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Abstract.- Eviden ceboth of troph iclevelch an ges in ducedby reductionin  l igh tpen etrationan d


of moredirecteffectsof sedimen tan dturbidityon  aquaticl ife in dicatesth at turbiditycon stitutes


a val id an dusefulwaterqual itystan dardth atcan beusedto protectaquatich abitatsfrom sedimen t


pol lution .A reviewof studiescon ducted in  Alaskaan d elsewh ere in dicatedth at waterqual ity


stan dardsal lowin gin creasesof 25 or 5 n eph elometric turbidityun itsaboveambien tturbidityin 


clearcoldwaterh abitatsprovidemoderatean drelativelyh ighprotection ,respectively, forsalmon id


fishresources in  Alaska.Even stricterl imits may be warran tedto protectextremelyclearwaters,


but suchstrin gen tl imits apparen tlyare n ot n ecessary to protectn atural lyturbid systems.


Turbidity h asbeen  describedas a major water 

qual ity ch aracteristic affectin g fresh water fish  

commun ities(Judyet al . 1984), yet th ereh asbeen 


l ittle publ ish ed l iterature expresslyan alyzin g th e 

use of specificturbidity criteria as water qual ity 

stan dardsto protectaquatich abitatsan d fishfrom 

sedimen t pol lution . In  th is paper, I review th e 

available l iterature on  turbidity in  cold fresh water 

h abitatsbeyon dth atdiscussed in  Lloyd etal . (1987, 

th isissue)an devaluateth eefficacyofwaterqual ity 

stan dardsth at are basedon  specificturbidity cri- 

teria, particularly th osecurren tly usedin  Alaska. 

Th e justification  an d implemen tation  of appro- 

priate stan dardsare importan t to protect fish  re- 

sourcesfrom h abitat degradation causedby th is 

common  form of pol lution . 

Turbidity is an  optical propertyof water wh ere- 

in  suspen dedan d somedissolvedmaterialssuch  

as clay, sil t, fin ely divided organ ican d in organ ic 

matter, plan kton , an d oth er microscopic organ - 

ismscausel igh t to be scatteredan d absorbedrath - 

er th an  tran smitted in  straigh t l in es (APHA et al . 

1980). Modern  n eph elometrictech n iquesmeasure 

th e scatterin gof l igh t in  a sampleof water at an  

an gleof 90øto th e path  of in ciden t l igh t; th erefore 

absorptionof l igh t h asl ittle effectin  more recen t 

turbidity measures (Various et al . 1982). Mea- 

suremen tsof turbidity h ave been  developed to 

quickly estimateth e amoun t of sedimen twith in  

a sampleof water (Truh lar 1976; Sch roederet al . 

1981; Earh art 1984), an d th ey are also used to 

describeth e effectof suspen dedsedimen tin  block-
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in g th e tran smissionof l igh t th rough  a body of


water.


Effects of Turbidity an d Suspen ded


Sedimen t on  Salmon ids


An  in creasein  turbidity h asbeen sh ownto dra-

matical ly reduce l igh t pen etration  in  both  lakes


an d streams in  Alaska an d elsewh ere;it is asso-

ciated with  decreasedproduction  an d abun dan ce


of plan t material (primary production ), decreased


abun dan ceof fishfood organ isms (secon darypro-

duction ), an d decreased production  an d abun -

dan ceof fish  (Lloyd et al . 1987). Th ere also are


defin ablerelation sbetweenturbidity an d th econ -

cen tration  of suspen dedsedimen ts(Lloyd et al .


1987) th at en able turbidity to be used as a rea-

son ableestimator of suspen dedsedimen tcon cen -

tration  (SSC). Th ese relation sh ipscan  be impor-

tan t tools given  th at h igh  SSC h as been  directly


related to adverseimpacts on  aquatic systemsbe-

yon d th osedirectly attributable to turbidity.


In  addition  to th e studiescon ducted in  Alaska,


th ereisa large,albeit disjoin ted,bodyof l iterature


on  th e effectsof turbidity an d suspen dedsedi-

men ts. Reviews of much  of th is l iterature h ave


beenprovidedby Hol l is et al . (1964),Sh erk(1971),


Soren senet al . (1977), Stern  an d Stickle (1978),


Farn worth  et al . (1979), Mun cy et al . (1979), an d


Wilber (1983). In  an  often -cited study, Wal len 


(1951) reportedth at leth al levelsof turbidity, th en 


expressedin  parts per mil l ion , ran ge in  th e 10sto


100softh ousan dsofpartspermil l ion (ppm).Th ese

h igh  levels of turbidity required to kil l fish  led


Wal len  (1951) to con cludeth at n atural turbidity


doesn ot represen ta leth al th reat to fish .Wal len 's


in formation , h owever, was developed primarily


from tests of acute effects on  warmwater fish es an d
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l ikely is n ot appl icableto th e coldwatersalmon ids 

prevalen t in  Alaska, oth er western  an d n orth ern  

states,an d Can adian  provin ces.Moreover, a study 

on  largemouth  bass(Micropterus salmoides) an d 

green sun fish(Lepomis cyan el lus)con tain eddata 

th at in dicated lower levels of turbidity suchas4- 

16 Jackson  turbidity un its (JTU) can  al ter fish  

beh avior (Heimstra et al . 1969). Also, relatively 

low turbidity can  reduceth e feedin gefficien cyof 

bluegil ls (Lepomis macroch irus; Vin yard an d 

O'Brien  1976; Gardn er 1981). 

Relativelylowturbidity orSSCmayeith erstress


th esefish ,al terth eirbeh aviorpattern s,orkil l th em.


Lloyd et al . (1987) describedimpactsobservedin 


Alaska, an d a summary of relevan t l iterature from 

studies con ducted outside Alaska on  th e direct ef- 

fects of turbidity or sedimen ts measured as sus-

pen ded material on  salmon id fish esis presen ted


in  Table 1.Particularly n oteworth yis th e fact th at


even  low turbidities n ear 10-25 n eph elometric


turbidity un its (NTU), an d suspen dedsedimen t


con cen tration sn ear 35 ppm can  h ave deleterious


effectson  fish (Bach man n  1958; Olson  et al . 1973;


Smith  an d Sykora 1976;Berg1982;Bach man  1984;


Sigleret al . 1984; Bergan d North cote 1985).


Th e European  In lan d Fish eriesAdvisory Com-

mission(EIFAC 1964) con cludedth at waterscon - 

tain in g 0-25 ppm ch emical ly in ert sol ids sh ould 

n ot adversely affect fresh water fish eries,but th at 

an  SSC of 25-80 ppm may lower th e production  

of fish ;waters con tain in g an  SSC above 80 ppm 

are un l ikely to supportgood fish eries.Moreover, 

th e commission  emph asized th at "th e spawn in g 

groun dsof salmon  an d trout require specialcon - 

sideration an d sh ould be kept as free as possible 

from fin elydivided sedimen ts."Gammon  (1970), 

in  a report to th e U.S. En viron men tal Protection  

Agen cy on  stream studies con ducted in  In dian a, 

statedth at th e suspen dedsol idscriteria proposed


by EIFAC may be too l iberal for fish population s 

in  th e Un ited States.


A turbidity level of
10 NTUs
can  causesign if-

ican t
decl in esin 
feedin g rate, food
assimilation ,


an d reproductive poten tial of Daph n ia pulex 

(McCabe an d O'Brien  1983). Robin son  (1957) 

foun d th at reproduction  of cladoceran s was re-

ducedat clay an d ch arcoalcon cen tration sof 82-

392 ppm. Arruda et al . (1983) observedth at sus-

pen dedsedimen tcon cen tration sof 50-100 mg/L


reducedth e algal carbon  in gestedby cladoceran s


to poten tial starvation levels.Cladoceran scon sti-

tute an  importan t food item for salmon id fish es


an d effectson  th esezooplan kton  can  tran slateto


reduced food availabil ity or qual ity for fish .


Water Qual ity Stan dardsin  Alaska


Water qual ity stan dards impose l imits on  al -

lowable, h uman -in duced al teration s of n atural


waters.Th esel imits arespecifiedfor variousch ar-

acteristicswith  respect to th e design ated use or


classification of a particular body of water. Most


of Alaska's fresh  waters h ave been  classified as


suitable for drin kin g water supply an d oth er con -

sumptive uses.Th e receivin g water stan dard for


turbidityin  waterssuitablefor drin kin gwatersup-

ply statesth at waters:


Sh al l n ot exceed 5 NTU above n atural con dition s wh en 


th e n atural turbidity is 50 NTU or less,an d n ot h ave


more th an  10% in creasein  turbidity wh en  th e n atural


con dition  is more th an  50 NTU, n ot to exceeda max-

imum in creaseof 25 NTU [AAC 1985].


Alth ough  few, if an y, watersin  Alaska are des-

ign ated on ly for use by fish  an d wildl ife because


of th eir al ready more restrictive classificationfor


drin kin gwatersupply,Alaska'swaterqual itystan -

dards do con tain  a separate stan dard for waters


classifiedfor th e growth  an d propagationof fish ,


sh el l fish ,oth eraquaticl ife, an dwildl ife, in cludin g


waterfowl an d furbearers. In  receivin g waters,


streams:


Sh al l n ot exceed 25 NTU above n atural con dition 


l evel . For al l lakewaters,sh al l n ot exceed5 NTU over


n aturalcon dition s[AAC 1985].


For simpl icity in  con siderin gal lowablein creases


of turbidity in  clearwatersystems,we can  restate


th e above stan dards:for drin kin g water, n o more


th an  5 NTU above n atural ; for fish  an d wildl ife,


n o more th an  25 NTU above n atural in  streams


an d n o more th an  5 NTU above n atural in  lakes.


Alaska h as n o n umerical stan dard for SSC in 


drin kin g water suppl ies,but th e statedoesh ave a


gen eric, n arrative stan dard for sedimen t.


No measurablein creasein  con cen tration sof sedimen t,


in cludin gsettleablesol ids,aboven aturallevels.[AAC


1985.]


Th e sedimen tstan dardfor th e propagation of


fish an d wildl ife is much  more complexan d dif-

ficul t to en force.


Th epercen taccumulationoffin esedimen t in th eran ge


of 0.1 mm to 4.0 mm in  th e gravel bed of waters


util ized by an adromousor residen tfish for spawn in g


may n ot be in creasedmore th an  5% by weigh t over


n atural con dition  (as sh own from grain  size accumu-

l ation  graph ).In  n o casemay th e 0.1 mm to 4.0 mm


fin esedimen tran gein  th egravelbedofwatersutil ized


by an adromousor residen tfish for spawn in gexceed


a maximum of 30% by weigh t(assh ownfrom grain 


sizeaccumulationgraph ).... In  al l oth ersurfacewaters
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TABLE1.-- Somereportedeffectsofturbidityan dsuspen dedsedimen tcon cen tration son salmon idsoutsideAlaska.


Reportedturbidity1>


Speciesa or suspen dedsedi-

Effect (l ife stage) Location  men t con cen tration  Referen ce


Fatal Coh o salmon  Wash in gton  1,200 mg/L Noggle(1978)


(96-h  LC5o) (juven iles)


Fatal Coh o salmon  Wash in gton  509; 1,217 mg/L Stoberet al . (1981)


(96-h  LC5o) (juven iles)


Fatal Ch in ook salmon  Wash in gton  488 mg/L Stoberet al . (1981)


(96-h  LC5o) (juven iles)


Reducedsurvival Ch um salmon  British  Columbia 97 mg/L Lan ger(1980)


(marked) (eggs)


Reduced survival Rain bow trout Great Britain  110 mg/L Scul l ion an d Edwards


(marked) (eggs) (1980)


Reducedsurvival Rain bow trout Oregon  1,000-2,500 ppm Campbel l (1954)


(marked) (eggs)


Reduced survival Rain bow trout Great Britain  270 ppm Herbert an d Metken s


(marked) (juven iles) (1961)


Reduced survival Rain bow trout Great Britain  200 ppm Herbert an d Rich ards


(marked) (juven iles) (1963)


Reducedsurvival Rain bow trout Oregon  1,000-2,500 ppm Campbel l (1954)


(marked) (juven iles)


Reducedsurvival Rain bow trout Great Britain  90 ppm Herbert an d Metken s


(sl igh t) (juven iles) (1961)


Reducedsurvival Coh osalmon  Pen n sylvan ia 6; 12 mg Fe/L Smith  an d Sykora(1976)


(marked) (juven iles) (15-27 JTU)


Reducedsurvival Coh o salmon  Wash in gton  1,400-1,600 mg/L Stoberet al . (1981)


(marked) (adul ts)


Reducedabun dan ce Brown  trout Great Britain  1,000; 6,000 ppm Herbert et al . (1961)


(marked)


Reducedabun dan ce Lake trout North west < 10 FTU McCart et al . (1980)


(marked) Territories


Reducedgrowth  Brooktrout Pen n sylvan ia 50 mgFe/L Sykomet al . (1972)


(marked) (juven iles) (86 JTU)


Reducedgrowth  Brooktrout Pen n sylvan ia 12 mgFe/L Sykoraet al . (1972)


(sl igh t) (juven iles) (32 JTU)


Reducedgrowth  Rain bow trout Great Britain  50 ppm Herbert an d Rich ards


(sl igh 0 (juven iles) (1963)


Reducedgrowth  Coh osalmon  Idah o 25 NTU Sigleret al . (1984)


(juven iles)


Reducedgrowth  Arcticgrayl in g Yukon  1,000mg/L McLeayet al . (1984)


(marked) (juven iles)


Reducedgrowth  Arcticgrayl in g Yukon  100;300 mg/L McLeayet al . (1984)


(sl igh t) (juven iles)


Reducedfood Rain bow trout Arizon a <70 JTU Olson  et al . (1973)


con version  (juven iles)


Reducedfeedin g Coh o salmon  Wash in gton  300 mg/L Noggle(1978)


(cessation ) (juven iles)


Reducedfeedin g Coh osalmon  Wash in gton  100 mg/L Noggle(1978)


(juven iles)


Reducedfeedin g Coh osalmon  British Columbia 10-60 NTU Berg(1982),Bergan d


(juven iles) North cote(1985)


Reducedfeedin g Cutth roattrout Idah o 35 ppm Bach man n(1958)


(cessation )


Reducedfeedin g Brown trout Pen n sylvan ia 7.5 NTU Bach man(1984)


Reducedfeedin g Rain bowtrout Arizon a 70 JTU Olsonet al . (1973)


(juven iles)


Reducedfeedin g Arctic grayl in g Yukon  100; 300; McLeay et al . (1984)


(juven iles) 1,000 mg/L


Reducedcon dition  Rain bow trout Great Britain  110 mg/L Scul l ion an d Edwards


factor (juven iles) (1980)


Altered diet Rain bow trout Great Britain  110 mg/L Scul l ion  an d Edwards


(terrestrialin steadof (juven iles) (1980)


aquatic)
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TABLE l .--Con tin ued.


Reported turbidityb


Species a or suspen dedsedi-

Effect (l ifestage) Location  meritcon cen tration  Referen ce


Stress Coh osalmon  Oregon  500 mg/L Reddin gan dSch reck


(in creased plasma cortisol , (juven iles) (1980)


h ematocrit,an d suscepti- Steel h ead 2,000 mg/L


bil ity to path ogen s) (juven iles)


Stress Arcticgrayl in g Yukon  300mg/L McLeayet al .(1984)


(in creasedmetabol icrate, (juven iles)


susceptibil ityto toxican ts)


Stress Arcticgrayl in g Yukon  50mg/L McLeayetal .(1983)


(in creasedplasmaglucose) (juven iles)


Stress Coh osalmon  Pen n sylvan ia 6; 12mgFe/L Smithan dSykora(1976)


(respiratory distress) (juven iles) (15-27JTU)


Stress Brooktrout LakeSuperior 231 NTU Carlson(1984)


(in creased ven tilation ) (juven iles)


Disease Rain bow trout Great Britain  270 ppm Herbert an d Merken s


(finrot) (juven iles) (1961)


Disease Rain bowtrout Great Britain  100; 200 ppm Herbert an d Metken s


(fin rot) (juven iles) (1961)


Avoidan ce Ch in ook salmon  Cal iforn ia "Natural turbidity" Sumn eran d Smith  (1940)


(adul ts)


Avoidan ce Ch in ooksalmon  Wash in gton  650 mg/L Wh itmanet al . (1982)


(adul ts)


Avoidan ce Ch in ooksalmon  Wash in gton  350 mg/L Bran n onet al . (1981)


(adul ts)


Avoidan ce Lake trout Lake Superior 6 FTU Swen son(1978)


(sen sitivity)


Avoidan ce Coh osalmon  Wash in gton  70NTU Bissonan dBilby(1982)


(juven iles)


Avoidan ce Coh osalmon , Idah o 22-265NTU Sigler(1980),Sigleretal .


steel h ead (1984)


(juven iles)


Displacemen t Coh osalmon , Idah o 40-50 NTU Sigler(1980)


steel h ead


(juven iles)


Displacemen t Arcticgrayl in g Yukon  300;1,000mg/L McLeayetal .(1984)


(juven iles)


Displacemen t Rain bowtrout GreatBritain  110mg/L Scul l ionan dEdwards


(juven iles) (1980)


Altered beh avior Trout c 25 JTU Lan ger(1980)


(feedin g)


Altered beh avior Brook trout Wiscon sin  7 Fru Gradal l an d Swen son 


(lessuseofoverh ead (1982)


cover)


Altered beh avior c c 25-30 JTU Bel l (1984)


(visual )


Alteredbeh avior Coh o salmon  British  Columbia 10-60 NTU Berg(1982), Bergan d


(visual ) (juven iles) North cote (1985)


Alteredbeh avior Coh o salmon  British  Columbia 10-60 NTU Berg(1982), Bergan d


(lossofterritorial ity) (juven iles) North cote (1985)


Alteredbeh avior Coh osalmon  Pen n sylvan ia 6; 12 mgFe/L Smith an d Sykora(1976)


(l istlessn ess) (juven iles) (15-27JTU)


Ch an ge in  body Arcticgrayl in g Yukon  300·1,000mg/L McLeayetal .(1984)


color (juven iles)


Ch an ge in  body Coh osalmon  Pen n sylvan ia 6; 12mgFe/L Smithan dSykora (1976)


color (juven iles) (15-27 JTU)


Reducedtoleran ce Ch in ook salmon  Wash in gton  3,109 mg/L Stoberet al . (1981)


to sal twater (juven iles)


aArctic grayl in g(Th ymal lusarcticus) 

Brooktrout (Salvel in us fon tin al is) 

Brown  trout (Salmo trutta) 

Ch in ooksalmon(On corh yn ch us tsh awytsch a) 

Ch um salmon(On corh yn ch usketa) 

Coh osalmon(On corh yn ch uskisutch )


Cutth roattrout (Salmo clarkt)


Lake trout (Salvel in usn amaycush )


Rain bowtrout (Salmo gairdn erO


Steel h ead (an adromousS. gairdn erO


Formazin (FTU), Jackson(JTU), an d


n eph elometric (NTU) turbidityun its.


In formation  n ot available.
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TABLEZ--Numerical turbidity stan dardsfor protec- 

tion  of fish  an d wildl ife aquatic h abitats in  Alaska an d 

oth er states(ADEC 1978; API 1980). 

State Turbidity (NTU or JTU) a 

Alaska 25 un its above n atural in  streams


5 un its above n atural in  lakes 

20% above n atural , n ot to exceed 10 un its 

above n atural 

5 un its above n atural


10 un its 

10un its(5aboven atural ) b 

10% above n atural 

10 un its (cold water) 

25 un itsaboven atural (5 an d 10 aboven atu-

ral )c 

10 un its above n atural 

Cal iforn ia 

Idah o 

Min n esota 

Mon tan a 

Oregon  

Vermon t 

Wash in gton  

Wyomin g 

aNeph elometric(NTU) an dJackson(JTU) turbidity un itsare


rough ly equivalen t (USEPA 1983). 

bMon tan aplaces th emorestrin gen t l imit onwaterscon tain in g


salmon id fish es.


cAPI (1980) reports differen t values in  Wash in gton  for "ex- 

cel len t" an d "good" classesof water. 

n osedimen tloads(suspen dedordeposited)wh ich can  

causeadverseeffectson  aquatic an imal or plan t l ife,


th eir reproductionor h abitat. [AAC 1985.]


By defin ition , turbidity an d SSC are closelyin - 

tertwin ed. In formation  summarized by Lloyd et 

al . (1987) in dicated th at a turbidity stan dard can  

be used to addressth e effectsof turbidity as an  

optical property of water an d as an  in dicator of 

SSC. Th e effects of sedimen tation  on  lake an d 

stream bottoms could th en  be addressedby sep- 

arate, en forceablesettleablesol ids or streambed 

stan dards.Regardlessof wh eth er suchch an gesare 

made to water qual ity stan dardsfor sedimen t,th ere 

is stil l a n eed to establ ish  or reaffirm th e levels of 

turbidity, an d con sequen tly SSC, th at are appro- 

priate as stan dardsfor regulatin g h uman -in duced


impacts on  aquatic systems. 

Ligh t Pen etration  an d Productivity 

An  acceptableturbidity stan dard must do two 

th in gs to protect aquatic h abitats: (1) preven t a 

lossof aquaticproductivity an d (2) causen o leth al 

or ch ron ic subleth al effects on  fish  an d wildl ife. 

With  referen ce to Alaska's curren t stan dard for 

th e propagation of fish  an d wildl ife, a 5-NTU in - 

creasein  turbidity in  a clear-waterlake may reduce 

th e productive volume of th at lake by about 80%, 

an d a 25-NTU in crease in  a clear-water stream 

0.5 m deep may reduceplan t production  by about 

50% (Lloyd et al . 1987). Th is stan dard for pro- 

tection  of fish  an d wildl ife in  streams is more le- 

n ien t th an  th e 10-JTU criterion  previously rec- 

ommen ded by th e U.S. Federal Water Pol lution  

Con trol Admin istration  (USFWPCA 1968). Tur-

bidity stan dardsusedin  Alaska an d in  oth er west-

ern  an d n orth ern  states in dicate th at Alaska cur-

ren tly al lows l iberal in creases of turbidity over


n atural con dition s in  streams(Table 2). It is in -

terestin g to n ote, h owever, th at a recen t teleph on e


survey of state an d provin cial agen cies of th e


Un ited States an d Can ada in dicated th at n o ade-

quatejustification h asyetbeendevelopedfor th ese


stan dardsoutsideof Alaska (Petersonet al . 1985).


Alaska's curren t drin kin g water stan dard of 5


NTUs above ambien t levels in  clear-water lakes


an dstreamsalsomay al low a reductionof primary


plan t production --but n ot to th e exten t th at th e


25-NTUs-over-ambien t stan dard for fish  an d


wildl ife would al low in  streams. For comparison ,


a 5-NTU in crease in  turbidity in  a clear stream


0.5 m deep may reduce primary production  by


13% or more, depen din gon  streamdepth  (Lloyd


et al . 1987).


Absolute turbidities of 4-8 NTUs an d above


may h amper th e efficien t man agemen t offish eries


in  Alaska because aerial observers can n ot see in to


th e streams an d estimate return s of adul t salmon ,


an d absolute turbidities of 8 NTUs an d h igh er


h ave been  sh own  to reduce sport fish in gin  fish -

bearin gwatersin  Alaska (Lloyd et al . 1987). Th e


Alaska In teragen cy Placer Min in g Guidel in es


(ADEC et al . 1984) use turbidity of 3 NTUs or


lessas a criterion  for establ ish in g"h igh  priority"


streams.Appl ication  ofa 5-NTUs-above-ambien t


stan dard would brin g total turbidities in  th ese


streamsto 8 NTUs, th e level at wh ich  recreation al


fish in g may decl in e, an d at or n ear th e level at


wh ich  efficien cy of aerial surveys of spawn in g


salmon  may be affected.


Suspen dedSedimen t


Th ere is eviden ceth at h igh  SSCis leth al to fish ,


an d th at somewh at lower levels of SSC an d tur-

bidity causech ron ic, subleth aleffectssuchasloss


or reduction  of sigh t-feedin gcapabil ities, reduced


growth , in creasedstress,an d in terferen cewith  en -

viron men tal cuesn ecessaryfor orien tation  in  mi-

gration s (Table 1). Furth ermore, suspen dedsedi-

men t may facil itate th e tran sport of h eavy metals


an d oth er pol lutan ts (LaPerriere et al . 1985).


Several organ ization s h ave made recommen -

dation sfor appropriateSSCin  fish -bearin gwaters.


Byuseofequation(9), T = 0.44(SSC)ø.sss, of Lloyd


et al . (1987), wh ich  relates turbidity (T) to sus-

pen ded sedimen t con cen tration (SSC) in  waters


th rough outAlaska, th eserecommen dation scan be


tran slatedin to approximateturbidity criteria (Ta-
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T^BLœ3.--Recommen ded levels of suspen dedsedimen tcon cen trationfor th e protection  of fish  h abitat an d


tran slationof th oselevelsto turbidity valuesfor Alaskan waters.(NTU = n eph elometricturbidity un its.)


Level of protection  from 

Referen ce suspen dedsedimen t


Tran slated Tran slated


maximum maximum


Recommen dedsuspen ded turbidity level turbidity level for


sedimen t con cen tration  state-widea in terior Alaskab


l imitation  (mg/L) (NTU) (NTU)

EIFAC (1964) High 


Alabaster (1972) Moderate


NAS an d NAE (1973) High 


Moderate


Alabasteran d High 


Lloyd (1980) Moderate


Newport an d Moyer High 


(1974) Moderate


Wilber (1969, 1983) High 


Moderate


Hil l (1974) High 


DFO (1983) High 


Moderate


0-25 7 25


26-80 19 77


0-25 7 25


26-80 19 77


0-25 7 25


26-80 19 77


0-25 7 25


26-100 23 95


0-30 8 30


30-85 20 81


0-10 3 10


0 0 0


1-100 23 95


Derivedfrom equation(9) in  Lloydet al . (1987).


Derivedfromequation  (12) in  Lloydet al . (1987).


ble 3). Recommen dation s for a "moderate" level 

of protection (SSCup to 100 mg/L) rough lytran s- 

l ate in to turbidity values of up to 23 NTUs, close 

to Alaska's curren t stan dard of 25 NTUs above 

n atural con dition s for th e protection  of fish  an d 

wildl ife. Recommen dation s for a "h igh " level of 

protection (0-25 mg/L) rough lytran slatein to tur- 

bidity valuesran gin g up to 7 NTUs, approximat- 

in g Alaska's drin kin g water stan dard of 5 NTUs 

above n atural con dition s. Appl ication  of th e pres- 

en t drin kin g water stan dard to waters in  Alaska 

would con form to a con sen susview of a "h igh " 

l evel of protection  for fish  from suspen ded sedi- 

men ts. 

By useof equation  (12), T = 1.103(SSC)ø'968, 

from Lloyd et al . (1987) for in terior Alaskan  

streams,"moderate" an d "h igh " levels of protec- 

tion  from suspen dedsedimen t would tran slate in to 

th e h igh er turbidities of 95 an d 25 NTUs, respec- 

tively (seeTable 3), but th eseturbidities are too 

h igh  to preven t l igh t extin ction  an d th e accom- 

pan yin g decreasein  th e production  of plan ts, fish  

food, an d fish . Moreover, th eseh igh er turbidities 

could be expected to in terfere with  sigh t feedin g 

of fish , an gler success,an d aerial escapemen t sur- 

veys. 

Limitation s to Existin g In formation  

Assumption s made about th e importan ce of 

aquatic primary production  in  streams may n ot 

be completelyappl icableto vegetatedwatersh eds 

wh ich  l ikely rely more h eavily upon  organ ic ma- 

terial derived from terrestrial sources(Ch apman 


an d Demory 1963; Ch apman  1966). In  addition ,


l ittle work h asbeen performed on  th e capacityof


compen satorymech an ismsto in creaseph otosyn -

th etic efficien cyun der low-l igh t or turbid con di-

tion s (Mcl n tire 1973; Hecky 1984; Hecky an d


Guildford 1984; Van  Nieuwen h uyse an d La-

Perriere 1986), on  th e effectof organ ic stain in g of


wateron  l igh t pen etrationan d turbidity (Brezon ik


1978; Witte et al . 1982), or on  th e in fluen ce of


in creased or depressed n utrien t con cen tration s


causedby th e samesedimen tsth at decreasel igh t


availabil ity (Tilzer etal . 1976;Jacksonan dHecky


1980).


Curren t in formation  on  relation sh ips between 


turbidity an d suspen dedsedimen t con cen tration 


is un derstan dablyten tative for at least four rea-

son s.


(1) It iswel l kn own  th at th e amoun t of turbidity


produced per un it of suspen dedsedimen t con cen -

tration  depen ds on  sedimen t particle size, sh ape


or an gularity, an d refractive in dex. Furth ermore,


th eserelation sh ipswil l ch an gewith  ch an ges in  h y-

drologic or h ydraul ic con dition s as wel l as with 


differen cesin  th e geologiccomposition  of th e sed-

imen t source(Duch row an d Everh art 1971; Kun -

klean dComer 1971;Besch ta1980;Mil h ous 1982).


(2) Measuremen ts of turbidity may in clude


some settleablesol ids,depen din gon  th e amoun t


of settl in g th at takes place before th e sample is


taken  (Duch row an d Everh art 1971). Moreover,


it is sometimesdifficul tto distin guishadverseim-
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pactsto aquatich abitatscausedby suspen dedma- 

teh alsfrom th osecausedby settleablematerials. 

(3) As il lustratedin  a recen t study on  placer- 

min ed streamsin  in teriorAlaskaby Tolan d (1984), 

th e relation sh ip between  turbidity an d SSC may 

ch an gealon g a down stream gradien t from a sed- 

imen t source. Specifical ly, Tolan d foun d th at, 

with in  th e first 24 km down streamfrom placer- 

min e disch argeson  th e Ch atan ika River, each  1 

mg/L of suspen dedsedimen t produced lessth an  

1 NTU of turbidity but, at poin ts furth er down - 

stream, each  1 mg/L of suspen dedsedimen t pro- 

ducedmore th an  1 NTU of turbidity (with in  th e 

ran ge of 10-150 un its each  for NTU an d mg/L). 

Th is observation  fol lows th e in tuitive n otion  th at


l arger particles,wh ich  gen eral lyproducelesstur-

bidity per un it con cen tration th an  smal ler parti-

cles,gradual lysettleout, th ussh iftin gth eturbidity


versusSSCrelation sh ipto a h igh erNTU per un it


SSC in  reach esprogressivelyfurth er down stream


(Ritter an d Brown  1971).


(4) Depen din g on  geomorph ic, h ydrologic, an d 

h ydraul ic factors, differen t streamsare able to ac- 

commodatedifferen tlevelsof sedimen tin put an d 

may n atural ly support differen t biotic commun i- 

ties. 

Differen t speciesan d even  differen t l ife stages 

of speciesare susceptibleto adverse effectsfrom 

differen t levels of sedimen t an d to sedimen ts of 

differen tsizes.Salmon idsare gen eral lymore sus- 

ceptible to acute an d ch ron ic effectsof sedimen t 

th an  are man y speciesof warmwater fish es;h ow- 

ever, even  amon g salmon ids some speciesmay be 

more sen sitiveth an  oth ers,an d th e sen sitivity of 

th eir eggsan d juven ile stagesseemin gly exceeds 

th at of adul ts. 

Evaluation  of Al tern ative Stan dards


Several auth ors h ave suggestedth e n eed for 

stan dardsoth er th an  simple turbidity criteria to 

con trolpol lution by sedimen t.Wilson  (1957) pro- 

posedth at turbidity stan dardsbe based on  a per- 

cen tage in crease above n ormal low-flow con di- 

tion s.Tarzwel l (1957) recommen dedth at turbidity 

stan dardsbe al tered to stateth at some percen tage 

of in ciden t l igh t at th e surfacebe al lowed to reach  

a specifieddepth , stan dardized to a time between  

1100 an d 1300 h ours. Th e Nation al Academy of 

Scien cesan d Nation al Academy of En gin eerin g 

(NAS an d NAE 1973) recommen dedth at th e depth  

of l igh t pen etrationn ot be decreasedby more th an  

10%, an d th at suspen dedsedimen tcon cen tration s 

be l imited to specific values, as outl in ed for th e 

Nation al Academy of Scien cesin  Table 3. 

Cairn s(1968) recogn izedth e value of more flex-

ible approach esbut suggested th at truly respon sive


regulation smust be developedon  a drain age-by-

drain agebasisan dsh ouldch an gewith  stream-flow


an d oth er temporal ch aracteristics.A sign ifican t


problem with  th is approach ,h owever, is th at im-

plemen tation  an d en forcemen t of such  stan dards


would require en ormous basel in e studies an d al -

most con tin uous surveil lan ce an d mon itorin g.


Th ere is a questionwh eth er suchan  approachis


feasible in  Alaska or elsewh ere.


Th e U.S. En viron men tal Protection  Agen cy


(USEPA 1976)recommen dedajoin t stan dardfor


turbidity an d sol ids.


Fresh water fish  an d oth er aquatic l ife: Settleable an d


suspen dedsol idssh ouldn ot reduceth e depth of th e


compen sation poin tforph otosyn th etic activitybymore


th an  10 percen tfrom th e season al lyestabl ish edn orm


for aquatic l ife.


Th is stan dard suffers from several deficien cies.


First, th e stan dard does n ot con sider impacts as-

sociatedwith  sedimen tdepositedon  th e bottom,


even  th ough  it men tion s settleablesol ids;secon d,


in  relation  to th e water column , th e stan dard does


n ot address specific levels of SSC an d places a


severe burden  on  regulatory agen ciesto defin e a


"season al lyestabl ish edn orm" for th e compen -

sation  poin t. Th ird, as emph asized by Th urston 


et al . (1979), compen sationpoin t is of l ittle value


in  streams,particularly wh ere th e water is soclear


an d sh al low th at l igh t n atural ly pen etratesal l th e


way to th e bottom. Th urston  et al . (1979) rec-

ommen dedth at separatesol idsstan dards(mg/L)


an d turbidity stan dards(NTU) be developed,de-

sign edto facil itate easeof measuremen t.


An y al tern ative stan dardsto turbidity sh ould


accoun tfor both  major aspectsof turbidity--th e


extin ction  of l igh t an d th e presen ceof suspen ded


sedimen t. Direct measuremen t of both  of th ese


ch aracteristics is possible;h owever, it sh ouldbe


recogn izedth at th e measure of turbidity was de-

velopedto make suchestimateseasier.Ligh t pen -

etration  can  be measured in  situ with  portable


ph otometersan d extin ction  coetficien tscalculated


with  simplegraph sor equation s,but discretesam-

plescan n otbe removed an d an alyzedseparately.


Sedimen tcon cen trationcanbe sampledin  th e field


an d measuredgravimetrical ly in  a laboratory, but


fil terin g,dryin g,an d weigh in gproceduresare re-

quired.


Establ ish men tof an y al tern ative stan dardswil l


require con siderableresearchan djustification , as


wel l asregulatorysupport.It isprematuretojudge
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wh eth er such al tern atives would provide more ef- 

fective regulatorytoolsth an  th osecurren tturbid- 

ity stan dards n owoffer,particularly if it iscon - 

sidered th at turbidity stan dards can  be tiered or 

graded(if n ecessary) to ambien twater qual ity con - 

dition s an d th e level of protection  desired for a 

body of water.


Con clusion s


Th e stren gth  of turbidity stan dards l ies in  th e 

easymeasuremen t,from discretewater samples, 

of an  estimatorfor both  l igh t pen etration an d sus-

pen ded sedimen t con cen tration . Relation sh ips be- 

tweenturbidity an dl igh t pen etrationappearto be 

accuratean d con sisten t,an d th e occurren ceof even  

low turbidity h as demon strable an d dramatic ef- 

fectson  aquatic plan t production . Th ese relation - 

sh ipsan d effectsresul t in  decreasedproduction  of 

zooplan kton  an d macroin vertebrates, decreased 

abun dan cean d production  of fish ,reducedan gler 

usean d success,an d decreasedefficien cyof some 

fish  man agemen t tech n iques. Relation sh ips be- 

tween  turbidity an d con cen tration sof suspen ded


sedimen t are much  less exact an d less con sisten t; 

h owever, low levels of turbidity appear to corre-

spon d to sedimen t con cen tration s th at can  ad-

versely affect coldwater salmon ids. 

Turbidity criteria, th en , con stitute reason able 

water qual ity stan dards.Al th ough  turbidity is n ot


a direct measureof eith er l igh t pen etration (Ph in -

n ey 1959; Austin  1974) or suspen dedsedimen t


con cen tration(Pickerin g1976),it h asbeensh own 


tobeaveryusefulin dicatorofth esech aracteristics


(Gibbs 1974; Ritter an d Ott 1974). Use of turbid-

ity stan dardsin  th e regulation  of water qual ity is


justified much  in  th e sameway th at th e den sityof


fecal col iform bacteria is widely used as a water


qual ity stan dardin dicatin g th e possiblepresen ce


an d con cen tration  of oth er h armful bacteria. Rea-

son ableturbidity criteria th at are establ ish edto


protect aquatic h abitats from decreasedl igh t pen -

etration  also protect th em from h igh  con cen tra-

tion s of suspen dedsedimen tsan d possiblyh eavy


metals. Separate settleable sol ids or streambed


stan dards could th en  be appl ied to protect aquatic


h abitats from th e impacts of h eavier sedimen ts on 


ben th ic substrates.


On  th e basis of curren t in formation , th e con tin - 

ued appl ication  of Alaska's presen t water qual ity


stan dardfor th e propagation of fish  an d wildl ife


(25 NTUs aboven atural con dition sin  streamsan d


5 NTUs in  lakes) can  be expectedto provide a


moderate level of protection  for clear coldwater


h abitats. A h igh er level of protection  would re-

quire a more restrictive turbidity stan dard, per-

h apssimilar to th e on ecurren tlyappl iedto drin k-

in g water in  Alaska (5 NTUs above n atural


con dition sin  streamsan d lakes).Even  stricterl im-

its may be warran ted to protect extremely clear


waters, due to th e dramatic in itial impact of tur-

bidity on  l igh t pen etration  (Lloyd et al . 1987).


However, such  strin gen tl imits do n ot appear to


be n ecessaryto protect n atural ly turbid systems


wh ere it may be possibleto establ ish tiered or


gradedstan dardsbasedon  ambien t water qual ity.
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