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INTRODUCTION

The State Water ResourcesResource Control BoardsBoard 1995 Bay-Delta Water Quality Control Plan directed

the Central Valley Board to continue their effort to reduce salt loadsload in the San Joaquin River

SJR The State Board reiterated its prior directive to the Regional Board to reduce annual salt

loadsload discharged to the San Joaquin River by at least 10 percent

ThisThi report was prepared as part of Basin Planning effort described in the Work Plan for the

San Joaquin River Basin Plan Amendment Addressing Sa//nity and fbi-on CRWQCB CVR

1997 It summarizessummarize the impact of saltssalt on the beneficial usesuse and will be used as background
for the development of salinity objectivesective for the Lower San Joaquin River The report has three

sectionssection The first section presentspresent brief overview of salinity in the San Joaquin River The

second summarizessummarize the effectseffect of salinity on six categoriescategorie of beneficial usesuse The third

discussesdiscusse variousvariou water quality criteria for salinity

SALINITY IN THE SAN JOAQUIN RIVER

Salinity in water is typically measured as electrical conductivity EC or total dissolved solidssolid

TDS It has also been reported particularly in older documentsdocument as specific conductivity and

dissolved solidssolid Empirical relationshipsrelationship between TDS in mg/L and EC in jimhos/cm have

been correlated with high degree of confidence TDS to EC ratiosratio for the San JoaquinRiver

from Lander Avenue to VemabsVemab Figure have averaged from 0590 to 0.686 by location

SWRCB 1987 Appendix

Figure comparescompare EC from May 1985 through January 1998 for downstream site Airport Way
near VenialisVeniali and site approximately 30 milesmile upstream at HillsHill Feny Road above the

confluence of the Merced River EC is consistently higher at the upstream site For single grab

sample electrical conductivity ranged from 132 to 1680 pmhos/cm TDS of 85 to 1092 in the

Lower San Joaquin River at Airport Way EC at HillsHill Ferry Road ranged from 76 to

4120 pmhos/cm TDS 50 to 2680

Table presentspresent the mineral composition for these two locationslocation as compared to seawater The

SJR is more of sulfate-dominated system than sea water which is more chloride-dominated

The SJR also has higher proportion of calcium and magnesiumion compared to sodium than

sea water
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Figure Electrical Conductivity EC of the Sati Joaquin River

at HillsHill Ferry Road and Airport Way
May 1985 through 30 September 1991
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Table Mineral Water Quality at HillsHill Ferry Road and Airport Way

October 1995 June 1998 Compared to Sea Water

Airport Wjy HillsHill Ferry Road Seawater

ma/L rneg/L mg/L meg/L mg/L meq/L

Calcium Ca 23 1.15 55 2.74 410 20.46

Magnesium Mg 11 0.90 28 2.30 1350 110.97

Sodium Na 22 096 73 3.18 10500 456.75

Potassium 2.7 0.07 4.6 0.12 390 9.98

Bicarbonate HCO3 57 0.93 101 1.66 142 2.33

Sulfate SO 62 1.29 224 4.66 2700 56.16

Chloride Cl 53 1.49 157 4.43 19000 535.80

Note Seawater composition is from Hem 1985

EFFECTSEFFECT OF SALINITY BY BENEFICIAL USE CATEGORIESCATEGORIE

number of beneficial usesuse have been designated in the Basin Plan for the Lower San Joaquin
River Of these municipal/domestic fish and other aquatic life industrial irrigated agricultural
stock and poultry drinking water and wildlife usesuse have been documented as being sensitive to

variousvariou concentrationsconcentration of salinity StudiesStudie dealing with seawater chloride dominated system
are not emphasizedin thisthi report Toxicological studiesstudie for evaporation pondspond that have TDS

concentrationsconcentration as high as 395000 mg/L are also not emphasizedbecause of the differencesdifference

between more dilute flowing river and an evaporation pond system

ThisThi report includesinclude information from publicationspublication that deal with salinity in sulfate dominated

systemssystem similar to the San Joaquin River Toxicological studiesstudie are usually performed on

specific chemical constituentsconstituent however some of these studiesstudie deal with the effectseffect of saline

water in general Some publicationspublication provide summariessummarie of water quality criteria ThisThi report
drawsdraw upon these publicationspublication to summarize the effectseffect of salinity on beneficial usesuse

Ju UF..n.J
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Municipal and Domestic Water SuppliesSupplie

According to McKee and Wolf 1963 many communitiescommunitie have used water containing from

2000 to 4000 mg/L of dissolved saltssalt when no better water is available But such waterswater are

generally not palatable may act as laxative on new usersuser and may not quench thirst WatersWater

containing more than 4000 ing/L of total saltssalt are normally considered unfit for human use but

tolerance of higher salt concentrationsconcentration is greater in hot climatesclimate than in temperate climatesclimate

WatersWater containing 5000 mg/L or more of dissolved solidssolid are reported to be bitter and act as

bladder and intestinal irritantsirritant McKee and Wolf 1963

In 1963 it was generally agreed that the salt concentration of good palatable water should not

exceed 500 mg/L McKee and Wolf 1963 However water having higher concentrationsconcentration could

be consumed without harmful physiological effectseffect and may be source of necessary mineralsmineral
McKee and Wolf1963 also stated that water with TDS of over 1000 mg/L should be

evaluated based on the local situation alternative water suppliessupplie and the reaction of the local

population

United StatesState Protection Agency US EPA has publishedwater quality criteria reference

documentsdocument In study of water with TDS valuesvalue ranging from 100 to 2300 mgL consumer

acceptance decreased as mineral content increased US EPA 1973 High concentrationsconcentration of

mineral saltssalt particularly sulfate and chloride can result in expensive corrosion damagein water

systemssystem US EPA 1973 however recognized that large number of water suppliessupplie that

contained dissolved solidssolid with concentrationsconcentration greater than 500 mg/L were used without obviousobviou

side effectseffect

Consumer surveyssurvey in 29 California water systemssystem were taken in the 1960s1960 to measure taste

thresholdsthreshold of dissolved saltssalt US EPA 1976 1986 ResultsResult by rangesrange of dissolved solidssolid

concentrationsconcentration were followsfollow

319 to 397 mg/L dissolved solidssolid as excellent
658 to 755 mg/L as good and

1283 to 1333 mg/L as unacceptable

Salinity levelslevel have been recommended for public drinking water In 1962 the U.S Public

Health Service recommended maximum dissolved solidssolid concentration of 500 mg/L for

drinking water unlessunles more suitable suppliessupplie were unavailable US EPA 1976 1986 The

Environmental Health Law under California Code RegulationsRegulation CCR Title 22 Article 16
recognizing that salinity and other constituentsconstituent may adversely affect the taste odor or

appearance of drinlcing water recommended secondarymaximum contaminant level MCL of

500 mg/L TDS 900 kmhos/cm EC with an upper limit of 900 mg/L TDS 1600 jimhos/cm
EC ThisThi MCL is applied to community water systemssystem administered by the California

Department of Health ServicesService and is referenced for domestic and municipal water supply use in

the Regional BoardsBoard Basin Plan water quality objectivesobjective chapter 111-3.00 In policy
entitled SourcesSource of Drinking Water the State Water ResourcesResource Control Board SWRCB in

Resolution No 8-63 stated that surface and ground water with TDS lessles than 3000 mg/L
5000 imhos/cm EC is suitable or potentially suitable for municipal or domestic water supply

00702C
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Fish And Other Aquatic Life

According to McKee and Wolf 1963 an industrial waste report statesstate that 95 percent of the

inland waterswater in the United StatesState with dissolved solidssolid concentrationsconcentration under 400 mg/L
supported good mixture of fish populationspopulation few fresh water fish speciesspecie have been found in

natural waterswater with salt concentration as high as 15000 to 20000 mg/L of dissolved solidssolid

Fish can gradually acclimate to higher saline concentrationsconcentration than they are accustomed to but fish

in lower salinity water cannot survive sudden exposure to higher salinity levelslevel

According to US EPA 1976 1986 all speciesspecie of fish and other aquatic life must tolerate

range of salinity to survive in nature They cite studiesstudie in Saskatchewan Canada that indicated

many common freshwater speciesspecie survived in water of 10000 mg/L dissolved solidssolid Only two

speciesspecie whitefish and pike-perch survived 15000 mg/L Only one speciesspecie stickleback survived

20000 mg/L dissolved solidssolid Dissolved solidssolid in excessexces of 15000 mg/L were considered
unsuitable for freshwater fish

The San Joaquin Valley Drainage Program 1990a reviewed the biological effectseffect of total

dissolved solidssolid from agricultural drainage Preliminary experimentsexperiment had shown juvenile chubschub

to be more sensitive than larger fish Pimentel and Bulkley 1983 Squawfish chub and

bonytail preferred TDS rangesrange of 560 1150 1000-2500 and 4100- 4700 mg/L
respectively The same speciesspecie of fish avoided high TDS concentrationsconcentration of 4400 5100 and

6600 mg/L respectively Temperature was considered an important variable in determining
acceptablesalinity levelslevel Low temperature reducesreduce the ability of fish to regulate internal salt

balance Hence salinity concentrationsconcentration acceptable in the summer monthsmonth were avoided in the

winter

According to Sailci et cii 1992 survival of Chinook salmon was significantly reduced by
exposure to 100 tile drain water with TDS that ranged from 12000 to 18000 mg/L Much of

their analysesanalyse dealt with the toxicity of trace elementselement They also evaluated the dilution effect of

San Joaquin River water collected at CrowsCrow Landing Bridge Chinook salmon that survived

28 daysday of exposure were analyzed for trace elementselement selenium and boron ConcentrationsConcentration of

these two trace elementselement in whole Chinook salmon bodiesbodie increased as the percentage of drain

water increased TDS in the River water ranged from 900 to 1400 mg/L TDS in the drain water

ranged from 18000 to 23000 mg/L

Juvenile salmon migrating from the Merced Tuolumne and StanislausStanislau RiversRiver move from

freshwater environment to the San Joaquin River which is sulfate-dominated to the south Delta
which is fresher water to the Bay chloride dominated water body These out-migrantsout-migrant are also

undergoing physiological changeschange during smoltification that allow them to adaptto marine

environmentsenvironment There is no infonnation available on the effectseffect of sulfatessulfate from the San Joaquin
River on juvenile Chinook salmon during the out-migration and smoltification processproces It is also

unknown how long these smoltssmolt remain in the San Joaquin River AnalysesAnalyse suggest that

mortality during the smolt life stage is an important detenuinant in adult production in the San

JoaquinDrainage CDFG 1991
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Research is needed to determine the exact effectseffect of salinity in the San Joaquin River on Chinook

smoltssmolt and their rearing time in the river Adult salmon migration into the San Joaquin River is

initiated by fresh outflow from eastside trihutariestrihutarie The timing of adult Chinook salmon

migrating upstream to spawn may be delayed due to high salinity Bull 1998

According to Saiki eta 1992 survival of stripedbassbas was affected by exposure to tile drain

water but not by exposure to reconstituted seawater They stated that fish in reconstituted

seawater which had concentrationsconcentration of TDS similar to the tile drainagewater but with chloride

instead of sulfate as the dominant anion survived and developedwell They concluded that the

toxicity of tile drain water is not simple effect of excessive concentrationsconcentration of dissolved saltssalt

Tile drain water in their study was toxic because salmon and striped bassbas were not able to tolerate

the unusual ratiosratio of major cationscation anionsanion and/or sulfatessulfate They recommended considering
potential toxicity from unusual ratiosratio of major ionsion and high concentrationsconcentration of sulfate

The toxicity of agricultural drainage water was not directly related to high concentrationsconcentration of total

dissolved solidssolid Saiki eta 1992 ran twenty-eight day exposure teststest using waterswater with

different mixturesmixture and concentrationsconcentration of saltssalt Juvenile chinook salmon and stripedbassbas survived

and grew well in reconstituted sea water with TDS concentrationsconcentration similar to those in the

agricultural drainagewater but with chloride instead of sulfate as the dominant anion However
fish in drainage water at lower salt concentrationsconcentration 50 dilution experienced either death or

poorer growth

Mehrle et 1987 did chronic toxicity teststest on stripedbassbas Morone saxanlissaxanli larvae in water

to simulate ChesapeakeBay area conditionscondition Saline water at TDS of 2000 mgi caused

significant mortality after 30 daysday of exposure They concluded that both the contaminantscontaminant and

salinity of the water must be considered in evaluating the effect of environmental contaminantscontaminant

on striped bassbas

Striped bassbas is an introduced sport fish Research has been performed on their spawning habitat

in the Sacramento-San Joaquin Delta estuary California Department of Fish and Game CDFG
1989 studied the effectseffect of salinity on striped bassbas in the Delta estuary and concluded

Low flowsflow in the San Joaquin River near Stockton often combine with

Agricultural drain water to create an effective dissolved solidssolid barrier to upstream

migration and spawning by striped bassbas ThisThi problem has two causescause upstream
water diversionsdiversion and agricultural waste waterswater The basic water quality problem
is one of high total dissolved solidssolid

major complication here is that if the dissolved solidssolid ban-icr is eliminated
adult bassbas will move much father up the San Joaquinbefore they spawn The

resultant eggsegg and larvae however would immediately become vulnerable to

ready entrainment into the nearby SWP and CVP pumping plantsplant near Byron

Turner and Farley 1971 ran laboratory experimentsexperiment to determine the effectseffect of Delta salinity
temperature and dissolved oxygen on the survival of artificially spawned stripedbassbas eggsegg and

larvae Egg survival occurred in water with TDS of 1000 mg/L 1538 jimhos/cm EC and Tower

throughout the temperature range 58 through 72 degreesdegree Spawning of stripedbassbas upstream
in the Lower San Joaquin River upstream of the Delta is infrequent because of water diversionsdiversion
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Miller 2000 However reducing salinity upstream is important for protecting stripped bassbas

spawning habitat in the Delta

Dwyer et at 1992 analyzedtoxicity of striped bassbas and water flea Daphnia magna using
irrigation drain water entering Stillwater Wildlife Management Area Nevada They noted that

inagna showed 100 mortality or immobility in test waterswater at 10000 to 11500 mg/L of

TDS after 48 hourshour of exposure Striped bassbas were more tolerant of highly saline waterswater than

magna their tolerance was inversely related to the hardnesshardnes of the water Lethal effectseffect of

salinity on striped bassbas dependon the specific ionic composition of the saline water mixture

of trace elementselement was toxic to striped bassbas even though individual elementselement were below expected
acutely lethal concentrationsconcentration Dwyer et a17 1992 concluded that salinity is an important water

quality characteristic but the ionic composition of water must also be considered

Mount and Gulley 1992 developedrelationshipsrelationship for salinity that predict acute toxicity of saline

waterswater to freshwater organismsorganism based on major ion composition Their study focused on seven

major ionsion sodium potassium calcium magnesium chloride sulfate and btcarbonate and

three freshwater test speciesspecie two water fleasflea Ceriodaphnia c/tibia and Daphnia magna and

flathead minnow PimephalesPimephale prom c/asc/a The sulfate ion was the least toxic potassiumwas the

most toxic of the ionsion analyzed Sodium and calcium did not appear to be directly toxic to any of

the test speciesspecie Their relationshipsrelationship were based on laboratory toxicity teststest on over 3000
combinationscombination of major ionsion and the development of multivariate regression equationsequation that related

major ion concentrationsconcentration to survival of the three test speciesspecie

Industrial

The effectseffect of salinity on industrial usesuse have been published in criteria documentsdocument According
to McKee and Wolfl963 dissolved solidssolid in industrial waterswater can result in foaming inside
boilersboiler and can interfere with clearnessclearnes color or taste of many finished productsproduct Elevated

concentrationsconcentration of saltssalt also can accelerate corrosion Table displaysdisplay their recommended

concentrationsconcentration for industrial waterswater used in variousvariou processesprocesse Food processing food equipment
and dairy wash waterswater are existing usesuse of water in the San Joaquin Valley and are the most

probable beneficial industrial usesuse These usesuse can tolerate an EC of 1300 micromhos/cm or

lower

US EPAsEPA 1973 water quality criteria summarize characteristicscharacteristic of surface waterswater that have

been used as sourcessource of industrial water suppliessupplie Maximum concentration of dissolved solidssolid

ranged from 150 mg/L used in the textile industry to 118524 mg/L for use in oil recovery

injection waterswater maximum of 1000 mg/L was used for cooling water The chemical and

petroleum industry used maximum concentrationsconcentration of 2500 and 3500 mg/L respectively The

primary metalsmetal industry used 1500 mg/L of dissolved solidssolid Table showsshow maximum valuesvalue

for industrial processesprocesse according to EPA 1976
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TABLE Limiting ConcentrationsConcentration Of Dissolved SolidsSolid For Industrial WatersWater

McKee And Wolfe 1963

Limiting
Industry and Use of Water Concentration mgIL
Boiler feed water 50-3000

variesvarie according to pressure
Brewing light beer 500

Brewing dark beer 1000

Brewing and distilling general 500-1500

Canning and freezing 850

Carbonated beveragesbeverage 850

Confectionery 50-100

Dairy wash watbrswatbr 850

Food equipment washing 850

Food processing general 850

Ice manufacture 170-1300

PlasticsPlastic clear 200

Papermanufacturersmanufacturer

Fine paperspaper 200

Ground wood paperspaper 500

Kraft paper bleached 300

Kraft paper unbleached 500

Soda and sulfate pulp 250

High-grade paper productsproduct 80

Lowei--grade productsproduct 150-200

Rayon manufacture 100-200

TABLE Total Dissolved SolidsSolid ConcentrationsConcentration of Surface WatersWater

That Have Been Used as SourcesSource for Industrial Water SuppliesSupplie
EPA 1976 1986

Industry/Use Maximum Concentration

___________

mgIL
Textile 150

Pulp and Paper 1080
Chemical 2500

Petroleum 3500

Primary MetalsMetal 1500

Copper Mining 2100
Boiler Make-up 35000
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Irrigated Agriculture

Salinity can impact agricultural cropscrop As salt content increasesincrease in soil water it becomesbecome

increasingly more difficult for cropscrop to draw moisture into rootsroot CropsCrop have been observed to

wilt in fieldsfield as result of saline conditionscondition in soilssoil even with adequatesoil moisture Seasonal

and climatic factorsfactor such as high evapotranspirationratesrate may contribute to such conditionscondition

Continued irrigation with highly saline irrigation water will result in salt accumulation in the root

zone Irrigation with water low in TDS is needed to leach saltssalt from the zone

AyersAyer and Westcot 1985 also provided rangesrange of EC and TDS as guidelinesguideline for interpreting
water quality for irrigation as followsfollow

Degreeof Restriction on Use

None Slight to Moderate Severe

EC in psnhos/cm 700 700-3000 3000
TDS in mg/L 450 450 2000 2000

They also provide yield potential for cropscrop for different concentrationsconcentration of salinity in irrigation
water

According to MaasMaa 1990 salt tolerance of cropscrop dependsdepend on the frequency of irrigation with

highly saline water soil fertility physical condition of the soil salt distribution in the soil profile
irrigation method and climate He stated that cropscrop may be able to tolerate periodically high
levelslevel of saline water if saltssalt are leached from the soil by irrigation water low in saltssalt Adequate
nutrientsnutrient can help alleviate the inhibition of growth caused by elevated salinity levelslevel

MaasMaa 1990 also reportsreport that crop tolerance to salt dependsdepend on the type and frequency of irrigation
with saline water at TDS concentrationsconcentration of 2450 mg/L or lessles The extent of crop damagevaried

depending on whether drip furrow or sprinkler irrigation system was used He statesstate that

climate influencesinfluence plant response to salinity more than any other factor StudiesStudie on several cropscrop

grown at high temperaturestemperature and low relative humidity showed decreased yieldsyield associated with

highly saline waterswater

MaasMaa 1990 also discussed salt tolerance during stagesstage of growth He stated that most plantsplant are

tolerant during germination but became more sensitive to saltssalt during statesstate of emergence and

early seedling growth Young plant rootsroot of emerging plantsplant are exposed to greater stressstres from

saltssalt than the rootsroot of more mature plantsplant

Salt tolerance variesvarie by crop Fruit and nut cropscrop are generally more sensitive to saltssalt than

grassesgrasse and forage cropscrop MaasMaa 1990 figure 13.3 and MaasMaa and Grattan 1999 Figure 3-3

developed number of tablestable relating salt tolerance as EC rangesrange to crop type Table

summarizessummarize these resultsresult Based on SJVDIP 1999 table of these rangesrange and on conversion

factorsfactor in AyersAyer and Westcot 1995 Figure 10 and Table crop tolerance to salinity at 100

relative crop yield for EC in soil saturation extract ECe and TDS mg/L and ECw in irrigation
water in tmhos/cm are classified as followsfollow

ECe ECw TDS
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Sensitive 01600 0- 1067 0693

Moderately Sensitive 16003200 1067-2133 693-1386

ModeratelyTolerant 32006300 2133 4200 13862730
Tolerant 6300 10200 4200 6800 27304420
YieldsYield Unacceptable 10200 6800 4420

For Most CropsCrop

ConversionsConversion factorsfactor are 1000 jmhos/cm dS/m TDS/EC ratio of 0.65 ECe 1.5 ECw

The EC and TDS rangesrange in irrigation water were based on research on EC in the soil saturation

extract The relationship of EC in irrigation water can vary depending on leaching evaporation
porosity and other site-specific factorsfactor The addition of lessles saline water through irrigation or

rainfall can reduce the effectseffect of salinity in Lower San .loaquin River water

MaasMaa and Grattan 1999 published monograph updating the effectseffect of salinity on crop yieldsyield
The most cothmon response to salt stressstres is stunting of growth As MaasMaa concluded in 1990
young developing seedlingsseedling are most susceptible to injury even though most cropscrop are tolerant

during germination However generally most plantsplant become increasingly tolerant to salinity
during late stagesstage of growth after establishment Salt stressstres can delay germination and

emergence Cultural practicespractice such as irrigation methodsmethod and seed bed arrangementsarrangement can

improve the cropscrop susceptibility to salinity

Poultry and Livestock Drin king Water

Much of the research on the effect of salinity in poultry and livestock drinking water was

performed prior to 1960 Table summarizessummarize thisthi research Poultry and livestock can be injured
by drinking water that containscontain excessive dissolved solidssolid WeaknessWeaknes reduced milk or egg

production bone degeneration and death may result from drinking highly saline waterswater

AnimalsAnimal can temporarily drink highly saline water without harmful effectseffect AnimalsAnimal can also

adjust to gradual increasesincrease in concentrationsconcentration of saltssalt but sudden increase from slightly to

highly mineralized waterswater causescause acute distressdistres and diarrhea of varying severity According to

McKee and Wolfe 1963 the ability to adapt to saline water dependsdepend on the salt composition
present animal speciesspecie diet age physiological condition season of year climate and other

factorsfactor

The US EPA 1973 Water Quality Criteria document summarizessummarize several studiesstudie on the effectseffect

of saline waterswater on beef heifersheifer in Nevada WatersWater containing about 5000 mg/L or lessles of

sodium sulfate showed no effectseffect of specific ionsion but heifersheifer drank lessles lost weight and had

increased methemoglobin and sulfhemoglobin levelslevel More recent US EPA criteria publicationspublication
1976 1986 state that chickenschicken swine cattle and sheep can survive saline waterswater with up to

15000 mg/L of sodium and calcium combined with bicarbonatesbicarbonate chlorideschloride and sulfatessulfate

However these animalsanimal could survive on only 10000 mg/L water with only saltssalt of potassium
and magnesium
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TOLERANT3

ECw 4200 6800 smhos/em
Barley Hordeuin vulgare
Cotton Gossyp/umh/rsutwn

Sugar beet Beta vulgar/svulgar/
Wheat Tr/t/cum aest/vum

BermudagrassBermudagras Cvnodon dactylon

AsparagusAsparagu AsparagusAsparagu officinalisofficinali

MODERATELY TOLERANT3

ECw 2133 4200 j.tmhos/cm
Cowpea Vigna ungu/cu/ata
OatsOat Avena sat/va

Fig
MODERATELY SENSITIVE

EC 1067 2133 .tmh os/cm
Broadbean V/c/a faba
Corn as maize Zea mapsmap

Peanut Arach/sArach/ hypogaea

Sugarcane Saccarum oJjlc/uarum
Sunflower Hel/anthusHel/anthu annuusannuu

Alfalfa Med/ca go sat/va

Cowpea forage V/gnu unguiculata

Timothy Ph/eutn pratense

Trefoil big LotusLotu ulig/nosusulig/nosu
Vetch common V/c/a angustifo/ia
Broccoli Brass/ca oleracea horrvrishorrvri

Cabbage oleracea cap/tam

Cauliflower oleracea botryt/sbotryt/

MODERATELY SENSITIVE

EC1067 -2133 j.tmhosicrn
Celery

Corn sweet forage
Cucumber

Lettuce

Muskmelon

Pepper
Potato

Radish

Spinach

Squash scallop
Sweet potato

Tomato

Turnip

Grape

SENSITIVE

ECw 1067 tmh os/cm
Fibre Seed and Sugar CropsCrop
Sesame

Rice paddy
Bean

Carrot

Onion

Pea

Almond

Apple

Apricot
Avocado

Cherry sweet

Lemon

Orange
Peach

Persimmon

Plum

Strawberry

Parsnip

Apium graveolensgraveolen
Zea inaysinay

CucurnisCucurni sat/vussat/vu

Latuca sat/va

Cucum/sCucum/ melo

Caps/cuin ann aiim

So/anti in tuberoswn

RaphanusRaphanu sat/va

Sp/nac/a oleracea

Cucurb/ta pepo inelopepo
Ipoinoea batatasbatata

Lycopersicon
lycopersicurn

Brass/ca rapa

V/i/sV/i/ sp

Seasami on /12d/cu in

Orvza Sat/ru

PhaseolusPhaseolu vulgar/svulgar/
DaucusDaucu caivia

All/urn cepa

P/sum sat/vum

PrunusPrunu dulcisdulci

Ala las sylvessylve tr/str/

PrunusPrunu arm en/aca

Persea americana

PrunusPrunu av/uin

C/trusC/tru i/mnOil

C/wasC/wa s/ne/Is/ss/ne/Is/

PrunusPrunu pens/ca

D/ospyrosD/ospyro v/rg/n /ana

Prun its dorn est/ca

Era gar/a sp

Pasr/aaca sat/va

Table Relative Salt Tolerance of Agricultural CropsCrop
1.2

MaasMaa 1990 MaasMaa and Grattan 1999

DRAFT

Safflower

Sorghum

Barley forage
Canary grassgras reed

Clover sweet

Fescue tall

Wheat forage
Artichoke

Beet red

Squash zucchini

Artichoke Jemsalem

CarthwnusCarthwnu i/actor/usi/actor/u

Sorghum b/color

Hordeurn vu/gore
P/ia lorislori arun d/nacea

Mel/lotusMel/lotu

Festuca c/at/or

Tr/t/cum aest/vumn

He//an th its tub erosuserosu

Beta vulgar/svulgar/
Cucurb/ta pepo mnelopepo
Hel/anthusHel/anthu tuberosustuberosu

P/cisP/ci car/ca

Classification of tolerance is from MaasMaa 1984 MansMan 1990 and MaasMaa and Graftan 1999
These data serve only as guide to the relative tolerance among cropscrop Absolute tolerance variesvarie

with climate soil conditionscondition and cultural practicespractice

The relative and detailed tolerance ratingsrating are defined and can be found in MaasMaa 1984 and SJVDIP 1999
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Wildlife

The San Joaquin Valley Drainage Program 1990a reviewed the toxic effectseffect of elementselement in

agricultural drainage on wildlife According to thisthi report toxicity dependsdepend on many factorsfactor
such as concentration of the compound ability of the organism to acclimate individual ionsion

present availability of alternative freshwater habitatshabitat and the age of the organismsorganism Different

ionsion sodium potassium calcium and magnesium in highly saline waterswater cause different toxic

effectseffect on animalsanimal

FactorsFactor affecting the salt gland can influence survival of ducksduck in highly saline water SJVDP
1990a DucklingsDuckling begin secreting saline fluidsfluid from the salt gland about six daysday after birth and

require fresh water until that age Marine birdsbird generally have far larger and more developed salt

glandsgland than inland birdsbird Research suggestssuggest that ducksduck suddenly restricted to high salt

concentrationsconcentration in water such as during drought following wet yearsyear are at the greatest risk of

salt toxicity as compared to those continuously exposedto salty water

The SJVDP final report 199Gb statesstate that freshwater ducklingsduckling were very sensitive to salty
water Toxicity teststest showed that molt was delayed in mallard ducklingsduckling that drank water with

TDS concentration of 3000 rng/L and growth was reduced when drinlcing water with an EC of

7720 linihos/cm

Swanson al 1984 investigated duckling use of North Dakota saline lakeslake dominated by
sodium magnesium and potassium sulfatessulfate In field studiesstudie five speciesspecie of ducklingsduckling lessles than

three daysday old experienced some mortality when exposedto waterswater with specific conductance

of 16000 imhos/cm TDS of 10000 mg/L The ducklingsduckling could not tolerate salt concentrationsconcentration

that exceeded 20000 j.tmhos/cmTDS of 13000 mgL unlessunles supply of fresh water was also

available Fifty percent mortality occurred after one dayof exposure
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TABLE EffectsEffect of Total SaltsSalt on AnimalsAnimal

McKee and Wolfe 1963

Concentration mg/L Animal Repoded EffectsEffect

2860 Poultry Safe upper limit

3000 Livestock InjuriousInjuriou
3600-5756 Cattle DeleteriousDeleteriou

4000 Livestock InjuriousInjuriou
4000 RatsRat No deleteriousdeleteriou effect

4290 PigsPig Safe upper limit

4546-7369 CowsCow No harmful effect

5000 Livestock Interim threshold limit

5000 Cattle Tolerated

5700 HorsesHorse Satisfactory
6260 HorsesHorse Thrived

6435 HorsesHorse Safer upper limit

7000 Cattle Reduced weight
7150 Dairy cattle Safe upper limit

7150 CowsCow Reduced milk production
7800 HorsesHorse Safe upper limit

7865 HorsesHorse Thrived

8000 Sheep Tolerated

9100 HorsesHorse Harmful

9100 Cattle Lost condition

9400 Cattle Safe upper limit

10000 Beef cattle Safe upper limit

10000 RatsRat DeleteriousDeleteriou

10000 White ratsrat Tolerated

10000 Livestock LossLos of weight
11400 CowsCow and sheep Satisfactory
12900 Adult dry sheep Safe upper limit

13500 HorsesHorse Sustained without work

14700 Sheep Thrived

15000 Farm animalsanimal dry Satisfactory upper limit

15000 Lactating cowscow and pigspig Injured
15000 HorsesHorse cattle sheep Fatal during long periodsperiod
15600 Sheep Safe upper limit

18000 Cattle Thrived

18600 Sheep Used temporarily
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SALINITY CRITERIA

Table summarizessummarize salinity concentrationsconcentration in water that affect municipal human drinking
water fish aquatic life industry irrigated agriculture poultry ducklingsduckling and livestock drinking
water and beneficial usesuse The most sensitive usesuse are in-igatedagricutture human drinking
water and industrial Based on the review of the literature done in thisthi report fish poultry
livestock and ducksduck are sensitive to sudden increase in salinity

review of state water quality standardsstandard US EPA 1988 showed 10 statesstate set TDS numerical

standardsstandard for variousvariou usesuse Minnesota Mississippi and Virginia set standard of 500 mg/L for

domestic consumption and public water supply Mississippi had TDS standard of 1500 mg/L
for recreation use Nevada and New York set standard of 500 mg/L TDS for specific water

body classesclasse Iowa set TDS standard of 750 mg/L for all classesclasse of water New Jersey had

TDS standard of 500 mg/L for general surface water classification Ohio set their TDS

standard as 1500 mg/L average for wann water and exceptional wann water habitat

Tennessee set their TDS standard at 500 mg/L TDS for domestic and industrial water supply
UtahsUtah TDS criteria were 2000 mg/L for both domestic purposespurpose and 1200 mgL for agricultural
usage The Utah agricultural standard for TDS of 1200 mg/L was based on stream water quality
and concentrationsconcentration of water applied to specific cropscrop without damageMcNeal 1998

The SWRCB Technical Committee report for Regulation ofAgricultural Drainage to the San

Joaquin River evaluated water quality criteria for constituentsconstituent of concern including salinity
SWRCB 1987 They stated that salinity was concern because of its effect on irrigated cropscrop
which they considered the most sensitive beneficial use The committee proposed
concentration of 700 llmhos/cnl or 415 to 430 mg/L TDS as the salinity water quality criterion to

protect all San Joaquin River beneficial usesuse ThisThi criterion recommended to fLilly protect
irrigated agriculture was considered to be lower than the criteria needed to protect other

beneficial usesuse such as stock watering fish and wildlife The criterion was intended to permit
all crop water usesuse on every soil type in the Lower San JoaquinRiver Basin and downstream in

the southern Delta The Technical Committee stated that an BC above 3000 tmhos/cm or

TDS of 2000 mg/L is generally too high to support agriculture but did not discussdiscus the BC levelslevel

between 700 and 3000 irnhos/cni

The water quality control plansplan of the nine California Regional Water Quality Control BoardsBoard

contain numerical salinity objectivesobjective as summarized below Site-specific rangesrange in many
locationslocation varied depending upon background levelslevel

North Coast Region -- set site-specific objectivesobjective based on specific conductance and/or TDS

for 50 and 90 percentile valuesvalue of the monthly meansmean for calendar year ObjectivesObjective range from

specific conductance 90 upper limit of 2000 imhos/cm for MeissMeis Lake to 150 dmhos/cm
for Salmon River watershed streamsstream MeissMeis Lake in northeast California is naturally salty while
the Salmon River in northwest California and is naturally low in saltssalt

San Francisco Bay Region -- givesgive range of BC water quality limitslimit of 200 to 3000

j.imhos/cmfor agricultural water supply Their obj ective for municipal supply is 900 j.imhos/cm
for BC and 500 mg/L for TDS

Central Coast Region -- has BC guidelinesguideline for interpreting water quality for irrigation
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Table Summary EffectsEffect of Salinity in Water

EC TDS

USESUSE prnhos/cm mg/L REFERENCE

Municipal Usage USEPA 1976 1986

Excellent 491_611 319-397

Good 1012_1161 658-755

Unacceptable 1974 2051 1283-1333

Drinking Water

Federal Drinking Water Secondary MCL 500 USEPA 1976 1986

State Drinking Water Secondary MCL

Recommended 900 500 CCR Title 22

Upper Level 1600 1000 CCR Title 22

State SourcesSource of Drinking Water Policy 5000 3000 Marshack 1998

Fish and Other Aquatic Life

toxicity can depend upon constituent makeup

Squawfish Chub and Bonytail 6770- 10153 4400-6600 Pimentel and Bulkley

avoided water with these concentrationsconcentration 1983

Water Flea inagna 100 mortality 15385- 7690 10000- 11500 Dwyer eta 1992

Chinook Salmon survival significantly reduced 18500 27700 12000 18000 Saike eta 1992

Industrial

Limiting ConcentrationsConcentration 75 4615 50 -3000 McKee Wolf 1963

San Joaquin River Basin IndustriesIndustrie 1300 845

Irrigated Agriculture MaasMaa 1990 SJVDIP 1999

Sensitive CropsCrop 1067 0_693

Moderately Sensitive 10672133 639 1386

Moderately Tolerant 2133 4200 l386_2730

Tolerant 4200 6800 2730 4420

Unacceptable 6800 4420

Poultry and Livestock Drinking Water

Chicken Swine Cattle Sheep Survival 23075 15000 USEPA 1973

VariousVariou EffectsEffect on AnimalsAnimal injuriousinjuriou safe upper

limit or harmful 4400- 28615 2860- 18600 McKee Wolf 1963

Waterfowl

Mallard Duckling SJVDP 1990

molt delay 4615 3000

gruwThreduced 7720 5020
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Calculated based on TDS/EC ratio of 0.65

mhos/cm posespose severe problem for irrigation water EC valuesvalue from 750 to 3000 prnhos/cm
are considered to have increasing problemsproblem These objectivesobjective for irrigation An EC of lessles than

750 imhos/cm is interpreted as having no problem and an EC of over 3000 waterswater were

obtai.ned from University of California Agricultural Extension Service guidelinesguideline and they are

meant to be flexible and modified by local experienceand conditionscondition

Site-specific water quality objectivesobjective for TDS were set for 24 hydrologic sub-areassub-area as baseline

for evaluating water quality management ObjectivesObjective ranged from 150 mg/L for Boulder Creek

to 1400 mg/L for the San Benito River

Los AngelesAngele Region -- has basin-specific objectivesobjective for TDS that range from 250 to 1500
mg/L They also apply the following general TDS guidelinesguideline for reachesreache where site-specific
objectivesobjective have not been determined

Municipal 500 mg/L
Industrial Processing 50 to 1500 mg/L
Agricultural 450 to 2000 mg/h

These generalguidelinesguideline would apply to areasarea impaired by mineralsmineral or where historic data is

lacking to designateobjectivesobjective based on natural background conditionscondition The actual effluent limit
will be set to protect the most sensitive beneficial usesuse

Central Valley Region -- The Sacramento Basin above the Delta has EC water quality
objectivesobjective that range from 150 imhos/cm in well-mixed waterswater of the Feather River to

340 iimhos/cm 90 percentile on the Sacramento River at the Street Bridge 1300000 tonston of

TDS in Grouse Lake in Northeastern California An EC objective of 150 kmhos/cm 90
percentile has been set for the Upper San Joaquin River from Friant Dam to the Mendota Pool

ObjectivesObjective also have been incorporated into the Basin Plan from the SWRCBsSWRCB Bay Delta Plan

Water Quality objectivesobjective by beneficial use were set for Delta water in the State Water ResourcesResource

Control BoardsBoard 1991 Water Quaiit Control Plan for Salinity Bay Delta Plan and are in Table

Ill-SIll- in the 1998 CRWQCB- CVR Basin Plan Maximum 14-dayrunning average EC valuesvalue

vary from 450 to 2780 p.mhos/cmdepending on water year type wet above normal below

normal dry and critical and season for the Western Delta and the Interior Delta Maximum 30-

day EC as running average of mean daily valuesvalue for the South Delta including the San Joaquin
River at VernalisVernali has been set at 700 imhos/cm from April through 31 August and at 1000

jimhos/cm from Septemberthrough 31 March for all water year typestype The maximum 30-day
EC as running average of mean daily valuesvalue for waterswater exported via the California Aqueduct
and the Delta Mendota Canal is 1000 imhos/cm

According to the Basin Plan Table 111-5 additional salinity objectivesobjective have been set for Delta

striped bassbas spawning habitat that radge from 440 to 3700 jmhos/ctn as 14-day running
average of mean daily EC depending on water year type ObjectivesObjective vary with deficienciesdeficiencie in

water suppliessupplie and apply from April through 31 May or until striped bassbas spawning has ended

For non-critical or non-dry yearsyear 14-day running average objective of mean daily valuesvalue has
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been set at 1500 kmhos/crn at Antioch and 440 limbos/cm at PrisonersPrisoner Point on the San Joaquin
River

Lallontan Region -- TDS objectivesobjective by water bodiesbodie vary from low of 10 mg/L in Sierra
Nevada stream to 80700 mg/L in Mono Lake

Colorado River Basin Region -- has an average annual TDS objective of 2000 mg/L with

maximum of 2500 mg/L for the Coachella Valley and Palo Verde Valley DrainsDrain They also had

an average annual TDS objective of 4000 mg/L with maximum of 4500 mg/L for the New

River Alamo River and Imperial Valley DrainsDrain These objectivesobjective were set to limit the inflow of

salt into the Colorado River and Salton Sea Coulter 1998 The Salton Sea has an BC of over

52000 kmhos/cm Westcot et aT 1990a

Santa Aria Region -- TDS objectivesobjective vary from 110 mg/L for San Bernardino Mountain

stream to 2000 rng/L for freshwater marsh The Region statesstate that for most irrigation usesuse

water should have TDS concentration under 700 mg/L They reference the Department of

Health ServicesService secondary drinking water limit of 1000 mg1/LTDS for taste considerationsconsideration and

quality related consumer cost analysisanalysi that showsshow TDS of 500 mgIL or below benefitsbenefit consumersconsumer

The Santa Ana RegionsRegion generalguidelinesguideline for interpreting irrigation water quality vary by
degreeof restriction on use and are based on AyersAyer and Westcot 1984

San Diego Region -- refersrefer to the recommended secondary drinking water standard for TDS

of 500 mgL with upper limit for 1000 mg/L for taste considerationsconsideration TDS of lessles than 450

mgIL BC 700 micromhos/crn would result in no restriction of use TDS of over 2000 mg/L
EC 20000 micromhos/cn4 would result in severe use restrictionsrestriction The site-specific TDS

objectivesobjective by hydrologic area ranged from 300 to 2100 mgL ObjectivesObjective set by hydrologic area

mostly ranged from 500 to 1000 mg/L The highest site specific TDS objective of 2100 mg/L is

for only one area the San Ysidro Hydrologic Sub Area which is near the ocean at the California

Mexico border The lowest site-specific TDS objective of 300 mg/L is set for waterswater in the

mountainsmountain east of San Diego

Numerical salinity objectivesobjective specifically for aquatic life in general were not found in any of the

Regional BoardsBoard Water Quality Control PlansPlan However the San Francisco Bay Region Plan

has narrative objective which statesstate that controllable water quality factorsfactor shall not increase the

TDS in waterswater of the State so as to adversely affect beneficial usesuse particularly fish migration
and estuarine habitat
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