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EXECUTIVE SUMMARY

Conditionsof environmental mercury wereinvestigatedat existing off-channedl gravel pitlakes
near CacheCreek in Yolo County. Bottom sediments, water, aquatic invertebrates, and fishes
were sampled for mercury levelsat theexisting lakesand in adjacent Cache Creek, to providesome
indication of likely mercury conditionsin proposed additiona off-channel gravel pit lakes. Water
concentrations of mercury at thetimeof thisApril 1996 sampling (2-4 ng/L.) werelower and less
variable than correspondinglevel sfrom adjacent CacheCreek, and were well below the water
quality criterion for mercury (12ng/L.). Bottom sedimentswere somewhat elevated at 0.2-1.0
ppm, though thisis typical for theregion and isfar lower than level sseen in highly contaminated
sites. Fishcollectedfrom theexistinggravel pit lakeswere of someconcern, in that they
approached and in some cases even surpassed the 0.5 ppm consumption guidelinefor fish
mercury. However, these fish muscle mercury concentrationswere very similar to concentrations
found in correspondingsamplesfrom adjacent Cache Creek. Similar levelsarea so routinely
found from many |ocationsthroughout the mercury contaminated regionsof northern California

It isnot clear at thispoint whether theexisting pit lakes at Solano Gravel becomeanoxicin the
bottom watersduring the summer. Werecommend that thisbeinvestigated. Even if thecurrent
lakesdo not experienceseasonal anoxiaat thistime, the potential existsfor new lakesand older
lakesto become seasonally anoxic. Thiscould resultif they are either considerably deeper or more
organicrich than the lakestested. If seasonal bottom anoxiaoccurred, the possibility would exist
for methyl mercury production and subsequent transfer of mercury into fish to be enhanced.
Additionally, there may bean initia (2-3 year) surgein mercury bioavailability and uptakein newly
formed lakes, associated with theflooding of formerly terrestrial soils and associated organic
material. Thelikelihood, though, of mercury bioavailability--in off-channel gravel pit lakesof any
configuration along lower Cache Creek--increasing to levels as high as those seenin Davis Creek
Reservair is not supported by thefindings of thisstudy of theexistinglakes. Sediment bulk
mercury levelsare considerably lower than in highly contaminated sitesand the water quality in the
proposed systems may not be readily conducivetoanoxia. However, because the potentia clearly
existsfor fish mercury to accumulate to health guidelinelevelsand above, we strongly recommend
that theissue of environmental mercury be monitored closely in conjunction with future operations.
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1 INTRODUCTION

In April 1996, our mercury biogeochemistry research group wasapproached by Yelo County
and asked to provideinput regarding the mercury related aspectsof the currently proposed off-
channd grave mining operationsnear CacheCresk in Yolo County. The proposed expanded
gravel operationswill involvetheformation of anumber of fairly deep lakesadjacentto Cache
Creek throughout the region between Woodland and Capay. Concerns have been raised asto the
potentia for the resultingmining pit |akesto providean environment in which mercury could
concelvably become a problem, from a human hedth and environmenta perspective. AsYolo
County isknown to naturdly contain high levelsof mercury in somearess, including the Cache
Creek watershed, this concern was not unfounded. It isclear from our extensvework in the
region that, under certain specific conditions, the naturaly elevated levelsdf mercury in portionsof
the County may be readily transformedinto themercury speciesthat has been demondrated
throughout the scientificliteratureto moveinto aguatic foodchainsand result-in unacceptably high
mercury levelsin ediblefish. Thismercury fractionis methyl mercury, an organic species.

Methyl mercury is produced asa biproduct of aselect group of microorganisms,including
sulfur reducing bacteria. Under conditionswherean excess of inorganic mercury is present,
together with astable population of the key microorganisms, and the conditionsto support them,
methyl mercury can be produced & levelssufficient to raise the mercury levelsin ediblefish tissue
above concentrationswhich have been deemed safefor consumptionby hedth agencies

The gpproach taken in this short-term, preiminary sudy wasto investigate the mercury
conditions present in the most andagousoff-channd, grave pit' lakesdready in exigencein Yolo
County, i.e.--the two pit |akes present & Solano Grave, north of Highway 16 and just east of
Highway 505. These lakes were deve oped goproximately 8 years ago and are moderately deep
(-40ft, Ag. 1), Smilar to many o the proposed gravel lakes. Accordingto Solano Gravel
employees, the lakes were socked with fish early in their development. Our survey found a
variety of szesand ages, consistent with awell established population. Fish collected in 1996
obtained al or the great mgority of their accumulated mercury from thelakeenvironments and can
thus beeffectively utilized as biologica monitorsof existing mercury availability.

Qr planfor thisprdiminary sudy incdluded the examination of mercury levdsin fish of the
existing gravel pit lakes, together with aguati cinvertebrates, bottom sediments, and water. These
can be compared to corresponding level sin the adjacent Cache Creek, as wdl aslevelsin other
water bodiesin the County and in northern Cdiforniain genera. Theinitial plan wastofocuson
the North Lake, which wasbelieved to be degper. When fish collectionsproved difficult at this
timein the North Lake, we extended the work into the adjacent South Lake, wherefish weremore
populousand could be sampled effectively in arangedf speciesand Sizes.
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Thesampling sites utilized for this project a the Solano Grave property are shownin Figure 1.
Weestimated depth contoursof theexisting lakeswith the usedf sonar. Comparativefish samples
from Cache Creek werecollected in October 1995 from lower Cache Creek between Road 102 and
Highway 5.

Table1 summarizes themercury anaytical samplescollected for this prdiminary project.
Aqueous mercury samplesweretaken on 4 different datesfrom the pit lakes, together with 4
correspondingsamplesfrom the adjacent creek. Each samplewasfractionated intofiltered (< 0.2
pm) and raw portions, each of which wereanayzed for total mercury. Inaddition, methyl
mercury wasanal yzed ind| of therav water ssmplesand 6 of the 8 filtered samples. Total
mercury wasandyzedin 39 individud biotic and sediment samples, including 24 individud fish
andyzed for muscle mercury from the Solane Grave pit lakes. Additiona andyticd samplesfor
the project included suspended solidssamplesfroma | 8 water collections,and moistureand
organic percentage andysesin the 7 bottom sediment samples.

Table 1. Summary of all SamplesAnalyzed for Mercury in This Project

Pit Lakes  Cache Cresk

AgqueousTotal Mercury (Raw Water): 4 4
i Total o ) 4 4
Aqueous Methy! Mercury (Raw Water); 4 4
Agu Methyl Mt y(FI 1 Water) 3 3
TOTAL AQUEOUSSAMPLES: 15 15
InvertebrateComposites: 8 2
Individual Fish Muscle Samples: (24) (16) ¥
Green Sunfish: 7
Channd Catfish: 10 4 ¥
Broawn Bullhead: 2 4%
Smallmouth Bass; 5
Carp: 2%
SacramentoSucker: 1%
Bluegill Sunfish: 2%
White Crappie: 3¥
Sediment: " 1%
TOTAL SOLID SAMPLES 39 19

¥ - Samplescollected earlier (10195) by D. G. Stotton and SM . Ayers
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Figure 1. Schematic Map of Solano Gravel Pit Lakes and Adjacent Cache Creek

O --Sediment Sites
& --Water Mercury Sites
A, B -- Water Profiles

Cache Creek

North Pit Lake

South Pit Lake
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2. METHODS

21 Collection Technigues

211 Sediment

Surficial sediment wascollected from the bottomsof the Solano Gravel pit lakeswith an
Ekman dredge. Resulting samples were spoonedinto pre-cleaned glassj ars with teflon-lined caps.
Sediment sampleswere maintained refrigerated but unfrozen (so asto not alter minerd structure)
until they were analyzed for mercury within 18 daysof collection.

2.1.2 Water

Water collectionsfor mercury analysiswere madein conjunctionwith Frontier Geosciences
Laboratory of SeattleWashington, which isthe most highly esteemed agueous mercury laboratory
in theworld. Ultra-clean 1 L teflon collection bottleswereshipped to us, individually packagedin
double zip-lock bags. Two person clean collecting protocol was used, in which the actual sample
bottle was touched only by one researcher, who handled nothing el seand wore sterilegloves.
Creek sampleswere taken in flowing water by standing in-streamand, facing upstream,
submergingthe bottlein themiddleof theflow. Lakesamplesweretaken by idling the boat
dowly into the wind at midlake, with the sample taken from thefront of the boat. Inall
collections, the bottle cap wasremoved underwater, alowing the bottleto fill without coming into
contact with potential surfacefilm material, and then reseded before bringing to the surface. The
bottlewas then placed into the waiting isolation bags, held by the co-worker. Bagged ice packs
kept the bottlescool and sampleswere shipped by overnight mail to Frontier Geosciences. Water
sampleswerefiltered and preserved appropriately in atrace metal clean room within 24 hours of
collection, and later andyzed within standard holding times.

In conjunction with each set of agqueous mercury samples, we collected identical water into 1
liter bottlesfor analysisof suspended solids. These bottleswere held in a separateice chest, on
ice, and were returned to our laboratory in Davisfor processing within 48 hoursaof collection.

2.1.3 |nvertebrates

Aquatic invertebrateswere taken from each of the sites, as availabl e, with various netsand
screens. Forceps were used to pick macro-invertebratesinto prepared collectionjars. Thisprocess
was repested at each site until asufficientsamplesize of each taxon of interest was accumulated to
permit analysisfor mercury.
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Samplesweremaintainedin ther collectionj ars onice, and then cleaned within 24 hoursof
collection. Cleaning was accomplished by suspending sampleorganismsin distilled water and, as
necessary, shaking individualsin the water with teflon-coated forcepsto remove any significant
clinging suzficial material. Gastropod samples(aguaticsnails) taken from the two lakeswere
additiondly purged of potentiadly high-sediment gut contentsby maintaining them livefor 4 days
and changing the water repeatedly until clear. Cleaned organiamsaf al t ypes werestored in pre-
cleaned] ar s with teflon-lined caps, which werefrozen and then dried at 50-60°C. Thedried
samplewas homogenized to a fine powder with teflon-coated instruments and a glass |aboratory
mortar and pestle. Al of these techniqueshave been well established and tested in extensive prior
mercury research work throughout California(Slotton et d. 1995a).

2.1.4 Fish

Fish were collected from the Solano Gravel pit lakesusng aboat with a variety of experimental
gillnets. Gill nets wereaso used in the Cache Creek collections, together with seines. Individual
fish to be andyzed wereweighed and measured on site. Stomach contentswere assessed within
an hour of collection. Musdletissuesamplesfor mercury andysswereexcised in thelaboratory
within 24 hours, using clean technique, with dainless sted scalpds. Muscle sampleswere taken
from the dorso-laterd ("shoulder) region, as done by the CaifomiaDepartment of Fishand
Game. Sampleswere placed directly into |aboratory digestion tubes, which were cgpped with
teflon liners. We have utilied thesetechniqueswith great successin similar work over the past 11
years (Reuter et al. 1989, Slotton 1991, Slotton et d. 1995z, Slotton et d. 1995b)

23 Analytica Methodology
231 Water

Tota mercury in water wasandyzed by duad amalgamation/cold vgpor atomic fluorescence
spectrometry, as devel oped by Bloom and Crecelius (1983). Methyl mercury was anayzed
utilizing agueous phaseethylation, followed by cryogenicgas chromatogragphy with cold vapor
atomicfluorescencedetection, asdevel oped by Bloom (1989). Thedetectionlevesfor these
extremdy sensitive analyses are approximately 02 (total Hg) and 0.01 (methyl Hg) ngL-! (parts
per trillion), generdly bdow most environmental agueous mercury levels present throughout
Northern Cdlifornia. It is notablethat NicolasBloom, thedeveloper of thesetechni ques, isthe
director of thelaboratory utilized for thiswork.
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2.3.2 Suspended Salids

Suspended solidsconcentration at each site was determined by filtering agiven volumeof wel
mixed samplewater through a pre-weighed glassfiber filter. Thesolids wereretained on thefilter,
which wasthendried at 105"C for 24 hours. After cooling thefilter in adessicator, it wasre-
weighed to the nearest 00001 g. Theweight of solidswasobtained by subtracting theinitial,
cdeanweight of thefilter from theweght with solids. Thisamount wasdivided by the volume of
water filtered to derive the solidsconcentrationon amilligram per liter bass.

Solid samplesfor mercury wereandyzed usng homogeneous portions. Sediment was
subsampled from homogenized, wet (liquefied) samples. dentica subsampleswere used to
determinemoi sturecontent for dry weight conversions. Fish tissue was dso anayzed on wet
(fresh) samples, asi s thestandard procedure usad by governmental agencies. Mercury analysesof
invertebratesampl es were conducted with dried and powdered samplesfor uniformity, as
describedin Slotton et d. (1995a).

Solid samplesof dl typeswere processed by first digestingin concentrated sulfuric and nitric
acidsand potassium permanganate, under pressure, & 80-100 °C for threehours. They were
subsequently andyzed for totad mercury using awell-established modified cold vapor atomic
absorption (CVAA) micro-technique, describedin Slotton et d. (1995b). Theleve of detectionfor
this techniquei s approximately 001 mg kg-! (ppm), sufficient to provideabove-detection results
for nearly &l aguiatic sediment and biota samples in this region.

Moisture content of sediment sampleswas determined by welght difference between fresh,
homogenized sampl e (10-25 g) and the sampleafter drying at 105"'C to congant weight (generaly
24 hours), subtracting out theweight of the weighing container. Weightswere accurate to £ 0.001
0. To obtain theL oss On Ignition (LOI) estimated organic content, the dried samplewas
subsequently placed in a475 °C mufflefurnacefor 2 hours, to bum off any organic matter. After
cooling, the mineral moisturedf hydration wasreturned by re-wettingthesample. Thesamplewas
agandried at 105 °C to congtant weight, cooled in adess cator, and weighed again to = 0.001 g.
Thelossin weight between theinitid dry sampleand the sampleafter the muffle furnace treatment
Isattributed to organic matter.

e
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24 Quality Assurance/Quality Control (QA/QC)
2.4.1 Water

The water samplesfor mercury were andyzed & Frontier GeosciencesLaboratory inasingle
andyticd run for total mercury and ancther for methyl mercury. Each run wasaccompanied by
QNQC samples. QNQC was excdlent, as summearized bdow in Table2.

Table2. Frontier GeosciencesL aboratory AqueousMercury QA/QC (from 2 analytical runs)

QCData Total Meraury Methy] Mercury
(ng/L) (ng/L)

M ethod Bianks 0.19 £ 0.06 0.013 + 0.004

n) 3 )

Estimated Detection Limit 0.18 0.012

NRCC Dogfish 4,733 4,465

Certified Concentration 4,640 + 260 4,470 £ 370

Recovery (%) 102% 100%

Befor eFilter Blank (4110196) 0.45

After Filter Blank (4110196) 0.28

BeforeFilter Blank (4/16/96) 161

After Filter Blank (4/16/96) 1.19

2.4.2 Hah, Invertebrates and Sediment

Extensve QNQC accompanied our tota mercury andysesof aguiatic biotaand sediment
samples. For each samplebatch of gpproximatdy 24 samples, alarge number of QA/QC samples
wereincludedthrough dl phases of the digestion and andysisprocedures (16 total). These
included 1 blank and 7 aqueous mercury sandards, sandard reference materiad swith known
mercury concentrations, duplicatesdf andytica samples, and spiked andyticd samples. These
additiond sampleswere used, asdways, toensurethereiability of thedatagenerated. The
QNQC resultsfor this portion of thework aresummarizedin Table 3.

Theextensvesat of aqueousstandardswas ussd to construct an accuratecurve of mercury
concentration vs atomic absorbencefor each andytica run. The standard curveR? vauesfor
the mercury runsutilizedin this project fell between 0.999 and 1.000, wdl abovethe control
ranged = 0975. Thestandard reference materid samplesincluded two fish dandardsand a
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Table3. D.G. Siotton Laboratory Total Mercury QA/QC Summeary (from 3 andytica runs)

Sd Curve Spike Duplicate NBS IABA NBS
RA2 Recoveries RFD Tuna Tuna Sediment
Certified Levd (ppm) 0.95 4,70 147
Ideal Recovery 1.000 (100%) {0%) (100%) (100%) (100%)
Contral Range (%) 20975 75-125% £25% 75-125%  75-125%  75-125%
Control Range (ppm) 071-119 360600 110184
Recoveries(%o) 0999-1.000 HA-111% 01-10.7%6 95-110% 90-96%  101-107%
{ppm) 090-104 432461 149157
{n) n=3 n=H n=18 =7 n=2 n=2
Meen Recoveries{%) 0.999 101% 4% 100% 93% 104%
Meen Recoveries(ppm) 0.95 447 153

sediment standard. Al recoverieswerewithinthe75%= 125% control levels, at 90-110%
Sample duplication wasexcdlent, with re ative % difference (RPD) having a mean vaue of 4%
among 18 totd paired samples. Spikerecoverieswerea so consistently good, with recoveriesof
9%- 111%, ascompared to the 75% - 125% control levels.
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3 RESULTS.

31 Genera Limnological Survey

With sonar siweepsa ong transects, we were able to construct a rough bottom contour map of
theSolano Grave pitlakes(Hg. 1). The North Lakewasfound to haveafairly regular pit
configuration, with rdaively seep perimeter dopesand the mgority of thebottom areadeeper than
20 A, reaching amaximum depth of approximatdy43ft. Therewaslittleareaavailablefor
shdlow accumulationsaf aguetic plants, which were confined largely toa narrow strip along the
southern perimeter. TheSouth Lake, 2-3 timeslarger in surfacearea, was considerably shallower
on average, though it aso contained a basin at its northern end that wassimilar to that in the North
Lake. Here, depthsreached gpproximatdy 35ft. The mgority of the South Lake, however, was
shdlower than 20 ft, with extensveareasat the southernend well under 10ft. Here, plant growth
wasextensve, with beds of aguatic plants, macro-agae, and willows. Thisenvironment proved
to beexcdlent fish habitat, with considerably greater coll ection successhere as comparedto deeper
aress.

Adjacent Cache Creek, during the period of this April 1996 prdiminary work, was quite
variable, ranging from moderately high, turbid flow conditionssoon after storms (414196) to
intermediateflow and turbidity levels(4/9/96), to relativebaseline conditions (4111196,4115196).

We collected information on anumber of limnologica parametersin the North Lake to provide
some basc information asto the trophic statusof thesystem and its potentid to providean
environment suitablefor mercury methylating microorganisms. At twositesin thisbasin (Fig. 1),
we collected water column samplesfrom surface, mid depth (5 m, 16 ft), and deegp water 1 m
above the bottom (11-12 m, -38 ft). Thesesampleswereanadyzed for pH, total suspended solids
(TSS), and Chlorophyll A (ameesurecf dgd dengty). Dataare presented in Table4.

Additiondly at thesetwo stes, temperatureand dissolved oxygen were profiled surfaceto bottom
through the water column, a 1 mincrements(Table5, Fg. 2).

Table4d. Water @l unm pH TSS, and Glargohyi| A; Nrth Pit Lake 4/ 4/ 96

Depth pH IS8 Chlorophvll A
(mg/L) {(1g/L)
Ste A Site B SiteA SiteB SteA SiteB
SurfacQ3 m. 1 ft) 8% 8.54 44 102 22 15
Mid(5 m, 16 ft) 857 8% 41 44 20 19
Deep (11-12 m,- 33 ft) 840 83 62 7.8 18 18
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Table5. Water Cdumn Prdfiles of Temperatureand Dissolved Oxygen; Nort h Pit Lake 4/4/96

Depth Temperature i

(m) ) (°C) (mg/L = ppm)
SteA SiteB Site A SiteB
0.0 0.0 16.1 '16.2 10.1 - 9.3
1.0 33 16.1 16.2 10.1 10.0
2.0 6.6 16.0 16.2 10.1 10.0
3.0 9.8 16.0 16.1 10.2 10.1
4.0 13.1 159 16.0 10.1 10.1
5.0 16.4 15.3 15.9 10.1 10.0
6.0 19.7 15.1 15.1 10.2 10.0
7.0 23.0 15.0 15.0 10.1 10.0
8.0 26.2 4.9 -'14.9 9.9 9.8
9.0 29.5 14.0 14.1 9.4 9.4
10.0 32.8 133 13.3 8.7 8.6
11.0 36.1 13.2 13.2 8.4 8.1
12.0- 39.4 132 13.2 1.7 7.9
12.3 40.2 13.2 7.6

Figure 2 Water Column Profiles of Temperature and Dissolved Oxygen;
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Asexpected, the water column wasgtill relaively unstratified (fairly wel mixed) onthis April
date, wth only adight differencein both temperatureand dissolved oxygen between thesurface
and the bottom. Profileswerealso essentially identica at thetwo sdesd thelake. Temperature
ranged from 13.2 °C (55.8 °F} in the deep water, gradualy warmingto 162 °C (61.1 °F) at the
aurface. Oxygen levelsremained high throughout the water column at thistime, at gpproximatdy
10 ppmin thetop 25 ft, declining only to gpproximately 8 ppm at the bottom.  With the onset of
hot summer westher, the upper waters can be expected to become sufficiently warmer than the
underlyingcool bottom waters, so asto form adengty stratification. |n thiscircumstance, the
upper watersremain mixed and i n contact with the amosphere, whilethecooler, denser bottom
waters becomeisolatedfromthe upper water layer and theinfluenceof theair. Under these normal
conditionsof warm season water column stratification, oxygen can become depleted in the bottom
water. Thisoccurswhen thereis sufficient organic matter and bacterid metabolismto use up the
availableoxygen.

At thistime, thewater o the North Lake gopeared to be rdatively sterile, ascompared to more
eutrophic ponds and lakesin theregion. Chlorophyll A wassimilarin the varioussamples, a 1.5
2.2 ug/L (ppb), whichisquitelow. Thecorresponding Secchi disk measure of water column
vighility was2.2 m (7.2 ft) whichisfairly clear for thesetypesof sysems. Thesediment data
(below) dsoindicatesthat organic matter in thelakeisrelatively low, integrated acrossthe seasona
accumulationssampled a the bottom.

Water column pH was very smilar throughout and well above neutrdity & 8.39-857. Thisis
typical for theregion. Suspended solidswerein therange o 4-5 mg/L. (ppm) in mogt surfaceand
midwater samples, with asomewnhat higher level & the bottom (6-8 mg/L), asistypicd. TheSite
B surface samplewas higher at thistime (10.2 mg/L), cons stent with the surfacedoud o
suspended sediment noted at this Site on thiswindy collection date.

32 Bottom Sediments

Bottom sedimentswere taken from 5 |ocations distributed acrossthe degp portion of the North
Lakeand from adeegp and shdlow sitein the South Lake (Fig. 1). Mogt of the degp sediments
werecomposed of fine-grained sltsand clays, asistypicd. Whileavaiety of grain Szesenter
lakes, thesmaller particles are particularly susceptible to resuspensonfrom waveaction. They are
repeatedly resuspendedinto the water column until they randomly deposit in degper water, beyond
thereach o continued waveaction. Thus, degpwater ssdiments will ultimately be dof finer grain
size (claysand silts) than thesands and gravelsremaining in theshallower aress.

Andyticd datafrom the sediment samplesare presented in Table6. Moisture percentagewas
similar anong the samples, at 52% - 68%. Organic percentagewas relatively low in the North
Lakesaediments(1.1% - 2.4%), afunction of therdatively low presencedf agudtic plantsand
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water column algae. South L ake sedimentsweresomewnheat higher, at 32% - 45% organic
fraction. The South Lake wascharacterized by coritaining shallower regionswith extensve plant
growth.

Table6. Sediment Analytical Data; Solano Grave Lakes April 1996

Sediment LD, Depth Description ppm Hg Percent  Percent
(m) (R (dryvt)  Moisture
NORTH LAKE
Northwest 116 381  Sitsad finesands 0.38 58.6% 2.4%
Northeast 119 39.0 Finedlts. clays 0.77 54.2% 19%
Southeast 10.0 32.8 Finedlts, clays 0.65 67.5% 11%
Southwest 105 344 Finedlts, clays 0.60 52.0% 14%
Center 13.0 42.7 Fineg clays 1.00 60.3% 2.3%
SOUTH LAKE
North Side(deep) 110 36.1 Finedilts, clays 0.15 56.9% 3.2%

South Side (shallow) 2.7 8.9  Sitsandfinesands 0.22 53.2% 4.5%

Mercury concentrationswere lower in the South Lake sediments(0.15 - 0.22 ppm) then in the
samplesfrom the North Lake (0.38 - 1.00 pprn). The highest concentration (1.00 ppm) camefrom
the deepest sample taken from the center o the North Lake, wherethe finest grain Szeswere
present. Thelowest mercury samplefrom the Northlake (0.38 ppm) wasfound in conjunction
with larger grain size materid, including ssnds. Among the North Lake sampleswith smilar grain
Size, mercury wassimilar at 0.60 - 0.77 ppm. Thesedataare consstent with other regiond
research, in which metals, including mercury, have been found to be more concentratedin agiven
weight of finegrained particles than in coarser materid (Slotton and Reuter 1995). Thisisa
function of thelarger surfaceareafor adsorption afforded by thesmaller particles.

These sediment mercury concentrationsare €l evated as compared to globa averages, but are
considerably lower than levelsseen in many mercury contaminated regionsdf Cdifornia, where
levelsinthe 10sand 100s of pprn have bean reported. In our October 1995 collectionsaf fish
fromlower Cache Creek, wetook asinglesampledf creek sediment for mercury. Thissample
was quitecoarse, dominated by fine sandsand silts, with a mercury concentrationof 0.51 ppm.
Depending on the flow regime and congstency of the bottom sediment, sediment mercury fromthe
creek can be expected to be highly variadle,

o 12,
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33 Agqueous Mercury Concentrations

Aqueousmercury concentrations, in uni ts of nanogramsper liter (ng L-1, = parts per trillion),
are presentedin Table 7. Concentrationsfrom the North Lake weré quite consistent acrossthe 11
day period of sampling. This period encompassed avariety of climaticconditionsincluding post-
rain, high winds, and warm/calm. Total mercury ranged from 2.89 t0 3.45 ng/L in raw water
samples, withamean of 3.22 ng/L.. Total mercury in thefiltered fraction was aso quiteconsistent
a 1.12-1.47 ng/L, withameanof 127 ng/L. and amean filtered fraction representing 40% of rawv
concentrations. Theseconcentrationsappear to berdaivey characterigtic of thelake, and can be
compared to thewater qudity criterionfor mercury of 12 ng/L.. Theseraw water total mercury
concentrationsare gpproximeately 27% of thecriterionlevd.

Table7. Mercury Concentrationsin Water; Solano Gravel Lakes and Cache Cresk, April 1996

Date Total Hg Methyl Hg
(ng/L} (ng/L)
(raw)  (<0.2 um) (raw)  (S0.2pm)

NORTH LAKE

4/4/96 3.45 112 0032  (notdond

4/9/96 2.89 147 0.031 0.007

4/15/96 331 123 0.022 0.011
OUTH LAKE

4/11/96 2.25 0.88 0.044 0.010
CACHE CREEK AT |
SOLANOGRAVEL

4/4/96 52.50 114 0.329 (not done)

4/9/96 7.46 153 0.116 0.039

4/11/9% 3.60 116 0.114 0.038

4/15/96 381 130 0.114 0.043

A sample was taken from the South L ake when it became clear that we would need to utilizethe
other basin in our fish collections. Whileasinglepoint is not enough to form statistica
conclusions, it is notablethat this samplewas somewhat lower in totd mercury then thosetaken
from the North L ake, with 2.25 ng/L. in raw water and 0.88 ng/L (39%) in thefiltered fraction.

The corresponding samplestaken across thistime period from adjacent Cache Creek ranged
from concentrations very smilar to the pit lake samplesto consderably higher levels, clearly
associated with highflow suspended sediment loads. A high concentrationdf 52.50 ng/L. was
foundin the turbid, high flow rawv water samplefrom April 4. In reated work by the Central

13



CACHE CREEK OFF-CHANNEL PIT L AKES PRELIMINARY MERCURY ASSEﬁSMENT—-AeﬂI 1996 DG. Slotton et_al.

Vdley Regiond Water Qudity Control Board, raw water concentrationsof total mercury in lower
Cache Creek have ranged as high as 1,500 ng/L during peek storm flow conditions(Chris Foe,
Centrd Vdley Regiond Water Qudity Control Board, persond communication).

By April 9in the present study, flows hed receded considerably and a much reduced
intermediateconcentration of 7.46 ng/L. tota mercury wasfound in raw weater from the creek.
Howsand, apparently, mercury levels had stabilized rdlative to sorm flowson the April 11 and 15
collectiondates, with smilar raw water total mercury concentrationsof 3.60 and 381 ng/L.. These
levelswere gpproximately 15% higher than the corresponding levelsfrom the North Lake and 65%
higher than the single concentration measuredin the South Lake.

When the suspended particul ate contribution to thecreek tota mercury concentrationswas
factored out by filtering the samples, levelswere quitesmilar across the rangeof flow conditions
(1.14-1.53 ng/L). Thiswasnearly identica to filtered concentrationsfrom the North Lake
samples.

Methyl mercury was measured at 0.329 ng/L. in Cache Cresk raw water during the high flow
date (4/4/96), and then at approximatdly 113 of thet concentrationin further collections, with nearly
identical levelsof 0114, 0.114, and 0.116 ng/L. Methyl mercury in the creek water filtered
fraction was al so very consstent at 0.038-0.043 ng/L. (-35%df theraw water methyl mercury).

In contrast, methyl mercury in the pit lake sampleswas significantly lower in both raw and
filtered samples. Levelsof 0.022-0.032 ng/L werefound in raw water from the North Lake.
Thesemethyl mercury concentrationswere goproximatdy 25% of thelevelsfoundin
corresponding lower flow CacheCreek samples. Raw water methyl mercury from the South Lake
samplewas somewhat higher a 0.044 ng/L (-38% dof creek levels). Filtered samplesaf methyl
mercury from both pit lakeswerevery smilar, a 0.007-0.011 ng/L.. Theselevelsweredso
gpproximately 25% of the corresponding levelsseen at thistimein the adjacent creek.

34 Agqudic |nvertebrates

Aquadtic invertebratesthat wereandyzedfor thisproject are illustratedin Figure 3. Wewere
abletocollect extensvesamplesaof Coenagrionid damsdfly nymphsfrom each of the pit lakes,
together with aquatic snails, which werean important food itemfor thefish. Additiona
invertebrate sampl esincluded predaceous giant water bugs{Belostomatidae) from the North Lake,
predaceouscreeping water bugs (Naucoridae) from Cache Creek, and dragonfly nymphs
(Aeschnidae, Libellulidae) from the North Lake and Cache Creek. Themercury datafor the
invertebratesamplesare presented in Table 8.

Nativeinvertebrate specieshave proven to be excellent monitorsof mercury bicavailability in
Cdiforniawater bodies (Slotton et d. 1995a). Becausethey incorporate mercury into their bodies

14
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Figure 3. Aquatic Invertebrates Sampled in This Project
(illustrationstaken from McCafferty 1981)

Aquatic Snails (Gastropoda) Damsdflies (Zygoptera)
Coenagrionidae

S L_‘r;_;;‘ igdl .

o e s
S A Gt

Dragonflies (Anisoptera) Dragonflies (Anisoptera)
Aeschnidae Libellulidae

Creeping Water Bugs (Hemiptera) Giant Water Bugs (Hemiptera)
Naucoridae Belostomatidae
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throughout their lives, they can provideatime-integrated measuredf mercury availability, as
compared to standard "point-in-time" grab samplingfor weter. The mercury incorporatedinto
locd aquatic biotais, by definition, Specificaly the bicavailablefraction, which can be of
paramount importancefor management consderations. Additionaly, many of thesespeciesare
ided indicatorsof highly localized conditions. They thusfunction asrelatively satic biologica
probesdf the fraction of mercury in the water that isbioavailable.

Table8. Invertebrate Mercury Concentrations®; Solano Grave Lakes and Cache Cresk, April 1996
(Dry weight mg/&g mercury, =ppm; Multipleindividual composites)

Invertebrates North PitLake  South Pit Lake Cache Creek
a Solano Gravd

Snails 0.16 (n=23) 0.11 (n=29)

Damsdfly NymphsA 0.22{n=48) 0.17 (n=47)

Damsdfly NymphsB 0.21 (n=36) 0.17 (n=37)

Dragonfly Nymphs 0.27 {(n=3) 0.32(n=4)

Naucoridae (Cregping water bugs) 0.29(n=14)

Bdogomatidae(Giant water bugs)  0.51 (n=5)

§ - Noregulatory criteriaexist a thistimefor theseorganians

It was not possibleto collect identical typesd samplesfrom each of the sites, though there was
someoverlap. Aqueatic snails and damse fly nymphswere taken from each of the pit lakes. Dy
weight mercury level swere somewhat higher from the Noah Lake (0.16 ppm in snailsvs0.11
ppm in the South Lake, and 0.21 ppm in damsafly nymphsvs0.17 ppmin the South Lake). The
fidd duplicate compositesaf both setsof damsdfly nymphswere essentidly identical, suggesting
that the difference seen between basinsin this parameter reflected actud environmentd differences
rather than generd variability.

Mercury in dragonfly nymphsand Naucorid bugs (predaceous " cregping” water bugs) fromthe
Cresk sampleswassimilar (0.32 and 0.29 ppm), reflecting their very similar diet of small to
mediuminvertebrates. The mgority of biotic mercury istypicaly accumulated through the food
chan inthediet, particularly in the higher trophic levels(Lindberg et d. 1987, Gill and Bruland
1990). Mercury levelsamong invertebrate goecieswith asmilar foodsare typicaly smilar (Slotton
et d 1995a). Concentrationsgenerdly increase, moving up through thefood chain. That wasthe
casein the samplestaken in this project, whichare arrangedin order of ascending trophicfood
levdl in Table8.
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Dragonfly nymphsfrom the North Lakeweresmilar in mercury, though somewhet lower, as
compared to dragonflies from thecreek(0. 27 ppmvs 0 3). TheBeostomatid ("giant") water
bugsfrom the North Lake were consderably higher in mercury than any of the other invertebrate
samples, at 0. 51 ppm. Thisreflectsthe considerably higher mercury levelsin thar preferred food
item, juvenilefish. The utility of this prdiminary invertebrate mercury datacould beincreased
with expanded collections.

3.5 Fish

Fsh samplingfor mercury wasavery important component of this preiminary study.
Throughout their lifetimes, fish accumulate mercury dmost exclusively o the methyl fractionin
thar tissues, primarily in theediblefillet muscle, and thus providetime-integrated information on
mercury bioavailability, which can be compared to fish datafrom other sysems. Regulatory
cons derationsare often driven by fish mercury levels, largely becausefish muscle mercury
representsthe major exposure pathway of Sgnificance, bothfor people and fish-egting wildlife.

Thefish speciessampledin thisprojectareillustrated in Figures4and5  Thegrave pit lakes
contained green sunfish, channd catfish, brown bullhead, and smallmouth bass. The Cache Creek
samplesa soincluded channd catfish and brown bullhead, together with carp, Sacramento sucker,
bluegill sunfish, and whitecrgppie. |n order to obtain sufficiently diversesamplesfrom the gravel
pit lakes, we had to utilize the South Lake aswdl asthe North Lake. At thistimedf year (April),
only smaller individua swere collectablefrom the North Lake. However, when muscle mercury
concentrationsare plotted againg fish 9ze, the trends are generdly consstent between lakes (Fig.
9. Thefish muscle mercury datacollected in this project are shown in Tables9 and 10 and are
plotted graphicaly in Figures6 and 7.

Mercury concentrations generdly varied with size/age of individuad and with trophic feeding
levd of thespecies, asistypicd. Smdl green sunfish, which eat amdl invertebrates, contained the
lowest musclemercury leveq 0. 16 0. 0pprin 56 " fish), whilethe highest levelswerefound in
thelarger predatory species. Channed catfish contained muscle mercury of 0.27-0.67 ppmin 11-
23" fish, smalmouth bassdf 10- 15" had 0. 30-0. 90 ppm, and 11- 12" brown bullhead were
relaivey quitehighat 0. 720. 2ppm. Theselevescan becompared totheQ 5 pprm Hedlth
Guiddinesof the CdiforniaDepartment of Hedlth Services, the US Academy of Sciences, and
mogt nations(TSMP 1990). TheUS federd guiddine (FDA) for mercury in ediblefishis 10
ppm. Noneof these pit lakefish were above the 1 0 pprn guideline, though severd were above the
Q5 ppm levd, including thelargest channd catfish( 23 inches, 6 1bs, 0. 67 ppm), thelarger
smallmouthbasy 13- 15 inches, 1. 521bs; 0. 790. 90 ppm), and the brown bullheadq - 12 inches,
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Figure 4. Fish Species Sampled From Solane Grave Pit Lakes
(illustrationstaken from Maoyle 1976)

Green Sunfish
Lepomiscyanellus
Brown Bullhead
Ictalurus nebulosus
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Catostomus occidentalis

Sacramento Sucker

White Cr appie
Pomoxis annularis
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Figure 5. Additional Fish Species Sampled From Cache Cresk
(illugtrationstaken from Moyle 1976)

Bluegill Sunfish
Lepomis macrochirus

Cyprinus carpw
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Table9. Fish Muscle Mercury Concentrations(wet wtppm); Solano Grave Lakes, April 1996

Identification Weight ppm Hg
(mm) (inches) (grams) (pounds) (wet we)
NORTHLAKE (4/96)
Green Sunfish 135. 5.3 45 0.1 0.21
Green Sunfish 132 52 48 0.1 0.21
Green Sunfish 153 6.0 67 0.1 0.30
Green Sunfish 152 6.0 70 0.2 0.16
Green Sunfish 154 6.1 74 0.2 0.21
Channel Catfish 192 7.6 82 0.2 0.24
Channel Catfish 210 8.3 95 0.2 0.13
Channel Catfish 238 9.4 163 0.4 0.23
Smallmouth Bass 223 8.8 135 0.3 0.19
SOUTH LAKE (4196) _
Green Sunfish 135 53 65 0.1 0.25
Green Sunfish 160 6.3 73 0.2 0.29
Channel Catfish 279 110 250 6 0.35
Channel Catfish 375 148 600 1.3 0.44
Channel Catfish 400 157 770 1.7 0.27
Channel Catfish 400 157 860 1.9 0.30
Channel Catfish 432 170 950 2.1 0.39
Channel Catfish 467 184 1,375 3.0 0.47
Channel Catfish 584 230 2,630 5.8 0.67
Brmwn Bullhead 298 117 435 10 0712
Brown Bullhead 305 120 463 1.0 092
Smalmouth Bass 267 10.5 300 0.7 045
Smallmouth Bass 273 10.7 305 0.7 0.30
Smallmouth Bass 337 133 640 14 0.79
Smallmouth Bass 371 146 850 1.9 0.90
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Table10. Fish MuscleMercury Concentrations(wet wtppm); Lower Cache Creek, October 1995

(mm)  (inches) (grams} (pounds) (wet wt)
CACHE CREEK (10/95)
Carp 22 80 180 04 028
Carp 210 83 200 04 027
Sacramento Sucker 393 155 660 15 0.29
Bluegiil Sunfish 157 6.2 105 0.2 029
Bluegiil Sunfish 169 6.7 118 03 0.28
WhiteCrappie 207 81 130 0.3 0.48
WhiteCrgppie 238 94 205 05 051
WhiteCrappie 272 107 275 06 0.65
Brmwn Bullheed 260 102 260 06 022
Broan Bullheed 293 115 410 0.9 0.28
Brown Bullhed 310 122 438 10 031
Broan Bullheed 316 124 535 12 0.27
Channd Catfish 3P 131 578 13 0.57
Channd Catfish 351 138 680 15 028
Channd Cetfish 333 139 730 16 046
Channd Cafish 470 185 1,380 30 033
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Figure 6. Fish Muscle Mercury From Selano Grave Pit Lakes, April 1996
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11b,0.72-0.92 pprn). In Figure6, thedatafor the pit lakefish ar e displayedin conjunction with
the 05 pprn guiddine.

We collected comparablefish from lower CacheCreek in October of 1995. Thesedataappear
in Table 10 and Figure7. Similar symbolsare utilizedin the plot for sameor smilar species, as
comparedto the pit lakesamples. 1t was not possbletoobtain bassor very largecatfishin the
creek sampling, but there was consderableoverlap. The specieswhich feed lower in thefood web
(carp, Sacramento sucker, and bluegill sunfish) werequitesimilar to each other in mercury content
(027029 pprn), and also very smilar to thelevels seen in the pit lakes green sunfish (0.16-0.30
ppm). Channd catfishin therange of 11-19" had 0.28-0.57 pprn muscle mercury from Cache
Creek (mean=0.41 ppm) and 0.27-0.47 ppmin the grave pit lakes (mean= 0.37 ppm). These
level sfor comparabl efish between pit lakesand Cache Creek are very smilar and not differentiable
datisticaly.

Additiond Cache Creek fish samplesincluded white crappie and brown bullhead. Thecrappie
from Cache Creek weredso consstent with the pit lakedata Thesefish are piscivorous(fish
eaters) and thuscorrespond closest to the smallmouth bass. Crappieof 8-11" and 0.3-0.6 Ibs from
the creek had elevated mercury levelsdf 0.48-0.65 ppm. Whilesizesare not directly comparable,
thedietsof crappiein thissize rangewould besimilar to those of small to medium smallmouth
bass, which demondrated Similar mercury concentrationsin the pit lakes.

Only the brown bullhead showed a difference between pit |akesand Cache Creek. Thefour
creek bullhead, of asmilar sze to those taken in the pit lakes, were considerably lower in mercury
(0.22-0.31 ppm), similar to thecarp, sucker, and bluegill samplesfrom thecreek. Therdatively
high mercury levelsseen in the two 12" bullhead taken from the South Lake (0.72-0.92 ppm) are
anomalous,ascompared to dl of theother fishdata We have no clear explanationa thistime.
Thedigestivetractsof these two fish werefull of aguatic snails, ardlatively low mercury food
source. At thistime, we do not place too much sgnificance on the two anomalous samples.
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4. DISCUSSION AND CONCLUSIONS

At thetimeaf thissurvey, water column mercury in theexisting off-channel gravel pit lakesat
Solano Grave (22-35 ng/L) was wdl below the 12 ng/L. water quality criterionand waslower
than concentrations seen in the adjacent section of Cache Creek (3.6-52 ng/L). Levesinthe
filtered fraction (< 0.2 pm) weresimilar acrossdatesand sites (0.9-1.5 ng/L for |akeand creek
samples), indicating that the variation seen in raw water total mercury was mainly afunction of
mercury in suspended sediment. Thetotal mercury levelsin rav and filtered water from the pit
lakeswerecong stent acrossavariety of climaticconditionsand are probably relatively
characterigticfor theselakes

Methyl mercury wasfound at ordersof magnitudelower levels(0.02-0.04 ng/i.) and wasalso
consderably lower in the pit lake sampl esthan in the correspondingcreek samples (-0.11 ng/L).
However, thisfraction of theagueous mercury could changesignificantly under different
conditions. Thermd gratificationof the water column hed not developed at thetimedf thiswork
and oxygen was present & moderateto high levelsthroughout. Asmethyl mercury is produced
frominorganic mercury manly asa metabolichi-product of certain microorganiams, itsrelaive
concentrationsare dependent on (1) presencedf inorganic mercury, (2) presenced mercury
methylating organisms, and (3) presenceof conditionsfavorablefor the methylatingorganisms.

In our mercury researchwork in the region, we havefound that therateof methyl mercury
production--and the corresponding transfer of mercury into fish--isenhanced by anaerobic (no
oxygen) conditions. At DavisCreek Reservoir in northwestern Yolo County, the water column
dratifies thermaily each warm season and the entire hypolimnion (lower water layer) goes
anaerobic by mid tolatesummer. The bottom water becomesanaerobic becausethesystemis
aufficiently rich in organic matter for normal bacteria metabolismto use up theexigting store of
dissolved oxygen, which cannot be replaced until later in the year when the thermd dratification
breaks down and the water column mixestop to bottom. Largeconcentrationsaof methyl mercury
accumulatein the anaerobic water and are delivered into surface waters, availablefor biologica
uptake, at fall turnover each year (Slotton et al 1995b). Thissystem dso hasamuch larger source
of inorganic mercury thanthelower Cache Creek region, asit islocated in the heart of the historic
mercury mining district of the Cdifornia Coast Range.

Fish accumulationsare probably the most dependableindicatorsaf methyl mercury production
and availability, asaveraged acrosstime. Despitethevariaion wefound on thesedatesin water
column mercury between thegrave pit |akes and the adjacent creek, fish accumulationswerevery
smilar, suggesting that, on average, thefish in both environmentshavesimilar overall exposures
to bioavailable mercury.
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At DavisCreek Reservoir, levelsof mercury infisharefar highert han thosefound in this
project (Table11, Figs. 8 and 9). During theinitid flush of bacteria activity associated with the
formationof thereservoir and theflooding of formerly terrestria soils, extremdy highlevels(to
over4.0 ppm). were seen in 1987 largemouth bass and bluegill. |n recent years, levelshave
stabilized, though they arestill quite high, asindicated by the 1995 data, with most "keeper" sized
bassand biuvegill well abovethe0.5 ppm guiddineat 1.0-20 ppm. Clearly, that system provides
amuch greater exposureto methyl mercury than do theexisting gravel pit lakesand lower Cache
Creek. Thelevelsseenin thegravd pit lakesared someconcern, in that they goproachandin
some caseseven surpassthe 05 ppm consumption guidelinefor fish. However, thesefish muscle
mercury concentrationswere very Smilar to concentrationsfound in adjacent Cache Creek.
Smilar levelsared so routingly found from meany |locationsthroughout the mercury contaminated
regionsof northern California, including Clear Lake, Lake Berryessa, the American River, Lake
Herman, Lake Nacimiento, Folsom Lake, and Bullards Bar Reservoir (TSMP 1990,1991,1992,
1993).

Itisnot clear at this point whether the pit |akesat Solano Gravel become anoxicin the bottom
watersduring thesummer. Werecommend that thisbeinvestigated. Evenif thecurrent lakesdo
not experienceseasonal anoxiaat thistime, the potentid existsfor new lakesand older lakesto
becomeseasonally anoxic. Thiscould resultif they are either considerably deeper or moreorganic
rich than the lakestested. If seasonal bottom anoxiaoccurred, the possibility would exist for
methyl mercury production and subsequent transfer of mercury into fish to be enhanced.
Additiondly, theremay bean initia (2-3 year) surgein mercury bioavailability and uptakein any
nemy formed lake, associated with theflooding of formerly terrestrial soilsand their accumulated
storeof organic matter (Reuter et al 1989, Slotton 1991). Thelikelihood, though, of mercury
bicavailability--in off-channel grave pit lakesof any configurationa ong lower Cache Creek--
incressing to levelsas high as thoseseen in DavisCreek Reservoir i s not supported by the findings
o thisstudy of theexisting lakes. Sediment bulk mercury levelsare considerably lower than in
highly contaminated sitesand the water quality in the proposed systemsmay not be reedily
conduciveto anoxia. However, becausethe potentid dearly existsfor fish mercury to accumulate
to hedth guiddinelevel sand above, we strongly recommend thet the issuedf environmenta
mercury be monitored closely in conjunctionwith f ut ure operations. Specific recommendations
follow in Section 5.
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_ Table11. Sdected Fish MusdeMercury Concentrations(wet wtppm); Pavis Creek Reservoir
k- "~ ... -
| dentification Length Weight ppm Hg
(mm)  (inches) (grams) (pounds) (wet wt)

DAVIS CREEK RESERVOIR (9/87, = new impoundment Hg surge)

Largemouth Bass 169 6.7 63 0.1 2.79
Largemouth Bass 188 74 83 0.2 3.14
Largemouth Bass 206 8.1 121 0.3 3.15
LargemouthBass 215 8.5 136 0.3 3.85
Largemouth Bass (233 6.2 160 04 3.50
Largemouth Bass 239 94 195 0.4 3.31
LargemouthBass 253 100 230 0.5 4.50
Bluegill Sunfish 152 6.0 91 0.2 2.22
Bluegill Sunfish 163 64 117 0.3 223
Bluegill Sunfish 166 6.5 124 0.3 2.81
Bluegill Sunfish 168 6.6 130 0.3 2.51
Bluegill Sunfish 203 8.0 227 0.5 2.60
Bluegill Sunfish 205 8.1 270 0.6 2.67

DAVISCREEK RESERVOIR (11/95, = equilibriumlevels)

Largemouth Bass 165 6.5 52 01 0.79
Largemouth Bass 232 91 185 04 1.07
Largemouth Bass 266 105 285 06 1A3
Largemouth Bass 300 118 375 0.8 121
Largemouth Bass 352 139 625 14 145
Largemouth Bass 375 148 870 19 161
Largemouth Bass 437 172 1,275 28 187
Bluegill Sunfish 142 56 65 01 0.67
Bluegill Sunfish 149 59 72 0.2 0.74
Bluegill Sunfish 193 76 203 04 0.98
Bluegill Sunfish 211 83 272 06 101
Bluegill Sunfish 221 87 302 0.7 118
Bluegill Sunfish 250 98 440 10 151
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Figure 8. Comparative Fish Muscle Mercury From
Davis Creek Reservoir (1987, 1995)
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5. PROJECT RECOMMENDATIONS

r_qgthylagog md blolglcd ugtake) in the rg,gr&entatlve exiding gra/el plt Iakesmmng the
late summer andlor fall of thisvear. Theexistinglakesindude both a pit desgn (North
Lake; more proneto anoxiaby configuration), and one with extensveshallowsand heavy
plant growth (South Lake wheretheamount of organic materid and biologica activity may
contributeto anoxia). Thewarm season behavior of these two representativesystemswill
provide very ussful informationfor the planning and management of the proposed pit
lakes, with regard to environmental mercury. Collectionsfor this purpose should focuson
water column mercury concentrationsand biotasamplesof short-lived organismssuch as
aguaicinvertebratesand young-of-yeer fish. At aminimum, water collectionsshould be
madefrom surfacevsisolated bottom water during peek stratification. Appropriate, ultra-
clean collecting techniqueshould beused. Aqueousfractionationshould beasin the
current study; i.e.- total and methyl mercury in both the raw water and filtered fractions.
Recommended biotacollectionsincludecompositesamplesaf water column plankton, each
of the 3-4 mgor macroinvertebratespecies, and young-of-year fish fromeach of thelakes
Mercury levelsin adult fish and sediment are not likely to vary significantly on aseasond

basis.
2. Supplement theexisting adult fish mercury database from theexisting Solano Grave pit

lakesand CacheCregk. It was not possblein thisprdiminary investigation, under the
congtraintsof time, creek flow conditions, and lakefish activity patterns, to collecta
completeset of inter-comparablefish samplesfrom the Solano Grave pitlakesand Cache
Creek. Asmercury levelsin larger, ediblefish condtitute the modt significant potential
hazard associated with mercury in both the current and proposed gravel lakes, a
comprehensive, comparativedata base would be extremdy useful. Additiondly, these
samplesintegrate mercury bioavailability over timeand represent perhapsthe most
meaningful unit of mercury comparison between lakes (both existing and proposed) and
betweenthe gravel |akesand other systems, particularly Cache Creek. Recommended
additiona 1996 fish collectionsincludelarger catfish and arange of smallmouth bassfrom
Cache Creek, additiond bullhead and smallmouth bassfromthe South L ake, and samples
of larger bassand channd catfish fromthe North Lake.

X as. Comparaivecollectionsof water,
mvertebrates and fish should be madeevery two to three yearsfrom lower CacheCreek,
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to providea redigtic benchmark for comparison to the proposed gravel |akes. Multi-year
collectionswill provideamessuredf inter-annua variability and araage of levelsnaturaly
occuring in thewatershed. 1t will beimperative that thisdatabase becompleteand
representative, asthiscomparison will form thebasisfor gravel |ake management
decisons.

. Institute an effectivemonitoring program for environmental mercury in new gravel-mining
|akesasthev aredeveloped. Becauseadditiond, proposed |akes will necessarily have
varying depths, configurations, bottom materia, and water quality, we recommend that
mercury conditionsbe assessed in each new system. Asthe potential for increased
mercury methylaionis considerablein thefirst few years, initid monitoring should be
doneat agreater frequency; i.e. semi-annudly or annually, whilelater monitoring could be
reduced both in frequency and parameters, besad on thedata. Assessmentsshould include
measurementsanalagous to those madein this project: aqueousmercury species, bottom
sediment mercury and organic matter, aguatic invertebrates, annual/juvenile fish, and adult
ediblefish, together with a genera assessment of laketrophic status. Theadult fish and
sediment sampleswill provideinformation on multi-year integrated mercury conditionsand
fish consumption hezard, whilethe water, invertebrate and annual/juvenile fish will provide
datasuitablefor inter-annua comparisonsto assess potentid changesand trends. 1dedlly,
thiswork will be performed and interpreted by researchersexperiencedin the mercury
dynamicsof the region aswdll asgenera limnology. The program should be dynamic and
flexible, with changesin monitoring frequency and range based on the understandingof the
individua systemsgenerated by theinitial monitoring. Onceindividud lakesbecome
relaively stabilized in their mercury dynamics, ongoing monitoring could adso be reduced
sgnificantly--for example, to annua work a severd selected lakes, representativecof the
man configurations, with occassond (i.e.- every 5 years) checksof dl of thelakesfor
sdected parameters. In theevent that agrave pit lake deve opsfish mercury levels
significantly greater than those dready exigting in lower Cache Creek and thisis determined
to be unacceptable, severd optionswill beavailable. Theseinclude (a) physicdly
removing (poisoning with rotenone) the high mercury predatory fish and replacing with
specieslow on thefood chain which do nat accumulateas much mercury, (b) seasondly
de-stratifying lakeswhich go anoxic if that isfound to be an effectivemitigationin
proposed future U C Davisresearch, and/or (c) discontinue practiceswhich lead to the
unacceptable conditions. By ingtituting a monitoring program which includesthe e ements
described here, the County will bein a postion to understand the mercury dynamicsof the
new lakesand provideinformed decisonsasto their ongoing management.
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