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FOREWORD

The United States Congress created the National Estuary Program
in 1984, citing its concern for the "health and ecological
integrity" of the nation's estuaries and estuarine resources.
Narragansett Bay was selected for inclusion in the National
Estuary Program in 1984 and designated an "estuary of national
significance” in 1988. The Narragansett Bay Project (NBP) was
established in 1985. Under the joint sponsorship of the U.S.
Environmental Protection Agency and the Rhode Island Department
of Environmental Management, the NBP's mandate is to direct a
five-year program of research and planning focussed on managing
Narragansett Bay and its resources for future generations. The
NBP will develop a comprehensive management plan by December,
1990, which will recommend actions to improve and protect the Bay
and its natural resources.

The NBP has established the following seven priority issues for
Narragansett Bay:

* management of fisheries
nutrients and potential for eutrophication
impacts of toxic contaminants
health and abundance of living resocurces
health risk to consumers of contaminated seafood
land-based impacts on water guality

* recreational uses
The NBP is taking an ecosystem approach to address these problems
and has funded research that will help to improve our
understanding of various aspects of these priority problems. The
Project 1is also working to expand and coordinate existing
programs among state agencies, governmental institutions, and
academic researchers in order to apply research findings to the
practical needs of managing the Bay and improving the
environmental quality of its watershed.

X* % X % %

This report represents the technical results of an investigation
performed for the Narragansett Bay Project. The information in
this document has been funded wholly or in part by the United
States Environmental Protection Agency under assistance agreement
#CX812768 to the Rhode 1Island Department of Environmental
Management. It has been subject to the Agency's and the
Narragansett Bay Project's peer and administrative review and has
been accepted for publication by the Management Committee of the
Narragansett Bay Project. The results and conclusions contained
herein are those o©of the author(s), and d¢ not necessarily
represent the views or recommendations of the NBP. Final
recommendations for management actions will be based upon the
results of this and other investigations.
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This report has been reviewed by THIBAULT/BUBLY ASSOCIATES, the Narragansett Bay
Project and anonymous reviewers and approved for publication. Approval does not
signify that the contents necessarily reflect the views and policies of the
Environmental Protection Agency,nor does mention of trade names or cornmercial
products constitute endorsement or recommendation for use.

This report is a presentation of data and contains little data interpretation.
Quality assurance inforration is provided but not evaluated in relation to
analytical results from other laboratories.
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SUMMARY

Trace metals were determined in quahog clams from Narragansett Bay. Four sizes of
clams were collected from stations throughout the upper half of Narragansett Bay and
Mount Hope Bay. The tissues of the clams were homogenized, digested, and analyzed
for cadmium, chromium, copper, lead, mercury, nickel, and zinc. Maximum body
burdens for these metals were observed in the Providence River, an area of high
pellution input to Narragansett Bay.

. INTRODUCTION

The quahog (Mercenaria mercenaria) is an important fishery resource in Narragansett
Bay and nearby regions. The assessment of this resource should include
investigations of contaminant levels in these clams as a function of water quality.
The objective of this project was to determine the concentration of cadmium (Cd),
chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), and zinc (Zn) in
whole tissues of quahogs from the Narragansett Bay estuary. Data interpretation was
not part of this project, so the data is presented here with little interpretation.

This project was conducted as part of Objective IV of the Narragansett Bay Workplan
(FY 85): to determine the status of the quahog fishery resource as a function of
water quality. The data reported here must be compared to water quality parameters
measured by other investigators in order to assess the relationship between water
quality and metai body burdens in the quahogs.

a. Design

The two sampling seasons of Fall and Spring were chosen to determine the effect
of annual growth cycles on contaminant levels. Since a previous investigator
(Cullen, 1984) had shown that the concentrations of metals in quahog tissues
may vary with size, three main size classes were chosen for sampling. The
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sizes were based upon their usage in defining the commercial fishery:
littlenecks (4 to 6 cm maximum shell dimension); cherrystones (6 to 8 cm); and
quahogs (greater than 8 cm). A fourth size Class, the sub-legals (less than 4
cm), was sampled when available.

Samples were collected from several locations in upper Narragansett Bay: Mount
Hope Bay, Greenwich Bay, Chio Ledge, Mount View, and the Providence River
(Table 1 and Figure 1). After the clams were collected, they were stored in a
freezer. Freezing kiled the clams and enabled easy removal of the whole clam
after thawing. Following appropriate acid digestions, the samples were
analyzed for cadmium, chromium, copper, lead, nickel, and zinc using flame
atomic absorption spectrophotometry. The clam digestates were analyzed for
mercury using a Jerome gold film analyzer.

. METHODS
a. Procedures

The procedures and methodology follow the quality assurance/workplan prepared
for this project. A simplified flow diagram (Figure 2) illustrates the steps
of the procedure.

1) Shucking and homogenization: The frozen clams were spread out on a
countertop at room temperature and allowed to thaw for 1-3 hours. The
shells were forced open and the whole body of the clam was removed
using a plastic spatula. The clams were grouped into batches of four
individuals of the same size class and placed in a plastic colander.
Excess liquid was allowed to drain from the clams for approximately 15
minutes. The drained clam tissues were then homogenized to a puree in
a stainless steel commercial Waring blender. Occasionally, individual
clams were homogenized and processed as separate samples.

Page 2



Table 1. Location of stations where quahog clams were collected for this study.

Station Location ILatitude Longitude
Fall 1985 (11/20/85)

ME-55 Mount Hope Bay 41°© 39.20° 710 14,25

ME-61 Mount Hope Bay 41°© 42,00 710 13,777

ME-62 Mount Hope Bay 410 39.35° 710 12,63

MH-63 Mount Hope Bay 410 39.38° 710 15.14"

Fall 1985 (11/21/85)

GR-1 Greerwich Bay 410 40.40" 710 24.59°
or-1 Ohio Ledge ' 41° 40.75° 710 19,75"
M7~-1 Mount View . 410 37.45' 710 23.61°
PR-2 Providence River 41° 45,56 710 22.30°
PR-13 Providence River 410 44.50° 710 22.50"
PR-30 Providence River 410 43.90" 710 21.30'
PR-47 Providence River 410 43.70" 71°© 21.10"
PR-49 Providence River 410 43.40' 710 21.90°

Spring 1986 (6/4/86) _
M-1 Mount View 410 37.41° 710 23.64°

GR-2 Greerwich Bay 41°© 40.51°' 71° 24.10°
PR-1 Providence River 410 45,50 710 22.40'
PR-15 Providence River 410 44,40 710 22,607
PR-30 Providence River 410 43,90" 710 21.30°’
PR-47 Providence River 410 43,70 710 21.10°
PR-49 Providence River 410 43.40° 71© 21.90°

Spring 1986 (6/5/86)

MW-2 Mount View 41° 37.93' 710 22.29
oB-1 Ohio Ledge 410 40.73" 710 19.80°
MH-55,56 Mount Hope Bay 410 39,20° 710 14.00~.25"
MH-61 Mount Hope Bay 410 42.00" 710 13.77"
ME-62 Mount Hope Bay 410 39.35° 710 12.63"

MA-64 Mount Hope Bay 41© 38.96" 71© 15,32
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2) Determination of percent water: An aliquot of the homogenate was taken

3)

4)

5)

6)

at the same time the acid digestion was performed, and the dry weight
to wet weight ratio was determined by drying at approximately 100° C
overnight. The dry weight to wet weight ratios were used to convert
homogenate wet weights for the digestions to dry weights.

Hot nitric acid digestion: Ten to twenty grams of each homogenate was
added to 50 ml screw cap glass test tubes. The same amount of
concentrateu nitric acid was added and the tubes were allowed to sit
overnight. The tubes were then placed in a water bath at 55° C and
periodically shaken to maximize contact between the tissues and the
acid. The digestions continued untii only a waxy residue was left in
the tubes (1 to 2 days). The liquid was diluted to 50 ml with
deionized water and filtered through acid rinsed glass fiber fitters to
remove resic.al materials. ‘

Secondary digestion for determination of mercury: The digestion
detailed in EPA 245.1 was scaled down for the smaller sample size of
the homogenates. It was basically an acid digestion at 95° C which
included persulfate and permanganate to completely oxidize organic
mercury compounds. The excess oxidants were removed with hydroxylamine
prior to analysis.

Mercury analysis with a Jerome gold fim analyzer: The mercury in the
secondary digestion solution was reduced to volatiie elemental mercury
which was air-purged into the analyzer. Elemental mercury was absorbed
onto a gold film. Changes in the resistance of the goid film were
directly related to the amount of mercury absorbed on the film.

Cd, Cr, Cu, Pb, Ni, and Zn analyses: The digested sémple (from 11.a.3)

was analyzed using direct aspiration flame atomic absorption
spectrophotometry. - - '

Page 6

g




Environmental Science Services

a.

RESULTS

Quality Assurance Evaluation

The quality assurance (QA) for this analytical task consisted of three

parts. The first QA procedure established a clam reference sample from
which frozen aliquots could be analyzed in their entirety with each
sample set of clams. This procedure was followed with all sets, but the
results were rot as consistent as expected. It became apparent that the
freezer used to store the pureed aliquots had thawed several times
during the course of the experiment (the actual samples were stored in
another freezer which did not thaw). Close examination of the stored
aliquots revealed color differences (some with substantial black
coloring). If the tissues became anoxic in part, it is possible that
various metal sulfides were created that would change the effectiveness
of the hot nitric acid digestion. These results are not included here

because of the storage probiems.

The second QA procedure involved preparation of duplicate aliquots of

the same blended batch. These duplicates were then digested and

analyzed independently. The results for duplicate samples are compared
to results for the batch samples in Table 2. The variance between
duplicates would be expected to be less than or equal to the variance
among batches. The different metals show different responses:

Copper, nickel, and zinc concentrations were greater than 10 times
the detection limit error and duplicates showed less variabiiity
than batches. '

Cadmium concentrations were approximately 10 times the detection

limit error and showed similar standard deviations for duplicates
and batches. '

Page7
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Lead concentrations were less than a factor of 2 times the
detection limit error so that comparison of duplicate and batch
variability was not meaningful.

Chromium concentrations varied from 1 to 24 times the detaction
limit error and showed no trend in variance between duplicates and
batches.

Mercury concentrations were up to 10 times the detection iimit
error and showed standard deviations for duplicates and batches
similar to the detection limit error.

The third QA procedure was an examination of the recovery of spikes made
to digested samples (Table 3). Traditionally, an anaiytical spike
recovery is performed by measuring the difference between the
concentration of metal found in a spiked sample with the concentration
of the original sample. This was not possible in this case because the
digested sample volume was too small to allow an aliquot to be removed
for spiking and analytical procedures. In this study a separate batch
of clams {same size class and station) was digested and used for spike
recoveries.

Page 9
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*
Teble 3. Metsl apike recoverier for metal addition into digeated samples, Additions were 0.0} me/l (HE), 0.4 mg/1 (Cd,Pb,2n), 0.5 mg/L (Cr), and 1.4 we/le (N{)
Spike for zinc wam prepared from the diluted mample (20 fold dilution of original sample prior to analynin),

e e e et e e e e e 0 e e 0 e 0 1 et o o en e

Cadmi um Copper Chromi um Lend Nickel 2ine Mercury
Sample (up/R) (ug/g) (vg/g) (ug/g) (ug/g) (up/g) (up/g)

Hean  Std pev, Mtan  Std Dev, Mean Std hev, Mean  Std Dev, Mean  Std Dev, Mean  Std Dev, Mean  Std Dev,

Fall '85 GRl ~C§ 1132 Kk jox y134 412 21 1001 6X 1072 182 ;10 4 131% 115% f62
PR2 ~LN 1042 22 167% 132 44% 132 882 kIcH 110X 182 3R2 832 1572 602
oL} ~qn oy 4x 1042 13% 109% 26% 120% 83 120% 17 nx 152 1892 233
PR4T~CS 1002 41 881 571% 892 92 912 212 103% 1% 942 2 101X 272
MV} ~LN 1022 12 7 762 592 02 1032 [121 90% m|x 1242 n |.L'S SN 22
PR49 ~QN 1n82 22 802 192 1202 7 1192 14% 362 1152 68% 1Y 23 45
FRIY~CS 1082 k¥4 14512 322 Jaz 352 1032 45% 662 147 1132 29% 1882 301
MH63~QH 105% 4% 992 442 672 192 82 12% 1022 15% 862 122 1222 892
MH6! -CS 1092 12 1052 1 822 282 912 14% 1032 62 707 381 1432 11X
Spring'86 MISS,S6qu 1122 ax 952 131 811 16% 118% a3 88y 17% 96% 221 352 641
MH61-LN 1082 k14 1092 232 792 34 2112 12 1042 8z 62 2% 5% 14
OHl- cs 1072 12 1232 187 92 62 982 14% t12% 142 942 n 652 292
MV2 ~QHl 1oz 22 992 262 73% 132 92% 11y 87x 492 63% 181 493 412
PR) ~CS 1002 1% k13 7 8u 12% )18 29 822 2642 127% k13 6% 632
PR30-LN 1052 22 11712 10% My 2% 103% 4% 1122 25% 227% 443 oty 8%
GR2 -CS 1082 12 971 32 1052 12 9492 5% 1102 114 109y 132 =12 5%
PRA9 -LN 1092 12 1322 82 952 92 1102 25% 1743 4 122% 42 154% 13
PR4Y -CS 1092 22 1y » e k2 1372 232 952 292 tex 151 1212 242
MV} -LN 11y 11 117} 247 1042 0x 1352 123 1132 5% 91X 54% 0% 62
PR4T-1N 1072 22 1182 192 1132 [} 9B 203 119 102 1672 162 (R} 182
PR4T-CS 1091 42 1312 52 1042 172 1432 6% 972 21 1212 172 72% n
PRIS~CS 1081 0x 1032 a1y 843 52 11212 143 982 22 12 182 612 k3

Average: 1072 1082 831 1122 1012 1002 107Y




Environmental Science Services
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The reported spike recovery was based upon comparison of the spiked
sample batch with the average of the unspiked sample batches of the same
size class clams from the same station. The recoveries reported in
Table 3 include an error bar. This was based upon the standard
deviation (n-1 weighted) of the metal content of the unspiked batches.
The high batch variability observed in this data set resulted in a wide
range of calculated spike recoveries. However, when the average of all
the recoveries for a given metal was taken, the batch variability was
statistically reduced and a reascnable measure of the recovery was
possible. With the exception of chromium, all the recoveries were 100 +
10 percent. The reduced chromium recoveries may have been related to
difficuities in maintaining constant reducing conditions in the flame
for both samples and standards. Erratic results for mercury were due to
the low level of the spike relative to original sample concentrations.
The data were not corrected for spike recoveries.

Metal Concentrations in Clams

The concentrations of metals in the clams were reported for the Fall
sampling in Table 4 and for the Spring sampling in Table 5. The data
were to have been reported on both a wet weight basis (the accepted
format of the FDA and other regulatory agencies) and on a dry weight
basis. The greater than six month storage time for some of the clams
resulted in changes from their original moisture content that could be
easily observed. For that reason, the results were reported only on a
dry weight basis.

Page 11
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Table 4. Metal concentrations (ug/g dry weight) in clams sampled during
November, 1985. Sample names contain three types of information. The
first portion of the sample name gives the station where the clams were
coilected (see Table 1 for listing of stations). The second part of
the sample name gives the size of the clams: SL means sub-legals (less
than 4 cm); LN means littlenecks (4-6 cm); CS means cherrystones (6-8
cm); and QH means quahog (greater than 8 cm). The letter in the third
part of the samplé name indicates the type of sample ("B" means a batch
of 4 animals and "I" means an individual clam) and the number gives the
individual or batch number.

Page 12



Sample "Dry" Wt Cadmiuvm Copper Chromium Lead Nickel Zine Mercury
(grams)  (ug/2) (ug/g) (ug/g) (ug/g)  (vg/g) (ug/g) (ug/g)

GR1 -LN - Bl 3.65 0.85 23.0 1.1 <0.7 12.8 161 0.03
LN - B2 3.60 0.79 14.7 3.0 <0.7 8.0 136 0.03
CS - Bl 4,18 0.56 13.1 0.9 <0.6 9.6 115 0.03
CS - R 3.67 0.58 18.1 0.7 1.0 15.0 168 0.08
CsS - B3 3.59 0.80 14.0 <0.7 1.1 10.7 150 0.25
QH - Bl 4.15 0.64 22.0 0.9 0.9 15.2 156 0.04
QE - B2 4,02 0.31 11.2 <0.6 <0.6 9.4 129 <0.02
QH - B3 3.55 0.60 19.8 1.6 <0.7 9.3 123 0.11
QE -~ 11 3.63 0.52 15.7 1.0 <0.7 10.3 123 0.05
QH - 12 3.52 0.49 15.1 1.9 <0.7 8.3 129 0.05
QH - I3 4,03 0.52 24.4 3.8 1.2 11.1 118 .07
QH - 14 3.77 0.56 15.5 2.1 1.2 30.8 142 0.10
PR2 -LN - B! 2.69 1.16 33.0 3.2 6.3 28.4 281 0.09
LN - B2 2.70 1.08 31.8 4.0 2.3 21.4 181 0.28
LN - B3 3.02 0.94 29.5 2.1 3.4 23.8 268 0.11
Cs - Bl 3.50 0.82 71.4 4.0 4,7 25.3 181 0.25
Ccs - B2 3.83 0.62 64.3 3.3 4.1 21.1 203 0.35
CS - B3 3.85 0.83 37.2 5.2 5.2 43,5 300 0.32
€S - 11 3.26 1.15 21.9 9.0 3.4 2.6 281 0.41
CS - 12 1.73 0.95 26.1 8.7 11.2 13.0 432 <0.06
CS - 13 2.99 0.46 26.9 4.0 1.2 13.4 142 0.12
CS - 14 1.99 1.01 62.2 10.1 6.4 18.6 189 0.33
QH - Bl 2.93 0.86 84,2 6.6 5.8 21.2 253 0.49
QH - B2 3.03 0.92 58.5 7.5 4.6 23.6 216 0.49
QH - B3 3.13 0.77 55.4 8.3 3.7 15.5 158 0.44
OLl1 -LN - Bl 3.16 0.69 24.0 <0.8 2.2 24.4 128 2,55
LN - B2 3.08 0.95 15.3 1.0 1.1 11.4 181 <0.03
LN - B3 3.05 C.60 15.1 3.0 3.5 12.3 172 0.05
LN - 11 1.12 0.94 10.9 <2,2 3.6 7.5 251 <0.09
LY - 12 2.08 0.72 11.5 2.7 <1.2 10.9 141 0.22
LN - I3 1.84 0.59 17.3 <1l.4 <l.4 8.2 179 <0.05
LN - 14 1.48 0.51 8.5 <1,7 2.8 8.6 206 <0,07
Cs - Bl 3.08 0.39 17.8 4.8 i.9 15.9 175 G.12
CS - B2 3.05 0.90 17.7 4.4 2.5 15.4 61 0.19
CS - B3 3.00 0.74 15.¢% 5.4 2.4 16.9 151 0.15
QH - Bl 2.80 0.90 17.7 6.9 1.4 22.5 123 0.28
QH - B2 4.01 0.41 20.5 6.3 1.6 2213 120 0.22
QH -~ B3 2.62 0.57 17.3 9.5 2.3 28.0 147 0.29




P

Sample  "Dry"” Wt Cadmium Copper Chromium Lead Nickel Zirne Mercury

2IoRTy
(grams)  (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g)
PR30-SL - Bl 1.30 1.19 21.1 <1.9 <1,% 17.8 167 <0.08
SL - B2 1.45 1.55 25.7 <1.7 4.4 14.3 197 <0.07
LN - Bl 2.08 3.66 37.9 2.0 6.7 22.¢ 472 0.05
LN - B2 1.76 4.26 73.0 10.9 11.1 26.6 487 0.15
LN - B3 2.72 2.71 39.7 2.3 6.2 23.3 389 0.07
LN - 11 1.12 1.83 30.9 <2.2 8.1 14,2 590 <0.0%
LN - 12 0.89 - 0.48 18.3 <2.8 <2.8 15.3 142 <0.11
LN - 13 G.40 0.74 8.0 <6.3 8.0 11.2 105 <0.25
LN - 14 0.84 1.75 55.5 <3.0 3.6 31.2 292 <0.12
¢S - B1 3.96 1.84 69.3 1.4 2.8 39.5 265 0.04
CS - B2 3.50 1.35 21.3 i.5 1.3 15.4 127 0.04
CS - B3 3.67 1.50 20.2 1.4 1.1 18.2 159 06.05
QH - Bl 3.36 1.62 31.1 5.1 2.2 20.4 169 0.24
Q8 - B2 2.86 1.72 34,7 6.5 <0.9 27.4 176 0.40
QH - 33 3.3 1.97 41.5 6.7 2.8 24,4 208 0.35
PR47-LN - Bl 2.85 1.25 35.3 1.4 2.2 28.4 186 0.08
LN - B2 3.04 1.13 18.0 <0.8 <0.8 11,0 177 .04
LN - B3 2.88 1.07 27.6 <0.9 <0.9 15.6 158 0.07
Cs - B1 3.39 0.83 14,7 1.3 <0,7 17.9 142 0.07
€S - B2 3.28 0.60 14.3 <0.8 <0.8 18.5 139 0.04
CS - B3 3.30 1.07 26.4 2.0 2.7 21.5 128 0.12
QH -~ Bl 2.80 1.09 13.5 16.8 <0.9 23.7 112 0.34
QH - B2 3.05 1.15 23.3 22.6 1.1 18.9 110 0.43
QH - B3 2.81 1.14 16.6 13.3 1.2 27.0 155 0.49
MYl ~-LN - Bl 2.99 0.79 36.7 <0.8 <0,.8 25,0 139 0.07
LN - B2 2.99 0.90 31.0 <0.8 <0.8 13.2 140 0.08
LN - B3 2.88 0.82 19.9 <0.9 <0.9 11.3 153 0.14
CS - Bl §.24 0.62 12.7 <0.6 <0.6 8.7 105 0.04
CS - B2 3.76 0.58 17.4 0.8 <0.7 11.6 109 0.12
CS - B3 3.93 0.62 18.1 6.7 1.1 11.2 129 0.06
QH - Bl 2.71 0.96 14,9 5.9 <0.9 22,5 168 0.23
QH - B2 2.51 1.21 22.9 7.1 <0.5 19.0 174 .24
Q2 -~ B3 2.68 1.24 21.5 6.1 1.0 25.9 139 0.28
QH - 11 2.65 1.35 i6.5 9.6 1.5 15.5 82 0.23
QB - 12 2,60 1.23 9.7 8.8 <1.0 6.7 67 0.35
QH - I3 2.72 1.06 14.3 3.3 <0.9 25.3 124 0.19
QH - 14 2.67 1.22 33.6 8.1 1.2 16.1 159 0.45 -




Sample "Dry"™ Wt Cadmium Copper Chromium Lead Nickel 2inc Mercury
(grams)  (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g)

PR43-LN - Bl 2.90 0.95 18.7 5.3 0.9 30.8 180 0.22
LN - B2 2.82 1.24 24,3 4.1 3.4 20.0 195 0.21
CS - Bl 2.49 0.59 33.3 11.1 3.4 22.8 174 0.31
CS - B2 2.28 0.72 37.4 9.2 6.6 34,4 278 0.44
¢S - B3 2.26 1.39 37.4 8.9 3.3 24,5 256 0.43
QE - Bl 2.74 0.67 32.0 7.1 1.8 59.0 214 0.28
QR - B2 2.73 0.990 31.2 8.2 2.0 36.6 229 0.45
QH ~ B3 2.74 0.70 27.2 7.3 3.6 29.1 198 0.33
PR13-LN - Bl 2.81 0.72 30.5 1.8 3.0 24,6 184 0.19
LN - B2 3.06 1.10 25.4 1.7 2.8 13,7 241 0.22
LN - B3 3.01 1.11 32.2 2.1 6.6 17.5 249 0.15
CS - Bl 3.12 0.72 29.6 5.2 6.6 22.6 200 0.10
CcS - B2 3.09 1.05 29.0 5.2 1.7 21.3 145 0.16
CS - B3 3.00 0.77 22.1 <0.8 3.0 26.0 195 0.07
QH - Bl 3.18 0.97 30.9 1.4 4.6 17.2 221 0.25
QH - B2 3.35 0.92 24,7 1.2 3.8 17.1 226 0.07
QH - B3 3.24 0.77 25.1 3.0 2.1 21.9 156G 0.25
MH62-QH - Bl 2.89 0.25 10.5 2.6 2.2 12.2 153 0.40
GQE - B2 3.10 0.34 13.5 5.1 1.5 15.7 141 0.50
QH - B3 2.98 0.82 18.1 3.3 2.7 13.5 163 0.76
MH63-QH - Bl 2.95 0.71 27.3 3.8 2.6 20.3 142 C.42
QH - B2 2.98 0.18 18.7 3.1 1.3 14.8 116 0.62
QH - B3 2.89 0.55 15.6 1.0 2.4 14.8 124 0.32
MH61-LN - Bl 2.84 1.04 20.5 1.1 3.5 16.1 175 0.34
¢S - BI 2.72 1.00 15.2 1.2 4.2 14.9 232 0.21
CS - B2 2.72 0.83 14.6 5.3 2.7 12,7 166 0.55
cS - B3 2.89 0.96 17.5 4.0 2.9 12,6 228 0.33
QH - Bl 2.86 0.65 19.6 3.4 1.7 18,7 163 0.43
OH - B2 3.43 0.47 16.0 3.2 0.8 18.0 174 0.60
QH - B3 3.96 0.46 13.8 5.3 0.7 10.4 91 0.55
ME55-QH - El 2.61 0.42 21.3 4.8 3,7 26.4 207 0.24
QE - B2 2.92 0.96 18.9 3.7 4.7 14.5 123 0.66
QH - B3 2.87 0.68 14,1 6.1 _ 2.8 13.9 123 0.43 :
QH - Ii 3.06 0.67 16.6 5.3 3.7 23.8 179 0.55 :
QH - I2 3.06 0.56 9.5 3.2 3.3 9.5 178 0.08
QE - I3 2.57 1.08 17.5 2.03 1.72 16.3 231 0.10 !
QH - 14 2.59 0.52 17.3 5.25 0.97 8.6 63 0.70 ;
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Table 5.

Metal concentrations (ug/g dry weight) in clams sampled during June,
1886. Sample names contain three types of information. The first
portion of the sample name gives the station where the clams were
collected (see Table 1 for listing of stations). The second part of

the sample name gives the size of the clams. SL means sub-legals (less

than 4 cmi); LN means littlenecks (4-6cm); CS means cherrystones (6-8
cmy); and QH means quahog (greater than 8 cm). The letter in the third
part of the sample name indicates the type of sample ("B" means a batch
of 4 animals cad *I* means an individual clam) and the number gives the
individual or batch number. ‘




Sample "Dry"” Wt Cadmium Copper Chromium Lead Nickel Zine Mercury
(grams)  (ug/g) (ug/g) (ug/g) (ug/®) (ug/g) (uglg} (u&/®)

MHE55,56Q8 - Bl 2,12 6.97 26.3 5.8 4.0 16.9 155 0.72
Q4 - B2 2.54 0.73 29.8 3.8 3.6 23.9 213 0.49

QHE ~ B3 2.32 0.34 25.6 2.9 4.2 25.1 202 0.46

Qe - 11 2.38 0.74 19.6 11.5 3.5 17.0 141 0.41

QH - 12 2.49 1.08 39.9 6.5 3.2 33.3 178 0.47

Q8 - 13 2.28 0.57 23.¢9 4.2 <l.1 35.9 171 0.43

GH - 14 2.08 0.82 22.9 2.8 9.1 29.7 346 0.50
MH62-QH - Bl 2.37 0.65 19.1 7.2 3.9 29.4 172 0.86
QE - B2 2.48 0.81 19.5 7.1 6.8 16.8 362 0.75

QE - B3 2.34 .81 16.1 5.4 4.7 13.9 162 0.66

- ME64-QH ~ Bl 2.51 0.50 20.3 10.9 2.7 18.8 200 G.79
QE - B2 2.58 0.91 20.2 8.3 4.4 20.3 183 0.66

QH - B3 2.51 0.78 26.0 6.7 4.5 i1.0 156 0.72
MHEI-LN - Bl 2.81 0.75 18.3 1.2 2.7 10.0 188 0.29
LN - B2 2.78 06.50 12.8 1.0 2.9 10.0 133 0.29

LN - B3 2.93 0.82 11.9 1.2 2.8 13.0 197 0.25

Cs - B1 2.79 0.48 13.2 1.8 2.7 12.8 122 0.51

Cs - B2 2.93 0.67 17.6 2.1 3.1 12,1 164 0.42

Cs - B3 2.81 0.84 14.1 1.7 4.8 13.1 203 0.33

QE - Bl 2.78 1.06 17.8 4.8 4.8 13.5 219 1.53

QF - B2 2.63 0.82 16.1 5.2 2.9 16.1 148 0.76

Q8 - B3 2.49 0.68 17.38 6.6 3.8 21.0 156 1.08

OHI- LN - Bl 2.64 0.72 20.3 1.2 5.0 11.4 164 0.10
LN - B2 2,71 C.61 23.9 2.3 5.8 15.2 143 0.06

Cs - Bl 2.23 1.10 26,1 2.2 6.3 21.0 207 0.26

CS - B2 2.23 1.01 20.4 2.5 7.5 13.9 202 0.20

Cs - B3 2.27 0.88 26.3 3.4 5.4 15.1 199 0.13

Ccs - 11 2.25 1.49 28.2 5.2 7.3 16.2 137 0.73

cs - 12 2.05 0.85 29.6 2.0 7.3 16.1 217 0.17

Cs - 13 1.92 0.89 27.7 2.2 7.4 29.5 265 0.12

CsS - 14 2.42 0.25 32.5 2.0 4.9 23.4 212 0.12

QE - Bl 2.50 0.64 23.9 3.4 5.0 26.5 226 0.30

MV2 ~QH -~ Bl 1.24 1.49 64.4 8.7 8.8 89.2 366 0.93
Q4 - B2 1.24 1.01 49.1 7.2 5.8 69.0 449 0.63

QE - B3 1.15 1.48 50.9 4.3 7.6 45%.0 407 0.65

QG - 11 1.19 2.27 52.3 4.87 9.54 34.4 414 0.34

Qg - I2 1.22 1.31 68.0 11.90 §.36 62.0 397 0.72

QE ~ 13 1.22 2.09  49.0 7.91 5.23 46.7 434 0.57




Sample . "Dry" Wt Cadmium Copper Chromium Lead Nickel Zinec Mercury
(grams)  (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g)

PR1 -LN - Bl 2.95 0.88 58.9 4.0 3.9 24.2 216 0.37
LN - B2 2.86 0.84 28.5 2.0 3.0 18.0 264 0.14
Cs - Bl 2.39 1.13 54,5 6.2 4.7 34.8 223 C.56
Cs - B2 2.34 1.15 43.8 4.7 8.5 27.2 315 0.31
Cs - B3 2.26 1.33 79.4 6.8 5.3 23.7 235 0.49
QH - Bl 2.72 1.01 32.6 5.5 5.4 24,1 243 0.27
PR30-LX¥ - Bl 2.93 0.92 18.4 0.9 2.7 23.0 165 0.05
LN - B2 3.06 1.16 20.5 1.2 2.2 11.6 157 0.08
LN - B3 2.91 1.05 17.3 <0.9 2.5 16.3 259 0.06
Cs - Bl 2.36 1.44 18.6 1.4 3.2 17.2 188 0.12
€S - B2 2,58 0.985 25.0 1.1 2.4 12.6 164 0.09
CS - B3 2.51 1.08 20.8 1.2 3.9 18.4 234 0.08
QH - Bl 2.93 1.02 20.0 3.1 2.9 17.7 212 0.20
QH - B2 3.04 0.87 16.8 2.0 1.6 i3.3 177 0.16
GH - B3 3.02 1.06 20.6 6.8 2.3 16.6 249 0.36
GR2 -LN - Bl 2.86 0.72 16.4 <0.9 <0.9 12.8 242 0.07
LN - B2 2.91 0.65 18.3 <0.9 1.9 11.9 212 0.07
LN - B3 2.91 0.53 18.1 <@.9 1.4 11.3 132 .09
Cs - Bl 2.92 0.51 15.4 <0.9 <0.9 8.8 121 0.08
€S - B2 3.11 G.45 23.0 0.9 1.4 9.1 12¢ 0.09
Cs - B3 3.24 0.45 i7.9 1.0 1.2 10.6 143 0.0%
QE - B! 3.31 0.35 14,7 <0.8 6.9 11.7 107 €.10
QH - B2 3.50 0.64 13.1 0.9 <0.7 13.7 159 0.10
PR49-LN - Bl 2.64 0.59 254.1 1.9 1.5 19.3 158 0.14
LN - B2 2.75 0.67 25.9 2.9 3.8 18.0 164 0.15
CS - Bl 2.76 C.60 37.6 4.0 2.7 16.9 . 119 0.25
Cs - B2 2.60 0.65 35.4 4.4 1.2 29.4 189 0.34
¢S - B3 2.5% 0.85 36.3 4.3 4.1 22.9 197 0.27
Ccs - 11 2.54 6.94 23.8 2.2 2.4 22,2 176 0.19
cs - 12 2.53 1.44 90.1 6.9 5.7 28.5 200 0.41
Cs - I3 2.92 0.89 49.7 7.1 7.8 24.7 395 0.42
Cs - 14 2.31 0.56 24.2 1.3 2.2 37.7 552 0.31
QH - Bl 2.91 0.46 23.1 6.1 1.5 25.6 302 0.30
QH - B2 2.91 0.84 42,7 5.7 3.7 15.9 153 0.33




Sample "Dry"” Wt Cadwmium Copper Chromium Lead Nickel Zine Mercury
(grams)  (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g)

MV2 -LN - Bl 2.80 0.32 24.8 <0.,9 2.9 20.0 125 0.11
LN - B2 2.77 0.45 19.2 <0.9 3.9 15.0 216 0.10
LN - B3 2.80 0.70 16.3 <0.9 5.1 11,2 118 0.09
¢S - Bl 2.86 0.29 18.4 <0.9 3.7 13.5 130 0.12
cs - B2 2.89 0.32 18.5 <0.9 1.9 12.2 139 0.10
¢S - B3 2.83 0.43 19.9 <0.9 3.2 12.3 151 0.10
MVl -SL - Bl 2.71 0.35 15.3 <0.9 3.1 10.0 156 0.09
LN - Bl 2.74 0.34 16.6 <0.9 2.0 11,0 15% 0.08
LN - B2 2.79 0.45 17.2 <0.9 1.1 10.4 89 0.09
LN - B3 2.69 0.46 23,2 <0.9 2.6 12.6 214 0.10
CS - Bl 2.89 0.22 16.8 <0.9 <0.9 12,1 125 0.07
OE - Bl 3.17 0.79 21.5 3.7 2.0 12.1 93 0.32
QH - B2 3.15 0.47 16.6 1.4 1.8 18.5 99 0.19
QH - B3 3.24 0.43 14,2 2.8 2.2 20.3 161 0.26
PR4&7-LN - Bl 2.58 0.93 21.5 <1.0 4.7 18.3 146 0.08
) 1N - B2 2.64 0.63 21.2 1.0 2.3 15.2 106 0.07
LN - B3 2.76 0.72 26.3 1.6 2.8 19,2 127 0.13
cs - Bl 2.42 0.50 26.1 3.3 2.3 17.4 121 0.20
CS - B2 2.50 1.16 25.3 1.3 3.2 30.3 159 0.20
Ccs - B3 2.50 0.72 24,2 4.3 2.5 23.3 166 0.21
QH - Bl 3.06 0.97 24.6 5.2 3.4 14.8 99 0.23
QH - B2 3.06 0.54 22.6 3.5 2.0 21.2 118 0.10
GH - B3 2.91 0.51 21,7 5.1 1.6 27.1 163 0.07
PR15-SL - Bl 2.22 0.79 25.5 1.6 8.8 24,2 208  <0.05
LN - Bl .2.58 0.74 34,1 1.4 6.1 13.2 220 0.07
LY - B2 2.77 0.96 30.5 1.5 5.6 18,2 208 0.06
LN - B3 2.57 0.63 24.0 <1.0 5.3 20.8 356 0.09
CcS - Bl 2.58 0.51 34.5 3.0 3.8 29.1 199 0.27
cS - B2 2.44 0.48 45,2 2.3 5.8 25.5 241 0.20
’ CcS - B3 2.44 0.54 34,5 2.1 4.5 19.0 199 0.13
QH - Bl 2.78 0.71 29.4 2.6 2.3 23.2 429 0.13
GH - B2 2.79 0.64 30,1 4.0 3.2 20.8 212 0.21
QH - B3 2.72 0.41 32.8 2.9 4.0 28.8 204 0.20
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Table 6.

Means and standard deviations (n-1 weighting) of metal concentrations
(ug/g dry weight) in clams sampled during November, 1985. Resuits
reported as less than detection in Table 4 were set equal to the
detection limit for these calculations. When only one batch for a
particular sample was prepared, the results were included with no _
standard deviation. The third part of the sample name indicates a
batch average (B), an individual average (l), or a single batch result
(81).
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Table 6.

Averages of metal concestrations in clame collacted WMovember, 1985,

Sample Copper Nickel Zine
{ug/g) (ug/g) (ug/g)
Std Dev. Moae Mesn  Std Dev, Mean 8td Dev.
Rl ~LN - B 2 0.04 18.9 5.9 2.1 1.4 10.4 3.4 148 18
GRl -CS - B 3 0.13 15.1 2.7 0.8 6.1 11.8 2.8 144 27
crl -qu - B 3 0.18 £7.7 5.7 1.1 0.5 11.3 3.4 136 18
crl QB - 1 A 0.03 17.7 4.3 2.2 1.2 15.1 10.5 128 10
FR2 ~LW - B 3 1.06 0.11 9.4 1.8 3.1 1.0 24,6 3.5 243 54 0.16
PRZ ~CS -~ B 3 0.7 0.16 51.6 18.0 4.1 1.0 29,9 1.9 228 64 0.3
PR2Z -CS - I 4 0.8 0.3 4.3 18,7 8.0 2.7 11.9 6.7 261 128 0.23
PR2 -QH - B 3 0.8 0.07 66.1 15.8 7.4 0.8 20.1 4.2 209 48 0.47
oLl -Lw =% 3 0.7 0.18 18.2 5.1 1.6 1.2 16.0 7.3 160 28 0.88
oLl -LN - 1 4 0.69 0.19 12.1 3.7 2.0 0.6 8.8 1.4 194 46 0.1l
oLl -c8 -8 3 0.68 0.26 17.1 1.1 4.8 0.5 16.1 0.8 129 60 0.15 0.03
oLl Qi - B 3 0.62 0.25 18,3 1.7 7.5 1.7 24.3 3.2 130 15 0.26 0.04
PR30-SL ~ B 2 1.7 0.28 23.4 1 1.8 0.1 16.1 2.5 182 21 0.07. 0.01
PR3IO-LN -~ B 3 3.% 0.78 30.2 19.8 .k 5.0 26.3 2.0 449 $3 0,09 0.0%
PRIO-1LN - 1 4 1.20 0.69 28,2 20.5 3.6 1.8 18.0 9.0 282 220 0.14 0.07
PR30-CS ~ B 3 1.57 0,28 36.9 28,1 1.4 0.1 24,4 13.2 184 7] 0.04 0.0t
PR30-QH - B 3 Ln 0.18 3.8 5.3 6.1 0.9 24.1 3.5 184 21 0.3 0.08
PR4T-LN -~ B 3 0.09 27.0 0.6 1.0 0.3 18,3 9.0 174 14 0.06 0.03°
PR4T~CE - B 3 0.2 18.4 6.9 1.4 0.6 19.3 1.9 136 7 0.08 0.04
PRAT-QH ~ B 3 0.03 17.8 5.0 17.6 Wi 23.2 4.1 126 26 0.42 0.08
MVl -1M - B 3 0.84 0.06 2.2 8.5 0.8 0.0 16.5 7.4 144 [ 0.10 0.04
MVl ~CS - B 3 0.64° 0,04 16.1 3.0 0.7, 0.1 10,5 1.6 114 13 0.04
MVl ~QR - B 3 1.14 0.1 19.8 4.3 6.3 0.7 22.4 3.9 160 18 0.03
MVl —QH ~ I 4 1.21 0.12-  10.% 10.5 7.4 2.8 15.9 7.6 108 42 0.12
PRE9-LN - B 2 1.0 0,20 21,8 4.0 4.7 0.8 25.4 7.1 188 10
PR49-CS - B 3 1.0 0.3% 36,1 . 2.4 9.7 1.2 27.2 6.3 236 54
PR4S~QH ~ B 3 0.76 0.13 30.1 2.6 7.3 0.6 41,6 15.6 214 13
PRID-LK - B 3 0.97 0.22 2.3 33 1.9 0.2 18.6 5.5 224 36
PRI3-C3 - B 3 0.0% o.18 26.9 4.2 3.4 2,3 23,3 2.4 180 30
PRI3-QH - B 3 0.9 0.10 26.9 3.3 1.9 1.0 18,7 2.8 212 19
wme62-qn -~ 0.47 0.3 14.0 3.8 3.7 1.3 13.8 1.8 152 1
MA6I-QR - 3 0.48 0.27 20,3 6.1 2.6 1.4 16.6 3.1 127 14
MH61-LN ~ B | 1.04 20,9 . 1.1 16.1 175
MH61-CS ~ B 3 0.93 0.09 - 15.8 3.5 2.1 13.4 1.3 209 37
MHG6I-QH - B k1 0.52 0.10 16.% 4.0 1.1 15.7 4.6 143 45
HH55-Qn - 3 0.69 0.27 18,1 4.9 1.2 18,3 7.0 151 48
MHS5-QR - I 4 0.7 0.26 15.2 5.0 3.2 14.1 6.2 163 1]
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Table 7.

Means and standard deviations (n-1 weighting) of metal concentrations
(ug/g dry weight) in clams sampled during June, 1986. Resuits reported
as less than detection in Table 5 were set equal to the detection fimit
for these calculations. When only one batch for a particular sample
was prepared, the results were included with no standard deviation.
The third part of the sample name indicates a batch ave%age (B), an
individual average (1), or a singie batch result (B1).
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c) Digestion Blanks

Digestion blanks were prepared with each sample set. The average blanks
were calculated for the digested sample and for an average sample (dry

weight of 3 g):
Digest Blank Average Sample Blank
Cadmium 0.007 mg/I 0.12 ug/g dry weight
Copper 0.04 mg/! 0.6 ug/gdry weight
Chromium 0.08 mg/i 1.2 ug/gdry weight
Lead <0.05 mg/i <0.08 ug/g dry weight
Mercury 0.003 mg/1 0.05 ug/g dry weight
Nickel <0.057 mg/i <0.08 ug/g dry weight
Zinc 048 mg/i 8.2 ug/g dry weight

Samples with less than a 3 g dry weight would have a higher blank on a dry
weight basis because ail samples were diluted to the same total volume (50
mi).

d) Estimate of Detection Limit Error for Metal Concentration Data
One scurce of error in the metal concentration data can be estimated by
taking the detection limit of the flame atomic absorption measurements to
estimate the standard deviation of a given measurement. The amount of
sample taken for each digestion is given in Tables 4 and 5. Since all

samples were made up to 50 mi, that calculation would be:

(Detection limit) mg/l x 50 ml/(dry wt) g = (Error) ug/g dry wt
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The detection limits for the flame atomic absorption measurements and for
mercury by the gold film technique were:

Cadmium 0.005 mg/i
Copper 0.025 mg/!
Chromium 0.05 mg/!
Lead 0.05 mg/l
Mercury 0.002 mg/!
Nickel 0.05 mg/i
Zinc 0.10 mg/!

The detection limit for mercury was based upon the procedures used for these
samples where 2 mi of sample was taken for the mercury measurements. The
detection limit for zinc was based upon the samples being diluted 20 fold
before direct aspiration. Detection limits for the other samples were for
direct aspiration of the undiluted sample.

An example calculation follows for sample GR1-LN-B1 from Table 4. That
sample weighed 3.65 g dry weight. For cadmium, the calculation would be:

0.005 mg/t x 50 mi/(3.65 g dry wt) = 0.068 ug/g dry weight

= The metal concentrations for this sample together with the error estimate

would be:

Cadmium 0.85 + 0.068 ug/g
Copper 230 + 034 ug/g
Chromium 1.1 + 068 ug/g
Lead 0.0 + 068 ug/g
Mercury 0.03 + 0.027 ug/g
Nickel 12.8 + 0.68 ug/g
Zinc 161. + 1.37 ug/g -

The results for lead were less than detection. The error of 0.68 ug/g was
rounded to 0.7 ug/g and reported in Table 4 as <0.7 ug/g.
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i
Appendix A. Performance evaluation reports for EPA Water Pollution
Studies WP016 and WPQ17 reported by the analytical laboratory
during 1986.
|
|
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PERFOPMANCE EVALUATIGN REPQRY DATE: 05/23/73¢
#ATER PCLLUTIDN STUDY NUMBSER wWPnis

LA3NRATORY: RIDD2

- —— - - - — P e - T e e . > = . S .~ ——————— . — v —_— -

SaMPLE REPORYT TRUE ACCEIPTaNCE WARNING PERFORMANC T
PARAMETERS NUM3ER  VALUS VALUE:X  LIvITs LIMITS | EVALUATION
TRACE METALS IN MICRIOGRAMS PER LIT:IR:
CADMIUNM 1 238, 307 253.- 3419, 275.- 13%. ACCZOoTazL:
2 115. 119.3 105.‘ 13‘. 135'- 131. ACCE:TﬁiLE
\
|
CHIIMI g4 1 239. 276 213.- 2321, 227.—- 31¢6. ACCEPTARL T |
2 748. 685 S34.- 826, 571.- 73C. ACCIPT22L: )
' 1
c3pPzR 1 355 330 332.- 422. 344.- 411. aCCzIoTaIL - 1
2 755 743 657.- 330. £75.- 30%. ACCzaTazL: |
123N 1 1210 1211 1120.-143G. 1170.-146C. ACCIoTzzL = i
2 505 $33 523.- 722. 561.~ £95. ACCEZoTazL s |
MERCURY 1 52.9 50.0 24.4- %5.93 33.3- 51.5 ACCIPTAZL: |
2 .5 15.0 10.31- 20.7 11.46- 13.4 ACCEPTa3LE 1
MANZANESS 1 513 510 443.- SK&4. 453.- 55(C. ACCzoTAazL |
2 158 150 123.- 169.  13i.- 164. ACCEPTaILT
NICKEL 1 495 522 480.- 53%. 473.- 527. aCCzaTazL: i
2 305 311 751.-1932. 321.-130C. £HZILX F3R #3771 -§
Lead 1 115 113.3 25.0- 14%. 36.1- 133, ACCSPT2:L g
2 310 351 T05.- 234, 74%.- 349. BCCERPT AL 1
j
ZINC 1 39¢0 323 333.- 425. 345.- 417. ACCERT23L :
2 372 333 732.- 39%. 303.~ 3&7. aCC=E>Ta:y 7 |
ILVER 3 2.75 2.0  1.50- 3.¢2 1.75- 3.33 ACCEZPTe3L |
4 18.3 18.2 12.3- 23.2 15.1- 22.9 ACCIPT AL -
MINERALS IN MILLIGRAZMS PSR LITZ2: (IxCS2T A5 NOTED)
?H—UNITS 3 6-62 5.70 SsS" 6033 6053“ 6.80 ACCE3TQSL_
4 4.42 4.50 4.33- 4.53 4.41- 4.56 ACCESTAZL
= 3ASED UPON THEIJRETICAL CALCULATIONSs 02 2 RIFEENCE VALUT WHEN NECESSARY.
paGE 1 *
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PSREJIMANCE SVALUATIDON REPp27 5aTz: 117137
WATER PCLLUTIAN STUDY NUMEEC wWPO17
LA32FATORY: RIQ02
SAMDLF PZPQPT  TRUT ALLZZIPTANCE AONINT PZTESRMLY L
ANALLYTSS NUN3IZ®2 VALUT VvaiLycs LIMITS LIMITS EVaLysiTIo
it
TOACE MITALS IN MICRIOGRLM3 PER LITER:
CadmIun 1 35.G 135 82.7- 11%. 85,7- 1'3. ALCz:RT
2 47.0 £0.0 &Co%- 5741 42,8~ 5. 8CTinT
CHM23mIUM 1 13¢ 30.6 53%.5- 107. 74.2- 133, eCCzIeT
: 2 72.¢ €0.0 &46.56- T2.5% “f.1- 53,1 £HICK =27 <
CgP2:s 1 210 224 13&.- 243, 2%1.- Z42. Sk s =R
2 23.0 2. 13.5- 25.8 17.5- 27.2 L2TIRT
L=4ad 1 237 315 280.- 36%. 2T72.~ 352, BCC-CT:
2 77.0C 4.0 B3.5- 162, T0.5-~ s9,.2 ACTETT L |
|
TINC 1 222 334 235 .- 349, 267.- 377, F Botol ik |
2 12.5 13.3 13.4- 25.7 14.5- 24,2 2CCIaT L ;
NUTRIENTS IN MILLIGPAMS PER LITER: g
i
AMMINIA-NITRZGEN 1 0.426 0.220 o02€1- .4€1 L0784~ .4&QC CHIC¥Y =33 -~ 4
2 2.2¢0 2.00 1.54&4- 2.44 1.85~ 2.32 ACC:zTT: :
DEMANDS IN MILLIGRAMS PSR LITSR: '
;
5-08Y 293 1 145 204 121.- 287. 162.- 267, RICZ2TL
2 §2.2 51.8 22.53- 75,0 34 .2~ 62,2 BCTEPT2
MISCELLANEJYS PARAMSTERS: |
3
T3TAL CYANIND: 1 £.133 Je161 .0254- L1788 .03371- .13+ AR i
CIN MG/L) 2 0.153 0.213 .133- .2%% e182~ _2¢E ACCIPTL §

——— . —— . ————— . ——— —— — — ——— L — — —— —————— ——  ———— - ———— T ————— " ——— - - > - —— - — -}

S34SZT UPON THEDBRSTICARL CALCULATISNS, T2 A
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