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Executive Summary

In the spring of2006, aquatic macroi nvertebrates were collected from wetland 3 and the sedimen t pond
associated with the U.S. Department of Energy's (DOE) Monticello Mill Tai lings Site (MMTS), located
in Monticello, Utah. Past water and sed iment samples from the wetlands and sediment pond indicated
that the concentration of selenium (Se) exceeded ecological risk gnidelines. Result s from sampling
maeroinvertebrates in 2005 indicated that the Se concentration in the maeroinvertebrates from wetland 3
and the sediment pond exceed ed eco logical risk gnidelines for Se in macroinvertebrate tissues. These
areas were rc-sampled in 2006 using the same field sampling and analytical procedures as in 2005.

The geometric mean of the Se in macroinvertebrate samples collected with kick nets in wetland 3 and the
sediment pond was above the lowest limit of the level of coneem for Sc but was less than the toxicity
threshold, and the resu lts from the two locations were not sign ificantly different. The re was no significant
difference between 2005 and 2006 in the Se concentration in macro invertebrates collected with kick nets
in wetland 3 and the sediment pond.

The geometric mean of the Sc concentration in macroinvertebrate samples collec ted with Hester-Dendy
artificial substrate samplers in 2006 was grea ter than the toxicity limit for protection of fish and wildlife.
In 2006, there was a significant difference between the Se concentration in the macroinvertebrates
collected with kick nets in wetlan d 3 and the sediment pond compared to that collected with the Hester­
Dendy samplers in the sediment pond. Also, the Se results for the Hester-D endy samples from the
sediment pond in 2006 were significantly greater than the results from 2005.

The 2006 concentrations of Se in macroinvertebrate samples do not conclus ively indicate that there is a
risk to fish and wildlife from Se in the waters at MMTS. The macroinvertebrate results indicate that there
is not a strong con-elation to the Se concentration in water and sediment samples. The resu lts of the
macroinvcrtcbrate samples along with the results of the bird surveys should be considered by DOE and
the Biological Technical Assista nce Group in determining if further investigations are warra nted.
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1.0 Introduction

In the spring of 2006 , aquatic macroinvcrtcbrates werc collected from wetland 3 and the sediment pond
associated with thc U.S. Department of Energy' s (DOE) Mont icello Mill Ta ilings Sitc (MMTS), located
in Monti cello, Utah. Past water and sediment samples from thc wetlands and sediment pond indicated
that the concentration ofsclenium (Sc) exceeded ecolog ical risk guidelines (FWS 1999). To satisfy the
requirements of thc Biomonitoring Plan of thc Mon tice llo Mi ll Taili ngs Site Operab le Unit III
Post-Record of Decision Moni toring Plan (DOE 2004), sampling was conducted in the spring of2005 for
macroinvertcbrates at three constructed wetlands and a sediment pond associated with the MMTS to
determine if Sc concen trations exis t in media that might impac t fish and wildl ife (DOE 2004). Result s of
the 2005 macroinvertcbrate sampling indicated that Sc concentrations were exceeding the level of
concern for fish and wildlife in wetlands I and 2 and in thc sediment pond, and thc Sc concentration
exceeded the toxicity threshold in wetland 3 (DOE 2005) .

Based on the 2005 sampling effort, aquat ic macroinvcrtebratcs were collected in the spr ing of 2006 from
the regions that were of greatest concern in the past year: wetland 3 and the sediment pond. Activit ies in
the spring of 2006 included deployment of artificial substra te samplers (called Hester-Dendy samplers) in
the sediment pond, collection of macroinvertcbrates with kick nets in we tland 3 and the sediment pond,
and retrieval of the Hcster-Dendy samplers for collection of macro invertebrates. This work was done in
accord ance with Program Directive MSG 05·03 (Appendix A). Detailed procedures for collection
activ ities are included in Appendix B. All samples were ana lyzed with hydride generation flow injection
atomic absorption spec troscopy (HGAA-FIAS).

In the aquatic envi ronment, Se has the ability to accumulate in organisms and the aquatic food chain .
Reproductive effects have been observed in fish and wildlife (particula rly avian spec ies) that ingest
macroinvertebrates with high concen trations of Se in their tissues. Guidelines for the dietary threshold for
Se are based upon Se residues in macro invertebrates , The no-effects level is 3 rug/kg Se dry weight, and
the toxic effects level is 7 mg/kg Se dry wcight (Maier and Knight 1994; Lemly 1993 and 1996; Hamilton
and Lemly 1999; Beckon et al. 1999; FWS 2004). Past monit or ing activities within Montezuma Creek at
MMTS found levels of Sc in macroinvcrtcbrates tha t ranged from approximately 7 to 10 mg/kg in 1995
and 1996 (Peterson et al. 2002 ). The ecolo gical risk guidelin es were considered when setting the
benchmarks for surface water , sediment, and macroinvertebratcs in the monitoring plan for MMTS
(DOE 2004). Table I summarizes the ecolog ical risk guidelines for animal tissues, water and sediment,

The Biomonitor ing Plan stat es that if analyses of macroinvcrtebrate samples result in concen trations that
exceed 7 mg/kg dry weight , then follow-on work sho uld continue to determine if food chain effect s arc
occurring (DOE 2004). Thc macroinvertcbratc sampling has been included with the on-going surface
water and sediment sampling (Program Directive MSG-04-0 I) as well as wildlife surveys (Program
Direc tive MSG 05-0 I) dur ing 2005 and 2006 . Thc results of thc aquati c macro invertebrate samples were
comp ared to the benchmarks for Se effects. These result s from 2006 will be discussed by thc Biological
Technical Assistance Group for MMTS, and, in consultation with DOE, they will determine if
macroinverteb rate sampling should continue and if other food chain effec ts should be monitored for
evidence of Se toxicity (DO E 2004).
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Table 1. Recommended Ecological Risk Guidelines based upon Se Residuals for Water and Sediment

Level of Toxicity
Matrix Units No Effect' Concern" Thresholds'

Animal food chain (invertebrates)" mglkg (dry weight) < 3 3-7 > 7
Water (total recoverable Se) ug/l, < 2 2-5 > 5
Sediment mglkg (dry weight) < 2 2-4 > 4

' Based on DOE 2004 and FWS 1999.
.. The animal food chain guideline refersto hazards to birds.

Thi s report summarizes the result s of the 2006 macroinvertebrate sampling effort, Sect ion 2 summarizes
field sampling activities, and Section 3 discusses the analysis of Se in the macroinvertebrates tissue
samples and the quality control/quality assurance issues. Sec tion 4 summarizes Se result s in comp ari son
to ecolog ical risk guidelines and other sampling efforts. Section 5 includes recommendations for future
activities.
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2.0 Field Sampling Activities

Based on input from the Biological Tec hnical Assistance Grou p, the macro invcrtebrate sampling for 2006
was focused on wetland 3 and the sediment po nd. Field sampling procedures for 2006 were conduc ted in
accordance with Program Directive MSG 05-03 (Appendix A). Detailed procedures were prepared from
the program directive in 2005 and were updated for the reduced sampling effort in 2006 (Appendix B).

2.1 Kick Net Sampling

Kick net collections of macroiuvcrt ebrates were conducted on May 17, 2006 in wetland 3 and the
sediment pond (Figure I ). This method of sampling mac roinvertebrates has been used in the past at
MMTS (Peterson et al. 2002) and was speci fied in the program direct ive. Kick nets are a preferred
method for collec ting maeroin vertebrates in areas where the emerge nt vegetation is dense and the water is
sha llow (Barbour et aI. 1999).

The conditions of wetland 3 and the sediment pond were different in 2006 than in 2005. The wat er leve l
in wetland 3 duri ng the 2006 sampling was very low, with - 20-30 em (- 8-12 in) of water in the cen ter
portion of the we tland (Table 2) . In September 2005 , the outlet of wetl and 3 was modified to remove
accumulated silt, which left much of the original wetted porti on of wetland 3 without wat er in the spring
of2006. Much of the wetland was diffi cult to sample due to thick mud and dense catt ails . The refore , all
kick net samples were co llec ted ncar the center port ion where the deepest water was found. There was a
gre at dea l more water flowin g through wetland 3 during 2005, as well as through the entire watershed,
du e to the substantially greater snow melt run-off The conditions in the sed iment pon d in 2006 were
much more su itable for field co llections than in 2005 . The water level rema ined relatively stable during
the spring of2006, whereas durin g the sampling effort in 2005, the water level in the sediment pond was
much deeper due to snow melt run-off, leaving the southern portion of the pond inaccessible for sampling.

At least four replicate samples were coll ected at each loca tion, and all samples exce eded the desi red mass
of 3 g wet weight for Se analysis (Table 2). In wetland 3, the composition of the macroinve rtebrates in
each sample was primarily of the insec t order adona/a, which includes dragonflies and damsel flies
(Tab le 3). a dona/a composition ranged from 40 to 62% of the sample' s total mass. The remainder of the
mass differed for each sample and primari ly comprised of aquatic insects and some gastropods (sna ils).
Appendix C provides more information about the habitat, feeding sty les and diets of the classes of
macroinvertcbrates found during the 2006 sampling effort.

In the sediment pond , the comp osition of the four rep licate samples varied much more than the samples
co llec ted in wetland 3 (Table 3). Typ ically , the most common type of macroinvertebrat e in all the
samples belonged to the insect order of Hemiptera, which includes the predacious back swinuncrs.
Hemipt era composi tion ranged from 10 to 20% ofthc sample' s total mass. The kick net samples also
inc luded crustaceans (crayfish) and gas tropods in addition to aquatic insects. Sampl es were co llec ted
along the shoreline in water dep ths of 0-0.75 m (0-2 .5 ft), primaril y along the outlet and wes t end of the
pond where emergent vege tation was present (Table 2). A few larger crayfi sh (> 3 g wet weight) were
coll ected but not included in the samples based on the field sampling procedures (Appendix 2,
Att achment 2) .
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Figure I. Samp ling for Macroinvertebrates with Kick Net (A) and Macroinvertebra te Species
Composition for Wetland I (B) and the Sediment Pond (C)
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Table 2. Summary of 20 06 Field Sampling Activities by Locat ion and Date

Field Sampling
Activity by Location Dates Conditions and Comments

Deployed Hester- Week of Three samplers were attached to cinder blocks and placed into the sediment
Dendy samplers at April 17, pond
sediment pond 2006
Collected at wetland 3 May 17, Weather; Sunny, breezy. Samples collected 1050-1150. Water temperature
using kick nets 2006 = 26.5°C (79.7"F), dissolved oxygen = 7-9 mglL, measured near east end of

wetland.

Comment : Weiland water level was very low with 20-30 em (- 8-12 in) of
water in the center portion. The center pari of welland was hard to sample
with thick mud and dense cattails. All samples were collected near the center
portion where the deepest water was found.

Collecled at sediment May 17, Weather: Sunny breezy. Samples collected 0800-0900. Water tcmperature-
pond using kick nels 2006 15.7°C (60.3°F), dissolved oxygen ~ 8.6 mg/L, measured near mouth of

Montezuma Creek.

Comment: Samples were collected along the shoreline in water depths of
0-76 em (0-30 in) primarily along the outlet and west end of the pond where
emergent vegetation was present. A few larger crayfish were collected but
not included in the samples. Checked the three Hester-Dendy samplers. The
sampler located west of the inlet was not secured to the cider block and was in
Ihe sediments. The sampler was repositioned and fastened to the lop of the
block. While working on the sampler, there appeared to be some colonization
by macroinvertebrates, but moslly by smaller dipterans.

Retrieved Hesler- June 13- All 3 Hester-Dendy samplers were retrieved on June 13 according to
Dendy samplers at 14, 2006 procedure (Appendix B). Samplers were shipped, in-tact, to Richland, WA.
sediment pond Macroinvertebrates were collected from samplers on June 14. Empty

trichoptera (caddisOy) cases were found in all samplers: 4 cases in R1
(located - 10 m west of inlet); 16 cases in R2 (north end of pond); 3 cases in
R3 (near the outlet), There were five additional cases in R2 with larvae, and
the cases were made partially ofsmall grain-size substrate rather than plant
materia1. No cases were added to samples for Se analysis.

2.2 Hester-Dendy Artificial Substrate Sampling

The Hestcr-Dendy artificial subs tra te samplers ( 14 plate, 7.6 ern square) were placed in the sediment pond

the week of April 17, 2006. T he samplers werc fastened to a ci nder block and placed a wa ter dept h of

- 0 .45 m (1.5 ft.) (A ppendix B). T he samplers were recovered eight weeks later on June 13-1 4 , 2006,

which wa s fou r weeks after the kick net sampling effort (Table 2). The samplers were located around the

edge of the sediment pond. R I was located - 10 m (33 ft) from the inlet on the we st end of the pond; R2

wa s located on the north cnd of the pond; and R3 wa s located near the ou tlet on the east end of the pond.

Wh en the samplers were checked in M ay during the kick net sa mpling effort, there did not appear to be

ma ny macroinvertebrates present, mostly sma ll dipteran larvae, They were not removed at that time to

a llow for more macroinvertcbratcs to colonize the artificial subs trate samplers. The sampler loeatcd west

of thc in let was not secured to the cinder blo ck and wa s in the sed iments. It wa s repositioned and rc­

fastened to the c inder block .

2.3



Table 3. Results of Se Aualyses in Macroinvcrtcb rate Samples Co llected in May 2006

NOTES: Sample numbers followed by an R represent the replicate redigest of the original dried sample. Sample composition
information followedby an"L" are larval life stages and an"An arc adult life stages.

Geometric
Mean

(Geometric
Location, Sample Standard
Sample Weight Se Deviation)

Collection (g (mglkg Se (mglkg Sample Composition
Technique Sample wet wt) dry wt) dry wt) (based on % of total mass of sample)

1 3.44 6.47
Odonata (40%), Hemiptera (30%), Gastropoda (10%),
Ephemeroptera (10%), Coleop tera (L) (10%)

Wetland 3, 2 3.50 3.69
Odonata (60%), Corixidac (10%), Dytisidae (L)

Kick Net
5.80 (1.39) (20%), Ephemerap tera (10%)

3 3.34 5.93 Odonata (62%), Corixidae (25%), Gaslropoda (13%)

4 3.71 7.98
Odonata (50%), Coleopteran (L) 10%, Corixidae
(25%), Gastropoda (10%), Ephemeroptera (5%)

I
3.46

4.20 One small crayfish (30%), Odonata (25%) Hemiptera
l R 3.09 (10%), Gastropoda (25%), Ephemeroptera (10%)

2 3.94 5.15
Ephemeraplera (50%), Hemiptera (20%), snails

Sediment (20%), Trichoptera (5%), Coleoptera (A) (5%)
Pond, Kick 3

3.24
4.74 4.26 (1.19) Odonata (40%), Hemiptera (20%), Gastropoda (20%),

Net 3R 4.80 Ephemeropte ra (20%)

4 3.95 Coleoptera/Dytisidae (A) (50%), Odonata (20%),
4 R I 10.25 2.44 Hemiptera (10%), Ephemeroptera (10%), Gastropoda

4R2 4.64 (5%), AmphipodaiChironomidae (5%)

Sediment
1 0.31 12.65 Chiranom idae (70%), Coleoptera (A) 30%

Pond, 2 0.78 10.93
Trichoptera (50%), Chironomidae (40%), Amphipoda

Hester-
9.38 (1.49) (5%), Culicidae (5%)

Dendy 3 1.09 5.97
Gastropoda (40%), damselfly (10%), leach (40%),
Chironomidae (8%), Amphipoda (2%).. .. . . - .

When the samplers we re recovered in June, there we re not many macro invertebrates co lonizing the
subs trate. A ll three of the samplers had less than the 3 g wet we ight criteria stated in the program

direct ive (Ap pendix A) and the field sa mp ling procedures (Ap pendix B, Attachment 2) . Each sampler

had a different composit ion of macro invert cbrates and included types of organisms that were not coll ec ted
during sampling with the kick nels (Table 3) . There were numerous empty Iriehoptera (caddisfly) cases,

ind icating that the samp les had been co loni zed by aquatic insec ts and the larval forms that had been in the

samplers had emerged and vacated the samplers (Table 2). The cad di sfly larv ae that were sti ll present on
sampler R2 had ca ses made of fin e grains of sedime nt rather than the plant material used for the empty

cases, which indicates the se were probably of a d ifferent genus of caddis fly,
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3.0 Analysis of Macroinvertebrates Tissue Samples

The procedures for quantifying total Se in macroinvertcbrate samples were in accordance with Program
Directive MS G 05-0 3 (Appendix A). Analyses were conducted at Batt elle ' s Marine Scien ce Laboratory
(MS L) in Sequim, WA. The Se results of the field samples and quality assurance Iquality control
narratives are in Appendix D.

All mac roinvcrtebrate tissue samples and field blanks were received at MSL in good condition. The kick
net samples were held in a freezer until the samples recovered from the Hester-Dendy samplers were
ava ilable, and samples were processed on July 14 and 19, 2006 along with several types of quality control
measures.

The individual macro inverteb rates from the kick net samples were rem oved from the ir field sampling jars,
and the tissues were freeze-dried and homogeni zed to determine percent dry weight prior to being
analyzed for total Sc, The macroinvertebr ates removed from the Hoster-Dendy samplers were
freeze-dried in their field sampling jars directly due to the small sample size, and then the tissues were
further processed in the same manner as the kick net samples. The homoge nized samples were digested
using nitric and hydrochloric acid s (aqua regia) in a Teflon vessel and heated in an oven at 130°C
(± IO°C) for a minimum of 8 hours. Digested samples were ana lyzed for Se us ing hydride generat ion
flow injection atomi c absorption spectroscopy (HGAA-FIAS) according to Battelle SOP MSL-I-030,
Determlnation ofMetals ill Aqueous and Digestate Samples by HGAA-FIAS. The base method for this
pro cedure is EPA Method 270 .3 and Standard Method 3114 B (EPA 1982; APHA 1998) . All results
were determined and reported in units of mglkg on a dry weight basis.

A field blank was co llected as part of the quality con trol plan as stated in the program directive. The
blank was prepared while co llec ting kick net samples. The sample was analyzed using the same methods
as the tissue samples. The results of the field blan k and the method blank were determ ined and reported
in un its of ug/L,

In addition to field blanks, one field duplicate was also collec ted and one sample in the field was split for
evalu ation of qua lity control in the fie ld. The field dupli cate was collected in wetland 3 (sample 4) . The
split sample was co llected in the sediment pond (sample 4). The duplicate and the split samples were
analyzed in the same way as all the other macroinvcrtcbrate sa mples (Table 3).

The data quality criteria for the analys is of Se inelude the method detection limit (MO L) and the reporting
limi t (RL). The reporting limit was determined as 3. 18 times the M OL. For the macroinvertebrate
tissues, the HG AA-FIAS analysis had an MOL of 0.021 I mglkg dry weigh t and an RL of 0.067 1 mglkg

dry weight. For the field blank s, the HGAA-FIAS analys is had an MOL of 0.0633 ug/l, and an RL of

0.20 I f1g1L. These value s were the same as for the samples analyzed in 2005.

The laboratory quality contro l measures included a method blank, a matrix spike, a ma trix spike
duplicated and a laboratory control sample (standard reference material), as discussed in the program
dire ctive. These quality control measure s were completed for the kick net samples and the Hester-Dendy
samples. The method blan k was used to determ ine if there was contamination associated with the
laboratory storage of the samples, prepa ration or instrumentation. The method blank for the samples
analyzed on July 14 was 0.0398 mglkg, which was above the MOL but less than the RL. The method
blank for the samples analyzed on July 19 was below the MOL and was reported at the MOL
(0.021Imglkg).
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The mat rix spike (MS) and matr ix spike duplic ate (MS D) were used to determine ifthcre was any
inter ference in the spike matrix and as a mea sure of the accuracy and precision of the analysis. For the
kick net samples, the MS and MSD were 109% and 105% recovery and within the quality control
requirement of75- 125% recovery . Analytical precision was measured for these samples by ana lyzing a
duplica te sample and the MS/MSD pair. Thc relative percent difference (RP D) for the duplica te was 3%,
which was within the quality control requirement of <20%.

Standard reference material (SRM) was also ana lyzed to address questions with the results for the ini tia l
bat ch of samples . These analyses included two laboratory control samples (LCS) and a duplicate of the
second LCS (LCSD). It wa s thought that the spread of the results for the kick net samples from the
sedime nt po nd might have been due to incomplete acid digestion of the diversity of the maeroinve rtebrate
in the samples. In addition, the analys is of the standard reference material would help in understanding
the instrument error associ atcd with the small sample size collectcd from the Hestcr-Dendy samplers .

A laboratory contro l sample (LCS) wa s'used to determine the ana lyt ical accuracy by analy zing a standard
reference material, For the first ba tch of samples analyzed on July 14, the percent recovery was 106%,
within the quality con trol criteri on of80-120%. For the second batch of samples analyzed on Ju ly 19, the
percent recovery was 102% (LCS) and 103% (LCSD), with in the qua lity control criterion of 80-120%.
RPD for the LCSILCSD pai r was 2% on July 19, which was within the quality control requirement of
<20%.

In addi tion, the SRM was analyzed twice as well as a spike w ith the MS for the ana lysis of the July 19
batch of samples. The analysis of the SRM was compared to the cert ified or refe rence value, and the
percent recoveries were 102% and 95%, whic h was within the quality control require men t of <20% . T he
percen t recovery of the SRM with the MS was 98%, which was within the quality con tro l requirement of
<20%.

Table 3 sum marizes the resu lts by location for the macroinvcrtebra te samp les collected with kic k nets. All
the samples exceeded the 3 g wet weight mass desired for analytical purposes. The field duplicate wa s a
kick ne t sample from wet land 3 called sample 4. Its results are incorporated into the calculation of the
mean and standard dev iation for wetland 3 kick net samples .

There was more than one split sample prepared out of the kick net samples collected in the sediment pond
because the RPD s were out side the quality control requirement of <20% . T he RPD for sample I and the
re-digest of the sample was 3 1%; the RPD for sample 4 and the first re-d igest was 47%; and the RPD for
first and second re-d igest of sample 4 was 62%. However, sample 3 and the re-digest of that sample was
within thc quality control requirement wi th an RPD of 1%. Since all of the quality control samples
indicated tha t the laboratory procedures and ana lytical equipment were within quality control
req uirements, all of the resu lts of the kick net samples and the re-digested samp les were included in the
resu lts discu ssed in Tabl e 3.

Table 3 summarizes the results of the maeroinvertebrates co lice ted fro m the sed imen t pon d with the
Hester-Dcndy samplers. While the sample size was very low from sampler RI , there was enough dried
material for the ana lysis. There wa s not enough material to re-digest the samples as was done with the
kick nct samples fro m the sedi men t pond. Therefore, no relative perce nt difference could be ca lcula ted to

explain the precision of the sample an aly ses.
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4.0 Discussion of 2006 Macroinvertebrate Results

The purpose of biomonitoring at MMTS has been to determine if Se concentrations in the env ironment
exceed levels that might impact fish and wildlife (DOE 2004 ). The recommended eco logical risk
guidelines for Se in macroinvertebrates, water, and sediment are listed in Table I . The risk guideline s
include a threshold for no effect, a range indicating a level of concern and a thre shold concentration that
is considered toxic to fish and wildlife that consume the macroinvertebrates.

Figure 2 illustrates thc results of the macroinvertebrates collected in the spring of 2006 . Each repl icate is
represented by location as well as the geometric mean of all the replicates from that location (with an
error bar representing two geometric standard deviations). The geometr ic mean was calculated for
rep licates with more than one analysis, and then the geometric mean of that replicate was used in
calculation of the overall geometric mea n of all the repli cate samples.

The results for wetland 3 were collected only with kick nets . The results for the sed iment pond are shown
separately for the kick net and Hester-Dendy samples. Lines on Figure 2 indicate the ecological risk
guidelines for Se residues in macroinvertebrates.

For wetland 3, the Se concentrations in the macro invertebrates collected in kick net samples I , 2, and 3
were within the level of concern for Se, and the Se concentration in the macroinvertebratcs from sample 4
exceeded the toxic ity threshold for Se. Overall , the geometric mean of the four samples was within the
level of concern for Se but was less than the toxicity threshold ,

For the kick net samples from the sediment pond, the Se concentration in all of the macroinvertebrates
had values with in the level of con cern for Se. None of the result s exceeded the toxicity threshold. The
geometric mean of all the result s from the kick net samples was with in the level of concern for Se but was
less than the toxicity threshold . Se resu lts from the kick net samples collected in the sediment pond were
much less variable than the kick net samples from wetland 3.

For the Hoster-Dendy samples from the sediment pond, Se concentrations in the macroinvertebrates
collected in samp lers R I and R2 were greater than the tox icity threshold, and the Se concentra tion in the
macro invertebrates from sampler R3 was with in the level of concern. Overal l, the geometric mean of the
three samp les was greater than the toxicity limit for Se concentration in macroinvertebrates.

There was no significant difference between the Se concentration in the macroinvertebrates collected with
kick nets in wetland 3 and the sediment pond in 2006 (Figure 2). This is based on a comparison of the
geometric standard deviations , Kick net sampling is done in a similar fashion at both locations, and that
technique is likely to collect macroinvertebrates living in those locat ions and recei ving similar exposures

to the water and sediment.

There was a significant difference between the Se concentration in the macroinvertebrates collected with
kick nets in wetland 3 and the sediment pond compared to the Se concentration in the macroinvertebrates
collected with the Hoster-Dendy samplers in 2006 (P<0.05) (Figure 2). Thi s is based on a comparison of
the geometric standard deviation s. The two methods of sampling macroinvertebrates collect invertebrates
that are living in slightly different locat ions with in the water system and, therefore, have different
expo sures to the water and sediment.
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Figure 2. Analytical Results for Se in Macroinvcrtcbrate Tissues Collected during the Spring of2006,
with Comparison to Ecological Risk Guidelines for Se Residues

Figure 3 is a comparison of the macroinvertebrate samp ling results in 2005 and 2006 by location. There
is no statistical difference in the Se results for the macroinvertebrates collected wi th kick nets in
wetland 3 and the sediment pond over the two years of sampling. This is based on the comparison of the
standard deviations for the respective samples by location . However, the wetland 3 Sc results in the
macroinvertebrate tissues appear to be trending downward, and the 2006 results are below the toxicity

threshold.

The result s for Sc in the macroinvertebrate tissues collected with the Hester-Dendy samplers increased
significant ly in 2006 compared to 2005 (P<0.05) (Figure 3). While the kick net and Hester-Dendy results
in the sediment pond in 2005 were similar, there was a significant difference between these two collection
methods in 2006. In fact, the Se results from the macroinvertebrates collected with the Hestcr-Dendy
samplers are above the toxicity threshold in 2006. The number and composition of the
macroinvertebrates collected with these samplers in 2005 and 2006 does suggest that a different
population of organisms colonize the samplers compared to those collected with kick nets (Table 3 and
DOE 2005). The variability between the two years of sampling may be attributed, in part , to the
significant differences in the climate and water flow conditions experienced at MMTS in 2005 and 2006
(Figure 4) . The geochemical species of Se in natural waters is predominately an oxyanion, which is
highly soluble and behaves conservatively in the water column. This type of geoc hemical behavior is
extremely dependant on the hydro logic conditions with evaporative concentration of Se in the water
column during periods of low inflow and dilution during periods of exces sive water in flows, such as in
2005 (Johnaon 2004) .
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Figure 3. Comparison of Se Concentration in Macroinvertebrate Tissue for 2005 and 2006 by
Locat ion, with Comparison to Ecolog ical Risk Guidelines for Se Residues

Biomonitoring at MMTS also includes sampling the water and sedimen t from each wetland and the
sediment pond. A comparison of these results to the macroinvertebrate results is provided to examine if
the environmental media can be used as an indicator of ecological risk in the area. The ecological risk
guidelines for water and sediment are diffe rent from the values for macroinvertcbrate tissues (Table I) .

Figure 5 shows the Se results from unfiltered water samples from October 2004, April and October 2005,
and April 2006 collected at three establ ished locations in wetland 3 and the sediment pond. Unfiltered
water samples are shown because the water best represen ts the exposure to the macroinvertebrates . The
mean of the Se concentrations in the water from wetland 3 has remained near or below the water quality
level ofconcem during the last three sampling periods. Results of the first water sample from wetland 3
in October 2004 arc skewed by one of the replicate samples that exceeded the toxicity threshold (1.0, 1.5,
and 14 f1g/L Se). The sample from October 2004 that exceeded the toxicity thresho ld was collected close
to a seep that is thought to be the major source of Se in wetland 3. The Se results in sediment pond water
have remained within the water quality level ofconcern for the last four sampl ing events and have shown
a trend of increasing Se concentration with time.

Figure 6 shows the Se results from sediment samples from October 2004, April and October 2005, and
April 2006, collected at three established locations in wetland 3 and the sediment pond. The Se
concentration in sediment samples from wetland 3 has remained below the level of concern. The
variability during the last sampling period increased greatly because one of the replicate samples
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Figure 5. Water Sample Se Result s Collected iu October 2004, April and October 2005, and
April 2006 from Wetland 3 and Sed iment Pond

excee ded the toxicit y thre shold (0.45 ,1.0, and 6.9 mg/kg dry weight Se). Based on a comparison of the
geometric standard dev iations, there is no significant difference in the sediment samples collected in
wetland 3 from 2004 throu gh 2006. The geometric mean s of the Sc result s in sediment samples from the
sediment pond have been below the level of conce rn for the last three sampling events. The variability of
the samples during each sampling event is very high, which may be related to the sedi ment loading into
the pond from the water shed as well as the high biological ac tivity. Based on a comparison of the
geometric standard deviations, there is no significa nt difference in the sediment samples co llec ted in
wetland 3 from 2004 through 2006.

The large variability in the Se results from the water and sediment samples dur ing some of the sampling
events over the last two years makes it di fficult to make a conclusion about the Se concentration in the
env ironment and the Se concentration found in the macroinvert ebrate tissues. Such variability is not
uncommon with unfil tered water samples and with sedi ment samples from a pon d or wetland, which have
a lot of bio logical ac tivity. In comparing the Se concentrat ions of the macroi nvertebrate samples to the
water and sediment samples, it appears that the water samples may be a better indicator of higher Se
level s in macroinvertebrates compared to sedi ment samples. Thi s may be due 10 the fact that the types of
macroinvertcbratcs that were collec ted by the kick nets were generally organisms living in the water
column or on the surfaces rather than living in the sediments itself. Water and surface sediment
concentrations represent only short periods of lime with this ecosystem, are subject to loss processes, and
do not accounl for the potential bioaccumulatiou of Se within the organisms. Therefore, using the Se
concentration in the water and sediment to pred ict the Se concentration in macroinvertebrate tissues is not
recommended at this time .
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5.0 Recommendation for Future Activities

The MMTS macroinvertebratc sampling program was des igned to test diffe rent methods for collecting the
organi sms for analysis of Se con centration in their tissues. Two different collection techniques were used
in the sediment pond: kick nets and Hcster-Dendy samplers . A sufficicnt mass of macroinvertebratcs for
analysis of Se was co llected using kick nets. However , for the second yca r in a row, the Hester-De nd y
samplers were not able to co llec t the desired mass for analys is of Se . In 200 5, the yicld of
macroinvertebrates was low because the high run-off buried the samplers in sediment. In 2006, the
samplers were co llected after a major emergence of Trichoptcra (caddisfly) larvae. The results from thc
kick net samples and the Hoster-Dendy samplers in thc sediment pond indicate that the two meth ods are
likely sampling different macroinvcrtebrate populations. Both ofthesc populations arc likely to be grazed
by predators, and, therefore, they arc important to monit or for potential impacts to highe r food chain
organisms. Future macroinvertebrate sampling efforts should consider both types of samp ling techn iques
and more Hester-Dendy samplers should be placed in the sediment pond to address issues with the
recovery of mass for anal yses ofSe.

Co mparing the Sc result s in the macroinvertcbrate tissues co llected in 2005 and 2006 did not reveal a
strong correlation with the concentration of Se in water or sediment samples collected from 2004-2006.
While the weather conditions and water levels in the sampling areas at MMTS were differe nt in 200 5 and
2006, there does not appear to be a co rrelat ion in the result s based on those sampling conditions .

These result s do not conclusively iudicatc that there is a risk to fish and wildlife in the waters at MMTS.
The results of the macroinvertebrate samples along with the result s of the bird surveys should be
conside red by DOE and BTAG in determining if furt her inve stigation s are warranted.
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I. P urpose

Macroinvertebrate samples will be collected in the spring of2005 at three con struc ted wetlands and the
sed ime nt retention pond (Figure I - attached) at the Monticello Mill Tailings Site (MMTS). The
collection of macroinvcrtebratcs for selenium analyses is necessary to sa tisfy the requirements of
Section 6.2 of the Monticello Mill Tailings Site Operable Unit III Post-R ecord ofDecision Monitoring
Plan (DO E 2004) . The conce rn is that thc increasing concentration of selenium in the groundwater that
has bee n observed since completion of mi llsitc remediation will icad to increases in selenium in sur face
water and sediment that can affect fish and wildl ife (particularly avian species) from the co nsumptio n
of selenium through the food web.

II. Sampling Scope

The Biomonitoring Plan (DOE 2004) requ ires that macroinvertcbrate sampli ng will be condu cted in thc
second year of biomon itoring and during subsequent years, as warranted . Th e locations and general
approach for macroinvcrtcbratc sampling was discussed October 5-6, 2004 with the Biological
Technical Assistance Group (BTAG). Members at the BTA G meeting included represen tatives from
U.S. Dep artment o f Energy (DOE), U.S. Environmental Protection Agency (EPA) Region VIII ,
U.S. Fi sh an d Wildl ife Service, and Utah Department of Environmental Qu ality. Thc general approach
for mac roinvertebrate sampling included co llecting samples at three co nstructed wetl ands and a
sedime nt pond . Aq uatic macroinvcrtebrate samples would bc ana lyzed for selenium after co llection.
Emergent, winged maeroiuvertebrate samples would be co llected and arch ived for analyses (if
nece ssary) at a later date.

III. Background and Need for Sampling

The MMTS, located south of the town of Monticell o in sou theastern Utah , co nsisted of a former
uranium and vanadium ore-processing mill. In 1989, the site was placed on the Nati onal Prioritie s List
under the Comprehens ive Environmental Response, Compen sation and Liab ility Act. DO E, EPA
Region VIII, and other Federal and state agen cies have worked together for thc past several years to
rcm ediate contaminated so ils, surface wat er and ground water at the MMTS.

Following completion of remediation of Operable Uni t III , gro undwater, sur face water and sediment
were monitored for selenium to determine if concent ration s may be increasing in three manmade
wetlands, and a sedimen tation pond (Figur e I), wh ich is located approxima tely one mi le cast of the
wet lands. The monitoring plan (DOE 2004) specifics the benchmarks for selenium of 4 mglkg in
sediments, and 5 ug/L in surface water. The surface water benchmark has been exceeded and therefore
triggered macroinvertebrate sampling for 2005 . The sources and con centrations of selenium in
groundwater, surface water and sediment arc being inve stigated und er Pro gram Directive MS G-04 -0 I ,
and are scheduled 10 cont inue through 2006. The need for additiona l macro invertebra te sampli ng after
2005 will be dependent on mon itoring results and consultations with BTA G.

Selenium has the ability to accumulate in orga nisms and the aquati c food chai n. Reproductive effects
have been obse rved in fish and wildlife (part icularly avian spec ies) that ingest macro invertebrate s with
high concentratio ns of selenium. Guidelines for the diet ary threshold for se lenium arc based upon
selenium residues in macroinvertebrates. Th e no effec ts level is 3 mglkg seleni um dry we ight, and the
toxic effec ts is 7 rug/kg sele nium dry weight (Ma ier and Knight 1994 ; Leml y 1993 and 1996; Hamilton
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and Lemly 1999; Beckon ct a1. 1999; FWS 2004). Past moni toring activit ies within Mon teznma Creek
at MMTS found levels of selenium in macro invert cbratcs that ranged from approxi mate ly 7 to
10 mg/kg in 1995 and 1996 (Peterson et a1. 2002). The ecolog ical risk guide lines wcrc considered
whcn sell ing the benchmarks for surface water, sediment, and macroinvcrtebrates in thc monitoring
plan for MMTS (DOE 2004).

The biomonitoring plan stales that if analyses of macroi nvcrtebrate samples resul t in concentrations that
exceed 7 mg/kg dry weight, then follow -on work should continue to determine if food chain effects are
occ urring (DOE 2004). The macroinvcr tebra tc sampling will be done in conj unction with the on-going
surface water and sedimen t sampling (Prog ram Directive MSG-04-01) as well as wildlife surveys
(Program Directive MSG 05-0 I). Thc results of the aquat ic macro invcrtcbrate samp les will be
compared to the benchmarks for seleni um effects, If the aquatic macroinvertebrate samples exceed
7 mg/kg dry weight benchmark and the wi ldlife survey indicates that there is a popu lation of birds in
the area tha t would consume the emergent, flying macroinvertcbratcs, then those samples that have
bee n collected and archived will be analyzed for selenium concentration, In consultation with the
BTAG, the results of the macroinvertcbrate sampling will be used to determine ifbird eggs shou ld be
sam pled for evidence of toxicity (DOE 2004).

IV. Field Sa m pling

The purpose of the field sampling effort is to col lect macroinvcrtebrates for selenium analysis to
determine if the macroinv crtebrate s in wetl ands I, 2, and 3 as wcll as the sediment pond arc at levels of
concern for selen ium. Thc we tlands will be only be sampled using kick nets (Peterson ct al. 2002).
Other sampling devices for mac roinvertcbrates are not likely to be effective because ofthc dense
emergent vege tation and sha llow waters in the wetlands. The deeper sediment pond wi ll bc sam pled
using both kick nets and artificial substra te samplers (Hcs ter-Dendy samp lers). Each rep licate samp le
for selenium analysis will have a minimum mass of 3 g wet weight.

The goal for each sampling location will be to col lect thrcc repl icate sam ples. The goa l for the
sedi ment pond will be to co llec t three replicate samp les using kick nets and Hestcr-Dcndy samplers. In
addition to co llect ing aquatic macroinvcrtebrates, ligh t traps at each wetland and the sediment pond will
be used to collect emergent, flying macroinve rtcbratcs during the nocturnal period. These sam ples will
be archived for analys is at a later date,

If the goa l of co llecting a mass of 3 g wet wcight per replicate sample cannot be achieved, thcn samples
for a location will be composited prior to analysis. It is possible for a sample with a mass of Icss than
3 g wet weight to be analyzed for selenium at thc detection limits necessary, Based on discuss ions with
thc ana lytical laboratory , it may be possible to analyze sam ples as small as I g wet we ight. The
compromise with a laboratory that conducts analyses on samples with a mass of less than 3 g wct
weight is that not all of the laboratory qua lity con tro l measures may be able to be conducted , The
decision to composite the mass co llected from all the replicate sampling efforts at a location due to lack
of adequate mass will depend on input from the analytical laboratory. Those arra ngements will be
discussed prior to field sampling .
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A. Sampling Wetlands 1-3

Each of the three wetlands will be sampled using the same method. Wetlands will be visually
divided into three parts for the co llection of replicate samples. Flagging will be used to designate
thc three zonc s. The three parts will correspond to thc flow ofwater through the wetlands:
up-gradie nt, middlc and down-gradient of surface and groundwater flow. The areas where the
sample will be collected using the kick ncts will be indicated as best as possible on a map. If
possible , global positioning system (GPS) measurements will be made at the flags and ncar the
general location where samples were collected.

D-shaped aquatic kick nets with 500 um mesh netting will be used to collect macroinvcrtcbrat e
samples (Peterson et al. 2002) . Each net will be pre-cleaned using a non-phosphate dete rgent,
followed by 2-5% nitric ac id wash, and three rinses with laboratory-grade deionized water. The
pre-cleaning process is designed to minimize contamination from field equipment prior to use.
Nets will be dedicated to each wetland . The same net could be used for replicate sampling within a
wetland.

The nets will be used around the perimeter of the wetland and in areas where there is open water
between the emergent vegetation. The nets will be worked into the vegetation and along the water
sediment interface. If macroin vcrtcbratcs arc observed on the submerged vegetation, they will also
be collected. Field personnel will wear Nitr ile glove s during sample collection, and gloves will be
changed between sample locations.

Replicate samples will repre sent a composite of macroinvcrtebratcs. The field samplers will make
quali tative notes dur ing the collect ion of replicate samples at a location. These notes will include
information abo ut the functional feeding groups of the macroin vertebratcs (Peterson et al. 2002) :
detritivores (e.g., Tipulidac, Limnephilid ae); predators (e.g., Aeshnidae, beetles); and filter feeders
(e.g., Hydrop yschidae, Simuliidac). The field notes will be used to characterize the sample
variability in the final report.

B. Sampling the Sediment Pond

The sediment pond will be sampled using both kick nets and Hester-Dendy Multi-Plate samplers.
Due to the depth of the sediment pond, only the edges of the pond can be effectively sampled. Kick
net samples will be collected using the same method as for collecting in the wetlands. The method
for using the Hester-Dendy samplers is described below. Usc of both techniques will ensure that
sufficient sample masses are collected . In addition, comparing the results from the two sampling
techniques will indicate if the preparation of the kick samples was biased by collection method.

The Hester-Dendy samplers arc artificial substrate sys tems that allow water-column sampling of
macroinvcrtcbrates. The Hester-Dendy samplers consist of a weight with 9 10 14 plates. The plates
on each sampler arc spaced at varying widths and have a total surface area of 0.16 m, The samplers
will be placed in the ponds for appro ximatel y 6 to 8 weeks as the length of timc for maximum
colonization of the samplers is not known. During the time that the samplers are in the pond, they
will be colonized by pcriphyton, and thcn macroi nvcrtebratcs will colon ize the spaces between the
plates and consume the periphyton . Upon collection of the samplers, the macroinvertebrates can be
picked off the plates with pre-cleaned, plastic forceps and placed into sample containers.
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The Hoster-Dendy samplers will be attached to a cinder block to hold them under water and keep
the samplers from getting buried in the sed iments. Th ree samp lers will be deployed around the
pond. One will be near the influent end of the pond, the other ncar the discharge location. The last
sampler will be depl oyed on either side of the pond half way between the other samplers. A rope
from the cinde r block to the shore will be used to assis t in finding the sam plers later.

Three replicate kick net samples wi ll be collected from the perimeter of the sediment pond. The
pond will be divided into three parts : up-gra dient, middle and down-gradient. The middle will
cons ist of both sides of the pond, below the influent end of the pond and above the discha rge point.
These locations will correspond wi th the location of the Hester-Dendy samplers.

Rep licate samples will represent a composi te of macroinvcrt ebratcs. The field samplers will make
qualitative notes during the collection of repl icate samples for the macroinvcrtebrat cs collected on
the Hester-Dendy samplers and in the kick nets. These notes will include information about the
functional feedi ng grou ps of the maeroinvertebrates, as mentioned above in the disc ussion on
sampling the wetlands. The field notes wi ll be used to characterize the sam ple variability in the
final report.

C. Sample Preparation and Preserva tion

Co llection of a replicate sample in a wet land will con tinue until a minimum mass of 3 g wet weight
maeroinvertebrates has bee n collected. If the goal of coll ecting a mass of 3 g wet weight per
replicate samp le canno t be achieved, then sample s for a location may have to be eompos ited prior
to analysis .

Det ritus and other plant mater ial will be picked from the kick nets using pre-cleaned, plast ic
forceps. Deionized water will be used to rinse sed iment from the net and the macroinvertebrates,
The remaining macro invertcbra tes will be transferred using pre-cleaned, plast ic forcep s onto a glass
fiber filter (to remove excess water) and then into a labe led, pre -cleaned SPEX plas tic container.
The mass of the macroinvertebrate sample will be measured with a portable electronic balance
(readability of O.002g), and the weight will be recorded.

The macroinvcrtebratcs removed from the Hes ter-Dendy samplers will be treated similar to the kick
net samples. The organisms will be rinsed with deio nized water and placed in a labeled, pre­
cleaned SPEX plastic contai ner . Sample mass wi ll be measured with a portable elec tronic bala nce ,

and the weight will be recorded.

All samples wi ll be kept at 4°C during collection and shipping in order to preserve the sample until
analysis. Standard chai n of cus tody method s and labels will be used for all collected samples.
Fie ld data forms will also be used to document all pertinent samp ling information,

D. Emergent, Flying Macroinvertebrates Sampling

In addition to aqua tic maeroinvertebrates, emergent, flying macroinvertebrates will be collec ted
with blacklight traps. The light traps with photoelectri c sw itches will be set up late in the day near
each we tland and the sed iment pond, and the location of the trap will be recorded with GPS. The
sampling surfaces of each light trap will have bee n pre-cleaned with hydrochloric acid . After the
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lights have been in place over night, samples will be rinsed out of the light trap using deionized
water, and the organisms will be collected on GF filter paper to drain off the water. A replicate
sample will consis t of at least 3 g we t weight. Multiple nights of collection may be necessary to
collec t the required mass of macro invertebrates for each location. The samples will be collected in
labeled, pre-cleaned SPEX plastic containers on ice while in the field and shipping, and then they
will be frozen and archived until analyzed at a later date.

E. Quality Control of Field Sampling

To assess the quality of the field sampling technique, two types of field quality control samples will
be collected:

• Field Duplicates: Field duplicates are used to assess the reproducibility of sample collection
techniques. Typically, field duplica tes would involve taking a separate sample at the same
location. However, it is unlikely that enough organisms will be available at a location for two
sampling efforts, Therefo re, the field duplicate will be a split of a composite samp le prepared
after the determination of functional feeding groups. The split will ensure that a minimum of
3 g will be in each sample. Care will be taken to make field duplicates indistinguishable so that
personnel performing analyses canno t determine which samples arc duplicates. At a minimum,
one field duplicate will be prepared for the Spring 2005 sampling event.

• Field Blanks: Field blanks are used to verify that the sample collection and handling process
has not affected the quality of the samples. Field blanks are used to measure the cleanliness of
sampling equipment. One field blank will be prepared in the field each sampling day by
simulating the collection of samples for all types of media through decontaminated sampling
equipment, Deionized water will be used for the field blank.

All field quality control samples are recorded as such in the field records. These quality control
samples arc analyzed by the laboratory to assess the qua lity of the samp ling methodology. Field
qual ity control samples will remain blind to the laboratory.

F. Summary ofField Sampling Efforts

The field sampling efforts will collect the following samples, if at all poss ible:

• 3 aquatic macro invertcb rate samples collected with kick nets in wetland I;

• 3 aquatic macroinvertebratc samp les collected with kick nets in wetland 2;

• 3 aquat ic macroinvertebrate samples collected with kick nets in wetland 3;

• 3 aqua tic macroinvertebrate samples collected with kick nets in sediment pond;

• 3 aquatic macroinvertebrate samples collected from Hester-Dendy sample rs in sediment pond;

• I field duplica te from compositcd aquatic macroinvcrtebratc samp le;

• 3 emergen t, flying macroinvertebrate samples collected with light traps in wetland I;

• 3 emergent, flying macroinvertebratc samples collected with light traps in wetland 2;

• 3 emergent, flying macroinvcrtcbrate samples collected with light traps in wetland 3;
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• I field duplica te from eomposited emergent, flying maeroinvertebrate sample; and

• 3-4 water samples collected as field blanks (one pcr day) and deionized water used for any re­
wetting of macroinvertebrate samples .

V. Laboratory Test Analyses

The samples collected in the field will be analyzed for selenium

A. Percent Moisture Determination

Samples collected in the field will have a wet weight, and the recommended ecological risk
guidelines for macroinvertebrates arc based on dry weight. To convert from wet weight to dry
weight, the percent moisture in a sample must be determined. Percent moisture is determined as the
percent ratio of wet to dry weight for the entire sample. Dry weights will be determined by placing
the wet sample in a pre-tared, pre-cleaned sample conta iner, lyophilizing (freeze drying) the entire
sample, and then noting the change in weights. A sample of macroinvertebrates that weighs at least
3 g wet weight will be approximately 0.5 g dry weight.

B. Low-Level Trace Metals Analysis

The recommended analytica l technique for analyzing selenium in mareoinvertebrates is by atomic
absorption, gaseous hydride procedure for low-level trace metals analysis (EPA Method 270.3;
Standard Method 31 14 B) (EPA 1982; APHA 1998). Sample preparation will include lyophilizing
the samples and then homogenizing them using a ball-mill prior to digestion . An aliquo t of
approximately 0.5 g of each dried, homogeneous sample will be combined with nitric and
hydrochloric acids (aqua regia) in a Teflon vessel and healed in an oven at 130°C (± IO°C) for a
minimum of eight hours. After heating and cooling, deionized water will be added to the aeid­
digested tissue to achieve analysis volume and the digestates will be submitted for analysis.

Digested samples will be analyzed for selenium using hydride generation flow injection atomic
absorption spectroscopy (HGAA -FIAS). The base method for this procedure is EPA Method 270.3
(EPA 1982). Samples that remain at 4°C or arc frozen can be stored for up to a year prior to
analysis. All results will be determined and reported in units of mg/kg on a dry-weight basis.

The detection limit for selenium in maeroinvertebrate samples will be based on a methods detection
limit (MOL) and reporting limit (RL) study to be performed by the analy tical laboratory. MDLs for
trace metals arc typically determined annually by accredi ted laboratories in accordance with
40 CFR Part 136 Appendix B. MDLs for metals in tissue samples arc generated by spiking tissue
(e.g., cellu lose or chicke n breast) with low concentra tions of each of the metals of interest, and
process ing them according to the laboratory methods. For trace metals, RL is calculated by
multiplying the target analyte MOL by 3.18. The value 3.18 is based on the Student's-t value for 7
to 10 replicates, the number of replicates usually analyzed to generate the MOL. The laboratory
chosen for the analysis of selenium in macroinvertebra te samples should be able to demons trate a
record of analyses for the following:
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• MOL for tissues of 0.01 12 mglkg dry weight

• RL for tissues of 0.05 mglkg dry weight

C. Laboratory Quality Control

Internal quality control is an important part of the measurement system to ensure that analytical
results arc reliab le and that data integrity is maintained . Laboratory performance will be evaluated
through analysis of laboratory quality control samples (in conjunction with field quality control
samp les, as appropriate).

Validation of the samples will evaluate the analytical performance of the laboratory by reviewing
the results from analysis of the blank, matrix spike, duplica te, and quali ty control check samp les.
Evaluation will also be based upon instrumental calibra tion, instnnnent performance , adequacy of
detcetion limits, obtained precision ofrcplicate analyses, and compar ison of the percentage of
missing or undeteetcd substances among replicate samples.

The following describes the batch preparative quality control samples that are required by the
analytical method for low-level trace analysis of selenium.

• Method Blank (MB) : A Method Blank consists of Type II ASTM water that is subjected to thc
sample preparat ion or extraction procedures and analyzed as a sample. It serves to measure
contamination associated with laboratory storage, preparation, or instnnnentation. One MB
will be required for thc IS samples ant icipated to be collected in Spring 2005 (typica lly, one
sample is requ ired for every 20 samples analyzed). If the analyte of interest is above the
Reporting Limit, corrective action will be taken.

• Matrix Spike (MS): A Matrix Spike is an aliquot of sample to which known amounts of
analyte have been added. It is subjected to the sample preparation or extraction procedures and
analyzed as samples. The stock solutions used for spiking are purchased or prepared
independently of calibration standards. One MS will be required for the 15 samples anticipated
to be collected in Spring 2005 (typically, one sample is required for every 20 samples
analyzed). The spike recovery measures the effects of interferences in the sample matrix and
reflects the accuracy of the determination.

• Matrix Spike Duplicate (MSD): A Matrix Spike Duplicate is an additional aliquot of sample to
which know n amou nts of analyte have been added and subjee ted to the same preparat ion and
analytieal scheme as the original sample. The Relat ive Percent Difference (RPD) between MS
and MSD measures the precision of a given analysis. One MSD will be required for the 15
samples anticipated to be colleetcd in Spring 2005 (typically, one sample is required for every
20 samples analyzed).

• LaboratOlY Control Sample (LCS): Laboratory Control Sample is created from a standard
refercnee matcrial whieh is a material simila r in nature to the sample being processed [traceable
to the National Institute of Standards and Technology (NIST) or other agencies, to the extent
possible]. A known amount ofanalyte is added to an aliquot of Type II ASTM water. The
LCS is subj ected to the sample preparation or extraction procedure and analyzed as a samp le.
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Th e stock solutions used for LCS recovery tests the fun ction of analytical methods and
instrumentation, Onc LCS will be required for the 15 samples anticipated to be collected in
Spring 2005 (typically, one sample is required for every 20 samples analyze d).

If an ade quate numb er of field duplicate s canno t be collected for the mac roinvcrt ebrate samples,
laboratory splits may be substituted. In some cases, the mass may be too small to allow use of
laboratory splits. Laboratory sp lits arc used to assess the homogeni zation techniques. Samples arc
homogenized , and then divided into two equal part s for analysis. Care is taken to make both
samples repre sentativ e of materials present, including heterogeneities. If possible, at least one
sample will be prepared and analyzed as a split.

Based on the number of samples anticipated to be collected in the field (sec Section IV F above), at
least one of each laborat ory qualit y control sample will be anal yzed for the aquatic
macroin vert cbrates to be colle cted in Spring 2005. Typically, the lab orato ry qual ity control
samples are prepared for eve ry 20 samples anal yzed, The goal of for the minimum mass of 3 g wet
weight is so that the ana lytical laboratory has enough mass to per form the MS or MDS to be
performed on any sample. Laboratory quality control may have to be biased towards performing
the MS or MDS on only those samples that have enough mass. Arrangements wi th the ana lytical
laboratory about their ab ility to usc samples with less than 3 g wet weight will be discu ssed prior to
field sampling.

VI. Qualificatious of Field Samplers

At a minimum, two peopl e will be needed to collect the macroinvcrtebrate field samples in Spring
2005 . The lead field sampler must have expe rience with co llec ting macro invertebrate samples usin g
kick net s, Hoster-Dendy samplers and black light trap s. In addition, the lead field sampler must have a
backgro und in entomology and be able to seg rega te macroinvertebrate samples into functional feed ing
groups. The second field sampler must have prior field experience with envi ronmental sampling
protocol, field documentation requirem ent s, and be ph ysically ab le to ass ist with depl oying sampling
equipment, sample collection and so rting technique s, and other related tasks as directed by the Icad
field sampler.

Deployment of thc Hcster-Dendy samplers will require two people. These people must have experience
with the sediment retent ion pond, understanding the depth and flow of water th rough the pond as well
as knowledge of past sampling ac tivities at the pond . They must be able to depl oy the samplers and
ensure that the sampler is upright in the water column and not bu ried in the sediments .

VII. Schedule

There arc two parts scheduled for the Spring 2005 : I) deploym ent of Hester-De ndy samplers in the
sediment pond; and 2) collection of aquatic and flying macroinvcrtebratcs from the wetl and s and
sediment pond. The optimum time for the coll ection of macroinvcrtebrates would be when the wat er
temperature has warmed to optimum growing conditions and prior to emergence of aquatic insect
larvae. Based on consult ation with resea rchers that collect macroinvertcbrates in the southeastern Utah ,
the optimum time for collection of macroinvcrtcb rate s is likely to be late May through early June
(Axford 2004). Th erefore, deploym ent of thc Hoster-Dendy samplers would be 6 to 8 weeks prior, or
during the first two weeks of Ap ril.
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Macroinvcrtebrate samples will be sent to the contract laboratory within 5 days after initiation of field
collection activities, Laboratory results will be ava ilable approx imately 45 days after the samples have
been received,

VIII. Data Report

The data report will be submitted to DOE by September 30, 2005. The report will include the following
informa tion .

• A summary of thc dates , times and locations of the field sampling activities

• Any conununications with federal and state agencies, and professional biologists

• Any communications or direction from DO E

• A summary of the field activities, GPS data and any map s documenting required information

• A summary of thc laboratory test analyses including result s, methods, detection limits, and
labo ratory qualifiers

• Education/qualifications officld samplers

• Compariso n of results from mac roinvcrtebrat e samples to ecological risk guidelines and
benchmarks

• Recommendation for follow-on activities

• References

The report will be reviewed by DOE and tran smitted to EPA and UDEQ by November 1,2005.

IX. Reference Information

Thc following reference information was used to devel op this directive, 0 1' has been used by DOE and
its contractor for other DOE sites. In many cases, it is not a complete citation because thc reference
was forward ed (in part) to DOE, and was not in a publi shed format (e.g., faxed information,
unpublished information) .

APHA (American Public Health Association),1998. Standard Methodsfo r the Examination ofWater
and Wastewater, 20'· Edition, Eds.: Clesccri, L.S, A.E . Greenberg, and A.D. Eaton, American Public
Health Associ ation , Washington, D.C.

Axford, D., 2004. Telephone call with Dave Axford (Field Technician/Taxonomi st , Utah State
University, BLM / USU Nat ional Aquatic Monitoring Center) and R. Mueller (Scientist, Battelle­
Pacific No rthwest Divi sion ) regard ing sampling for macroinvertcbratc s in southcastcm Utah. February.

Beckon, W.N., J.D. Henderson, T.C. Maurer, and S.E . Schwarzbach , 1999. Biological Effects ofthc
Rcop ening of thc San Luis Dra in (Grasslands Byp ass Project) to Ca rry Subsurface Irrigation
Drainwatcr, Draft , U. S. Fish and Wildlife Service, Reg ion 8, Division of Environme nta l Contaminant s,
Sacramento, CA, September. Available at (last accessed January 26 , 2007):
http ://p acifico fws.gov/ecoservices/cn vicon/pim/rcports/Sacramcnto/san luirp.pdf
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DOE (U.S. Depar tment of Energy), 1998. Operable Unit III Remedial In vestigation, GJO-97 -6-TA R,
Appendix G, An Ecological Investigation of a Vanadiu m and Uranium Mill Tailings Site, GJO-97 -9­
TAR, U.S. Department of Energy Grand Junction Office, Grand Junction, Colorado, January.

DOE (U.S. Department of Energy), 2004 . Monticello Mill Tailings Site Operable Unit III Post Record
ofDecision Monitoring Plan, Draft-Final, DOE/LMGJ684-2004 , U.S. Department of Energy, Office of
Legacy Management, Grand Junction, Colorado, August.

EPA (U.S. Environmental Protection Agency), 1982. Methodsfor Chemical Analysis ofWater and
Wastes , EPA-600/4-82-055, Method 270 .3, U.S. Environmental Protect ion Agency, Washington, D.C.,
Dece mber.

FWS (U.S. Fish and Wildlife Service), 2004. Grassland Bypass Proj ect Contaminants Monitoring,
Sacramento Fish and Wildlife Office, U.S. Fish and Wildlife Service, Sacramento, California.
Avai lable at (last acce ssed January 26, 2007): http://saeramento.fws.gov/ec/grassland .htm

Hamilt on, SJ., and A.D. Lemly , 1999. Commentary: Water-Se diment Controversy in Setting
Environmental Standards for Selenium, Eco toxicology and Environmental Safety 44:227-235 .

Lem ly, A.D., 1993. Guidelines for evaluating selenium data from aquatic monitoring and asses sment
studie s. Environ mental Monitoring and Assessment 28:83- 100.

Lem ly, A.D., 1996. Selenium in aquatic organisms. In Environmental Contaminants in Wildlife-­
Interpreting Tissue Concentrations, Eds: Beyer, W.N., G.H. Heinz, and A.W. Redm on-Norwood,
Society of Environmental Toxicology and Chemistry Specia l Publica tion, CRC Press, Inc., Boca Raton,
Flor ida.

Maier, KJ ., and A.W. Knigh t, 1994. Eeotoxieology of selenium in freshwate r systems. Review of
Environmental Contamination and Toxicology 134:31-48.

Peterson, MJ., l G. Sm ith, G.R. Southwor th, M.G. Ryon and G.K. Eddlemon, 2002 . Trace Element
Contamination in Benthi c Maeroinvertebrates from a Small Stream Near a Uranium Mill Tai lings Site ,
Environmental Monitoring and Assessment 74:193-208.
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Attachment 1: Deployment Procedure for Hester-Dendy Samplers

Purpose: Hester-Dendy (HD) samplers will be used as a secondary method of collecting
macroinvertebrates from the sediment pond. The samplers will be used to acquire three replicate
macroinvertebrate samples. HD samplers are artificial substrate systems that allow water-column
sampling of macroinvertebrates,

Note: Field notes on the actual deployment arc included at the end.

Materials (* indicates materials to be procured prior to deployment):

• 3 HD samplers

• 12 plastic cable ties

• 3 cinder blocks (6 or 8" wide blocks)*

• 24 to 30 ft rope (to be cut into 3 lengths)*

• 3 wooden stakes*

Procedure:

I. Acquire 3 cinder blocks, at least 24 ft of rope, and three wooden stakes. Rope and stakes are for
marking the location ofthe cinder block in the sediment pond. These items do not need to be
sufficient to hold the

2. Attach HD samplers to the cinder blocks as shown in Figure I. Place the sampler in the center of an
8" cinder block. Use plastic cable ties (2 for each side) to attach the sampler to the cinder block .
Place one cable tie section through the eye bolt and the other cable tic section through the last spacing
on the wooded plates.

3. Divide length of rope into three pieces. Tie 6 to 10 ft rope through one end of the cinder block .

4. Determine locations for HD samplers in the sedimen t pond. We suggest one near the road and the
other two along the east and west shoreline. Consider accessibility and safety of the indiv iduals
entering the pond in placing the samplers. Samplers preferable would be at least 3 ft apart from each
other, and preferably, equid istant around the pond. Samplers need to be located beyond the
vegetation growing along the shoreline and not on a deep slope .

5. Place the block in the water so that there is - 6 - 8 in of water covering the top of the HD sampler,
ensuring that the cinder block is laying flat on the substrate. Need to push the block into the soft
sediment to ensure that the block does not roll over with time and to place the samplers close enough
to the sediments to encourage colon ization by the macro invertebrates. Optimally, the bottoms of the
sampler will be 2 - 3 in away from the top of the sediments.

6. Tie the other end of the rope from the cinder block to a stake 01' fixed object on land. The rope on
shore will help to identify the location of the sampler for recovery later.
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Figure 1. Hester-Dendy sampler attached to cinder block with cable ties. The cinder block shown is
10" wide.

Points of Contact for Questions:

If you have any questions about assembling or deploying the samplers, please contact:

Bob Mueller: 509-372-1344 (work)
509-539-3230 (cell)

Amoret Bunn: 509-376-6300 (work)
509-539-4548 (cell)

Field Notes:

Three Hoster-Dendy samplers were placed in the Sediment Pond the week of April 171", 2006.
Figures 2-4 show the placement of the Hester-Dendy samplers into the Sediment Pond in 2005.

B.2



Figures 2-4. These pictures of thc sedimentation pond (2), the influent flow into thc pond (3) and the
dep loymen t of the Hester-Dendy samplers (4) were taken on April S, 2005 .
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Attachment 2: Macroinvertebrate Field Sampling
Procedures for May 2006

J. Purpose

Collect aquatic and terres trial macroi nvertebrates from two sites at the Monticello Mill Tailings Site to
be analyzed for selenium content. The sites are three wetlands and a sediment pond. Each
macroi nvertebrate sample should have a wet weight of 3 g in order for the laboratory to perform and
meet all quali ty assurance standards and desired detection limits.

The goal is to collec t the following samples:

• 3 aquatic macroinvertebrate samples collected with kick nets in wetland 3;

• 3 aquatic macroinvertebrate samples collected with kick nets in sediment pond;

• 3 aquatic macroinvertebratc samples collected from Hester-Dendy samplers in sediment pond;

• I field duplicate from composited aquatic macroinvertebrate sample;

• 1-2 water samples collected as field blanks (one per day) and deionized water used for any re­
wetting of macroinvertebrate samples.

This procedure includes:

• Mater ials needed in the field and for shipment to the laboratory,

• Methods for :
• Collecting aqua tic macro invertebrates using kick-nets;
• Collecting aquatic macroinvertebratcs using Hester-Dendy samplers;
• Preparing field blanks; and
• Shipping samples.

• Schedule of activities.

Attaclunents to the procedure include:

• Map of the Monticello Mill Tailings Site;

• Procedure for acid washing the field equipment ; and

• Samp le of Chain-of-Custody (COC) form.

JJ. Materials

A. Monti cello Field Supplics
Kick nets and handles (acid washed)
Forceps, scrapers, plastic trays (acid washed)
SPEX sample jars for macroinvertebrates
Sampl e bottles for field blanks
Balance , with extra AA batteries
GF filter paper
Sieve to support filter paper and allow drainage
Chest waders/Hip boots/rubb er boots
Insect repel lent/sunscreen
Nitrile gloves
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100 m tapelflagging
GPS
Side cutters to remove Hester-Dendy (HO) samplers
Digital camera
Plastic bags/ziplocks
Clipboards
Write in rain paper
Field data sheets
Chain of Custody (COC) forms
Sharpies/pencil s
Thermometer
First Aid Kit
Cell phone
Battelle Health and Safety Plan

B. Purchase in Moab
Cooler for sample shipment
Dry Ice or block ice (blue icc)
Deionized (01) water

C. Shipping to Sequim
Cooler
Dry Ice or block ice (blue icc)
Mailing labels
coe forms
Samples (aquatic macroinvertebrates and field blankts)

III. Methods

A. Kick net Collection of Aquatic Macroinverteb rates

I. Kick-nets will be used to collect samples at wetland 3 and the sediment pond.

2. The wetland should be visibly divided into three sections: surface water influent, middle and
outlet. The sediment pond should be visibly divided into influent edge, left and right of influent
edge (ending at the outlet). Flag the edges of the three part s, Note in field notebook the three
parts (this information will be included in the final report). The flags and a representative point
or area should be recorded with the GPS.

3. Put on Nitrile gloves and appropriate footwear.

4. Open one of the pre-cleaned aquatic kick nets and use the net to collect aquatic
maeroinvertebrates around the edge of one sect ion of the site (wetland or pond). Nets should
also be used to collect in areas where there is open water between the emergent vegetation.

5. Place filter paper onto sieve.
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6. Set up cleetronie balance.

7. Tare the weight of the SPEX macroinvertebrate sample jar. Container should be labeled using
a permanent pen with the appropriate field 10 number (see Attachment 3).

8. After collect ing in a section at a site, empty contents of kick net into a pre-cleaned tray, or
remove macroinvertebrates directly from the net using pre-cleaned forceps. Usc 01 water to
rinse material out of net if needed.

9. Use pre-cleaned forceps 10 transfer invertebra tes onto filter paper. The invert ebrates should
remain on the filter paper as long as needed to remove excess water from the organisms.

10. Using forceps transfer the invert ebrates from the filter pape r to the tared SPEX plastic
container. Care should be taken to exclude any sedime nt or visible vegetation from the sample.

I I . Collection of a replicate sample at a site will continue until a minimu m mass of 3 g wet weight
macroinvertebratcs has been collected.

• A single invertebrate should not exceed more than 20% of the entire 3 g replicate sample
(i.e ., should not exceed 0.6 g). This might happen if cray fish or large snails arc collected.
Large invertebra tes could be segregated into a ziplock bag and may be chosen for ana lysis
later. Bag should be labeled with site, collection technique, date, time, and initials of field
sampler. The focus should be on invertebrates that can be consumed by birds.

• Ifmore than 3 g is collected from a single sect ion at a site, then the invertebrates cxeeeding
3 g should be put into a new container. The new container will become the field dup licate
(see step 18 below) .

• I f less than 3 g is collected from a single section at a site, then note the weight collected for
that day . On another day, tty to collect more from the sect ion at the site using kick nets and
collecting with forceps aquatic invertebrate life stages found on submerged sect ions of the
emergent veget ation . Orga nisms collec ted from a single section at a site on separate days
can be consolidated into a sing le container and consid ered one replica te samp le for
analysis .

• If the sample size cannot be reached by sampling a section at a site over multiple days, then
sections from the same site may be consolidated to ach ieve the 3 g sample size.

12. Note in the field notebook the final weight of the replicate sample.

13. Note in the field notebook the types of macroinvertebra tes included in the sample container.
Types of invertebrates are based on the functional feeding groups: detri tivores (e.g., Tipulidae,
Limnephil idae); predators (e.g., Acshnidae, beetles); and filter feeders (e.g., Hydropyschidae,
Simul iidae) .

14. Store sample container in cooler with ice.

15. Fill in Chain of Custody form (see Attac hment 3).
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16. Repeat collection of aquatic macroinvcrtcbratcs in the remaining sections of the wetlaud.

17. Repeat sampling in the sediment pond. A total of samples should be collected with the kick
nets.

18. Prepare one field dupli cate if there are excess aquatic maeroinvertebrates after preparing the 3
replicate s per site. A field dupli cate should come from one section at a site. However, this may
not be possible and the field dupli cate may represent multiple sections from a single site. Field
notes should describe the site and sections used to prepare the dupli cate .

19. All samples should be stored at 4°C or less. Overnight storage of a container may be in a
refrigerator. Sampl e should be cooled and maintained at a temperature of 4°C or less.

B. Hester-Dendy rHDl Collection of Aquatic Maeroinvertebrates

I. HD samplers were placed only in the sediment pond. The samplers were deployed the week of
April 17,2006.

2. To find a HD sampler, locate a tee-post in the pond. The tee-posts arc located just beyond the
emergent vegetation and along a submerged edge in the pond. A rope from the tee-post leads to
the submerged cinder block holding the HD sampler.

3. Record location of cinder block with GPS.

4. Determine if the samplers have had sufficient time to cultivate and if they arc located
appropriately in the water column for collec tion of maeroin vertebrates.

5. If the samplers arc to be collected, use side cutters and clip the pull tied holding the HD
sampler to the cinder block. This can be done by removing the cinder block from the water
with the sampler attached, or by clipping the pull ties under water.

6. Put HD sampler in pre-cleaned tray.

7. Using forceps or pre-cleaned spatulas, remove the invertebrates from the sampler and put them
in DI water. This may require disass embling the sampler and picking the organisms directly
from the individual plates of the sampler.

8. Place filter paper onto SS sieve.

9. Set up electronic balance.

10. Tare the weight of the SPEX plastic container. Conta iner should be labeled using a permanent
pen with the appropriate field ID number (sec Attachment 3).

11. Usc pre-cleaned forceps to transfer invertebrates onto filter paper. The invertebrates should
remain on the filler paper as long as needed to remove excess water from the organisms.
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12. Using forceps transfer thc invertebra tes from the filter pap er to the tared SPEX plastic
container. Care should be taken to exclude any sedimen t or visib le vegetation from the sample.

13. Collection of a replicate sample from a HD sampler will continue until a minimum mass of 3 g
wct weight macroinvcrtebrates has bcen coll ected .

• Invertebrates from cac h sam pler should be put in a separate container,

• If less than 3 g is collectcd from a single HD sampler, then note thc weight collected from
that sampler. After invertebrates from all samplers have been segregated into respec tive
containers, then the co ntai ners that have Icss than 3 g should have their contents
consolidated. In this case , a container may have a weight greater than 3 g and this
composite sample will be analyzed as onc replicate sample.

• If more than 3 g is co llected from a single HD sampler, then the invert ebrates exceeding 3 g
should be put into a ncw co ntainer . Th e new container will beco me the field dupli cate (see
step 18 above for kick nct samples) .

• A sing le invertebrate should not exceed more than 20% of the enti re 3 g sample
(i.e., should not exceed 0.6 g) . This might happ en if cra yfis h or large snai ls arc co llect ed .
Larg e invertebrates could be seg rega ted into ziplock bag and may be chosen for analysis
later. Bag should be label ed with site, co llection technique, date, time, and initials of field
sampler. The focus should be on invertebrates that can be co nsumed by birds.

14. Note in the field notebook the final wei ght of the repl icate sample.

IS . Note in the field notebook the types of rnacroinvertebratcs included in the sample cont ainer.
Types of invertebrates arc based on the functional feeding groups : detritivores (e.g ., Tipulidae,
Limnephilidae); predators (e.g ., Aeshnidae, beetles); and filter feeders (e .g., Hydropyschidae,
Simuliidae),

16. Store sample container in cooler with icc. Fill in Chain of Custody form (sec Attachment 3).

17. Repeat co llec tion of aquatic macroinvert cbrates fro m thc remaining HD samplers .

18. All samples should be stored at 4°C or Icss. Overnight storage of a cont ainer may be in a
refrigerator. Sample should be cooled and maint ained at a temperature of 4°C or less.

C. Ficld Blanks

I. Fi eld blanks are used to verify that the sample collection and handling process has not affected
the quality of the samples. Th cy arc used to mea sure the cleanliness of sampling equipment,

2. At the beginning of the day, set out a collection system . A collection system co nsists ofa kick
net , tray , and forceps, or a light trap , j ar and forceps. The collection sys tem may be unpacked
from thc bags used to protect thc equ ipment a fter it was ac id washed , or after the equipment has
been used on a previou s day at a site.
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3. Pour 100-500 mL ofDl water through a net over the force ps and into a tray. The DJ water
should bc the same water used to rinse the kick nets or HD samp lers ,

4. Pour the water from the tray into a 500 mL pre-cleaned bott le.

5. Store samp le bottle in eoo lcr with ice.

6. Fill in Chain of Custody form (sec Attachmcnt 3).

7. All field blanks should be stored at 4°C or less. Overnight storage of a eontaiuer may be in a
refrigerator. Sample should be coo led and maintained at a temperatu re of4°C or less.

D. Shipping samples to Sequim for analyses

I. Samples need to be maintained at 4°C or co lder for transport to Scqui m.

2. Address for shipping to Sequim is:

Pacific Northwest Division
Mar ine Scie nces Laboratory
1529 West Sequim Bay Road
Sequim, Washington 98382
Attention: Jill Brandenberger (360-6 81-4564)

3. FedEx in Moab is 54 miles away from Monticello on Hwy 191. Hwy 191 is Main St. in Moab.
There are two locations:

City Ma rke t
425 S Main St
Moab, UT 84532

Canyon land Copy Center
59 S Main St
Moa b, UT 84532

IV. Schedule

Date Activit)'

Thursd ay, May II Ship fie ld equipment to Monticello Mill Tailings Site.

Monday, May 15 Arrive in Gra nd Junction, CO.

Tuesday, May 16 Travel to Moab and p ick up supplies. Travel to Monticello site and mec t w ith
Joe Slade and Todd Moon for pre-job mee ting. Start kick net co llectio ns;
co llec t field blank; if time permits, check cultivation of Hester-Dendy samplers
to determine if thcy can be co llec ted,
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Wednesday, May 17 AM: Collect any remaining samp les (if collecting samples, prepare another
field blank). Trave l to Moab. FedEx collected samples to MSL and field
equipment to Richland .
PM: Travel to Grand Junction and return 10 Richland, WA.
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Attachment 3: Map of the Monticello Mill Tailings Site
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Attachment 4: Procedure for Acid Washing Field Equipment

I. Wear the following protective equipment: safe ty glasses, blue lab coa t, nitrile gloves
(tyvec slee ves are optiona l).

2. Clean a 30 L and a 10 L plastic bin with non-phosphate lab soap.

3. Prepare a 3 L of 5% Nitric Acid (v/v) solution .

4. Pour 5% Nitric Acid solntion into 30 L bin.

5. Place field equipment into bin and ensure all surfaces of equipment are submerged in nitric acid .

6. Tra nsfer the field equi pment to 10 L plastic bin.

7. Rinse equ ipment 3 times with Milli Q water (> 18 megohm -em)

8. Towel dry equipment and place in ziplock bags for transport to field .
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Attachment 5: Sample Chain-of-Custody (COC) Form
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Field Sample Identification Information

T he field sa mp le ID is a 7 characte r code. The fo llowing describes the code recommended for use during

the maeroinvertebrate sampling at Monticello Mill Tailings Site.

First tw o characters identi fy thc si te of the sample at the Monticello Mill Tail ings Sit e :

W3 = we tland 3

SP = sediment pond

Th e thi rd and fourth charac ters identify the rep licate number or that the sample is a fie ld blan k :

R I = replicate I

R2 = replicate 2

R3 = re plicate 3

R4 = repl icate 4 , wh ich ca n b e analyzed as the fie ld duplic ate

F B = fie ld blank water sa mple '

The fift h character identi fie s the type of macro invert ebra te samp le:

A = aquatic macroinve rtcbra te

The sixth and seventh character identi fies the collection technique:

KN = kick ne t sa mp le

HO = Heste r-Dendy sa mple

' The sample 10 for field b lanks should have characters 5-7 that describe w hat was tested when the water

was co llected. For examp le, ifthc wa ter was co llected fro m a kick net se t-u p for wetland I, then the 10

should be WIFBAKN.

Field Sample ID Description
W3RIAKN Weiland 3, rep I, aquatic, kick net

W3R2AKN Wet land 3, rep 2, aquat ic, kick net

W3R3AKN Wetland 3, rep 3, aquatic , kick net

SPR IAKN Sediment pond, rep 1, aq uatic, kick net

SPR2AKN Sediment pond. rep 2, aquatic, kick net

SPR3AKN Sediment pond, rep 3, aquatic, kick net

SPR IAHD Sediment pond, rep 1, aquatic, HD

SPR2AHD Sediment pond, rep 2, aquatic, HD

SPR3AHD Sediment pond, rep 3, aquatic, HD
XXR4AKN Field dupl icate for the aquatic macroin vertebr ates collected with the kick net. Note: "XX"

should be either "W3" or "SP" depending on the location where the sample was collecled.

W3R IFB Field Blank for day 1 (Note: If the field blank was co llected at the sediment pond , than Ihe first
2 chara cters should be "S P". If samp ling contin ues for a seco nd day, the next blank shou ld be
replicate 2. "R2".
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Appendix C - Macroinvertebrate Composition by Habitat,
Feeding Style and Diet
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Macroinvertebrates Collected at Monticello Wetlands and Sediment Ponds 2006
Macroinvertebrate Habitat Feeding style and diet
Order: Odonata Surface water- Damselfly nymphs are engulfer predators (eating whole

Family: Zyg iotera One to two years aquatic body). They begin life eating zooplankton, and, as they
Common name: Dwells eithercrawling on surfaces under water or grow, the size of their prey grows. Smaller invertebrates

damselflies within the sediment of all eatinc stvles comprise most of their diet.
Order: Odonata Surface water- Dragonfly nymphs are also engulfer predators, consuming

Family: Anisoptera Averageof one yearaquatic the whole body of their prey. They begin eating very
Common name: Dwell s by crawling on sediment, rock or aquatic small prey and progress to larger prey, such as small

dragonflies plants, or bv hidinz in sediment fish, frees and tadpoles.
Order: Hem iptera Surface water- Back swimmers arc piereer predators-they pierce their

Family: Notonectidae This species lives entire life in water column . prey, inject enzymes to liquefy the contents and suck the
Referred to as: notoncctid Notoncctids arc free-swimmin g in each stage. fluid out.

Common name: Adults inhabit the same water as egg and larval They cataquatic insects, crustaceans, andsnails as well as
back swimmers stazc as a rule. They arc long-lived for insects . small vertebrates such as fish fry and tadpo les.

Order: Trichoptera Mostly surface water- Most Caddisfly larvae are true omnivores, eating plant
Three months to two years aquatic material and other macroinvertebrates, even other

Common name: Mostly dwell on bottom, crawling on the underwater eaddisfly larvae.
Caddisflies' surfaces. A few burrow into the sediment. They feed on dead or decaying matter, gather or collect

organisms from the water column, scrape them from the
aquatic surfaces, and some either engulf or pierce prev.

Order: Eph emeroptera Surface water- Most mayflies arc collector-gatherers or scrapers. This is a
Four months to two years aquat ic primary consumer role-plant-catin g or micro-phyto-

Common name: Dwell s on bottom surfaces mostly. A few burrow organisms. There is a rare species that are engulfcr-
Mayflies into sediment predators eating mostly Chironomids-sediment

dwellers.
Order: Gastropoda Surface water dwelling- Most snails are scrapers- primary consumers and detritus

referred to as: gastropods Aquatic snails live on rocks, sand, mud, vegetation, feeders. Some gather or sieve food from the water
Common name: snails and plant detritus for their entire life. column, some shred plant or dead material from the

bottom. and some are scavcncers.
Order: Coleoptera Surface Water- Beetles fill all the major feeding types except for shredder-

Common name: beetles Larvae and adults share all areas in the water. detritus eater,
Order: Amphipoda Surface water- Scuds arc omnivorous, eating mostly plant and other

Order:: Malacostraca Scuds are totally aquatic. primary producer matter and detritus. They readily
Common name : scuds Scuds live on the bottom of surface water. engulf dead organisms, also and have been known to

canturc live orev.
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Macroinvertebrates Collected at Monticello Wetlands and Sediment Ponds 2006
Macroinvertebrate Habitat Feedlnu stvle and diet
Order: Diptera Sediment dwellers- Midge larvae eat organic components of the sediments

Family: Chironomidae Aquatic for three weeks to 3 months most of them live in. They swallow everything and
Referred to as: diptera The most common chironomid larvae lives in soft digest what is useful to them, expelling the indigestible

Common name: sediment and detritus. sediment.
midges

Class: Oligochaeta Sediment- Most aquatic earthworms are collector-gatherers, eating
Common name: earthworms Aquatic earthworms are totally aquatic and are mud and organics as they burrow and expelling

burrowers. indigestible comoonents.
Order: Decopoda Surface water- Crayfish belong in various feeding groups depending on

Common name: crayfish Crayfi sh live two to eight years and are totally their family, genus and species, but their main diet is
aquatic. decaying plant material. They will feed on other

macroinvertebrates, small fish and fish eggs.
Order: Hemiptera Surface water- Water Boatmen are collector-gatherers, ingesting diatoms,

Family: Corix idae Water boatmen swim over the substrate. algae, protozoa, and other microscopic organisms living
Common name: in the substrate.

Water Boatman
Order: Coleoptera Surface water- Predaceous diving beetle larvae are piercer-predators.

Family: Dytiscidae Predaceous diving beetles climb on aquatic inj ecting a substance that liquefies their victims and
Common name: plants, sucking out the insides. Adults are engulfer-predators,

Predace ous diving beetle swim in the water, and float on the surface. chewing and swallowing their prey in entirety.

Order: Diptera Surface water- Mosquito larvae are collector-gatherers or collector
Family: Culicidae Mosquito larvae and pupae live/swim in shallow filterers, sweeping microscopic organisms into their

Common name: water for seven to ten days. mouths to engulf them.
mosquitoes

Order: Rhynch obdellida Surface water- All leeches are predatory. Most are carnivorous, ingest ing

Fam ily: Glossiphoniida Leeches skim the surface of the substrate and all of their prey.

Common name: swim freely in the wate r column.

leech
References: Voshell. J. R.Jr., 2002. A guide 10 common freshwater invertebrates a/North America. MacDonald & Woodward Publishing Company

Blacksburg. VA.
EPA, 2006. Biological Indicators of Watershed Health: Leeches. U.S. Environmental Protection Agency. Washington, D.C. Available at (last
accessed Januarv 19 2006): httn://www.cna.eovibioindicatorsihtmlllccchcs.htmi
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Attachment 3: Se Results for Equipmen t Blank Water

Attachment 4: Quality Assurance / Quality Control Narra tive for Equipment Blank Water Se Results
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Attachment 1: Se Results for Macrolnvertcbrate Tissues
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Attachment 2: Quality Assurance I Quality Control Narrative for
Macroinvertebrate Tissues Se Results

PROJECT :
PARAMET ER :
LABORATORY:
MATRIX:

SAMPLE CUSTODY
AND PRO CESSING:

Monticello Invertebrates
Selenium (Sc)
Battelle Marine Sciences Laboratory (MSL), Sequim, Washington
Macroi nvcrtebrates

Fourteen tissue samples were received in two batches all 05/19/06 and 06/16/06. All
samples were received in good condition (i.e., no sample containers were broken or
leaking). The project was assigned a Battelle central file (CF) identification number
(2567) and samples were entered into the MSL sample tracking and proj ect
management system. Samples collected from the \VI site were archived as dry tissue
unt il further notice from the client or a maximum of I year.

SAM PLE PROCESSI NG INFORMAT ION:
Lab Sa mple IDs:

Description:
Collection date

Laboratory arrival date

Cooler temp . on arrival

Digestion Date {Aqua Regia, MSL-I-024)

HGAA-FIAS Analysis Date (Se, MSL-I-030)

2567*1-8 and 13-15

Macrcinvertebrates

05117/06 and 06113/06

05119/06 and 06/16/06

2.8'C and 2.1' C

07111 /06 and redigestion of select samples on 07/14/06

07114/06 and 0711 9/06

METHODS:

HOLDING TI MES:

All tissue samples were freeze -dried and homogenized using a ball-milt prior to
digestion according to Battelle SOP MSL-C-003, Percent DIy Weight and
Homogenizing Di Y Sediment, Soil and Tissue. Tissue samples were digested accord ing
to Battelle SOP MSL-I-024, Mixed Acid Tissue Digestion. An approxima tely 500-mg
aliquot of each dried, homogeneous sample was combined with nitric and hydrochloric
acids (aq ua regia) in a Te flon vessel and heated in an oven at 130°C (± Iere) for a
minimum of eight hours. After heat ing and cooling, deionized water was added to the
acid-diges ted tissue to achieve analysis volume. Digested samples were analyzed for Sc
using hydride generation flow injection atomic absorpt ion spectroscopy (HGAA-FIAS)
according to Battelle SOP MSL-I-030, Determination ofMetals in Aqueous end
Digestate Samples by IIGAA-FJAS. The base method for this procedu re is EPA Method
270.3.

All results were determined and reported in units of JIgig on a dry-weight basis.

The projec t spec ific holding time is one year for all metals in tissue. All samples were
freeze dried and either archived or analyzed within in one year.

DATA QUALITY CRITERIA (DQC):
Analyte Analytical Ran ge of

Method MSIMSD
Recovery

Se IIGAA-FIAS 75-125%
RPD - Relative Percent Difference
PR = Percent Recove ry

Repli cate
Precisions

(RPD)

±20%

SRM
Accuracy

(PR)

80%-120%

D.3

MOL
<J!g/g dry wt.]

0.02 11

Rep or ting Limit
Q!g/g dry 1'1.)

0.067 1



DETECTION LIl\flTS: Analyt ical results were reported to the laboratory achieved method detection limits
(MDL) as determined from the annual tissue MDL study . The MDL study is
determi ned annua lly according to 40 CFR Part 136 Appendix B and defined as seven
replicates of cellulose or chicken breast (tissue matrices with metals low enough to
perform ing an accep table MOL study) , MDLs arc determined on a dry weight basis
identical to the sample processing methodology. The reporting limit (RL) was
determined as 3.18 times the achieved MDL. Data were evaluated and flagged in
accordance with the following criteria:

U

J

N

&

*

The analytc was not above thc MDL , MDL was reported.

The value is less than the achieved reporting limit, but greater than the MDL.

Matrix spiked sample was outside the QC criterion of75-125% recovery.

SRM was outside the QC criterion of80- 120% recovery.

Duplicate analysis outside QC criterion of ±20% relat ive percent difference.

ANALY T ICA L NOTE: The sampl es were originally digested as a single batch. The laboratory duplicates were
outside the QC criterion and samples with remaining mass were digested a second time
to evaluate sample heterogeneity. See discussion in replicate precision for more
informa tion.

l\'IETHOD BLANKS: ' Two method blanks were analyzed with these samples. Sc was not detected in the
method blanks above the RL.

LABORATORY
CO NT RO L SAMPLE
(LCS) ACCURACY:

MATRIX SPIKE
(MS/MSD)
ACCURACY:

REPLICAT E
PRECISIO N:

STANDARD
REFER ENCE
MAT ERI AL
ACCURACY:

Three LCS samples were analyze d with these samples. The percent recoveries were
within the QC criterion of75-125% recovery.

One samp le was selected for a matrix spike /matrix spike dupl icate. There was
insuffic ient material available for a matrix spike in the second batch ; therefore, the
SRM was analyzed an unspiked and then two replica tes were analyzed with a spike.
The percent recoveries for the MSIMS D samp les were within the QC criterion of75­
125% recovery.

Three measures of analytic al precision were conducted with this set of samples.
Laboratory dup licates , LCS duplicates, and a MSnvtSD pairs were digested and
analyzed with this set of samples. Analytical precision ofreplicate analyses was
expressed as the relative percent difference (RPD) between the replicate results. Two
of the three RPD values for the laboratory duplicates were outside the QC criterion of
<20% difference. The samples were redigested if there was sufficient material and
indicate the poor reproducibility was attributed to sample heterogeneity . Precis ion was
evaluated using other measures of laboratory precision including duplicate LCS
samples and SIUv1 samples. The RPD values for these samp les were all with in the QC
criterion .

Analytical accuracy was expressed as the percent recove ry of the measured value
relative to the cert ified value for a standard reference material (SRM) . Two replicates
ofSRM 1566b were digested and analyzed with this batch of samp les. The percent
recover ies were within the QC criterion of80-120% recovery ,

0.4



Attachment 3: Se Results for Equipment Blank Watcr

, IS PO NS O R I Colle ction I Analytical I I I
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Attachment 4:

PROJECT:
PARAMETER:
LABORATORY:
MATRIX:

Quality Assurance /Quality Control Narrative for Equipment
Blank Water Se Results

Monticello Invertebrates
Selenium (Se)
Battelle Marine Sciences Laboratory (MSL)1 Sequim, Washington
Equipment Blank (EB) Watcr

SAMPLE CUSTODY
AND PROCESSING:

One EB water samples was received on 05/19/06. The sample was received in good
condition (i .e., no sample containers were broken or leaking). The project was assigned
a Battelle Central File (CF) identification number (2567) and sample information was
entered into the MSL sample tracking and project management system. The samples
were acidified at the laboratory to a pH<2 .0 with double distilled nitric acid.

SAMPLE PROCESSING INFORMATION:
Lab Sample IDs:

Description:

Collection date

Laboratory arrival date

Cooler temp . on arrival

HGAA-FIAS Analysis Date (Se, MSL-I-030)

2567*12

Equipment Blank water

05117/06

05119/06

07119106

METHODS:

HOLDING TIMES:

EB water samples were pre-reduced for total Se prior to analysis by hydride generation
flow injection atomic absorption spectroscopy (HGAA-FJAS) according to Battelle
SOP MSL-I-030, Determination ofMetals in Aqueous and Digestate Samples by
HGAA-FIAS. The base method for this procedure is EPA Method 270.3.

All results were determined and reported in unit s of ug /L.

The suggested holding time for Se in water of six months from sample coll ection was
achieved for all samples.

DATA QUALITY CRITERIA (DQC):
Analyte Analytical Range of

Method MS/MSD
Recovery

Se HGAA-FIAS 75-125%
RPD = Relative Percent Difference
PR = Percent Recovery

Replicate
Precisions

(RPD)

±20%

SRM
Accuracy

(PR)

80%-120%

0.6

MDL
<lJ.g/L)

0.0633

Reporting Limit
<lJ.g/L)

0.201



DET ECTI ON LIMITS:

M ETHOD BLANKS :

LABORATORY
CONT ROL SAM PLE
(LCS) ACCURACY:

M ATRIX SPIKE (MS)
AC CURACY:

STANDARD
REFEREN C E
MATERIAL
ACC URACY:

Analytical results were reported to the laboratory achieved method detection limits
(MDL) as determ ined from the annual wate r MDL study. The MDL study is
determined annually according (0 40 CFR Part 136 Appendix B and defined as seven
replicates of deionized water spiked at an appropriate level. Th e reporting limit (RL)
was determined as 3.18 times the achieved MDL. Data were evaluated and flagged in
accordance with the following criteria:

U Th e analyte was not above the MD L, MDL was reported.
J The value is less than the achieved reporting limit, bnt greater than the MDL.
N Matrix spiked sample was outside the QC criterion of75-125% recovery.
& SRM was outside the QC criterion of 80-120% reco very.
* Duplicate analysis outside QC criterion of ±20%relative percentdifference.

One method blank was analyzed with these samples. Se was not detected in the method
blank above the MDL.

Two LCS samples were analyzed with these samples. The percent recovery were
within the QC criterion of 75-125%recovery.

The sample matrix is DI water; therefore a matrix spike is not applicable. Sec the blank
spike or LCS foraccuracy and precision.

Analytical accuracy was expressed as the percent recovery of the measured value
relative to the certified value for a standard reference material (SRM). The water
sample was analyzed with the digested macro invertebrates and thc SRM is reported on
the tissue table, The percent recoveries were within the QC criterion of 80· 120%
recovery.
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