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INTRODUCTION

The dwarf wedge mussel (Alasmidonta heterodon) is a small freshwater mussel
that was Federally listed as Endangered in 1990 (50 CFR 944)7), due to a
severe decline in documented occurrences. Although the Recovery Plan for
this species is in the process of, being. developed,—successful restoration
will undoubtably -requireé a greater understanding of the species' life
requisites and the reasons for its decline.

The dwarf wedge mussel is a member of the Family Unionidae. It is small in
size, rarely exceeding 1.5 inches in length, and lives on muddy sand and
gravel bottems in streams and rivers of slow to moderate current, with
little silt deposition. A host fish is required for the development of the
larvae, or glochidia, of most freshwater mussels. The host fish for the
dwarf wedge mussel has not yet been identified. The dwarf wedge mussel is
usually found in association with the common elliptio (Elliptic complanata),
a larger fresh water mussel, throughout its range (Clarke 1981). In New
England, the triangle floater (A. undulata), the alewife floater (Anodonta
undulata), and the eastern lamp mussel (Lampsilis radiata) are also often
found with the dwarf wedge mussel.

According to Master (1986), the dwarf wedge mussel was discovered in the
1800's, and has always been considered rare. The species was found solely
in Atlantic slope drainages from North Carolina to New Brunswick. Originally
the mussel was known to exist in 70 localities in 15 major drainages. 1In
recent years, it has only been found at 14 sites, Only two viable
populations are presently known to exist in New England; one in the Ashuelct
River in Keene, New Hampshire, and one in the Connecticut River through an
approximately 16 mile stretch that runs from North Hartland (Sumners Falls),
Vermont to Jjust south of Weathersfield, Vermont. The Ashuelot River
population appears to be declining. The status of the Connecticut River
population is presently under study (S. von Oettingen, USFWS, pers.
COrmin. ) .

Few rivers in New England have not been dramatically altered by human
activities, including damming, channelization, industrial and municipal
discharges, as well as non-point runoff. Freshwater mussels have been
reported to be adversely impacted by poor water cuality. Specific factors
that have been implicated include: low dissolved oxygen, low pH, siltation,
low alkalinity and hardness, and pollutants including potassium, copper,
chlorine, cadmium, and arsenic (Fuller 1974). Master (1986) discusses
evidence that the dwarf wedge mussel is intolerant of poor water quality.
Dwarf wedge mussels may also have been displaced from some locations by
construction activities such as bridges, and riprap for bank stabilization.

The Ashuelot River is a small tributary to the Comnecticut River that
traverses a rural area of southwestern New Hampshire. However, the Ashuelot
River has been dramatically altered by the construction of an Army Corps of
Engineers flood control dam, the Surry Mountain Dam, just upstream of the
dwarf wedge mussel population. Alse, along the banks of the Ashuelot, in
the vicinity of the dwarf wedge mussel population, a golf course ard
agricultural land potentially provide opportunities for pesticide and
fertilizer runoff into the river. The Connecticut River has been severely
altered by numerous hydroelectric dams, which have created a series of
unnatural impoundments, which have highly fluctuating water levels. The
water quality of the Comnecticut River has also historically received
industrial and sewage effluents, and has experienced siltation and shoreline
devegetation.



Fig. 1. Contaminant sampling locations in the Connecticut,
Ashuelot, and Mill Rivers, 13990,
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The purpose of this study was to provide a cursory screening for heavy
metals, pesticides, and organochlorine compounds in the locations of the
Connecticut and Ashuelot populations as a means of exploring potential
pressures that may be affecting the mussels. A third location, in the Mill
River just below Northampton, Massachusetts, was investigated because a
population of dwarf wedge mussels existed there as recently as 1973, and
. is now believed to be extirpated (Master 1986). This location could be
considered as a candidate for population reestablishment should this
strateqgv be deemed feasible and necessary for recovery of the species.

STUDY AREA

The Connecticut River is the largest and longest river in New England,
draining a watershed of 11,265 square miles from the Connecticut Iakes in
northern New Hampshire to Iong Island Sound in Saybrook, Connecticut
(Merriman arxl Thorpe 1976) . The Connecticut River was the natural route for
caomerce for interior New England before the development of railroads
(McNary et al. 1913). Through the construction of dams, locks, and canals,
the Comnecticut River became the first river in North America to be
developed for navigation (Martin 1951). Later, the river provided power for
industry. At present, five dams provide for hydroelecb:lc facilities along
the mainstem of the Connecticut River.

The section of the Connecticut River where the mussels are known to exist
traverses primarily rural countryside, so the banks of the river are either
vegetated by native trees and shrubs, or by farm crops. The river is mostly
deep and slow moving, with the dwarf wedge mussels inhabiting gravelly
shallows in locations along the edge of the river. It should be noted that
the Connecticut River exists within the State of New Hampshire to the high
water mark on the west bank. However, dwarf wedge mussel occurrences along
the west bank of the Comnecticut River are usually described as being
located in the State of Vermont.

The Ashuelot River drains an area of 71.1 sguare miles (USGS 1972), ard
flows into the Connecticut River near the southwest corner of the State of
New Hampshire (Fig. 1). North of the City of Keene, the Ashuelot River
traverses a mostly rural area which has historically been farmed. Much of
the area is now forested, with same home development. The dwarf wedge
mussel is known to exist primarily throughout an approximately three mile
stretch of the river below the Surry Mountain Dam and above the City of
Keene. The Bretwood Golf Course exists along the east bank and a portion
of the west bark in this stretch, and farmland planted to corn comprises -
much of the rest of the west bank. Presently, there are plans to convert
the farmland to additional golf course (City of Keene Conserv. Comm., pers.
COIMMIT. ) .

The Mill River flows from the northwest into the Comnecticut River at
Northampton, Massachusetts, after draining an area of 52.8 sguare miles
(UseS 1972) {Fig. 1). The river is mostly quick-flowing and shallow with
a sandy gravel substrate. Except for passing through Northampton, the river
is rural, with forest and farmland bordering its banks.



METHODS

In the Connecticut River, two sampling stations were chosen; one in each of
the two dwarf wedge mussel occurrences known in 1990. During the summer of
1991, mussels were found scattered throughout the reach. Flgu:r:e 1 shows the
two 1ocat10ns, CT1 in North Hartland, Vermont, and CT2 in Weathersfield,
Vermont. Comnecticut River samples were collected in July of 1990. One
sediment sample was collected from each station. Sediments from an area
near dwarf wedge mussels were collected with a stainless steal spoon, and
placed in a acid-rinsed, solvent-rinsed glass jar. Sediments were stored
by freezing before shipping. Twenty of the largest Elliptio complanata were
collected fram around dwarf wedge mussels at each station. Elliptio was
selected as a surrogate for A. heterodon because of its usual co-occurrence.
The ten mussels collected for organochlorine analyses were wrapped in
aluminum foil, placed in plastic bags, and frozen. The ten mussels
collected for metal analyses were placed in acid-rinsed, solvent—rinsed jars
and frozen before shipping. Water samples were collected from each station
by emersing a cubitainer. Water samples were also frozen before shipping.

Six locations were chosen for sampling in the Ashuelot River (Fig. 2). ASHS
was located above the Surry Mountain Dam Reservoir. ASH6 was located just
below the dam, ASH 4, 3, and 2 were located along the golf course, and ASH
1 was located below the golf course. Sediments were coll_ected from the
stations in June and September, (high and low water events), in a similar
manner as for the Connecticut River. In June, Ell.lptlo complanata and water
sanples were also collected from each station in a similar manner as for the
Connecticut River. Mussels were not collected from ASHS5 as none were
located.

Only one sample was collected from the Mill River. MIL1 was located just
below the Route 10 bridge in Northampton (Fig. 1). Sediments, water, and
Elliptio complanata were collected in August of 1990. Since no dwarf wedge
missel are presently known to exist in the Mill River, Elliptic were:
collected from an area considered to be suitable habitat for Alasmidonta
heterodon.

Organophosphate and carbamate pesticide analyses were conducted by the
Patuxent Analytical Control Facility. Organochlorine analyses were
conducted by the Envirommental Trace Substance Laboratory. Mussels were
analyzed, by site, as a composite of soft body parts. Sediments were
analyzed for grain size. Mussel tissues and sediments were analyzed for
organochlorine, organcphosphate, and carbamate pesticides, and heavy metals.
Water samples were analyzed for heavy metals only. Sediments were analyzed
for twenty-one metals. Tissue ard water samples were analyzed for 12
metals. Mercury was detected using cold vapor atomic absorption. The other
metals were quantified by ICP (inductively coupled plasma) analyses. All
metals reported by the laboratory as '"not detected” are reported here as
half the detection limit.



Fig, 2. Specific sampling locations in the Ashuelot
River, 1990,
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RESULTS

Sediments

The sediment characteristics at each of the sample stations are provided in
table 1, including percent sand, silt, clay, ard moisture, and the total
welght of the samples. All of the samples were over 90% sand except ASHS,
CT1, and CI2, which ranged from 57% sand (ASHS in September) to 76.5% sand
(ASH5 in June) (Fig. 3). The percent 511t in the sediment collected from
the Ashuelct River was generally xughc:.x. in Septenber samples than in the
June samples (Fig. 4).

Organochlorine campounds were not detected in any of the sediment samples,
with the exception of a trace amount of chlordane at ASH1 and p,p'-DDE at
ASH5 (Appendix 1). Organophosphates and carbamates also were not detected

at any of the stations (Appendix 2).

Table 2 displays the metals found in the sediment samples. Ievels of
arsenic, chromium, cadmium, copper, lead, mercury, nickel, arnd zinc were
compared to criteria developed by Bahnick et al. (1981) for Great Lakes
harbors sediwents. Arsenic exceeded the Bahnick et al.'s criterion for
unpolluted sediment (<3 ppm) at all of the stations. Levels ranged from 3.5
to 5.0 ppm. Chromium and nickel levels exceeded the unpolluted level
reported by Bahnick et al. of <25 and <20 ppm, respectively, at stations
ASHS5 and CT1l. (T2 also exceeded the unpolluted level for nickel. ASHS
exceeded the unpolluted level of copper (<25 ppm) and zinc (<90 ppm).
Mercury, lead, and cadmium were detected in all of the sediment samples
below concentrations considered polluted by Bahnick et al., <1.0, <40.0, and
<6.0, respectlvely Figures 5, 6, and 7 illustrate the levels of copper,
lead, and zinc in the seda.ments.

Long and Morgan (1990) provide a literature review for silver and concluded
that effects to aguatic biota have generally been cobserved when sediment
levels are greater than 1.7 ppm. Sediments from all of the sample stations
in the Ashuelot River exceeded this level. The concentrations of silver in
sediments from the stations in the Comnecticut and Mill Rivers were found
to be below the 2.0 pom detection limit for this study. Figure 8
illustrates the levels of silver in the river sediments.

Little literature exists regarding toxicity or sediment quality criteria for
the other metals. However, in reviewing the data it appears that metal
concentrations in the sediments in general, were higher at stations ASHS,
and CT1 and CI2 than at the cother stations. Aalso, levels tended to be
higher in the samples collected in September from the Ashuelot River than
in June. These trends may be explained by the higher silt content in these

samples (Fig. 3).



Table 2 (Continued).

Reference

Number Ag Al As B Ba Be Cu
ASH1-8A 3.0 6870.0 4.0 1.0 35.0 0.3 9,2
ASH1-SB 3.0 9420.0 4.5 1.0 44.6 0.4 8.3
ASH2-5A 3.0 8420.0 4.0. 1.0 39.8 0.2 5.4
ASH2-5B 4.0 8790.0 4.5 1.0 36.8 0.4 7.5
ASH3-SA 3.0 8510.0 4.0 1.0 40.0 0.4 5.4
ASH3-5B 3.0 9010.0 4.5 1.0 41.9 0.4 9.2
ASH4-SA 4.0 11700.0 5.0 1.0 51.9 0.4 6.0
ASH4-5B 5.0 11700.0 5.0 1.0 48.6 0.7 12.0
ASH5-5a 5.0 15500.0 5.0 1.0 77.5 0.8 19.0
ASHS5-5B 1.0 15700.0 5.0 1.0 89.3 0.7 33.3
ASH6-54 4.0 8940.0 4.5 1.0 39.3 0.4 8.0
ASH6-SB 5.0 11500.0 5.0 2,0 51.0 0.6 12.0
CTi~-S 1.0 12900.0 5.0 1.0 47.7 0.4 21.0
CT2-5 1.0 11500.,0 5.0 1.0 49.9 0.4 20.0
'MILI~S 1.0 4700.0 3.5 1.0 33.2 0.3 5.1



Table 2 (Continued).

Reference

Number Fe Mg Mn Mo Se Sr T1 v Zn
ASH1-SA 9830.0 1990.0 | 231.0 0.5 4.0 4.4 3.0 15.0 29.0
ASH1-SB 12600.0 2890.0 269.0 0.5 4.5 4.6 3.0 20.0 39.2
ASH2~-SA 12100.0 2600.0 277.0 0.5 4.5 4.1 3.0 18.0 30.0
ASH2~-5B 13000.0 2880.0 224.0 0.5 4.5 3.0 3.5 19.0 36.1
ASH3-SA . 12200.0 2660.0 192.0 0.5 4.5 4.6 3.0 17.0 27.0
ASH3-5B 13300.0 3020.0 176.0 0.5 4.5 3.4 3.0 19.0 41.6
ASHA-SA 17300.0 3180.0 900.0 0.5 5.0 6.8 3.0 21.0 29,0
ASH4-SB 17400.0 3990.0 284.0 0.5 5.0 5.6 3.0 26.0 53.0
ASH5-5A 17900.0 4620.0 362.0 0.5 5.0 9.2 3.5 34.0 72.1
ASH5-5B 25500.0 5490.0 = 295.0 0.5 5.0 14.2 3.5 - 30.0 g3.8
ASH6-SA 15900.0 2960.0 239.0 0.5 0.5 3.9 3.0 20.0 35.0
ASH6-5B 17600.0 3840.0 300.0 0.5 5.0 4.4 3.5 26.0 43.7
CT1-8 24400.0 6460.0 585.0 0.5 5.0 25.2 3.5 24.0 69.5
CT2-5 21600.0 5130.0 659.0 0.5 5.0 20.8 3.0 23.0 63.9

MI1~5 7350.0 1610.0 107.0 0.5 4.0 2.9 3.5 10.0 40.0
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Water
Results for the metal concentrations in water are displayed in table 3.

According to EPA's Quality Criteria for Water (1986), freshwater bicta
should not be affected unacceptably if the 4-day concentration of mercury
does not exceed 0.012 ug/L more than once every three years on average, and
if the 1-hour average does not exceed 2.4 ug/L more than once every three
years on average. This study did not detect mercury in the water, however,
the detection limit was 0.3 ug/L, which is akove the 4—day limit recommended
by EPA.

Hardness has been demonstrated to have an antagonistic effect on the acute
toxicity of cadmium and copper on aguatic organisms (USEPA 1986).
Therefore, criteria for these metals is dependent, in part, on water
hardness. Water in the Connecticut, Ashuelot, and Mill Rivers is relatively
soft (< 50 mg/L as CaC0’) (USGS 1972). The 4—day average criteria for cadmium
for a hardness of 50 mg/L is 0.66 ug/L, and the l-hour average is 1.8 ug/L
(USEPA 1986). Cadmium concentrations in this study ranged from 0 to 0.99
ug/L, with the highest concentrations found in the Ashuelot River samples.
For copper, the 4-day average criterion for a hardness of 50 mg/L, is 6.5
ug/L, and the li-hour average is 9.2 ug/L (USEPA 1986). In this study,
copper levels remained below the recommended levels, and ranged from 0 to
3.6 ug/L, with the highest concentration fournd in the Mill River.

Due to the nmumber of chemical forms of nickel and aluminum, and the relative
lack of information regarding the toxicity of these metals, no clear
definitive guidance has been provided for the protection of aquatic biota
(USEPA 1986b and 1988). However, the little toxicity information that does
exist can serve for camparisons with our study. For nickel, it has been
predicted that 5 ug/L would affect the productivity of Daphnia magna
(Lazareva 1985). In this study, concentrations of nickel ranged from 0.5
to 2.0 ug/L. For aluminum, the lowest acute values for invertebrates are
for ceriodaphnids and range from 1,900 ug/L (McCauley et al. 1986) to 3,690
ug/L, (USEPA 1988). The concentrations of aluminum in this study are well
below these values, ranging from 13 to 250 ug/L.

The water quality criteria recommended for iron by the EPA (1986) for the
protection of aquatic biota, is 1.0 my/L. This was exceeded at one sample
station in our study, ASHS5, with a level of 1.4 mg/L. The concentrations at
the other stations ranged from 81 to 753 ug/L. Concentrations of beryllium,
chromium, lead, thallium, and zinc found in this study were all well below
the recommended criteria for the protection of aquatic life (USEPA 1986).
Manganese is considered by EPA (1986) to be an essential nutrient that is
rarely found in concentrations above 1 mg/L, therefore, it is not considered
a problem in fresh waters. In this study, manganese levels were found to
range from 1.7 to 138.0 ug/L, with the highest concentration at ASHS.



Table 3. Metal concentrations in water (ppb) collected from the Ashuelot River
(ASH), Connecticut River (CT), and the Mill River (MIL) in 1990.

Réfe.rence ’

Nunmber *Hg Al Be ad Cr Cu Fe Mn Ni Pb Tl Zn
ASH1-W 0.15 28.0 0.0 0.40 0.5 0.0 235.0 1.7 1.0 2.5 4.0 1.1
ASH2-W 0.15 13.0 0.0 0.50 0.5 0.0 217.0 5.2 1.0 2.0 3.5 16.0
ASH3-W 0.15 250.0 0.0 0.40 0.5 0.75 753.0 22.0 2.0 2.5 3.5 40.7
ASH4-W 0.15 38.0 0.0 0.99 0.5 0.73 349.I0 le6.0 2.0 2.0 3.5 37.4
ASHS-W 0.15 €66.0 0.0 0.40 1.0 1.4 1440.0 138.0 2.0 2.0 3.5 28.0
ASH6-W 0.15 23.0 0.0 0.0 1.0 0.0 318.0 12.0_ 2.0 2.0 3.0 8.6
CT1-w 0.15 49.0 0.0 0.0 A 0.5 0.0 81.0 4.9 0.5 2.0 3.0 8.3
CT2-W 0.15 23.0 0.0 0.5 0.5 0.96 330.0 20.0 0.5 2.0 3.5 10.0
MIT~W 0.15 79.0 0.0 0.15 0.5 3.6 495.0 30.2 2.0 - 2.0 3.0 18.0

* No mercury was found at a detectable level. Therefore, mercury was reported as one-half the detection limit of 0.3 rrb.



Mussel Tissue

Metal concentrations in mussel tissue are displayed in table 4. No clear
trends were evident in the data.

Table 5 compares concentrations of metals found in mussel tissue in this
study to concentrations fourd in the literature. ILevels found in cur study
were generally either similar to, or lower than, levels published in the
literature. No literature was found that provided concentrations of
beryllium or thallium in mussel tissue.

Organochlerines, organophosphates, and carbamates were not detected in any
of the mussel tissue samples (Appendices 1 and 2).

DISCUSSION

Freshwater mussels are relatively long-lived, are sedentary, ard come into
contact with both sediment and water during feeding and respiration. They
have also been found to accumulate trace metals and other persistent
pollutants, and have, therefore, been studied extensively as potential
biological indicators of pollution. Havlik and Marking (1987) provide an
extensive literature review on this topic. However, relatively little
information is available on the toxicity of the various pollutants on
freshwater mussels.

Freshwater mussels have been found to be vulnerable to some pesticides,
including Thimet and Satox (Salanki and Varanka 1978), and some fish
toxicants such as antimycin (Antonioni 1974), TFM lampricide (Maki et al.
1975), and xotenone (Heard 1970). It has alsc been reported that
insecticides are readily taken up and eliminated by freshwater mussels
(Godsil and Johnson 1968). In this study, little or no evidence of
organochlorines or pesticides were found in any of the samples collected.
This suggests that these compourds have not made a contribution to the
population declines of mussels in these areas. However, the sediments
collected were predominantly large grained sand, since this is the substrate
preferred by the dwarf wedge mussel. Since contaminants are known to bind
most easily to fine grained sediments and organic matter, the sediments
collected may serve as good examples of the sediments ingested by the
mussels, but perhaps not of the persistent pollutants absorbed by the rivers
over time. Further, most of the pesticides in comon use are "non-
persistent", and are, therefore, unlikely to be detected in significant
amounts in the river sediments after a few days or weeks after application.
The water samples, similarly, only represent one mowent in time. It is
plausible that pesticides could be washed into the river in a pulse soon
after application. Several weeks later there would be little or no residue
of the pesticide in the water, and any biota killed would have already
decomposed, leaving no evidence in sediments.

The literature review by Havlik and Marking (1987) reported that zinc,
manganese, copper, cadmium, and lead are the metals in mussels that have
been studied the most. They reported that cadmium has been found to be the
most toxic of the metals, with toxicity reported at a concentration of 2
mg/L (no hardness reported), and an acute exposure of As,0; at 16 mg/L (12
ppm as As) was also found to be toxic to mussels. Imlay (1973) reported that
11 mg/L of potassium was lethal to mussels within two months of exposure,
and 7 mg/L was lethal within eight months of exposure. Imlay (1980) also
reported that chronic exposures of freshwater mussels to a copper



Table 4. Metal concentrations in mussel tissue (Elliptio complanata) (ppm) collected
from the Ashuelot River (ASH), the Connecticut River (CT), and the
Mill River (MIL) in 1990.

Hyg cd Cr Al Be Cu

Reference .

Nunmber (DW)  (WW) (DW_) (WW) (DW)  (WW) (DW)} (WW) (DW) (WW) (DW)
ASH1-B 0.970 0,07 13.8 1.0 1.6 0.1 690.1 51.8 0.2 0.0 8.5
ASH2-B 0.930 0.06 14.1 0.9 1.8 0.1 572.3 5.5 0.3 0.0 8.0
ASH3-B 0.758 0.07 11.5 1.0 1.4 0.1 322.0 29.0 0.3 0.0 6.8
ASH4-B - 0.686 0.06 9.3 0.8 1.7 0.2 416.3 7.0 0.3 0.0 7.3
ASH6-B 0.774 0.06 10.1 0.8 1.2 0.1 309.0 23.5 0.4 0.0 6.3
MIL-B 0.613 0.05 10.2 0.8 1.2 0.1 340.0 27.2 0.3 0.0 7.3
CT1-B 0.637 0.05 2.8 0.2 11.0 0.8 465.3 5.3 0.1 0.0 10.5

CT2-B 0.420 0.03 2.4 0.2 7.1 0.5 392.0 29.4 0.1 0.0 10.1



Table 4. Continued.

Fe Mn Ni Pb T1 Zn

Reference

Number (DW) (VW) (DW) (WW) (DW)  (WW) (DW) (WW) (DW) (WW) (DW) (WW)
ASﬁl—B 5170.0 387.8 5750.0 431.3 2.6 0.2 8.9 0.7 0.4 0.0 167.0 12.5
ASHz2-B 6380.0 395.6 7230.0 448.2 3.0 0.2 12.0 0.7 0.4 0.0 1%2.0 11.9
ASH3-B 4550.0 409.5 5600.0 504.0 5.0 0.5 11.0° 1.0 0.4 0.0 169.0 15.2
ASH4-B 7190.0 639.9 4590.0 408.5 4.4 0.4 13.0 1.2 0.4 0.0 160.0 14.2
ASH6-B 6180.0 469.7 7940.0 603.4 2.8 0.2 2.2 0.7 0.4 0.0 176.0 13.4
MIL-B 5580.0 446.4 48950.0 391.2 3.0 0.2 2.6 0.8 0.4 0.0 170.0 13.6
CT1-B 2930.0 222.7 3790.0 288.0 4.2 0.3 2.0 0.2 0.5 0.0 148.0 11.3

CT2-B 2630.0 197.3 3240.0 243.0 4.2 0.3 4.1 0.3 0.4 0.0 163.0 12.2



Table 5.

Metal concentrations found in mussels in our study as compared to other studies.

our 'Study

COther studies
Concentration (ppm WW) Concentration Mussel
Metal in Elliptio complanata (ppm) in soft tissue Species Citation
Mn 243.0-603.4 3,500 Anodonta grandis Forester 1980
11,367 Lampsilis ventricosa Schmitt and Finger 1982
Hg 0.03-0.07 0.001-0.087 8 species Price and Knight 1978
0.001-0.00025 9 taxa Yokely 1972
o] 0.2-1.0 17.0 Anodonta grandis Forester 1980
0.086-0.311 8 species Price and Knight 1978
5.9 Amblema plicata Gardner et al. 1981
33.0 Lampsilis ventricosa Schmitt and Finger 1982
Al 5.3-51.8 1,500 Anodonta grandis Forester 1980
cu 0.5-0.8 6.0 Anodonta grandis Forester 1980
61.0 Lampsilis ventricosa Schmitt arnd Finger 1982
Pb 0.7-1.2 18.0 Anodonta grandis Forester 1980
0.33-9.43 8 species Price and Knight 1978
387.0 Lampsilis ventricosa Schmitt and Finger 1982
An 11.3-15.2 200.0 Anodonta grandis Forester 1980
5,967.0 Lampsilis ventricosa Schmitt and Finger 1982
Ni 0.2-0.5 1.2 Anodonta grandis Forester 1980
Cr 0.1-0.8 0.4-9.4 23 species Ahlstedt and Jenkinson 1983
Fe 197.3-639.9 183.17-832.50 23 species Ahlstedt and Jenkinson 1983



concentration of 0.025 mg/L was lethal. Zinc has not been found to be highly
toxic, but effects in mussels have been reported with concentrations of 20
mg/L and greater (Millington and Walker 1983).

In this study, the highest concentration of cadmium in water was found to
be 0.99 ug/L at station ASH4, which is well below the reported lethal level.
Zinc was also well below the reported effect level at all stations, and
potassium, and arsenic were not tested in the water in this study. Arsenic
was found to be slightly elevated at all stations in the sediments relative
to criteria designed for the Great Iakes. However, a study conducted
jointly by NH Division of Public Health Services and the US Fish and
Wildlife Service in 1989 tested soils at 129 public school yards across the
State for selected metals. The mean arsenic level was 5.5 ppm, which is
slightly higher than the levels found in the river sediments of this study.
This suggests that these levels of arsenic represent background levels for
the region rather than evidence of contamination.

Some studies have found that the concentration of metals in the bodies of
freshwater mussels correlate with the concentrations in the sediments
(Mathis and Cummings 1973; Anderson 1977). However, Tessier et al. (1984)
found that the metal concentrations in Elliptio complanata were related to
the easily extracted fraction of the metal in the sediment. In this study,
the levels of metals in the mussel tissue were much lower than in the
sediments, which suggests either a low availability, or selective excretion
of the metals by the mussels. The fact that all the metal concentrations
found in mussels in this study are similar to or lower than those fourd in
other studies suggests that the metals examined are probably not stressing
the present mussel population.

Silver was the only metal that differed notably in concentration between the
rivers, with elevated levels only in the Ashuelot River. We did not analyze
the mussel tissue or water samples for this metal, therefore, no conclusions
should be drawn from our data as to whether it may be affecting the mussel
population. It should be noted that silver is one of the most toxic metals
to aquatic biota, and that it is more toxic in soft water than hard (USEPA-
1980). The EC50 for silver reported for Daphnia magna is 1.5 ug/L (USEPA
1978).

Although no contaminants were found to be elevated in the tissues of the
common elliptio, it should be kept in mind that the common elliptio is a
very common mussel that frecquents even areas of slightly degraded water
guality. Thus, we can perhaps presume that the common elliptio is a
relatively tolerant mussel as compared to the rare dwarf wedge mussel.
Conclusions regarding affects to the dwarf wedge mussel based on the common
elliptio should be drawn with caution.



CONCLUSIONS AND RECOMMENDATIONS

This study did not provide any conclusive evidence that any of the locations
sampled have been impacted by pollution. However, the sampling scheme could
not account for nonpersistent toxins, or bkrief kut damaging pulses of
toxins. Further, not all metals sampled in the sediments, such as silver,
were sampled in the water or mussel tissue. It also can not be presumed
that our surrogate species, the common elliptio, accurately represented the
dwarf wedge missel .

Although one study attributes the decline of mussels to eutrophication
rather than to contaminants (Bauer et al. 1980), many authors have suggested
that mussel populations are most often damaged by cumilative pressures
rather than one specific factor (Havlik and Marking 1987). Future studies
should focus on same chronic documentation of the more basic water quality
parameters, (dissolved oxygen content, pH, hardness, and temperature), which
in themselves could affect agquatic biota, or affect the availability and
toxicity of contaminants such as metals. Future, work should also include
an investigation of whether pesticides and fertilizers are getting into the
rivers in concentrations that could affect mussels. This may require
conducting biocassays on mussels to determine their tolerances for
contaminants, and perhaps in situ biocassays in the rivers near potential
sources of pesticides and fertilizers during the times of year that they are
usually applied. Iastly, the Ashuelot River should receive further testing
for silver and potassium.
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Appendix 1. Results of organochlorine analyses of sediments and mussel
tissue (Elliptio complanata) collected from the Ashuelot, Comnecticut, and
Mill Rivers in 1990.



U. S. FISH AND WILDLIFE SERVICE
PATUXENT ANALYTICAL CONTROL FACILITY
QUALITY ASSURANCE REPORT

RE: 6335 REGION: 5 REGIONAL ID: 90-5-051
THE ANALYSES ON THE ABOVE MENTIONED SAMPLES WERE PERFORMED AT:
THE MISSISSIPPI 5%ATE CHEMICAL LABORATORY
MISSISSIPPI STATE UNIVERSITY
ROOM 112, HAND CHEMICAL LABORATCRY

MORRILL ROAD
MISSISSIPPI STATE, MISSISSIPPI 39762

AFTER A THOROUGH REVIEW OF THE REPQORT ISSUED BY THE LABORATORY, I REPORT THE
FOLLOWING OBSERVATIONS AND CONCLUSIONS:
THE ACCURACY, AS MEASURED BY SPIKE RECOVERY, WAS GENERALLY ACCEPTABLE.

THE PRECISION, AS MEASURED BY DUPLICATE SAMPLE ANALYSIS, WAS ACCEPTABLE FOR ALL
ANALYTES.

QUALITY ASSURANCE OFFICER DATE






MISSISSIPPI STATE. UNIVERSITY

MissISSIPPI ﬁ !
STATE CHEMICAL LABORATORY ﬁs"
. BOX CR-MISSISSIPPI STATE, MISSISSIPP] 39782

February 27, 1991

Lainie Weber

Stickel! Building/Chemistry
Patuxent Wildiife Research Center
U.S. Fisk and Wildlife Service
Route 197

Laurel!, HD 20708

Dear Lainie:
Enclosed are analytical results for one batch of samples submitted by
the U.S. Fish and Wiidlife Service (Cataloge 6335, Reg.I!D.# $0-5-051,
Orderw# B85800-0-3254). The samples were analyzed by Nethods 1 and 2.
Descriptions are enclosed.
Please call [f yvou have any questions.

Sincerely,

)

Principal Investigator
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SAMPLE TYPE: Mussels ; BOX CR
and Sediment | MISS. STATE, MS 39762
CAT NO. 6335 ] T Date Spis Recd 10733
gngéDNs §§§§aggl i Queue Date 12720

— _ PARTS PER MI IVED {WET WT)
FWS » ASH1-B ASH1-Sa - ASH1-5b| ASH2-B ASH2-3a ASH2-Sb ASH3:
LAB » 804148 804149 804150 B04151 804152 804153 8041!
MATRIX Mussel Sediment} Sediment| Mussei Sediment| Sediment| Musse
WeB | o= | ND | D ND | D N0 | ND
g—BHC ND ND ND ND ND ND ND
r—BHC ND ND ND ND ND ND ND
p —BHC ND ND ND ND ND ND ND
§-BHC N2 ND ND ND ND ND ND
Oxychlordane ND ND ND ND ND ND ND
Hept. Epox. ND ND ND ND ND ND ND
r~Chlerdans ND ND ND ND ND ND ND
t-Nonachlor ND ND ND ND ND ND ND
Toxaphene ND ND ND ND ND ND ND
PCB‘s (total) ND ND ND ND ND ND ND
o, p'~DDE ND ND ND ND ND ND ND
¢~Chlordans ND 0.01 ND ND ND ND ND
p, p'~DDE ND ND ND ND ND ND ND
Disldrin ND ND KD ND ND ND ND
o, p'~DDD KD ND ND ND ND ND ND
Endrin ND ND ND ND ND ND ND
cis-nonachlor ND ND ND ND ND ND ND
o, p'-DDT ND ND ND ND ND ND ND
‘0, p'-DDD ' kD ND ND ND [ ND ND ND
‘o, pr-DCT I NO | ND ] ND ¢ KD N> ] ND
fﬁfex ND ND ND ND | ND ND ND
 OTHER: [ -
’ B a

L i

WEIGHT (g) 148 403 300 133 I 449 406 188
lMOISTURE %) 84.9 23.4 28.6 82.0. | 23.0 27.2 $2.5
ILIPID (%) 0.300 - - 0.240 | - - 0.280
Lower Level of Detection = 0.01 ppm for Tissue, Soil, Etc. G.05 for Toraphene and Pt

For Water, LLD= 0.005 ppm for 0Cs, Tox , PCBs.

*ND = None Detected '
**Spike = ppm for /xﬁgzgkan. cX§;21¢z

***+NS = Not Spiked * i
# = Confirmed by GC/Mass Specirometry Siz~ature e

(.
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SAMPLE TYPE: Musss!s ) BOX CR
and Sediment MISS. STATE, MS 39762 r—
REPORT FORM |Date P.0. Recd 08/09/9
CAT NO. 6338 USD I /EWS IDate Spls Recd 10/232/9
REG.!D w: 90-5-051 1CQueue Date 12/20/9
ORDER NO, 85800-0- QRGANOCHLOR INES ;
6254
PART LE!QQ =§ BESE]!EE gng WT}
FWS » ASH3-S5a ASH3-Sb ASH4-B ASH4-5a ASH4-Sb Mill ASH5~5;
LAB » B0O4155 804156 804157 804158 804159 | 804160 804161
MATRI1X Sedimenti Sadiment| Mussa] Sediment| Sediment| Mussel Sedimen
—_— e = o
‘ COMPOUND
- L RS ————— — e ———
HCB ND* ND ND ND ND ND ND
o~BHC ND ND ND ND ND ND ND
r~BHC ND ND ND ND ND ND ND
g =BHC ND ND ND ND ND - ND ND
§~BHC ND ND ND ND No ] ND
Oxychiordane ND i ND ND ND NO | KD ND
Hept. Epox. ND ND ND ND KD | ND ND
r=Chiordane ND ND ND ND ND ND ND
t-Nonachlor ND ND ND ND ND ND ND
Toxaphene ND ND ND ND ND . ND ND
PCB's (total) ND ND ND ND ‘ND ND ND
o, p’'-DDE ND ND ND ND ND ND ND
~=Chlcrdane ND ND ND NG ND ND ND
p, p'=-DDE ND ND ND ND ND ND ND
Dieldrin ND ND ND ND ND ND ND
o, p'=DDD ND ND ND ND ND ND ND
lEndrin ND { ND ND ND ND ND ND
{cis-nonachlor ND I ND ND N3 ND ND
fo, p’-DDT N0 | ND ND ND | ND N3 ND
bp, £°~D0D ND .M ND r N3 I Y I S ND
o, pr=00T L OND ' ND ND | N 0 N x| N
I+ 1 - .
iMirex ND ! ND ND ND ! - ND i ND ND
! OTHER: _
- 1 — " H -
i i i
L | |
IWE IGHT (g) 457 | 286 151 568 | 293 | 173 283
[MOISTURE (%) 14.6 | 28.2 93.0 30.0 | 26.0 | 82.9 71.0
FLIPID (%) - |- 0.320 - P - | ¢.280 -
Lower Leve! of Dstecticn = 0.C1 ppm for Tissue, Soil, Etc. 0.05 for Tcraphene and PCE
for Water, LLD= 0.005 ppm for 0Cs, Tox , PCBs,
*ND = None Detected
**Spike = ppm for SN a Cﬂ%%EA_cJ—~

**»*MNS = Not! Snilkec 'i}
# = Conf i med by GC/Mass Soectremelsy Stpratiure /
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gnngpggdngé Mussols MISS, s?%sc.:nus 39762

REPORT FORM : Date P.0. Recd 08/09/
CAT NO. 6335 USD I /FRS Date Spls Recd 10/23/
gggéAost Egééaggl Queus Date 12/20/
7 — PARTS PER_MILLION AS RECEIVED (WET ¥T) _
o - ‘
FWS » ASH5-Sb| ASH6-B ASHE-Sa| ASHGE-Sb| ASHS6-Sb| CT1-B CT1-8
LAB # 804162 804163 804164 | B804165A | 8041658 804166 80416’
MATRIX Sediment| Mussel Sediment| Sediment Dggé:;g:ﬁ Mussel Sedimel
owor0___ [
HCB ND* N | N | N0 | ND ND ND
g—BHC ND ND ND ND ND ND ND
r -BHC ND ND ND ND ND ND ND
g ~BHC ND ND ND ND ND ND ND
§-BHC ND ND ND ND ND ND ND
Oxychiordane ND ND NO | ND | ND | ND ND
Hept. Epox. ND ND ND NO | ND ND ND
r~Chlordane ND ND ND ND | ND ND ND
t-Nonachior ND ND ND ND ND ND ND
Toxaphene ND ND ND ND - ND ND ND
PCB‘s (total) ND ND ND ND ND ND ©ND
o, p’-DDE ND ND ND ND ND ND * ND
g-Chlordane ND ND ND ND ND ND ND
p, p'-DDE 0.01 ND ND ND ND ND ND
Dieldrin ND ND ND ND ND ND ND
o, p*=DDD ND ND ND ND ND ND ND
Endrin ND ND ND ND | ND ND ND
cis-nonachlor ND ND ND ND i ND ND ND
o, p‘'-DOT ND ND ND ND ND ND ND
ip, p’'-COD POND ND ND ND i ND ND ND
ip, p'~DDT ) I ND ND S ) ;N2 f ND ND
IMirex 1 Np ND ND NO | ND " ND ND
| OTHER: _ | — ____
WEIGHT (g) 474 178 587 276 | 278 155 404
MOISTURE (%) 37.8 83.0 30.8 3.0 | 34.8 92.0 44,8
ILIPID (%) - 'o._hzso - - Loo- 0.440 -
Lower Level of Detection = C.01 ppm for Tissue, Soil, Ete. 0.05 for Toxaphene and PZ:

For Water, LLD= 0.005 ppm for QCs, Tox , PCBs.

*ND -kNone Detected p O(O
**»Inike = ppm for 5 )

“22NS w Not Spiked = ./"1.4? Orn {0 —
# = Confirmed by GC/Mass Spectrometry Sigrzture i
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For water, LLD= 0.005 ppm for QCs, Tox

*ND = None Detsc

tad

, PCBs.

**Shike = 0.040 ppm for Sediment except

Mirex ® O0.T7J BEm

o = ol Spriked

SAMPLE TYPE: Mussals 80X CR R
and Sediment MISS. STATE, MS 39762 1
REPORT 'FORM bate P.0. Recd 08/09/90
ik U st i e
ORDER NO. 85800-0- ‘
6254 l
PARTS PER MILLION AS RECEIVED (WET WD) .
Matrizx X
FWS » ¢T2-8 CT2~S MIT.1 Blank Blank Splke** | Racovery
LAB # 804168 | 804169 | 804170 | 804171 for 804172 |
MATR X ' Mussel sediment| Sediment| Rsagent | Sediment|{ Sediment i
HCB s | M ] W] W | W ] o027 | e |
q-BHC ND ND ND | o ND NS=** i
p-BHC ND ND ND ND ND 0.038 95 |
s ~BHC ND ND ND ND ND 0.040 100 |
§-BHC ND ND ND | N 1 ND NS :
loxych lordane ND ND NO | D N | 0.040 | 100
Hept. Epox. ND ND NDO | ND ND 0.041 | 103 |
r-Chlordane ND ND ND ND ND NS | :
t-Nonach lor ND ND ND ND ND 0.038 95 |
Toxaphene ND ND ND ND ND NS
PCB's (total) ND ND ND ND ND NS j
o, p'-DDE ND ND ND ND ND 0.042 105 |
g~Chlordane ND ND ND | N0 | N ©.039 g8
P, p’-DDE ND ND ND ND ND 0.040 100 |
Dieldrin ND ND ND ND ND 0.038 o5 |
lo, p’-DDD ND ND NDO | ND | WD NS '
(Endrin ND [ ND ND | ND | ND c.041 | 103
icis-nonachlor | N3 1 KD ND | ND 1 NO | 0.041 103
lo, p'-DOT | N | ND NO | ND | ND | 0.040 100
‘2, p'=DD LN K2 N NC NS c.028 | @B
o, pr-DD i AC | KD I ND . ND N3 2.38 ! 93
IMirex No L D ND | N0 P oo.0 0.14 | 100
| OTHER - 1 ~
i’ 1 ] | = | |
! . | | e | ]
I'WE IGHT (g) | 165 | 479 444 | - o - Lo |
i{mm_sruns (%) $2.5 45.6 2.2 | - 50.¢ |.50.0 | i
ILIPID (%) | 0.460 | - - - - - |
'Lower tevel of Detaction = 0.C1 ppm for Tissue, Soll, ¢ C.CS for Toxaphene and PCEs

f?i’:-goﬂcf




and Sedimant

| SAMPLE TYPE: Mussels

" UBOX ¢
MISS. STATE, MS 38762

-,

e

My W

For Water, LLD=

0.005 ppm for OCs,

Tox , PCBs.

*ND = None Detected
**Spike = 0,10 ppm for Fish except

Murex @ 0 20“5

RIS

p:kos

2 A2

AT b0, oazs "ERST ek Biie 550 fest e
REG.!D #: 80-5-051 Queus Date 12/20/9
ORDER NO. ggggo-o-

PARTS PER MILLION AS RECEIVED (WET WT) _
FHWS » Blank Blank g?égéx i Spike*=* Recgvery
LAB ® 804173 | 804174 for | 804175
MATR I X Reagent Reagent Fish Fish
HCB ND* ND ND 0.066 66
q-BHC ND ND ND NG*=»
r =BHC ND ND ND 0.096 96
g =BHC ND ND ND 0.093 03
§-BHC ND ND ND | Ns
Oxychlordane ND ND ND 0.082 92
Hept. Epox. ND ND ND 0.10 100
r~Chlordane ND ND NO | NS
t-Nonachler ND ND ND 0.10 100
Toxaphene ND ND ND NS
PCB’s (total) ND ND ND NS
o, p‘-DDE ND ND ND 0.10 100
g~Chlordane ND ND 0.01 | o.078 78
p, p'-DDE ND ND 0.02 | 0.085 05
Dieldrin ND ND 0.01 | o0.081 81
o, p’-DDD ND ND O D NS
Endrin ND ND ND | o.089 89
cis=nonachlor ND ND ND | 0.097 97
o, p'-bDT ND ND N | 0.10 100
ip, p'=-DDD ND ND 0.01 | 0.10 ! 100
', p'-DDT %3 i N ND 0.16 | 100
IMirex ND ND No L o019 | es
o — —
f — - —— ! ! I

i 1

JEIGHT (g) - - - |- |
MOISTURE (X) - - 71.0 | 68.0 | . !
bLIPID (%) - - . 8.53 9.44 | § |
Lower Level of Detect:on = 0.01 ppm for Tissue, Soil, Etc 0.03 for Toxaphene and PCB:

L, G




SAMPLE TYPE: Musse
and Sediment

MIJJiadirr.
s BOX C
MiSSISSIPP! STATE, MS 39762

QiMIE UREMIGAL LABURAIUR)

rage 1

Lower Level of Det
For Water, LLD= 0.
**Spike = pPpm
# = Confirmed by G
*ND = None Datecte
***NS = Not Spiked

ection- O._O'T

0?5 ppm for CCs, Tox ,
or

C/Mass Spectrometry

PCBs.

ppm for Tissue, Soil, Ete.

0.05 for Toxaphane and PCB

Lo

06./7
Qo .

CAT NO. 6335 nsgggp;gnu 8:%3 g{:?é Eggg ?gfggfgg
SES.';;"DNSf ggggaggl Quaus Date 12/20/90
0254 PARTS PER MILLION AS RECEIVED (WET WT)
FWS ASH1-B | ASH1-Sa| ASH1-Sb| ASH2-B | ASH2-Sa| ASH2-5b| ASH3-B
LAB # 804148 | 804149 804150 | 804151 | 804152 | 804153 | 804154
MATRIX Mussel Sediment| Sediment| Mussel Sediment| Sediment| Mussel
E T — —
Dicofol ND* N | Nb | Nb | ND | ND ND
Endosuifan | ND ND ND ND ND ND ND
Endosulfan 11! ND ND ND ND ND ND ND
8-Monohydremirex| ND ND ND ND ND ND ND
10-Monohydromire| ND ND ND NO i ND ND ND
2,8-Dihydromirex| ND ND ND ND | ND ND ND |
SShydromarex ND ND ND ND ! NG ND ND
Sinyaron!tax ND N | W ND ' ND ND ND
OTHER: - - l
l
| - I!
WEIGHT (g) 148 403 300 133 | 449 406 166
MOISTURE (%) 94.0 23.4 28.6 92.0 23.0 27.2 92.5
LIPID (X) 0.300 L 0.240 | - - 0.280

d

Signatu
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SAMPLE TYPE: Mussels
and Sediment

! . - - . -

80X
MISSISSIPPI STATE, MS 39762
REPORT FORM Date P.0Q. Recd 08/08%,
CAT NO, 6335 ' USD!/FWS ) Date Spls Recd 10/23,

REG.ID w: 90-5-051 Qusue Date 12/20,
ORDER NO. 85800-0- ORGANQCHLOR INES (SUPPLEMENTAL)

6254
PARTS PER MILLION AS RECE!VED (WET WT)

e e — e e —— S
FWS » ASH3-Sa| ASH3-Sb| ASH4-B ASH4-Sa| ASH4-Sb|{ MIL1 ASH5-
LAB 804155 | 804156 | 804157 | 804158 | 804159 | 804160 | B8041¢
MATR I X Sediment{ Sediment| Musss] ’ SedIiment| Sediment| Mussel Sedime
T — e, T e —— il Wb B
bicotol | e | ™ | o T ®Towm T w e
Endosulfan | ND ND ND | ND . ND ND ND
Endosulfan 1} ND ND NO | ND ND ND " ND
8-Monohydromirex|  ND ND NO ] ND ND ND ND
10~Monohydromire| ND | ND ND I ND | ND | ND ND
2,8-Dihydromirex ND ND ND i ND | ND ND ND
O hyaroms rex ND ND ND ! ND - ND ND ND
S hyaronirox ND ND ND ND ND ND ND
OTHER: w
i
% ! I
WEIGHT (g) 457 286 ﬁ? 173 283
MOISTURE (X) 14.6 28.2 93.0 | 30.0 26.0 92.0 71.0
LIPID (%) - - 0.320 | - |- 0.380 -
Lower Lavel of Detection = 0.01 ppm for Tissue, Soil, Etz. Q.05 for Toxaphens and P!
Eggp?g;e:, LLD-pghO?grppm for CCs, Tox , PCBs.
# = Confirmed by GC/Mass Spectirometry :7<§;;;,L’ﬂ <

*ND = Nona Detected VA
**=&NS = Not Spiked Signature i

[
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SAMPLE TYPE: Mussels T " mBoxcRC T T T T e T
and Sediment MISSISSIPPI STATE, MS 39762
REPORT FORM Date P.0. Recd 0B/09/9¢
CAT NO. 6335 USD| /FWS Date Spis Recd 10/23/9C
REG.1D ®»: 90~5-051 Queus Data 12/20/9¢C
ORDER NO. ggggo-o- ORGANOCHLORINES (SUPPLEMENTAL)
PARTS PER MILLION AS RECEIVED (WET WT)
—— - e . — - = — = —e—— . e -
FWS » ASH5-Sb| ASHs-B ASHE6-Sa] ASHB-Sb| ASH6-Sb| CT1-B CT1-8
LAB « 804182 804163 804164 | B04165A | BO41658 804166 804167
Duplicate .
MATR !X Sediment| Mussel Sediment| Sediment| Sediment| Mussel Sediment
——e————————= — T e e e ——
| COMPOUND » _ ,
Dicofol ND* ND ND ND ND ND ND
Endosulfan | ND ND ND ND ND ND ND
Endosulfan |1 ND ND ND ND ND ND ND
8-Monohydromirex ND ND ND ND ND o ND ND
10-Menohydromire ND ND ND ND ND ND ND
2,8-Dihydremirex| ND ND ND ND | ND ND ND
(QES)S:‘IO"
Dihydromirex ND ND ND ND ND ND ND
(trans)5,10-
Dihydromirex ND ND ND ND ND ND ND
! OTHER:
WEIGHT (g) 474 178 587 276 276 155 404
MOISTURE (%) 37.6 93.0 30.8 36.0 34.8 92.0 44.6
LIPID (%) - 0.2860 - - - 0.440 -
i Jd - 1 vV |

Lower Level of 6;tection = 0.01 ppm for Tissue, Soil, Etc. 0.05 for Toxaphene and PCE
For Water, LLD= 0.005 ppm for OCs, Tox , PCBs,

w P eentTrmed by cIMEss Spectromet 57<:::> e,
W = Conftirme Yy ass specirometry
*ND = None Detected [ P T W S 2 —

**x%NS = Not Spiked Signature CT




J— C C g W

SAMPLE TYPE: Muasels BOX CR
and Sedimant MISSISSIPP! STATE, MS 38762

: REPORT FORM : Date P.C. Recd 08/09/90
CAT NO. 8335 USD1/FWS Cate Spls Recd 10/23/90

REG.1D #: 90-5-051 Queaus Date 12/720/99
QOROER NC. 85B00-~0- ORGANOCHLOR {NES (SUPPLEMENTAL)

6254
PARTS PER MILLION AS RECEIVED (WET WT)
o I —

T S S ECE—
FWS » £72-8 CT2-8 MITa Blank g?ggix Spike Spike
LAB # 804168 | 804169 804170 | 804171 for Leve! | 804172
MATRIX Musse | Ssediment| Sediment| Reagent | Sediment| Sediment| Sediment
COMPOUND "
Dicofol ND= ND ND | ND | ND 0.040 | 0.046
Endosulfan | ND ND ND ND ND 0.010 0.010
Endosulfan (| ND ND ND ND | ND 0.025 0.024
8-Monohydromirex| ND ND  ND ND | D 0.10 0.10
10-Monohydromire|  ND ND ND ND Y 0.19 0.10
2,8=Dihydromirex ND ND ND NO | ND 0.10 .10
! 1

SThyaromrex ND ND ND oo | 0.70 | o.10

» i !
6?532#&2;12: ND ND ND ND | ND 0.10 l 0.10 !

| | ;
WEIGHT (g) 165 479 444 - | - -
MCISTURE (%) g2.5 45.6 28.2 - | 50.0 50.0

ILIPID (%) C.460 - - l - i - -
e I S—

Lower Level of Detection = 0.01 ppm for Tissue, Soil, Etc. 0.05 for Toxaphene and PCS
igs Wahar, BL?- ?.005 ppm for 0Cs, Tox , PCBs. K:::
= None Detectec .
**%NS = Not Spiked I
el

w

(4]

Signhature



For Water, LLD= 0.005 ppm for CCs, Tox ,

*ND = None Detecte

*xSpike = §.10 ppm for Fish except

Endo.| ® 0704 ppm.
XIS = NOT Spiked

d

PCBs.

NV L

</

MIOui1ooiFr I 1A E VHEMILAL LABURA I UR I rage »
SAMPLE TYPE: Mussels BOX CR
and Sediment MISSISSIPPI STATE, MS 39762
REPORT FORM Date P.O. Recd 08/09/90
CAT NO. 6335 USDI/FWS Date Spis Recd 10/23/90
REG. ID »: 90-5-051 Queus Date 12/20/90
ORDER NO. ggggo-o- QRGANQCHLORINES (SUPPLEMENTAL)
PARTS PER MILLION AS RECEIVED (WET WT)
T e e e ———— e ——
4 Matrix %
FWS # Recovery| Blank Blank Biank Spike=* Recovery
LAB 804173 804174 for 804175
MATR I X Reagent Reagent Flsh Fish
COMPOUND
Dicofol 115 ND* ND -ND 0.085 a5
Endosulfan | 100 ND ND ND 0.038 85
Endosulifan |1 96 ND ND ND .10 100
8-Monohydromirex 100 ND ND ND 0.10 100
10-Mongohydromire 100 ND ND ND ! 0.10 100
2,8-Dihydromirex| 100 ND ND ND | 0.088 | 98
|
(cis)5,10- I
Dihydromirex 100 ND ND ND 0.0%1 91
(trans)s,10-
Dihydromirex 100 ND ND ND 0.11 110
— e — =
OTHER:
i i
JEIGHT (g) - - - -
MIISTURE (X) - - 71.0 £68.0
LIPID (X) - - 8.53 | 9.4
T R RRRRRRBSSSEE SRR em—=———===, H ——
Lower Leve] of Detection = 0.01 ppm for Tissue, Soil, Etz. 0.05 for Texaphene and PCB

ANy

Signature

o

7



Method 1. Analysis For Organochlorine Pesticides and PCBs In

Animal and Plant Tissue.

Ten gram tissue samples are thoroughly mixed with anhydrous sodium
‘sulfate and soxhlet extracted with hexane for seven hours. The
extract is concentrated by rotary evaporation; transferred to a
tared test tubé; and further concentrated to dryness for 1lipid
determination. The weighed lipid sample is dissolved in petroleum
ether and extracted four times with acetonitrile saturated with
petroleum ether. Residues are partitioned into pe:iroleum ether
which is washed, concentrated, and +transferred to a glass
chromatographic column ccntaining 20 grams of Florisil. The column
is eluted with 200 ml 6% diethyl ether/34% petroleum ether
(Fraction I) followed by 200 ml 15% diethyl ether/85% petroleum
- éthé-r (Fraction II). Fraction II is concenirated to appropriate
volume for quantification cf residues by packed or capillary column
electron capture gas chromatography. Fracticn I is concentrated
and transferred to a Silicic acid chremetographic column for
additional cleanup required for separation c¢f PCBs from other
organochlorines. Three fractions are eluted from the silicic aci
column. Each 1is concentrated +o appreprizte volume for

-3 + 4 = =t A an . 3 - S . - -
Cuan<TlIiiCaTlcl CI resiguss CYy DTacLed Or megailre JCo_Umn, e.ectron



Method 2. Analysis For Organochlorine Pesticides and PCBs In Soil

and Sediment.

Twenty-five gram soil or sediment samples are extracted with
acetone followed by hexane, by allowing to soak one hour in each
with intermittent shaking. The combined extracts are centrifuged
and decanted into a separatory funnel containing sufficient water
to facilitate partitioning of residues into hexane portion. The
hexane is washed twiée with water and concentrated to appropriate
volume for transfer to a 1.6 grem Florisil mini-column topred with
1.6 grams sodium sulfate. Residues are eluted from the cclumn in
two elution fractiens. Fraction I consisis of 12 milliliters
hexane followed by 12 milliliters of 1% methanol in hexane, and
Fraction II consists of an additional 24 milliliters cf 1% methancol
in hexane. If additional cleanup is required to separate PCBs from
other organochlorines in Fraction I, further chromatocgraphy on a
Silicic acid column is performed. Quantification c¢f residues in
the two Florisil fractions and three Silicic acid fractions is by

packed or megabore column, electron capture gas chromatography.



Elution Profiles for Florisil, Silica Gel and

Silicic Acid Column Separations

A. Florisil Column:

1.

Fraction I (6% ethyl ether containing 2% ethanol, 94%

petroleum ether)

HCB, alpha-BHC, beta-BHC, gamma-BHC, delta-BHC,
oxychlordane, heptachlor epoxide, gamma-chlordane,
trans-ncnachlor, toxaphene, PCB's, c,p'-DDT,
alpha-Chlordane, p,p'-DDE, p,p'-DDT, cis-nonachlor,
0,p'-DDT, p,p'-DDD, p,p'-DDT, mirex, dicofal,

endosulfan I (Split with FII).

Fraction IT (15% ethyl ether contaizing 2% ethanol, 85% -

petroleum ether)

it with FIy,

-

dieldrin, endrin, dacthal, endosulfan I {sz
endosulfan II (split with FIII), endosulfan sulfate (split
with FIII).

Fraction ITI (50% ethyl ether contairning 2% ethanol, 50%

petroleum ether)
endosulfan II (split with FII), endcsulfan sulfate

{split with FII), malathion.



B. qurisil Mini-Column:

1.

Fraction I (12 ml hexane followed by 12 ml 1% methanol in
hexane)

HCB, gamma-BHC (25%), alpha-3HC (splits with FII),
trans-nonachlor, o,p'-DDE, p,p'-DDE, o,p'-DDD, p,p'-DDD
(splits with FII), o,p'-DDT, p,p'-DDT, mirex,
cis-nonachlor, cis-chlordane, trans-chlordane, PCB's,
Photomirex and derivatives.

Fraction IT (24 ml 1% methanol in hexane)

gamma BHC (75%), beta-BEC, azlpha-BHC (spliis with F ),
delta-BHC, oxychlordane, heptachlor epoxide, toxaphene,
dicofol, dacthal, endosulfan I, endosulfan II, endosulfan
sulfate, octachlorostyrene, Kepone (with additional 12mls

1% methanol in hexane).

C. Silica Gel:

1.

SG Fraction I (100 ml petroleum ether)

n-dodecane, n-tridecane, n-tetradecane, ocylcyclohexane,

n-pertadecane, nonycycliochexane, n-hexadecane,

n-noraziecane, n-aigosane,

ﬂ'

SG Fraction II (100 ml 40% methylene chloride in petroleum

ether followed by 50 ml methylene chlcride)

napthaiene, fluorene, phenanthrene, anthracene,
fluoranthrene, pyrene, 1,2-benzanthracene, chrysene, benco
[b} fluoranthrene, benzo [k] fluoranthrene, benzo [e]

pyrene, benzo [a) pyrene, 1,2:5,6-dibenzanthracene, benzo



D.

[g.h,i] perylene.

Silicic Acid:

1.

SA Fraction I (20 ml petroleum_ether)

HCB, mirex

SA Fraction II (100ml petroleum ether)

PCB's, p,p'-DDE (splits with SA III)

SA Fraction III (20 ml mixed solvent: 1% acetonitrile,
80% methylene chleride, 19% hexane)

alpha-BHC, beta-BHC, gamma-BHC, delta-BHC, oxychlordane,
heptachlor epoxide, gamma-chlordane, trans-chlordane,
toxaphene, o,p'-DDE, alpha-chlordane, p,p'-DDE (splits with
SAII}, o,p;—DDT, cis-ronachlor, o,p'-22T, p,p'-DDD,

P.p'-DD?, dicofol.



Appendix 2. Results of organophosphate ard carbamate analyses of sediments
and mussel tissue (Elliptio complanata) collected from the Ashuelot,
Connecticut, and Mill Rivers in 1990.



U. S. FISH AND WILDLIFE SERVICE
PATUXENT WILDLIFE RESEARCH CENTER
ENVIRONMENTAL CONTAMINANTS RESEARCH BRANCH
QUALITY ASSURANCE REPORT

CATALOG: 6335 REGION: 5 REGIONAL ID: 90-5-051

These analyses were performed by the Patuxent Analytical Control Facility in
conformance with the Environmental Contaminants Research Branch Quality Assurance
Program.

The accuracy, as measured by spiked sample analyses was acceptable.

The precision, as measured by dup]iéate sample analyses, was acceptable for all

analytes.
CORLH P Bos 30-5/

Qﬁzﬂﬁty Assurance Officer Date

RECEIVED |
FiSH & WiLDUIFE SERVICE

MAR 2 5 1991

Iz

fout [ =] i |
—mHavtoNQoﬂDJtH_



United States Department of the Interior

FISH AND WILDLIFE SERVICE
PATUXENT WILDLIFE RESEARCH CENTER
LAUREL, MARYLAND 20708

pate D~ {&-Gf

K, ANALYTICAL METHODOLOGY FOR
ORGANOPHOSPHATE/CARBAMATE SCANNING

N 335

Matrix  /sssoe / Sediment

Sample Preparation Date (- 30O - 9|

Summary: This method involves homogenization of the sample followed by
mixing with acetone and methylene chloride to separate the pesticides
from the tissue. The organic extract is filtered and adjusted to
volume prior to gas chromatography using a flame photometric detector
for organophospate determinations and a nitrogen phosphorus detector
for carbamate determinations. Megabore capillary columns are used
for the GC separations.

Reference
Patuxent Wildlife Research Center, Analytical Chemistiry Group SOP
Organophosphate/Carbamate Scanning Method (06-25.00). April 28, 1988.
ENALYST CERTIFICATION OF PROCESS

I certify that these analyses were performed according to the standard
cperating procedure as described by the method listed zhove.

There ware no deviations

Deviations were necessary e .

Description and reasons for deviations: Due %o inwe ewense fo GC Semsirind
xor- mu'rha..;/(’ /3?. e AL oéc,{-c-{-r_oe \L/&m rcpo»—T’.

Anzlyst



osda e wzparart Lenter
Tortoal Conitrol Facil litw

Mo bah S0

L TG REFDRT
TAT ke &II0 GO colwnn: Zom omecabore: 7L ocvanosroevl
OnTE: 0E/18/91 o oehenv] polwvsiloxance for OFsE:

Fenmeth Carre & rhenvl methyl polvsiloxane
FO-35-051 far carbamates

[

SUEMITTER:
SUE I.L. #:

Whole
wt grams

Aaliquot
wt arams

SUBMITTER ID IDENTIFICATION

1244 - EROCEDURAL  BLANK - -
1253 ASH1-E MUSSEL TISSUE - 10,38
1366 ASHZ-E MUSSEL TISSUE - 1.0
1287 ASHI-E MUSSEL TISSUE - 19,23
1225 ASHA-E MUSSEL TIgayy - 1.7
1529 ASHS-E MIJSEEL TIssd - tr.EZ
1T ASHS-E DUFLICATE - 10, 1s
1271 ASH&~I MUSSEL TISSUE - 10, 06
1772 ASHO—& OF/CARBAMATE BFIKE - 10,06
173 CTIii~-E MUSSEL TISSUE - 10, 3é&
1274 CTIZ-B MUSSEL TISSUE - 180,06

1275 : - FROCEDURAL ELAME -~
1276 ASH1~Sa SEDIMENT - 10,07
1277 ASH1-Sb SEDIMENT - 10,09
1278 ASHZ-Sa SEDIMENT - 10,07
1273 . ABHZ2-5a DUFLICATE -~ 1o,

122 ASHZ2-5b SEDIMENT - 10, 38

SELIMENT ' - 10,13
OP/CARBAMATE SFIKE - 16,235

ASH3-Sa
ASH3~5a

1zel

128z

i

126= ASH3I-Eb SEDIMENT - 14,173
1254 ASH4-5a SEDIMENT - 10,04
1285 ASH4-5EB SELIMENT - 1w, 05
1iss ASHOS-5a SEDIMENT - 15,14
1287 ASHS-5b SELIMENT - 10, 24
1Z&8= ASH&~8a S IMENT - 1. 1=
1285 ASH&-5D BEDIMENT - 1,15
1250 £Ti-5 SEDIMZNT = LR
12512 CTE-v =E - T
12=Z MIIa == - LI
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ficerhate ' Ll b R X% I
Azinehos—m=ithyvl : 3 e, L0 G
Chlorevritos—dursban 5 0. AL
Coumarhos 0. L.
Deme ton 0. £0.
Liazinon AU 0.

Dichlorvos
Dicrotorhos
Dimethoate
Disulfoton
Dursbhan

EFN

Ethoprop
Fammhoe
Fensulfothion
Fenthion

<0,
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e
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Malathion S0, S
Metnamidorhos 0.T
Methyl Farathion 20, 5
Mevinshos AR 5
Menocrotophos 0. 5
Farathion L. 5
Fhorate 0. 5
Terbutfos <0, S0, 0, 5
Trichlorfon RN AN i =

CARBAMATE ANALYSES
(UG/G Wet Weiaht)

CGMEOUMND 12&7 1271
Aldicarb 1.0 1,0}
Carbarvl 1.8 1.0
Carbosuran 1.1 Y
et iooarh ko W 1
Oxamyl SO QLN T1.0
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Azinenos-netnsgl R T, T E

Chlorpverifos—durshan L. NI S

Coumaphos L0, S L0, 3

Demeton S0, )

Diazmingn L0, = =

Dichlorvos . S D )

Dicrotorhas =] =

Dimethoate 5 = =

Disulfoton S ' S

Dursban o b
by}

A

EFhi

Ethomroe

Fame e
Fensulfothicn
Fenthion
Malathion
Methamidorhos

[

QLR Cn nen im0 O EH e €8 ro e G eR L Lo o oen O ety

LT o oy e

o)
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o
L
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Terbutfos
Trichlorfon

gt Ao @enin e
DRI R T B I I T O WUV L R T A R ) Y AL L

DU R TR O B N L T B AR
(LI T I o O T L

=

Methvl Farathicon 0. L, 5
Mevinehos Q. i, ]
Monocrotashos . S0 b
Farathion A =
Fhorate €0 b
. =

5

CARBAMSTE ANLLYSES
(UG/G Wet Weiaht)

COMFGURND 1551 =
fildicarb 1.0 1.0
Carimarvi l.o ; S1 090
Carboturan R i I B,
MEthiozark ik ML e w1l
Oxamvl SN P 1,0 Y 1,0

continued
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Ciltasig wan Weaalid

COFRPF QT ' L 152895 : I 1=1 FAT
Acephacs
Azinphoz-mstnvl
Chlorev eI fos—durshban
Coumarha=

Demeton

Diazincn

Dichlorvos
Dicrotornoes
Dimethozte
Disulfotan

Durshan

EFN

(NURYRUNORCELUECEGRG RN

vr

MMM A MW mWmadg e

Ethoercs . o
Famphurs . 5
Fensul+cthicon L TS
Fenthico i, 0.3
Malathizn A LO.D
Methamicoahos L, w5

Methvl Farathion <0, 0.5
Mevinephcos <Q. A
Monocrotorphos " S w0, bl
Farathicn o L0, b

Fhaorate S 0, 5 , .
Terbufos 0.5 <0, 5 7
Trichlar<sn 5 ' o.s

CARBAMATE ANALYSES ) e
(UG/G W=t Weiaht) ' AR e
COMPOUND 1788 1785

Fldicard 1.0 1.0 o B .
Carbarvi 1.0 21,0 1.0
Carbgfursn - : 1.0 w10 s T
' 1.t 1.0 D1 Vot
Thau SRV 1,0 T

These a2 zivses are aualitstive: extraction sarameters have not been
gptimiez=s and recoverles have mot been destermined. Iintereretation of
data gshcouold be based on fthe qualitative presence of the compoundi{(s)

and not zh2 reeporied concenirsastions. Compounds rescorted as "9 detection

n
limit" were not detzcted at that estimated limit, pozsibly due to poor
methoc mzrformance or malor interferences with amaivie in that sample

2 ncminal lower limit of reportable resicae basec on a 10 aram sanple is
.5 pem wet weight for OFs and 1.0 pem wet weiaht for cerbamates.

a2
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RECOVERIES

Eubmit,
Lab #:
Spike
COMFGUND
Gidicarbk
Carbaryil
Carboturan
Methiccarb
Oxamyvl

COMIFOUND
sldicarb 31, i
tarbarvil .
Carboruran 1.0
Methioccarb 1.0
Oxamvl

Thess analwvses ars cu=litativ
ortimiced and recow eries have
Cata ghould bs basesd on ths =
=nd rnots the resoriso —ono
limit" were not deftectszd &
method performance or maior 1

masris.

The nominal lower lim:t of re
+or OFz anc 1.9 ppm owst welsn

Lo AU M.

AMELYST

#:ﬁ:Ha*T

L73
Fa)

f
"
LI

[

HLANEES

Wet Weiahtil R{E
1278
12739 1254 1275
1.0 15,0 1.0
1.0 1.0 110, G
1.0 L10. 0 L1000
1.0 10,0 L1000, 0
1.0 SRR 10,0
s: gxtraction FaPrameEtse:
Mot been determined
~slitative Pprecencs
1o . Compmounds
T estimated limit,
ntarfsrences wiih ans
soprtabhle residus is ©.F com o wel welaht
T Tz carbamates baszz on & 10 5 =samele.
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