 hr was
estimated to be 48 g/L. The English sole Parophrys vetulus
exhibited noc mortalities in 10 days at a concentration of 70 g/L
or less, but 80 percent mortality occurred after 10 days at 117
g/L. The shiner perch L£. aggregata was the most sensitive
species tested with only one fish alive after 26 hr in 14 g/L
suspended kacolin. The relative sensitivity of the species testad
may be a function of the frequency to which they are subjected to
high suspended sediment in their environment.
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REFERENCE: Moore, P. G., 1977. Inorganic particulate
suspensions in the sea and their effects on marine
animals. Oceanography and Marine Biology Annual
Review, (135)1225-363.

REFERENCE

LOCATION: University of RAlaska, Fairbanks
IMPORTANT

PAGES: 225-337

KEY WORDS: Turbidity, Suspernded Solids, Marine Animals, Direct
Effects, Indirect Effects, Measurement Techniques,
Economic Effects

An overall synthesis of available literature pertaining to saline
agquatic habitats is presented and discussed along with measure-—

mant fechniques for total particulate matter. These technigques
include gravimetric, centrifugation, and in situ measurements of
the absorption of radicactive energy or the absorption of
scat:tered light, Optical methods are by far the most popular
techniques for studying suspended material, and involve the use
of devices ranging from the simple Secchi disk to a variety of

transmittance scattering and depolarization meters. Several
invastigators have established a relationship betwesn Secchi
depth and seston contant, Secchi depth and attenuation
coefficients, and the attenuation coefficient and particulate
concantrations in sea water. More recently, turbid conditions

have bean recorded by in situ photography, remocte sensing, and
shipborne acoustic systems. Four methods available for particls
size analysis of suspended sediments include microscopic
analysis, optical sadimentation analysis, direct optical

analysis, and the electronic (Coulter Counter) method.

Legal turbidity standards should ultimately be defined in terms
of the light requirements of silt tolerance of the organisms
requiring protection. It may be more realistic to re-define
aliowable turbidity increases in terms of the percentage above
background rather than any arbitrary numerical value.

Numerous laboratory and field experiments have been accomplished
to determine the effects of inorganic suspensions on marine
animals. Beneral effects are presented for a variety of marine
animal groups including: protozoa, porifera, coelenterata,
ctenophora, polycheata, crustacea, mollusca, echinodermata,
bryazoa, phoronidea, brachiopoda, ascidiacea, hemichordata, and
cephalochordata. In addition, a brief discussion is presented
regarding fish, birds, marine mammals, and man.

/
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REFERENCE: Ozturgut, E., J. W. Lavelle, and R. E. Burns, 1981.
Impacts of manganese nodule mining on the
environmentt results from pilot—scale mining tests
in the North Equatorial Pacific. Ini R.A. Geyer,
(ed.), Marine Envirormental Pollution, 2r Dumping and
Mining. Elsevier Scientific Publishing Co., New
York. 574 pg.

REFERENCE _

LOCATION: University of Alaska Library, Fairbanks
IMPORTANT

PRGES: 451-474

KEY WORDS: Mining Plume, Turbidity, Particulate Concentration,
Photosynthetically Rective Radiation (PAR), Light
Attenuation, Primary Productivity, Macrozocoplankton,
Rbundance, Mortality

ANNOTATION

Pilot-scale mining tests were conducted to evaluate environmental
concerns and develop -envirormental guidelines prior to full
scale mining in the North Eguatorial Pacific. Particulate
concentrations were recorded as light scattering intensities with
a nephelomater. Particle sizes were measured with a Coulter
counter, PAR neasurements confirmed the preasence of a
particulate plume with an average concantration of 440 ug/L in
the upper 25 m. Mining particulates increase light attenuation
and thereby directly affect primary production in the mining
area. A comparison was made between ambient production rates
measured in situ and the estimated production rate at a point
along the axis of the plume. The total reduction in productivity
over the entire euphotic zone at this point amounted to 40
percent. The direct effects of mining-related particulate matter
on macrozooplankton include mortality, changes in ingestion rates
and the production of fecal pellets, changes in the elemental
composition of whole organisms, and short—-term affects on spatial
distribution, abundance, and species composition. The results of
two sets of tows indicate that thers was no major decrease in the
abundance cof neustonic macrozooplankton, or sufficient amounts of
mining particulates ingested to cause alteration in their
chemical composition, at plume concentrations less than 1 mg/L.

It is concluded that the effect of mining discharge on
phytoplankton is limited to that caused by turbidity. Increased
light attenuation due to increased turbidity reduced the primary
production rate in the plume. Because particulate concentrations
return to ambient levels within a few days, it is believed that
spacies composition changes will not take place. PBased on both
mining tests and laboratory experiments, it is concluded that the
abundance and mortality of macrozooplankton will also be
unaffected by the mining plume.
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REFERENCE: Peddicord, R. K.y 1980. Direct effects of suspended
sediments on aguatic organisms. Int R.A. Baker
(ed. ), Contaminants and Sediments, Vol. 1, Ann Arbor
Science Publishers, Inc., Ann Arbor, MI. pp. S01-

536.
REFERENCE
LOCATION: University of Alaska Library, Fairbanks
IMPORTANT
PABES: 501, 502, S511-515, S526~533

KEY WORDS: Suspendad Sediment, Kaolin, Bentonite, Rquatic
Organisms, Mortality

Marine and estuarine invertebrates were able to tolerate
continucus exposure to suspensions of kaolin and bentonite clays
in the range of grams/liter for several days to several wesks
without substantial mortality. Fish tolerated similiar
concentrations for similar pericds under similar conditions. As
temperature increased or dissolved oxygen decreased, tolerance
decreased. Even at higher tamperatures and 2 ppm dissolved
oxnygen, most invertebrates tolerated continuocus exposure to 60
g/kL suspended  bentonite for several days befors mortality
oceurred. Juvenile Dungeness crabs were affected to a greater
cdegree by kaolin suspensions than other species. Juvenile
American lobsters suffered no mortalities in 20 g/L contaminated
sadiment for 235 days and only one molting abnormality occurred.
Uncontaminated fluid muds have the potential for producing high
suspended sediment concentrations and low dissolved oxygen for
periods sufficient to causs mortality of a variety of organisms.
Contaminated sadimant suspensions are potentially more harmful
than suspensions of uncontaminated sediment.
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REFERENCE: Sherk, J.A., J.M. 0'Connor, and D. A. Neumann,
1975. Effects of suspended and deposited sediments
on estuarine environments. In: L. E. Cronin, {(ed.),
Estuarine Research, Volume II, Geclogy and

Engineering. Academic Press Inc., New York.
pp. S41-558,

REFERENCE

LOCATION: University of Alaska, Fairbanks
IMPORTANT

PRGES1 541-5%6

KEY WORDS: PBicassays, Fuller's Earth, Mortality, Estuarine
Organisms, Sublethal Effects

——— s S ot ik A s S

Static bicassays conducted with Fuller’'s earth showed significant
mortality among five of the seven species teasted in suspended
caoncantrations typically found in estuarine systems during
flooding, dredging, and spoil disposal. Lethal concentrations
ranged from a low of 0.58 g/L for silversides to 24.5 g/L for
mummichogs (24 hr LC10). Fishes were rclassified as either
tolerant (1o g/L), sensitive (1.0 %o 10 g/L), or highly
sensitive ({1.0 g/L}), based on a 24 hr LCl1O using Fuller's
earth. GCenerally, filter feseders and warly-life stages were more
sansitive than bottom dwellers and adults. Exposure to sublethal
concentrations significantly increased the hematoerit value,
hemoglobin concentration, and erythrocyte numbers in the blood of
a variety of fish. In addition, Fuller's earth, fine sand, and

river asilt (Y250 mg/L) caused significant reductions in the
ingestion rate by copepods.
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REFERENCE:1 Sherk, J. R«y Jr., J. M. Q'Cannor, and D. A. Neumarn,
1976. Effects of suspended solids on selected
estuarine plankton. Miscellaneous Repart No., 76-1,
U. 5. Army Corps of Engineers, Coastal Engineering
Research Center, Fort Belvoir, VA. 50 pp.-

REFERENCE

LOCATION® University of Rlaska, Fairbanks (Interlibrary Loan)
IMPORTANT

PAGEIS: 1o, 11, 15, 23, 28, 38, 35, 36

KEY WORDS: Suspended Sediments, Fuller'!s Earth, Silicon Dioxide,
River Silt, Effects, Carbon Rssimilation,
Phytoplankton, Ingestion Rate, Copepods

ANNOTATION

This report provides baseline data on the effects of different
suspended sedimeants on selected typical estuarine plankton.
Carbon assimilation by four species of phytoplankton was
significantly reduced by the light attenuating properties of fine
silicon dioxide suspensions. A concentration of 1000 mg/L caused

& %0 to 90 percent reduction in carbon uptake ameng the four

species of phytoplankton tested. a8 concentration of 2500 mp/L
causied an 80 percent reduction in one of the species. The
ingestion rate by twe species cof calancid copepods was
significantly reduced during exposure to a 250 mg/L mixture of
Fuller's earth, fine silicon dioxide, and natural river silt. At
a concentration of S00 mg/L river silt, the ingestion rate was
reduced by 77.5 percent.
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REFERENCE: Stern, E.M., and W.B. Stickle, 1378. Effects of
turbidity and suspended material in aquatic environ-
ments. Dredged Material Research Program, Technical
Report D-78-21, Environmental Laboratory, U.S. Army
Engineer Waterways Experiment Statiocn, Vicksburg,
MS. 117 pp.

REFERENCE

LOCATION: Doug Clarke, U.S. Rrmy Engineer Waterways Expariment
Station, Vicksburpg, MS.

KEY WORDS: Aquatic Environment, Dredged Material Disposal,
Environmental Effects, Suspended Load, Suspended
Solidsy Turbidity

IMPORTANT
PABES: 2-10

BNNOTATION
This literature review includes discussions of definitions, units
of measure, methods of measurement, and effects of turbidity and
suspended material in the aguatic environment. There is common
agreement that optical instruments provide an inferred rather
than a direct measurement of suspended solids and that it is
almost impossible to relate sediment concentrations and optical
characteristics from one turbidimetar, standard suspension, or
unit of measure to another. Relatively few studies relate animal
responses to the actual weight per volume concentration of

particles in suspension. Rather, they correlate response with
turbidity. It is unlikely that the light absorbing and
scattering properties of suspended particles directly affect
animals. Because turbidity involves optical properties that

cannot be correlated with the weight/volume concentration of
suspended material, which directly affects aquatic biota, several
investigators suggest that turbidity only be used as a
nontechnical descriptor. GBravimetric techniques probably
reprasent a more accurate measure of the effects of suspended
solids on aquatic biocta while optical measurements may be
preferable for photosynthetic or assthetic purposesa. Laboratory
experinments often do not duplicate natural conditions or reflect
natural levels of organism tolerance to turbidity and suspended
material.

The review also discusses the effects of suspended material and
turbidity on corals, bivalves (clams, oysters, mussels) copepods,
and fishes. The discussion includes information about effacts on
eggs, Juvenilaes, and adult organisms.
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APPENDIX D
GENERAL LITERATURE-—-MARINE

The references listed herein were reviewed by project team
members and jJudged to bes (1) Too generaly (2) Inapplicable to
the scope of this project (e.g., related topics such as
biological life history)) {(3) The information contained in a
specific reference was explained in more detail in one or more
of the references appearing above in Appendix Cj; or, (4) Only a
small of ¢the reference was applicable and this information is
cited in the text of the report. Additionally, refsrences
pertaining to measursments .of particulates applying to both

fresh and marine water are not reprinted here as they appear in
Appandix B.
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