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ABSTRACT

One hundred sixty two conposite sanples were anal yzed

for organochl ori ne compound residues and 19 trace el enents
and heavy netals. There was no evidence that flushing of
washes in tinmes of flood increased contam nant levels in the
Pill WIllianms River, or that historical mnining operations
currently contributed to the el ement | oad

There was evidence that Col orado R ver water

i ncreased seleniumlevels in biota in the delta; one hundred
percent of fish collected fromthe confluence of the Bil
WIllianms River and the Col orado Ri ver contained el evated

sel enium concentrations (geonetric nmean =, range 2.80-17.56
ag/g dry weight). These | evels exceed standards set for for
the protection of predatory species of fish and wildlife.

12
I NTRODUCTI ON

Sel eni um cont ani nati on on Kesterson National WIldlife
Refuge in California and the dramatic effects of this
contam nation on resident fish and wildlife (i.e., inpaired
reproduction and enbryonic deformties in birds) led to
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concern about contam nant |evels on other arid refuges
(Sai ki 1987, Sai ki and Lowe 1987). Prelimnary surveys on
arid refuges along the | ower Col orado R ver have shown

el evated seleniumlevels in water, sedinents and biota
(Radt ke 1988, Rusk 1991, Lusk 1993, Wl sh and Maughan 1993,
and Martinez 1994). The Bill WIlianms River Nationa
Wldlife Refuge (BWRNWR) is in a desert region, has high
natural soil alkalinity, and receives water fromirrigation
return fl ows.

El evat ed sel enium |l evels along the Col orado Ri ver were
first verified in 1985 when the Departnent of the Interior
(DA) investigated contam nant levels in 19 irrigation
districts in the western United States. Sel eniumwas the
only element that exceeded standards set for the protection
of fish and wildlife along the | ower Col orado River (Radtke
et al. 1988).

Subsequently, the U'S. Fish and Wldlife Service
(USFW5), through the Arizona Cooperative Fish and Wldlife
Research Unit, conducted a series of contam nant
i nvestigations on the refuges along the | ower Col orado

13

Ri ver. Fish fromwaters near Cibola National Wldlife

Ref uge (NWR) were near the chronic threshold for selenium
toxicosis and edi bl e portions exceeded federal and state
heal th advi sories (Wl sh 1992). The seleniumtissue |evels
in 94% of fishes fromlInperial NAR exceeded 3 am/g dry

wei ght, a standard set to protect aquatic birds fromchronic
sel eniumtoxicosis (Lemy 1993 and Lusk 1993). Rusk (1991)
determ ned that aquatic birds along the | ower Col orado River
were at risk of enbryonic deformties because of el evated
seleniumlevels in fish and invertebrates. Lusk (1993) and
Martinez (1994) found this risk was greater in backwater

| akes connected to the river than in seep | akes that do not
receive direct inflow fromthe river.

Radt ke et al. (1988) postulated that seleniumin the
Lower Col orado River Valley originated in the upper basin
and not fromirrigation return flows. WIsh and Maughan
(1994) confirmed that irrigation return flows were not the
source of seleniumin water, sedinent and biota on C bola

NR. |If elevated seleniumlevels in the Col orado River
ecosystem origi nate from upstream sources, there should not
be el evated seleniumlevels in the Bill WIllianms R ver NWR
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the Bill WIllians River originates in a different watershed
than the Col orado Ri ver

There is potential for heavy netal contam nation in the
Bill WIllianms River NWR associated with historic mning

14

operations in the watershed. The potential for such
contam nation on the refuge is enphasized by the el evated
| evel s of copper, mercury and zinc in Al ano Lake, 56 km
upstream fromthe Bill WIlians R ver NVR (King et al
1991). These levels were above the 85th percentile set by
t he National Contaninant Biononitoring Program (NCBP) (Lowe
et al. 1885, Schmitt and Brunmbaugh 1990). |In addition
historic mining sites are located in several of the washes
that are tributaries to the Bill WIllianms River. Tailings
fromthese mining areas may contribute heavy netals to the
systemw th runoff.

| began sanpling on Bill WIllians R ver NMR in sumer
1992 and conpl eted sanpling in sumer 1993. | n Decenber
1992 and January 1993, the area received record amunts of
precipitation that resulted in flood fl ows of over 7000
cubic feet per second (cfs) (ca 2300 cubic nmeters per
second) (Nancy G | bertson, BWRNWR Manager, persona
comuni cation) . These extreme flows caused the river to
overflow its banks and rechannelize its course. Conparisons
of contami nant levels frombefore and after this flood event
shoul d al | ow eval uation of the input of contam nants from
the mining areas to the river

The objectives of ny study were to:
1. det erm ne basel i ne contani nant concentrations
in sedinent, water and biota fromaquatic habitats

15

on the Bill WIllians R ver NWR

2 det ermi ne whet her washes that drain into the
Bill WIllians River during rainfall contribute to
the contaminant load within the river system

3. and determne if the flood in 1993 altered the
contanminant levels within sedinent, water and
biota of the Bill WIlIlians River
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16
STUDY AREA

The Bill WIlliams River NWR is one of four National
Wldlife Refuges |ocated on the | ower Col orado River bel ow
Davis Dam (Figure 1). The Refuge was establi shed
concurrently with Havasu NVR by Executive Order 8647, but
was not established as an aut ononmous refuge until 1992.
Additions to the Bill WIllians R ver N\R were acquired from
The Nature Conservancy (TNC) in 1977. The Refuge is a
g refuge and breeding ground for migratory birds and ot her
wildlife.. "(Executive Order 8647) and is suitable . . . "“for
incidental fish and wildlife oriented recreational

devel opnments, the protection of natural resources, and
conservation of endangered or threatened species" [Refuge
Recreation Act, as anended, (Public Law 87-7140)] (Baca
1992).

The Bill WIllianms River N\WR lies in one of the hottest

and driest regions of the United States. Annual
precipitation averages ca 12 cm (4.63 in) . Tenperatures
have ranged from-12 to 51 C (9 to 124 F) (Rivers West
1990). Because of these extrenes, the sparse upland
vegetation contrasts dramatically with the riparian and

del ta vegetation.

The Bill Wlliams River N\WRis |ocated 4 km east of

Par ker Dam on the Col orado River at the confluence of the
Bill WIllians River and Lake Havasu (Figure 1). The Refuge

17

See Tabl e/ Fi gur e

Figure 1. Location of the |ower Colorado River Valley and
the Bill WIllianms River NVR

18

consists of three principal managenent units: the Delta
Managenent Unit, which includes a portion of Lake Havasu and
associ ated marsh; the Bill WIIlians R ver Managenent Unit,
which includes the Bill WIllians River and its fl oodpl ai n;
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and the Desert Uplands Managenent Unit. | focused on the
Delta and Bill WIlliams R ver units.
The Bill WIliams River basin is recognized statew de

in Arizona for its diversity of wildlife: 250 bird, 48
mammal , and 34 reptile and anphi bi an speci es have been
docunented in the basin (Baca 1992). The Bill WIlians
River N\R is habitat for several federally |isted endangered
speci es: Southern bald eagle (Haliaeetus |eucocephalus),
Yuma cl apper rail (Rallus yumanensis), Peregrine falcon
(Fal co peregrinus), razorback sucker (Xyrauchen texanus)
Col orado squawfi sh (Ptychocheilus |ucias), bonytail chub
(G la elegans), and hunpback chub (G la cypha) (Baca 1992).
The Yell owbilled cuckoo (Coccyzus anericanus), (listed by
the State of California as endangered) al so occurs on the
Ref uge.

The refuge (2,475 ha) includes ca 2 km of Lake Havasu
and associ ated marsh and extends upstream al ong the Bil
WIllianms R ver for ca 17 kil oneters. A 210 ha portion of
Lake Havasu is associated with the Delta Managenent Unit.
This area supports a variety of subnmergent aquatic
vegetation, fish, and freshwater clans. The shoreline is

19
rocky and the dominant vegetation is salt cedar
(Tamarisk spp.) . This area is open to the public and is
desi gnated as a "no-wake" zone. The | ower end of the

refuge consists of open | ake and cattail-dom nated nmarsh at
the confluence of the river and Lake Havasu. This marsh
contains ca 135 ha (Vegetati on Map 1989) The doni nant
vegetation is cattails (Typha spp.); the nmarsh is bordered
by steep rock banks and there is little other shoreline
vegetation. The delta supports many species of fish and
wildlife, including the endangered Yuma cl apper rail, and

wi nteri ng Canada geese and ducks (USFW5 1989a) . The delta
area has expanded over tine as sedinents are deposited from
upstream during high flow events of the Bill WIlianms River
(Rivers West 1990).

Upstream fromthe delta in the Bill WIlians River
Managenent Unit, the riparian vegetation is conposed of
dense stands (ca 600 ha) of cottonwood (, willow, and salt
cedar (USFWS 1989b) . The cottonwood/willow gallery forest
provi des habitat for the federally endangered Southern bal d
eagl e and Peregrine falcon and state |isted species
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i ncluding the Yellowbilled cuckoo and Wl ow flycatcher.
The Refuge al so supports many neotropical "song birds"; the
Bill Wllianms River is one of the |ast vestiges of riparian
forest along the lower Colorado River system

The Bill WIllianms R ver originates at Alano Dam at the

20

confluence of the Big Sandy Wash and the Santa Maria River.
It flows west 56 kmfromthe dam before entering the

Col orado River. At the eastern boundary of the Refuge |ies
Pl anet Ranch. 1t is owned by the City of Scottsdale,
Arizona and is used to grow alfalfa. Upstreamfrom Pl anet
Ranch, surface flowin the river is dependent on rel eases
fromA ano Dam generally there is little surface flow.
Downst ream from the ranch, flows are dependent on the anobunt
of ground water punped for irrigation at Planet Ranch. In
summer of 1992, the river originated on the Refuge ca 50
neters inside the Refuge boundary with Planet Ranch. This
area was dom nated by cattails and ot her energent aquatic
vegetation as well as a dense canopy of cottonwood and

will ow.

Throughout its length, the Bill WIlians R ver was
historically perennial, but presently the river is
characterized by interrupted stretches where there is no
surface flow The river flows at ca 10 cfs in the sunmer
nont hs (USGS 1979-93). During this time rmuch of the river
has only subsurface flow.

The Bill WIllianms River dissects three mning districts
along its reach. The Planet mining district lies

wi t hi n/ adj acent to the Refuge boundary. The Planet mineral
district contains two of the | argest known copper deposits
in the southwestern United States (Lehman 1989). The | arger

21

deposit is at Mneral H Il Mne, located ca 0.2 km south of
the Bill WIlians River along Mneral Wash; the smaller

m ne, Planet Mne is |ocated southeast of the refuge.

M neral deposits at both nines are typically characterized
by massive hematite, Fe[sub]2( sub]3, with fracture filling
chrysocol | a, a hydrous copper silicate, CuSi d sub] 32H sub] 20
grade copper mneralization was discovered in the Pl anet

Mne in the 1850's. Production fromthis and other mnes in
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the Planet mneral district nmainly occurred between 1923 and
1972. From 1964 to 1970, there were open-pit operations at
the Mneral Hill Mne. Mre than 11-mllion kg of copper
11,200 g of gold and 28,000 g of silver were recovered. The
total district production was slightly nore than 101, 600-
mllion kg of ore (Lehman 1989). M ning was di scontinued at
the Mneral HIl Mne in 1970. However, |arge tailings
piles are exposed in the area of the m ne and along the

fl oor of Mneral Wash. These washes all drain into the Bill
WIllianms River

22
VETHODS
Sanpl e Locations

Abiotic and biotic sanples were collected at six
| ocations in the Bill WIlliams River on the refuge and one
site 1 km bel ow Alano Dam at the U.S. Geol ogi cal Survey
(USGS) nonitoring station. Collection sites (Table 1) were
| ocat ed upstream and downstream of the confluence of the
maj or washes (Yucca, Mhave, Mneral, and Cave Washes) and
the Bill WIllians River (Figure 2).

Col lection sites were restricted to the areas with
surface flowin 1992. The sane areas were sanpled in 1993
even though the river flowed through its entire length (ca
360 cfs) . Site 2 is located at the eastern boundary of the
Refuge. Sites 2 and 3 bracket Yucca Wash fromthe north
Sites 3 and 4 bracket Mohave Wash which also flows fromthe
north. Sites 4 and 5 bracket M neral Wash, the site of the
i nacti ve copper mne, which flows fromthe south. Sites 5
and 6 bracket Cave Wash fromthe north. Site 7 is at the
confluence of the Bill WIllians River and the Col orado
River. Data were collected at all sites in 1992 and at
sites 2, 4, 6, and 7 in 1993; other sites were inaccessible
because of flood danmage to the access road.

23

See Tabl e/ Fi gure

Figure 2. Location of study sites within Bill WIlians
Ri ver National WIdlife Refuge.
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Table 1. Longitude and | atitude of collection |locations on
the Bill WIllians River NWAR
Longi t ude
and
Location Latitude
Site 1 1139 36' 29" W
34g 13" 51" N
Site 2 113g 57" 23" W
34g 15' 23" N
Site 3 113g 58' 23" W
34g 15' 18" N
Site 4 1139 59' 23" W
34g 15" 17" N
Site 5 114g 0' 45" W
34g 15' 34" N
Site 6 114 1' 33" W
34g 15' 48" N
Site 7 114 4' 45" W
34g 17" 33" N
25

O all nmediuns sanpl ed, only sedinment, algae, nosquitofish
odonates, and snails were collected in both years (Table 2)

Sanpl e Col | ection and Preparation

Sampl es were collected in July and August, 1992, and
May 1993. They were anal yzed for 19 netals (al um num
arseni c, barium beryllium boron, cadm um chrom um
copper, iron, |ead, magnesi um nanganese, mercury,
nol ybdenum ni ckel , sel enium strontium vanadium and zinc)
and or ganochl ori ne compounds.
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Sampl es were collected fromseveral trophic |evels.
Speci es sel ection was based on availability and abundance in
the study area. Sanples collected were; sedinent, algae,
conprised nostly of waternet (Hydrodyctyon sp.) and
Cl adophora sp., odonate naiads fromthe famlies
Li bel | ul i dae and Gonphi dae, snails (Physa sp.), crayfish
(Procanbarus clarkii), nosquitofish (Ganbusia affinis), red
shiner (Cyprinella lutrensis), carp (Cyprinus carpio),
| argemout h bass (M cropteris sal nol oi des), and bl uegill
(Lepom s macrochirus) . Sanples collected for nmetal analysis
were placed in Wirl-Pak or Zp-Lock bags, stored
tenporarily on ice and | ater frozen. Sanples collected for
organochl orine anal ysis were placed in alumnumfoil and
frozen.

Water quality paraneters were neasured at each sanple

26
Table 2. Nunbers of conposite sanples by nmediumcoll ected at each site. See text for scientific names.
(NC = none coll ected.)
Location

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7

Medi um Year
SEDI MENT 1992 NC 2 2 2 2 2 2
1993 NC 3 NC 3 NC 3 NC
ALGAE 1992 2 2 2 2 2 2 NC
1993 NC 3 NC 3 NC 3 NC
ODONATA 1992 NC NC 2 2 1 2 NC
1993 NC 3 NC NC NC 3 NC
SNAI L 1992 2 2 2 2 2 2 NC
1993 NC 3 NC 3 NC 3 NC
CRAYFI SH 1992 NC NC 3 2 2 1 3
REDSHI NER 1992 NC 2 3 3 3 3 NC
MOSQUI TOFI SH 1992 1 2 2 3 3 3 3
1993 NC 3 NC 3 NC 3 NC
BASS 1992 2 NC NC NC NC 2 2
BLUEG LL 1992 NC NC NC 2 NC 1 2
CARP 1992 NC NC 2 2 NC 2 NC
1993 NC NC NC NC NC NC 2
TADPOLE 1993 NC 3 NC 3 NC 3 NC
27

site for 1992 and 1993. Tenperature, pH, re-dox potential
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and specific conductance were nmeasured with a Hach One
Conbi nation pH el ectrode (Hach Conpany Mdel 43300).
Conductivity was neasured with the Hach Mddel 44600
Conductivity meter

Al kalinity, total hardness, ammonia, phosphorus, and
sul fates were tested with a Hach DREL-1 portable colorineter
kit. Witer collected at each site was placed in a 1 L,
cleaned (with Al conox), polyethylene jar. The jar was
rinsed three tines prior to sanple collection with the water
to be sanpled. The sanple was collected at ca 0.25 m bel ow
the water surface. The jar was sealed tightly and put on
ice. Analysis occurred within 24 hours.

Sedi nent: Sedi ment was collected at every site except Site
1, below Alanb Dam  Sedi nent sanples were collected in two
ways. At riverine sites, sedinent was collected fromthe
interface of the river and the bank with a stainless stee
spoon. In the confluence area, a brass Eckman dredge was
used to collect bottomsedinent. Sanples fromboth lentic
and lotic sites were picked free of debris and rocks and
hand strained through a brass sedi nent sieve. Sedinent
sanmples (collected froma mninmumof three areas within each
sanpl e site) were thoroughly m xed then divided into 2 or 3
separate subsanples (2 in 1992, 3 in 1993). These conposite
sanples were placed in sterilized Wirl-Pak bags, placed on

28

i ce and subsequently frozen.

Al gae: Al gae were collected by hand, picked free of debris
and aquatic organi sms and thoroughly nmixed in a | arge Zip-
Loc bag. Two conposite al gae sanples were collected from
each site (no al gae were present at the confluence) , placed
in Wiirl-Pak bags, placed on ice and subsequently frozen
Invertebrates: The nunber of sanples and the | ocation of
sites was based on the availability of organisns Each
sanpl e was conposed of a conposite of three subsanples from
within each sanple site. Odonates (found only in areas with
rocky substrate) were collected by hand and with nets.
Snails occurred in all wet |ocations except the confluence
area. They were found in al gae, on rocky substrate and in
smal |l isolated pools. Snails were collected by hand and
with nets. Conposite sanples were placed in Wirl-Pak bags,
pl aced on ice and subsequently frozen

Crayfish were collected in nodified (openings were
wi dened) minnow traps baited with noist cat food
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(Lusk 1993). Traps were placed in vegetation along the
shoreline in the confluence area and in fallen and subnerged
brush al ong the steep banks of the river bed. Traps were
checked every 24 hours and crayfish were collected and

pl aced on ice. Crayfish were individually weighed,

neasured, and uniform sized individuals were used to form
conposite sanples. Crayfish for conposite sanples were

29

pl aced in Wirl-Pak bags and frozen. Pennak (1953) and
Merrit and Cunmins (1984) were used as the basis for the
identification of all invertebrate taxa.

Fish:  Msquitofish, red shiner, |argenouth bass, bluegill
and carp were collected. Seines and dip nets were used to
col |l ect nosquitofish and red shiners. Bass, bluegill, and
carp were collected by gillnetting and el ectroshocking. A
backpack el ectroshocker was used to collect fish in the
river; gill nets and an el ectroshocki ng boat were used in
mar sh and open | ake areas. Conposite whole body fish
sanpl es were conposed of either 3 or 5 individuals of the
same species of uniformsize. Al fish collected (except
nosqui tofi sh and red shiners) were wei ghed and neasured

i ndividually. Msquitofish were collected at all sites.
Red shiners were not collected at Sites 2 and 7 and bass,
bluegill, and carp occurred internittently throughout the
study ar ea.

Moi sture, Total Organic Carbon, and Metal Analysis

Total organic carbon (TOC) was determ ned for sedinent
sanmpl es and percent noisture was determ ned for all nediuns.
All sanples were analyzed for TOC, noisture and netal
content by Hazelton Laboratories Anerica. Inc., Mdison
W sconsin. Results of these analyses are reported in
Appendi x A. Sanples from each year were shipped as one unit
and anal yzed within the sane tine frame to reduce the "batch

30

effect": variation due to differences in analyses tinme and
personnel . Al sedinment and bi ota sanples were analyzed for
19 trace elenents (Table 3) and sel ected sanples were

anal yzed for organochl orine pesticide residues (Appendix A)
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Percent noisture was determ ned by placing the prepared
sanple in a tared alum num dish and drying to constant
wei ght (ca 12-18 hr) in an oven. This method is capable of
detecting changes of 0.1% noi sture.

TOC of sedinment was determ ned by acidifying an
aliquot, drying it in a forced-air oven, and conparing
differential weights before and after conbustion of organic
carbon in an oven. Mercury concentration was determ ned by
cold vapor atom c absorption. The sanple was digested with
a mxture of sulfuric and nitric acids. Mrcury was reduced
wi t h sodi um borohydride for deternination. The anount of
nmercury was determ ned at a wavel ength of 253.7 nm by
conparing the signal of the unknown sanple, neasured by the
atomi c absorption spectrophotoneter with the MHS-20 hydri de
generation unit, with the signal of the standard sol utions.
The | owest detection Iimt of this assay was 0.025 ag/g for
a 2.0 g sanple.

Arsenic and sel enium were determ ned by graphite
furnace atom c absorption spectrophotonetry (HAAS) nethod.
The tissue sanple was digested with nitric acid in a
m crowave digester. Sedinent was digested with nitric acid

31

Table 3. Detection linmts (ag/g dry weight) for trace
el ements analyzed in sedinment and biotic sanples collected
at Bill WIllianms River NWR, 1992-93.

Detection Limts (ag/g dry weight)

El enent Ti ssue Soi |
Al umi num (Al) 10. 00 20. 00
Arsenic (As) 0.50 0. 80
Bari um ( Ba) 0.50 0. 80
Beryl I ium (Be) 0. 05 0. 20
Boron (B) 0. 05 0. 80
Cadnmi um ( Cd) 0. 40 0. 80
Chrom um (Cr) 0. 30 2.00
Copper (Cu) 1.00 2.00
Iron (Fe) 0. 20 0. 40
Lead (Pb) 0. 40 0. 80
Magnesi um (M) 0.50 0. 80
Manganese (M) 0.10 0. 20
Mer cury (Hg) 0.17 0. 20
Mol ybdenum ( Mb) 0. 30 0. 80
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Ni ckel (Ni) 0.30 0. 80
Sel eni um ( Se) 0. 60 1.00
Strontium (Sr) 0.50 0. 80
Vanadi um (V) 0. 30 0. 60
Zinc (Zn) 0.50 0. 80

and 30% hydrogen peroxide using covered gl ass beakers on hot
pl ates. Concentrations were determ ned at a wavel ength of
193.7 nmfor arsenic and 196.0 nm for sel enium by conpari ng
the signal of the unknown sanple, neasured by graphite
furnace atom c absorption spectrophotoneter, with the signa
of the standard sol utions. The |owest detection linmt of
this assay was 0.1 ag/g for both elements in a 1.00 g
sanpl e.

Level s of all other elenments were anal yzed by
i nductively coupl ed plasma spectrophotonetry. Plant and
animal tissue was digested with nitric acid, diluted with
0.005% Triton X-100 solution and filtered. Sedinent sanples
were digested with nitric acid in covered Tefl on beakers on
a hot plate. Thirty percent hydrogen peroxi de was added
until effervescence no |onger occurred. Hydrochloric acid
was then added, the sanple heated, diluted with distilled
water and filtered. Concentration for each elenment in the
sanpl e solution was deternined by conparing its emni ssion
intensity with the enission intensities of a known series of
el emental standards. Limts of detection varied for each
el enent .

Anal ytical Quality Contro

Quality control analyses were supplied as a witten
report by the U S. Fish and Wldlife Service Patuxent
Anal ytical Control Facility (PACF). Quality assurance

33

i ncl uded the eval uation of anal ytical precision (as neasured
by duplicate sanpl e anal ysis) and accuracy (as measured by
spi ke recovery and standard reference material anal ysis)

The standard reference materials used were N ST 1577B
(Bovine liver) for plant and animal tissue and ERA CRM 213
and 215 for sedinment anal yzed in 1992 and 1993,

http://orion.cr.usgs.gov/dec_reports/112/report.html (21 of 76) [10/17/2000 1:15:36 PM]



Published Reports

respectively. Relative percent differences (RPD) were not
cal cul at ed when concentrations were bel ow detection limts
(Table 4). Precision and accuracy were consi dered

accept abl e by PACF.

34

Table 4. Results of duplicate anal yses, anal yses of spiked sanples, and
anal yses of standard referenCe materials for quality assuranCe/quality
control from Hazelton Environnental Laboratories (N = 5).

DUPLI CATES SPI KES REFERENCE MATERI ALS
METHOD/ ELEMENT RPD| YRECOVERY YRECOVERY
HAAS[ sup] b
Arsenic 0.0-2.46 ND sup]d-108.33 91.09-108.91
Mer cury ND- 7. 41 ND- 112. 00 90. 35-134. 08
Sel eni um ND- 33. 6 82.32-119. 10 83. 24-145. 76
| CP[ sup] c
Al um num ND-I .2 ND- 92. 86 ND- 142. 6
Bari um 0.0-1.7 ND- 96. 69 ND- 102. 58
Beryl Iium ND 78.47-99. 08 ND- 98. 45
Bor on ND- 3.9 83. 15-97. 29 ND
Cadmi um ND 76. 40- 96. 69 72.00-102. 60
Chr omi um 0.0-6.20 ND- 93. 25 ND- 112. 58
Copper 0.0-2.50 ND- 98. 62 101. 23-107. 50
l ron 0.0-5.90 ND- 95. 88 98. 37-120.78
Lead ND- 5. 40 78. 78-100. 20 ND- 102. 70
Magnesi um 0.0-1.60 ND 83. 96-105. 91
Manganese 0.0-2.70 ND- 78. 78 87.24-97. 16
Mol ybdenum ND 80. 10-100. 00 91.71-111. 43
Ni ckel ND- 7. 40 ND- 83. 47 ND- 102. 41
Strontium 0.0-8. 60 ND ND
Vanadi um ND- 6. 10 ND- 90. 00 ND- 124. 68
Zi nc 0.80-4.50 ND-91. 84 75.75-110. 19

i RPD = Rel ative Percent Difference

[sup] b Hydride-generation atom c absorption spectrophotonetry
[sup] c Inductively coupl ed pl asnma eni ssion spectronetry
[sup]d ND = Not Detected

35
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Anal ytical Methods: Al anal yses were perforned on | oge
transforned data. For elements that were below the limt of
detection, a value of 1/2 the linmt of detection was
assigned to that sanple in order to allow an estimate of the
| evel of the elenent in the sanple. Analyses were perforned
on dry wei ght values to standardi ze percent mpisture content
of the sanple. Results are reported in ag/g dry weight
(Appendix A) . To facilitate conparison to other studies,

| evel s may al so be reported in wet weights. To convert data
fromwet weight to dry weight the follow ng equations are
usef ul :

X = Wet Wi ght
1.0 ag/g = Dry Wi ght
70% = Mbi sture Content
(1.0) (1-(70% 100)) = 0.30 ag/g Wet Wi ght

X = Dry Wi ght
0.30 ag/g = Wt Wi ght
70% = Mbi sture Content
X=0.30 + (1 - (70%06 100)) = 1.00 Dry Wi ght

To determine if the transforned data were normally

distributed, Lilliefors Test for small sanple size was used
(MIton 1992). Sanple sizes for each collection year were
unequal .  To correct for unbal anced design, the General

Li near Mbdel (GLM approach was used to assess the effects
of elenent, nedium site and year and site/year interactions

36

(Cody and Smith 1991). Two-way ANOVA nodels were fit for
sedi nent, al gae, snails, and nosquitofish for 7 elenents
(arsenic, cadmium copper, lead, nmercury, selenium zinc)
Significant main effects and interactions were further
anal yzed usi ng Tukey's Studentized Range Test (Honestly
Significant Difference) . Nunbers of conposite sanples for
each medium by site and year are shown in Table 2. to
illustrate the unbal anced design. Not all nediuns were
avail abl e for collection at all sites along the river.
Therefore, sedinment, algae, snails, and nosquitofish were
used for conparative anal yses.

Anal yses were conducted with the Statistical Packages
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for the Social Sciences (SPSS) and Statistical Analysis
System (SAS) software avail abl e on the VAX mai nfrane
conputer at the University of Arizona, Tucson, Arizona.
Unl ess stated ot herwi se, statenents of statistical
significance refer to a 5% Type | error rate (p 6 0.05).

37
RESULTS
Anal ytical Results

Water quality and chenmistry paraneters were sinlar at
all sites except Site 1 (Table 5). | considered Site 1 to
be heavily influenced by condition in Al anp Lake.
Tenperature, specific conductance, hardness, alkalinity, and
sul fate nmeasurenments fromSite 1 were all ca 1/2 the val ues
of these paraneters farther downstream on the refuge.
Phosphor ous val ues were higher at Site 1 and pH and ammoni a
were conparable at all sites sanmpled. A total of 162
bi ol ogi cal sanples (representing 14 medi unms) were anal yzed.

Mean total organic carbon in sedi nent sanples was 2.20
in 1992 and 0.54 in 1993 (Table 6). TOC in sedinent sanples
vari ed considerably across sites and years (p< 0.01).

Percent noisture ranged from 19.5%in sediment to 95. 0%
in tadpoles (Table 7). Because of the variability in
noi sture content, results are reported in ag/g dry weight in
order to nore accurately reflect concentrations.

Or ganochl orine residue anal ysis was performed on 7
sanpl es; four conposite sanples sedinent (collected from
Sites 2, 5, 6, and 7), and three conposite fish sanples (1
bass sanple of five fish fromSite 7 and 2 bluegill sanples
of five fish each, one sanple fromSite 6 and one fromSite
7). Residues for all organochl ori ne conpounds were
generally below the limt of detection except for p, p' -DDE

38

Tabl e 5. Results of water quality tests on water sanpled at Bil
Wllianms R ver NWR, ~ 1992-93. (First value for 1992 and second val ue fcc
1993 col |l ection periods.)
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Locati on

Site Site Site Site Site Site Site

Par anet er 1 2 3 4 5 6 7
Tenp (20 18.8 24.3 23.4 24.7 24.9 23.6 31.6
31.4 31.3 31.5
pH 8.52 7.75 7.54 8.84 7.71 5.24 7.53
7.50 5.85 5.95
Spec. Cond. 407 829 897 856 938 952 1090
(a&s/cm 440 530 594
Har dness (ng/L 147 248 252 248 240 224 308
CaC( sub] 3) 153 138 231
Alkalinity 145 313 235 235 246 235 202
(mg/ 1 CaCo[ sub] 3) 198 233 258
Amoni a 0. 33 - 0.024 0.024 0.024 0.04 0.01
(mg/ L NH[ sub] 3) 0. 009 0. 079 0. 051 6
6 3 2
Sul fate 33 69 108 110 100 106 220
(mg/ L SO sub] 4y-) 40 52 50
Phosphor us 0.425 0.15 0.15 0.16 0.11 0.11 0.12
(Ot hophosphat e) 0.38 0. 38 0. 46 5

(mg/ L P sub4[sup] 3-)
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Table 6. Total organic carbon |levels for sedinment sanples collected
fromBill WIliams R ver NWR, 1992-1993.

SAMPLE YEAR SI TE N TOC
S09 1992 2 5 2.13
S10 1992 2 5 1.69
S13 1993 2 5 0.21
S14 1993 2 5 0.23
S15 1993 2 5 0.27
Si1 1992 3 5 1.79
S12 1992 3 5 2.05
S07 1992 4 5 2.44
S08 1992 4 5 1.81
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S16 1993 4 5
S17 1993 4 5
S18 1993 4 5
S05 1992 5 5
S06 1992 5 5
SO01 1992 6 6
S02 1992 6 5
S19 1993 6 5
S20 1993 6 5
S21 1993 6 5

. OLO: 0L b

04
30
34
16
62
91
01
11
13
24

in fish sanpled in 1992 (Table A-b in Appendix A). Levels

ranged fromO0.04 - 0.11 ag/g dry weight. The linmt of
detection for p,p' -DDE was 0.039 ag/g dry weight.

Wth the exception of nol ybdenum trace el enents were
detected in sone or all conposite sanples of sedi nent and

Table 7. Percent noisture of sediment and biotic sanples
collected at Bill WIlliams R ver NWR, 1992-93. (N = nunber

of conposite sanples collected, X = arithnetic mean)

40

Percent Mbisture

Medi um N X M ni mum Maxi num
SEDI MENT 21 36.74 19. 50- 63. 20
ALGAE 23 86. 31 75. 30- 89. 60
NAI AD 2 92. 45 92. 00-92.90
ODONATA 13 84.91 80. 30-89. 20
SNAI L 21 76. 10 60. 50- 85. 40
CRAYFI SH 11 73. 35 70. 80-76. 30
RED SHI NER 14 76.21 72.00-81.50
MOSQUI TOFI SH 26 81.41 73. 20-87. 60
BASS 6 75. 65 73.20-77. 40
BLUEG LL 5 74. 80 73.10-78. 00
CARP 9 76. 20 73. 40-78. 40
TADPOLE 9 78. 26 54. 70- 95. 00
TURTLE 2 74. 45 73. 60-75. 30

biota (Table 8). Detectable concentrations (Table 4) of Ba,

Cr, copper, Fe, My, M, Sr, V, and Zn were found in all
sanples. Limits of detection for elenments analyzed are
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shown in Table 5. Geonetric nean, mean, range and standard
error for trace el enment concentrations for all nediuns and
both years are reported in Appendix B.
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Table 8. Trace elenents detected in selected sanples collected fromthe Bill WIllianms R ver NWR, 1992-1993.
(X = el ement
detected at or above the limt of detection in >50% of sanples.

El ement ALGAE ODO SNAIL CRAY TPOLE MOSQ SHINE BASS BGLL CARP SED

Al X X X X X X X X X X X
As X X X X X X X X X X X
Ba X X X X X X X X X X X
Be X X
B X X X X X
cd X X X X X X
Cr X X X X X X X X X X X
Co X X X X X X X X X X X
Fe X X X X X X X X X X X
Pb X X
My X X X X X X X X X X X
Mh X X X X X X X X X X X
Hg X X X X X X X X X
Mo

Ni X X X X X X
Se X X X X X X X

Sr X X X X X X X X X X X
V X X X X X X X X X X X
Zn X X X X X X X X X X X

42

Statistical Results

El ement concentrations showed no consistent differences
above and bel ow washes (Figures 3-10) or after the flood
(Figures 11-19). However, strong interaction ternms between
site and year may mask trends. Levels did vary in nedi um by
year, but showed no consistent trends (Tables 9-12).

Site 6 (the location where the river becones
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subsurface in dry years) had the highest levels of all sites
sanpled. Algae collected at Site 2 (the eastern border of
the Refuge) had significantly higher mercury concentration
than at Site 1 (i mediately below Al ano Dam) (p 0.0104).
Four of the seven el enents-cadnium copper, |ead, and
nercury, also differed in snails collected at the two sites.
Cadmium was statistically higher in snails at Site 2 (p <
0.0005) than at Site 1, but the reverse was true for copper
| ead, and nercury (p < 0.0114, 0.0312, and 0.0139,
respectively) . Cadnmium concentrations in al gae were higher
downstream from Mohave Wash than upstream (p < 0.0076).

Concentrations of S of the 7 elements differed in
sedi nent sanpl es col | ected above and bel ow Mbhave WAsh
Concentrati ons of arsenic, copper, |ead, selenium and zinc
were significantly | ower downstream versus upstream from
Mohave Wash (p < 0.0368, 0.0161, 0.0036, 0.0417, and 0.0191
respectively)

Mercury was the only element to differ significantly
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upstream and downstream from M neral Wash. The |evel of
nercury in sedinent collected upstreamfrom M neral Wash was
significantly (p < 0.0094) lower than it was in sedi ment
col l ected downstream fromthe wash.

Sel eni um concentrati ons were higher in sedinent
col |l ected downstream versus upstream of Cave Wash
(p < 0.0346) . Copper concentrations in snails collected
upstream from Cave Wash were hi gher than those in snails
coll ected downstream (p < 0.0226). Conversely, zinc
concentrati ons were higher (p < 0.0057) in snails downstream
versus upstream Copper and zinc concentrations were higher
i n mosqui tofish collected downstream versus upstream of Cave
Wash (p < 0.0422 and 0. 00. 0055, respectively)

Concentration of copper and zinc were higher in
sedinments fromSite 7 (p < 0.0276 and 0. 0215, respectively)
than Site 6. Copper concentration in nosquitofish was also
higher at Site 7 than at Site 6 (p < 0.0164). Cadm um
concentrations were higher in bass at Site 7 than at site 6
(p 0.0338).

Anal ysis of two-way ANOVA's for arsenic, cadm um
copper, lead, nercury, selenium and zinc concentrations in
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sedi rents, al gae, snails, and nosquitofish are shown in
Appendi x C.

44

See Tabl e/ Fi gure

Figure 3. Geonetric nmean concentration (ng/kg dry wei ght)
of trace elenments detected in sedinent collected frombil
Wlliams River NWR, 1992. (SE indicated above nmean val ues.)
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See Tabl e/ Fi gure

Figure 4. Ceonetric nmean concentration (ng/kg dry wei ght)
of heavy netals detected in sedinment collected fromBil
Williams River NWR, 1992. (SE indicated above nean val ues.)

46

See Tabl e/ Fi gure

Figure 5. GCeonetric nmean concentration (ng/kg dry wei ght)
of trace elements detected in algae collected fromBill
Wllianms River NMR, 1992. (SE indicated above nean val ues.)

a7

See Tabl e/ Fi gure

Figure 6. Ceonetric nmean concentration (ng/kg dry wei ght)
of heavy netals detected in algae collected fromBill
Wlliams River NWR 1992. (SE indicated above nean val ues.)

48
See Tabl e/ Fi gure
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Figure 7. GCeonetric nean concentration (ng/kg dry wei ght)
of trace elenents detected in snails collected fromBil
Wlliams River NWR 1992. (SE indicated above nmean val ues.)

49

See Tabl e/ Fi gure

Figure 8. Ceonetric nean concentration (ng/kg dry wei ght)
of heavy netals detected in snails collected fromBill
Wlliams River NVR, 1992. (SE indicated above nean val ues.)

50

See Tabl e/ Fi gure

Figure 9. GCeonetric mean concentration (ng/kg dry weight)
of trace elenments detected in nosquitofish collected from
Bill WIllians River NVWR, 1992. (SE indicated above nean
val ues.)

51

See Tabl e/ Fi gure

Figure 10. Ceonetric nean concentration (ng/kg dry weight)
of heavy netals detected in nosquitofish collected fromBill
Wlliams River NWR, 1992. (SE indicated above nmean val ues.)

52

See Tabl e/ Fi gure

Figure 11. Conparison of geonetric mean concentration
(rmg/ kg dry weight) of trace elenments detected in sedinent
collected fromBill WIllianms R ver NWR, 1992-1993.
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See Tabl e/ Fi gure

Figure 12. Conparison of geonetric mean concentration
(mg/ kg dry weight) of heavy netals detected in sedinent
collected fromBill WIllianms R ver NAR 1992-1993.
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See Tabl e/ Fi gure

Figure 13. Conparison of geonetric mean concentration
(mg/ kg dry weight) of trace el enments detected in al gae
collected fromBill WIliam R ver NAR 1992-1993.
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See Tabl e/ Fi gure

Figure 14. Conparison of geonetric mean concentration
(mg/ kg dry weight) of heavy netals detected in al gae
collected fromBill WIlians R ver NAR, 1992-1993.
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See Tabl e/ Fi gur e

Fi gure 15. Conparison of geonetric mean concentration
(mg/ kg dry weight) of trace elenents detected in snails
collected fromBill WIllianms R ver NAR 1992-1993.

57

See Tabl e/ Fi gure

Figure 16. Conparison of geometric mean concentration
(mg/ kg dry weight) of heavy netals detected in snails
collected fromBill WIlliams R ver NAR 1992-1993.
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See Tabl e/ Fi gure

Figure 17. Conparison of geonetric mean concentration
(mg/ kg dry weight) of trace elenents detected in
nosquitofish collected fromBill WIliams R ver NWR, 1992-
1993.

59

See Tabl e/ Fi gure

Fi gure 18. Conparison of geonetric mean concentration
(mg/ kg dry weight) of heavy netals detected in npbsquitofish
collected fromBill WIllianms R ver NAR 1992-1993.
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Table 9. Results (p-values, a=0.05) of CGeneral Linear Mdels for
sediments collected at Bill WIlians River N\R, 1992-93. (Non-
significant values are in bold italics.)

SEDI MENT
ELEVENT MODEL SITE YEAR  SI TE* YEAR
LOG (As) 0. 0001 0.0025 0. 6675 0. 0001
LOG ( Cd) 0. 0001 0. 0005 0. 0001 0. 0001
LOG (Cu) 0. 0001 0. 0001 0.0078 0. 0001
LOG ( Pb) 0. 0001 0. 0001 0. 0001 0. 0001
LOG ( Hg) 0. 0827 0.0511 0.1185 0. 4378
LOG ( Se) 0. 0001 0. 0012 0. 0001 0. 0001
LOG (Zn) 0. 0001 0. 0002 0. 0001 0. 0001

Table 10. Results (p-values, a=0.05) of General Linear Mdels for al gae
collected at Bill WIlianms R ver NWR, 1992-93. (Non-significant val ues
are in bold italics.)

ALGAE

ELEMENT MODEL SI TE YEAR S| TE* YEAR
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LOG (As) 0. 3876 0. 2876 0. 1698 0. 8379
LOG ( Cd) 0. 0534 0. 0376 0. 2059 0. 5942
LOG (Cu) 0. 0007 0. 0049 0. 0002 0. 0089
LOG ( Pb) 0.2191 0. 1858 0. 3439 0.1905
LOG ( Hg) 0. 0001 0. 0001 0. 0001 0. 0001
LOG (Se) 0. 0927 0. 0748 0.0178 0.7745
LOG (Zn) 0. 0735 0.1316 0. 5140 0. 0352
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Tabl e 11. Resul ts (p-val ues, a=0.05) of General Linear Mdels for
snails collected at Bill WIllians River NWR, 1992-93. (Non-significant
values are in bold italics.)

SNAI LS
ELEMENT MODEL SI TE YEAR S| TE* YEAR
LOG (As) 0. 0001 0. 0466 0. 0001 0. 0441
LOG ( Cd) 0. 0001 0. 0001 0. 0001 0. 2419
LOG (Cu) 0. 0001 0. 0011 0. 0001 0. 0018
LOG (Pb) 0.2579 0. 8202 0. 3870 0. 0620
LOG (Hg) 0. 0001 0. 0097 0. 0001 0.5740
LOG (Se) 0. 0001 0. 0488 0. 0001 0. 0011
LOG (Zn) 0. 0026 0. 0040 0. 0024 0. 0221

Table 12. Results (p-val ues, a=0.05) of General Linear Mdels for
nosqui tofish collected at Bill WIllians River NWR  1992-93. (Non-
significant values are in bold italics.)

MOSQUI TOFI SH
ELEMENT MODEL SI TE YEAR S| TE* YEAR
LOG (As) 0.0712 0. 0906 0. 0505 0.1710
LOG (Cd) 0. 2325 0.3779 0. 4443 0. 0680
LOG (Cu) 0. 0029 0. 0643 0. 0786 0. 0815
LOG (Pb) 0. 0802 0. 3020 0.7311 0.0191
LOG (Hg) 0. 0023 0. 0608 0. 0001 0. 0309
LOG (Se) 0. 0219 0. 0492 0. 1400 0. 0809
LOG (Zn) 0. 0060 0. 0073 0. 0017 0. 1446
62
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DI SCUSSI ON

ORGANCOCHLORI NES:  Organochl orine resi dues were bel ow t he
limt of detection in all sedinents sanpled. There is no
evi dence of organochl orine contanination in sedinments from
the Bill WIllians R ver NWR
WATER: Water quality nmeasurenments collected in this study
in 1992 and 1993 were conparable to water quality data for
1992 and 1993 reported by the USGS at the water nonitoring
station |l ocated at M neral Wash (USGS 1993) (Tables 5 and
13).
ARSENI C. Arsenic is widely distributed in the environnment
in both organic and inorganic conmpounds in its trivalent or
pentaval ent form Arsenic occurs naturally as conplex
sul fides of iron, nickel, and cobalt. Soil arsenic |levels
are nornmally el evated near arseniferous deposits and in
m neralized zones containing gold, silver, and sulfides of
| ead, zinc, and especially pyrite. Arsenic |levels may be
i ncreased 10-fold in soils derived frompyritic shales
(Ei sl er 1988a) Inorganic arsenic is released into the
envi ronnment by copper, zinc and |lead snelting, and glass and
chemi cal manufacturing (Menzer 1991).

Toxicity of arsenic is a function of the size of fish,
chemi cal formand concentration of the netall oid,
tenperature, water hardness, pH, and exposure tine and | eve

63
Tabl e 13. Water quality and Chem stry paraneters for Bill WIllianms R ver NAR, 1992-93. (As, Cd, Cu,
Pb, Hg, Se, and Zn dissolved ag/l).

See Tabl e/ Fi gure
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(Sorensen 1991) . Smumller fish are nore vulnerable to
arseni ¢ poisoning than larger fish of the sane species,
probably due to increased netabolic rates in smaller fish
Organic forms of arsenic ate considered | ess toxic than

i norgani c forns, and the pentaval ent nore toxic than the
trivalent form Trivalent forms of arsenic react with

sul fhydryl protein groups, resulting in enzynme inactivation
and structural damage, whereas pentaval ent forns may inhibit
phosphat e insertion into nucleotide chains, resulting in
false formati on of DNA (Sorensen 1991) . Acute arsenic
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exposure in fish may result in "coagulation film anoxia":
nmucus buil dup on the gill surface, and suffocation due to
i nadequat e oxygen exchange at the secondary |anell ae
(Sorensen 1991).

There was little evidence of arsenic contami nation in
any of the sediment sanples collected fromthe Bill WIIlianms
Ri ver N\R. Arsenic concentrations in sedinent fromthe Bill
Wlliams River N\R (nean = 4.37 ag/g, geonetric nean = 4.25
ag/ g, dry weight) were consistently |ower than those
reported in other studies in the region (Radtke 1988, King
et al. 1993), in Arizona (King et al. 1991), and U.S.
background | evel s (Shackl ette and Boerngen 1984) (Table 14).
Long and Morgan (1990) reported an ER-L (Effects Range-Low)
for arsenic in sedinents of 33 ag/g dry weight (Table 15).
An ER-L is defined as the | ow end of a range of

Tabl e 14. Conparison of concentrations ag/g dry weight) of selected elenents in sedinments collected fromBill
WIlliams River
NWR, 1992-93 and other studies in the | ower Col orado River Valley.

See Tabl e/ Fi gure
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Table 15. Summary of ER-L, ER-M and overall apparent effects threshold
concentrations (ag/g dry weight) for selected elenment in sedinent
(Taken from Long and Mdrgan 1990).

Overall Effects Degr ee of
(Appar ent Confidence in

El enent ER-L] ER-L[sup]b ERL:ER-M Threshold) ER- L/ ER-M Val ues
As 33 8.5 2.6 50 Low Moder at e
Cd 5 9 1.8 5 Hi gh/ Moder at e
Cu 70 390 5.6 300 Hi gh/ Moder at e
Pb 35 110 3.1 300 Moder at e/ Hi gh
Hg 0.15 1.3 8.7 1 Moder at e/ Hi gh
Zn 120 270 2.2 260 Hi gh/ Hi gh

| Effects Range-Low
[sup]b Effects Range-Medi an

concentrations where effects to aquatic organi sns
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occurred.

Based on these data, arsenic concentrations in

sedi nents collected fromthe Bill WIllianms R ver NMR do not
appear to be at |evels high enough to cause environnenta
concern.

Certain fish and crustaceans contain very high |evels
of organic arsenic, often as arsenobetaine (lshinishi et al
1986), a water-sol ubl e organoarsenical that poses little
risk to the organismor its consunmer (Eisler 1988). Arsenic
concentrations in invertebrates collected at Bill WIIlians
NWR ranged fromO0.22 ag/g in odonate larvae to 2.74 ag/g in
snails. Eisler (1988) reported that nost |iving organisms
normal |y contain arsenic concentrations of approxi mately

67

Tabl e 16. Conparison of concentrations (ag/g wet weight) of selected elenments in fish collected fromBill
Wllianms R ver NVR

1992-93 with the National Contami nant Biononitoring Program and other studies in the | ower Col orado River
Val | ey.

Trace el enent concentration, ag/g wet weight

Area and Speci es As cd Cu Pb Hg Se Zn
NCBP
85th Percentile 0. 27 0. 05 1.0 0.22 0. 17 0.73 34.2
Geonetric Mean 0.14 0. 03 0. 65 0.11 0. 10 0.42 21. 7
Maxi mum 1.5 0.22 23.1 4.88 0. 37 2.30 118.4

Predator Protection Limt[sup]b
Bill WIllianms River National WIldlife Refuge
Bill WIllianms River NWR sup]c
Lar genout h Bass 0. 258 0. 0249 0. 558 0. 247 0.126 0.790 14. 25
Carp 0.571 0. 0296 1.495 0. 250 0. 061 1.421 73.08
Bill WIllianms River[sup]d
Carp 0. 115 0. 05 0.79 0.15 0. 077 1.167 51.67
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| ower Col orado National WIldlife Refuges[sup]e

Marti nez Lake

Lar genout h Bass 0. 02 0.01 0. 30 ND 0. 02 2.02 16.1
Carp 0.10 0.01 9. 69 ND 0.01 2.28 72.5
(4.75)[sup]f
Ci bol a Lake
Lar genmout h Bass 0.12 0.02 0. 30 0. 68 0.01 1.53 15.5
Carp 0. 10 0. 02 0.70 0. 84 0.02 1.17 48. 8
Topock Marsh
Lar genout h Bass 0.12 0.02 0.3 0.75 0.01 2.18 13.6
Carp 0. 09 0. 05 0.7 0.94 0.01 1.54 45.0
Al ano Lake[ sup] f
Lar genout h Bass 0.19 ND 0.34 NA 0. 20 0.43 11.76
Carp 0.08 0. 07 21. 47 NA 0. 175 0. 475 76. 15

(7. 46) (73.90)

i National Contaninant Biononitoring Program 85th percentile (Schnitt and Brunbaugh 1990)
[sup] b Walsh et al. 1977

[ sup] Thi s study

[ sup] Radt ke et.al. 1988

[ sup] King et.al. 1993

[ sup] King et.el. 1991

[ sup] Geonetric nmean used because of extrene difference in val ues.

Q 0O Qa0
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Table 17. Baseline concentrations (ag/g wet weight) of
trace elenents in fish (Schmtt and Brunbaugh 1990).

El enent and

col l ection Ceonetric 85t h
Peri od Mean M ni num  Percentile Maxi num
Arsenic
1978-79 0. 16 0. 04 0.23 2.08
1980- 81 0.14 0. 05 0.22 1.69
1984- 85 0.14 0.02 0.27 1.50
cadm um
1978-79 0.04 0.01 0. 09 0.41
1980- 81 0. 03 0.01 0. 06 0. 35
1984- 85 0. 03 0.01 0. 05 0.22
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copper
1978-79 0. 86 0.29 1.14 38.75
1980- 81 0.68 0.25 0.90 24.10
1984- 85 0. 65 0. 06 1.00 23.10
Lead
1978-79 0.19 0. 10 0.32 6.73
1980-81 0.17 0. 10 0. 25 1.94
1984- 85 0.11 0.01 0.22 4.88
Mer cury
1978- 79 0.11 0.01 0. 18 1.10
1980- 81 0.03 0.01 0. 06 0.35
1984- 85 0.10 0.01 0.17 0. 37
Sel eni um
1978- 79 0. 46 0.09 0.70 3.65
1980- 81 0. 47 0. 09 0.71 2. 47
1984- 85 0.42 0.08 0.73 2.30
Zinc
1978-79 25. 63 7.69 46. 26 168. 10
1980- 81 23.82 8.82 40. 09 109. 21
1984- 85 21.70 9.60 34. 20 118. 40
69

1.00 ag/g (wet weight)

Arsenic concentrations in fish collected at Bil
Wlliams River N\R ranged from0.05 ag/g in red shiners
collected at Site 5in 1992 to 1.08 ag/g in carp collected
at Site 3 in 1992 (wet weight). Arsenic |levels were
general ly higher in carp than in other fish species
collected. Differences were not site specific. Arsenic
levels in fish collected at Bill WIllianms River NVWR were
general ly higher, especially in carp, than reported in
other studies fromthe region (Radtke et al. 1988, King et
al . 1991, 1993) (Table 16).

The NCBP showed that the whol e body geonetric nean
concentration of arsenic in fish was 0.14 ag/g and the 85th
percentile was 0.27 ag/g (wet weights) (Schnmitt and
Brunbaugh 1990) (Table 17). The naxi num arsenic

http://orion.cr.usgs.gov/dec_reports/112/report.html (38 of 76) [10/17/2000 1:15:36 PM]



Published Reports

concentration reported by the NCBP was 1.50 ag/g and
occurred in bl oater (Coregonus hoyi) from Lake M chi gan

Wal sh et al. (1977) considered whol e body arsenic at
concentrations >0.50 ag/g arsenic to be potentially harnful
to predatory species of fish and wildlife (predator
protection linmt). Four out of nine carp contained arsenic
concentrations higher than 0.50 ag/g (0.58, 0.83, 1.07, and
1.08 ag/ g arsenic): other species generally were below the
predator protection limt. Although arsenic levels in carp
exceeded WAl sh's predator protection Iimt, levels are

70

within expected | evels reported by Eisler (1988a) of 1.00
ag/g in nost organisnms. My data indicate that |evels of
arsenic were slightly elevated at a few sites, but even in
these areas |l evels were not high enough to cause

envi ronment al concern

CADM UM Cadmi um |ong recognized as a toxic elenent, is
simlar to zinc and occurs with zinc, copper, and lead in
sulfide ores (Friberg et al. 1986). It is recovered as a
by- product of the snelting process for those netals.
Natural soil concentrations are generally <1 ag/g and
average about 0.40 agy/g cadm um (Menzer 1991).

Conpared to other nmetals, cadniumis nobile in the
aquatic environment and, in natural waters nmay exist as the
hydrated ion; as conpl exes with carbonate, chloride, or
sul fide; and conpl exes with hum c acids (Menzer 1991).
Cadmiumis widely dispersed in the environment and is
bi oaccunul ated i n organi sns, especially invertebrates such
as nol | usks and crustaceans. cadm um concentrations in
fresh waters are generally <1 ag/kg (parts per billion)
(Fl ei sher et al. 1974). Hi gher concentrations of cadmi um
are usual Iy suggestive of anthropogeni c contanination

There is little evidence of cadm um contam nation in
sedinments collected at the Bill WIllians River NVNR.  cadm um
concentrations in sedinents fromthe Bill WIlians River
have a nean and geonetric nean of 0.25 ag/g and 0.30 &g/ g,

respectively. Sedinents from Martinez Lake in the | ower
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Col orado River Valley (King et al. 1993) had 0.77 am/g
arseni c concentration. There are no Arizona or U S.
basel i ne val ues avail abl e, however, Long and Morgan (1990)
reported an ER-L (Effects Range-Low) for cadmumat 5.0 ag/g
dry weight (Table 15). Cadmiumlevels in sedinents
collected fromthe Bill WIllianms R ver NMR do not appear to
be at |evels high enough to cause environnental concern.

Cadmi um concentrations in invertebrates collected at
Bill WIllianms River NMR ranged fromO0.05 ag/g in odonates
collected at Site 4 in 1992 to belowthe Ilinmt of detection
in crayfish collected at Site 7 in 1992 (wet weight).
cadm um concentrations in fish collected at Bill WIIians
Ri ver NWR were generally below the limt of detection in
nosquitofish, bass, bluegill and carp. Red shiner collected
at Sites 4 and 5 contained |evels of 0.13 ag/g cadm um (wet
weight) . These levels were generally at or below | evel s
found in fish collected in other studies in the region
(Table 16). The NCBP found a geonetric nean whol e-body
concentration of 0.03 ag/g (wet weight) of cadmumin fish
The 85th percentile concentration was 0.05 ag/g (wet weight)
(Schmtt and Brumbaugh 1990). Walsh et al. (1977)
consi der ed whol e-body concentrations >0.50 ag/g cadm um (wet
weight) in biota to be potentially harnful to predatory
species of fish and wildlife. Based on these data, cadm um
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concentrations in fish collected fromBill WIlians R ver
NWR do not exceed the predator protection limt of 0.50 am/g
cadm um therefore, cadm um concentrations do not appear to
be high enough to cause environnental concern.

COPPER: Copper is widely distributed in nature and is an
essential elenent and part of about 30 enzynes and

gl ycoproteins (e.g., am ne oxidases, cytochrome oxidase,

f er oxi dases, and superoxi de di smutase (Aaseth and Norseth
1986, Sorensen 1991). Copper is required in oxidative
enzymes for hydrogen peroxi de/organi c substance destruction
and energy production. The daily requirenent of copper has
been estimated to be about 2 ng for adult humans (Aaseth and
Nor set h 1986) .

copper contami nati on of aquatic environnments is usually
associated with mning, urban runoff, industrial discharges,
landfills, and wastewater treatnment plants. The npst toxic
speci es of copper is the cupric form Cu+y. Hardness,
alkalinity, pH, and the anount of clay or organic material
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regul ate the toxicity of copper in aquatic organi sns
(Sorensen 1991). Copper conpl exes w th carbonat es,

hydr oxi des and humic materials. conplexation of copper with
i norgani c carbon increases with alkalinity and pH,

therefore, at high alkalinity and a pH of 8 or nore,
(conditions at Bill WIliams River NWR) , nost copper is
probably conpl exed, |eaving snmall anmounts of Cu+y present

73

(Sorensen 1991). Fish and other aquatic organi sns
accunul ate copper fromingesting contaninated food and
sedi nment - bound or suspended copper (lrwin 1988).

Copper concentrations in the sedinments of the Bil
WIlliams River NVR were el evated conpared to those for
Arizona (King et al. 1991, 1993) and the U S. (Shacklette
and Boerngen 1984) (Table 14). copper concentrations at
Bill WIliams River NMR have a nean and geonetric nmean of
47.1 agl/g and 54.9 ag/g (dry weight). These val ues exceed
concentrations found in sedinents at other locations in the
| ower Col orado River Valley. However, they are within
basel ine concentrations of 4.9-90.0 agy/g (dry weight)
reported by Shackl ette and Boerngen (1984). Sedinments with
copper concentrations greater than 60 ag/g are considered
el evated. Long and Morgan (1990) (Table 25) reported an
ER-L for copper at 70 ag/g (dry weight). Based these data,
copper concentrations in sedinent fromBill WIlIlianms River
NWR are not hi gh enough to cause environnental concern

Copper concentrations in invertebrates collected at
Bill WIllians River NWR ranged from2.92 ag/g in snails at
Site 6 to 42.30 ag/g in crayfish at Site 3 (wet weight).
However, copper |levels in whole body fish sanples do not
reveal any biomagnification of copper. Copper
concentrations in fish ranged from0.35 ag/g in bass
collected at Site 6 in 1992 to 3.19 ag/g in carp fromSite 6

74

in 1992 (wet weight). The NCBP found a whol e-body geonetric
nmean concentration of 0.65 ag/g wet weight and the 85th
percentile of 1.00 ag/g (wet weights) in fish (Schnmtt and
Brunbaugh 1990). The nmxi mum copper concentration reported
by the NCBP was 23.1 ag/g in tilapia (Tilapia nossanbica)
fromHawaii. Al though copper levels in carp fromthis study
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exceed the NCBP 85th percentile, they are well below the
maxi mum | evel s reported. There is no predator protection
limt for copper.

The toxicity of copper to aquatic organisns is
inversely correlated to the ionic concentration of the
water. The | owest hardness recorded was 74 ng/L CaC( sub] 3
(during flooding), the nmedian hardness val ue was 160 ng/L
CaCJ sub] 3 and normal (not flood conditions) hardness val ues for
the Bill WIllians River were + 260 ng/L CaCJ sub]3 (Table 13)
Under normal hardness, it would not beconme toxic until it
reached concentrations at or above 26.75 ag/L (Table 18).
Copper concentration in water never exceeded 5 ag/L in the
Bill WIllians River in pre- or post-flood conditions.
LEAD: Lead is present in practically all phases of the
environnment, and in all biological systens (Goyer 1991).
Lead was detected in all sedinment sanples collected. Lead
concentrations in the sedinents of the Bill WIlIlians River
NWR were generally at or above concentrations found for

75
Table 18. Water quality Criteria for the designated uses of the Bill WIllians R ver, Arizona, based
on Nuneric Water Quality Criteria For Arizona, 1991-1993. (FC = Fi sh consunption, human; FBC = Ful
body Contact, i.e. swinmng; AW = Aquatic and wildlife uses.)

See Tabl e/ Fi gure
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Arizona (King et al. 1991, 1993) and the U S. (Shacklette
and Boerngen 1984) (Table 14). Lead concentrations at Bill
WIlliams River NWR have a nean and geonetric nean of 21.2
ag/g and 16.5 ag/g (dry weight). However, they are within
basel i ne concentrations of 5.2-55.0 ag/g (dry wei ght)
reported by Shackl ette and Boerngen (1984). Long and Mbrgan
(1990) (Table 15) reported an ER-L for lead at 35 agm/g (dry
wei ght). Lead concentrations in sedinments collected from
Bill WIlliams River NM\R were roughly half this amount (nean
16.5 ag/ g, geonetric mean 21.2 ay/g, dry weight). Based on
these data, |ead concentrations in sediment fromBill
Wlliams River NW\R are not high enough to cause

envi ronment al concern

Lead concentrations in invertebrates collected at Bill
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WIllians River NMR generally were below the limt of
detection in all nediuns sanpled. Lead concentrations in
fish ranged fromca 0.24-0.25 ag/g in all fish collected at
Bill WIllianms River NMWR. = The NCBP found a whol e- body
geonetric nmean concentration of 0.11 ag/g (wet weight) of
lead in fish and the 85th percentile was 0.73 ag/g (wet

wei ghts) (Schmitt and Brumbaugh 1990). The maxi mum | ead
concentration reported by the NCBP was 4.88 agy/g wet weight.
Lead concentrations in fish fromBill WIliams R ver N\ are
generally below | evel s reported in fish from other studies
in the region (Table 16). A predator protection limt of
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0.30 &/ g (wet weight) has been defined by Eisler (1988).
Lead concentrations in fish collected fromBill WIIlians
Ri ver NAR do not exceed NCBP val ues or the predator
protection limt, therefore, lead |levels do not appear to
nerit environmental concern

MERCURY: Mercury occurs as elenmental mercury, and as

i norgani ¢ and organi c conmpounds, all having different
toxi col ogi cal properties. Mercury is circulated naturally
in the biosphere, with 30,00-150,00 tons being released into
the atnosphere by degassing fromthe earth's crust and the
oceans (Berlin 1986).

In nature, nethylmercury is produced frominorganic
nercury as a consequence of mcrobial activity (Berlin
1986). In fish, the major anmount of nercury is
nmet hyl mercury. Factors deternining the nethyl mercury
concentration in fish are mercury content of the water and
bottom sedi nent; pH and redox potential of water; species,
age and size of fish.

There was little evidence of mercury contanination in
any of the sedinment sanples collected fromthe Bill WIIlians
River NR.  Mercury concentrations in sedinent fromthe Bill
WIlliams River N\R (nean = 0.05 am/g, geonetric nean = 0.04
ag/ g, dry weight) were generally equivalent to
concentrations in sedinments fromother studies in the region
(Radt ke 1988, King et al. 1993), in Arizona (King et al
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1991), and U. S. background | evel s (Shackl ette and Boer ngen
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1984) (Table 14). Long and Morgan (1990) reported an ER-L
(Ef fects Range-Low) for nmercury in sedinents of 0.15 ag/g
dry weight (Table 15). Based on these data, nmercury
concentrations in sedinents collected fromthe Bill WIIians
Ri ver NVWR do not appear to be at |evels high enough to cause
envi ronnmental concern

Mercury concentrations in invertebrates collected at
Bill Wlliams River N\\R were 0.01 ag/g in crayfish collected
at Site 3 in 1992 to 0.22 ag/g in odonates collected at Site
6 in 1993 (wet weight) . Mercury concentrations in fish
collected at Bill WIlians River NWR ranged from 0. 0099 ag/g
in nosquitofish collected at Site 2 in 1992 to 0.238 &ag/g
red shiners collected at Site 1 in 1992 (wet weight)

Mercury levels in fish collected at Bill WIIlianms
Ri ver NWR generally were higher than those reported in other
studies fromthe region (Radtke et al. 1988, King et al.
1991, 1993), with the exception of carp collected at Al anmo
Lake (Table 16).

The NCBP showed that the whol e body geonmetric nean
concentration of nercury in fish was 0.10 ag/g and the 85th
percentile was 0. 17 ag/g (wet weights) (Schnmitt and
Brunmbaugh 1990) (Table 16). The maxi num nercury
concentration reported by the NCBP was 0.37 ag/g. The
predator protection limt for nmercury is 0.10 ag/g (wet
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weight) (Eisler 1987) . CGenerally, all fish collected on the
refuge contained nercury levels <0.1 ag/g. Red shiners with
el evated mercury levels collected at Site 1 are probably
reflective of conditions in Al amb Lake, which has el evated

| evel s of mercury (King et al. 1991). The data indicate
that levels of nercury were slightly elevated at a few
sites, but even in these areas |evels were probably not high
enough to cause environnental concern

SELENI UM Seleniumis chemcally very sinmlar to sul phur
and many of its conpounds are anal ogous to organic and

i norgani ¢ sul phur conpounds (CGoyer 1991). Seleniumis an
essential trace el enent, and has been shown to be a natural
conponent in the enzyne gl utathi one peroxi dase (GSH- px) and
ot her proteins (Hogberg and Al exander 1986).

Exposure concentrations and duration determne if
seleniumis toxic or essential for good health (Goyer 1991).
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Sorensen (1991) reported that dietary levels of 0.07 ag/g
and/ or aqueous | evels of 0.004 ag/g seleniumare essenti al

for rainbow trout (Oncorhynchus nykiss) . The nutritive role
of seleniumis linked to the presence of four gram atons of
sel enium per nole of GSH px. Trace levels of selenium
protects |ipids and nucleic acids from peroxidation and
hepatocel lular lysis. Seleniumis thought to act as an
intercellular antioxidant to prevent free radical danage to
cell menbranes (Sorensen 1991). It is also thought that
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sel enium protects against the toxicity of heavy netals such
as arsenic, cadmium nercury, platinum and silver (Hogberg
and Al exander 1986, Menzer 1991).

Sel eni um deficiencies in fish include increased
nortality, reduced growth, hepatic injury, muscle |esions,
and depressed GSH px activity. Conversely, excess |evels of
sel eniumare nore toxic than arsenic or nmercury. Toxic
| evel s of seleniumare ca 43 tinmes the essential dietary
| evel or 1000 tinmes the aqueous |evel (Sorensen 1991). For
a review of seleniumtoxicosis to fish and wildlife see
Lemy and Snmith (1987).

Sel eni um concentrations in natural water depend | argely
on the occurrence of seleniferous soils (Radtke (1988,
Menzer 1991). Menzer reports average concentrations of
seleniumin natural waters are generally less than 1.00
ag/ L. Seleniumoccurs naturally in the environment at trace
amounts rarely exceeding 2 ag/kg in soils (Eisler 1985b)
however, soils originating from sel eniferous shales are
general |y higher.

There was no evidence of sel enium contami nation in
sediments collected at Bill WIliams R ver N\R.  Sel eni um
|l evels in all sedinment sanples (N = 21) were belowthe linmt
of detection, less than 0.20 ag/g sel enium and generally
| ower than other studies in the regi on (Radtke 1986, King et
al. 1993), in Arizona (King et al. 1991), and U.S.
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background | evel s (Shackl ette and Boerngen 1984) (Table 14).

Sel eni um concentrations in invertebrates collected at
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Bill WIllians R ver NWR ranged from bel ow the detection
limt to 0.79 ag/g in crayfish collected at Site 7 in 1992
(wet weight). The NCBP showed that the whol e-body geonetric
nmean concentration of seleniumin fish was 0.42 ag/g and the
85t h percentile concentration was 0.73 ag/g (wet weights)
(Schmtt and Brumbaugh 1990). The maxi mum sel eni um
concentration found by the NCBP was 2.30 ag/g in carp

coll ected from Martinez Lake, Arizona.

Fish collected fromthe area of the confluence of the

Bill Wllians River with the Col orado Ri ver contai ned
el evated | evels of selenium Wth the exception of red
shiners, fish fromupstreamareas of the Bill WIllianms R ver

did not. These data confirmthat elevated sel eniumlevels
in biota originate fromcontact with water from the Col orado
River and not fromthat fromthe Bill WIIlianms River. of
the fish sanpled in the confluence, carp, bass, and bluegill
had el evated sel eniumlevels. Two carp sanples collected in
1993 fromthe delta contained 3.62 and 4.67 ag/g (wet

wei ght) sel enium respectively.

Sel enium levels in red shiners were consistently
el evated (<3.00 am/g wet weight) throughout the study area.
Red shiners were the only species to consistently contain
sel enium | evel s higher than 3.00 ag/g (dry weight) across
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all sites. N nety-three percent (13/14 sanples) of red
shi ner sanples coll ected exceeded 3.00 ag/g and 71% (10/ 14
sanpl es) exceeded 4.00 agy/g, a threshold level set by Lemy
(1994) to protect fish fromchronic sel eniumtoxicosis.

Sel enium |l evels in carp and bass were generally at or
bel ow | evel s found in fish collected in other studies in the
regi on (Table 16).

Lemy (1993) set a predator protection limt of 3.0
a/g (dry weight) in sanples of food itens of aquatic birds
and fish and found sel enium concentration greater than 4.00
&g/ g (dry weight) whol e body concentration as the biol ogical
ef fects threshold for the health and reproducti ve success of
fish. Therefore, seleniumconcentrations in fish collected
fromthe confluence of the Bill WIllians R ver and the
Col orado River and red shiners throughout the Bill WIIlians
Ri ver suggest health risks to the organi sns and predators
that may feed upon them
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ZINC. Zinc is an essential netal, necessary for the
function of various enzynes (carbonic anhydrase, superoxide
di smut ase, phosphat ase and gl ut amat e dehydr ogenase) (CGoyer
1991, Sorensen 1991). Zinc is found in large quantities in
the vertebrate body, second only to iron. arsenic a
conponent of carboni c anhydrase, zinc plays a role in

bi ndi ng carbon dioxide in teleost cells, conbining it with
water to form carbonic acid, and rel easing carbon dioxi de
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fromthe gills (Sorensen 1991).

Zinc is associated with mning, urban runoff, sewage
sl udge, industrial discharges, soil erosion, and | eachates
fromnmunicipal landfills (Menzer 1991). The toxicity of
zinc is affected by chem cal factors such as pH and
hardness. | n natural waters zinc is |ess toxic as hardness
i ncr eases.

Zinc concentrations in the sedinments of the Bill
WIlliams River NMVR were el evated conpared to those for
Arizona (King et al. 1991, 1993) and the U S. (Shacklette
and Boerngen 1984) (Table 14). Zinc concentrations at Bill
Willianms R ver NM\R have a nean and geonetric nean of 79.9
ag/g and 74.5 ag/g (dry weight). These val ues exceed zinc
concentrations found in sedinments at other locations in the
| ower Col orado River Valley. However, they are within
basel i ne concentrations of 17-180 ag/g (dry wei ght) reported
by Shackl ette and Boerngen (1984). Long and Morgan (1990)
(Tabl e 15) reported an ER-L for zinc at 120 ag/g (dry
wei ght). Based these data, zinc concentrations in sedinent
fromBill WIllians R ver NMWR do not appear high enough to
cause environmental concern

Zinc concentrations in invertebrates collected at Bil
Willianms River NMR ranged from4.53 ag/g in snails collected
at Site 6 in 1992 to 28.30 ag/g in crayfish at Site 7 in
1992 (wet weight). Zinc concentrations in fish ranged from
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13.8 ag/g in bass collected fromSite 1 in 1992 to 298 ay/g
in carp collected fromSite 7 in 1992. The NCBP found a
whol e- body geonetric mean concentration of 21.7 agy/g of zinc
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and an 85th percentile concentration if 34.2 ag/g (wet
weights) in fish (Schmitt and Brunbaugh 1990). Zinc levels
in carp and bass were generally higher than reported in

ot her studies done in this region (Table 26). However, carp
coll ected at Al anb Lake contained concentrations sinmilar to
those collected fromBill WIlliams River N\R  Level s of
zinc in all carp collected in this study (whole body

sanpl es) exceeded the 85th percentile in fish, levels in
carp generally exceed this level in carp (Schmtt and
Brunbaugh 1990). The maxinmum zi nc concentration reported by
the NCBP was 118.4 am/g wet weight in carp from M nnesot a.
The NCBP al so reported that zinc |levels were generally

hi gher in carp conpared to other species. Although zinc

| evels in carp exceed the NCBP val ues, there is no predator
protection limt for zinc.
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CONCLUSI ONS
Subsurface Effects

In years of average precipitation, the Bill WIIlians
Ri ver has only subsurface flow for nost of the distance
between Al anmp Dam and Site 2 (45 km); there is generally
surface flow at Site 2. Higher elenental concentrations at
Site 2 than at Site 1 may be related to interactions that
take place in the subsurface water col um.
Runof f Effects

Few data supported the hypothesis that flows fromthe
washes increased el enent |levels. Even in Mneral Wsh
(Sites 4 and 5), the site of an inactive copper nine and
exposed nmine tailings, copper |evels were not significantly
hi gher downstream than upstream In fact, the converse was
true for copper levels in sedinent, algae, snails and
nosqui tofish and nercury levels in sedinment. Only al gae
showed di fferences between upstream and downstream sites
near Yucca Wash. There were differences in sedinent
concentrations of arsenic, copper, |lead, selenium and zinc
upstream and downstream of Mhave wash, but nopst
concentrations decreased.

El emental concentrations consistently increased from
upstreamto downstream of Cave Wash. The downstreamsite
where the Bill WIlliams River sank into the sand in 1992 had
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the characteristics of an evaporation pond; fish and other
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organi snms were seen stranded and dying as the water receded.

Fl ood flows did not result in consistent changes in

element levels inthe Bill WIlliams River. |n Decenber 1992
and January 1993, above average precipitation resulted in
the Bill WIlians River reaching the 100-year flood crest

(well over 4000 cfs or ca 1300 cns) (Dean Radtke, pers.
comm Figure 19). The river over flowed its banks and
formed a new channel in two areas on the Refuge. During al
of 1993 the Bill WIlliams R ver flowed above ground
throughout its entire length to the confluence of the

Col orado Ri ver.

My data showed no consistent differences in contam nant
| evel s before or after the flood, however sanples were
collected 3 nonths after the peak flows. Conditions at the
time of collection were probably not reflective of the
actual flood. There were conplex interactions between site
and year which may have nasked changes. There was a genera
decrease in arsenic, cadm um selenium and zinc
concentrations after the flood. Such decreases woul d seem
to be consistent with flushing associated with high flows.
In contrast, |evels of copper and nercury generally
i ncreased. Such increases would seemto be consistent with
i ncreased deposition of naterials eroded fromthe watershed.

Sel enium was the only el enment that reached | evels of
concern in the Bill WIllians River and then only at sites 6
87

See Tabl e/ Fi gure

Figure 19. Mean annual discharge (cubic feet per second)
val ues for releases fromA ano Daminto the Bill WIlians
Ri ver for years 1982-93. (Data taken from U S. Ceol ogi ca
Survey Water Resources Data for Arizona, 1981-1993.)
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and 7. At Site 6, the Bill WIliams Ri ver went underground
in 1992 (the river flowed its entire length in 1993), and
Site 7 is the delta where the Bill WIlianms River joins the
Col orado River. One mght expect el evated seleniumlevels
at site 7 given other data that show el evated sel eni um

| evel s t hroughout the | ower Col orado River. However,

sel enium concentrati ons (geonetric nmeans, dry weight) were
5. 05 a/g and 7.59 ag/g for nosquitofish at Sites 6 and 7,
respectively and 3.43 ag/g and 3.82 ag/g for bass at Sites 6
and 7, respectively. Differences were not significant (p >
0.07 for nosquitofish and p > 0.09 for bass) . Elevated
seleniumlevels at Site 6 may result fromconcentration via
evaporation or be an artifact resulting from novenent of

bi ota out of the Colorado River into the | ower portion of
the Bill WIllianms R ver during periods of surface flow

The fact that seleniumlevels were lowin all biota
except at Sites 6 and 7 indicates that there is little cause
for concern over potential contam nant |levels on the Bil
Wlliams River N\R.  However, nost waterbirds nest and feed
inthe delta rather than on the Bill WIIliams River and
woul d be exposed to el evated seleniumlevels. There is also
potential concern over seleniumlevels in neotropica
mgrants. Martinez (1994) has hypothesized that elevated
seleniumlevels in two ni ghthawk eggs collected on Inperi al
NWR are the result of adult birds feeding on the aerial
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phase of aquatic insects in the riparian corridor. Such a
pattern could al so occur if neotropical mgrants feed on
insects energing fromthe delta of the Bill WIIlianms River

90
APPENDI X A

91

Appendi x A-1. Analytical results (ug/g, dry-weight) of elenments in sanples of
vegetation fromBill WIlliam R ver NWR, 1992-93. [N = nunber per conposite; SITE =
ref erence nunber for site location; YEAR = year of sanple collection; %STR = percent
noi sture; TOC = total organic carbon; Length = nean |ength for sanple; VWEI GHT = total
wei ght (in granms) of sanple.]

http://orion.cr.usgs.gov/dec_reports/112/report.html (50 of 76) [10/17/2000 1:15:36 PM]



Published Reports

See Tabl e/ Fi gure
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Appendi x A-1. Conti nued.

See Tabl e/ Fi gur e

Appendi x A-1. Conti nued.
93

See Tabl e/ Fi gure

94

Appendi x A-2. Analytical results (ug/g, dry-weight) of elenments in sanples of
odonate larvae fromBill WIllians R ver NWR, 1992-93. [CODE # = sanple

identification; N = nunber per conposite; SITE = reference nunber for site |ocation;
YEAR = year of sanple collection; WEIGHT = total weight (in grans) of sanple; %STR =

percent noisture.]

See Tabl e/ Fi gure
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Appendi x A-2. Conti nued.
See Tabl e/ Figure
96
Appendi x A-2. Conti nued.
See Tabl e/ Fi gure
97
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Appendi x A-2. Conti nued.

See Tabl e/ Fi gure
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Appendi x A-3. Analytical results (ug/g, dry-weight) of elenments in sanples of snails
fromBill WIliams R ver NAR, 1992-93. [N = nunber per conposite; SITE ref erence
nunber for site location; YEAR = year of sanple collection; %STR = percent npi sture;
TOC = total organic carbon; Length = nmean length for sanple; WEIGHT = total weight
(in grans) of sanple.)

See Tabl e/ Fi gure
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Appendi x A-3. Continued.
See Tabl e/ Fi gure
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Appendi x A-3. Conti nued.
See Tabl e/ Fi gure
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Appendi x A-3. Conti nued.
See Tabl e/ Figure
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Appendi x A-4. Analytical results (ug/g, dry-weight) of elements in sanples of
crayfish fromBill WIIlianms R ver NWR 1992-93. [N = nunber per conposite; SITE

ref erence nunber for site location; YEAR = year of sanple collection; Y%STR  percent
noi sture; TOC = total organic carbon; Length = nean |ength for sanple; VEI GHT = total
wei ght (in granms) of sanple.]
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See Tabl e/ Fi gure
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Appendi x A-4. Conti nued.
See Tabl e/ Fi gure
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Appendi x A-4. Conti nued.
See Tabl e/ Fi gure
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Appendi x A-4. Conti nued.
See Tabl e/ Fi gure
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Appendi x A-5. Analytical results (ug/g, dry-weight) of elements in sanples of
tadpoles fromBill WIllians R ver NAR 1992-93. [N = nunber per conposite; SITE
reference nunber for site location; YEAR = year of sanple collection; %BTR = percent
noi sture; TOC = total organic carbon; Length = nean |ength for sanple; VEIGHT = total
wei ght (in granms) of sanple.]

See Tabl e/ Fi gure
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Appendi x A-5. Conti nued.

See Tabl e/ Fi gure
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Appendi x A-6. Analytical results (ug/g, dry-weight) of elenments in sanples of

nosqui tofish fromBill WIllians R ver NWR 1992-93. [N = nunber per conposite; SITE
= reference nunber for site location; YEAR = year of sanple collection; %BTR =
percent noisture; TOC = total organic carbon; Length = mean length for sanple; WEl GHT
= total weight (in grans) of sanple.]

See Tabl e/ Fi gure
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Appendi x A-6. Conti nued.
See Tabl e/ Fi gur e
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Appendi x A-6. Conti nued.
See Tabl e/ Fi gure

111
Appendi x A-6. Conti nued.
See Tabl e/ Fi gure
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Appendi x A-7. Analytical results (ug/g, dry-weight) of elenents in sanples of red
shiners fromBill WIlians R ver NWR, 1992-93. [N = nunber per conposite; SITE =
reference nunber for site location; YEAR = year of sanple collection; %STR = percent
noi sture; TOC = total organic carbon; Length = nmean length for sanple; WVEI GHT = total
wei ght (in granms) of sanple.]

See Tabl e/ Fi gure
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Appendi x A-7. Conti nued.

See Tabl e/ Fi gure
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Appendi x A-7. Conti nued.
See Tabl e/ Fi gur e
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Appendi x A-7. Conti nued.
See Tabl e/ Fi gure
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Appendi x A-8. Analytical results (ug/g, dry-weight) of elenments in sanples of bass,
bluegill, and carp fromBill WIlianms R ver NWR, 1992-93. [N = nunber per conposite;
SITE = reference nunber for site |location; YEAR = year of sanple collection; WBTR =
percent noisture; TOC = total organic carbon; Length = nean | ength for sanple; WEI GHT
= total weight (in grans) of sanple.]

See Tabl e/ Fi gur e
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Appendi x A-8. Analytical results (ug/g, dry-weight) of elenents in sanples of bass,
bluegill, and carp fromBill WIlliams R ver NWR 1992-93. [N = nunber per conposite;
SITE = reference nunber for site |location; YEAR = year of sanple collection; %WBTR =
percent noisture; TOC = total organic carbon; Length = nean |ength for sanple; WEl GHT
= total weight (in grans) of sanple.]

See Tabl e/ Fi gure
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Appendi x A-8. Conti nued.

See Tabl e/ Fi gure
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Appendi x A-8. Conti nued.

See Tabl e/ Fi gur e
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Appendi x A-9. Analytical results (ug/g, dry-weight) of elements in sanples of
sedinment fromBill WIllians R ver NWR, 1992-93. [N = nunber per conposite; SITE =
reference nunber for site location; YEAR = year of sanple collection; %STR percent
noi sture; TOC = total organic carbon; Length = nmean length for sanple; WEIGHT = total
wei ght (in granms) of sanple.]

See Tabl e/ Fi gure
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Appendi x A-9. Conti nued.
See Tabl e/ Figure
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Appendi x A-9. Conti nued.
See Tabl e/ Figure
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Appendi x A-9. Conti nued.

See Tabl e/ Fi gure
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124

Appendi x A-10. Analytical results (ug/g, dry-weight) of elenents in sanples of
Clark's grebe and turtle embryos fromBill WIllianms R ver NWR, 1992-93. [N = nunber
per conposite; SITE = reference nunber for site location; YEAR = year of sanple

coll ection; 9%BTR = percent noisture; TOC = total organic carbon; Length = nean

| ength for sanple; VWEIGHT =