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Abstract

Bluegill and catfish were fed P-32 at a constant feeding rate per body
weight to determine the bioaccumulation factor (BFr) for P-32 in

-muscle relative-to water. The fish were maintained in flow-through
tanks at. two feeding levels. We bluegill accumulated P-32 for 51

~

days, followed by depuration for 28 days. The catfish study had to be
- terminated after 11 days. Fish were analyzed in triplicate for P-32
and phosphorus at. intervals of 1 - 8 days. Additional aquaria
. experiments were performed to determine the effects of water
temperature, feeding rate, and type of food (worms vs. pellets) on-
P-32 uptake, and to observe P-32 uptake frm water by unfed fish
(including-fish with blocked esophagus)..

A sinple- calculational model was used to determine the phosphorus
turnover constant from the specific activity in tissue relative to
food. This ratio at steady state approaches the BFr/BF ratio (where
BF is the phosphorus bioaccumulation factor) if P-32 transfers ' rapidly
fr a water to food.

The bluegill .showed a weight gain .of 0.2 %/d, a phosphorus turnover
' constant .in nuscle of 0.43 %/d, and a BFr/BF ratio of 0.081 'at the .

~

; higher feeding rate, and 0.05 t/d, 0.34 %/d, and 0.064 at the lower

L feeding rate. Hence, respective P-32 BF values are 6,000 and 4,000r
at a phosphorus'EF of 70,000. The BFr values for catfish.were,

' .approximately twice.as high. He aquarium experiments suggest.that
the higher factors are due to a nuch. higher phosphorus intake, higher

,

| . water tenperature, higher retention from pellets than from worms,- and
possible higher retention by catfish' than. bluegill under the same'

conditions.
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1. Introduction

The elemental bioaccumulation factor (BF) is widely used to conpute
public radiaticn doses due to a radionuclide discharged at nuclear
facilities. The bioaccumulation factor for a specific ralloisotope

(BFr) is obtained fra stable element concentrations in a medim and
in its precursor in the transfer pathway; from environmental
monitoring data for the radionuclide in these two media; from field or
laboratory tracer studies; or, if none of these sources of information
-is available, from data for hmologous elements. Values for P-32 in
edible tissue of freshwater fish are available from all of these
direct data sources, but they range from below 100 to above 100,000.
This laboratory tracer study was undertaken to recomend a reliable

BFr for P-32 in freshwater fish flesh.

. A survey of the BF for all elments in edible aquatic organisms ('Ih72)
re>-------ded the value of 100,000 for freshwater fish, based on the
ratio of the typical phosphorus concentration in muscle to that in
water. A BF derived fran stable element concentrations is recognized
as being conservative because it represents the upper limit for the
BFr unless multiple pathways or physico-chmim1 forms complicate the
situation (Th72). A more recent review of reported mlues for P-32
(Ka80) utilized earlier discussions of the bioaccumulation factor
(fos 9, Po66, Pe71, Lo71, 'Ih72, va75) to identify the main reasons for
the wide range:

(1) some higher BF values are based on P-32 concentrations inr
whole fish, for which the phosphorus concentration is more
than twice as high as in muscle;

(2) the BF value is mch higher than the BFr value because the
14.3-day half life of P-32 prevents the fish frm accumu-

lating radioactive atms to the same extent as stable ones;
(3) phosphorus concentrations in fish are homeostatically

controlled, hence the BF is not constant but varies with the
phosphorus concentration in water; and

(4) uptake of phosphorus in fish is mainly by food consumption
rather than direct intake from water, hence the BFr depends

| on the ava_ilability of P-32 in food. and the focd consumption
rate by fish.

>

| Considering only edible fish tissue, average BFr values tased on pond
! studies range frm 800 to 12,000 (Wa57, Da58, Fo62, Il61) and those

: based on monitoring range from 600 to 1,600 (Ra74, Ka80).

Recalculation of the BF with more recently reported phosphorus
concentrations in fish nuscle and in larger U.S. streams suggested a
generic value of 70,000 on the basis of a .mean phosphorus
cc.. centration in fish muscle of 2 mg/g and in water of 0.03 mg/L
(Ka80). Because concentrations. between the first and ninety-ninth

|

|

|

|

-1-
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i ; percentiles of reported mlues range by apprcacimately a factor of two
i from the mean for tissue and by a factor of ten for water, the BF for
i a specific fish, location, and time can be cxansiderably different than

the generic value.'

'

The BFr for P-32 was calculated to be 3,000 on the basis of the PF of
- 70,000 and an estimated biological turnover constant of 0.002 per day

E for phosphorus in fish nuscle (Ka80). This BFr is now being used by
the US NRC1(Br82). - 'Ihe turnover constant was derived f rom such

'

diverse sources, however, that experimental determinations of this
constant and the associated ratio of BFr to BF were regommended

*

(Ka80).
'

In the main _ experiment described here, the pattern of P-32
accunulation and depuration was obtained to determine the biological
turnover constant, and the pattern was cbserved at two-feeding levels4

s'' - to determine the influence.of intake. Bluegill (Lepomis macrochirus)
; -in a flow-through system, divided into a high-feed and a low-feed

{ group, were subjected to P-32 accumulation for 51 days' and to-

depuration for the following 28 days. Each group was fed a constant-

amount of worus per average body weight. During accumulation, 9-32

,

was maintained at a nearly uniform specific activity in the worms.

1 Sets of three -fish were sacrificed, dissected, - and analyzed for
phosphorus and P-32 at intervals of 1 to 8 days. A-parallel
experiment- with pellet-fed catfish (Ictalurus punctatus) had to be

,

terminated after.accunulation for 11 days.
_

.

Ancillary experiments were performed in aquaria for 9-day periods to
examine the ' influence of species -(bluegill n.---catfish) , . foods

-

(worms 3._ pellets),- and water temperatures. - A separate 4-day
,

aquarita experiment with unfed fish -some with blocked esophagus --
examined the ' extent of P-32 uptake directly from water. On-P "

some occasions, fish from the flow-through system were' placed in
aquaria for one day before aanpling to measure etereted P-32 in. water.

.

! The data are reported in terms of . specific activity -(P-32 count /
'

F minute per ng ph-phorus) for food, nuscle, and other fish sections.
The specific activity'in tissue relative to that in food was used to+

L - determine the biological turnover constant and the ratio of BFr to BF
; at steady state in terms of a sinple 1-ccupartment model per tissue.
i 'Ihe results are considered to be. applicable to fish in the environment -
E on the basis of observed ~ growth rates, and the test fish' were
j . .

suf ficiently large to represent fish caught for consunption. -
_

!

;

;

i

i

<
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2. Procedure

Laboratory Studies. the P-32 accunulation and depuration experiment
was performed in two 2,000-Liter tanks, separated into halves by
framed plastic netting. Tap water frm the Atlanta manicipal systs
flowed into each tank at 10 - 20 I/ min af ter chlorine removal in two
0.2-m3 columns of activated charcoal and gravel (Bruner Manuf. Co. ).
Air was bubbled into each tank from 5 lines to maintain adequate
oxygen concentration.

The xygen content and temperature of the water were measured chily;
chlorine, pH, nitrite and aninonia were measured daily at the beginning
of the experiment and then occasionally. The oxygen was generally
near saturation (8 - 10 mg/L) during the bluegill study and at lesser
concentrations (4 - 8 ng/L) for the mtfish study. The catfish were
in the tank frm August 15 to 26,1982, at water tenperatures of 24* -
26* C; the bluegill were in the tank frm Septerber 26 to December 15,
1982, while the water tenperature gradually decreased from 22* to 16*
C. Chlorine =was below detection levels (less than 0.003 mg/L). The
pH was near 6.0. %e nitrite concentration was less than 0.3 mg/L and
ammonia was between 0 and 2.5 mg/L.

On six occasions, excreted P-32 was measured. For this parpose, sets
of three bluegill were transferred on the day before they were
sacrificed frm the flow-through systen to an aquarium. The fish were
moved, fed, and then naintained in 24 L water without further feeding.
Af ter the fish were removed for sanpling, solids were collected fra
the aquarium bottom by siphoning and separated fra water by filtering
with a 75-micron filter; a sample of the filtered water was also
retainsi for analysis.

These aquaria, and the ones used in the experiments described below,
were 75-L glass containers, filled with dechlorinated water into which
air was bubbled. Three fish were mintainal per aquarium.

| The of fects of species, food and water tatperature on bioaccunulation
: were observed on January 18 - 27 and February 8 - 17, 1983. Water
I was changed daily by replacing 55 L of a total 70-L volume. Atterpts

were made to maintain the water at tenperatures of 15*, 20' or 25* C
but some measured averages deviated frm these wlues. Scme bluegill
were isolated with screens when more dominant fish were seen to
prevent them from feeding.

i

Uptake of P-32 by six unfed bluegill was studied on Decenber 6 - 10,
and by six unfed catfish, on December 13 - 17, 1982. Each aquarium
held three fish in 48 L water. To obtain the relatively high
phosphorus concentration of 5 mg/L, equimolar in di- and mono-
hydrogen phosphate, 9.66 mg NaH PO4 and 11.43 mg Na2 PO4 were added2 11

,

per liter. mis is the approximate distribution of phosphate at
!

I

l

-3- -
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neutral pH. Tracer P-u was a.nueu to tne water wius um %
salts. %e water teaperature was 17 - 18' C. After two days, each
set of fish was transferred to a second aquarium that contained a !

fresh batch of the same solution.

Two of the unfed bluegill and three catfish were prevented from
swallowing by a water-filled 30-ce balloon inserted in the esophagus.
Each fish was anesthetized before a modified Foley catheter (20 French
with 30-cc balloon) was inserted. W e balloon then was partially
filled with water, the inflation channel to the balloon was blocked
with a microstopper, and the channel was cut off at the mouth of the
fish.. After initial dif ficulties with two test fish, the fish lived

through the 4-day period with the blocking device in place. Each
group of three included fish with blocked and unblocked esophagus.

In the accumulation-depuration experiment, sets of three fish were
sacrificed at weekly intervals, with additional samples on the first,
second, and third days of accumulation and on the third day of
depuration. We bluegill experiment began with 55 fish on the East
(E) side and 51 fish on the West (W) side. The average weight was 122
g (range, 78 - 160 g) on the E side and 121 g (86 - 164 g) on the W
side. The catfish experiment began with 69 fish in each half of the
tank. %e average weight was 170 g (68 - 284 g) on the E side and 167
g (67 - 267 g) on the W side.

In the aquarium experiments for examining the effects of feed and
tenperature on P-32 bioaccunulation, 24 bluegill and 24 catfish were
used. The respective average initial weights were 115 g (73 - 167 g)
and 166 g (122 - 271 g). We uptake of P-32 by unfed fish was atudied
with 6 bluegill and 6 catfish. Their respective average initial
weights were 166 g (44 - 256 g) and 155 g (122 - 218 g).

Fish Maintenance. Approximately 200 bluegill were cbtained from the
Errol Brown Fish Farm, Fayetteville, GA, and Patrick's Fish Farm,
Tif ton, GA, on August 3 and 25,1982. Approximately the same nunber
of channel catfish were obtained fran the M11tehall Laboratory of the
University of Georgia on June 22 and from Mac's Fish Farm, Opelika,

1 AL, on July 28. The fish had been spawned in the spring of 1981.

After initial problens in fish naintenance due to disease diagnosed as
Ich (Ichthophthirius multiphills - protozoan), fish were treated at
month 7y intervals by adding malachite green-fortalin colution to the
flow-tarcugh tank to minimize parasites and fungus. After fish were
handled, they were treated in reduced water volume with furanace as an
antibiotic. Both treatments were performed by stopping water flow,
increasing aeration, and maintaining the fish in the appropriate
solution for 1 hour or less (malachite-foLmalin) and 2 hours
(furanace). The furanace concentration was 3 mg/L. The concentra-
tions of zinc-free malachite and formalin we to 0.03 and 0.05 mg/L,
respectively. The tank walls were scrubbed during the latter

-4-
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treatment to expose all surfaces. The treatments were spaced to
minimize shock to the fish.

The fish were kept in one flow-through tank until placed in the second
tank or the aquaria for the e@eriments. Fish were acclimated for 14
days in the flow-through tanks and 7 days in the aquaria before
beginning P-32 addition to food or water.

,

For identification by 3-digit number, catfish were branded on their
left flanks with a copper marker dipped in liquid nitrogen, and
bluegill had a nylon dart tag inserted behind the high point of the
back arch, penetrating the dorsal fin rays. Both techniques were used
for all fish, but brands tended to fade in bluegill while most catfish
dislodged their tags.

The fish were weighed before the experiment, at'appranimately nonthly
'

intervals during accumalation-depuration, and af ter death. The live
fish were anesthetized with tricaine methanesulfonate 2-2-2, weighal
on a pan balance to the nearest 0.1 g, measured for length to the
nearest 0.1 csn, identified by brand or tag, and quickly returned to
water.

Feeding. In the accumulation-depuration experiment, bluegills were
fed worms that had assimilated P-32 from labelled worm feed and
catfish were fed pellets mixed with P-32. h low-feed and high-feed'

groups of a species were maintained in the separated halves of the
tank. Efforts were made to keep the feal at a constant P-32 level per
gram throughout the experiment, and the food intake at a uniform rate
per weight of fish. Hence, (1) the aliquot of P-32 added to each
daily partion was increased from day to day to adjust for radioactive
decay, and (2) the total amount of food was adjusted' from day to day
to coupensate for estimated fish growth and removal of fish for

' sanpling. h high-feed portion had the same phosphorus concentration
and P-32 specific activity as the low-feed portion, but provided
higher daily intakes of phosphorus and P-32.

,

[ The initial plan was to expose each group of fish _ to daily doses of
I P-32 tracer for 60 days and then to cbserve depuration for another 60 ,

days while feeding the same amount of nonradioactive food. Because of
| program changes raguested by the US NRC, the study period for bluegill
! was shortened to accumulation for 51 days and depuration for 28 days.

A plan to determine the P-32 balance in feed, fish, and water was 'also
modified to collecting and analyzing water cm a few occasions during
the accumulation-depuration and aquarium studies. An accidental
interruption in the flow of water during the night caused a fish kill
that terminated the catfish accumulation study after 11 days, and the
experiment could not be restarted because of the dxwe-cited program
changes.

5-.

,
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Radioactive P-32 tracer was obtained in 2- or 4-nci amounts on three
occasions from New D1 gland O clear. Se radionuclide was in the form
of K HPO4 in water, at a specific activity greater than 50 nci/mol2
phosphorus. Bis corresponded to a specific activity greater than
lx109 count / min per mg phosphorus. Two stock solutions were prepared:
the tracer diluted to 100 ml in deionized water and a further 1/10
dilution. More dilute solutions of these P-32 stock solutions were
prepared to measure the P-32 activity, which in every case was
consistent with the anount reported by the supplier.

Aliquots of the two stock solutions were combined with daily feed
portions to provide a constant level of P-32 per gram feed for the
entire period of a particular experiment. Daily feeding levels were
selected to be below 0.4 pCi (3x105 count / min) per fish for the

,

high-feed group, and one-half as much for the low-feed group. For the
indicated flow rates with as many as 140 fish per tank, these daily
amounts of P-32 pennitted precise measuresnents of P-32 in tissue Wille
keeping well below the maxinum permissible concentration of 2 x 10-5
pCi/ml for P-32 in water discharged to the sewer.

The pellet feed was Purina trout diow. The amount prepared as a daily
portion was calculated on the basis of the total initial weight of

i fish in the half tank, estimated weight cpin and renoval of fish for
sanpling, plus an additional 2 g for analyzing the P-32 and phosphorus
content. Each portion of feed for the accumulation-depuration'

experiment was 2 g/d (dry weight) per 100-g catfish (wet weight) on
the high-feed (East) side of the tank and one-half as auch on the West
side. %e trout chow was ground to a powder and moistened with water
until plastic in consistency. The P-32 tracer was alded and mixed
with the feed. %e feed was then extruded with a meat grinder, cut
into small (approx.1 - 2 cm) pellets, dried, weighed again, and
sealed in plastic bags until fed to the fish.

The weight of worms to be fed to the fish each day was mloulated as
indicated above for pellets, each portion constituting 3 g/d (moist
weight) per 100 g bluegill on the high-feed (West) side and one-half
as nuch on the East side. To introduce P-32 into worms, Carnation

,

worm feed was moistened, P-32 tracer was added, and the worm feed was
dried. Ebr each weighed portion of red wiggler worms (0.2 - 0.5 g per
worm, moist weight) in peat moss, 3 g wonn feel with P-32 was added
per 100 g worms (moist weight). Oi the following day, the worms were
taken from the peat moss and placed on a dry surface, where worms
separate themselves fran the renaining pieces of peat moss by curling
into balls to prevent desiccation. These worms were fed to the fish.

The bluegill were fed once daily (6 PM) and the mtfish,. twice chily
(7 AM and 7 IM). %e pellets or worms were scattered on the surface
of the water a few at a tine, to assure that all of the foal wculd in
consumed immediately bf the fish. Mien the fish stopped feeding, any
unconsumed food was weighed and this amount was subtracted from the
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nominal daily food portion. Small amounts of uneaten pellets were
often observed on the tank bottom, but apparently all the worms were
consumed.

Analysis. Bluegill were dissected into seven sections: nuscle, tail
fin, gill filaments, skin plus scales, viscera, skeleton (including
dorsal and anal fins), and head (including gill arches, pectoral and
pelvic fins, and girdles). After the first six sets of analyses in
the accunulation-depuration experiment, the tail fin was included with '

the skeleton to reduce the analytical load. Catfish were dissected
into eight sections: muscle, gills, skin, skeleton, head, viscera,
fins, and fin spines. Internal organs were in the viscera and head
portions. For the unfed fish, bluegill tail fins and catfish fin
spines were combined with the skeleton, and catfish fins were combined
with the head.

The sections were immediately weighed, dried at 110' C, and re-
weighed. %e sections were ashed, first in crucibles over an open
flame and then at 550' C in a furnace for 2 - 4 days to cbtain a white
ash. We ash was weighed, dissolved in 6 N hcl, and diluted with

-

distilled water to 100 ml for analysis. In a few instances, sanples
were divided into separate portions for replicate analyses or were
diluted to larger volumes. Sanples of pellets, worms and other solids
were processed in the same way.

Aliquots of water from aquaria or the tap were usually taken in 4-L
volumes, concentrated to 100 ml by evaporation, acidified with 10 ml

3 and 2 ml conc. H SO , and boiled until further concentratedconc. HNO 2 4
to 10 ml. Acid addition and boiling were repeated as necessary to
obtain a colorless solution. W e solution was then diluted to 50 ml
for analysis. If insoluble material was observed, the solution was
filtered and saved for analysis. The filters were ashed and dissolved
in HC1, and the solution was diluted to 50 ml for analysis.

The P-32 activity in all samples was measured in a liquid
scintillation counter (Beckman LS 233) with an automatic sample
changer. Each sample consisted of 20 mi solution that filled a
conventional glass vial. %e Cherenkov radiation enitted by energetic
P-32 beta particles passing through water was detected. A channel
setting of 0 - 2.6 (full scale: 10.0) was used to collect essentially
all counts. W e counting efficiency determined with a camparison P-32
source was 32 + 4 percent under these conditions, but results were

_

recorded in counts / minute because all data analysis was based on
conparative neasurements. We radiation background, neasured for each
set of analyses, ranged from 24 to 27 counts / min.

Duplicate aliquots were measured for each sanple. Counting pericris
were 10 minutes for count rates above 200 count / min and 50 minutes for
lesser count rates. The minimum detectable level under these
conditions was approximately 2 counts / min. per 20 ml. In almost all

-7-
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instances, duplicate analyses agreed within twice the standard
deviation of the count; if not, additional aliqtots were coanted. We
count rate in the sample was calculated by adjusting for ralicactive
decay of P-32 since sanple collection and for sanple concentratim.

The phosphorus concentration in all samples was measured with the
vanadmolybdophosphoric acid colorimetric method (AP 80). Aliquots of
the sample solutions ranging frcm 0.1 m1 to 10 m1, depending cn their
phosphorus concentrations, were combined with the vanodomolybdate
indicator in 50-ml volumetric flasks. If water sanples larger than 1
ml were used, sufficient NaOH was added to neutralize the acid to pH 3.
A Beckman DB-GT spectrophotometer was used to measure light
transmission at 470 or 440 nm. Measured values were conpared to a
standard solution prepared frcm KH PO4 salt (Fisher, Certified) which2
was dried at 40' C, weighed, dissolved and made to voltme (0.2195 g/L)
with 25 ml 7 N_ H SO . The phosphorus concentration in this solution2 4,

is 50.0 ng/L.

Most phosphorus analyses were performed by direct measurenent, but
samples frcm each type of tissue were also analyzed by the standard
addition technique. Samples for which results deviated considerably
from the normal range for that tissue were also reanalyzed with
standard addition. Replicate analyses showed a standard deviation of
2 percent by both techniques. The two techniques yielded results
within 10 percent of each other and there was no consistent trend of
one relative to the other.

The P-32 and phosphorus concentrations were calculated relative to wet
weight of fish and feed sample or volume of water. The specific
activity was obtained by dividing the P-32 concentration by the
phosphorus concentration. mst cbservations were calculated in terms
of a nondimensional relative value, the specific activity in fish
tissue divided by the specific activity in the feed. %ese values
were averaged for triplicate tissue analyses and for daily feed
analyses. %e reported plus/minus value is the standard deviation of
the mean. Ebr neasurements in triplicate, standard deviations of the
nuan were estimated (E78) to be 0.591 tines the range, divided by the
square root of 3.

Field Study. A field study at the Sequoyah Nuclear Plant near
Chattanooga on the Tennessee R. (Chicamauga Lake) had been planned
with TVA (the plant operator), US NRC, and US EPA staff. Aquatic
sanples wre collected by plant personnel in a preliminary study and
analyzed at the Eastern Environmental Radiation Facility, 2ntgomery,
AL, of the Office of Radiation Programs, LB EPA. %e project then was
discontinued by the plant operator because of the relatively low
radiation dose for anxinun exposed persons offsite attributed to P-32
releases (Ma83).

-8-
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3. Results,

i

[ All P-32 and phosphorus analytical data are compiled in the Appendices.
Results for the accunnlation-depuration experiment are in Appendix A.#

! This appendix includes data for: tissue (A.1), food (A.2), and water
! (A.3). . Neight gain data for fish are in Appendix A.4 and comparisons
: of tissue weights with whole fish weight are in- Appendix A.5. The
F corresponding information for experiments concerning the effects of
; ; water temperature and feed on P-32 accumulation are in Appendix B.
'

Appendix C contains the data for unfed fish. Some additional
Information concerning the phosphorus levels in feed and water is in:

j Appendix D.-

Relatively large samples of catfish muscle and head that were divided
i into two or even three portions to fit into crucibles for ashing
i provide some replication of analytical results (see Appendix A.1-2).

%e average standard deviation of- these 15 muscle and 4 head4

; - replicates was 0.09 ag/g (4 percent) for phosphorus in muscle and 4
ag/g (16 percent) for phosphorus in the head. The larger variability
in - the . head reflects gross sectioning of this large body portion
without effort to achieve homogeneity. Standard deviations of the

-P-32 count rate per gram were more variable. On the average, the.

standard deviation was 10 percent, five times the value due to
L counting error alon7 The latter was ccuputed from the count rate,-

_ length of counting period, radioactive decay factor, and amount of4

sample in the counted aliquot. Hence, sanple preparation,and sanple
,i nonuniformity appeared to be greater sources of variability than

counting error.'
,

Values of wet, dried, and ash weights relative to each other were used.

to check data reliability for the more than 800 tissue samples that4

[ were analyzed. , In a few instances, clearly erroneous ' values were
; found. 1he results merked by _ footnotes in Appendices A.1, B.1, and
'

c.1 did not change after reanalysis, suggesting problems due to sanple _'

[ preparation or identification.. Vklues of P-32 specific activity and
; phosphorus concentration 'affected by these errors were not included-in

the calculations.;

A change in dissecting instrument from fine scalpel to filet knife
after the catfish skeleton samples -listed in Apendix A.1-2 had been

;- prepared' resulted in lower phosphorus concentrations (compare
Appendices B.1-2 and c.1) . - he change was made to reduce the time:

! needed for dissecting these many samples, but appears to have left
considerable soft tissue on skeletal samples. The summarizedF

phosphorus concentration alues are for initial higher wlues. .
F

The concentrations of phosphorus and specific activity of P-32 were,

determined in each daily-portion of worms for both theL

accumulation-depuration and the feed /tenparature-effects experiments.,

The average phosphorus concentration was 1.2 mg/g wet weight, based on'

: averages of 1.231 0.03 (standard ' deviation of the mean) mg/g in
,

,

k
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Appendix A.2-1 and 1.151 0.03 mg/g in Appendix B.2-1. 'Ihe specific
activity _ in the . worms was 6,020 1 370 c/ min.mg for the
accumulation-depuration experiment, and 16,500 1 1,300 c/ min.mg for
the feed and temperature study. N large standard deviation

! ' reflects variability in P-32 uptake by the worms. Values for the
I worms used in the accumulation-depuration experiment in the period
: Sept. 27 - Oct. 5 were not included in these averages because these
| saniples were apparently mntaminated with the peat moss in which the
'

worms were kept.

~ The concentration of phosphorus in the pellets was 13.7 mg/g dry
i weight based on an average of 13.6 1 0.4 mg/g for the period August 15
i - 27 in Appendix A.2-2 and 13.7 1 0.2 mg/g in Appendix B.2-2. The
; phosphorus concentration reported by the supplier (Appendix D.1) is 11 '

mg/g dried weight. The specific activity for the '
.

, acetsnulatico-depuration experiment was 7,000 1 340 c/ min.mg, and for
4- the feed /tenperature study, 21,900 1 400 c/ min.ag.)s
*

The average phosphorus concentration measured by Atlanta Water Bureau
; staff (Appendix D.2) in tap water was 0.4 mg/L; values ranged from

0.07 to 1.6 mg/L throughout the period. The phosphorus concentration
. in Chattahoochee River water at the water plant intake is relatively +.

low (approx. 0.04 mg/L), but zine metaphosphate is added at the water2

plant. to a phosphorus level of 1. mg/L to reduce pipe corrosion.
,

Concentrations of pbv.Ferus in tap water measured for this study were
- 0.39 and 0.76 mg/L (Appandix A.3-1) and 0.26 mg/L (Appendix B.3-2).
Concentrations of _ phosphorus in aquarium water in the course of*

studies ranged from 0.24 to 0.99 mg/L ( Appendices A.3-1, B.3-1, and
,

B.3-2). Sane of this phosphorus was fran unconsumed food or accretion'

by fish, as indicated by P-32 in water.

The initial' phosphorus concentrations measured in water for
determining uptake by unfed fish were 5.44 and 5.40 mg/L. h ae

: values are consistent with the average phosphorus content in tap water
, of 0.4 mg/L and the 5.0 mg/L addad in the fonn of NaH PO4 and Na2HPO .2 4
|- The specific activities in the two sets of aquaria were 63,800 and

67,000 c/ min.mg.
!

f :

;
.

>

'.

4

i

L -10-

p
. , , . _ _ _ , _ , _ ~ . . _ . . - , , _ _ , . _ . _ . . _ , _ , _ . _ _ _ _ , , , _ . _ _ . _ _ _ _ _ , _ _ , _



4. Calculations

The elemental bioaccumulation factor, BF, for phosphorus in edible
fish tissue is defined as

t (1)
8F=cy

where c is the concentration of phosphorus in mg/g and the subscripts
t and w refer to moist edible tissue and water, respectively. Pbr
consistency, muscle has been used to represent edible fish tissue, and
total dissolved phosphorus data were used to obtain cw (Ka80). It
should be noted that tissue phosphorus is in various inorganic, lipid,
protein, sugar and nucleotide forms that are not necessarily uniform <
throughout fish muscle; and that some reported phosphorus
concentrations in water include suspended material, while others
exclude dissolved phosphorus not readily ccnverted to orthophosphates.

The radioisotope bioaccunulation factor, BFr, for P-32 in edible fish
tissue can be defined analogously as

c*
BF (2)*

r c,
W

where the asterisks refer to radioactivity levels in consistent units,
such as disintegrations / min per g. If the specific activity (P-32
relative to phosphorus), a, is expressed in disintegrations / min.mg,

i

SF a (3)'

r t

| T " a,
|

In this report, specific activity values are in count / min.mg because
the P-32 activity for all samples was measured identically -- i.e. ,
the ratio of count / min to disintegration / min is identical.

The above relation holds true only if P-32 and- the stable isotope,.
P-31, are in the same physico-chemical forms so that they behave
identically. Because phosphorus exists in different forms, both

[ inorganic and organic, and many of these do not readily interchange,
| it is possible that P-32 discharged into water may not be in the same

forms as the nonradioactive phosphorus.

The values of BF reported and utilized for predicting radionuclide
transfer are defined as equilibrium or steady-state constants. 'Ihe

-11-
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corresponding value of BFr would apply to a fish that has been exposed
to a constant P-32 specific activity in water for a sufficiently long
time that the specific activity in muscle has reached a constant
value.

'
Intake data for fish suggest that under normal conditions the main
source of phosphorus (> 99 percent) is food, not water (Ka80). Hence,
- the BF describes the indirect transfer of P-32 f rom water through
biota at lower trophic levels to the fish under consideration.
Transfer may be through a single organisn, a food chain, or an entire
food web. If bioaccumulation of phosphorus throughout the food web is

' ' very rapid relative to the P-32 radioactive decay constant of 0.0485
per day, then the ratio BFr/BF is almost unity to the point of food
intake by the fish. Rapid bioaccunulation has been found for plankton

;
(Wh61), algae (Wh61) and bacteria (RiS6) . Under this circumstance,
the ratio BFr/BF can be measured by caparing at with af, the specific
activity in the food, so that

BF a
- r t (4)

| BT?a-
f-

Any slow phosphorus uptake in the food web would result in BF /BF lessr

than at/ar.

Concentrations of phosphorus are generally of the same magnitude in
- the foal consumed by the fish and in their muscle. Hence, the large

,

BF is at the' lower trophic levels of the food web, for exanple in'

algae.

:The general case of bioaccumulation-in a tissue represented as'

conpartment can be described by
4

da n R n R R R4

st st f t. ft (5)
t " - " t ,[ g K + 3 g Ka +ak-at{-a AE

f t r. dt s

as defined in Appendix E. If Rft/Qt is written as the biological
~

. uptake or turnover constant for compartment t, A ,. and Rat /Qt isb
written as the turnover constant for transfer from any other
capartment to capartment t, A s, then

' da - n n

dt *~"t I + a +a Ab-at b-ag rAs s s f
s=1 s=1

If EAs is combined as _ A , .the transfer constant into compartment t '

ufrom all other compartments, the change of specific activity in
capartment with time mn be written ast

:

-12-
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~da n
(6a)

t(Ab +'A +A)+a A
b + s=1 s

E A a=-a
u r f 3

If as = at or. A u =0, then the one-conpartment equation mn be solved:
(

a Ab+A_ ( y , , -(Ab + A )tg _(Ab + A )t2 .m8 A
.t_ , b r r

f r

where ti is the time during P-32 accumulation and t2 is the time
during depuration from the end of accumulation. The value of t2 is
zero during accumulation; during depuration, ti is the preceeding
period of acetanlation and af is the specific activity of the feed
during accunulation.

If as = 0, a solution is:
;

( 3 , , -(Ab+Au + A )ty _(Ab+Au + A )D2 (8)
8 A
t, b r r

af Ab+Au r
+A

If as is not almost at or zero, then the equations can be solved numer-
| - ically with measured values of a .s

Further sinplification in obtaining Ab is possible by'scamining the
specific activity ratio during selected periods of the study. In the.

very early period of accunulation,
,

a

A tg= g,)b

During steady state accunulation,

'

(7b)=

3b,3r. f

During depuration,

a

I Ah+A 10(a }*
p (7c)g

2
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In these P-32 experiments, however, too few measurenents applied to
the region of equation (7a); the value obtained for Ab with equation
(7c) is not reliable when A b is much smaller than Ar; and equation
(7b) pertains only to the cne-carpartment systen.

All at/af values fraa the bluegill ecperiment were used in a Marquardt
nonlinear estimate to obtain A b in equation (7) . Where it was- '

apparent that equation (8) was better applicable, the sum (A b+Au+
A r) and the best value for at/ag at t2 = 0 were obtained by linear >

regression analysis of depuration data, and Ab was cbtained at t2=0
- fran

a

(Ab+A +A)Y)u r
f (sa)

3 .
b _(Ab+Au+A)tyr

The value of Ab for catfish was obtained as an average for 4 or 5
values of at/ag measured during early acctmulation by

A
r (7d)A *-

-b + A )t1) - 1
b

7 ( 1 - e (A
af r_

t

For the unfed fish, A b was calculated with equation (7d) from the-
ratio at/af measured after four days of exposure. 'Ihe value of A b +
A r in the exponent was obtained by trial and error, which is sinple
when A b is much snaller than A~r-

~

The average concentration of . phosphorus in the whole fish was
calculated by averaging the phosphorus concentration, et, in~the
dissected portions and averaging the ratios of portion weight per
sunned weights,' rt, then nultiplying these two averages, fit rt, for
each portion and adding the results for the entire fish. The average.
turnover rate of phosphorus in each of the tissues fran food, Nge, is

"A
ft b t t

,

i

Values of Rf t, 'in units of mg/ day per 100-g fish, were summed for
the.whole fish to obtain the phosphorus turnover rate for the entire-
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fish. This value was divided by the average phosphorus mncentration
to ccupute the average biological turnover constant for the whole fish.
The phosphorus turnover rate was also compared to the phosphorus
feeding rate-to determine ~the fraction of ingested phosphorus that
was utilized, and to the phosphorus concentration in water for unfed
fish for determining the daily amount of water utilized by the fish.

Endogenous excretion of P-32 was calculated for ocuparison with the
results of 1-day collections in Appendices A.3-1 and A.3-2 on the
basis of viscera turnover rates and P-32 concentrations. The average
P-32 content in the viscera of the three bluegill maintained in.

aquaria during the day before analysis (see Appendix A.1-1) on five
ocmsions during depuration was multiplied by the viscera turnover
constant (minus a small fraction for fish growth). Excretion of
unabsorbed or rapidly turning over P-32 was also calculated for the
one set of fish segregated in aquaria during acctmulation cn the basis
of the P-32 feeding rate per fish on 11/08 and the estimated fraction
of rapidly excreted phosphorus fran this food.

:
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| S. Discussion !

|
5.1 Feeding rate and growth

[ The uptake of. P-32 by freshwater fish was studied primarily by i

i incorporating P-32 tracer in food rather than water because an
' estimated phosphorus balance for fish indicated that the main intake

pathway was through food (Ka80). Reported dissolved phosphorus
concentrations in the larger U.S. streams averaged 0.03 ag/L and 99.

1 percent of the concentrations were less than 0.4 mg/L. At the
reported food-phosphorus intake of several ag/ day per 100-g fish and'

water intake of several ml/ day per 100-9 fish, only a minute fraction
could be contributed by ater.,

Relatively few observations of food intake rates over ettended periods
i. were available to guide fish feeding for this experiment, although-
i selection of appropriate feeding rates is crucial for assuring that
[ observed phosphorus turnover rates are pertinent for fish in- the
i environment. Food consumption varied considerably .in the few reported

studies, as would be expected for different species, fish size, foods,
; and water temperatures. In five intake studies for freshwater. fish,
i average food intake ranged from 2 to 6 g/ day per 100-g fish and '

increased with water temperature in the range 5 to 30' C (Ka80). The
corresponding average phosphorus intakes were from 1 to 30 mg/ day per'

100-g fish. In four ' balance studies where fish fed ad lib., . (St74,,

Ma71, Ki75, Ko79) three of which utilized very snall bluegill- sunfish,.

!- the typical phosphorus intake _ rate was 4 mg/ day per 100-g fish' (0.3
L percent per day phosphorus intake) in the 17 - 25* C temperature range

and much lower . intakes at l' -' 12' C. Growth rates for these fish
'

averaged 0.3 percent per day.

Brown (Br57) calculated the maintenance food requirenant of 1.5 g/ day
'

per 100-g fish for anall (50 g) brook trout, and the food requirement
_

of 4.5 g for 1 percent growth. If the food is meat with a phosphorus
. content of 1.5 mg/g wet. weight, then the phosphorus requirements are

: 2.2 mg/d per 100-g fish for maintenance and an additional 0.7'ag/ day
for each 0.1 percent /d growth.

In view of the above information, the rate at which bluegill were fed
worms with a phosphorus content of 1.2 mg/g wet weight was planned at
leveln of 1.5 and 3.0 g/d per .100-g fish. In practice, the average
feed consunption ranged from 0 to 2.0 and from 0 to 4.3 g/d per 100-g
fish at the. two , respective levels during P-32 accumulation (see App.
A.2-1).- Se average daily food intakes were 1.5 and 2.6 g/d per 100-g
fish,. corresponding to phosphorus intake rates of 1.8 and 3.1 ag/d per
100-g fish.

'

The ' feeding rates for catfish were planned at pellet dty weights of
1.0 and 2.0 g/d' per 100-g fish. Wese pellets had the hi@ phosphorus
content of 13.7 mg/g. Actual consumption rates averaged 0.8 (range
0.2 - 1.5) and 1.1 (0.4 - 2.0) g/d per 100-g fish (see App. A.2-2),

.
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I

corresponding to phosphorus intake rates of 11 and 15 mg/d per 100-g<

fish.
'

-

4

Average growth constants were used as indicators of the applicability
i of these feeding regimes to nonnal envirorsnental conditions, although
. various other factors can also affect phosphorus turnover in tissue.
!- 'the average measured growth constants for bluegill were 0.05 and 0.19
~

percent /d at the lower and higher feeding rates, based on the chta in
Appendix A.4. Pbr the catfish, growth constants were 0.2 and 0.4

) percent /d at the much higher phosphorus intakes than for bluegill.
'Ihe data for catfish are auch more uncertain because of the relatively,

brief period of observation. Measurenents of bluegill, black crappie,,.

! and bass in an Bnst 'Dennessee lake (Kr56) showed growth rates of 0.10,
*

0.06, and 0.35 percent /d (Ka80), respectively, in the 60 - 600 g
.

j- weight range.

Unfed fish in water at the uncannonly high phosphorus concentration of
I 5.4 mg/L had an average weight loss of 0.7 percent /d in a 4-day period

(Appendix C.3). Fish naintained in the same aquaria but fed wonns or'

; pellets also tended to lose weight during their 9-day study period
(Appendix B.4).;

!

5.2 Phosphorus concentrations in fish

:

The mean phosphorus concentrations in bluegill were 2.4 and 15.4 ng/ge
in muscle and whole fish, respectively, as shown in Table la; in-

..

catfish, they were 2.2 and 8.8 ng/g (Table Ib). Gecmetric means were'

obtained becm- phosphorus concentrations in fish had been described
better by a logarithmic distribution than a linear one (Ka80). As

; indicated in the footnotes to Tables la and ib, the phosphorus
i concentration values in whole fish are subject to a nonrandan error
L Edue to losses during dissection that averaged 6 percent of the fish

weight for bluegill and 7 percent for catfish.

Compared to whole-body concentrations between 2.2 and 11.4 mg/g -
i' reported earlier (Ka80) for wrlous species, the average for catfish
! measured here is among the higher values and the bl.uegill average is
!~ 'the highest observed. Most of the phosphorus in these two species is
! In ~ bone material and in bluegill' scales. - Muscle contains only a anall -
l- fraction of the body phosphorus -- 4 percent in bluegill and 11
L percent in catfish. 'the amount of phosphorus measured in the viscera
L may include sane residual food.
|

[ 5.3 Accumulation and depuration of P-32

The ratios of the specific activity in bluegill nuscle to the food

| worms, ~ at/af, near the and of the accumulation period were 0.049 and
| 0.072' for fish fed 1.5 and 2.6 g/d per 100-g fish, respectively, as
j shown in Tahlers 2a and 2b. According to equation (4), this value is
: also the ratio of the bioaccumulation factor for P-32 relative to
'

phosphorus when P-32 moves rapidly through the food web. 'the ratios

I -17
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Table la

Geometric.Mean Tissue Weight Fraction and
Phosphorus Concentration in Bluegill Tissue

Tissue P concentration P concentration rel.
Tissue weight fraction in tissue, mg/g to whole fish, mg/g

-muscle 0.260 (1.20) 2.41 (1.11) 0.63

' skeleton' .0.219 (1.09) 18.0 (1.20) 3.94
,& tail

(skeleton 0.211 (1.13) 17.2 (1.20) 3.63)

( tall 0.0095 (1.18) 33.2 (1.14) 0.32)

head- 0.331 (1.10) 19.2 (1.18) 6.36

scales 0.108 .(1.20) 39.9 (1.23) 4.31

gills -0.0056 (1.~27) 2.27 (1.30) 'O.013-

viscera 0.065 (1.24)- 2.19 (1.21) 0.14

total 0.989 15.39

Notes: .1. Data-are-from the 92 fish in the experiment using 'the flow-
*

through system.
2.. . Values in parentheses are geometric standard deviations.

'3. The weight fraction refers to tthe sum of the dissected ' tissues;
the summed weight averaged 94.5 percent ~(range 86.1_ 99;5
percent) of - the weight before ' dissection (see Appendix A.5-1).

4. Skeleton and tails were separated. initially but combined in
later samples.

;

i

+
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Table Ib

Geometric Mean1 Tissue Weight Fraction and-

Phosphorus Concentration in Catfish Tissue
1

L _

-Tissue P concentration - P concentration'rel.
f- Tissue weight fraction in tissue, mg/g to whole fish, mg/g

i e-. .

nuscle -0.452 -(1.07) 2.24' (1.12) 1.01

' skeleton 0.088 (1.16) 14.2 (1.16) 1.25

fin 0.027 (1,12) 13.9 (1.15) 0.38

fin' spine: 0.0032 (1.20) 91.0 (1.19) 0.29:

head' O.257 (1.08) 22.0 (1.14)- 5.65
'

~ kin .0.056 (1.17) 1.39 (1.19) 0.078s
,

gills 0.0081'(1.29) 2.15' (1.36) 0.017

_ viscera .0.100 (1.29) '1.68 r(1.26)' O.17
;.,,:

.
' tota 1 -0.991 8.85

t,

;

,
.

Notes: 1.: 0ata are from 30 fish collected 08/16 - 08/26-(see Appendix 4A.1-2).>

'

- 2; ' Values 11n parentheses r.re geometric standard deviations.
3.: The . weight = fraction re.fers to the : sum of the dissected tissues;

_

- the summed weight averaged 93.1 percent (range, 90.4 -.95.2
~

percent) of the total weight before dissection (see Appendix
A.5-2).

.
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Table 2a
~

~

. Average Specific Activity in Tissue Relative to Feed for Bluegill
during Accumulation and Depuration (Low Feed)

Date, 'Interv{1,- .

Skeleton Tail -Head ' Skin Gills Viscera1982 days ( ) Muscle-
.

Scales /

09/28 1 0.65 0.24 0.27 0.15 0.5 0.3 0.18 0.12 0.18 0.10 2.52 1.8 7.8 0.8
(2, 3)

-09/29' 2 5. 8 . ~1.9 1.5 0.4 1.9 0.4 1.3 0.2 1.1 0.3 29 13 110 1 40

09/30: 3 7.3 . 3.8 1.5 1 0.6 2.4 1.0 1.6 3 0.8_ 1.11 0.4 38 1 19 140 80

10/06 9. 29 <4 3.7 0.5 6.0 1.8 3.5 0.6 3.31 1. 3 100 17 270 60

10/12~ 15 51 13 6.6 2.5 7.0 2.2 4.8 1 1.4 3.5 1.1 120 1 35 170 1 20
,

10/19 22 50 4 '8.0 1 3.2 9.0 i 1.8 6.6 1 2.2 5.11 1.9 120 1 19 120 30

L '10/26' 29 42 17 6.6 i 2.7 5.5 i 1.9 5.5 2.0 86 1 28 170 60----

, 11/03 37 49 t'8 10.3 1 2.3 8.6 1 0.8 6.1 0.7 120 14 200 1 20----

- E!
11/09 43 .42- 2 6 7.6 1 2.8 5.0 i 1.4 5.1 d 1.6 120 2 12 170 30' ----

9.8 4.3 6.6 2.3 140 31 190 6011/17 51(0) 49 10 9.3 1 3.0 ----
-

11/20 (3) 65 26 8.1 1.9- 7.1 0.8 5.8 1.0 101 25 116 2 11----

5.31 0.6 4.3 1 0.5 80 2 6 82 1 411/24 (7) 50 i 6 6.0.i 0.9 ----

11/30_ (13) 30 1 4 3.7 i 0.7 3.0 1 1.0 2.4 0.5 48 9 39 4----

E

12/07 |(20) 16 1 4- 3.2 1.5 2.8 1 1.2 1.7 i 0.7 28 5 22 4--- .

1

12/15 -(28) 15 i~1- 1.7 * 0.3 1.3 0.3 1.2 0.1 20 3 10.61 1.21 ----

(1) Days in parentheses refer to depuration period. (2) Divide all values of c/ min.g tissue + cfmin.g feed byNotes:
value is estimated standard deviation of mean for 3' fish tissue values [0.59.x range /(3)0. ] combined1,000. (3),

with-standard deviation . f mean for'41 bluegill feed values (370 c/ min.g) or for 5 catfish feed values (300 c/ min.9).o
(4) Specific activity ratios in' parentheses were not utilized because of large weight losses (>0.006 per day) by
fish..

4
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.-
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' Table 2b
Average Specific Activity in Tissue Relative to Feed for Bluegill.

during Accumulation ar.d Depuration (High Feed)

Date, Intervpl,
.

. Tail Head Skin Gills Viscera
Scales /.

1982 days (1)- Muscle Skeleton

09/28 1- '5.6 1.1 1.2 ' O.3 1.5 0.4 -1.2 1 0.2- 0.6 0.2 34 i 14 210 1 70

09/29 2 13.3 t 1.0 3.11 0.2 2.61 0.3 2.6 0.2 1.9 0.3 60 i 5 190 1 20

09/30' 3 11.01 0.8 2.1 0.3 2.3 0.3 2.4 0.3 1.51 0.1 56 2 10 350 30

10/06 9 32- 4 8.51 0.8 10.61 0.9 9.8 1.6 7.6 1.5 120 15 340 1 40

10/12 15 47 1 17 -8.6 3.0 10.3 2.5 8.3 1 3.4 6.5 2.0 103 i 16 260 i 20
'

10/19 22 .69 12 14 2 11.8 3.2 11.1 1.6 7.81 1.5 190 25 200 10

4 10/26 29 76 1 16 10.0 0.8 6.8 0.5 5.3 0.7 140 25 210 20----
,

11/03 37 50 i 13 8. 3 f 3.0- 6.1 1.9 5.0 1.6 120 28 200 f 20----

11/09 43 70 - 17 8.0 2.4 6.0 1.5 5.6 1.4 130 13 180 40----

-11/17 51(0) 72 13 13 . 3 10.6 1.3 7.0 1.5 170 22 210 20----

11/20 (3) 54 t 9 11 1 2 6.8 0.7 6.5 0.7 130 1 11 120 f 20----

11/24 (7) 56 11 7.1 1.5 5.8 1.0 5.0 0.7 100 10 94 7----

-11/30 (13) 48 8 'll 3 8.6 3.2 5.8 1.7 60 6 53 4----

12/07 -(20)' 25 2 5.6 - 1.7 4.32 1.2 3.3 1.1 33 6 29 f 2--- .

12/15 (28) 18 * 4 3.7 0.4 3.0 0.5 2.4 0.3 17 2 14 1----



Table 2c

Average Specific Activity in Tissue Relative to Feed for Catfish
during Accumulution (High Feed)

Date, Interval,- Fin
1982 days Muscle Skeleton Fins Spines Head Skin Gills Viscera

08/16 1 16 10 3.7 1.7 5.41 2. 7. 2.5 0.8 3.0 1.3 281 14 231 5 150 80

08/17 2 9 5 1.9 0.8 3.8 1.2 1.0 10.3 1.7 0.7 14 5 19 2 8 48 1 14

08/18 3 21 7 6.12 1.2 8. 6 i 0.8 3.1 0.6 5.21 1.3 36 i 9 52 5 190 1 70
.

08/24 9 83 38 25 10. '19.. f 10. 17. 11. 19. 8 108 1 38 170 81 340 130

08/26 11 77 1 18 24 6 27 i7 9.9 2.3 17 4 130 10 160 27 320 20

_. _ _ .



.
. . -. . .. . . . - -. -

,

.

,,

-

,

Table 2d

; Average Specific Activity in. Tissue Relative .to Feed .for Catfish
L, during Accumulation JLow Feed) i

'

Date,. Interval, Fin
; 1982 ' days -Muscle- Skeleton Fins Spines Head Skia Gills Viscera

::: .08/16 1 (0.251 0.06) (0.051 0.03) (<0.09) (<0.2) (0.061 0.03) ( <3 ) ( 1.4 0.8) ( <0.3) |-
(4)-

i

.08/17. 2. 3.7 1 2.3 1.3 i 1.1- 1.61 0.5 0.4 10.2 0.6 i 0.3 7.51 4. 10 6 20 16
'

,

:
'

: -

i t, 08/18 3 10.3 1 3.1 2.8 0.8- 4.1 0.9 1. 4 0.4 2.7. 0.8 15. i 4 27 5 56 2 18
',-

1

i

08/24 9 57 33 12.0 1 6.0. 16 8 8.5 16.2 8.0 4.0 97 49 120 57 320 100

I -

| 08/26 11 77' 136 15.0 7.0 17 8 5.9 22.1 '13. 6 '130 63 120 44 250 100

,

I
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for the entire experiment are reasonably consistent with equation (7)
for a single-compartment syste (see Fig. la). Rese curves indicate

i steady state ratios of 0.064 and 0.081 respectively for the low-feedt

and high-feed groups. The biological turnover constants for,

phosphorus uptake by muscle of 0.0033 d-l and 0.0043 d-1,
| respectively, given in Table 3a, correspond to these curves.
1-

The average specific activity ratios in other bluegill tissues at the
various sanpling dates are also given in Tables 2a and 2b and in Figs.
lb-1. The average biological turnover constants and steady-state9
bioaccumulation factors for P-32 relative to phosphorus for these

i, . tissues are summarized in Table 3a on the basis of the same one-
compartment model as for. muscle. We following patterns appear:'

- The fish fed larger portions had higher turnover constants and
i bioaccumlation factor ratios in all tissus. We ratio of

high-feed to low-feed A b averaged 1.30; values for all 6
e tissues measured during the entire study period were within 1

standard error value of this average.
;-

- These values were similar in the skeleton, head, tail, and-

j sales, all of them being approximately an order of magnitude
below the values for muscle; gills had higher values than

1

nuscle, and viscera values were highest.
4

i - Some _ very high specific activity ratios during the first two:
weeks of accumulation, particularly in the viscera, do not . fit

, the curve for the single-capartment model.
,_
,

- The single compartment model provides a reasonable ~ fit for the -

tissues that turn over more slowly, but depuration measurements
; show this model to be inappropriate for gills and viscera.'

: The. sununed turnover constants and specific activity ratios at the
beginning of depuration,- determined by regression analysis of the
depuration data.'(see Table 4), were utilized in equation (8a) to,

.

calculate ~the biological turnover constants shown in the last two,

t,

l' lines of-Table 4. In most cases,' the turnover constant for a tissue
is similar to the one in Table 3a and even the largest differences are *

-

within 50 percent. Utilization of the third turnover constant, to
: account for dilution of phosphorus in the tissue by phosphorus from -
other tissues that have almost no P-32, results in the better fit for
' gills and viscera given by the dotted lines in Figs. If and lg. L We -

' complexity introduced by the additional constant was not considered-
useful for data analysis of the tissues that turn over more slowly.

. The three total turnover constants with values fran 0.008 to 0.012 d-l-
~ .below the mininun of 0.0485 d-l for only radioactive decay in Table 4

: may -indicate the extent of uncertainty for values derived only from
If values of A b plus A u (the third turnover constant) aredepuration. . -

--24-- ;
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Table 3a

Computed Phosphorus Turnover Constants and Bioaccumulation Factor Ratios
for Worm-fed Bluegill

Turnover constant, day-1 BFr/BF, steady state
Section Low feed High feed Low feed High feed

Muscle 0.0033 0.0002 0.0043 0.0002 0.064 0.081

Skeleton 0.00050 0.00002 0.00068 1 0.00006 0.0102 0.014-.

Tail (0.00075 1 0.00007) (0.0012 1 0.0001) (0.015) (0.024)

Head 0.00042 1 0.00002 0.00053 0.00006 0.0086 0.0108

Scales / skin 0.00034 i 0.00002 0.00041 0.00004 0.0070 0.0084

Gills 0.0081 i 0.0006 0.0102 3 0.0009 0.14 0.17-

Viscera- 0.013 1 0.002 0.018 .i 0.005 0.21 0.27

-

o

| Notes: 1. Turnover constants and standard errors were obtained through Marquardt
| nonlinear estimation, except that values for Tail were estimated from

only 6 accumulation measurements.
2.~ BFr/BF at steady state is at/af and Ab/(A b+A r)

_

i
!

I

|

|
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Table 3b

Estimated Phosphorus Turnover Constants and Bioaccumulation Factor Ratios
for Pellet-fed Catfish

Turnover constant, day-1 BF'r/8F, steady state
Section Low feed High feed Low feed High feed

' Muscle 0.0058 0.0018 0.0100 0.0023 0.107 0.17

Skeleton 0.0013 0.0003 0.0027 0.0005 0.026 0.053

Fins 0.0016 0.0003 0.0033 * 0.0006 0.032 0.064

^ Fin spines ~0.0006 0.0002 0.0016 1 0.0004 0.013 0.032

Head 0.0010 0.0002 0.0021 0.0004 0.020 0.042

'

Skin 0.010-t 0.003 0.016 0.004 0.17 0.25

Gills 0.012 - 0.003 0.020 0.003. 0.20 0.29

Viscera 0.030. 0.009 0.075 t 0.024 0.38 0.61
;

;-

|

Notes: .1. Turnover constants were obtained by averaging values measured during.
~

initial 11 days of accumulation.
2.~ BFr/BF ' at steady state is at/af and A b .(Ab + Ar)/

-26-
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Table 4

Phosphorus Biological 'Ibrnover Constants Based on Depuration
for Worm-fed Bluegill

Ebeding
Level Muscle Skeleton Head Scales Gills Viscera

Mean total Iow 0.055 0.059 0.067 0.064 0.071 0.101
#

turnover
' constant, day-1(1) High 0.049 0.040 0.037 0.037 0.082 0.092

:

Correlation Iow 0.94 0.990 0.98 0.990 0.993 0.996
coefficient

j High 0.97 0.89 0.86 0.95 0.999 0.996
!

] Specific activity. Iow 0.062 0.0092 0.0089 0.0065 0.129 0.167
4 ratio, beginning

1 7 of depuration (1) High 0.072 0.0141 0.0093 0.0073 0.171 0.182

i

Non-radioactive Iow 0.006 0.011 0.018 0.016 0.022 0.052
turnover
constant, day-1(2) High 0.001 -0.008 -0.012 -0.012 0.034 0.044

Ccmpartment bio- Iow 0.0036 0.00057 0.00062 0.00043 0.0094 0.017
logical turnover
constant, day-1(3) High 0.0038 0.00065 0.00041 0.00032 0.014 0.017

(1) values were calculated by linear regression analysis of. average specific activity
ratios for 6 sets of sanples collected during depuration.'

(2) Non-radioactive turnover constant is mean total turnover constant minus 0.0485 day-l.
(3) values were alculated with equation (8a).

| (4) Feeding level: "Iow" is 1.5 g/d per 100-g fish, "High" is 2.6 g/d per 100-g fish.

_ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _-_
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uncertain at least to that extent, the biological turnover constants |

i in Table 4 are less reliable than in Table 3a, except for gills and
viscera. The negative values could also be due to some continued
uptake of P-32 from other tissues after the end of accumulation, a.

possibility ignored by the assunptions for equation (8).,

The initially higher specific activity ratios and the subsequent
decreases during accumulation, particularly in the viscera, are not
consistent with uniform conditions. %e most reasonable explanation,
in view of some P-32 totals in the high-feed bluegill during the first
three. days'(see Appendix A.2-1) that exceed the intake due to wonus'

| alone, suggests contamination of the feed during the first few days by
P-32 in peat. Factors that could contribute to this trend are the
gradually decreasing water tenperature, the gradually increasing fish>

weight, and fluctuations in daily P-32 intakes.!

i - The average specific activity ratios for catfish muscle relative to
pellet feed in Tables 2c and 2d were fitted with the curves shown in
Fig. 2a to yield turnover constants of 0.0058 d-l and 0.010 d-l for 4

fish fed 0.8 and 1.1 g/d per 100-g fish, respectively . (see Table 3b).
.

The corresponding ratios of the bioaccumulation factors for P-32
; relative to phosphorus are 0.11 and 0.17. These values are

{ _ considerably less certain than for bluegill because they were cbtained
; frm cnly four or five values early in the acmmlation period. ;

,

Average specific activity ratios for other dissected portions of
catfish are given in Tables 2c and 2d and in Figs. 2b to 2h. Curves
of equation (7) are shown in these figures, .and the turnover constants *

resulting in the best fits of curve to data are listed in Table 3b,
| together with associated ratios of the bioaccumulation factors for
I: P-32 relative to phosphorus. he catfish. turnover constants and
|

bioaccumulation factor ratios show the'same patterns as for bluegill::
;

fish fed larger food portions had higher turnover constants _ and-

bioaccunnlation factor ratios in all tissues;

-- lowest values were in skeleton, head, fins, and fin spines; . .

- turnover. constants for muscle were three to ten times 'as high,'
values for skin and gills were even higher, and wlues for the

viscera were highest.

The phosphorus turnover rates'in Table 5, calculated from the turnover
constants in Tables 3a and 3b and the tissue phosphorus concentrations
in Tables la ' and lb', indicate uptake rates frcan 1 to 4 mg/d per 100-g -,

.

fish for the .two species at-the two feeding levels. At the lower

it phosphorus feeding rate-for bluegill, the daily pa-yherus uptake was
_

;approximately_one-half of.the amount' fed. Uptake was a higher..
fraction of the intake at the lower feed rate,-as would be ecpected.
In catfish, the uptake was a much lower fraction of the feed intake!

i.

!

'
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Table 5

Phosphorus Turnover Rates for Tissues and Turnover Constants
for Whole Bluegill and Catfish

,

P turnover rate, g/d.100-q fishTissue
_ _ _ _ Bluegill Catfish
Im feed High feed Im feed High feed

nuscle 0.21 0.,27 0.58 1.01

skeleton 0.18 0.24 0.16 0.034
~

tail , 0.024 0.034

fin --

fin spine - 0.017 0.046

head 0.27 0.34 0.56 1.19,

scales 0.15 0.18

0.078 0.12skin -

gills 0.010 0.013 0.021 0.035

viscera 0.18 -0.25 0.51 1.28

I.
total turnover 1.02 1.32 1.99 4.15
rak ,

[- fraction of 0.57 0.44 -0.18 0.28

| feed rate '

mean turnover ~0.00066 0.00086 0.0022 0.0047
constant, d-l

!

Notes: 1. h phosphorus turnover rate is the product of the tissue
turnover constant (Table 3) and the tissue phosphorus

i. concentration (Table 1)

~ 2. h fraction of fee: rate is the total turnover rate divided
by feeding rates of 1.8, 3.0, ~ 11, and 15 ng/d.100-<J fish,
respectively.

3.- 'Ihe mean turnover constant for the whole fish is the total
phosphorus turnover, rate divided by the total phosphorus '

concentration (Table 1).

s
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! !
and, surprisingly, the fish with larger daily portions took up a
smewhat larger fraction of the feed.

|
The mean turnover constants for phosphorus in the whole fish, also i

listed in Table 5, were similar to the growth constants in catfish.
In bluegill, the phosphorus turnover constant was similar to the

. growth constant in the low-feed group but only one-half as large in
j. the high-feed group. The turnover constants in whole bluegill were

similar to the values in bone material due to the large fraction of
body phosphorus in that tissue. In mtfish, where bone material does
not constitute such a large fraction of body mass, the whole-body
phosphorus turnover constants are intermediate to those in bcne and
other tissues.,

The phosphorus excretion measured in water for a day (Appendix A.3-1;

| and A.3-2) is endogenous excretion from the listed tissues plus
excretion of that fracticm of the daily phosphorus intake that passes-

through the fish so rapidly that it is not measured in viscera 244 .
_

hours after intake. The endogenous excretion constant in a single-
compartment systen is the difference between what has here been called
the . turnover constant (actually, the uptake constant) and the growth
constant. The noch larger turnover constant in viscera than in muscle*

i suggests that a larger fraction of visceral phco)srus .is accreted.
At least part of this turnover phosphorus originates in other tissues

{ (as represented by Aul-

The daily P-32 excretion rate is predicted in Table 6 for bluegill on
the basis of the rapidly excreted P-32 intake (in only the first of
the six tests) plus the relatively snall contributions of endegenous

! P-32. The rapidly excreted P-32 was _ taken to be one-half of the feed,
h as suggested by the averages in Table 5.

1| In all subsequent tests, the feed contained no P-32. Endogenous
excretion was estimated fran the viscera specific activity, amount of

,

phosphorus (see Appendix A.1-1), and turnover constant. A value of,
.

[ 0.04 d-l- was used for the latter, based on the non-radioactive
turnover constants fran Table 4 minus a small fraction for 5 a psrust,

|. ^ on the indicated dates -- one during acetsnulation and the other five
utilized for growth. These values are compared with P-32 measurements

!

L ' during depuration.
L

L Predicted P-32 excretion rates ranged widely about the values measured
L in water and suspended material. The differences are believed to be

due to large day-to-day fluctuations about the mean alues of turnover
and excretion rates. - Excretion rates may also have been affectd by
stress on the fish from handling them and transferring then to the -
aquarium.

j. 5.'4 Factors that affect the diconsrus turnover constant

30--

|
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Table 6
'

Excreted P-32 in Aquarium' Water'.from Bluegills
during Accumulation and Depuration.

t

Average P-32 excretion rate per fish, c/ min.d.
Date, Average viscera Average P per Calculated Measured-
1982 P-32/P,'c/ min.mg fish viscera, mg slow rapid dissolved. suspended

,

:

11/09 E: 1,008 '14.4 580 '7,200 950 960
W: 1,095 16.7 730 14,400 7,300 730

t

i 11/20 E: 703 20.1 570 0 2,800 240
W: 736 20.5 -600- 0 8,200 <140

11/24 Ei 496 19.3' 380 0- ~300 <120
i . W: . 563 21.0 470 0 1,200 <120

I '

| Y 11/30 E: 236 '18.6 .180 0 '250 < 80
t W: 320 28.2. 360 0 3,900. < 80
,

i 12/07 E: 132 17.3 91 0 <140 < 70
: W: 172- 17.3 120. 0 370 < 70

12/15 E: 64 30.2 .65 O <120 < 40'

W: 83 23.0 76 'O <120 < 40
1|
1
i Notes: ~ 1.. Rapid turnover is 7,200 c/ min.g x g feed / fish.x rapid fraction; feed was
! 2 g/ fish in E and 4.g/ fish in W, -and rapid fraction is approximately 0.5.

2. The measured daily values were obtained for a 25-hr period on 11/09, a 24-hr.

period on 11/30,. and 20-hr. periods on all other days; the values have not:

{ been adjusted for deviations from 24 hrs..
s
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The experiments in the flow-through system yielded higher ptamperus !
I turnover constants for higher feeding rates both in worm-fed bluegill
i and pellet-fed mtfish. The higher turnover constants in mtfish than |

in bluegill are for much higher daily phosphorus intakes. Factors
| such as the higher water temperatures for the mtfish and dissimilar

foods, with phosphorus in different forms, can contribute to the
i difference. Inherent characteristics in phosphorus body content and
; utilization or better acclimation to the experimental conditions could
*

also.cause a higher turnover constant in catfish. Finally, any
conparison of phosphorus turnover constants between bluegill and-

; catfish needs to recognize the larger uncertainty due to the early
termination of the mtfish scperiment.

;

! Data in Tables 7a-h from the parallel experiments performed in aquaria
for 9. days are considered less reliable than from the flow-through '

; tanks because of poor acclimation by fish as indicated by low pellet
consunption, weight loss and large variability in tissue P-32 levels.
Furthermore, inadvertent changes in water tarperature for see aquaria

'

prevented direct comparisons- at the same tenperature. The results
are consistent anrng the various tissues, however, and suggest sane,

trends in phosphoras turnover constants.
7
,

Water temmrature. - The accumulation of P-32 in the bluegill and
catfish Ac 11" C was far below that at tenperatures between 19 and 27',

C. Direct cmparison of catfish fed pellets at 0.9 g/d per 100-g fish !
'

consistently shows slightly higher P-32 accumulation at 24' than at
; 20' C. Temperature changes prevented omparisons between 20' and 25'

C for bluegill, but increased' turnover constants as a function of
i temperature in the range of 10 - 25' C. have been reported for small .
'

bluegill (Ki75, Ko79). Inc'reased food intake at higher tesperatures
over this range is cannonly observed (Da30, Pe39, Ni74), and would be,

; expected to cause increased $m g srus turnover.
'

!? _ Aquaria vs. flow-through system. Catfish fed pellets at 0.9 g/d per
| 100-9 fish and 24" C in aquaria accumulated less P-32 in muscle, skin,

gills, and viscera but the same in bone material (skeleton, head,
fins, and fin spines), than catfish in the flow-through system after 9
days. The latter were at apprarimately the same water temperature and

,

feeding rate.t

I

L Direct comparisons are not'available for bluegill, but these fish at-
slightly lower temperatures in the' flow-through system consistently

; accumulated more P-32 than in the aquaria at worm-feeding rates of
| both 'l. 5 'and 2. 6 g/d per 100-g fish. Although some of these
L accumulatim values in the flow-through system at 9 days are unusually

high, as indimted in Figures la - g, the consistently lower values in
the aquaria suggest poorer acclination by the fish.

,

f

I

k

-32-
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Tablo 7a

Specific Activity in Tissue Relative' to Food in Fish
. Maintained 5 Days in Aquaria: Muscle

Feed, per 100 g fish per day Average temperature. *C
Worms, g moist Pellets, g dry P, mg 11 19 - 20 23 - 27

1.0 0.003 1 0.0020.9 ---- ---- ----

1.4 - 1.6 1.7 - 1.9 (0.029)(3) 0.013 0.010(1)--- ----

0.012 -0.002
0.027 0.009(2)

2.4 - 2.6 2.9 - 3.1 ---- (0.032) 0.020 1 0.003---

$; 2.9 - 3.0 3.5 - 3.6 0.018 0.013--- ---- ----

O.024 1 0.013'
,

0.036 0.010'

0.3 - 0.4 - 4.7 - 5.6 0.002 2 0.002 0.030 0.016 0.064 2 0.025---

1

0.5 - 0.6 6.6 - 8.5 0.063 0.009 ------- ----

| <0.001(1)
?

| 0.8 - 0.9 10.8 - 12.1 0.042 0.042 0.036 0.009--- ----

'

O.024 0.006 (0.057)
4

1.1 15.1 ---- ---- (0.083)---

(1) Average fish weight loss exceeded 0.006 day-l.
(2) Values for catfish are underlined
(3) Values in parentheses are measurements in flow-through tanks

6(4) Means of triplicate values are given; i values are 0.591 R/3 5, where3

R is the range of triplicate values

1

.
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Table 7b

Specific ~ Activity in Tissue Relative to Food in Fish
Maintained.9 Days in Aquaria: Skeleton

Feed. per 100 g fish per day Average temperature, 'C
Worms, g moist Pellets, g dry P, mg 11 19 - 20 23 - 27

0.9 1.0 0.0013 0.0007--- ---- ----

1.4 - 1.6 1.7 - 1.9 (0.004) 0.003 1 0.002(1)---- ----

0.003 1 0.001
0.012 0.004

2.4 - 2.6 2.9 - 3.1 (0.008) 0.005 1 0.001--- ----

2.9 - 3.0 3.5 - 3.6 0.006 1 0.003--- ---- ----

0.005- 0.004
0.018 0.007

0.3 - 0.6 4.7 - 5.6 0.0008 0.0008 0.011 1 0.007 0.030 1 0.012---

0.5 - 0.6 6.6 - 8.5 0.026 1 0.001--- ---- ----

<0.0001(1)

0.8 - 0.9 10.8 - 12.1 0.010 0.010 0.014 0.004--- ----

- 0.011 0.002 (0.012)

--- 1.1 15.1 (0.025)---- ----

__ _ _ _ _
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Table 7c >

~

Specific Activity in Tissue Relative to Food in Fish
Maintained.9 Days in Aquaria: Head

,

Feed, per 100 g' fish per day Average' temperature. *C
Worms, g moist Pellets, g dry P, mg 11 19 - 20 23 - 27

1.0 0.0015 1 0.0008
]

0.9 ---- -------
;

r

I 1.4 - 1.6 1.7 - 1.9 (0.004) 0.003 0.002(1) :--- ----

0.004 1 0.001
0.008 i 0.002j

2.4 - 2.6 . 2.9 - 3.1 (0.010)' O.005 0.001 !--- ----

--- ---- ---- 0.005 1 0.003'2.9 - 3.0 3.5 - 3.6 !

d, 0.005 0.004 '

; Y' O.012 0.004 :

i 0.3 - 0.5 4.7 - 5.6' O.005 1-0.0005 0.011 0.006 0.020 1 0.008---
,

I i
; ,

! 0.5 - 0.6 6.6 - 8.5 0.016 0.001--- ---- ----

| <0.0001(1)

I 0.8 - 1.0 10.8 - 12.1 0.010 1 0.010 0.009 0.003--- ----

O.007 0.002 (0.008) :
'

t

-(0.19) ;j 1.1 15.1 ---- -------

.

b

i
!

!

i

i

.,

d

t-
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! Table 7d
| |

i Specific Activity in Tissue Relative to Food in Fish
Maintained 9 Days-in Aquaria: Fins

(
i Feed, per 100 g fish per' day' Average temperature, 'C

Worms, g moist Pellets, g dry P, mg 11 20 24 - 27

1.4 1.7 0.012 0.004--- ---- ----

3.0 3.6 0.016 1 0.005--- ---- ----

0.3 - 0.4. 4.7 - 5.6 0.0016 1 0.0016 0.026 0.014-------

I 0.5 - 0.6 6.6 - 8.1 0.022 0.001---- ----
- - .

<0.0001(1)

0.8 - 0.9 11.0 12.1 0.009 1 0.002 0.013 0.005-------

(0.016)

1 (0.019)1.1 - 15.1- ---- -------

{
i

|

1

|
|

l
__ 1
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Table 7e

Specific Activity in Tissue Relative to Food in Fish
Maintained 9 Days in Aquaria:- Fin Spines .. ,

Feed, per 100 g fish per day Average temperature, 'C
Worms, g moist Pellets, g dry P, mg- 11 20 24 - 27

1.4 1. 7. 0.004 1 0.001--- ---- ----

'

3.0 3. 6 -- 0.006 0.001--- ---- ----

|

0.3 - 0.4 4.7 - 5.6 0.0003 0.0003 0.011 1 0.006. --- ----

M
!

'

0.5 - 0.6 6.'6 - 8.5 ---- 0.006 1 0.001|
--- ----

'

<0.0001(1)

|

|. 0.8 - 0.9- 11.0 - 12.1 0.003 0.001 0.004 1 0.002--- ----

(0.008)

2.0 - 15.1 (0.017)-- - ----. ----

:

I
I
i

I

!

t
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Table 7f-

~ Specific Activity in Tissue Relative to Food in Fish
~

Maintained 9 Days'in' Aquaria: Skin and Scales-

Feed, per'100 g fish per day Average temperature, 'C
' Worms, g moist - Pellets, - g- dry P, mg - 11 19 - 20 23 - 27-

0.9 --- 1. 0 'O.0010 0.0005 ---- ----

(0.003) 0.002 0.001(1)1.4 - 1.6 -- - 1.7 - 1.9 ----

0.003 0.001
0.031 1 0.009

(0.008) 0.004 * 0.0012.4 - 2.6 2.9 - 3.1- - . ----

---- ---- 0.005 0.003-2.9 - 3.0- --- 3.5 - 3.6
* 0.005 0.004
Y 0.044 0.012

0.3 -'O.5 4.7 - 5.6 0.005 0.005 0.008 0.005 0.071 0.025---

0.5 - 0.6 6.6 - 8.5 ---- 0.065 0.009 -------

<0.0005(1)

0.8 - 1.0- ,10.8 - 12.1 0.008 1 0.008 0.040 i 0.010-------

.0.027 * 0.007 (0.097)

---- - (0.11)1.1 15.1. -- e:---

,

- - - - - - - _ _ - - - _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _
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|. Table 79
!
L Specific Activity in Tissue Relative to Food in Fish
j Maintained 9 Days in Aquaria: Gills
!'

Feed, per 100 g fish per day Average temperature, *C-Worms, g moist Pellets, g dry P, mg- 11 19 - 20 23 - 27
0.9 1.0 0.023 0.011---

---- ----

1.4 - 1.6 1.7 - 1.9 (0.10) 0.030 0.020(1)
---

----

0.043 1 0.011
0.040 0.009

| 2.4 - 2.6 2.9.- 3.1 (0.12) 0.063 0.020
---

----

L>
? 2.9 - 3.0 '

--- . 3.5 - 3.6 0.046 s 0.019---- ----

0.063 0.046
0.056 0.014

0.3 0.5 4.7 - 5.6 0.006 0.006 0.11 0.05 0.14 1 0.03
---

0.5 - 0.6 6.6 - 8.5f ---

0.081 0.008----
i ----

<0.0005(1)

| --- 0.8 - 1.0- 10.8 - 12.1 0.069 0.067 0.063 0.011----

0.036 0.010 (0.12)

1.1 15.1---

(0.084)---- ----

|
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Table 7h

Specific Activity in Tissue Relative to Food in Fish
Maintained 9 Days.in Aquaria: Viscera

Feed, per 100 g fish per day Average temperature, 'C
Worms, g moist Pellets, g dry P, mg 11 19 - 20 23 - 27

1.0 0.07 0.02 ---- ----0.9 ---

(0.27) 0.12 0.05(1)1.4 - 1.6 1.7 - 1.9 -------

0.11 0.04
0.09 0.03

(0.34) 0.12 i.0.022.9 -.3.12.4 - 2.6 -------

h. 0.15 1 0.053.5 - 3.6'2.9 - 3.0' ------ - ----.

0.10 1 0.07
0.15 1 0.05

0.3 - 0.4 4.7 - 5.6 0.05 i 0.05 0.26 0.13 0.19 0.03
---

0.19 i 0.040.5 - 0.6 6.6 - 8.5 --------
---

<0.001(1)

0.16 0.13 0.13 0.010.8 - 0.9 10.8 - 12.1 ----
---

0.11 0.05 (0.32)

(0.34)1.1 15.1 ---- ----
---

,
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Food phosphorus intake. The increase in P-32 accumulation with food
intake by worm-fed bluegill in aquaria at three feeding rates is
consistent with the increase observed in the flow-through syste.
Worm-fed catfish in aquaria show the same trend. Ebr pellet-fed
catfish, however, P-32 accumlation decreased with higher food intake
in aquaria, both at 20* and at 24' C. Cambined with the data frm the
flow-through systen, this trend would indicate decreasing accumlation
between phosphorus intake rates of 5 and 11 mg/d per 100-g fish,,

| followed by an increase between 11 and 15 mg/d per 100-g fish. Such a
minimum does not seem reasonable and may be an artifact due to poor'

.-acclination to the aquaria.

Catfish'vs. Bluegill. Catfish fed worms in aquaria at approximately;

25' C at two feeding rates had approximately twice.the P-32
accumulation in muscle and bone as bluegill, while accunulation inj

gills and viscera was apprmimately equal. Comparison of pellet-fed
i fish was not conclusive because of the wide range of replicate

j bluegill results. Data for all tissues except scales plus skin are
' consistent. The latter can not be compared because that tissue is

mostly sales in bluegill and skin in catfish, with widely different
,

j phosphorus concentrations and turnover constants.
:
1 Worm-vs. pellet feed. Only approximate comparisons are possible
' because worms and pellets were not fed at identical levels of daily

phosphorus intake. The closest.ccuparison is for catfish in aquarium
water at 24' C fed pellets at 0.32 g/d per 100-g fish (a phosphorus

i intake rate of 4.7 mg/d per 100-g fish) and at 26* C fed worms at 3.0
g/d per 100-g fish (3.6 mg/d per -100 g) . - Accumulation from pellets

! averaged 1.8 times the accumulation from worms, cmsiderably higher
, than would be expected fra the trend based on' the P-32 accumulation
' in' worm-fed catfish. On' the other hand, catfish in aquaria fed even

more pellets -- 0.80 g/d per 100-g fish -- at 25' Ccaccumulated
approximately the same P-32 levels as these worm-fed catfish. The
comparison of bluegill in aquarlun water at 19' C fed pellets at 0.41
g/d per 100-g fish (5.6 mg/d per 100 g) with bluegill at 24 - 25' C
fed worms at 2.9 g/d per 100-g fish (3.5 mg/d per 100 g) also suggests -

|.
greater accumulation than would be expected from the increase in -

phosphorus intake rate but at a. lower water taperature.

Analyses of the water in all aquaria on the eighth day of the study
,

( show that, with a few exceptions, approximately one-half of the P-32-
L fed on that day was in the water (see Appendices B.3-1 and B.3-2).
l This fraction is consistent with the ratio'of -the average daily

turnover (uptake) rates to feeding rates for bluegill in Table 5. The
?very low gtake values for fish in water at 11' C (aquaria No. ~ 1, App.

(- B.3-1 and B.3-2) are supported by the &servation that more than 90
percent of the P-32 in the feed was in the water. The worm-fed
catfish-(in aquaria No.7 and 8), on the other hand, retained more than'

80 percent of the feed, consistent with the much higher accumulation:

!

.

-41-
.
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by these fish than by bluegill (see Table 7). %e P-32 in water is
attributed to endogenous material rather than phosphorus dissolved or

i leached from feed because the feed was prcmptly consumed, little feed
'

' rennined uneaten, and there appears to be little difference in the
~ P-32 fraction fra worms and pellets.

i In summary, the aquarium experiments indicate higher phosphorus
turnover constants for catfish than for bluegill, phosphorus uptakes'

4 increasing.with daily intake rates at least for lower values, and
possibly higher wtakes with pellets conpared to worms. > We higher !
turnover constants in catfish may be due to their lesser body )

.

phosphorus contents. Se turnover constant is expected to increase ,

'' - less rapidly than phosphorus intake at high feeding rates, although
this was not the case for the catfish in the flow-thrcugh system. Any i

difference between pellet and worm feed may be che to different forms
of P-32. It was added to pellets as phosphate ions, whereas the worms
undoubtedly metabolized much of the P-32 to form organic conpounds.

,

e

.

5.5 Phosphorus uptake fr a water
<

The specific activities in tissue relative to water summarized in
Table 8 confirm the conclusion reached earlier (Ka80) that fish take.

up very little dissolved phosphorus directly fra water, ccupared to ,

'

their uptake fr a food. Se relative specific activity in the control;
- fish, even at the extremely high dissolved pacephorus. concentration[

h (5.6 mg/L) in aquaritsu water, was lower by factors. between _40.and 250
than en the 4th day of ' feeding the analler daily portions.

' - The turnover constants in these control fish at the indicated low
@take rates _were only 2 x 10-5 d-l for bluegill muscle and 3 x 10-5
d-l for catfish muscle (see Table 9). The constants in. muscle,

skeleton, and head sections were similar for bluegill.and catfish;
exposed to the same p e gnorus concentrations in water.

The daily F.on. crus uptake rates for a 100-g fish of 27.8 pg in blue-
~

gill and 13.0 pg in ontfish (Table 9) correspond to respective waterp
intake rates of 5.1 and 2.4 ml/d. Drinking rates between 0 and 18 ',-
ml/d have been reported for freshwater fish (Fa80).

,

- The remarkable observation for both bluegill and catfish with blocked
esophagus is that the specific activity. in. tissues relative to water
was approximately double the value in the control fish, as sunnarized
in Table 8. . Hence, the turnover constants and daily uptake rates in

' muscle as well as in the whole fish were twice as great as in control>

fish.(see Table 9). _Although small amounts' of P-32 measured in these ,

- fish may be due to accumulation on surfaces externally.and in the
mouth,' the higher specific activities throughout the fish when tne

|. esophagus is blocked suggest an additional mechanism, such as.

'

stinulation of ionic uptake at some surfaces, e.g. 'the gills and mouth.
;

*
,

i
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| Table 8

Specific Activity in Tissue Relative to Water for Unfed Fish
Maintained 4 Days . in Aquaria (1)

! Species Treatment Muscle Skeleton Head Skin / Scales Gills Viscera

Bluegill Blocked 0.18 0.01 0.10 1 0.02' '0.06 0.01 0.06 0.01 2.0 t 0.1 8.8 0.6
Control 0.08 0.03 0.05 0.03 0.03 0.01 0.03 i 0.01 0.6 0.1 4.7 2.5

!

Catfish Blocked 0.18 i 0.02 0.12 0.01 0.08 0.02 0.24 0.05 0.642 0.02 1.2 1 0.6
Control 0.10 2 0.01 0.05. '0.01 0.03 0.01 0.08 0.02 < 0.3 1.11 0.3

| Bluegill - woms, ~ low (2) - 11 .2 2 1.5 50 200

|
- worms, high(2) 17. 4 4 3.0 70 350

i e

! =

| Catfish - pellets, low (2) 20 5 4 20 40* 110

| - pellets, high(2) 40 10 6 40 60 200
!

(1) Divide all values by 1,000
(2) Specific activity in tissue relative to food was interpolated for 4th day from data for fish

in flow-through tank
(3) Specific-activity in water was 57,000 c/ min.mg for bluegill and 60,200 c/ min.mg for catfish.
(4) Catfish fin spines and bluegill tails are'with skeleton, and catfish fins with the head.
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Table 9,

l
Phosphorus Uptake Rate and Turnover Constant for Unfed Fish

i

Tissue

3P, Tissue, P uptake rate x 10 , P turnover
i at/af x 103 .mg/g wet g/100-g fish mg/d.100-g fish constant x 10 , d-l3

B -U B U B U B U;

Bluegill

Muscle 0.18 0.08 2.5 26.1. 25.1 3.2 1.4 0.050 0.022
i

Skeleton 0.10 0.05 17.6 21.2 23.4 10.3 5.7 0.028 0.014'

Head 0.06 0.03 18.9 29.2 33.2 9.1 5.2 0.016 0.008
Scales. 0.06 0.03 41.5 11.1- 11.3, 7.6 3.9 0.016 0.008
Gills - 2.0 0.6 3.0 0.50 0.41 0.8 0.2 0.55 0.16'

lE Viscera 8.8 4.7' 2.2 4.8 4.05 21.3 11.4 2.4 1.3
Whole fish T374 92.9 97.4 3771 2776 0.037 0.019

Catfish

Muscle 0.18 0.10 2.6 31.3 28.3 4.0 2.0 0.050 0.028
Skeleton 0.12 0.05 8.6 15.0 16.8 4.3 2.0 0.033 0.014
Head 0.08 0.03~ 14.2 27.1 28.3 8.5 3.3 0.022 0.008

I Skin 0.24 -0.08 2.1 7.3 9.6 1.0 0.4 0.066 0.022
Gills 0.64 <0.3 3.2- 0.62 0.58 0.3 <0.2 0.18 <0.08
Viscera 1.2 1.1 2.0 8.8 8.9 5.8 5.3 0.33 0.30
Whole fish 6X VD I TE!i FDJ TEU IF.DT1 iETTf2

Note: B: ' fish with blocked esophagus; U: control fish

_ _ _ _ _ _ _ _ _ _ _ - - - _



-- - - - - - - -.- - - . - . = - - -. .. - , . . - . .

!

t

!
E

l

|:

.

|
|

.

i. Direct uptake of P-32 at very low rates has been observed earlier,
both for unfed fish (He45) and for fish with blocked esophagus (ToS8).
Uptake .of HPO -2 ions at gill and oral cavity membranes has been4
postulated without further discussion (La77).

,

5.6 P-32 discharged at a nuclear power station

The brief enviro'nmental survey at the Sequoyah Nuclear Power Plant,
. operated by TVA at the 'Dennessee River (Olicamauga Lake) near Chatta-
nooga, TN,- showed the presence of P-32 in liquid effluent, and in peri-,

.
phyton, zooplankton, bluegill sunfish and catfish (see Table 10).

i Similar-concentrations in liquid effluent have been found at other
nuclear power stations (B176,' Ka74).

The | aquatic samples were collected by TVA staff from the river and;
' - fran a pond into which the liquid effluent was discharged prior to

further dilution in the river. The concentration of P-32 in pond

i water was estimated by TVA staff to be between 0.1 and 0.5 pCi/L
; during discharge of liquid waste at the concentrations indicated in
L Table 10.-

The ' observed P-32 levels in mtfish flesh and whole sunfish suggest a,

concentration factor of cne to several thousand relative to pond water'

i, (Ma73). Because' waste discharges are periodic, these values do not
reflect steady-state conditions. On the other hand, exposure to P-32.
is not 'usually as brief as indicated by discharge periods because P-32

.
tends to e-late in~ sediment and then gradually reenter the water

i column (Ha52, Ha58, Po65). The higher P-32 concentrations-in sane
| pond periphyton samples stpport the high P-32 bioaccumulation factor

predicated on rapid pc.gc,rus turnover relative to radioactive decay.
,

,' Most samples from the river were below detection levels for P-32, but
i; several positive measurements were obtained -in fish and zooplankton.

.These may be briefly elevated levels during the period of waste
- release, or could be due to transfer of suspended material with high

j P-32 ' levels fran pond to lake. Without further studies, the P-32

| . levels observed here indicate the potential for detectable P-32
; concentrations downstream from nuclear power stations, but do not
; . provide K?r values.

'

i

|

!
L

|

!
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Table 10
l

P-32 Concentrations in the Aquatic Environment I

at the Sequoyah Nuclear Plant (1) '

Date P-32, l
Description Location Collected pCi/kg(2) l

periphyton river 09/08/81 < 5,000
periphyton pond 09/08/81 20,000 60%

zooplankton pond 09/08/81 < 15,0004

zooplankton river discharge 09/08/81 < 15,000.

zooplankton river (intake 09/08/81 < 15,000
background)

catfish flesh river 09/10/81 < 30
catfish bone & viscera river 09/10/81 < 120

sunfish flesh river 09/10/81 < 80
sunfish bone & viscera river 09/10/81 < 400

catfish flesh pond 09/10/81 280 12%
catfish bone, etc. pond 09/10/81 750 17%

H O unfiltered pond inflow 09/11/81 <12
H O unfiltered pond inflow 09/11/81 <12
H 0 filtered pond - gate 09/11/81 <12
H 0 filtered pond - gate 09/11/81 <12

H 0 unfiltered pond inflow 09/15/81 <12
H O unfiltered pond - gate 09/15/81_ <12
H 0-unfiltered pond inflow 09/15/81 <1-2
H O filtered pond - gate 09/15/81 <12

catfish flesh pond _ 09/15/81 125 12%
catfish bone, etc. . pond 09/15/81 280 30%
. sunfish - whole- pond 09/15/81- 7401 15%

catfish flesh river 09/15/81 < 30
catfish bone, etc. river 09/15/81 -<-90

sunfish flesh river 09/15/81- 1130120%
sunfish bone, etc. river 09/15/81 330 ft0% -

zooplankton pond 09/17/81 20,000190%'

zooplankton river (487)' 09/17/81- 20,000 90%
zooplankton river-(483.4) 09/17/81 < 12,000

~t periphyton e river 09/17/81 < 2,000
,

4, periphyton pond 09/17/81 15,000 70%

^H 0 discharge waste tank 09/15/81 1,500 10%2
H O composite waste tank 09/09-15/81 .1,950 5%2

H 0 composite waste. tank 09/16-22/81 680 10%2
H 0 discharge waste tank 09/22/81 820 10%2

(1) All values were reported by Robert J. Lyon,' Eastern Environmental
Radiation Facility, Office of Radiation Programs, USEPA.

(2) Percent indicates standard deviation of counting.
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6. Conclusions

A phosphorus turnover constant of 0.0043 d-1, corresponding to a
bi--lation factor ratio for P-32 relative to phosphorus of 0.081,
was obtained for' bluegill auscle. %ese bluegill were fed worms at a

F rate of 2.6 g/d. per 100-g body weight in a flow-through tank
- maintained at 16 -. 22' C. %e phosphorus content of the worms was 1.2
mg/g.- %e initial weight of the bluegill averaged 121 g (range 86 -
164 g), and they gained an average 0.19 percent /d in the 79-day study

,

period. Cabined with the generic phosphorus bioaccumulation factor
. of 70,000 reccanended earlier, the ratio yields a P-32 bioaccumlation
' factor of 6,000. His value is the bioaccumulation in unsele relative
.

to water under these conditions if P-32 accumulates rapidly in the
| food chain. We bioaccumulation factor ratio was .approximately 20

percent lower for bluegill fed femr worms, at a rate believed to be;

just above maintenance level.
' In parallel studies with catfish (average weight,168 g) fed pellets

that contained five times as nuch phosphorus, in water at 24 - 26' C,
bioaccumulation factor ratios were twice as high. Ancillary studies

. suggest that bioaccumulation factor ratios increase with water
,

temperature between 11 to 27' C, and with phosphorus intake fran 1 to
i 5 mg/d per 100-g fish. %e bioaccumlation factor ratio also appears

.to be higher for catfish, which have a nuch lower phosphorus body
content than bluegill, and higher with pellet feed with ionic P-32
content than with worms that contain metabolized P-32.

Measurements of P-32 and phosphorus concentrations in other fish
tissue show phosphorus turnover constants approximately 5-fold lower

. than muscle in bluegill skeleton, head, and scales and catfish
skeleton, head, and fins. Turnover constants are several times higher
than muscle in the viscera and gills of both species and in aatfish
skin. Turnover constants for whole fish were approximately one-fifth
the muscle ;value in bluegill and two-fifths the muscle value in .~

| catfish.
|

! Uptake and depuration of P-32 -in bluegill nuscle, skeleton, head, and
scales can be described with a single 1-coupartment model' that relates ,

the specific activity in tissue to that in feed by means of the
'

l. pMepMrus turnover constant and the P-32 radioactive decay constant.
|. The. specific activity data observed for viscera and gills require

additional- turnover constants to account for the movement of'

phosphorus ~ among tiseues.

' This study demonstrates' that the bioaccunulatica factor for P-32 is
substantially' lower than. that for phosphorus because phosphorus

|
turnover in fish nuscle is slow ccupared to the radioactive decay of

i P-32. If the whole fish is considered rather- than muscle, the

|- bioaccumulation factor is slightly higher because the higher nuscle
; turnover constant is outweighed by the lower phosphorus concentration
|
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in muscle than in the whole fi.sh. In bluegill, average phosphorus
concentrations relative to wet weight in muscle and whole fish were i
2.4 and 15.4 mg/g, respectively; in catfish, they were 2.2 and 8.8

m3/9-

That .the major. intake pathway for phosphorus is food rather than water
is established by phosphorus uptakes between 1 and 4 mg/d per 100-g
fish. Typical phosphorus concentrations in water are in the range of
only 0.005 - 0.5 mg/L. An experiment with unfed fish in water with
extremely -high (5.6 mg/L) phosphorus -concentration, approximately
. equi-molar in the forns of mono- and di-hydrogen phosphate, yielded
P-32 uptakes associated with a water intake of 2 - 5 ml/d. At this
very snall phosphorus uptake, however, the unexpected result was that

- fish with a blocked esophagus accunulated twice as much P-32 in their
tissues as control fish. Hence, sane uptake of phosphate may be due
to ion transfer at surfaces, stimulated by the stress of blockage.

,

The P-32 bim_=3 ation' factor presented above for bluegill that were1

fed 2.6 percent /d and gained 0.19 percent /d is believed to apply on an
annual average basis in the environment, but wide variations would be
expected due to different phosphorus intakes at certain time periods

! and locations. . Species differences that could affect phosphorus
turnover constants need also to be considered. Where P-32 discharges
by nuclear facilities could lead to significant radiation cbses to
persons eating fish, detailed monitoring is desirable to consider
possibly_ higher P-32 transfers as a function of specific fish specieso

h and metabolian, pathway, form of phosphorus, or ambient conditions.

The flow-through systen was found to be' effective in maintaining fish
healthy and growing for a sufficiently long period and is recommendedp

L for use in. similar uptake . studies. Specific activity measurenents
during both accumulation and depuration provided unambiguous values of
turnover constants and bioaccumulation factors. Similar,

l. detenninations in fish are suggested for radionuclides with uncertain
BFr due to widely different cbserved values.

-

.

l

7 :; '

i '
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Fig.1a. Phosphorus-32 specific activity in bluegill tissue relative to food: muscle
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Fig. 2f. Phosphorus-32 specific activity in catfish tissue relative to food: skin
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L . . A01-1
P-32 Uptake and Depuration'in Bluegill 'j

1. Muscle
| P-32-
| Date_of ~ -Date of
I Fish death, Weight,(2) Sample counting, decay net c/ min.g. : P, P-32/P,

No.(1) 1982 (hr) wet. dry ashed No. 1982 (hr)' fraction' c/ min.(3) we t -- og/g wet c/ min.mg. -:
- 7ETC~ 09/28 ~2ET CO ~27T 285 T07Ff(TNT 0.498 33.0- 14.7- 2.31 6.4

794E (08) _23.1 3.a8 307- 326 10/15(05) 0.441 10.6 5.2 2.43 2.1
879E_ 34.3 _6.23 398 314 10/14(21) 0.447 22.5 7.3 2.31 3.2
499W 16.3 2.42 169 315 10/14(23) 0.447- 120 82.3 1.93 42.6

| 708W 30.7 5.53 403 334 10/19(10) 0.360 136 61.5~ 2.60 23.7
787W- 29.1- .5.75 347 325~ -10/14(12) 0.456 231 87.0 2.42 36.0

684E 09/29 42.3 7.74 470 452 11/02(18) 0.189 69.2 43.3 2.16 20.0
859E (08) 31.8 333 443 11/02(17) 0.189 137. 114 2.14 53.3--

863E. 20.9 4.33 254 457 11/03(01) 0.186 54.4 70.0 2.27 30.8
608W 27.1 5.67 334_ 458 11/04(14) 0.173 183. 195- 2.28 85.5
682W 39.1 7.47- 424^ '444 11/03(11) 0.182 231. 162~ 2.16 75.0
890W L33.8 6.50 394 571 11/09(13) 0.136 233 243 3.01 80.7

i ~619E 09/30 37.3 6.54 401 503 11/05(19) 0.170 28.0 22.1 2.03 11.1
| 872E (08)- 39.2 7.52 .474 420 10/25(20) 0.291 248 109 2.43 44.9

A 635E 38.0 7.46. 468 c433 10/26(01) 0.288 381- 174 2.25 77.3'

, ? '706W 29.2 5.38 347 451 11/03(14) 0.191 204 183 2.63 69.6
L 704W 32.4 6.61 405. 454- 11/03(14) 0.191 192 155 2.49 62.3

430W 45.9 9.80 610 415 10/25(18) 0.292 429 160 2.41 66.4

759E 10/06 24 3 3.85 _118(6) 532 =11/06(18) 0.218 259 244 1.86 131
674E (08) 20.1 .4.05 266 584 11/09(15) 0.190 306 401 2.05 1%,

! 762E 28.6 5.94 339 459 :11/03(15) 0.254 514 354 1.85 191

| 613W 33.4 7.25 417- 460 _11/03(15) 0.254 646 381 2.32 164
| 880W _ 22. 2. 4.73 256 466 11/04(11) 0.244 528 487 2.53 193

792W 32.1 7.12 3% 549: 11/07(22) 0.206 770 582 2.57 227
i

699E_ 10/12 29.9 5.31- 357 597- 11/10(12) 0.243 .1,167 803 2.28 352
784E (08) 35.7 6.88 455 494 11/04(17) 0.322 2,048 891 2.27 393

| 733E 21.0 3.59 228. 475. 11/04(14) 0.325 500 366 2.09 175

| -488W ~34.2 6.90 398 .518 11/04(22) 0.319 1,957 897 1.99 451
! 490W 23.0 4.72 302 586 11/09(16) 0.253 766 658 2.66 247
| 476W 40.0 8.00 '497 523 11/04(22) 0.319 948 371 2.45 151

(1) W fish received twice as much feed as E fish, at same specific activity (2) Wet and dry weight in gram; ashed
weight in ag. (3) Duplicate 20-m1 aliquots of .100-al : samples.were analyzed for P-32 by counting Cherenkov radia-
tion for 50-min when < 200 c/ min and for 10-min when > 200 c/ min (4) Tail samples were combined with skeleton

! samples af ter 10/19 (5) Month 01 is -In'1983 (6) Weight appears to be erroneous (7) For actual times of death on
j 11/09,_11/20, 11/24 11/30, 12/07,'and 12/15,.see Appendix A.3
L . - - __ __ _. _
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A.1-1. cont'd
P-32 Uptake and Depuration in Blue 9111

Muscle
P-32

Date of Oate of
Fish death, Weight, Sampla counting, decay net c/ min.g. P. P-32/P,
No. 1982 (hr) wet dry ashed ,No. 1982 (hr) fraction c/ min wet mg/g wet c/ min.mg.

769E 10/19 28.4 6.01- 351 613 11/17(11) 0.244 1,044 753 2.35 320
482E (08) 25.4 5.38 301 617 11/17(13) 0.243 735 595 1.96 304
677E 21.9(6) 2.79 198 556 11/08(08) 0.379 724 436 1.51(6) 289
497W 23.4 4.% 287 555 11/08(08) 0.379 1,640 925 2.56 361
873W 40.2 8.35 416 624 11/17(14) 0.243 2,770 1,418 2.62 541'
607W 39.8 8.00 478 627 11/17(15) 0.243 1,770 915 2.64 347

876E 10/26 29.4 5.67 332 673 11/23(13) 0.255 1,121 748 2.18 343
763E (08) 26.8 5.33 331 654 11/23(11) 0.255 1,118 818 2.34 350
881E 23.6 5.07 300 695 11/24(06) 0.246 177 152 2.63 57.8
785W 33.2 7.05 422 651 11/23(10) 0.256 1,592 937 2.39 392
716W 33.3 7.23 427 647 11/18(14) 0.325 2,660 1,229 1.97 624
875W 40.4 8.90 528 646 11/18(14) 0.325 2,450 933 2.64 353

5 882E 11/03 22.8 4.37 268 703 11/24(22) 0.351 1,200 750 2.46 305
'f 456E (08) 24.1 5.20 298 701 11/24(18) 0.354 1,095 642 2.59 248

627E 34.7 6.97 448 795 12/10(11) 0.166 1,427 1,239 2.65 468
858E 38.4 7.86 471 698 11/24(16) 0.356 1,569 574 2.65 217

| 722E 36.4 7.68 434 702 11/24(20) 0.352 1,452 567 2.28 249
| 884W 34.5 7.21 435 705 11/25(01) 0.349 1,939 805 2.47 326'

672W 25.0 4.53 301 670 11/23(12) 0.375 765 408 2.26 181
679W 34.3 6.51 430 685 11/24(13) 0.358 2,438 993 2.30 406

! 199E 11/09 28.2 5.51 374 717 11/25(21) 0.448 2,213 875 2.45 357
| 790E (08) 41.3 8.91 539 719 11/26(01) 0.444 2,355 642 2.50 257

486E 23.7 4.04 274 715 11/25(18) 0.451 689 323 2.14 151'

602W :38.1 8.06 489 785 12/03(14) 0.308 1,334 568 2.36 241
893W 19.5 3.47 267 790 12/10(10) 0.221 1,155 1,342 2.50 537
798W 43.3 8.74 572 718 11/25(01) 0.466 5,069 1,256 2.61 481

'
899E 11/17 23.3 4.58 301 763 12/02(15) 0.477 1,971 887 2.44 364
713E (08) 31.2 6.63 412 766 12/02(16) 0.476 2,293 772 2.35 329
880E 28.4 5.49 360 765 12/02(16) 0.476 1,240 459 2.33 197
886W 29.8 5.% 379 759 12/02(14) 0.477 3,781 1,330 2.34 568
622W 41.4 8.63 536 757 12/02(13) 0.477 3,515 890 2.44 365
698W 37.4 7.29 467 826 12/10(24) 0.317 2,024 854 2.38 359

L -



A.1-1 cont'd
P-32 Uptake and Depuration in Bluegill

Muscle
P-32

Date of Date of
F ish death, Weight, Sample counting, decay net c/ min.g. P,- P-32/P,
No. 1982 (hr) wet dry ashed No. 1982(hr)(5) fraction c/ min wet mg/g wet c/ min.mg.

782E 11/20 34.6 7.31 444 846 12/12(22) 0.334 1,646 712 2.34 304

767E (08) 48.7 10.52 582 849 12/16(10) 0.282 1,406 512 2.47 207

728E 46.7 10.41 592 848 12/13(01) 0.333 4,081 1,312 1.97 666

715W 47.7 10.71 605 931 12/22(10) 0.211 1,454 722 2.73 265

889W 44.5 10.11 596 1017 12/31(24) 0.133 1,283 1,084 2.66 408

606W 43.2 9.64 548 847 12/12(23) 0.334 1,762 611 1.98 309

477E 11/24 39.4 8.26 483 876 12/16(20) 0.336 1,671 631 2.54 248

738E (08) 31.3 6.39 431 845 12/12(20) 0.408 3,101 1,214 3.62 335

691E 49.0 10.37 640 881 12/16(22) 0.335 2,467 751 2.41 312

668W 34.1 7.40 438 878 12/16(21) 0.336 1,856 810 2.50 324

717W 22.9 5.00 325 932 12/22(13) 0.256 1,372 1,170 2.72 430

891W 43.5 9.12 583 868 12/16(17) 0.338 1,872 637 2.50 255

L
j' 637E 11/30 37.0 7.52 450 853 12/16(11) 0.458 1,785 527 2.52 209

721E (08) 24.7 4.88 316 852 12/16(11) 0.458 854 377 2.54 148

723E 31.5 6.25 385 885 12/16(23) 0.446 1,291 459 2.55 180

892W 56.5 12.12 720 880 12/16(21) 0.449 4,748 935 2.58 362

885W 31.7 7.02 406 877 12/16(20) 0.449 2,101 738 2.64 280

636W 52.2 11.10 670 851 12/16(11) 0.458 3,010 630 2.74 230

730E 12/07 38.7 8.04 478 898 12/18(03) 0.593 1,670 364 2.65 137

871E (08) 32.7- 6.64 377 897 12/18(01) 0.595 652 168 2.33 72.1

705E 30.4 5.41 367 896 12/17(23) 0.598 720 198 2.45 80.8
641W 34.9 7.30 456 900 12/18(09) 0.586 1,664 407 2.63 155

615W 45.6 8.62 527 895 12/17(22) 0.599 1,919 349 2.33 150

735W 32.1 6.71 404 901 12/17(08) 0.616 1,556 393 2.54 155

694E 12/15 24.7 4.44 373 1088 01/14(15) 0.230 236 208 2.44 85.2
| 485E (08) 38.4 7.36 498 1025 01/01(14) 0.434 784 235 2.62 89.7

894E 54.1 11.22 716 1089 01/14(15) 0.230 634 255 2.61 97.7
692W 55.0 11.54 677 998 12/30(16) 0.476 1,921 367 2.51 146

854W 57.0 12.62 748 1090 01/14(15) 0.230 643 24E 2.72 90.1
630W 35.6 7.63 472 1091 01/14(16) 0.230 353 216 2.50 86.4

:
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. A.1-1 cont'd
,

! P-32 Uptake and Depurction in Bluegill !

Skeleton |
,

!
P-32 i

| Date of Oate of '

! Fish death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,
No.(1) 1982 (hr) wet dry ashed No. 1982 (hr) fraction c/ min. wet mg/g wet / min.mg.

761E 09/28. 22.4 6.79 2,470 371 10/20(22) 0.334 89.3 59.7 17.6 3.39
794E (08) 23.9 6.84 3,300 310 10/14(06) 0.463 34.7 15.7 24.1 0.65
879E 30.0 9.10 2,990 328 10/15(07) 0.439 34.9 13.2 17.5 0.75

,
499W 23.6 6.79 2,870 329 10/15(11) 0.439 302 146 19.9 7.34

| 708W 24.3 6.59 2,580 327 10/14(13) 0.456 191 86.2 20.3 4.25
787W 29.7 8.49 2,780 335 10/19(11) 0.360 338 158 15.8 10.0

'

684E 09/29 32.0 9.39 3,370 418 10/25(19) 0.264 160 94.7 20.0 4.74
! 859E (08) 28.5 8.85 3,230 469 11/04(12) 0.173 222 225 20.6 10.9
i 863E 20.8 6.31 1,54G 468 11/03(16) 0.184 120 157 13.9 11.3
| 608W 21.7 6.79 2,020 467 11/04(12) 0.173 212 282 16.3 17.3
| 682W 33.7 10.12 2,540 416 10/25(19) 0.264 491 276 14.3 19.3

890W 29.6 8.52 484 11/04(14) 0.173 329 321 16.2 19.8---

| 7' 619E 09/30 14.6 -- 2,210 453 11/02(20) 0.197 31.4 54.6 22.4 2.44
872E (08) 27.0 8.81 3.010 417 10/25(19) 0.291 390 248 21.4 11.6
635E -25.1 8.13 2,630 409 10/25(16) 0.293 419 285 21.0 13.6
706W 21.4 6.60 2,650 419 10/25(20) 0.291 306 246 20.4 12.1
704W 19.1 6.84 1,910 398 10/25(15) 0.294 309 275 17.7 15.5

| 480W 25.1 9.20 3,070 473 11/04(13) 0.182 232 254 23.8 10.7

759E 10/06 24.0 6.22, 2,260 572 11/09(13) 0.191 280 305 16.8 18.2
674E (08) 22.1 6.82 2,380 491 11/04(16) 0.242 520 486 18.9 25.7
762E 26.2 8.27 2,570 471 11/04(12) 0.243 529 415 17.5 23.7,

'

613W 20.9 6.52 1,740 598 11/10(12) 0.182 560 736 15.1 48.7
680W 16.2 5.20 1,390 449 11/03(13) 0.255 743 899 15.6 57.6
792W 22.9 7.48 1,700 567 11/10(10) 0.183 614 733 15.8 46.4

699E 10/12 33.9 9.01 3,400 566 11/09(12) 0.255 1,054 610 18.1 33.7
784E (08) 32.8 9.35 2,920 541 11/07(09) 0.283 1,720 926 14.3 64.8
733E 22.5 5.59 2,390 447 11/03(12) 0.341 506 330 16.3 20.2
488W 20.9 6.70 1,710 564 .11/09(11) 0.255 1,399 1,313 16.4 80.1

i 490W 19.2 5.83 1,880 548 11/07(21) 0.277 672 632 12.7 49.8! 476W 30.4 8.64 3,140 596 11/10(11) 0.244 726 489 18.4 26.6

i
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A.1-1 cont'd
P-32 Uptake and Depuration in Bluegill

Skeleton
P-32;

! Date of Date of
F ish death, Weight, Sample coun ting, decay net c/ min.g. P, P-32/P,
No. 1982 (hr) wet dry ashed No. 1982 (hr) fraction c/ min wet mg/g wet c/ min.mg.

769E 10/19 23.2 7.15 1,970 554 11/08(07) 0.380 1,539 873 14.0 62.4
482E (08) 21.4 6.66 1,590 562 11/09(10) 0.360 1,119 726 12.9 56.3
677E 19.9 5.50 2,620 594 11/10(11) 0.343 806 590 23.7 24.9
497W 18.7' 5.39 1,290 553 11/08(05) 0.382 1,645 1,151 13.5 85.3

| 873W 36.9 10. 36 2,850 561 11/09(10) 0.360 3,675 1,383 13.7 100.9
607W 39.7 11.81 3,720 592 11/09(16) 0.356 2,444 865 13.9 62.2

876E 10/26 22.4 7.00 2.060 683 11/23(16) 0.254 1,207 1,061 16.3 65.1
763E (08) 27.5 9.00 3,640 773 12/03(11) 0.158 811 933 26.8 34.8

-881E 18.1 -5.62 1,650 743 12/02(11) 0.165 194 325 17.5 18.6
785W 30.8 9.37 3,020 .687 11/24(14) 0.243 1,449 96'8 17.3 56.0

,

| 716W 34.9 10.56 3,390 688 11/24(14) 0.243 1,981 1,168 17.9 65.3
875W 33.0 10.38 3,320 749 12/02(12) 0.165 1,196 1,098 18.4 59.6

.

h$ 882E 11/03 23.7 7.00 2,630 788 12/10(09) 0.166 689 876 20.4 42.9
456E (08) 22.7 7.12 1,730 770 12/03(10) 0.232 1,211 1,150 14.0 82.1
627E 33.5 9.83 3,420 787 12/10(09) 0.166 1,295 1,164 18.0 64.7
858E 32.3 9.93 2,680 678 11/23(15) 0.374 1,855 768 14.6 52.6
722E 28.1 8.98 2,050 786 12/10(08) 0.166 802 860 12.5 68.8
884W 25.6 8.05 4,210(6)771 12/03(11) 0.232 1,326 1,116 14.3 78.0
672W 24.0 6.96 2,890 747 12/02(12) 0.243 633 543 20.5 26.5
679W 34.1 _10.31 4,080 793 12/10(11) 0.166 1,131 1,002 21.3 47.0

799E' 11/09 24.3 7.36 2,630 730 11/26(18) 0.430 2,023 968 20.0 48.4
790E (08) 24.5 8.47 2,090 724 11/26(09) 0.438 2,414 1,126 16.2 69.5
486E 26.4 8.07 3,280 767 12/03(09) 0.310 643 393 20.1 20.0
602W 27.8 9.47 2,300 731 11/26(20) 0.427 1,765 743 15.2 48.8
893W 24.2 8.32 3,750 768 12/03(10) 0.310 1,462 974 29.7 32.8
798W 35.2 11.03 3,450 733 11/26(23) 0.425 3,807 1,272 20.2 63.0

899E 11/17 29.7 8.31 2,810 822 12/10(17) 0.322 2,013 1,052 18.2 57.8
713E (08) 18.7 6.02 1,610 824 12/10(21) 0.320 1,679 1,403 17.3 81.1
880E 25.4 7.64 2,860 817 12/10(15) 0.323 1,002 611 21.1 29.0
886W 31.9 9.26 3,000 828 12/11(16) 0.308 3,197 1,627 18.8 86.5

- 622W 30.6 9.06 2,520 835 12/12(04) 0.299 2,802 1,531 15.0 102.0
698W 31.0 0.07 3,200 816 12/10(14) 0.323 2,083 1,040 19.0 54.7
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A.1-1 cont'd
P-32 Uptake and Depuration in Blue 911:

1'

Skeleton
P-32

Date of Date of
.

'

| Fish death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,
No. 1982 (hr) wet dry ashed No. 1982 (hr) fraction c/ min wet mg/g wet c/ min.mg.

j 782E 11/20 37.5 10.08 3,130 858 12/16(13) 0.281 1,443 685 16.7 41.0
-

| 767E (08) 33.8 10.18 3,100 1013 12/31(18) 0.134 654 722 19.7 36.6'

728E 34.1 10.26 3,290 1016 12/31(23) 0.133 1,038 1,144 16.8 68.1
; 715W 31.1 10.26 3,090 832 12/11(22) 0.351 1,850 847 17.7 47.9! 889W 40.0 12.00 3,480 834 12/12(02) 0.348 3,993 1,434 16.7 85.9
| 606W 52.8 14.51 3,990 857 12/16(13) 0.281 3,028 1,020 15.3 66.6

477E 11/24 30.8 9.68 2,860 875 12/16(20) 0.336 1,419 686 17.0 40.4738E (03) 23.0 7.38 2,870 856 12/16(12) 0.341 989 630 23.3 27.0
691E 29.7 9.52 3,160 936 12/22(12) 0.255 1,374 907 21.7 41.8
668W 37.7 11.59 3,640 855 12/16(12) 0.341 1,809 704 21.1 33.4
717W 26.7 8.41 2,740 864 12/16(15) 0.339 2,037 1,125 18.8 59.8

i 891W 26.0 8.18 2,830 907 12/18(18) 0.306 1,076 676 19.1 35.4,

5 637E 11/30 30.7 9.25 2,930 1043 -01/07(12) 0.157 535 555 22.0 25.2721E (08) 24.0 7.68 2,890 .866 12/16(16) 0.452 677 312 22.2 14.1
723E 25.4 7.93 2,650 862 12/16(14) 0.456 1,040 449 17.6 25.5892W 45.2 14.97 4,300 867 12/16(17) 0.452 4,706 1,152 16.1 71.6
885W 20.9 6.65 1,460 939 12/22(12) 0.341 1,673 1,175 12.4 94.8
636W 30.5 10.21 3,440 1035 01/02(06)- 0.213 1,025 788 19.1 41.3

730E 12/07 26.0 7.97 2,420 1006 12/31(06) 0.314 826 506 14.4 35.1
j 871E (08) 26.1 7.77 2,210 %6 12/23(10) 0.459 523 218 15.0 14.5
| 705E 30.0 8.98 3,570 987 12/23(13) 0.456 444 162 19.2 8.44

641W 21.4 6.64 1,840 1000 12/30(20) 0.320 789 576 15.3 37.6
615W 28.1 8.54 3,160 979 12/23(12) 0.457 875 341 19.9 17.1
735W 27.3 8.31 1,960 1002 12/30(24) 0.318 1,170 674 14.4 46.8

!
! 694E 12/15 26.1 7.38 3,140 1083 01/07(15) 0.323 299 177 21.3 8.31485E (08) 33.1 10.08 3,890 IG26 01/01^(16) 0.432 600 210 24.3 8.64

,

894E 37.4 11.21. 3,550 992 12/30(07) 0.484 907 251 18.8 13.4'

692W 39.1 12.26 3,700 1030 01/01(22) 0.426 1,089 327 17.7 18 5
854W 28.3 9.67 2,490 993 12/30(08) 0.483 1,069 391 16.1 24.3
630W 26.0 8.11 .1,660(6)l102 01/14(18) 0.229 337 283 12.1 23.4

,

1.

|

!
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A.1-1 cont'd
P-32 Uptake and Depuration in Bluegill

Viscera
P-32

Date of Date of
Fish death, Weight, Sample counting,' decay net c/ min.g. P, P-32/P,
No.(1) 1982 (hr) wet dry ashed No. 1982 (hr) fraction c/m(2) wet mg/g wet c/ min.mg.

.761E 09/28 8.4 1.20s 104 305 10/13(13) 0.481 747 92.4 2.08. 44.4 ,

794E (08) 6.6 1.08 128(6) 288 10/12(22) 0.493 66.2 102 2.37 43.0
879E 11.2 2.54 136 343 10/20(00) 0.349 95.6 122 2.28 53.5
499W 10.5 1.33 113 301 10/13(12) 0.481 2,515 2,490 1.61 1,546
708W 10.9 1.55 119 298 10/13(10) 0.481 3,119 2,970 1.77 1,677
787W 16.3 3.56 201 320 10/14(11) 0.458 1,855 1,242 2.46 504

684E 09/29 8.6 1.55 101 410 10/25(17) 0.279 377 786 1.99 395

859E -(08) 13.4 1.80 126 374 10/21(13) 0.341 1,518 1,650 1.42 1,162
863E 5.7 0.97 60.0 406 10/25(16) 0.279 253 795 1.77 449
608W 7.2 1.30 68.9 377 10/21(14) 0.341 783 1,595 1.62 935
682W 9.4 2.60 82.8- 368 10/21(13) 0.341 1,071 1,671 1.44 1,160
890W 11.3 1.61 110 405 10/25(16) 0.279 1,374 2,180 1.67 1,305

619E 09/30 6.4 1.34 67.2 403 10/21(11) 0.360 84.6 184 2.18 84.4
872E (08) 11.1 1.79 128 381 10/25(12) 0.295 1,596 2,440 1.68 1,452
635E 11.5 1.75 140 375 10/21(14) 0.358 2,046 2,480 2.42 1,025
706W 12.1 1.71 118 404 10/25(16) 0.293 2,390 3,370 1.68 2,006

| 704W 10.0 -3.13 88.7 380 10/25(11) 0.295 1,623 2,750 1.34 2,050
480W 12.0 2.42 116 369 10/21(13) 0.358 3,077 3,580 1.54 2,320

759E 10/06 5.0 0.83 69.4 465 11/03(16) 0.253 1,040 4,110 2.12 1,939
674E (08) 7.9 1.15 90.2 462 11/03(16) 0.253 1,392 3,480 1.78 1,955
762E 6.7 1.30 86.9 606 11/17(11) 0.130 458 2,630 2.60 1,012

; 613W 5.6 0.72 --- 602 11/10(13) 0.182 770 3,780 2.22 1,702
! 680W '4.6 1.10 55.4 485 11/04(14) 0.242 1,023 4,600 2.14 2,150
l 792W .7.2 2.64 76.1 488 11/04(14) 0.242 1,485 4,260 1.93 2,210

699E 10/12 8.7 1.50 126 510 11/04(20) 0.322 1,570 2,800 2.87 976
784E (08) 8.9 -1.68 105 577 11/09(14) 0.254 1,198 2,650 2.19 1,210
733E .4.3 0.65 57.2 516 11/04(21) 0.322 496 1,791 2.14 837
488W 5.9 1.93 63.3 580 11/09(14) 0.254 925 3,090 2.07 1,493
490W 7.0 1.35 73.6 513' 11/04(21). 0.322 1,388 3,080 1.91 1,613
476W 11.4 1.61 146 537' 11/07(02) 0.287 1,590 2,430 1.51 1,609

l
l

. _ -. ._



- .. .- .. -. .. , , . - ~ , - - - . - .- , .,. .

: A,1-l ~ . con t 'd '
P-32 Uptake and Depuration'in Blurgill ,

. Viscera
P-32

Date of Date of
Fish . death, Weight, Sample coun ting, decay net c/ min.g. P, P-32/P,
No. 1982 (hr)- wet dry ashed No. 1982-(hr) fraction c/ min wet- mg/g wet c/ min.mg.

769E 10/19 6.3 1.41 71.4 615 11/17(12) 0.243 -596 1,947 2.27 858 >

; .482E (08) 5.3 1.63 53.1 614 11/17(12) 0.243 385 1,485 1.76 844 .

677E 6.2 0.85 84.6 625 11/17(14) 0.242 294 980 2.28 430
497W. 6.5 1.32 74.6 610 11/17(11) 0.243 695 2,200 1.81 1,215
873W 12.1 2.17 151- 622- 11/17(14) 0.242 1,418 2,420 2.01 1,204
607W 14.4 2.30 162 605 11/10(13) 0.341 2,256 2,300 -1.90 1,211

876E 10/26 7.0 1.53 85.5 692 11/24(15) .0.242 1,213 3,580 2.42 1,479
763E (08) 11.7 1.85 158- 699 11/24(16) 0.242 1,468 2,590 2.55 1,016
881E 3.9 0.84 44.9- 700 11/24(16) 0.242 240 1,271 2,45 519

| 785W. 11.7 1.98 138 713 11/25(14) 0.231 1,428 2,640 2.25 1,173
i 716W 11.1 1.98 127 640 11/18(13) 0.325 1,847 2,560 2.13 1,202'

875W 9.2 1.92 114 638 11/18(12) 0.325 1,905 3,180 2.22 1,432

882E 11/03 8.1 1.30 86.3 779 12/03(13) 0.231 1,187 3,170 2.06 1,539,

456E (08). 4.0 0.95 . 32.9 775 12/03(12) 0.231 348 1,833 2.06 890
| 627E 8.0 .1.49 118 804 12/10(12) 0.165 679 2,570 2.86 899'

858E 8.0 2.19 68.5 780 12/03(13) 0.231 799 2,160 1.60 1,350
722E 7.3 2.25 56.3 736- 12/02(10) 0.243 305 860 0.62(6) 1,387
884W 6.4 1.53 77.8 796 12/10(11) 0.165 626 2,960 2.19 1,352
672W 8.8 1.16 -85.9 776 12/03(12) 0.231 814 2,000 1.99 1,005
679W 9.0 1.65 114 778 12/03(13) 0.231 1,456 3,500 2.70 1,296

799E 11/09 6.8 1.29 74.5 806 12/10(13) 0.220 907 3,040 2.57 1,183
790E (08) 7.3 2.67 58.2- 805 12/10(13) 0.220 608 1,895 1.80 1,053
486E 6.4 1.03 64.6 761 -12/02(15) 0.323 645 1,543 1.96 787
602W 7.5 3.61(6) 55.2 762 ~ 12/02(15) 0.323 614 1,268 1.61 788
893W 6.3 1.09 64.9 812 12/10(14) 0.220 853 3,080 2.15 1,433
798W 9.3 2.12 107- 807 12/10(13) 0.220 1,144 2,800 2.63 1,065

899E. 11/17 6.9 1.31 79.4 818 12/12(15) 0.293 1,414 3,500 2.55 1,373
713E (08) .5.5 '1.18 56.3 821 12/12(16) 0.293 976 3,030- 1.87 1,620
880E 7.1 1.37 .104- 1019 01/01(02) 0.114 269 1,662 3.21 518
886W 14.7 2.49 154 1018 01/01(01) 0.115 851 2,520 2.05 1,229
622W 10.6 2.23 108 815 12/10(14) 0.324 3,042 2,970 2.00 1,485
698W 9.0 1.73 110- .1020 01/01(04) 0.114 573 2,790 2.55 1,094

.
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'A.1-1-cont'd
P-32 Uptake and Depuration in Bluegill

Viscera
P-32

Date ofi Date of' .

Sample counting,- decay net c/ min.g. .P, P-32/P,' F ish . death,- Weight,
No. 1982 (hr)~ -wet . dry- ashed No. 1982 (hr) fraction c/ min wet mg/g wet c/ min.mg.

3

782E| 11/20 8.7' 1.62 95.6- 947- 12/22(13) 0.210 639 1,749 2.58 678

767E (08) 8.6 2.08 92.3 882 12/16(22). 0.275 668 1,412 2.19 645

728E.
'

8.1 ~ 1. 74 - 73.5 948- 12/22(13) 0.210 629 1,849 2.35 786

715W 8.4 1.94 87.9 1022 01/01(09) 0.131, 391 1,777 2.32 766

889W~ 8.1 1.88 101.5 954 12/22(14) 0.209 578 1,707. 2.87 595

606W 8.7 2.30 81.8 953 12/22(14) 0.209 665 1,829 2.16 847

477E' 11/24 7.8. 2.04 83.7. 1031. 01/01(24) 0.153 284 1,190 .2.34 509

738E (08) 6. 0; 1.16 74.6 1041 01/07(11) 0.118 172 1,215 2.43 500
~ 691E 9.6 2.03 107.5 1040 01/07(11) 0.118 283 1,249 2.61 479
668W. 9.1 -1.78 97.0 943 12/22(13) 0.255 641 1,381 2.59 533

.717W 5.8 1.30 70.8 942 12/22(12). 0.255 548 1,853 3.04 610

891W 8.1 1.68. 94.5 1032 01/02(02) . 0.153 362 1,461 2.68 545

I ~ 1.58 89.5 962 12/22(16) 0.339 397 673 2.55 264637E 11/30 8. 7.
721E (08) 5.1 0.90 61.4 892 12/16(06) 0.461 285 605 3.00 202

723E. 6.1 1.17 70.6 890 12/16(23) 0.469 400 735 3.02 243

892W 16.2 4.19 179.1 964 12/23(10) 0.326 896 847 2.77 306

885W 5.3 1.89 46.5 961 12/22(15) 0.339 243 677 2.03 333

636W 12.4 2.24 125 963 12/23(09) 0.326 607 750 2.34 321

730E 12/07. 5.0 1.21 56.5 910 12/18(21) 0.573 2 72 475 2.66 179

871E (08) 6.7 .1.63 78.0 984 12/25(01) 0.424 151 266 2.52 106

70SE' 9.1 1.51 107.0 981 12/24(22) 0.426 205 264 2.37 111

641W 5.7 1.39 63.8 982 12/23(13) 0.456 234 450 2.64 158

615W 8.6 1.36 88.0 972 -12/23(11) 0.458 373 473 2.77 171

735W ' 5.2 1.22 49.7 983 12/24(24) 0.424 192 435 2.31 188

694E 12/15 12.0 1.64 144.0. 997 12/30(15) 0.476 162 142 2.23 63.7
485E (08) 11.3 1.93 135.0 999 12/30(18) 0.474 183 171 2.37 72.2
894E 13.8 -2.84 187.0 1024' 01/01(12) 0.435 180 150 2.69 55.8
692W 13.9- 2.96 148.0 1080 01/07(15) 0.323 190 211 2.37 89.0
854W 9.6 3.02 94.5 1023 01/01(10) 0.437 158 188 2.08 90.4
630W ~7.6 2.66- 69.4 989 12/30(02) 0.489 112 151 2.13 70.9

_ - _ _ _ _ _ _ _ _ _
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. 'A.1-1| con t' d ~ .

' P.-23 Uptake -and Depuration in Bluegill
Scales and Skin,

^

Date of Date of.
' Fish . death, Weight, Sample coun ting, decay. ~ net c/ min.g.~

'mg/g wet c/ min.mg.No.(1) 1982'(hr)- wet- dry ashed No. .1982 (hr)- fraction c/ min. wet-
.

P-32/P,-P,

' 761E ' 09/28. 15.2 -5.39 2,160 309 '10/14(04) 0.465 113- 79.9 J35.3 2.26-

i ~
879E ,

18.0. 7.21' 3,020; -322: 10/14(11)' O.456 215 131 40.4. 3.24

=794E (08)' -14.6. 6.82 -3,570- 319 10/15(02) 0.443 37.6 '29.1 61.2 0.48-
'

18.1 7.02 2,800 321: :10/15(04) 0.443 _ 32.4 20.2 40.7 0.50*

*

1499W
4 708W :12.7 5.91 2,840 370. 10/19(20) 0.353 134' 149. 49.8 2.99

787W 19.2- 8.14 .3,280 318 10/14(11) 0.456 340 194 38.3 5.07*

' 684E 09/29- 19.8- '7.68 ~3,150 388 10/25(12) 0.281 150 135- 37.6 3.59
; 859E. (08) 17.1 7.00 3,600, 396 10/25(14) 0.281 283 294 43.8 6.71

'863E. 12.1= 4.25 983(6) 481 11/04(03) 0.176 79.6 187 20.9 8.95a

i '608W :14.6' 6.00- 1,960 474 11/04(13) 0.173 146 289 33.4 8.65
^

682W .18.1 6.45 2,090. 399. 10/25(15) 0.279 352 349 32.1 10.9,

1890W 16.3 6.44 2,610~ 608. 11/16(20) 0.094 148 483 33.3 14.5

Y 619E 09/30 12.6' 4.85 1,720 501 11/05(17) 0.171 29.1 67.5 31.2 2.16
'872E (08) 20.3 8.39 3,330 '389 10/25(12) 0.295 356 297 37.0 8.03'

635E
~

16.6 7.34 3,010 414. 10/25(18) 0.292 411 424 44.5 9.53,
t 706W 17.2 7.03 2,800- 411 10/25(18) . 0.292 328 327 37.0 8.63
: 704W 14.0- 5.38 1,660. 401 10/25(15) 0.293 235 286 29.4 9.73
( 480W 18.3 7.85 3,250~ 432 10/25(24) 0.288 348 330 37.2 8.87

| 759E- 10/06 12.0 6.07- 2,680 568 -11/09(12) 0.191 248 541 57.5 9.41
j 674E , ( 08 ) ' 10.6 4. 30._ L1,650- 595 11/10(11) 0.182 365 946 28.0 33.8
i '762E 10.3 5.10 2,150 492 11/04(16)- 0.241 373 751 43.9 17.1
: 613W 8.0 -3.66 1,270- 583 11/09(14) 0.190 445 1,464 28.3 51.7
! 680W 8.0- 3.11 838: 531 11/06(16) 0.219 442 1,261 22.5 56.0'

792W . 8.' 8 '3.87 1,270. 569 11/09(12) 0.191 384 1,142 37.6 30.4

699E 10/12 .16.7 8.21 3,810. 546 11/07(18) . 0.278 1,032 1,111 42.9 25.9
: 784E (08) '14.1 :6.23 2,970. '502 11/04(19)L 0.320 1,244 1,379 49.5 27.9
i 733E 12.8 5.29. ;1,940 570 11/09(13) 0.255 256 392 42.2 9.29
i 488W 11.4' 4.76 ~1,520- .522 11/04(22) 0.319 1,181 1,624 30.0 54.1
i 490W . 9.5 3.79 1,440. 565 '11/09(11) 0.256- 536 1,102 25.5 43.2

476W 15.8 .' 8. 06 ' 3,620 539 11/07(06) 0.285 934 1,037 54.7 19.0
t

*
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A.1-1 cont'd
P-32 Uptake and Depuration in Bluegill'

~ Scales and Skin
P-32

Date of- Date of
Fish death, Weight, Sample counting, decay net c/ min.g. P. P-32/P,.

.No.- - 1982 (hr) wet dry ashed No. 1982 (hr) fraction c/ min wet mg/g wet c/ min.mg.

769E 10/19 9.0 4.17 1,510 630 11/17(16) 0.254 690 1,509 31.5 47.9
482E (08) 7.6 3.48 1,090 652 11/23(11) 0.182 326 1,178 37.1 31.8
677E 16.1 6.57 2,960 649 11/18(15) 0.230 434 586 43.7 13.4
497W 6.~ 6 - 3.03 1,050 633 11/18(11) 0.232 648 2,120 35.7 59.4
873W 13.9 6.28 2,560- 653 11/23(11)- 0.182 1,088 2,150 44.4 48.4
607W 16.9 7.74- 3,110 657 11/23(12) 0.182 881 1,432 41.4 34.6

876E 10/26 8.0 3.96 1,540 802 12/10(12) 0.112 393 2,190 41.2 53.2
763E (08) 16.0 7.23 3,220 680 11/23(15). 0.254 1,102 1,356 47.0 28.9
881E 7.5 3.33 1,130 679 11/23(15) 0.254 246 646 36.6 17.7
785W 14.7' 6.63 2,680 681 11/23(16) 0.254 1,080 1,446 42.3 27.6
716W 15.5 7.76 3,400 689 11/24(14) 0.243 1,137 1,509 53.0 28.5
875W .16.6 7.43 3,020 684 11/24(13) 0.243 1,226 1,520 39.0 39.0

fi882E 11/03 13.8 5.64 2,420 723 11/26(07) 0.328 996 1,100 43.6 25.2
'

: 456E (08) .8.8 3.40. 940 720 11/26(02) 0.331 803 1,378 30.7 44.9'

627E 17.8 7.56- 3,390 746 12/02(11) 0.244 1,321 1,521 41.2 36.9
858E 18.5 6.95 2,290 791 12/10(10) 0.166 729 1,187 30.2 39.3
722E 9.6 4.23 1,350 774 12/03(12) 0.231 636 1,434 36.4 39.4
884W 11.0 4.78: 1,810' 789 12/10(09) 0.166 651 1,783 41.5 43.0
672W 12.5 5.94 2,820 722 11/26(06) 0.329 621 765 49.5 15.5
679W 17.4 8.28 3,770 677 11/23(14) 0.374 1,943 1,493 46.0 32.5

799E 11/09 12.1 5.22 2,180 728 11/26(14) 0.434 1,548 1,474 41.6 35.4
790E (08) 10.7 5.03 1,650- 726 11/26(11) 0.436 1,590 1,705' 39.6 43.1
486E 15.9 7.16 3,100- 734 11/27(01) 0.423 921 684 45.3 15.1
602W 12.2 5.62 1,800 729 11/26(16) 0.431 1,100 1,046 37.9 27.6
893W 13.1: 6.57 3,190 758 12/02(14) 0.324 1,112 1,308 51.8 25.3
798W 15.6 7.24 3 060- 732 11/26(21) 0.427 2,605 1,955 39.2 49.9

,

899E 11/17 11.7 5.31 2,310 825 12/10(22) 0.319 1,154 1,546 44.5 34.7
713E (08) 8.1 3.37 990 819 12/10(15) 0.323 960 1,835 29.3 62.6
880E .13.1 5.55 2,440- 829 12/11(18) 0.306 717 894 41.9 21.3
886W 16.5 6.82 3,110 831 12/11(21) 0.305 2,529 1,631 46.1 35.4
622W '11.0 4.40 1,670 823 12/10(19) 0.320 1,696 2,410 41.3 58.4
698W 14.3 6.35 2,930 827 12/11(02)- 0.315 1,390 1,543 46.7 33.0

_ - _ - ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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A.1-l' cont'd-
P-32 Uptake and Depuration in Bluegill-

Scales and Skin.
P-32

Date of Date of
F ish . death, Weight, Sample counting, decay net c/ min.g. p, P-32/P,
No. 1982 (hr) wet dry ashed No. 1982 (hr) fraction c/ min wet mg/g wet c/ min.mg.

782E 11/20 16.8 6.69 2,850 861 12/16(14) 0.280 1,051 1,117 45.1 24.8
767E (08) 15.9 6.53 2,070 1011 12/31(14) 0.135 533 1,242 31.7 39.2
728E 15.9 7.18 3,280 950 12/22(14) 0.209 1,254 1,887 45.8 41.2
715W 14.2 6.45- 2,760 830 12/11(19) 0.353 1,400 1,396 43.3 32.2
889W 21.1 9.08 -3,920 833 12/11(24) 0.350 2,783 1,884 45.9 41.0
606W 23.4 9.05 3,080 860 12/16(14) 0.280 2,105 1,606 37.2 43.2

477E 11/24 15.8 6.77 2,680 1037 01/02(10) 0.150 474 1,000 37.3 26.8
738E (08) 9. 8 . 4.65 2,070 925 12/22(09) 0.257 565 1,122 50.1 22.4
691E- 13.5 6.14 2,620 1033 01/02(03) 0.152 551 1,343 44.2 30.0
668W 18.2 7.86 3,300 865 12/16(15) 0.339 1,346 1,091 42.2 25.9

-717W 14.4 5.80 2,250 -879 12/16(21) 0.336 1,480 1,529 40.8 37.5
891W 15.0 6.65 2,800 1036 01/02(08) 0.151 525 1,159 41.7 27.8

b|637E. 11/30 15.2 6.50 2,480 935 12/22(11) 0.342 757 729 39.2 18.6
'

721E (08) 12.8 6.02 2,690 863 12/16(15) 0.453 600 517 50.0 10.3
723E 14.0 6.29 2,510 906 12/18(16) 0.411 793 689 45.8 15.0
892W 18.4 8.86 3,900 859 12/16(13) 0.456 2,813 1,677 57.3 29.3
885W 12.0(6)3.33 1,080 905 12/18(14) 0.412 1,249 1,263 23.9(6) 52.8
636W 13.2 6.60 2,820 934 12/22(11) 0.342 1,084 1,202 52.6 22.9

'730E 12/07 12.2 4.83 '2,000 893 12/17(18) 0.603 1,014 689 43.0 16.0
871E (08) 13.4 4.55 1,660 899 12/18(14) 0.592 486 306 33.0 9.27
705E 16.3 7.50 3,680 921 12/19(17) 0.548 506 283 61.2 4.62
641W 8.0 3.08 1,130 902 12/18(10) 0.584 778 833 39.3 21.2
615W 12.0 5.26 2,550 894 12/17(20) 0.601 775 537 56.0 9.59
735W 8.9 3.03 890 903 12/18(11) 0.584 884 850 30.4 28.0

694E 12/15 15.2 6.50 .3,280 994 12/30(10) 0.481 442 302 48.6 6.21
485E (08) 20.5 8.53 3,790 1010 12/31(13) 0.456 665 356 46.5 7.66
894E 18.1 7.19 2,980 995 12/30(12) 0.479 573 330 39.0 8.46
692W 19.4 7.85 3,140 1009 12/31(11) 0.458 895 504 38.0 13.3
854W 15.9 6.13 2,040 996 12/30(14) 0.477 774 510 29.9 17.0
630W 12.6 4.48 1,400 1027 01/01(17) 0.431 406 374 27.9 13.4
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A.1-1 cont'd
P-32 Uptake.and Depurationiin. Bluegill4

' Gills.
P-32-

Date!of Date of
' Fish death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,

- ' No.(1):1982 (hr)' wet dry ashed No. 1982 (hr)- fraction c/ min. wet mg/g wet c/ min.mg.

761E- 09/28 0.64' O.096 7.7 296 10/13(06) 0.486 8.4 135- 3.93 34.4
'794E (08) 1.06~ 0.161 18.5 300 10/13(23) 0.469 <2.2 <22 3.79 <6

,

879E .0.76 0.138 10.0 '339 10/19(18) 0.354 <2.2 <41 3.00 <14*

-499W 0.91- 0.133. 9.3 289 10/12(23). 0.493 48.1 536 2.00 268
.708W 0.49' O.081 9.3- 313- 10/14(19) 0.449 12.7 289 2.38 121
787W ~ 'O.68 0.121- 16.1 302 10/14(00) '0.469 44.6 699 3.17 221 .

684E 09/29. 0.73 0.102 9.5 376 10/21(01) 0.348 13.6 268. 2.49 108
859E. -(08) 0.74 0.104 11.5 378- 10/21(03) 0.348 37.3- 724- 2.22 326

'

863E' O.37 ~0.066- 3.8 476 11/03(20) 0.179 3.4 257 2.84 90.5
608W 0.73~'0.107 6.5 603 11/11(03) 0.126 13.1 712 1.92 371

. 682W 0.71' O.117 6.0 367 10/19(19) 0.370 35.5 676 2.08 325
E 890W 0.71' O.097- _5.3 477 11/03(21) 0.179 17.2 677 1.73 391

,

, h 619E 09/30" 0.51|0.169- 10.5 '412. 10/22(17). 0.338 <2.2 <64 2.29 <28
t '872E (08) 1.11 0.157 16.9 373 10/21(00) 0.367 58.7 720 2.33 309
F 635E . 0. 74 - -- - 6. 7 366 10/19(17) 0.390 47.6- 825 2.32 356

706W |1.11 0.177 6.4 379 10/21(18) 0.354 56.2 715 2.09 342'

704W 0.80 0.119 10. 0 '- ~402 10/22(09) 0.344 44.9 816 2.70 302
480W -1.05 0.153- .10.0- 384 10/21(23) 0.351 70.5 956 2.60 368,

759E 10/06 0.44 -0.073 3. 7: 575 11/09(22) 0.187 16.8 1,021 2.45 417
.674E (08) 0.36 0.068 4.6 456. '11/02(23): 0.262 37.2 1,972 2.83 697r

; 762E- 0.63~ 0.110 7.2. 508~ 11/05(20) 0.228 52.2 1,817 2.63 691
: 613W -0.52 0.088 6.0- 574 11/09(20) 0.188 36.2 1,851 3.01 615

680W. 0.55. 0.087 4.7 464 :11/03(04) 0.260 55.6 1,944 2.28 8534

~792W- 0.58' O.102- 6.4' .470 11/03(18) 0.252 51.8 1,772 2.34 757

i. 699E -10/12. 0.97 .0.114. 8. 0 ': 578- 11/10(01) 0.249 84.4 1,747 1.83 955
; 784E i(08) 0.79 0.120 12;5- 550 11/07(24) 0.274 98.8- 2,280 2.64 864

'

733E .. 0.78' O.087 5.2- 576- '11/09(23)- 0.250 24.6 631 1.80 351
488W ~0.69 :0.102- 5.4' 581 11/10(04) 0.247 80.6 2,360 45.7 (6) ---

'
-490W -0.48 0.070 5.2- 551, 11/08(02). .0.274 44.9 1,707 2.28 749

'

'476W 0.76 0.102 17.2 573' 11/09(18) 0.252 41.4- 1,081 2.18 496

,_ _ _ . _ _ _ _ _ _ _ _ _ _ _ .
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A.1-1 cont'd
P-32 Uptake and. Depuration' in 81uegill.

Gills-
P-32

, Date of .
Date of

Fish - . death, Weight, Sample. counting,. decay net c/ min.g. P, P-32/P,
No. 1982 (hr) wet dry ashed. No. 1982'(hr) fraction c/ min wet mg/g wet c/ min.mg.

482E (08) '0.46 0.080 6.7 588
~ 11/11(04): 0.315- 58.0 1,918 2.10 913604769E 10/19 0.48 0.058 ----

11/10(17) 0.338 46.7 1,501 -2.51 598
677E 0.77 0.105 9.0 558 11/08(10) 0.378 68.2 1,172 1.67. 702.
497W 0.44 0.078 5.7 590 11/10(20) 0.335 68.9. 2,340 2.52 929
873W- 0.67-' O.101 8.3 591' 11/10(22) 0.335 .119 2,650 2.30 1,152
607W '1.18 0.163 .13.8 557 11/08(09) 0.378 192 2,150 1.64 1,311

.876E- 10/26' O.37 -0.074- 6.7 696 11/24(08) 0.245 32.0 1,765 2.80 630
763E .(08) 0.71 0.135 10.9 694 11/24(04) 0.248 70.4 1,999 .2.83 706
881E .0.26 0.059 .- 6. 9( 6) - 693 11/24(03) 0.248 11.2 868 4.16- 210
785W 0.88 0.118- 7.3 .711 11/25(11) 0.232 53.7 1,315 1.46 901

'716W 0.65 0.127 12.5 741 12/01(20) 0.170 48.2 2,180 3.76 580
875W 0.60; 0.161 66.4(6) 697 11/24(09). 0.245 55.3 1,881 1.92 980

in 882E 11/03 0.71 0.089 5.0 704 11/24(23) 0.351 67.9 1,362 1.54 884
'i' 456E' (08) 0.40 0.066 3.2 706 11/25(03) 0.351 40.9 1,457 2.44 597

627E ' 1. 04 ' 0.'132 11.2 803 '12/10(02) 0.168 65.2 1,866 1.67 1,117
858E 0.76 0.123 8.1 738 12/01(15) 0.254 55.6' 1,440 2.40 600
722E, 0.65 0.096 5.4 740. 12/01(18) 0.252 44.4 1,355 2.55 531
884W 0.42 .0.077 8.5' 739 12/01(16) 0.254 33.4 1,565 3.35 467
672W -0.67 0.071' 5.5- 794 12/09(18) 0.170 20.2 887 1.26 704
679W -0.87 0.120 11.6- 797 12/09(19) 0.170 44.1 1,488 1.62 919

799E 11/09 0.47 0.073- 7.2 781 12/02(19) 0.320 45.2 1,504 1.89 796
790E (08) 0.75 0.114 5.9 783 12/02(22) . 0.318 77.8 1,'631 2.07 788
486E 0.65 0.096 4.6 .782 12/02(21). 0.318 55.0 1,332 2.12 628
602W 0.76 0.091 7.5_ 750 12/02(01)- 0.332 54.8 1,086 1.66 654
893W 0.88 0.120 9.4 737, 12/01(13) 0.341 104. 1,735 2.14 811
798W 0.76 ~0.092- -5.9 784 12/02(24) 0.317 64.0 1,329 1.58 841

899E 11/17 0.56 -0.091 -6.0 756 12/02(08) 0.483 128. 2,370 2.09 1,134
713E (08) 0.45 0.061 6.5 753 12/02(04) 0.486 72.1 1,648 2.80 589
880E 0.64 0.096 ' 7. 4 754 12/02(06) 0.486 106. 1,704 2.00 852
886W- 0.67. 0.103 9.0 755 12/02(13). 0.479 133. 2,070 1.72 1,203
622W 0.63 0.103 ' 9. 2 ~813 '12/11(07) 0.312~ 83.4 2,120 2.47 858
698W 1.18 0.145 12.7 1021 01/01(07) 0.113 41.6 1,560 1.53 1,020



w - - - -

- _

A.1-1 cont'd
P-32 Uptake and Depuration in Bluegill-

Gills
P-32

Date of Date of
Fish death, Weight, Sample counting, decay net- c/ min.g. P, P-32/P,
No. 1982 (hr) wet dry ashed No. 1982 (hr) fraction c/ min wet mg/g wet c/ min.mg.

782E :11/20 0.84 0.116 9.8 883 12/15(18) 0.291 65.1 1,332 2.15 620
767E (08) 0.75 0.118 11.4 884- 12/15(20) 0.291 52.3 1,198 3.08 389
728E 0.75 0.105 946 12/23(18) 0.198 54.4 1,832 2.25 814--

715W 0.76 0.108 3.7 949 12/23(19) 0.197 44.2 1,476 2.04 724
889W 1.00 0.146 10.9 951 12/23(21) 0.197 61.4 1,558 2.15 725
606W 1.18 0.173 5. 7 - 952 12/23(22) 0.196 87.6 1,894 2.21 857

477E- 11/24 0.50 0.080 2.4 888 12/16(01) 0.349 41.0 1,175 2.55 461
738E (08) 0.88 0.142 11.4 960 12/24(05) 0.235 55.4 1,339 2.61 513
691E 0.72. 0.112. 9.7 889 12/16(02) 0.349 71.7 1,427 3.04 469
668W 0.8;l 0.119 8.4 959 12/24(04) 0.236 48.4 1,266 2.05 618
717W 0.50 0.090 6.1 937- 12/22(01) 0.261 46.1 1,766 2.69 657
891W 1.00 0.146 11.0 938 12/22(03) 0.260 66.9 1,287 2.44 527

7 637E 11/30 0.79 0.101 8.2 887 12/15(23) 0.469 52.6 709' 1.95 364
'721E ( 08) 0.76 0.091 7.0 - 1039 01/07(18) 0.156 9.9 417 1.87 223
723E 0.56 0.071 5.8 891 12/16(04) 0.464 26.8 515 1.90 271
892W 1.65 0.'221 19.9. 1038 01/02(12) 0.200 55.7 845 2.08 406
885W 0.47 0.066 6.2 1034 01/02(05) 0.203 13.0 682 2.05 333
636W 0.90(6)0.072 4.5 886 12/15(22) 0.470 30.0 355 1.02(6) 348

730E 12/07 0.61 0.102 '9.0 1003 12/31(01) 0.317 24.5 634 2.68 237
871E (08) 0.52 0.084 3.6 1005 12/31(04)- 0.315 12.4 379 3.05 124
705E 1.13 0.162- 9.8 1001 12/30(22) 0.319 30.4 422 2.85 148
641W 0.75 0.102 8.8 904 12/18(13) 0.581 40.9 469 3.53 133
615W 0.80 0.098 5.3 911 12/18(24) 0.568 46.9 516 2.16 239
735W 0.53 0.070 4.1 1004 12/31(03) 0.315 17.1 512 2.26 227

694E 12/15 .1. 04 ' 0.151 10.5 1054 01/11(12) 0.268 12.6 226 2.52 89.7
1485E (08) 0.94 0.134' 1.2(6) 1101 01/14(07) 0.234 15.2 346 2.52 137
894E 1.53 0.250 12.4 1098 01/14(02) 0.236 23.4 324 2.28 142
692W 1.69 0.306 --- 1096 01/13(22) 0.238 43.8 544 5.11(6) 106
854W 0.78 0.151 7.9 990 12/30(04) 0.487 23.9 315 2.85 111
630W 0.76 - 0.142 '9. 7 .1081 01/12(19) 0.252 10.5 274 3.25 84.3

.- -__--- _-_-_
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A.1-l' cont'd
P-32 Uptake and Depuration in Bluegill

Head
P-32

Date of Date of
Fish death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,
No.(1) 1982 (hr) wet dry ashed. No. 1982 (hr) fraction c/ min. wet mg g/ wet c/ min.mg.

761E- .09/28 35.9 9.16 -3,530 .385 .10/22(01). 0.317 123 54.0 22.3 2.42
794E- (08) 41.2 11.26 4,890. 312 10/14(18) 0.452 42.4 11.4 25.2 0.45
879E' 50.3 14.24 "'.4,660 333. 10/15(09) 0.439 42.6 9. 6 - 17.6 0.55
499W 46.1 -12.39 5,000 323 10/14(12) 0.456 559 133 21.3 6.24
708W 34.3 9.91 3,610 324 10/14(12) 0.456 347 111 18.9 5.87.
787W 42.6 11.40 3,970 394 10/25(14) 0.268 433 190 18.7 10.2

684E 09/29 47.3 13.13 '4,520 489 11/04(15) 0.172 181 111 19.8 5.61
859E -(08) 43.2 11.86 4,470 446 11/03(12) 0.188 335 206 23.3 8.84
863E 28.5 8.32 1,980 '533 11/06(20) 0.162 140 152 15.3 9.93
608W 29.6 .9.02 2,640 472 11/04(12) 0.173 291 284 19.9 14.3
682W :34.1 13.86 3,340 445 11/03(12) 0.188 408 318 20.7 15.4
890W. 40.2 10.28 3,790 359 10/21(11) 0.343 904 328 18.7 17.5

h3~619E '9/30 32.7 --- ----0 395 10/22(06) 0.346 77.4 34.2 19.3 1.77'
872E (08) 46.2 13.05 4,310 390 10/25(12) 0.295 611 229 19.1 12.0
635E 38.6 .10.95 391 10/25(13) 0.295 658 289 19.2 15.1.---
706W 28.5 7.12 2,590. 520 11/06(08) 0.166 222 235 18.9 12.4

14.0 4.13 434(6) 478~ 11/03(23) 0.187 149 285 19.3 14.8
704W 33.9 10.35 2,750 392 10/25(13) 0.295 618 309 19.1 16.2
480W 44.8 13.78 4,330 497 11/04(17) 0.180 424 263 21.2 12.4

759E 10/06 31.2 9.14 3,400 498 11/04(18) 0.240 569 380 25.9 14.7
674E ( 08) 33.0 9.34 3,270 500 11/04(18) 0.240 892 563 23.4 24.1
762E 33.6 9.59 2,800 ~493 11/04(16) 0.241 872 538 22.7 23.7
613W 26.0 7.69 2,100- 593 11/09(16) 0.189 754 767 15.9 48.2
680W 25.7 7.28 1,780 609 11/17(11) 0.129 694 1,047 13.9 75.3
792W 31.2 10.64 2,330 585 11/09(15) 0.190 954 805 14.8 54.4

699E 10/12 48.5 12.96 4,980 526; 11/04(23) 0.319 1,563 505 25.5 19.8
784E (08)- 48.0 12.89 4,230 547 11/07(19) 0.277 2,543 956 18.9 50.6
733E 40.8 10.39 .4,320 563 11/09(11) 0.256 684 327 20.6 15.9
488W 37.0 10.81 2,600 540 11/07(08) 0.284. 2,686 1,298 16.5 78.7
490W 32.0 9.07- 2,800 560 11/09(10) 0.256 1,626 992 18.7 53.0
476W 58.3 16.17- 5,510 525 11/04(23) 0.319 1,488 400 22.6 17.7
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!A.1-1 cen t'd -
P-32 Uptake and Depuration |in Bluegill

. Head'
. !P-32

Date of Date of .

Fish- . ' death,' : Weight,- ; Sample counting : decay- . net c/ min.g. P, P-32/P,
- No. '1982 (hr)- wet dry ashed- No. 1982 (hr) fraction c/ min wet mg/g wet c/ min.mg.

'

.I '769E; :10/19 28.1 . 9'. 0 _2,410 643 11/18(13) 0.231 1,154- 889' 15.7 56.6
'

482E- (08) .27.5 8. 8 - 2,150 650- 11/18(15) 0.230 1,006. 795 17.1 46.5
677E 36.7. 10.0' 4,280- ~634 11/18(11) 0.232'- 690 405 24.5 16.5'

.

497W 26.7 8.1 - 1,990 .635 11/18(12) 0.231- 1,504 1,219 17.5 69.7' -

873W 48.8. 13.8. -3,970 648 11/18(14) 0.231 2,995 1,328 16.8 79.0
i. 607W' 53.8 15.9 4,880- 636 11/22(08) 0.192- 1,634 791 15.6 51.0-

2 - 876E 10/26 '31.4 9.4' -2,660 686 11/24(13) 0.243 1,595 1,045 20.8 50.2
763E. .( 08 ) 47.0 13.7 5,210' 690 11/24(15)- 0.242 1,697 746 25.0 29.8

:881EL 24.8 7.5 2,120 644 11/18(04) 0.331 501 305 17.3 17.6.

785W - 42.6 12.7 4,280 801~ 12/10(12) 0.112 813 852 19.7 43.2 e

'716W 42.3 12.7 4,230 .682 11/23(16) 0.254. 2,016 938 21.7 43.2-

875W 50.2 15.3 4,670. 645 11/18(13) 0.325 2,347 725 19.1 38.0'

k882E' 11/03 40.7f 11.0 3,9901 742 12/02(11) 0.243 1,504 760 20.1 37.8
,

456E (08) 27.0 8.1 1,970 772 12/03(11) 0.232 1,401 1,118 15.1 74.0'

| 627E 51.0 - 14.3 5,070, 691 11/24(15) 0.356 3,620 997 20.4 48.9 ,

'858E 45.7 13.9 3,590- 672- 11/23(13) 0.376 2,497 726 16.2 44.8<

'. 722E 39.2 12.1 2,660 748 12/02(12) 0.243 1,518 797 14.2 56.1
4 ' 884W 33.7- 10.3 2,790 721- 11/26(04) 0.331 2,251 1,009 18.9 53.4-

672W 41.5 10.7 4,230. 792- 12/10(10) 0.166 622 453 22.8 19.9.

; 679W- - -50.9 113.7 5,150 676 11/23(14) 0.375 3,066 803 21.7 37.0

k
! 790E .(08). 39.4 12.6 2,900: _725 11/26(10) .

0.434 2,753 723 18.8 38.5799E' 11/09 43.9 11.8- 3,940'- 727_ 11/26(13)
0.436 3,591- 1,046 28.5 36.7

486E. 50.5 13.9 5,300 760 12/02(14) 0.323 1,091 329 24.3 13.5-

602W -40.0 12.9 3,020~ 735 11/27(02) 0.422 2,359 700 27.4 25.5 t

893W t 45.1 13.4- ---- 764 12/02(16) 0.323 2,035 700 23.1 30.3
,

;798W _ 54.8. 16.3 4,500- 769 12/03(10) 0.310 2,650 780 15.3 51.1 ,

! 899E' 11/17 41.7L 11.1| 3,980- 820 12/10(16)- 0.323 2,544 944 20.5 46.0
E

; 713E .. (08) 28.2- . 8. 0 - 1,940- 2837 12/12(07) 0.298 2,382 1,417 13.6 104.

i 880E. -38.4 ; 10. 3 _ - 3,660- 838' 12/12(08) 0.298 1,272 556 20.8 26.7
f- 886W 61.1' 17.1' 5,450 909- 12/18(21) 0.217 3,444 1,299 16.8 77.3

622W- 42.9. 12.3. 3,350_ '908- 12/18(20) 0.217 2,075 1,114 19.3 57.7-

698W 47.1: 12.2 4,050 -836 12/12(05) 0.299 2,762 981 17.4 56.4'

:
-
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A.1-1 cont'd
P-32 Uptake and Depuration in Bluegill

Head
P-32

Date of Date of
Fish death, Weight,

_
Sample counting, decay net c/ min.g. P, P-32/P,

No. 1982 (hr) wet dry ashed No. 1982 (br) fraction c/ min wet mg/g wet c/ min.mg.

782E 11/20 56.0 14.3 4,440 933 12/22(11) 0.211 1,444 611 16.0 38.2
767E (08) 55.2 15.4 4,190 1014 12/31(20) 0.133 934 636 15.8 40.3
728E 48.7 14.5 4,460 843 12/12(17) 0.338 3,507 940 19.1 49.2
715W 53.3 16.9 4,550 872 12/16(19) 0.277 2,057 697 19.0 36.7
889W 47.1 13.7 4,220 1015 12/31(21) 0.133 1,203 960 20.0 48.0
606W 61.2 18.2 5,200 1012 12/31(16) 0.135 1,175 711 18.0 39.5

.
477E 11/24 46.9 14.1 4,160 871 12/16(18) 0.338 1,917 605 20.4 29.7

! 738E (08) 38.1 10.6 3,820 ' 870 12/16(18) 0.338 1,449 563 19.4 29.0
691E 51.5 14.8 4,380 850 12/16(10) 0.343 2,448 693 18.4 37.7
668W 54.5 15.0 5,290 839 12/12(10) 0.416 2,793 616 20.8 29.6
717W 41.7 12.3 4,030 840 12/12(12) 0.414 3,427 993 21.8 45.6
891W 43.9 12.3 3,790 842 12/12(15) 0.412 2,439 674 22.8 29.6,

E 637E 11/30 48.9 13.4- 3,910 841 12/12(14) 0.554 2,451 452 16.9 26.7
721E (08). 36.9 10.3 3,810 869 12/16(18) 0.451 839 252 26.4 9.54
723E 42.9 12.2 3,970 873 12/16(19) 0.451 1,385 358 20.2 17.7
892W 74.4 22.4 6,370 874 12/16(19) 0.451 4,551 678 18.6 36.5
885W 42.5 12.4 2,490 854 12/16(12) 0.453 3,849 999 14.0 67.0
636W 54.6 15.4 4,720 844' 12/12(18) 0.547 2,911 488 3.15(6) ----

730E 12/07 37.4 10.9 3,130 918 01/14(14) 0.157 545 464 16.4 28.3
871E (08) 40.0 11.7 3,180 1007 12/31(08) 0.312 558 224 15.2 14.7
70SE 53.3 14.9 --- 1060 01/07(14) 0.219 378 162 22.4 7.23
641W 31.1 9.2 2,250 988. 12/23(14) 0.455 1,306 461 16.6 27.8
615W 49.5 13.0 4,440 919 12/19(14) 0.552 1,487 272 19.3 14.1
735W 32.2 9.5 2,180 916 12/19(09) 0.558 2,064 574 16.2 35.4

694E 12/15 48.5 12.9 5,290 1045 01/07(12) 0.325 423 134 22.1 6.06
485E (08) 55.1 15.6 5,650 1028 01/01(19) 0.428 623 132 22.9 5.76
894E 53.6 15.4 4,460 1058 01/07(13) 0.325 774 222 18.8 11.8;

'

692W 61.2 18.1 5,130 1029 01/01(20) 0.428 1,100 210 17.7 11.9
854W 45.4 14.1 2,140 1059 01/07(13) 0.325 940 319 15.3 20.8
630W 33.2 10.1 2,140 991 12/30(05) 0.486. 910 282 14.1 '20.0
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A.1-1 cont'd'
P-32 Uptake and Depuration in Bluegill

Tail (4)
~P-32

Date of Date of
| Fish death, Weight, Sample . coun ting, decay net c/ min.g. P, P-32/P,
No.(1) 1982 (hr) wet dry ashed No. 1982 (hr) fraction c/ min. wet mg/g wet c/ min.mg.

761E -09/28 1.19 0.478 240 455 11/02(22) 0.178 9.4 222 34.1 i6.51
.794E (08) 1.21 0.517 -289 299 10/13(21) 0.472 3.8 33.3 40.0 0.83
879E 1.63 0.635 293 292 10/13(03) 0.488 5.2 32.7 29.7 1.10
499W 1.61 0.714 372 303 10/14(22) 0.447 40.1 279 30.4 9.17

"

708W 1.31 0.536 261 290 10/13(01) 0.490 25.8- 201 35.1 5.73
787W 1.75' O.671 333 297 10/13(19) 0.472 54.6 331 28.0 11.8

684E 09/29 1.39 0.523 266 382 10/21(20) 0.336 23.5 252 33.7 7.48
859E (08) 1.27 0.488 255 293 10/12(04) 0.538 70.0 512 36.2 14.1
863E 0.65 0.240 107 361 10/20(12) 0.358 18.1 389 31.5 12.3

. 608W 0.66 0.283 133 607 11/16(18) 0.096 6.4 505 38.2 13.2
1 682W 1.17 0.407 195 286 10/12(20) 0.520 66.7 548 34.5 15.9

890W 1.31 225 365 10/20(15) 0.358 54.1 577 32.0 18.0---

'
; 619E 09/30 1.27 0.497 223 387 10/22(04) 0.348 7.3 82.6 23.1 3.58

872E (08) 1.45 0.532 261 362 10/20(14) 0.375 70.5 648 29.7 21.8
635E 1.08 0.436 225 383 10/21(21) 0.353 57.0 748 41.0 18.2,

706W 1.17 0.460 233 413 10/25(09) 0.298 28.7 412 39.3 10.5
704W 0.77 0.283 121 407 10/22(12) 0.341 25.8 491 31.6 15.5

,

480W 1.30 0.570 266 408 10/22(14) 0.341 46.9 529 34.3 15.44

'
759E 10/06 1.12 0.487 236 552 11/08(04) 0.214 39.0 814 36.3 22.4
674E (08) 1.08 0.485 231 483 11/04(06) 0.246 62.2 1,171 38.2 30.7

-762E 1.08 0.416 192- 461 11/03(03) 0.260 94.1 1,676 31.1 53.9
i 613W 0.81 0.322 -147 587 11/10(15) 0.181 65.1 2,220 34.8 63.8

680W a0.78 0.293. 117- -496 11/05(16) 0.230 71.2 1,984 28.9 68.7
792W 0.95 0.351 149 479 11/04(01) 0.249 80.2 1,699 , 28.8 59.0

699E 10/12 1.15 0.444 236 514 11/06(02). 0.301 104 1,502 35.1 42.8
784E (08) 1.60 0.564 290 511 11/04(20) 0.320 178 1,738 28.4 61.2
733E 0.99 0.385 210 538 11/07(04) 0.2 86 47.2 834 38.1 21.9
488W 1.01 0.354 170 579 11/10(02) 0.250 131 2,590 31.1 83.3

*

490W '0.90 0.317 160 545 11/07(16) 0.279 96.4 1,920 30.6 62.7
. _

0.303 122 1,428 35.2 40.6476W 1.41 0.534 275 509 11/05(22)

- _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _
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A.1-1 cont'd
LP-32 Uptake'and Depuration in-Bluegill

Tall,(4)-

P-32 -

Date of Date of
Fish . death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,
No.(1) 1982 (hr) wet dry ashed No. 1982 (hr) fraction c/ min. wet mg/g wet c/ min.mg.

769E 10/19 0.84 0.310. 132 582 11/10(06) 0.346 133. 2,270 33.5 67.8,

482E- -(08) 0.60 0.240' 117 600 11/10(24) 0.333 83.1 2,070 36.6 56.6
67/E 0.88 0.347 173. 589' 11/10(18) 0.337 73.3 1,236 32.8- 37.7
497W 0.76 0.276 122 601 11/11(01) 0.332 124. 2,470 26.7 92.5
873W l.31 .0.462~ 210 559- 11/08(09)- 0.379 283. 2,850 33.9- 84.1
607W 1.64 -0.678 333 599 11/10(12) 0.341 187. 1,672 44.8 37.3

lo
7
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A.1-2
. P-32 Uptake in Catfish*

Muscle.
P-32'

Date of : Date of,

. Fish death,. ' Weight,.'(2) Sample counting, decay net c/ min.g. P,
.

P-32/P,
.

No.(1) 1982 (hr)- wet dry ashed No. .1982 (hr) fraction 'c/ min.(3) wet- mg/g wet ' c/niin.mg.

| 351E- 08/16 69.1 '17.1 955 .101*(4) 09/17(13)- 0.209 306 212 2.28 93.0 ;

317E (08) '93.9 -- 1,130- 17 08/31(17) 0.474 .4,240 476 2.17' 219. i

.

i 362E 87.4 18.6 . 1,170 107 09/17(09)- 0.212- 199 53.7 2.26 23.8
i- 395W 70.9 16.1 841 47* 09/07(21) 0.336 14.3 6.0 2.30 2.6

418W' 66.8 .15.4 601 -16 08/31(03) 0.488 15.5 2.4 1.70 1.4e
|' 409W. 105.3 26.3 1,260 15 08/31(02) 0.488- 31.0. 3. 0 . 2.07 1.5

| 359E 08/17' 78.3- 18.5 1,360, '22* 09/01(10) 0.481 537 143. 2.18 65.6
357E (08)' 32.9 .10.1 498 104- '09/17(03) 0.225 42.2 28.5 2.36 12.1

1

E 34.5 9.06 461 109 09/17(17) 0.219 49.2 32.6 2.36 13.8
i 33.1 -8.72 475 112- 09/17(21) 0.218 39.0 27.0 2.25 12.0

300E 47.5 14.1' 664 100- 0s/17(13) 0.220 535 256 2.16 119.
52.6 ;13.4 630 159. 09/21(14) 0.183 547 284 2.42 117.

; 421W 95.5 21.3' 1,430 23* 08/31(18). 0.493 414 87.9 1.71 51.4
4,' 422W 38.9 8.89 430- 44 09/03(08) 0.439 18.6 5.4 2.25 2.4

} 9> 29.3 7.07 383 108- 09/17(16)- 0.219 13.8 10.8 2.22 4.9
380W -39.8 9.50- 637 24 08/31(18) 0.493 157 40.0 1.85 21.6.

: 31.3 7.77 420 103 09/16(16) 0.230 85.4 59.3 2.25 26.4
.24.6 ' 6. 23 ' 76 09/14(17) 0.252 55.0 44.5 2.37 18.8----

: 365E 08/18 70.1 -- 773 18- 08/31(18) ~ 0.522 1,518 207 3.02 68.5
- 361E (08) 119.0 .29.1 1,440. . 128 09/20(16) 0.199 2,627 555 2.48 224.'

0.190 1,317 351 2.16 163.j 385E 198.6 24.4 .1,110- '160 09/21(14) .
,0.199 755 237 2.55 92.9j 373W 79.9 19.3 1,030 .127 09/20(15)'

424W- 86.1 -21.5' -1,020. 126 09/20(15) 0.199 321 93.7 2.46 38.1' '

j ' 398W .. ' 49.7 710.0 446 195 09/29(07) 0.131 206 158 1.80 87.8
; . .

307E '08/24 63.3 .16.0- 701 123 ,09/20(14) 0.264 7,137 2,140 2.17 986.4

(08) 35.6- 8.78 444 124 09/20(14) -0.264 4,169- 2,220 2.20 1,009.-

449E 117.8 .28.9 '1,490- ~135 09/21(10) 0.256 2,965 492 2.37 208.
~ 76E 70.6 18.4 838 116 09/20(11) 0.269 5,845 1,539 2.72 566.2
372W- 110.3 30.3. 1,260 125 09/20(14) 0.264 1,038 178 2.25 79.1

.

401W 100.7 19.9 1,180 42: 09/02(18) 0.627 10,280 814 2.26- 360.
416W 88.7. 20.2 . 1,020 114 09/20(11) 0.269 8,040 1,691 2.18 776.

3' -(1) E fish received twice as much feed as W fish, at same specific activity (2) Wet and dry weight in gram; ashed |

,

| weight . in mg. (3) Duplicate 20-ml aliquots of 100-ml samples were analyzed for P-32 by counting Cherenkov radia-
'

*

; tion for 50-min. when < 200 c/ min and for 10-min. when0 200 c/ min. (4) One asterisk indicates a 200-ml solution and.

j two' asterisks, 250-ml. (5)-Weight appears to be erroneous-

- - _ - - _ _ _ _ _ _ - _ - _ _ _ _ _
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A.1-2 cont'd
P-32 Uptake in Catfish

Muscle
P-32

Date of- Date of
Fish death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,
No.(1) 1982 (hr) wet dry ashed N o. - 1982 (hr) fraction c/ min, wet mg/g wet c/ min.mg.

314E 8/26 45.4 10.9 489 257 10/08(14) 0.123 1,532 1,373 2.05 670
(08) 54.2 13.3 597 258 10/08(14) 0.123 1,844 1,384 2.07 669

369E 57.7 11.9 641 282 10/11(12) 0.107 2,401 1,950 2.27 859
47.3 9.89 545 276 10/11(09) 0.107 1,983 1,965 2.59 759

332E 46.2 10.7 536 279 10/11(10) 0.107 1,324 1,343 2.33 576
43.7 10.5 496 278 10/11(10) 0.107 1,002 1,075 2.16 498

448W 31.5 7.64 383 284 10/12(17) 0.100 189 300 2.39 126
43.2 10.0 495 275 10/11(09) 0.107 250 271 2.12 128

439W 57.0 12.9 647 280 10/11(11) 0.107 2,333 1,918 2.15 892
71.0 15.2 784 316 10/14(11) 0.092 2,349 1,790 2.14 836

389W 57.6 14.8 666 281 10/11(11) 0.107 1,741 1,416 2.27 624
64.2 17.4 705 619 11/17(13) 0.018 347 1,493 2.26 661

$$ 355E 9/01 51.4 --- 583 261 10/08(15) 0.164 2,242 1,330 2.16 616*
(08) 50.0 --- 576 270 10/08(17) 0.164 2,466 1,501 2.31 655

.393E 77.0 16.5 903 671 11/23(12) 0.018 334 1,205 2.42 498
348E 33.4 7.68 377 674 11/23(13) 0.018 275 2,290 2.20 1,041

38.0 9.03 430 752 12/02(13) 0.012 211 2,310 2.12 1,090
414W 47.2 11.0 536 745 12/01(22) 0.012 98.2 867 2.13 407

59.5 676 260 10/08(15) 0.164 1,528 783 2.14 366---

403W 49.6 11.1 494 656 11/22(20) 0.018 22.7 127 1.93 65.8
404W 65.9 --- 759 271 10/08(17) 0.164 1,809 836 1.10(5) 760

30.0 6.80 331 675 11/23(14) 0.018 188 1,741 2.48 702

321E 9/10 83.0 17.9 943 267 10/08(16) 0.254 741 176 2.30' 76.5
363E (08) 36.5 8.06 418 197 09/30(15) 0.374 2,083 763 2.24 341

54.4 12.2 608 225 09/30(22) 0.370 3,142 780 2.14 364
356E 25.7 5.44' 313 222 09/30(21) 0.370 202 106 2.34 45.3
387W 91.8 20.0 1,060 266 10/08(16) 0.254 4,263 914 2.48 369
429W 74.8 14.6 865 198 09/30(15) 0.374 2,111 377 2.22 170
431W 79.0 16.4 919 227 09/30(22) 0.370 1,893 324 2.30 141

428W 9/23 129.1 29.2 1,620 291 10/13(09) 0.379 10,950 1,119 2.56 437
410W (08) 91.0 18.8 1,110 272 10/08(17) 0.474 7,943 921 2.47 373
390W 91.9 20.2 1,080 3 10/13(16) 0.374 1,750 255 2.40 106
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.A.1-2' cont'd
, . P-32 Uptake in Catfish -

Skeleton

P-32
,

Date of Date of-
P-32/P,Fish death, Weight, Sample ' counting, decay net c/ min.g. P. .

c/ min.mg.;

No. 1982 (hr) wet dry ashed No. 1982 (hr) fraction c/ min. wet r.ig/g wet -

-351E 08/16 19.0 7.17 .1,350 41* 09/03(02) 0.423 303 377 14.9 25.3
317E (08) 19.1 7.90- 1,460 11/12 08/31(15) 0.476 1,296 712 15.8 45.1
362E. 19.8 7.44 1,370 117 09/17(20) 0.207 103.2 126 14.7 8.57
395W 22.6 8.66 1,760 7/8 08/30(18) 0.498 7.5 3.3 17.2 0.19,

'

418W 16.7 7.13 1,110 118 09/17(22) 0.206 6.4 9.3 13.0 0.72
409W 21.1 8.79 1 ~,440 28*- 09/01(04) 0.465 <2.2 <2.2 13.8 <0.16'

359E 08/17 18.4 7.26 1,220 157 09/21(13) 0.182 154 230 13.3 17.3
357E (08). 18.0 8.09 1,460 158 09/24(07) 0.159 28.7 50.1 17.0 2.95
300E 16.5 7.26 1,300 119 09/20(12) 0.200 215 326 15.5 21.0
421W- 17.7 7.86 '1,670 106* 09/17(05) 0.225 85.3 214 9.30 23.0

,

M! 422W 12.2 5.07 926 '130 09/22(12) 0.173 <2.2 <5.2 15.1 <0.34
' 380W 17.5 7.80 1,670 131 09/22(14) 0.173 52.7 87.0 19.7 4.42

365E 08/18 10.4 4.12 . 732 133 09/21(09) 0.191 209 526 13.3 39.5
361E (08) 17.7 8.03 1,570 122 09/20(13) 0.200 727 1,027 18.0 57.1

; 385E 18.1 8.07 1,330 121 09/20(13) 0.200 358 494 14.9 33.2,

373W 15.7 6.46 1,200 '120- 09/20(12). 0.200 195 311 14.3 21.7
424W 12.6 5.74 1,000 132 09/23(12) 0.173 76.9 176 16.2 10.9
398W 7.3 3.03- 599 ~134 09/21(10) 0.191 103.6 372 13.0 28.6

307E 08/24 17.2 6.45 1,250 35 09/02(16) 0.636 8,480 3,880 14.5 268

449E (08) 22.6 129 09/21(09) 0.256 707 611 14.3 42.7-- ---

; 276E 14.5 5.88 870 115 09/20(11) 0.269 2,036 2,610 12.0 218

372W 26.4 11.0 1,630 162 09/21(14) 0.254 310 231 11.0 21.0'

401W 24.5 9.25 1,680 163 09/21(14) 0.254 1,323 1,063 12.5 85.0
416W 20.7 8.07 1,610 164 09/21(15) 0.254 2,296 2,183 13.9 157

i i

i



A.1-2 cont'd-
P-32 Uptake in Catfish

Skeleton

P-32
Date of Date of

Fish death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,
No. 1982 (hr) wet dry ashed No. 1982 (hr) fraction c/ min. wet mg/g wet c/ min.mg

314E 8/26 19.2 7.93 1,270 259 10/08(14) 0.123 1,019 2,160 12.4 174
369E (08) 17.5 6.72 1,400 277 10/11(10) 0.118 1,452 3,520 14.7 239
332E 20.0 7.24 1,400 269 10/08(17) 0.123 583 1,186 11.4 104

'

448W 13.5 5.45 1,120 263 10/08(16) 0.123 155 467 15.6 29.9
439W 22.2 9.46 1,750 450 11/03(14) 0.035 424 2,710 15.5 175
389W 20.1 '8.87 1,480 262 10/08(15) 0.123 912 1,846 15.3 120

355E 9/01 23.6 8.58 1,620 256 10/08(13) 0.165 2,121 2,720
393E (08) 8.38 1,500 632 11/17(20) 0.023 119---- -----

348E 17.1 5.97 1,000 631 11/17(16) 0.023 248 3,150.
$3 414W 22.4 8.47 1,580 637 11/17(22) 0.023 102 990' '403W 13.0 4.84 971 668 11/23(23) 0.017 3.4 76.9

404W 19.4 7.41 1,480 714 11/25(16) 0.016 182 2,930

321E 9/10 24.1 8.16 1,480 228 09/30(22) 0.368 414 233
363E (08) 25.5 8.88 1,400 199 09/30(15) 0.374 4,799 2,520
356E 8.1 2.64 434 245 10/06(24) 0.274 65.8 148
387W 22.5 7.81 1,420 229 09/30(23) 0.368 3,007 1,816
429W 22.4 6.80 1,390 254- 10/08(13) 0.255 1,216 1,064
431W 27.7 9.46- 1,700 255 10/21(15). O.135 347 464

428W 9/23 26.8 9.89 1,840 274~ 10/11(09) 0.416 7,913 3,550
410W (08) 21.8 7.19 1,300 273 10/21(15) 0.254 2,098 1,894
390W 25.2 9.42 1,700 283 10/11(12) 0.416 902 430

.
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A.1-2 cont'd
P-32 Uptake in Catfish .

Viscera

P-32
I Date of Date of

Fish death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,
No. 1982(hr) wet dry ashed No. 1982 (hr) fraction c/ min. wet mg/g wet c/ min.mg.

351E 08/16 13.0 3.91' 131- 38 09/02(16) 0.298 1,608 2,080 2.05 1,015

317E ( 08) 31.0 9.96 450 13 08/31(15)- 0.476 8,340 2,820 1.50 1,880
85 09/15(09) 0.233 214 296 1.44 206362E 15.5 4.87 ---

395W 9.8 2.09 83 09/14(24) 0.237 <2.2 <4.7 1.57 <3---

418W 15.6 5.43 105 59. 09/08(08) 0.328 <2.2 <2.1 1.49 <2
409W 19.8 7.76 141 55 09/08(02) 0.332 <2.2 <1.7 1.75 <1

359E 08/17 17.2 7.14 --- 78 09/15(08) 0.257 384 434 1.20 362

357E (08) 21.6 9.13 155 27 08/31(14) 0.501 655 303 1.62 187

81 09/15(09) 0.257 485 513 1.11 462300E 18.4 7.65 ---

j3 421W 17.7 5.14 253 204 09/30(16) 0.117 197 476 1.47 324

7' 422W 11.5- 4.34 84 09/15(01) 0.249 <2.2 <3.8 1.39 <3---

380W 21.3 8.43 --- 77 09/14(19) 0.252 144 134 1.34 100

87 09/lbs10) 0.256 386 613 1.33 461I 365E 08/18 12.3 4.73 ---

361E (08) 31.8 9.00 339 192 09/30(13) 0.123 2,615 3,340 1.70 1,965

385E 19'.6 6.56 191 193 09/30(13) 0.123 1,468 3,040 1.85 1,643

373W 11.8 3.19 :121 63 09/10(14) 0.320 1,210 1,602 2.63 609

79 09/15(09) 0.256 314 363- 1.63 223
424W 16.9 7.364 ---

398W 7.3 2.38 53.2 62 09/10(17) 0.320 243 520 1.45 359

1

307E 08/24 30.6 9.86- .487 185 09/30(12) 0.165 8,526 8,440 2.30 3,670

449E (08) 21.2 6.75- 173 156 09/21(13) 0.255 1,348 1,247 1.36 917

276E 16.1 6.26 153 36 09/02(16) 0.631 9,050 4,450 1.66 2,680,

372W 25.3 11.6 183 152 09/21(13) 0.254 1,744 1,357 1.50 905

401W 20.3 4.57 237 75 09/10(16) 0.428 9,263 5,330 1.79 2,980

416W 29.2 9.14 356 153 09/21(13) 0.255 8,818 5,920 1.98 3,020
,

,

. _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _
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A.1-2 cont'd
P-32 Uptake in Catfish

Viscera

P-32
Date of. Date of

Fish death, Weight, Sample count ing, decay net c/ min.g. P, P-32/P,
No. 1982(hr) wet dry ashed No. 1982 (hr) fraction c/ min. wet mg/g wet c/ min.mg.

314E 8/26 40.5 12.9 588 372 10/21(13) 0.066 3,354 6,300 2.88 2,190
369E (08) 33.7 8.55 316 330 10/15(11) 0.089 2,630 3,660 1.56 2,350
332E 27.5 6.84 425 363- 10/21(12) 0.066 2,189 6,060 2.56 2,370
448W. 15.5 5.51 116 308 10/13(17) 0.096 206 691 1.39 497
439W 42.7' 11.4 616 360 10/21(12) 0.066 2,970 5,290 2.41 2,200
389W 31.7 10.7 391 331 10/15(11) 0.089 2,906 5,170 2.03 2,550

355E 9/01 32.9 10.2 267 744 12/01(22) 0.012 83.0 1,051 1.46 720
393E (08) 15.2 3.00 158 751 12/02(01) 0.012 55.0 1,508 1.81 833
348E 26.9 9.01 296 716 11/25(20) 0.016 523 6,080 1.94 3,130
414W 23.2 7.75 163 669. 11/24(01) 0.017 77.4 981 1.26 779

E3 403W 12.4 3.23 97.2 639 11/17(23) 0.023 8.9 156 1.37 114.'
404W 24.4 7.23 232 707 11/25(04) 0.016 240 3,070 1.70 1,806

321E 9/10 15.4 3.63 150 251 10/08(12) 0.255 751 956 1.52
363E (08) 25.7 6.49 276 344 10/19(12) 0.150 1,374 1,782 1.71

1 356E 5.8 1.89 '42.5 247 10/07(03) 0.273 50.6 160 1.45
378W 26.9 7.11~ 300 252 10/08(12) 0.255 3,154 2,300 1.99
429W 14.8 3.34 128 236- 10/21(15) 0.136 - 479 1,190 1.42
431W 17.8 3.53. 240- 221 09/30(20) 0.370 2,362 1,793 2.04'

428W 9/23 25.1 8.39 211 336 10/19(11) 0.150 2,221 2,950 1.99
410W (08) 18.9 6.19- 174 357 10/21(11) 0.136 1,029 2,000 1.78
390W 20.1 5.18 219 337 10/19(11) 0.150 931 1,544 1.91

i



---. , .-- . . . . .. . . .
, - . y .- _,_

A.1-2 cont'd-
P-32 Uptake in Catfish

~ Gills

P-32-
Date of Date.of

Fish death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,
No. 1982(hr) wet dry ashed. No. 1982'(hr) fraction c/ min. wet mg/g wet c/ min.mg

351E 08/16 1.11 0.227 13.3 51 09/07(22) 0.334 33.6 453 2.93 . 155.
317E (08) 2.20 0.453 23.0 50 09/08(14) 0.324 171 1,199 4.50(5) 266

'

'

362E 2.54 0.510 24.1 94 09/16(07) 0.223 20.8 184 2.59 71.0
395W 2.10 0.548 -- 73 09/11(08) 0.285 <2.2 <18 2.21 <8
418W 1. 90 0.322 19.2 90 09/15(16) 0.230 <2.2 <25 2.70 <9
409W 1.60 0.280 16.8 68 09/11(03) 0.285 4.8 48 2.17 22.1

359E 08/17 2.00 0.386 23.3 88 09/15(03) 0.248 35.2 355 2.88 123.
357E- (08) 1.74 0.359. -- 80 09/14(20) 0.251 9.8 112 2.01 55.7;

300E 1.90 0.374 16.3 98 09/16(18) 0.228 47.4 547 2.38 230.
j, 421W 1.80 0.345 20.5 21 08/30(07) 0.538 79.7 412 3.26 126.
f- 422W 1.23 0.188 8.2 19 08/30(03) 0.538 <2.2 <17 2.49 <7

380W 2.50 0.497 23.3 102 09/16(23) 0.228 20.0 175 1.98 88.4
,

365E 08/18 1.10 0.174. 11.7 92 09/15(21) 0.250 41.0 745 2.26 330.
361E (08) 2.28 0.486 23.9 91 09/17(13) 0.231 118.3 1,123 2.69 417.

; 385E '1.62 0.362 '

82 09/14(22) 0.263 102.4 1,202 3.26 369--

373W' 1.10 0.250 15.0 97* 09/16(17) 0.240 22.4 848 3.34 254
424W 1.81 0.379 19.0 93 09/16(03) 0.248 37.0 412 2.39 172
398W 0.53 0.100 5.4 64 09/10(20) 0.320 11.3 333 2.18 153

i

307E 08/24 2.20 0.439 17.6 111 09/17(13) 0.310 607 4,450 2.13 2,090
449E (08) 2.11 0.404 '25.0 69 09/11(04) 0.422 217 1,219 2.98 409
276E 0.88 0.165 8.9 71 09/11(07) 0.418 208 2,830 2.44 1,1s0

'
372W 2.10~ 0.458 15.4 110 09/17(19) .0.308 61.8 478 2.01 238,

'401W 2.04 0.284 12.0 96 09/17(13) 0.310 187 1,480 1.72 860
416W- 1.95 0.399 23.6 66 09/10(14) 0.437 564 3,310 2.35 1,409

,

__ __ ___ _ _ .



'A.1-2 cont'd
~

P-32 Uptake. in! Catfish 1- '

' Gills

P-32
Date of . Date.of

Fish death,. Weight, Sample counting,. . decay net. c/ min.g. P, P-32/P,.
-No.- 1982(hr) wet dry ashed No. 1982'(hr) fraction c/ min. wet- og/g wet- c/ min.n h>

314E 8/26 11.28 0.214- 16.1 618- 11/17(02) 0.018 7.3 1,576 1.48- 1,065
369E '(08) 1.40 0.227 -10.9 662- 11/23(05)- 0.013 6.8 1,821. 1.32 1,380-

'

332E 1.37 0.202 12.3 482 .11/04(05) 0.033 10.2 1,117 1.30 859
|448W 0.85 0.145 9.5 661 11/23(03) 0.013 <2.2 <970 1.25 < 800

439W 2.17 0.309 .10.7 660 11/23(02) 0.013 8.4 1,451 '1.13 1,284
389W 1.40 'O.211 9.7 .659 11/22(24) 0.013 4.0 1,071 1,29 ' 830;

355E- :9/01 '1.49 0.243 14.0 486 11/05(12). 0.042 32.0- 2,560
'

393E (08) 1.65 0.233 15.0 708 11/25(06). 0.016 10.6 2,040
348E: 1.71 '0.274 16.2- 641 11/18(01). 0.023 26.6 3,380
414W- 2.11 0.395- 515 11/06(03)- 0.041 33.4 1,930--

403W 1.48- 0.209- 11.6 665 11/23(18) 0.018 <2.2 <410
404W '2.75 0.354' 21,8 798 12/09(21) 0.0081 12.3 2,760

'' 321E 9/10 2.01 0.325 20.0 224 09/29(24) 0.385 78.5 507
363E (08) 2.33 10.407 30.6 238 10/07(14) 0.268 210 1,682
356E 0.41 0.067- ~

358- 10/20(10) 0.143 2.1 179--

387W 2.56 ~ 0.429 .16.4 220 09/30(20) 0.368 383 2,030
429W 2.32 0.376 22.2- 230 09/30(23) 0.368' 296 1,734
431W 2.01' -0.306 18.0 241 10/06(23) 0.275 99.0 896

428W 9/23 3.67 0.557 28.5 347 10/19(12) 0.280 373 1,815
410W (08) 3.50 0.509 26.7 356 10/20(09) 0.269 214 1,136
390W- 2.25 0.354 20.3 355 10/20(07) 0.269 86.6 715

'

t

,
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A.1-2 cont'd
P-32 Uptake in Catfish

Skin

P-32
Date of Oate of

Fish death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,
No. 1982(hr) wet dry ashed No. 1982 (hr). fraction c/ min. wet mg/g wet c/ min.mg

351E 08/16 9.8 3.38 -88.8 49 09/08(14) 0.324 147 231 2.00 116
~317E (08) 13.9 5.02 96'4 37 09/02(15) 0.423 572 486 1.10 442.

362E 11.1 3.94 75.6 105 09/17(04) 0.214 34 71.6 1.59 45.0
395W 3.7 2.87 67.1 -53 09/08(03) 0.331 <2.2 <3.8 1.56 < 2.4
418W' 13.5 5.02 .83.9 5/6 08/30(15) 0.500 <2.2 <1.6 2.80(5) < 0.6
409W 10.5 4.25 113. 65 09/10(21) 0.291 <2.2 <3.6 1.37 2.6

359E 08/17 10.6 3.65 79.0 26 09/01(04) 0.487 126 122 1.32 92.4
357E (08) 14.1 5.15 175.. 67 09/10(23) 0.303 40.5 47.4 1.11 42.7
300E 11.2 4.83 76.6 33 09/02(15) 0.454 202 199 1.28 155

d, 421W 10.7 3.82 73.7 95 09/16(16) 0.230 51.8 105 1.04 101

?$ 422W 8.8 3.20 60. 99 09/16(21) 0.228 8.5 21.2 1.40 15.1
380W 11.8 5.05 102.- 70 09/11(05) 0.300 40.9 57.8 1.38 41.9

365E 08/18 5.9 2.08 41.1 89. 09/15(05) 0.259 81.0 265 1.49 178
361E (08) 14.7 5.75 123. 61 09/10(13) 0.325 461 482 1.38 349
385E 17.'2 7.59 135. 150 09/21(12) 0.191 228 347 1.48 234
373W 13.4 4.69 107. 208 09/29(19) 0.140 84.5 225 1.56 144
424J 11.0 4.26 90.1 148 09/23(15) 0.172 45.8 121 1.73 69.9
398W 5.1 1.86 37.3 213 09/29(21) 0.140 23.5 165 1.52 109

307E 08/24 10.6 -3.35 80.8 34 09/02(15) 0.631 1,996 1,492 1.28 1,166
449E (08) 11.4 3.97 20.5(5) 113 09/17(15) 0.305 306 440 1.17 376
276E 8.6 3.46 '

86 09/15(09) 0.344 693 1,171 1.55 755---

372W 13.1 4.64 73.1 39 09/02(19) 0.631 266 161 1.03 156
401W 14.3 5.26 109.- 74 09/10(15) 0.428 1,080 882 1.21 729
416W 11.0 3.95' 94.0 72 09/10(15) 0.428 1,545 1,641 1.39 1,181

- - - _ - - .
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A.1-2 cont'd
P-32 Uptake in Catfish

Skin

P-32
Date of Date of

Fish death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,
-No. 1982(hr) wet dry ashed No. 1982 (hr)- fraction c/ min. wet mg/g wet c/ min.mg

314E 8/26 10.1 3.71 72.0 338 10/19(12) 0.072 256 1,751 1.86 941
369E (08) 9.7 2.83 79.4 311 10/14(10) 0.092 32 1,796 1.93 931
332E 11.9 4.06 95.2 519 11/06(06) 0.030 9*. 0 1,295 1.60 809
448W 9.2 3.43 --- 620 11/17(04) 0.018 9.3 279 1.29 216
439W 16.6 5.54 107. 664 11/23(08) 0.013 81.8 1,847 1.24 1,490
389W 12.0 4.70 61.3 663 11/23(06) 0.013 32.9. 1,028 1.07 961

355E 9/01. 14.8 4.72 104. 517 11/06(05) 0.041 133 1,096
393E (08) 13.7 4.60 106. 712 11/25(13) 0.016 41.5 947
348E 7.9 2.76 37.7 777 12/02(17) 0.011 17.0 978,

e 414W 15.9 5.87 104. 800 12/09(24) 0.0080 15.7 617Y 403W 7. 9 2.42 44.6 709 11/25(08) 0.016 2.5 98.9
404W 10.7 4.18 71.4 463 11/03(16) 0.046 117 1,189

321E 9/10 10.4 3.15 61.0 253 10/07(05) 0.271 71.2 126
363E (08) 13.3 4.68 89.6 233 10/06(08) 0.284 512 678
356E 3.7 1.25 24.3 265 10/07(07) 0.271 13.6 67.8
3.87W 13.3 4.19 107. 249 10/07(20) 0.264 563 802
429W 9.6 2.91 69.9 264 10/08(16) 0.254 303 621
431W 15.7 4.63 108. 250 10/08(04) 0.260 259 317

428W 9/23 18.3 5.97 140. 350 10/21(11) 0.256 902 963
410W _(08) 11.1 3.13 80.6 346 10/19(12) 0.281 384 616
390W 12.8 4.54 80.0 354 10/21(11) 0.256 146 223

|

|

|

|



A.1-2 cont'd
P-32 Uptake in Catfish

Head

P-32
Date of Date of

Fish death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,
No. 1982(hr) wet dry ashed No. 1982 (hr) fraction c/ min, wet mg/g wet c/ min.mg.

351E 08/16 47.1 16.3 4,510 14 08/31(17) 0.472 1,734 390 20.1 19.4
317E (08) 55.9 21.5 5,430 46** 09/08(13) 0.325 1,316 905 26.1 34.7
362E 55.6 18.9 5,100 203 09/30(16) 0.111 212 172 20.7 8.31
395W 55.5 18.6 4,880 342* 10/19(23) 0.044 6.7 27.4 22.3 0.81
418W 44.3 18.1 4,270 143 09/23(13) 0.157 5.9 4.2 24.1 0.17
409W 51.1 18.3 4,490 29 09/01(03) 0.465 19.0 4.0 16.8 0.24

359E 08/17 48.4 16.6 4,670 31* 09/01(10) 0.481 676 299 19.0 15.7t

357E (08) 23.3- 8.36- 2,190 25 09/01(00) 0.490 116 50.8 20.4 2.49
36.6 14.8 3,510 187 09/28(21) 0.127 54.5 58.6 23.2 2.53

I da 300E 17.1 6.83 1,010 205 09/30(17) 0.117 201 502 22.0 22.8
9' 23.8 9.58 2,590 32 09/01(10) 0.481 783 342 25.7 13.3

11.4 5.15 1,190 188 09/28(23) 0.127 158 546 29.5 18.5
421W 52.7 20.5 6,020 196 09/30(13) 0.117 270 219 29.2 7.5
422W 18.0 6.17 1,540 144 09/23(13) 0.165- 5.0 8.4 22.4 0.38

15.8 6.04 1,610 237 10/06(20) 0.087 2.6 9.5 31.1 0.31
380W 38.1 15.4 4,330 189 09/28(24). 0.127 113 117 25.2 4.64

23.1 9.71 2,560 60* 09/08(16) 0.336 77.2 99.4 30.0 3.31
1

365E 08/18 30.8 11.3 2,770 209 09/30(18) 0.122 519 691 19.6 35.3
361E (08) 58.3 22.1 5,930 214 09/30(19) 0.122 1,680 1,181 23.2 50.9
385E 57.3 23.9 5,750 210 09/30(18) 0.122 787 563 22.3 25.2
373W 51.5 19.2 5,190 211 09/30(18) 0.122 488 388 17.9 19.5'

424W 43.8 17.8 4,250 207 09/30(17) 0.122 239 224 c .1 10.6
398W 23.8 _8.60 2,030 212 09/30(19) 0.122 314 541 20.3 26.7

,

307E 08/24 53.7 20.3 5 600 181 09/24(14) 0.220 10,530 4,460 20.6 217.
449E (08) 65.8 24.2 6,380 217 09/30(20) 0.162 1,848 867 20.8 41.7
276E 34.9 15.1 3,460 190 09/30(12) 0.165 4,303 3,310 22.5 147.
372W .60.2 23.7 5,770 215 09/30(19) 0.162 618 317 23.4 13.5
401W 64. 1 23.5 6,180 180 09/24(14) 0.220 3,705 1,314 22.5 58.4
416W 59.1 18.4 5,810 45* 09/18(13) 0.527 8,020 2,580 26.4 97.7

- _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _
_

__ _ -



A.1-2 cont'd
P-32 Uptake in Catfish

Head

P-32
Date of Date of

Fish ' death, Weight, Sample c ount ing, decay net c/ min.g. P, P-32/P,
No. 1982 (hr) wet dry ashed No. 1982 (hr) fraction c/ min. wet mg/g wet c/ min.mg.

314E 8/26 56.1 20.1 4,920 332 10/15(12) 0.096 2,445 2,270 19.9 114
369E (08) 57.7 19.3 5,220 287 10/13(08) 0.097 3,818 3,400- 21.1 161
332E 52.0 18.5 4,740 448 11/03(13) 0.035 555 1,514 17.4 87.0
448W 40.8 15.0 3,840 295 10/13(09) 0.097 551 695 21.9 31.7
439W 80.6 '26.8 6,530 543 11/07(12) 0.029 1,358 2,950 20.0 148.
389W 59.4 23.9 5,570 495 11/04(17) 0.033 780 1,969 22.6 87.1

355E 9/01 72.6 24.9 6,440 626 11/17(15) 0.024 978 2,810
393E (08) 58.5 21.0 5,880 616 11/17(12) 0.024 410 1,460
348E 44.1 16.7 4,340 499 11/04(18) 0.044 1,632 4,200

d3 414W 63.2 25.2 5,970 621 11/17(13) 0.024 399 1,315
j' 403W 37.9 14.4 4,070 623 11/17(05) 0.024 18.1 99.5

404W 55.5 20.7 5,370 397 10/25(14) 0.072 2,342 2,930

321E 9/10 54.0 18.2 5,510 243 10/07(19) 0.264 882 309
363E (08) 73.7 22.8 5,740 246 10/07(20) 0.264 4,181 1,074
356E 20.3 6.53 1,930 223 09/30(21) 0.370 420 280
387W 54.8 18.0 4,910 226 09/30(21) 0.370 7,634 1,883
429W 51.8 16.1 5,300 242 10/07(19) 0.264 4,623 1,690
431W 64.0 20.8 6,170 244 10/07(19) 0.264 1,713 507

.428W 9/23 71.0 23.6 6,210 294 10/13(09) 0.379 20,980 3,900
410W (08) 61.9 19.0 5,110 307 10/13(16) 0.374 8,604 1,858
390W 55.0 18.9 5,190 304 10/13(12) 0.376 1,706 412
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A.1-2 cont'd
P-32 Uptake in Catfish

Fins

P-32
Date of Oate of

Fish death, Weight, Sample coun ting, decay net c/ min.g. P, P-32/P,
No. -1982 (hr) wet dry ashed No. 1982 (hr). fraction c/ min. wet mg/g wet c/ min.mg.

,

351E 08/16- 3.8 1.19 244 58 09/06(15) 0.320 131 539 17.3 31.2
: 317E (08) 7.6- 2.63 371 9/10 08/31(14) 0.477 680 938 13.6 69.0
l 362E- 5.2 1.78 303- 166 09/24(21) 0.147 26.8 175 13.7 12.8

395W 5.6 2.24 335 57 09/08(06) 0.330 <2.2 < 6.0 14.5 < 0.4
418W 5.1 2.39_ 265 52- 09/07(23) 0.334 <2.2 < 6.5 12.8 < 0.5
409W 5.8 2.30_ 359 141 09/23(13) 0.156 <2.2 <12.2 14.0 < 0.9

359E^ 08/17 5.6 2.05 289 169 09/25(02) 0.152 53.2 312 12.7 24.6
! 357E (08) 6.1 2.40 351 171 09/25(05) 0.152 35.0 189 12.3 15.4

300E 6.4 3.26 389 170 09/25(03) 0.152 77.0 396 9.8 40.4
'. 421W 5.3 2.22 398 30- 09/01(07) 0.484 132 257 18.3 14.0
E3 422W 3.9 1.43 --- lost sample ----'

380W 5.8 2.67. 377 145 09/23(14) 0.164 25.9 136 15.6 8.72'

365E 08/18 2.9 1.20 188 173 09/25(09) 0.159 71.6 776 13.4 57.9
361E '(08) 7.2 2.70 393 191 09/3G(13) 0.123 174 982 14.2 69.2
385E 5.9 2.75 335 177 09/25(15) 0.156 130 706 12.8 55.2
373W 5.9 2.32 379 234 10/06(18) 0.087 49.6 483 13.4 36.0
424W 5.8- 2.25 306 174 09/25(10) 0.159 45.8 248 14.0 17.7
398W 2.1 0.90 133 178 09/25(17) 0.156 33.2 507 15.0 33.8

307E 08/24 5.5 2.10 321 155 09/21(14) 0.255 1,044 3,720 14.5 257.
449E (08) 6.4 2.75 431 216 09/30(19) 0.162 171 825' 17.1 48.2
276E 3.8 1.70 248 138 09/21(11) 0.255 358 1,847 16.7 110.
372W 6.1 2.62 336 '184 09/28(18) 0.186 83.1 366 13.6 26.9
401W 6.5 2.97 1,120(5) 179 09/24(14) 0.220 489 1,710 14.3 120.
416W 5.0 1.94 332 43 09/02(18) 0.635 1,850 2,910 15.2 191.

|

|

_ .



A.1-2 cont'd
P-32 Uptake in Catfish

Fins

P-32
'Date of Date.of

Fish death, Weight, Sample counting, decay net c/ min.g. P, P-32/P,
' No. 1982(hr) wet dry ashed No. 1982 (hr)- fraction c/ min. wet mg/g wet c/ min.mg.

314E 8/26 6.6 2.69 323 611' 11/16(23) 0.018 56.1 2,350 9.52f 246.
369E (08) 5. 7 2.03 332- 364- 10/21(12) 0.066 254 2,930 13.9 211.
332E 5.6 -2.02 344 487 11/05(14) 0.031 58.2 1,653 15.1 109.
448W 4.4 1.61 283 710 11/25(10) 0.012 5. 3 486 14.0 34.7
'439W 9.4 3.19 493 490 11/04(15) 0.033 153 2,440 12.1 202.
389W 7.4 3.07 347 393 10/25(13)' O.054 140 1,742 13.3 131.

355E 9/01 6.4 2.71 417 542 11/07(11) 0.039 126 2,520
393E (08) 5.2 '2.09 357- 655 11/22(19) 0.018 26.4 1,410
348E 7.9(5) 1.38 167 629 11/17(18) 0.023 50.3 1,384

j, 414W 6.6 3.10 418 524 11/06(11) 0.041 62.1 1,147
, c' 403W 4.0 .1.01 .170 799 12/09(23) 0.0080 <2.2 <340
5' 404W 15 . 1 2.28 ~323 521 11/06(10) 0.041 113 2,260

321E 9/10 5.3 1.92 364 218 09/29(22) 0.387 153 373
363E (08) 8.1 2.98 409 231 09/30(19) 0.372 763 1,266
356E

'

2.2 0.83- 152 341 10/19(21) 0.146 18.5 288
387W- 6. 9 : 2.64 408 219 10/01(01) 0.367 993 1,961
429W 5.1 1.82 351 235 10/21(15) 0.135 188 1,365

-431W 5.8 2.50 - 357 200 09/30(15) 0.372 288 667

428W 9/23 7.6 2.68 '435 348 10/21(10) 0.256 1,163 2,990
410W (08) 5.7 1.85' 325 353 10/21(10) 0.256 551 1,888
390W :4.4 1.69 -349 10/20(04) 0.273 141 587---
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A.1-2 cont'd .'

P-32 Uptake in Catfish -
Fin Spines -

P-32
Date of' Date of

Fish death, .
wet dry ashed ___

Sample counting, decay net c/ min.g. P, P-32/P,Weight,
'No. 1982 (hr) No. 1982(hr)- fraction c/ min. wet mg/g wet c/ min.mg.

351E 08/16 0.55 0.377 211' 54 09/08(02) 0.330 53.0 1,460 63.3 23.1
317E (08) 0.68 0.424 227 48. 09/08(13) 0.322 84.8 1,936 80.0 24.2
362E 0.66 0.432 237 165 09/24(20) 0.147 11.1 572 86.7 6.60
395W 0.59 0.411 232 140 09/23(15) 0.156 <2.2 <120 86.9 <2
418W 0.65 0.468 269 56 09/08(05) 0.330 <2.2 < 51 98.0 < 0.6
409W 0.63 0.448 238 142 09/08(18) ,0.322 <2.2 < 54 73.2 < 0.8

359E 08/17 0.60- 0.415 227- 168 09/24(01) 0.161 17.4 901 88.2 10.2
357E (08) 0.80 0.522 281 186 09/28(20)- 0.127 6.7 330 83.9 3.93
300E 0.77 0.573 .354 20 08/31(06) 0.510 75.9 966 133.0 7.26

'. 421W 0.81 0.603' 338 167 09/24(23) 0.154 10.6 425 80.5 5.28
R! 422W 0.44 0.326 '183 172 09/25(09) 0.151 <2.2 <170 88.6 <2

380W 0.62 0.478 272 40 09/02(24) 0.445 16.6 301 98.5 3.06*

365E 08/18 0.55 0.379- 208- 147 09/24(05) 0.166 38.8 2,120 90.3 23.5
361E- (08) 0 81 -0.589 321 176 09/25(16) 0.156- 71.6 2,830 103.6 27.3
385E 0.35 0.260 144 161 09/24(10) 0.166 20.5 1,764 124.5 14.2
373W 0.84 0.603 '333 146 09/23(24) 0.169 20.9 736 93.5 7.87
424u- 0.51~ 0.369 211 175 09/25(14) 0.156 12.0 754 109.8 6.87
398W 0.29 0.210 118 194. 09/29(03) 0.132 12.7 1,659 109.4 15.2

307E 08/24 0.64 0.428. 228 137 09/21(10) 0.254 619 19,040 76.4 249.
,

449E- (08) 0.75 0.563- 318 139 09/23(13) 0.231 87.5 2,520 122.7 20.5'

4 276E 0.49 0.837(5) 672(5) 154- 09/21(13) 0.255 232 9,280 104.9 88.5
372W 0.74 0.550 310- 149 09/24(07) 0.222 23.5 715 Lost ----

-40lw- 0.80 'O.605- 342- 151 09/21(12) 0.254 92.0 2,260 91.9 24.6
-

416W 0.64 0.491 -272- 136 09/21(10) 0.254 306 9,410 99.6 94.5

__ _ _ - _ __ _ _ ___ _ _ . _ _ - _ _ _ _ _
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- P-32 Uptake in Catfish-
' Fin Spines

P-32-
Date of ~Date of.

' F ish : death, Weight,. ' Sample counting,. _ decay net c/ min.g. P, P-32/F,.
No. 1982 (hr) wet, dry ashed N o.' 1982 (hr) fraction c/ min. wet mg/g wet c/ min.mg.

314E 8/26 0.62- 0.443 257- 612 11/16(24) 0.018 11.2 4,990 72.4 68.9
-369E: (08) -0.64 0.445: 251 317' 10/14(03) 0.094 109 9,030 95.9 94.2
3 32 E-'- 0.61 0.426 241- 512 11/05(24) 0.031 14.2 3,710 80.7 46.0
448W -0.58. 0.421- 237- 658 11/22(21) 0.013 2.5 1,615 85.6 18.9
439W l.'10 0.732 408 '628 11/17(07) 0.018 19.1 4,800 76.1 63.1
389W 0.72 'O.532 308 480 11/04(02) 0.034 17.1 3,460 79.5 43.5

3SSE -9/01 0.71 0.509 277 386 10/21(02) 0.089 98.5 7,790
'393E -(08) .l.12(5)0.460 269 642 11/18(02) 0.023 4.6 893
348E 0.68 0.424 253 667- 11/23(22) 0.017 2?.8 9,860.

Es 414W 0.75 0.558 -311 400. 10/21(08)- 0.089 29.6 2,220
id 403W 0.48 0.408 239 666 11/23(20) 0.017 <2.2 <1,400

404W .0.43 0.315 179 544' 11/07(14) 0.038 24.6 7,530

321E 9/10. 0.59 0.357 219 268. 10/07(10) 0.269 39.8 1,254
363E' (08) 0.89 0.511 305 232- 09/30(02) 0.383 187 2,740
356E 0.30 0.213 134 248 10/07(04) 0.273 10.1 617
387W 0.52 0.343 216 352- 10/21(Q8) 0.137 92.1 6,460
429W 0.46 0.332 212 240 10/07(18) 0.265 163 6,690
431W 0.79 0.528 331 239 10/06(21) 0.277 3.8 1,229

428W 9/23 0.63 0.376' 225 -351 10/20(05) 0.272 382 11,150
1410W (08) 0.21 0.109 62.6 345 10/20(02) 0.273 47.2 4,120

390W 0.55 0.311 191' 340 10/19(19) 0.277 76.7 2,520

I
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Bluegill Foodij .y

is
"

Date 'of. .

Weight, mg. 'amt." fed, g
of fish. . date, 1982/83 factor net c/ min.g. wet wt c/ min.mg

.
Number- P-32

feeding,.Vtal -counting- Decay c/ min P,mg/g P-32/P,
1982 ~ No. Dry Ash E -W E W4

5'5 104. 204 _ 55 51 11/07(01) 0.139 5,217 93,8009-09/27. 536 .-- .

| - 28 :: .504 144 -99.3 196.3 52 48 11/04(19) 0.162 5,917 91,300---

93.9 185.5 .49 4529' ---.

t. 30~ 529 .160: ~88.5 174.7 46 42- 11/04(24) 0.177 5,264 74,400---

L -10/01' --- ,10.0 ~ 32.0 46 42
L 02 --- . 88.5 104.5 46 42
| 03 507 16.8 '88.5 174.7 46 41 11/04(20) 0.207 1,887 22,800 1.37 16,642

-04 88.5 ^174.7 46 41
.05 -442 78.0' 120.2 46 41 _10/26(03) 0.365 2,269 15,540 1.13 13,752---

j 06 .505 9.4 - 65.2 92.3- 43~ 38 11/04(19) 0.239 400 4,180 0.77 5,421
'07 506 12.9 78.1 128. 43 38 11/0H 19) 0.251 843 8,400 1.22 6,885

t 08 530 14.1 78.2_ 163. 43 38 11/04(24) 0.261 513 4,910 1.21 4,058

'e 09 527 17.6 78.4 .112.5 _43 38 11/04(23) 0.275 1,815 16,500 1.38 11,956
,10 .535 14.6 -78.3 172. 43 38 11/06(23) 0.262 992 9,470 1.30 7,284

*
i 11 534 .17.6- 78.2 71.0 43 '38 11/06(22) 0.275 717 6,520 1.32 4,939
E 12 528 13.8 83.1 145.3' 40 35 11/04(23) 0.319 655 5,130 1.13 4,540

:? 13 75.3 65.1 40 35i.
;

14 . feed not-eaten 0.0 0.0 40 35 ;

15- 1111 301. 21.2 83.2 129.5 40. 34 01/19(20) 0.0095 19.0 5,000 1.30 3,846+

; 16 _1112 355 ~ 24.5 95.I 125.5' 40 .34 01/19(22) 0.0099 41.8 10,560 1.51 6,993
2' 17 1113 233- 18.2 83.2 110.5 40 34 01/19(24) 0.0104 20.2 4,860 0.98 4,985
; 18- 1114 305 21.2 83.5 150.2 .40 34 01/20(01) 0.0109 16.4 3,760 1.30 2,892 ,

19 1115 332 21.4- 65.2 .125.4 37 31 01/20(03) 0.0113 13.8 3,050 1.44 2,118
20 1116 .254- 18.4 65.5 .155.2 37 31 01/20(04) 0.0119 12.8 2,690 1.07 2,514

| 21 1117. '320 20.8 55.2 45.4 '37 31 01/20(06) 0.0124 47.0 9,480 1.48 6,405

i ,22 1118 311 21.2 52.5 "75.3 37 31 01/20(11) 0.0129 37.5 7,270 1.32 5,508
i 23 1119 -304 17.5 85.2 125.6 -37 31' 01/20(12) 0.0135 56.0 10,370 1.33 7,797

24 1120 292- 18.6 90.1'_120.5 .37 31 01/20(14) 0.0142 38.0 6,690 1.24 5,395-

25- 1121 _-295 17.3 .90.0 85.0 37 31 01/20(16) 0.0148 33.2 5,610 1.20 4,675
,

26 1122 ~252 16.3 75.2. ,84.3 34 28 01/20(17) 0.0155 45.4 7,320 1.03 7,106
i- 27 1123' ~273 15.2 65.3 65.7 34- 28 01/20(19) 0.0162 51.4 7,930 1.17 6,777 <

i 1124 300- 17.2 01/20(21) 0.0162 69.8 10,770 1.35 7,977
i 28- 1125 :321. 17.2- 50.3 61.5 34 28 01/20(22) 0.0169 95.4 14,110 1.45 9,731
i' 29 1126 288 15.8- .60.3 120.5 34 .28 01/20(24) 0.0177 38.2 5,400 1.43 3,776
i :30 1127 '264- 14.7 90.2 -155.0 - 34 28 01/21(02) 0.0185 63.8 8,620 1.11 7,766

31 1128 268 14.5 90. .150. 34 28 01/21(03) 0.0194 60.2 7,760 1.11 6,991
3

i
_ - - - - _ _ _ _ _ _
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A.2-1 cont'd
Bluegill Food

Oate of Number P-32
~

feeding,. Vial Weight, mg. amt. fed,.g of fish counting Decay c/ min P,mg/g P-32/P ,
1982 No. Ory Ash E W E W date, 1982/83 factor net c/ min.g wet wt c/ min.mg

11/01 1129 287 16.1. 85.2 20.1 34 28 01/21(05) 0.020 45.8 5,720 1.14 5,018
02 1130 -232 13.4 80.1 105.2 29 25 L01/21(07) 0.021 67.4 8,020' 1.05 7,638
03 1131 219 12.4 65.3 110.5 -29 25 01/21(08) 0.022 62.0 7,050 0.93 7,580
04 1132 279- 15.0 40.5 90.2 29 25 01/21(10) 0.023 50.1 5,450 1.15 4,739
05 1134 212 12.3 71.3 103.4 29 25 -01/21(13) 0.024 45.0 4,690 0.88 5,317
06. 1135 254 13.7 61.7 111.8 29 25 01/21(15) 0.025 39.5 3,950 1.11 3,559'

07 1136 297 -14.8 50.8 101.3 29 25 01/21(17) 0.027 107, 9,910 1.23 8,057
08 1137 212' 12.3 60.1 81.3 29 25 01/21(18) 0.028 67.2 6,000 0.94 6,417
09 1138 315 15.1 55.2 85.6 26 22 01/21(20) 0.029 5.6 483 1.35 358

,

10 1139 282 15.3 42.3 78.2 26 22 01/21(22) 0.030 73.0 6,080 1.24 4,903,

.g 11 1140 374 19.2 40.5 55.3 26 22 01/21(23) 0.032 277. 21,640 1.66 13,036
us 12 1141 308 15.8 -25.3 42.6 26 22 01/22(01) 0.033 123. 9,320 1.32 7,060'

13 1142. 291 15.6 38.5 63.2 26 22 01/22(03) 0.035 133. 9,500 1.28 7,422
i 14 1143 243 14.0 50.3 7, . 6 26 22 01/22(04) 0.036 102. 7,080 1.10 6,4362

15 1144 314 16.5 55.1 85.3 26 22 01/22(06) 0.038 116. 7,630 1.45 5,262
16 1145 -307 16.7 41.3 70.4 26 22 01/22(08) 0.039 117 7,500 1.30 5,769

i Average for. period 10/06 - 11/16 (2 standard deviation of mean) 1.2TiiU.03 6,020 t370
.

I

j Notes: 1. Feed samples were worms, 2 g moist weight; 20-ml aliquots of 100-ml samples
were counted

2.. Amount fed. is moist weight; total anount was based on estimated fish weight, as
1.5% (E) or 3.0% (W) of body weight. Lesser amounts were fed if fish reduced
their. intake.

4

i
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A.2-2
. Catfish Food

Date of' . Number P-32
feeding, ' Vial Dry wt., Amt fed, g of fish- . counting - Decay c/ min P,mg/g P-32/P,

1982 No. g E W E. W date,'1982/83 ' factor net c/ min.g dry wt c/ min.mg'

.08/15~ 438 0.98 238.2 151.2 69 69' 10/26(02) 0.031 629 103,500 13.5 7,670
16 47.8 33.5 u65 64
17

.

89.0 34.2 62 60
'18 1423' '0.94' 78.7 50.7 59. 55- 10/25(21) 0.036 672 99,300 12.5 7,940

19 77.9 115.2 59 55
- .20 26 18.1 58 54

21 430 0.96 156, 81 58 - 50 10/25(23) 0.042 741 91,900 13.4 6,860
-22 148 100 58 50
23 86 40 uS5 50 -

'

24' 129 65 52- 47
25. 436 1.02 .142- 119 52 47 10/26(01) 0.050 937 91,900 14.5 6,340
26 20 20 9 15
27 431' 1.03 20 20 6 12 10/25(24) 0.055 1,070 94,400 14.2 6,650
28 14.7 13.2- 6' 12

. 29. 4.9 4.6 6 12
.d. 30 429 1.04 7.0. 9.2 6 12 10/25(23) 0.065 1,238 91,600 13.0 7,046

'
. 10/26(01) 0.065 1,203 88,100 14.6 6,0346! 434'-

'

l' 05.

31 1.3 2.3 6 12
'

09/01 8.8 3.4 .3 - 9
02' 425~ 0.98 4.3 10.0 3 9 10/25(22) 0.071 659 47,400 14.4 3,292
03 6.6 9.3 3 9
04 4.8 15.0 3 9
05 427 1.01 4.2 8.6 3 9 10/25(22) 0.082 801 48,400 14.4 3,361
06 2.1- 8.8 3- 9
07 3.1 8.;8 3 9
08 421 1.00' 2.9 115.0 3 9 10/25(20) 0.095 904 47,600 13.2 3,606
09 3.3 9.6 3 9.
10 --- 1.2 0 6

' 3.5 0 6 10/25(21) '0.110 1,119 51,900 15.1 3,43711 .424 0.98 ---

3.0 0 612 ---

13 0 '6
14- 422- 0.98 --- | 12.0 - 0 6 110/25(21) 0.127 1,209 48,600 14.6 3,329

428 1.01 '10/25(23) 0.127 1,158 45,100 15.8 2,854

___ _ - .



A.2-2 cont'd
Catfish Food

.Date of Number P-32<

feeding, Vial Dry wt., Amt fed, g of fish counting _ Decay c/ min P,mg/g P-32/P,
1982 No. -g E. W E W date, 1982/83 factor net c/ min.g dry wt c/ min.mg

09/15 5.2 0 6
16 5.3 0 6
17 426- 1.00 9.9 0 6 10/25(22) 0.147 1,337 45,500 .14.7 3,095---

'18 8.3 0 6
19 10.6 0 6
20' 9. 0 6
21 435 1.02. 3.1 0 '6 10/26(01) 0.177 1,543 42,700 13.5 3,163----

22 0 6
23 1. 2 0 3

Average for period
, .

08/15 - 08/27 ( std. dev. of mean) 13.6 0.4 7,0901 300

E
Y

-Notes: 1. 20-ml aliquots of 100-m1 samples were counted.
- 2. Amount fed was based on estimated fish weight, as 2.0% (E) or 1.0 % (W)

of body weight. Lesser amounts were fed if fish reduced their intake.

. _ _ - - - -_
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A.3-1

P-32 'in-Water During Bluegill Uptake and Depuration Study

. Collection P-32
|- date, 1982 Vial Counting date, Decay net c/ min c/ min. P, P-32/P,

(hour) Sample No. 1982-1983 ~ ( hr) - fraction c/ min. L fish. day mg/L c/ min.mg.

11/09 -E - I water * 1106 01/14(22) 0.040 2.2 68.8 952 ---- ----

(17) I filter * 1146 01/22(09) 0.028 <2.2 <98 <1,400 0.034 <3,000
|

| W - 1 water * 1105 01/14(14) 0.040 16.9 528 7,300 0.41 1,290
| 'l filter * 1147- 01/22(11) 0.028 <2.2 <98 <1,400 0.023 <5,000
|

! 11/20 E - I water 957 12/23(24) 0.196 141. 450 3,600 ---- ----

| (11) no filtration

i 2-water 958 12/24(02) 0.195 81.2 260 2,080 0.36 722
no filtration ~

l W - I water 955 12/22(15) 0.209 535 1,600 12,800 0.58 2,760
. ' . no filtration
S 2 water 956 12/22(15) 0.209 150 449 3,590 0.53 847
'

no filtration
Inflow 1162 02/02(04) 0.028 <2.2 <49 0.39 <130

11/24 E - I w a t.er 1133 01/21(12) 0.060 6.2 65 520 0.71 92

(11) I filter Lost --- --- --- --- --- ---- ----

; 2 water 1110 01/19(18) 0.065 <2.2 <21 <170 ---- ----

2 filter -1151 -01/22(18) 0.056 <2.2 <25 <200 0.028 <900'

W - I water 1109 01/15(03) 0.081 15.5 120 960 0.69 174

|. I fiiter .1150 01/22(16) 0.056 3.6 40.2 322 0.082 490
2 water- 1108 01/15(01) 0.081 17.0 131 1,048 0.76 172
2 filter 1149 01/22(14) 0.056 <2'.2 <25 <200 0.057 <500

Inflow 1164 02/02(09) 0.034 <2.2 <40 0.76 <60

Notes: 1. Four-liter samples were taken from 24-L aquaria (41.5-L on 11/09) and processed to 50-ml volumes.
These were filtered and the- filters were processed to 50-ml volumes.

2. One asterisk indicates that only a 2-L sample was collected.
3. Two asterisks indicate ~ approximately 15% loss during processing, for which the result was

corrected.
,

.

_ _ _ _ - - _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ .
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~A.3-1 cont'd-

P-32'in Water During-Bluegill Uptake and Depuration Study

Collection- P-32-
(. date, 1982 Vial. . Counting date, Decay -net c/ min c/ min. P, P-32/P,

(hour) _ ~ Sample No. 1982-1983 (hr) fraction c/ min. L fish. day mg/L c/ min.mg.
.

11/30 E - I water 1152 01/22(19) 0.075 4.2 35.0 280| ---- ----

! (15)- 1 filter 1183' 02/03(22) 0.042 <2.2 <33. <270 0.057 <600
2 water 1153 01/22(21) 0.075 3.3 27.5 220- 0.99 27.8

|- 2 filter- 1184 02/03(24) 0.042 <2.2 <33. <270 0.051 <500
'

W - 1 water _1107. 01/14(24) 0.109 65.3 374 2,990 ---- ----

1-filter -1148 01/22(13) 0.076- 6. 0 49.3 394 0.033 1,494
2 water .1157 01/28(17) 0.056 53.2 594 4,750 0.80 742
2-filter 1188 02/04(06) 0.041 3.2 48.8 390 0.029 1,683

'

12/07 E - I water 1155 01/28(14) 0.079 <2.2 <17 <140 0.95 <18
! '

(11) 1 filter 1186 02/04(03) 0.058 <2.2 <24 <200 0.028 <900.-

8' 2 water 11156 01/28(16) 0.079 <2.2 <17 <140 0.90 <19
'

2 filter :1187 02/04(05) 0.058 <2.2 <24 <200 0.044 <600

W - I water '1158 01/28(19) 0.079 6.4 50.6 405 0.56 90.4
1 f11ter- 1189- 02/04(10). 0.057 <2.2 <24 <200 0.049 <500
2 water 1154 .02/01(23) .0.064 4.3 42.0 336 0.45 93.3
2. filter 1185- 02/04(02) 0.058 <2.2 <24 <200 0.013 <1,900

12/15 E - 1. water 1161 02/02(02) 0.094 <2.2 <l5 <120 0.45 <40
(11) 1 filter 1192 02/04(15) 0.084 <2.2 <16 <130 0.013 <1,300

.

2 water- :1163 02/02(05) 0.094- <2.2 <15 <120; ---- ----

'

2 filter. 1216 102/08(22) 0.068 <2.2 <20 <160 <0.06 ----

W -I water 1159 01/28(21) '0.115 <2.2 <12 <100 0.59 <20
-1 filter -1190 02/04(12) 0.084 <2.2 <16 <130 0.018 <900
2 water ** 1160- .02/01(24) 0.094 <2.2 <17 140 0.72 <30<

2 filter 1191 02/04(13) 0.084 <2.2 <16 <130 0.014 <1,200

!
.
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A.3-2
!

P-32 in Suspended Solids During Bluegill Uptake and Depuration Study 1

Collection P-32
date, 1982

.

Vial Counting date, Decay net c/ min. c/ min. P, P-32/P,
-(hr) Sample No. 1982-1983 (hr) fraction c/ min. L fish. day mg/L c/ min.mg

11/09 E-large 945 12/23(16) 0.125 12.0 11.6 160 0.018 640
(17) E-250 p 944 12/22(06) 0.127 21.7 20.6 285 0.011 1,900

E-759 -811 12/11(05) .0.217 66.5 36.9 510 0.022 1,700
E-0.45p(4) 1042 01/07(20) 0.057 <2.2 <380 <5,300 <0.2 ---

808 12/10(04) 0.228 <2.2 <100 <1,400 <0.2 ---

814 12/11(08) 0.216 2.4 110 1,520 <0.2 ---

809 12/10(06) 0.228 <2.2 <100 <1,400 <0.2 ---

4

W-large 810 12/11(03) 0.218 5.4 3.0 41 0.0020 1,500
W-250p 1008 12/31(10) 0.082 9.6 14.1 195 0.0052 2,700

'

W-75p 922 12/21(15) 0.131 39.3 36.1 499 0.024 1,500
W-0.45p(4) 923 12/21(17)- 0.131- <2.2 <170 <2,400 <0.2 ---

940 12/22(03) 0.128 <2.2 <170 <2,400 <0.2 ---

924 12/21(18) 0.130 <2.2 <170 <2,400 <0.3 ---

J. 941 12/22(04) 0.128 <2.2 <170 <2,400 <0.3 ---

E
11/20 E 1167 02/02(14) 0.027 3.9 30 240 0.017 1,760i

(11) W 1172 02/02(22) 0.027 <2.2 <17 <140 0.018 <1,000

11/24 E 1174 02/03(02) 0.032 <2.2 <14 <120 0.011 <1,300
(11) W 1168 02/02(16) 0.033 <2.2 <14 <120 0.013 <1,100

11/30 E '1169 02/02(17) 0.046 <2.2 <10 <80 0.027 <400
(15) W 1171 02/02(20) 0.046 <2.2 <10 <80 0.018 <600

12/07 E 1173 02/02(24) 0.061 <2.2 <8 <70 0.018 <500
(11) W 1170 02/02(19) 0.062 <2.2 <8 <70 0.017 <500

12/15 E 1166 02/02(12) 0.093 <2.2 <5 <40 0.013 <400
(11) W 1165 02/02(10) 0.093 <2.2 <5 <40 0.0051 <1,000

Notes; 1. For 11/09 samples, water volunie was 41.5 L but only'0.50 L was passed through each 0.45 filter;
samples were made up to 100 ml

2. For all other. samples, water volume was 24 L and samples were made up to 100 ml
3. Large solids were collected on 11/09.with a small net; solids were collected on all other dates by

siphoning them fran the aquarium botton and retaining then on a 75-p filter

.- . _ - _ _ _ _ - . . _ _ _ _ _ _ _ _ _ _ _ _ _ _
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''A.4-1
j Bluegill Wat Weight in Flow-through Tank

. ..
-Weight, g Weight gain, d-l

. Fish'No. 09/03 10/01 11/12 Death Date 09/03 on- 10/01 on ll/12.on
|

09/28

761 E- 118.0 114.5' -0.001
794 E 130.0 119.6 -0.003
879 E 151.0 153.3 0.001
499 W 121.0 121.6 0.002
708 W 111.0 123.6 0.004
787 W 142.5 149.4 0.002
Avg E- -0.001
Avg W 0.002

09/29
i

684 E 159.0 156.5 -0.001
859 E 133.5 139.8 0.002

. , ' 863 E- 95.0 93.6 -0.001
0 608 W 102.5 107.9 0.002
* 682 W- 137.0- 148.7 0.003

890 W 126.0 139.7 0.004
Avg E 0.000
Avg.W 0.003

09/30

619 E 106.5 122.4 0.005
| 872 E 152.0 153.5 0.000

635 E 135.0 142.5 0.002
'

|
706 W 131.0 133.8 0.001
704 W 121.5 119.2 -0.001'

480 W 150.6- 158.5 0.002
Avg E 0.002
Avg W 0.001

!

| Notes: ,1. Fish were initially weighed before P-32 feeding was begun on 09/27.
-2. Weighing on 10/01 was not used to compute weight changes for fish killed on 10/06, and weighing on

11/12 was not used to compute weight change for fish killed on 11/17 because of short time!
' interval.
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| A.4-1 cont'd
Bluegill Wet Weight in Flow-through Tank

Weight, g Weight gain, d-l
Fish No. H97'03 10/01 11/12 Death Oate 09/03 on 10/01 on 11/12 on

,

10/06

759 E 113.5 -103.9 98.6 -0.004
| 674 E 95.0 101.1 102.4 0.002
i 762 E 122.5 119.8 114.0 -0.002

613 W 96.0 102.7 103.5 0.002
680 W- 80.5 84.5 82.4 0.001
792 W 105.Q- 114.4 109.2 0.001
Avg E -U UDT
Avg W 0.001

10/12

699 E 143.0 142.8 147.2 0.000 0.003
JJ 784 E 138.9 153.1 148.3 0.003 -0.003
Es 733 E 109.4 107.6 --- -0.002---

'

488 W .110.9 115.3 118.5 0.001 0.002
490 W 85.6 93.3 98.5 0.003 0.005
476 W 153.5 163.1 164.9 0.002 0.001
Avg E 0.001 -0.001
Avg W 0.002 0.003

|

10/19

769 E 94.0 101.0- 101.4 0.003 0.000
482 E 94.6 92.0 92.9 -0.001 0.000
677 E 119.0 105.2 116.1 -0.004 .0.005
497 W 81.0 83.4 86.9 0.001 0.002

-873 W 132.0 149.5 161.4 0.004 0.004
~

607 W- 164.0- 159.3 172.4 -0.001 0.004
Avg E: -0.001. 0.002

; Avg W 0.001 0.003
|

>
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-A.4-1 cont'd
BluegillLWet Weight in Flow-through Tank

~

Weight, g Weight gain, d-l'
Fish No. 09/03 10/01 T1/12 Death Date 09/03 on 10/01 on 11/12 on-

10/26

876 E 93.0 99.5 105.0 0.002 0.002
763 E 129.0 132.8 140.5 0.001 0.002
881 E 89.5 88.1 85.9 -0.001 -0.001
785 W -130.5 135.5 147.6 0.001 0.003
716 W --- 135.7 148.6 --- 0.004

! 875 W 145.0 153.5 158.2 0.002 0.001
Avg E 0.001 0.001
Avg.W 0.002 0.003

;

. ~ ' 11/03,

~ ..

y 882 E 119.0 111.2 117.0 -0.002 0.002
456 E 89.5 91.4 91.5 0.001 0.000

; 627 E 130.0 141.8 151.1 0.003 0.002
858 E 149.0 148.2 149.7 0.000 0.000|' 722 E -125.0 124.1-. 126.4 0;000 0.001
884 W 106.0 117.0 116.7 0.004 0.000
672 W 121.0 118.1 119.7 -0.001 0.000
679 W 140.0 148.6 154.7 0.002 0.001,

Avg E- - 0.000 0.001
Avg W 0.002 0.000

11/09
|

-799 E 122.0 118.5 124.1 -0.001 0.001 ,

790 E 120.5
486 E 146.0.

- 135.7 132.6 0.004 -0.001
134.4 132.6 -0.003 0.000

602 W -134.5 136.6 135.0 0.001 0.000
893 W 119.0 109.1 118.0 -0.003 0.002
798 W 150.5 161.7- 169.2 0.003 0.001
Avg E 0.000 0.000
Avg W 0.000 0.001

,

>

I e
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A.4-1 cont'd -

Blueg'ill Wet . Weight in Flow-through . Tank

Weight, g Weight gain, d-l
Fish No. _09/03 10/01 11/12 Death Date 09/03 on 10/01 on 11/12 on

11/17

.899 E' 118.0 117.3 120.2 120.8 0.000 0.001
713 E' 93.0 94.0 94.5 96.9 0.000 0.001
880 E 129.0 '120.1 .120.5 118.8 -0.003 0.000

.886'W 124.0 135.6 155.2 162.7 0.003 0.004
622 W 118.5 .126.9 139.9 145.0 0.002 0.003

-698 W .'135.0 139.1 144.7 146.9 0.001 0.001
Avg E. -N D DDT
Avg W 0.002 0.003

11/20

J. 782 E 142.0 155.0 160.6 160.0 0.003 0,001 0.000
|| 767.E 159.0 166.0 172.4 171.3 0.002 0.001 -0.001

728 E 149.0- 164.6 162.7 0.002 -0.001' ------

151.7 164.2 166.0 0.002 0.001715 W ------

889 W 104.5 154.5 169.8 169.5 0.002 0.000---

606 W- ~153.5 175.4 196.5 196.5 0.005 0.003 0.000
Avg E 0.002 DN -U DDT

0.002 0.000Avg W ---

11/24

477 E 135.0 140.7 148.9 147.0 0.001 0.001 -0.001
738 E 114.0 111.0 115.3 115.7 -0.001 0.001 0.000
691 E -140.0 155.0 161.5 160.7 0.003 0.001 0.000
668 W 131.0 .150.3 161.2 161.1- 0.005 0.002- 0.000
717 W --- 108.9 117.8 '118.3 --- 0.002 0.000
891 W 135.0 '143.3 143.2 143.3 0.002 0.000 0.000
Avg E 0.001 0.001 0.000
Avg W 0.004 0.001 0.000
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A.4-1 cont'd
. Bluegill ~ Wet Weight in Flow-through Tank

~

'

.

Weight, g Weight gain,'d-I
Fish No. 09/03 -f0/01 11/12 Death Date 09703 on 10/01 on 11/12 on

11/30

637 E ~126.0 132.6 143.7. 149.0 0.002 0.002 0.002
721 E 106.6- 108.7 112.0 --- 0.000 0.002---

723 E- --- .118.6 122.7 128.2 --- 0.001 0.002
892 W 153.0 179.1 214.9 225.0 0.000 0.004 0.003-
885-W 91.0 102.0 112.4 117.5 0.004 0.002 0.002
636 W 140.5 151.7 164.2 174.7 0.003 0.002 0.003
Avg E --- 0.001 0.002
Avg W 0.004 0.003 0.003

12/07

$: 730 E' --- 117.6 123.2 125.6 0.001 0.001---

i" 871 E 112.5 121.9 122.2 122.8 0.003 0.000 0.000
705 E 155.5 148.5 143.7 148.4 -0.002 -0.001 0.001
641.W 96.0 96.4 102.4 109.2 0.000 0.001 0.003
615 W 128.0 146.6 156.1 154.1 0.005 0.001 0.000
735 W 98.0 95.5 105.0 113.2 -0.001 0.002 0.003
Avg E. 0.000 0.000 0.001

~ Avg W 0.001 0.001 0.002

12/15'

694 E 119.0 120.8 121.9 135.5 0.000 0.000 0.003
485 E 142.0 142.9 161.8 166.6 0.000 0.003 0.001
894 E 160.0 172.1 176.7 184.6 0.003 0.001 0.001
692 W 150.0 161.8 186.5 201.3 0.003 0.004 0.002
854 W 132.0 140.2 155.3 163.3 0.002 0.002 0.002
630 W 104.0 105.6 112.3 121.8 0.000 0.001 0.002
Avg E 0.001 0.001 D D62
Avg W 0.002 0.002 0.002

..
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A.4-2

Catfish Wet Weight in Flow-through Tank

Weight, g Weight
Fish Number Start Death gain, d-l

08/09 08/16

351 E 175.0 179.7 0.004
317 E 220.0 240.7 0.013
362 E 207.0 209.4 0.002
395 W 193.0 186.8 -0.005
418 W 186.0 179.0 -0.005
409 W 258.0 231.9 -0.015
Avg E 0.006
Avg W -0.008

08/17

359 E 199.0 --- ---

357 E 244.0 236.5 -0.004
300 E 227.5 225.5 -0.001
421 W 226.0 --- ---

422 W 163.0 155.0 -0.006
380 W 236.0 235.5 0.000
Av; E -0.002
Avg W -0.003

08/18

365 E 146.0 142.3 -0.003
361 E 261.0 265.6 0.002
385 E 226.5 232.7 0.003
373 W 191.0 193.8 0.002
424 W 193.5 193.3 0.000
398 W 107.0 104.0 -0.003
Avg E 0.001
Avg W 0.000

08/24

307 E 201.0 237.8 0.011
449 E 284.0 260.7 -0.006
276 E 157.0 165.1 0.003
372 W 261.0 261.4 0.000
401 W 223.0 244.9 0.006
416 W 211.0 234.1 0.007
Avg E 0.003
Avg W 0.004

Note: Fish were initially weighed before P-32 feeding was begun on 08/15.
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A.4-2 cont'd

Catfish Wet deight in Flow-through Tank

Weight, g Weight
Fish Number Start Death gain, d-l

08/09 08/26

-314 E 208.0 250.0 0.011
369 E 196.0 250.0 0.014
332 E 202.0 224.0 0.006
448 W 179.0 173.0 -0.002
439 W- 267.0 325.0 0.012'
389 W 241.5 270.0 0.007

' Avg E N-

Avg W '0.006

09/01

355 E 243.0 260.7
393 E- 189.0 208.6
348 E 156.0- 181.0
414 W 254.0 256.3
403 W 145.5 134.4
404 W 227.5 226.7

09/10

321 E 200.0 205.8
J363 E 216.0 258.5
:356 E 78.0 70.6
387 W 201.0 229.7
429 W 182.0 193.3
431 W. 205.0

09/23

.428 W 234.0 ,297.2

410 W 185.5 223.7
~390 W 225.0 225.0
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A.5-1

Weight Balances for Dissected Bluegill
in Flow-through Tank

Fish Date of death, Total Wet Weight, g

No. 1982-(hr) Sum Death Weight Percent

761E 09/28 106.2 114.5 92.8
794E (08). 111.7 119.6 93.4
879E 146.3 153.3 95.4
499W 117.0 121.6 96.2
708W 114.7 123.6 92.8
787W 139.3 149.4 93.3

684E 09/29 152. 1 156.5- 97.2
859E (08) 136.0 139.8 97.3
863E 89.0 93.6 95.1
608W 101.6 107.9 94.2
682W 136.3 148.7 91.6
890W 133.2 139.7 95.4

619E 09/30 105.4 122.4 86.1
-872E (08) 146.4 153.5 95.3

635E 131.6 142.5 92.4
706W 124.7 133.8 93.2
704W 111.0 119.2 93.1

~480W 148.5 158.5 93.7

759E 10/06 98.1 98.6- 99.5-
674E '(08) 95.1 102.4 92.9 *

'762E- 107.1 114.0 94.0
613W' 95.2 103.5 92.0
680W 78.0 _ 82.4 94.7

- 792W 103.7 109.2 95.0

-699E 10/12 139.8- 147.2 95.0
784E -(08) 141.9 148.3 95.7

733E. 103.2 107.6 95.9
488W 111.I 118.5 93.8
490W 92,f 98.5 93.5

-475W 158.2 164.9 96.0

.
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A.5-1 (cont'd)

Weight Balances for Dissected Bluegill
in Flow-through Tank

,

Fish -Date of death, Total Wet Weight, g:
No. 1982 (hr) Sum Death Weight Percent

769E 10/19 96.3 101.4 95.0,

1 482E (08) 88.3 92.9 95.0
677E 102.5 116.1 88.2,

L 497W 83.1 86.9 95.6'
873W 153.9 161.4 95.3

'

L 607W 167.4 172.4 97.1

876E 10/26 98.6 105.0 93.9
763E (08) 129.7 140.5 92.3
381E 78.2 85.9 91.0
785W 133.9 147.6 90.7
716W 137.8 148.6 92.7
875W 150.0 158.2 94.8

;

882E 11/03 109.8 117.0 93.9'

456E (08) 87.0 91.5- 95.1
627E 146.0 151.1- -96.6

'858E 143.7 149.7. 96.0
;722W 121.3 126.4 96.0
884W 111.6 116.7 95.6
672W. 117.5- 114.7_ 94.0

'679W 146.6 154.7. 94.7-

'799E 11/09 115.8' 124.1 93.3
790E' (08) 124.0 132.6 :93.5-
486E 123.5 132.6 93.2
602W 126.4 135.0 93.6
893W 109.1 118.0 92.4-
798W 159.0 169.2 -94.0

899E. 11/17 113.9 120.8 94.3-
713E (08) 92.2 .96.9 _95.1

- 880E- 113.0 118.'8 95.1
886W- 154.1 .162.7 94.7
622W- 137.1 145.0 94.6
698W: 140.0 -146.9 95.3

.

.
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A.5-1 (cont'd).

Weight Balances for Dissected Bluegill
in Flow-through Tank

Fish- Date of death, Total Wet Weight, g
No. 1982 (hr) Sum Death Weight Percent

782E- 11/20 154.4 160.0 96.5
767E (08) 163.0 171.3 95.1
728E 154.3 162.7 94.8
715W 155.5 166.0 93.6
889W 161.8 169.5 95.5
606W 190.5 196.5 97.0

477E 11/24 141.2 147.0 96.1
738E (08) 109.I 115.7 94.3
691E. 154.0 160.7 95.8

'668W- 154.4 161.1 95.8
717W 112.0 118.3 94.7
891W 137.5 143.3 96.0

637E 11/30 141.3 149.0 94.8,

721E (08) 104.'3 112.0 93.1
723E- 120.5 128.2 94.0

:892W 212.4 225.0 94.4
112.9 117.5 96.1885W -

'636W- 163.8- 174.7 93.8

-730E 12/07 119.9 125.6 :95.5
E871E. (08)' 119.4 122.8 97.2

705E- 140.2 148.4 194.5
641W 101.9 109.2 93.3

'615W 144.6 '154.1 93.8
735W 106.2 113.2 93.3

694E 12/15 127.5 135.5 94.1-
485E (08) 159.3 166.6 95.6
894E.

'

178.5 184.6 96.7
692W- 190.3 201.3 94.5
854W- 157.0 163.3 96.1

.

630W-_ 115.8 121.8 95.0

.
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A.5-2

Weight Balances for Dissected Catfish
in Flow-through Tank

Fish- Date of death, Total Wet Weight, g
No. 1982 (hr) Sum Death Weight Percent

351E 08/16 163.5 179.7- 91.0
317E (08) 224.3 240.7 93.2
362E 197.8 209.4 94.5
395W 175.8 186.8 94.1
418W 164.6 179.0 92.0
409W 215.8 231.9 93.1

359E 08/17 181.1 --- ---

357E (08) 222.7 236.5 94.2
300E 207.6 225.5' 92.1
421W 202.2 --- ---

'422W 140.1 155.0 90.4
380W 216.4 235.5 91.9

365E 08/18 134.1 L42.3 94.2
361E (08) 251.8 265.6 94.8
385E 218.7 232.7 94.0
'373W 180.2 193.8 93.0
424W 178.5 193.3 92.4
398W 96.1- 104.0 92.4

307E 08/24 219.3 237.8 92.2
449E (08) 248.1 260.7 95.2,

276E 149.9 165.1 90.8
' 372W 244.3 261.4 93.4
'40lW 233.2 244.9 95.2

416W 216.3 234.1 '92.4

.
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A.5-2 (cont'd)

Weight Balances for Dissected Catfish
in Flow-through-Tank

Fish Date of death, Total Wet Weight, g
No. 1982 (hr) Sum Death Weight Percent

314E 08/26 .234.0 150.0 93.6
369E (08) 231.3 250.0 92.5
332E 208.9 224.0 93.3
448W 159.5 173.0 92.2
439W 302.8 325.0 93.2
389W 254.5 270.0 94.3

355E- 09/01 253.9 260.7 97.4
393E (08) 192.4 208.6 92.2
348E 177.7 181.0 98.2
414W 240.8 256.3 94.0
403W 126.8 134.4 94.3
404W 215.2 226.7 94.9

321E 09/10 194.8 205.8 94.6
363E (08) 240.4 258.5 93.0
356E 66.5 70.6 94.2
387W 219.3 229.7 95.5
429W 181.3 193.3 93.8
431W 212.8 --- ---

428W 09/23 282.2 297.2 95.0
410W (08) 214.1 223.7 95.7
390W 212.2 225.0 94.3

s.
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B.1-1
P-32 Uptake in Worm-fed Bluegill and Catfish Maintained in Aquaria for Nine Days

feed Temp, Fish Weight Sample Counting date, Decay Net c/ min.g. P, P-32/P,*/./da y *C N o. Wet Dry Ash No. 1983 (hr) fraction c/ min. wet mg/g wet c/ min.mg
i

Bluegill Muscle
0.87 11 1-1 45.3 9.77 596 1198 02/08(10) 0.559 1,148. 227. 2.66 85.31-2 29.4 6.40 379 1315 02/16(13) 0.377 32.9 14.8 2.64 5.61-3 31.1 6.20 396 1241 02/09(11) 0.531 380. 115. 2.52 45.6
1.6 21 2-1 27.4 5.82 327 1289 02/15(05) 0.402 775. 352, 2.35 150.62-2 25.7 4.92 268 1201 02/07(23) 0.572 39.2 13.3 1.93 6.92-3 43.7 9.43 559 1317 02/15(23) 0.388 4,126 1217. 2.57 474.

2.9 24 3-1 24.6 5.31 307 1262 02/14(20) 0.409 2,325 1,155 2.58 448.3-2 24.0 4.14 294 1342 02/16(08) 0.381 329 180 2.39 75.33-3 50.2 11.0 619 1220 02/08(23) 0.545 9,772 1,786 2.62 682.

1.5 27 4-1 33.9 4.22 287 1215 02/08(13) 0.556 1,305 346 1.82 190.4-2 27.8 5.39 340 1219 02/08(14) 0.554 1,630 529 2.25 235.4-3 41.5 8.87 495 1221 02/08(14) 0.554 1,802 392 2.51 156.

2.4 27 5-1 32.3 4.94 263 1242 02/09(12) 0.530 1,683 492 1.33 370.* 5-2 33.3 6.94 406 1222 02/08(15) 0.554 2,843 771 2.28 338.5-3 34.4 7.28 445 1345 02/21(16) 0.294 1,438 711 2.71 262.

2.9 25 6-1 32.8 5.01 310 Lost --- --- --- --- --- ---i 6-2 27.5 4.44 222 1195 02/07(18) 0.577 11.6 3.6 1.31 2.86-3 25.6 5.30 312 1316 02/15(22) 0.389 1,220 562. 2.21 254.6-4 51.7 11.5 600 1261 02/14(20) 0.409 6,825 1,614 2.49 648.

Catfish Muscle
| 1.4 27 I-I 92.3 22.9 1,094 1343 02716(08) 0.381 8,663 1,232 2.50 493.7-2 53.6 12.8 603 1287 02/15(05) 0.402 6,454 1,498 2.32 646.'

7-3 51.1 12.1 621 1263 02/14(21) 0.409 1,926 461 2.26 204.

3.0 26 8-1 49.0 11.6 908 1284 02/15(04) 0.403 3,221 816 2.26 361.8-2 47.8 11.8 540 1243 02/09(12) 0.530 7,251 1,431 2.26 633.8-3 48.4 10.7 549 1255 02/14(18) 0.411 9,783 1,907 2.29 833.
| Notes: 1) Exposure period was 01/18-01/27(10) except fish 4-1 was removed on 01/25, 5-1, on 01/26, and 6-1, on 01/20

because of illness, and fish 6-2 was exposed beginning 01/20. 2) Wet and dry wts. are in grams, ash weight is in mg.
3) Duplicate 20-ml aliquots of 100-m1 samples were analyzed for P-32 by Cherenkov counting with 50-min. counts when
< 200 c/ min. and 10-min counts when > 200 c/ min.
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B.1-1 (cont'd)

P-32 Uptake in Wonn-fed Bluegill and Catfish
Maintained in Aquaria for Nine Days

,

,

Feed Tenp, Fish Weight Sample Counting date, Decay Net c/ min.g. P- P-32/P,
%/ day *C N o. Wet Dry Ash No. 1983 (hr) fraction c/ min. wet mg/g wet c/ min.mg

Bluegill Skeleton

1 0.87- 11 1-1 27.2 8.66 2,310 1207 02/08(12) 0.557 1,830 604 14.9 40.5
1-2 23.6 7.49 2,010 1314 02/15(22) 0.389 144 78.4 15.7 5.00
1-3 18.5 5.53 1,880 1244 02/09(12) 0.529 638 326 17.6 18.5

i

1.6 23 2-1 18.7 6.90 1,560 1291 02/15(06) 0.401 1,061 707 16.0 44.2
! 2-2 18.0 5.59 1,650 1197 02/07(20) 0.575 44.1 21.3 16.5 1.29

2-3 '33.4 11.4 3,400 1356 02/22(12) 0.282 3,269 1,735 19.8 87.6

2.9 24 3-1 20.8 6.48 1,840 1275 02/15(01) 0.406 3,321 1,966 16.1 122,

3-2 21.4 6.00 2,440 1248 02/14(16) 0.413 494 279 23.7 11.8
'

3-3 35.0 11.5 2,840 1274 02/14(24) 0.406 7,363 2,590 15.3 169

[; 1.5 27 4-1 20.0 5.57 2,040 1203 02/08(11) 0.506 1,182 584 19.3 30.3
** 4-2 15.7 4.90 1,570 1277 02/15(01) 0.406 2,013 1,579 21.3 74.0*

i 4-3 33.9 11.1 2,590 1224 02/08(15) 0.551 3,126 837 15.3 54.7

2.4 27 5-1 18.1 5.24 1,890 1240 02/09(11) 0.531 2,566 1,335 19.5 68.5
5-2 23.3 7.61 2,177 1225 02/08(12) 0.557 4,330 1,668 16.0 104
5-3 23.6 9.85 2,662 1353 02/22(11) 0.283 2,102 1,574 25.4 619

2.9 25 6-1 18.1 4.84 1,760 1176 02/03(05) 0.513 30.7 16.5 20.0 0.825
i 6-2 12.6 3.75 1,350 1200 02/07(22) 0.573 14.8 10.2 20.9 0.488

6-3 20.8 7.08 2,280 1318 02/15(23) 0.388 1,667 1,033 21.5 48.1
6-4 30.7 9.52 2,280 1286 02/15(04) 0.403 7,474 3,020 15.3 ,197

Catfish Skeleton

1.4 27 7-1 38.6 12.7 1,604 1340 02/16(07) 0.382 4,319 1,465 8.62 170
7-2 25.5 8.19 874 1323 02/16(01) 0.386 3,738 1,899 6.51 292
7-3 34.8 10.9 1,310 1245 02/14(12) 0.416 7,149 742 7.73 96.0

3.0 26 8-1 28.9 8.69 1,100 1321 02/15(24) 0.387 2,139 956 7.08 135
8-2 24.7 8.52 926 1273 02/14(24) 0.406 4,357 2,170 8.10 268
8-3 26.7 8.30 945 1352 02/22(11) 0.283 4,563 3,020 6.43 470



- - _ _ _ _ _

.8.1-1 (cont'd)
t P-32 Uptake la Wore-fed Bluegill and Catfish
j Maintained in Aquaria for Nine Days
i

Feed - Temp, Fish Weight Sanple Counting date, Decay Net c/ min.g. P, P-32/P,
j 1/ day *C No. Wet Dry Ash No. 1983 (hr) fraction c/ min. wet mg/g wet .c/ min.mq
t

| Bluegill Viscera
, .

! 0.87 11 1-1 11.0 2.69 113 1212 02/08(12) 0.557 4,144 3,380 2.05 1,4 %
| l-2 6.27 1.55 67.9 1331 02/16(04) 0.384 520 1,080 2.26 478
j 1-3 6.70 130. 77.0 1339 -02/16(07) 0.382 1,553 3,030 2.07 1,464

l 1.6 23 2-1 5.53 1.55 56.3 1298 02/15(16) 0.393 1,862 4,280 1.81 2,360
2-2 5.97 1.25 37.9 1214 02/08(13) 0.556 546 822 1.24 663
2-3 10.1 2.44 110 1299 02/15(17) 0.393 4,346 5,470 1.85 2,960

|

2.9 24 3-1 7.19 1.63 68.8 1279 02/15(02) 0.405 3,412 5,860 1.65 3,550|
; 3-2 3.68 0.516 47.5 1257 02/14(19) 0.410 610 2,020 1.94 1,041

3-3. 11.3 3.97 112 1272 02/14(24) 0.406 4,406 4,800 1.74 2,760
'

h 1.5 27 4-1 5.17 0.879 39.3 1196 02/08(10) 0.507 707 1,349 1.72 784
T 4-2 3.74 1.03 34.1 1235 02/09(10) 0.533 1,743 4,370 1.53 2,860

|
4-3 8.29 2.56 99.6 1232 02/09(09) 0.534 3,310 3,740 1.95 1,918

2.4 27 5-1 6.45 1.06 52.1 1337 02/16(06) 0.383 1,012 2,050 1.58 1,297
5-2 8.24 1.94 92.7 1234 32/09(10) 0.533 4,603 5,240 2.26 2,320
5-3 8.57 2.08 105 1341 02/16(08) 0.381 3,881 5,940 2.50 2,380

2.9 25 6-1 6.26 0.870 46.6 1178 02/03(08) 0.509 <2.2 <3.5 1.43 < 2.4
6-2 3.48 0.738 36.1 1213 02/08(20) 0.548 4.8 12.6 2.14 5.9
6-3 5.30 1.38 73.7 1304 02/15(18) 0.392 1,906 4,590 2.81 1,633

3.0 27 6-4 12.17 4.90 120 1281 02/15(03) 0.404 6,441 6,550 1.87 3,500

Catfish Viscera

1.4 26 7-1 19.3 6.23 180 1326 02/16(02) 0.385 4,310 2,900 1.63 1,779
7-2 9.00 3.35 71.5 1333 02/16(05) 0.384 2,151 3,110 1.53 2,030
7-3 12.4 4.95 127 1344 02/16(09) 0.380 1,119 1,187 2.51 473

3.0 25 8-1 8.66 3.26 72.4 1305 02/15(19) 0.391 1,403 2,070 1.49 1,389
8-2 9.00 3.37 84.7 1249 02/14(16) 0.411 3,543 4,770 1.92 2,480
8-3 12.0 3.67 115 1332 02/16(05) 0.384 5,175 5,620 1.52 3,530

|
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L . B.1-1 (con t'd) '

P-32 Uptake in Worm-fed Bluegill and Catfish|

Maintained in Aquaria for Nine Days -

Feed ~ Temp . Fish Weight Sample - Counting date ~ Decay Net c/ min.g. P. P-32/P,-
_

,

i

L 1/ day *C No. . Wet- Dry Ash - No. 1983 (br) fraction c/ min. wet og/g wet c/ min.mg

Bluegill Scales and Skin
;

~

0.87- 11 1-1 '15.3 5.66 -1,900 1202 02/08(11) 0.558 1,265. 741 26.5 ~28.0 |

1-2 10.4 4.15 1,417 1350 02/22(23) 0.276 73.6 128 29.3 4.37
1-3 9.69 3.99' 1,550 1265 02/14(21) 0.409 407. 513 32.3 15.9:

-

|

. 1.6 23 2-1 7.19. 2.96 -1,040 .1285- -02/15(04) 0.403 491. 847 30.8 27.5
! 2-2' 7.76 3.12 1,200 1237 02/09(03) 0.540 16.2 19.3' 30.7 0.63

| -2-3 .12.2 5.40 :2,230 :1330 02/16(04) 0.384 2,794 2,980 39.9 74.4

2.9 24 3-1 '7.13 3.13 1,210~ 1266 02/14(22) 0.407 1,882 3,240 35.7 90.8
3-2 10.5 4.37 1,910 1276 02/15(01) 0.406 345 415 35.5 11.7i

' 3-3 13.8 -5.65 2,160 1264' 02/14(21) 0.409 5,252 4,650 35.1 132.

' 1.5 27 4-1 .7.32 2.98 1,230 1206 02/08(12) 0.505 770 1,041 38.6 27.0.
,

| 2 4-2 8.21 3.07 ,897 1278 02/15(02) 0.405 1,155 1,737 27.5 63.2
': 4-3 11.4 4.91 ,2,050 -1230 02/09(09) 0.534 2,151 1,767 34.4 51.4

|

2.4 27 5-1 8.02 3.28 1,430 1256 02/14(18) 0.411 .1,805 2,720 36.3 74.9
5-2 10.4' 4.19- 1,540 '1223 -02/08(15) 0.553 2,987 2,600 32.8 79.3

-5-3 15.4 6.73 .2,890 1313 02/15(21) 0.390 1,908 1,588 41.7 38.1

2.9 25 6-1 7.63 2.59 917 .1177 02/03(06) 0.512 24.7 31.6 26.2 1.21
,

6-2 '3.99 1.61 654 1236 02/09(01) 0.542 8.3 19.2 32.2 0.60
6-3 9.94 4.46 1,757 1354 02/22(11) 0.283 1,084 1,927 35.2 54.7
6-4 19.5- 6.65 1,970 1290 02/15(06). 0.400 5,728 3,670 21.1 174.

Catfish Skin

1.4 27 7-1 20.5 6.62 176 1348 02/21(16) 0.294 1,031 855 1.47 582.
,

I 7-2- 8.89 2.46 56.2 1336 02/16(06) 0.383 519 762 1.11 686.
| 7-3 6.98 2.16' 60.1.1251 02/14(17) 0.412 209 363 1.38 263.

3.0 26 -8-1 8.28 2.75 64.2 1334 02/16(05) 0.384 331 521 1.28 407.

| 8-2 7.09 2.63 54.4 1311 02/15(21) 0.390 5% 1,078 1.39 776.
8-3 11.8 3.63 % .5 1359 02/22(13) 0.282 973 1,462 1.46 1,001.

I
_ _ _ .. . - - - - _ , . _ - . , .- - - _ . . _ - _ . _ . _ - _ _ - _ .
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B.1-1- (cont'd)-

P-32 Uptake 11 Worm-fed Bluegill and Catfish
-Maintained in Aquaria;for Nine Days

Feed Temp, Fish
_ Wet Dry Ash - No. 11983 (hr) fra. ; ii.n c/ min. wet og/g wet c/ min.mq

Weight Sample L . Counting date, . Decay Net c/ min.g. P, P-32/P,
1/ day' *C No.

Bluegill Head

0.87 11 1-1 42.3 .12.8 3,040 -1199 .02/08(10) 0.559 2,958 625 14.0 44.6
1-2 33.5 10.1 2,600 1319 02/15(23) 0.388 193 74.2 :14.8 5.01
1-3 33.9 9.10 .2,740 1254 02/14(18) 0.411 982 352 15.2 23.2

1.6 23 2-1 25.0 7.66 1,%0 1329 02/16(04) 0.384 1,003. 522 15.7 33.2
2-2 27.0 8.02 2,220 1204 02/08(01) 0.569 49.0 15.9 15.3 1.04
2-3 53.4 16.9 4,790 .1292 02/15(06) 0.400 7,266. 1,700 17.9 %.0

2.9 24 3-1 -27.9 8.39 2,280 1267 02/14(22) 0.407 3,836 1,689 15.6 108.
3-2 33.2 8.07 3.200 1247 02/14(12) 0.416 720 261 18.7 14.0
3-3 50.4 15.7 3,830 1227 02/08(16) 0.552 11,910 2,140 14.4 149.

' 1.5 27 4-1 36.1 9.27 2,960 1205 02/08(11) 0.506 1,755 480 16.3 29.4.

.O 4-2 27.0 7.59 .1,990 1229 02/09(08) 0.535 3,258 1,128 13.0 86.8
' -4-3 44.0 14.3 3,430 1226 02/08(16) 0.554 4,409 904 13.5 67.0

!
! 2.4 27 5-1 33.5 8.64 2,630 1253 02/14(17) 0.412 3,571 1,294 15.5 83.5
| 5-2 38.2 11.6 3,090 1228 02/09(08) 0.535 6,454 1,579 15.5 102.
! 5-3 47.8 . 14.9 -4,540 1324 02/16(01) 0.386 2,854 773 19.0 40.7

2.9 25 6-1 28.5 6.98 2,210- .1175 02/03(03) 0.515 48.4 16.5 14.9 1.11
6-2 20.0 5.09 1,560 1238 02/09(04) 0.539 17.7 8.2 15.6 0.53
6-3 32.1 10.1 3,030 1325 02/16(01) 0.386 2,428 980 19.2 51.0
6-4 50.3 15.3 3,280 1288 02/15(05) 0.402 10,480 2,590 12.2 212.

Catfish Head

1.4 27 7-1 -65.1. 21.3 4,430 1351 02/22(10) 0.279 5,591 1,539 13.2 117.
7-2 43.7 12.9 2,430 1322 02/15(24) 0.387 7,503 2,220 11.6 191.
7-3 40.7 13.2 :2,650 1357 02/22(12) 0.277 2,121 941 11.8 79.7

3.0 26 8-1 45.1 13.9 2,740. 1320 :02/15(24) .0.387 3,460 991 12.0 82.6
8-2 44.0 14.3 2,590 1355 02/22(12) 0.277 5,937 2,440 11.5- 212.
8-3 47.3 13. 9 .. 2,760 1246 02/14(12) 0.416 13,240 3,360 11.3 297.
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8 1-1 (con t'd)0

P-32 Uptake in Worm-fed Bluegill and Catfish
Maintained in Aquaria for Nine Days

Feed Temp, Fish Weight Sample Counting date, Decay Net c/ min.g. P, P-32/P,
1/ day 'C No. _ Wet Dry , Ash No. 1983 (hr) fraction c/ min. wet mg/g wet c/ min.mg

Bluegill Gills

0.87 11 1-1- 0.540 0.101 7.0 1210 02/08(06) 0.564 133. 2,180 3.62 602
1-2 0.237 0.046 4.3 1338 02/16(15) 0.375 6.5 366 4.38 83.6
1-3 0.485 0.087 6.1 1346 .02/22(18) 0.279 40.6 1,500 3.45 435

1.6 23 2-1 0.502 0.079 0.5 1297 02/16(12) 0.378 54.6 1,439 3.10 464.,

I 2-2 0.502 0.129 3.7 1211 02/08(18) 0.550 4.8 86.9 2.66 32.7
2-3 0.672 0.114 8.9 1302 02/15(18) 0.392 154. 2,920 3.00 973

2.9 24 3-1 0.425 0.079 5.6 1303 02/15(18) 0.392 '112. 3,360 3.87 868
3-2 -0.574 0.071 6.5 1358 02/22(23) 0.295 14.6 431 1.83 236
3-3 0.692 0.122 9.7 1269 02/14(23) 0.407 232. 4,120 3.53 1,167

' 1.5- 27 4-1 0.653 0.059 2.7 1208 02/08(03) 0.515 48.4 720 1.59 453,

g; 4-2 0.304 0.043 2.4 1268 02/14(22) ,0.408 76.2 3,070 3.17 968
4-3 0.560 0.103 6.7 1231 02/09(09) 0.534 136. 2,270 3.14 723*

2.4 27 5-1 0.773 0.094 12.0 1347 02/22(20) 0.278 62.4 1,452 3.49 416
5-2 0.742 0.129 9.7 1233 02/09(10) 0.533 342. 4,320 3.30 1,309
5-3 0.703 0.134 9.8 1295 02/15(15) 0.394 310. 5,600 4.01 1,397

2.9 25 6-1 0.534 0.076 10.9 1179. 02/03(10) 0.507 4.1 75.7 4.30 17.6
6-2 0.269 0.042 5.4 1209 '02/08(04) 0.566 2.4 78.8 4.96 15.9
6-3 0.530 0.089 5.8 1110 02/15(20) 0.391 120, 2,900 3.36 863
6-4 0.850 0.091 8.8 1280 02/15(02) 0.405 348. 5,050 2.27 2,220.

Catfish Gills

1.4 27 .7-1 1.24 1.24 16.6 1293 02/15(07) 0.400 251. 2,530 3.25 778
7-2 0.951 0.188 10.3 1294 02/15(07) 0.400 216. 2,840 3.43 828
7-3 1.09 0.220 14.0 .1270 02/14(23) 0.407 103. 1,161 3.05 381

3.0 26 8-1 1.22 0.238 14.7 1349 02/22(21) 0.277 95.8 1,417 2.66 5'
8-2 0.828 0.164 10.6 1250 .02/14(16) 0.413 246. 3,600 3.49 1,032
8-3 1.08 0.215 12.5 1309 02/15(20) 0.391 335. 3,970 3.29 1,207

- _ _ !
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P-32 Uptake in Worm-fed ' Bluegill and Catfish 1
Maintained.in Aquarta for Mine Days.

Feed' Temp, Fish -Weight Sample -' Counting date, Decay -Net c/ min.g.- P, P-32/P,
1/ day- *C No. Wet Dry Ash No. 1983 (hr) fraction ~ c/ min, wet .mg/g wet c/ min.mg

( Catfish Fin Spines

1.5~ 25 7-1 0.712 0.494 261 1296 02/15(16) -0.393 291. 5,200 82.4 .63.1
I. 1.5 25 7-2 0.395 -0.251 129 1300 02/15(17) 0.392 212. 6,850 ~81.0 84.6
( l.5 25 7-3 0.451 0.302 .151 1335 02/16(06) 0.382 105. 3,050- 75.6 40.3
;

} 3.0 25 8-1 0.493 0.312 168 1306 02/15(19) 0.391 122.. 3,160 48.1 '65.7
! 3.0 25 8-2- 0.363 0.226 118 1271 -02/14(23) 0.407 245. 8,290 62.I 133
j 3.0- 25 8-3 0.390 0.254 126 1301 02/15(17) 0.392 244. 7,980 74.1 108

' Catfish Fins,

! Cl
' '' 1.5 25 7-1 8.41 -3.33 370- 1327 02/16(02) 0.385 1,226 1,893 9.21 206

1.5 25 7-2 .4.73 1.52 :170- 1312 02/15(21) .0.388 833 2,270 8.19 277

| .1.5 25- 7-3 4.17 'l.63 206 1328- 02/16(02) 0.385 365 1,137 13.3 85.5
,

f 3.0 25 8-1 5.50 2.08 252 1307 '02/15(19) 0.390 563 1,312 10.1 130
I 3.0 25 8-2 4.13 1.64 214 1252 02/14(17) 0.412 1,147 3,370 11.7 288

3.0 25 8-3 |4.15 1,38 165_ 1308 .02/15(20) 0.390 931 2,880 8.01 360

l

i

i

!

i
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B.1-2- -

P-32 Uptake in Pellet-fed Bluegill and Catfish
Maintained in Aquaria"for Nine Days

Feed Temp, Fish Weight Sample Counting'date, Decay _
c/ min. wet ag/g wet c/ min.mg
. Net- c/ min.g. P, P-32/P,

1/ day *C No. Wet- Dry Ash No. 1983(hr) fraction

| Catfish Muscle e

0.41 11 1-1 51.9 11.0 617 152T 03/14(18) 0.293 953. 313. 2.65 118.
1-2 44.7 .10.4 506 1430- 03/04(19) 0.475 23.6 5.6 2.15 2.6 ,

1-3 51.0 12.3 580 1530 03/12(09). 0.329 28.2 8.4 1.19 7.1

0.48 .20 .3-1 51.2 .12.2 569 1503 03/09(04) 0.384 36.4 9.3 2.21 4.2
3-2 33.0 7.22 350 1458 03/05(17) 0.454 15.4 5.1 2.19 2.3
3-3 49.0 11.4 575 .1372 02/25(20) 0.665 31.1 4.8 2.41 2.0

0.62 20 4-1 51.0 11. 6 579 ~1477 03/09(09) 0.380 16,161 4,170 2.40 1,738.
4-2 45.5 10.2 528 1386 02/28(08) 0.589 16,270 3,036 2.60 1,168

-4-3 53.3 -12.0 590 1531_ -03/14(19)_ 0.292 9,049, 2,907 2.37 1,227

| 0.88 20 5-1 -52.4 11.7 590 1524 03/14(17) 0.293 2,814 916 2.32 395
' 5-2 41.3 9.67 463 1433 03/07(14) 0.415 6,500 1,896 2.43 780 .

,

g 5-3 41.8 9.62 470 1529 .03/14(19) 0.292 2,221 910 2.33 391
,

. t

.
'0.34 24 '7-1 54.9 12.6- .625 -1508 -03/09(17) 0.374 13,474 3,281 2.34 1,402

! 7-2 63.7 13.7 744 1525 03/14(18) 0.293 5,149 1,379 2.29 602
7-3 64.3 15.3 734 1523 03/14(17) 0.293 18,954 5,030 2.30 2,187

0.80 24 8-1 51.6 12.3 564 1528 -03/14(19) 0.292 7,897 2,621 2.27 1,155
f 8-2 40.4' 9.14 449 1526 03/14(18) 0.293 3,026 1,278 2.08 614 <

| 8-3 .42.6 9.96 464 1381_ 02/28(09) 0.588 6,881 1,374 2.27 605 j

Bluegill Muscle

0.41 20 2-1~ 27.4 6.21 342 1456 03/07(17) 0.412 8,326 3,688 4.02(4) 917
2-2 17.4 .3.55 201 1455- 03/05(15) 0.456 54.1 34.1 2.60 13.1
2-3 :36.2 7.81 455. 1457 03/07(18) 0.411 7,620 2,561 2.51 1,020

~ .40 .259 .1459 03/05(18) 0.453 171 87.3 2.16 40.40.79 19 6-1 21.6 4
6-2 27.5 5.05 303- 11532 03/12(11) 0.327 27.4 15.2 2.37 6.4
6-3 ~33.3 7.20 :424~ 1460 03/07(18) 0.411- 18,270 6,675 2.45' 2,724

1) Exposure period was 02/08 - 02/17(10). 2) Wet and dry weights are 'in 9 rams; ash weight is in mg. 3) Duplicate ,!

20-m1 aliquots of.100-nl. samples were analyzed for.P-32 by Cherenkov _ counting with 50-min counts when < 200 c/ min
and 10-min coun ts when > 200 c/ min. 4) Weight appears to be erroneous

.

7
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B.1-2 (con t ' d) ' . .

{P-32 Uptake in Pellet-ftd Catfish and Bluegill ~r
'

. Maintained in ' Aquaria for Nine Days

Feed . Teinp, Fish Weight Sample Counting date, Decay Net c/ min.g. ' P, P-32/P,-
%/ day' 'C No. Wet Dry Ash No. 1983(hr) fraction ~ c/ min, wet ag/g wet- c/ min.mg

'

Catfish Skeleton

0.41 11 1-1' 26.0 7.25 1,060 1559 03/15(01) 0.289 630.. 419. ~8.66 -48.4'
1-2 26.0 7.89 937 1383 02/25(21). 0.664 17.5 5.1 6.33 0.805,

: 1-3 22.3 7.49 .922 1551 '03/12(21) .0.319 11.9' 8.4 8.25 1.02

0.48 '20 3-1 23.8 7.69 ;887 1485 03/08(17)- 0.393 17.0 9.1 7.76 1.17
'3-2- 26.5 .7.76- 844 .1490 03/08(20) 0.390 18.6 9.0 6.60 1.36
3-3 19.7 5.91 804 1435 03/04(21)' O.473 14.8 7.9 8.75 0.903-j

0.62 20 4-1 24.8 8.01 996 1489 03/09(13) 0.377 7,907 4,229 7.26 583
4-2 :20.7 6.09 762 1434 .03/07(14) 0.415 6,273 3,651 6.72 543
-4-3 -27.9 8.23- 810 1566' 03/15(03) 0.287 5,389 3,365 5.81 579

J, 0.88 '20 5-1 21.7 6.41- 847 1486 03/09(12) 0.378 1,954 1,191 7.27 164
'$ 5-2 18.2 5.69 736 1432 03/07(13) 0.415 3,824 2,531 6.90 367' 5-3 24.8 7.54 825 1555 03/14(24) 0.289 1,549' 1,081 6.50 166

0.34. 24 7-1 33.5 10.2 1,010 1484 03/09(11). 0.379 11,989 4,721 5.90 800
7-2 40.8 11.2 1,741 1534 03/14(20) 0.292 4,218 1,770 8.65 205
7-3. 26.2- 8.12 985 1561 03/15(02) 0.288 10,394 6,887 7.34 938

0.80 24 8-1 25.7 8.61 857 1556 03/15(01) 0.289 4,448 2,994 6.95 431
8-2 20.3^ 6.04 730 1567 03/15(04) 0.287 1,606 .1,378 6.69 206
8-3 29.8 9.07- 997 1431 03/07(13) 0.415 4,285 1,732 6.39 271

.

!' ' Bluegill Skeleton

0.41 20 2-1 15.1 5.31 .'1,420 1475 03/09(09) 0.380 5,948 4,748 18.8 252
2-2 17.4 5.19 '1,670 1492 03/08(22) 0.389 135 99.7 18.1 5.51
2-3 21.1 6.76 1,800 1506 03/09(16) 0.375 10,305 6,512 13.4 486

0.79 19 6-1 15.4 '4.87 1,480 1504 03/09(16) 0.375 251. 217 18.9 11.5.
6-2 =17.4 5.42 1,730 1554 03/12(24). 0.319 56.2 50.6- 18.4 2.75
6-3 18.7 6.22 .1,750 1509 03/09(17) 0.374 15,037 10,750 17.3 621

,



B.1-2 (cont'd)
P-32 Uptake in Pellet-fed Catfish and Bluegill

Maintained in Aquaria for Nine Days

. Feed _ Temp, Fish Weight Sample Counting date, Decay Net c/ min.g. P, P-32/P,
%/ day *C No. Wet Dry Ash- No. 1983(hr) fraction c/ min. wet mg/g wet c/ min.mg

4'atfish Viscera

0.41 11 1-1 _12.0 2.52 140 1536 03/14(20) 0.292 5,052 7,208 2.26 3,190
1-2 11.0' 3.38 101 1418 02/27(13) 0.612 32.1 23.8 1.96 12.1
1-3 14.8 .6.13 111 1498 03/09(01) 0.386 42.8 37.5 1.77 21.2

0.48 20 .3-1- 10.8 3.86 86.6 1446 03/05(05) 0.465 14.4 14.3 1.60 8.9
3-2' 6.53 1.80 54.9 1454 03/05(13) 0.458 6.6 11.0 1.63 6.7
3-3 9.49 3.47 74.4 1416 02/27(10) 0.616 41.1 35.2 1.57 22.4

0.62 20 4-1 13.9 4.08 142 1550 03/14(24) 0.289 7,828 9,743 1.87 5,210
4-2 12.0 4.17 123 1448 03/07(17) 0.412 6,837 6,914 1.59 4,350
4-3. 16.3 4.67 178 1515 03/09(19) 0.373 8,021 6,596 2.21 2,990

0.88 20 5-1 11.8 3.63 123 1499 03/09(15) 0,376 2,231 2,514 2.60 965.
t; 5-2 14.2- 4.22 159 1420 02/27(18) 0.606 13,271 7,711 1.94 3,970
7' 5-3 15.5 5.04 166 1537 03/14(21) 0.291 4,520 5,011 2.05 2,440

0.34 24 7-1 12.8 3.04' 125 1544- 03/14(22) 0.291 5,953 7,991 1.63 4,900
-7-2 11.4- 2.44 119 1514 03/09(19) 0.373 5,866 6,898 1.74 3,970
7-3 '22.3 7.77 272 1463 03/07(19) 0.410 16,488 9,017 2.61 3,460

0.80. 24 8-1 '15.1 6.17 120 1470 03/07(21) 0.409 4,818 3,901 1.32 2,950
8-2- 8.69 2.47 93.4 1548 03/14(23) 0.290 2,925 5,803 1.96 2,960
8-3 13.2 3.96 146- 1414 02/28(13) 0.583 8,330 5,412 2.24 2,420

Bluegill Viscera

0.41 20 2-1 7.22 2.02 96.7 1465 03/07(19) 0.410 10,098 17,060 2.10 8,120
2-2 3.45 0.624 42.0 .1467 03/05(22) 0.450 301 969 2.20 440
2-3 13.0 3.40 201 1469 03/07(20) 0.410 22,769 21,360 2.51 8,510

0.79 19 6-1 4.19 0.911 56.5 1462 03/07(18) 0.411 1,220 3,542 2.27 1,559
6-2 4.40 0.869 48.7 1427 03/04(16) 0.478 198 471 2.33 202
6-3 10.9 3.12.. 169 1468 03/07(20) 0.410 20,648 23,100 2.58 8,950

.--_ .- - - - _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ - _ . - - _ _ _ _ - _
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.B.1-2 . (cont'd)
P-32 Uptake in Pallet-ftd Catfish and Bluegill

Maintained in Aquaria for Nine Days

Feed Temp, Fish Weight Sample Counting date, Decay Net c/ min.g. .P. P-32/P,
%/ day *C _No. Wet Dry Ash No. 1983(hr) fraction c/ min. wet mg/g wet c/ min.mg

Catfish Skin

0.41 11 1-1 10.5 2.72 89.1 1535 03/14(20) 0.292 293 478 1.71 280
1-2 9.16 2.88 70.3 1415 02/27(09) 0.617 19.4 17.1 1.37 12.5
1-3 10.0 3.16 77.0 1443 03/04(24) 0.470 12.2 13.0 1.58 8.23

0.48 20 3-1 12.7 4.60 107 1403 02/26(22) 0.631 29.0 18.1 1.73 10.5
3-2 7.24 2.20 55.9 1406 02/26(24) 0.629 12.0 13.2 1.42 9.30
3-3 10.1 3.60 72.7 1417 02/27(12) 0.613- 8.9 7.2 1.45 4.97

0.62 20 4-1 8.94 2.76 63.8 1542 03/14(22) 0.291 1,124 2,160 1.21 1,785.s

4-2 8.05 2.41 62.7 1402 02/28(11) 0.586 1,763 1,869 1.47 1,271.
'

4-3 8.58 2.57 65.6 1500 03/09(15) 0.375 1,171 1,820 1.51 1,205.
g .

*

t;. 0.88 20 5-1 12.1 3.68 103 1413 02/28(12) 0.584 1,025 725 1.57 462.
y) 5-2 8.25 2.71 -62.2 1411 02/28(12) 0.584 1,325 1,375 1.56 881.

5-3 7.90 2.84 56.6 1543 03/14(22) 0.291 267 581 1.31 444.

0.34 24 7-1 9.04 2.77 66.5 1520 03/14(16) 0.294 1,127 2,120 1.28 1,656.
7-2 9.82 2.79 76.1 1495 03/09(14) 0.376 782 1,060 1.47 721.
7-3 9.46 3.12 68.0 1471 03/09(08) 0.381 2,048 2,841 1.23 2,310.

0.80 24 8-1 9.42 3.23 67.7 1464 03/07(19) 0.410 1,251 1,620 1.30 1,246
8-2 8.76 2.73 70.7 1472 03/09(08) 0.381 611 915 1.60 572
8-3 8.32 2.71 65.6 1408 02/28(12) 0.585 1,027 1,055 1.33 793

Bluegill Scales and Skin

0.41 20- 2-1 7.54 3.25 1,130 1511 03/09(18) 0.373 2,982 5,300 32.1 165.
2-2 8.26 3.15 1,890 1474 03/08(11) 0.397 111 169 28.3 5.97
2-3 7.32 2.99 1,090 1478 03/09(10) 0.379 6,389 11,510 32.7 -352.

0.79 19 6-1 5.91 2.79 1,110 1479 03/08(13) 0.396 168 359 40.8 8.80
6-2 8.61 3.44 1,320 1557 03/13(02) 0.317 19.2 35.2 31.9 1.10
6-3 7.54 3.32 1,230 1510 03/09(18) 0.373 8,682 15,440 35.1 440.



B.1-2 (cont'd)
P-32 Uptake in Pellet-fed Catfish and' Bluegill

Maintained in Aquaria for Nine Days

Feed Temp,. Fish Weight Sample -Counting date, Decay Net c/ min.g. P, P/32/P,
%/ day 'C No. Wet Dry Ash No. 1983(hr) fraction c/ min. wet mg/g wet c/ min.mg

Catfish Head

0.41 11 1-1 48.5 14.2 4,080 1564 03/15(03) 0.287 1,277 459 16.2 28.3
1-2 44.5 13.0 2,640 1384 02/25(23) 0.661 33.3 5.7 11.2 0.51
1-3 39.7 12.6 2,600 1552 03/12(23) 0.319 21.9 8.6 12.7 0.68

0.48 20 3-1 40.2 .12.8 2,610 1487 03/08(18) 0.392 30.4 9.6 12.8 0.75
3-2 34.0 9.51 1,860 1533' 03/12(13) 0.326 30.6 13.8 10.0 1.38
3-3 40.8' 12.8 2,820 1385 02/26(01) 0.658 27.7 5.2 13.1 0.40

'0.62 20 4-1 43.7 13.3 2,860 1491 03/09(13) 0.377 14,902 4,522 13.4 337.
4-2 37.7 11.2 2,320 1436 03/07(14) 0.414 14,027 4,494 12.2 368.
4-3 44.6 13.0 2,380 1553 03/14(24) 0.289 8,835 3,427 10.3 333.

b 0.88 20 5-1 36.9 11.0 2,480 1493 03/09(13) 0.377 3,626 1,303 13.2 98.7
'P' 5-2 33.9 10.8 2,270 1437 03/07(15) 0.414 8,313 2,962 12.6 235.

5-3 38.7 12.0 2,390 1562 03/15(02) 0.288 2,576 1,156 12.1 95.5.

0.'34 24 7-1 52.9 14.1 2,880 1502 03/09(15) 0.375 23,891 6,022 10.6 568
7-2 .66.1 19.3 5,530 1488 03/09(12) 0.378 9,751 1,951 17.2 113
7-3 43.7 13.1 2,776 1560 03/15(01) 0.289 18,723 7,412 11.5 644

0.80 '24 8-1 54.9 16.9 3,019 1565 03/15(03) 0.287 9,077 2,880 10.4 277
8-2 41.1 12.5 2,652 1563 03/15(02) 0.288 3,242 1,369 12.9 106
8-3 38.9 12.5 2,440 1438 03/07(15) 0.414 7,258 2,253 12.6 179

|

Bluegill Head

~

0.41 20 2-1 25.4 8.21 1,970 1505 03/09(16) 0.375 7,221 3,791 13.8 275.
- 2-2 27.9 7.58 2,360 1480 03/08(15) 0.394 215 97.8 16.3 6.00

2-3 31.9 9.41 2,300 1507 03/09(17) 0.374 12,991 5,444 13.7 397.

0.79 19 6-1 24.3 7.31 1,990 .1461 03/05(20) 0.451 344 157 15.5 10.1
6-2 23.5 7.07 .2,050 1558 03/13(04) 0.316 47.4 31.9 16.0 1.99
6-3 30.4 9.02 2,290 1476 03/09(09) 0.380 20,188 8,738 14.0 624.

_ _ _ _ - _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _-
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B.1-2 ' ( con t ' d)
P-32 Uptake in Pellet-fed Catfish and Blu: gill

Maintained in Aquaria for Nine Days

Feed' Tenp, Fish Weight Sample Counting date, Decay Net c/ min.g. P, P-32/P,
%/ day 'C No. Wet Dry Ash No. 1983(hr) fraction c/ min. wet mg/g wet c/ min.mg

Catfish Gills

0.41 11 1-1 1.08 0.194 13.4 1540 03/12(16) 0.324 83.5 1,193 2.91 410
1-2 1.09 0.175 12.2 1396 02/26(17) 0.637 <2.1 <15 2.79 <5
1-3 0.975 0.177 11.5 1393 02/26(12) 0.644 3.9 31.1 3.01 10.3

0.48 20. 3-1 1.34 0.237 16.3 1392 02/26(11) 0.645 4.0 23.1 2.89 8.0
3-2 1.27 .0.214 14.5 1387 02/26(02) 0.657 3.7 22.2 2.71 8.2
3-3 0.985 0.173 11.4 1378 02/25(18) 0.668 5.1 38.8 3.49 11.1

0.62 20 4-1 0.989 0.182 11.5 1541 03/14(21) 0.291 344 5,980 2.83 2,110.
4-2 0.758 0.132 9.0 1421 03/07(11) 0.417 274 4,330 2.64 1,640
4-3 0.885 0.143 8.9 1513 03/09(19) 0.372 309 4,690 2.98 1,574.

$I0.88 20 5-1 0.814 0.145 9.2 1389 02/26(06) 0.652 213 2,010 2.97 677
Y' 5-2 0.752 0.139 8.2 1419 02/27(16) 0.609 329 3,590 3.05 1,177,

5-3 1.04 0.179 20.5 1539- 03/12(14) 0.325 100 1,479 2.88 514

0.34 24 7-1 1.11 0.187 9.2 1511 03/09(20) 0.372 721 8,730 2.67 3,270
7-2 1.56 0.261 16.7 1512 03/09(18) 0.373 576 4,950 2.55 1,941,

7-3 0.856 0.160 9.8 1424 03/07(12) 0.416 824 11,570 3.03 3,820

0.80 24 8-1 1.52 0.202 12.1 1516' 03/09(20) 0.372 435 3,850 2.33 1,652
8-2~ 0.695 0.128 11.0 1444 03/04(24) 0.470 212 3,240 3.33 973
8-3 1.11 .0.196 12.2 1405 02/28(11) 0.586 564 4,340 2.87 1,512

'

J

Bluegill Gills

0.41 20 2-1 0.539 0.101 6.3 1452 03/05(10) 0.460 678 13,670 3.46 3,950
2-2 .0.406 0.060 3.9 1451 03/05(08) 0.462 10.8 288 2.81 102
2-3 0.782 0.143 10.4 1450 03/07(17) 0.412 648 10,060 3.35 3,000

0.79 19 6-1 0.344 0.063 3.7 1453 03/05(12) 0.459 19.8 627 3.88 162.
6-2 0.436 0.080 5.9 1521 03/12(07) 0.330 3.0 104 5.30(4) 19.6
6-3 0.667 0.122 8.6 1426 03/07(12)' O.416 824 14,850 3.44 4,320.



B.1-2 ( con t ' d)
P-32 Uptake in Pellet-fed Catfish'and Bluegill.

'

. Maintained'in Aquaria for Nine Days.

' Feed -Tenp, Fish Weight ' Sample Counting'date, . Decay Net c/ min.g. P, P-32/P,
'%/ day 'C No. Wet Dry Ash No. 1983(hr) fraction 'c/ min. wet mg/g wet c/ min.mg

Ca'tfish Fins

0.41 11 'l-1. 5.22. 1.59 :270 1545 03/12(18) 0.322 349 1,038 10.6- 97.9
1-2 5.10 ' 1.97 223 1412 02/27(07) 0.620 8.1 12.8 10.5 1.22
1-3- 3.90 1.42 187 1409 02/27(04) 0.623 7.7 -15.8 9.59 1.65'

0.48. 20 3-1 .3.73 1.39 181 1404 02/26(24) 0.629 8.5 18.1 9.43 1.92
.3-2 4.34 l'. 59 - 190 1445 03/05(04) 0.466 <2.1 55 8.72 < 0.6
13-3 3.94 1.43- 196 1449 03/05(07) 0.463 3.5 9.6 9.45 1.02

, 0. 6'2 20 4-11 4.71 1. 5'7 199' 1549 03/14(23) 0.290 1,306 4,781 9.07 527'.
1; 4-2 '3.82 '1.25 162 1447 03/07(16) 0.413 1,285 4,072 8.51 478.'
? 4-3 5.'18 1.69 204 1497 03/09(14) 0.376 1,494 3,835 8.79 436

0.88 20 5-l' 4.85 1.61 204 1439- 03/04(22) 0.472 653 1,426 8.53 167
5-2 3.15 1.18 149 1429 03/07(13) 0.415 766 2,930 11.4 257
5-3 4.'15 1 t6 -198 1546 03/12(19) 0.322 382 1,428 9.69 147

0.34 24 7-1 5.85 1.79~ '227 1538 03/14(21) 0.291 2,021 5,936 7.86 755
7-2- 8.13 2.50 400- 1446 03/05(05) 0.465 14.4 19.0 2.56(4) 7.42
7-3 4.35 1.48 188 1466- 03/07(20) 0.409 3,039 8,541 9.17 931

0.80 24 8-1 4.68- 1.67 202 1547 03/14(3) 0.290 1,051 3,872 8.94 433
8-2 4.32 1.58: 212- :1473 03/09(08) 'O.381 567 1,722 11.7 147
.8-3 4.86 1.82 208- '1407 02/28(11)- 0.586. 1,296 2,275 8.85 257..

,

- _ . . _ _ _ . _ _ _ . _ . _ _ . _ _ _ _ _ . _ _ _ _ . _ . _ _ . . _ . _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _- _ --- -
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'B.1-2.'(cont'd)
P-32 Uptake in Pellet-fed Catfish and Bluegill'-

Maintained in Aquaria for Nine Days

' Feed Tenp,. Fish
_ _ _ _ _

Weight ' Sample ~ Counting date, Decay Net c/ min.g. P, P-32/P.%/ day *C No. Wet Dry _ Ash No. 1983(hr) fraction c/ min. wet mg/g wet c/ min.mg

Catfish Fin Spines

0.41- 11 1-1 0.778 0.471 280 1519 03/12(06) 0.331 62.0 1,204 73.0 16.5
1-2 0.453 -0.226 120 1388 02/26(04) 0.654 2.1 35.4 57.3 0.62
1-3' O.390 0.211 114 1428 03/04(17) 0.477 3.2 86.0 57.8 1.49

0.48- 20 3-1 0.426 0.247 128 1397 02/26(19) 0.635 2.5 46.2 62.3 0.74
3-2 0.373 0.198 107 1391 ~ 02/26( 09) - 0.648 <2.1 <43 38.1 <1

'3-3- 0.434 0.249 134 1394 02/26(14)- 0.641 <2.1 <31 60.4 < 0.6

0.62 20 4-1 0.427 0.223 '116 1518 03/09(20) 0.372 292 9;190 64.2 143
4-2 0.363 0.202 111 .1399 02/28(10) 0.587 413 9,690 59.2 164-
4-3 0. 388 0.189- 95.2 14 9,4 03/08(23) 0.388 210 6,980 60.0 116,

R$ 0.88 20 '5-1 0.383 0.219 122 1395 02/26(16) 0.639 135 2,760 68.1 40.5' 5-2 0.421 -93.5 1390 02/26(07) 0.650 233 4,260 44.7 95.3
5-3 ' 0. 388 0.196- 100- 1398 02/26(21) -0.632 .124 2,530 58.1 43.5

0.34 .4 7-1 0.491 -0.229 116 1522 ' 03/14(17) 0.294 417 14,440 52.2 2772

7-2 0.780 0.474' 293 1501 03/09(03) 0.385 169 2,810 75.0 37.5
7-3- 0.413. 0.231' 123- .1425 03/07(12) 0.416 750 21,830 56.7- 385

0.80 24 . 8-l' O.421. 0.210 113 1422 03/07(11) 0.417 321 9,140 60.5 151
8-2 0.393 0.218 121 1423' 03/04(14) 0.479 113 3,000 64.5 46.5

;8-3 0.447 0.227 119 1410 02/27(05) 0.622 246 4,420 58.4 75.7

,
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B.2-1L
P-32 Concentration in.Wonns Fed to Bluegill & Catfish in Aquaria -

Fee' ding Counting P-32
Date, Amount Vial Weight, mg No. of- date, 1983- Decay net c/ min P, mg/g P-32/P,
'1983 fed, 9 N o.- ' Dry. Ash worms (hr) factor c/ min. g wet wet wt. c/ min.mg.

01/18 64.5 .1360 207 14.6 4 02/22(13) 0.182 356 4,890 0.90 5,464

1361 263 16.2 8. 02/22(13) 0.182 759 10,430- 1.13 9,230

01/19 -62.8 1362 297 18.7 8 02/22(14) 0.191 2,298 30,080 1.23 24,455

1363 295 18.8 6 02/22(14) 0.191. 2,173- 28,440 1.23 23,122

-01/20. 67.0 1364 264 16.2 8 02/22(14) 0.200 1,500 18,750 1.10 17,045

1365 318 18.4 8 02/22(15) 0.200 1,571 19,640 1.27 15,465

01/21 71.5 1366 259 15.2 6 02/22(15) 0.210 1,885 22,440 1.00 22,440

1367 335 18.5 9 02/22(15) 0.210 1,979 23,560 1.38 17,072

01/22 64.2 l'368 285 16.4 9 02/22(16) 0.220 2,441 27,740 1.23 22.553

11369 267 13.5 6 02/22(16) 0.220 1,566 17,800 1.03 17,282

01/23 .61.2 1370 .256 15.8 9 02/23(07) 0.224 1,194 13,330 1.06 12,575

01/24 68.5 1371 -251 14.0' 11 02/23(07) 0.235 1,385 14,730 1.00 14,730

01/25 68.5' 1372 271 14.8 5 02/23(08) 0.246 1,900 19,310 1.11 17,396
i

'

1373 315' 18.6 9 02/23(08) 0.246 2,233 22,690 1.25 18,152

01/26 68.5 1374 272 14.7 8 02/23(08) 0.258 1,541 14,930 1.12 13,330

. 1375 .310 ' 16. 3 - 8 02/23(09) .0.258 1,812 17,560 1.34 13,104
Average ( 2 standard deviation of mean) 1.15 i 0.03 16,5001 1,300"

Notes: 1) Teed samples were 2 g moist weight; 20-ml- aliquots of 100-m1 samples were counted.
2) Amount fed is moist weight; amount of feed was~ based on fish weight.
3) P-32 'added to worm feed was 3.21 x 105 c/ min.g wonn wet weight

- - - - _



. B.2-2 i
P-32I C'oncentration. in Pellets Fed to Bluegill & Catt ish;in Aquaria

Feeding
. Weight y date, 1983 Decay

_

P-32-
Date, Amount Vial

.

Counting
_

net- c/ min. _P, mg/g P-32/P,
1983 fedd 'No. Dry Ash (hr) factor c/ min. g wet wet wl. c/ min.mg

02/08 12.3 1568 545 58.5 -03/18(10) '0.159 5,053 291,600 13.3 21,900

1569 579 60.9 03/18(11) 0.158 5.545 301,400 12.9 23,400

02/09 '12.3 1570 477 51.2 03/18(11) 0.166 4,856 306,700 13.6~ 22,600

1571 561 59.6 03/18(11) 0.166 5,546 297,700 13.5 22,100

02/10 12.3 1572 565 53.8 03/18(12). 0.174 5,934 301,800 14.0 21,600

1573 638 68.0 03/18(12) 0.174 6,258 281,900 14.8 19,000

02/11- 12.3 1574 535 53.8' 03/18(12) 0.183 5,699 291,000 13.2 22,000

1575 608 64.3 03/18(13) 0.182 6,770 305,900 14.2 21,500

b 02/12 ~ 12.3' 157_6 563 58.5 03/18(13) 0.191 6,615 307,600 13.9 22,100
'?

1577 665 68.6 03/18(13) 0.191 7,395 291,100 14.1 20,600

02/13 12.3 1578 491 51.4 03/18(14) 0.200 6,048 307,900 14.2 21,700

1579 422 45.2 .03/18(14) 0.200 5,255 311,400 13.9 32,400

02/14 24.5 1580 426 44.8' 03/18(14) 0.210 5,409 302,300 12.1 25,000.

1581 689 74.7 03/18(15) 0.210 8,723 301,500 13.0 23,000

02/15 37.0 1582 588 58.5 03/18(15) 0.220 7,626 294,700 29.8 21,800

1583 650 69.1 03/18(15) 0.220 8,601 296,200 15.7 18,900

02/16 37.0 1584 _603 61.5 03/18(16) 0.231 8,413 302,000 12.9 23,400

1585 721- 73.2 03/18(16) 0.231 9,733 292,200 13.5 21,600
' Average (1 standard deviation of'mean)

. 13.720.2 21,900 1350
Notes: 1. Feed samples were dry weight as< shown; 20-ml aliquots of 100-ml samples were counted.

2. Amount ' fed is dry weight amount of feed was based on fish weight.
3. P-32 added was 3.36 x lub c/ min.g. pellet.
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B.3-1

P-32 in' Aquarium Water: During 9-day Studies of
Worm-fed Bluegill and Catfish

Counting
. P-32

Aquarium Vial- date,. . Decay: water / P,- P-32/P,
No. Feed, 9 No. 1983 (hr) factor net c/ min. c/ min'.L feed mg/L c/ min.mg

l' 3.2 1193 02/04(17)' O.644 848 823 0.91 0.31 2,540
/

l
'

2 5.5 1194 '02/04(18)' O.643 572- 556- 0.36 0.36 1,540

| 3- 10.6~ 1217 02/08(13) 0.535 1,064 1,243 0.41 0.46 2,700
,

4 5.3~ '1218 02/et.i .4) 0.534 553 674 0.45 0.39 1,730
i.

,

L 5:
~

- 9. 2 1239 02/09(11) 0.512 1,105 1,349 0.51
'

' <? - 5 ---- ---

1258 '02/14(19). 0.395 321 1,299 0.47 6,440

6? 10.1 1259 02/14(19)' 0.395 911 1,441 0.50 0.49 2,940

7' d.4- 1260 .02/14(20) 0.39'4- 1, $ - ':43 0.10 0.22 1,100
1232 02/15(03) i). 38 9 156 251 0.25 1,000

:

8 14.0' 1283 .02/15(03) 0. 3!!9 411 660 0.17 0.24 2,750
|

- - - - - - - - - - - ---

Notes: 1) 4-1 samples of.70L1 water in each aqu.irium we. e i oilected at da ily vsal.er cliange on-

' 01/26( 15 ); . samples.,were filtered with a 15- p mesh and processed to 50 mi volumes.
2) Samples are 20-ml 41iquots of 50 ml

| 3); c/ min in feed is' l.2 mg/g x 16,500 . /mi.i.n:9 on in i olumn ?.
!

'

,
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0.3-2

P-32.in Aquarium' Water.During 9-day Studies.of
Pellet-fed Bluegill .and Catfish

Coun ting P-32' -

! Aquarium Vial' date, Decay water / P, P-32/P,
_ No. Feed, g. No. 1983 (hr) factor. net c/ min. c/ min.L feed mg/L c/m'in.mg

'

1 3.6 1379 '02/28(08) 0.567 13,320- 14,680 0.95 0.77 '19,100;

i
|

2 2.4- 1380 02/28(09) 0.'566 3,118 3,440 0.34 0.46. 7,480 -

.3- 3. 8 ' 1400 02/28(10) 0.565 9,257 10,240 0.63 0.79 13,000

| 4 5.4 1401 02/28(10) 0.565 7,969- 8,820 0.38 0.62 14,200,.

5
. |

| 7 5' 7.0 144J 03/0/(15) 0.398 9,061 14,230 0.48 0.75 19,000
| 1441. 03/0/(16) 0.397 9,316 14,670 0.78 18,800
|

6 4.1 1442 03/07(16) .).397 5,192 3,174 0.47 0.54 15,100

\
'

7 J.8 1481 03/09(10) 0.365 1,8?6 3,12? 0.20 0.60 S,210
--1482 03/09(10) 0.365 2,016 3,452 0.72 4,790

- 8 6.9 1483 OJ/09'll) 0. 3h-1 8,161 14,llo 0.47 0.76 18,600
!
!

; In- 1376 02/23(01) 0.801 s. 2.1 J.6 ---- 0.27 .6
1377 02/23(02) .0.800 8.7 6.7 0.26. 26

._

| Notes: 1) 4-1 samples of 701 water in each aquarium were collected at daily water change on
l 02/16(15); samples were :iitered with a 75-p mesh and processed to 50 mi volumes.

?) Samples are ?.0-ml aliquots' of 50 ul.
3) c/ min in teed is 13.7 m9/9 x 21,900 c/ min.mq s 9. in colirna .:.

.
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B.4-1
Fish Weights and Amount of Worms Fed in Aquaria

:

Tank Fish Fish wt, g Weight Amount Feeding ratio
No. No. ' Comments (1) Start End gain, d-1 fed, g 3 d. 100 g.wt./

1-1- 150.0 149.3 0.000---

1(B) 1-2 118.0 111.0 -0.007---

1-3 107.0 107.9 0.001---

Avg. -0.002 28.8 0.87

2-1 2 103.1 88.8 -0.017
2(B) 2-2 3 107.6 91.2 -0.018

2-3 1 01/19-22 161.2 161.2 0.000
Avg. -0.012 49.4 1.61

3-1 99.3 91.0 -0.001---

3(B) 3-2' 109.0 97.6 -0.012---

3-3 1 167.0 172.8 0.004
Avg. -0.003 95.4 2.93

4-1 106.7 110.0 0.004---

4(B)- 4-2 --- 98.8 87.8 -0.013
4-3 1 154.3 147.6 -0.005
Avg. -0.005 47.6 1.53

. .
5-1 2 129.3 111.7 -0.016

5(B) 5-2 1 104.1 122.0 0.017
5-3 3 01/23-25 173.4 146.3 -0.019
Avg. -0.006 82.8 2.42

,

73.0 74.3 0.0026-2 ---

95.0 100.3 .0.006.6(B) 6-3 ---

6-4 164.6 169.~ 1 0.003---

Avg. 0.004 91.1- .2.94

.7-1 271.0 262.4 -0.004
7(C). 7-2 160.0 152.5 -0.005

-7-3 169.0 160.6 -0.006
Avg. -0.005 75.5 1.45-

-8-1' 167.1- 156.1 -0.008
8(C) -8-2 155.0 147.6 -0.005

~8-3 169.0 161.2 -0.005-
Avg. -0.006 126.1 3.01

|
!

. B: bluegills; C: catfish
( 1) Number indicates. order of feeding and/or territorial dominance determined:by

. observation; date refers to period during 01/18-27 for which fish was isolated by o

screen. Isolated fish.were fed approximately 1/3 of daily feed. |

l

-142-
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B.4-2

Fish Weights and Amount of Pellets Fed in Aquaria

Tank Fish Fish wt, g Weight Amount Feeding ratio
No. No. Comments (1) Start End gain, d-1 fed, g g/d. 100 g.wt.

,

1-1 166.0 163.0 -0.002
1(C ) 1-2 158.0 148.0 -0.007

1-3 158.0 149.6 -0.006
Avg. TU!DU5 16.8 0.41

2-1 3 --- 86.5 ---

80.22(B) 2-2' 2 ------

2-3 1 02/08-17 104.5 115.8 0.011
Avg. 10.5 0.41

3-1 178.5 150.5 -0.019
3(C) 3-2 137.5 118.2 -0.017

3-3 169.0 140.8 -0.020
Avg. -0.019 17.7 0.48

~

4-1 150.0 154.8 0.003
4(C ) 4-2 133.7 134.6 0.001

4-3 173.0 163.2 -0.005
Avg. 0.000 25.0 - 0.62

5-1 163.0 148.5 -0.010-
5 (C ) ' 5-2- 122.3 126.4 0.004

5-3 141.5 140.0 -0.001
Avg. -0.002 32.8 0.88

6-1 86.5 75.6 -0.015---

6(B) 6-2 94.4 86.2 -0.010---
'

6-3 1 94.5 105.7 0.012
Avg.. -0.004 19.0- 0.79

7-1 '182.0 181.4 0.000
-7(C ) -7-2 210.0 212.4 0.001

7-3. 171.0 180.0 0.006
Avg. 0.002 17.5 0.34

3-1 165.0 171.5 0.004
8(C ) 8-2 146.0 133.7 -0.010

8-3 152.5 146.3- -0.005->'

Avg. -0.004 32.3 0.80

B: bluegill; C: catfish
(1) -Number indicates order of feeding and/or territorial dominance determined

by observation; date refers to period during 02/08-17 for which fish was
isolated by' screen. Isolated fish was fed approximately one-third of daily-
feed.

-143-
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B.5-1
|

Weight Balances for Dissected Bluegill & Catfish,
Worm-fed in Aquaria

Fish Total Wet Weight, g
No. Sum Death Weight Percent

Bluegill

1-1 141.6 149.3 94.8
-1-2 103.4 111.0 93.2
1-3- 100.4 107.9 93.1

2-1 84.3 88.8 95.0
-2-2 -84.9 91.2 93.1
2-3 153.5 161.2 95.2

~ 3-1 88.1 91.0 96.8
3-2 '93.4 97.6 94.3
3-3 161.4 172.8 93.4

4-1 103.1 110.0 93.8
4-2 82.8 87.8 94.3
4-3 139.7 147.6 94.6

'5-1 99.1 111.7 - 88.8'
5-2 114.2 ~122.0 93.6

-5-3 130.5' 146.3 89.2

6-1 - - - --- ---

6-2 68.8 74.3 - 92.7
6-3 94.3 '100.3 '94.0
6-4 165.2 169.1 97.7-

. Catfish

7-1 246.2 262.4 93.8
7-2 146.8 152.5 96.2
7-3 151.7 160.6 94.5.

1

8-1 147.2 156.1 94.3 - l

8-2 137.9- ' 14 7. '6 . 93.4
8-3 151.8 161.2 94.2

l
1

-144-
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B.5-2

Weight Balances for Dissected Bluegill & Catfish,
Pellet-fed.in Aquaria

T

'

: - Fish Total Wet Weight, g
No. Sum Death Weight Percent

Catfish

1-l' 156.0 163;0 95.7
'

i- 1-2 142.0 148.0 95.9
1-3 143.1 149.6 95.6

3-1 144.2 150.5 95.8
3-2 113.3 118.2' 95.8

- 3-3 134.5 140.8 95.5

4-1. 148.5 154.8 96.0
4-2 ' 128.9 134.6 96.2
4-3 157.1 163.2 96.3.

5-1- 141.0 148.5 94.9
5-2. 120.2 126.4- 95.1

- 5-3- 134.3 140.0. 95.5_,

| '7 1 170.6 181.4. 94 0-

- 7-2 202.3 212.4 95.2
. 7-3 - 171.6 180.0- 95.3

. 8- 1. 163.3 ~171.5 95.2-
;8-2 . 124.7: 133.7 93.0'.

'

8-3 139.2 146.3' 95.2

Bluegill
:

2-1. 83.2 86.5 ?96.2
> - 2-2' 74.8 80.2- ~93.31

- 2-3 110.3- 115.8 - 95.3

6-1 71.7 75.6 94.9
6-2- 80.1 86.2 93.7
6-3 101.5 105.7 96.0

i

ts'

.

4
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C.1
Non-food Uptake : of 32-P ~

P-32
Date of Date of

Fish . death,(2) Weight,(3) . Sample counting, decay net c/ min.g. P, P-32/P,
No.(1) 1982~(hr) wet dry- ashed No. 1982 (hr) fraction c/ min wet mg/g wet c/ min.mg.

Bluegill Muscle

683 8- 12/10 S7.7 11.2 714 927 12/21(20) 0.577 174 26.1 2.51 10.4
857 B (12 ) 70.4 14.2 854 926 12/22(09) 0.562 196 24.8 2.40 10.3

-626 0 40.8 7.94 529 .965' 12/23(07) 0.537 33.5 7.6 2.54 3.0
628 U 22.1 4.44 '298" 917 12/19(10) 0.649 26.3 9.2 2.50 3.7
638 U ~ 11.8 2.34 154 967 12/23(08) 0.537 22.0 17.4 2.61 6.7
878 U 38.5 7.59 509 920 12/19(14) 0.644 68.9 13.9 2.72 5.1

j; Catfish Muscle

S 210.1 8 12/17 61.4 14.0 725 1087 01/13(04)(4) 0.274 74.3 22.1 2.42 9.1
160.4 B (11)' 51.0 '11.9 591 1072 01/12(08) 0.285 86.4 29.7 2.42 12.3
150.7 B 49.6 11.4 Lost --- --- --- --- --- ------

137.0 0 33.7 9.62 485 1086 01/13(01) 0.275 27.6 18.2 2.99 6.1
117.4 0 35.8- 8.09 413 1064 01/11(20) 0.292 26.8 12.8 2.56 5.0
128.0 0 38.3 8.90 436 '1079 01/12(17) 0.280 37.1 17.3 2.36 7.3

Notes: (1) B: blocked esophagus; U: unblocked
(2) Bluegill exposure began on 12/6 (1700). except for 857 and 878 which were exposed

fran 12/8(11) to 12/12(11); catfish exposure began on 12/13(1100).
(3) Wet and dry weight in gram; ashed weight in mg.

~

(4) Honth 01 is in 1983.
(5) Bluegill skeleton includes tail; catfish skeleton -includes fin spines, and head

includes . fins.
(6) Weight appears to be erroneous.

-
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.C.1 cont'd
Non-food Uptake-of.32-P _

P-32
Date.of Date of-

Fish -death,. Weight, Sample counting,- -decay net- c/ min.g. P,
.

c/ min.mg.
P-32/P,No.(1) 1982(hr) wet dry ashed No. 1982 (hr)' fraction c/m wet mg/g wet

Bluegill Skeleton (5)

683 8 12/10 58.7 . 6. 4 5,104 968 12/23(10) 0.534 535. 85.3 18.7 ~4.56857 B (12) 45.7- 14.9 4,557 1094 01/14(16) 0.200 188. 103. 16.3 6.32626 0 41.4 2.1 4,360 1049 01/11(06) 0.214 53.7 30.3 21.6 1.40628 U 20.9 4.09 1,317 1051 01/11(08) 0.214 22.0 24.6 11.0 2.24-1638 0 8.1 2.37 753 976 12/24(15) 0.504 67.6 82.8 16.4 5.05878 0 44.2 3.~ 2 4,674 1055 01/11(13) 0.212 89.9 48.0 21.7 2.21
e

-

{. Catfish Skel'eton (5)
210.1 8' 12/17 31.0 10.8 1,940(6) 1034 01/12(23) 0.277 82.7 48.2 13.4 3.59160.4 B (11) 124.8 8.32 948- 1071 01/12(06) 0.286 97.6 68.8 7.51 9.16150.7 B 22.4 7.65 878- 1044- 01/11(23) 0.291 61.4 47.1 7.65 6.16137.0 0 33.7(6)7.02 807 1095 01/13(20) 0.265 19.7 11.0 4.47(6) 2.46117.4 0 20.0 6.43 770- 1053 01/11(18) 0.293 21.2 18.1 7.20 2.51128.0 0 21.0 7.05 872 1067 01/12(01) 0.289 32.0 26.4 7.11 3.71

.
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C.1 cont'd
'Non-food Uptake of 32-P

.

P-32
Date of Date of

Fish' death,- Weight, Sample counting; decay net c/ min.g. P, P-32/P,

.
No.(1) 1982(hr) wet dry ashed No. 1982 (hr) fraction c/m wet' mg/g wet c/ min.mg.

Bluegill Scales and Skin

'683 B. 12/10. 31.3 13.2. 5,928 977 12/24(17) 0.502 536, 171. 54.5 3.14
~ ,125 11050 01/07(16) 0.255 212. 175. 45.8 3.82-857.8 (12)- 23.7 9.77 4

626.0 23.5: -9.65 4,323 . 978 12/24(18) 0.501 80.6 34.2 55.7 0.61
628 U 6. 2 ' 2.27 693 1085 01/13(01) 0.217 11.5 42,7 27.7 1.54
638 0 4.9 1.51 373 975 12/24(14) 0.505 47.2 95.4 21.0 4.54

,

878 U- '24.2 10.0- 4,325 1056 01/11(15) 0.211 82.0 80.3 44.3 1.81
i

if
'

?* C a tf i sh' Skin
,

210.1~B 12/17 17.6 5.59 149 1092 01/13(06) 0.273 26.6 27.7 2.40 11.5
160.4 B (11) 12.2 13.73 92.9 1062 01/11(17) 0.294 25.8 36.0 1.73 20.8

,

150.7 B' 8.8 2.58 53.9 1048 01/11(04) 0.302 14.5 27.3 1.76 15.5
137 0 0 11.7' 3.92 .108 1093 01/13(18) 0.266 5.8 9.3 2.55 3.65

4

117.4 U' '11.4 '3.18 91.1 1066 01/11(23) 0.291 6.8 10.2 2.10 4.86
128.0 0 13.3 '4.57 98.1 1065 01/11(22) 0.291 11.8 15.2 1.88 8.09

4

N

'
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. C.1 con t' d
Non-food Uptake of '32-P-

.

P-32
Date of- Date of

Fish death, Weight, ' Sample counting, decay. net c/ min.g. P, P-32/P,;.

. 1982(hr)' wet dry ashed No. 1982 (hr). fraction c/m. wet mg/g wet c/ min.mg.No.(1)

; Bluegill Head

683 8 12/10 78.2 '21.7- 7,137 .928. 12/22(10) 0.561 563. 64.2 18.8 3.41
j 857 B. (12)' 65.9 20.1 5,912 1057 01/07(13) 0.257 268. 79.1 19.2 4.12

626 U|
'

69.9 19.3 6,733 929 12/21(22)- 0.575- 94.4 11.7 20.2 0.581

628 U 21.5 5.60 1,489 1046- 01/11(01). 0.217 28.6 30.7 16.5 1.86
'. 638 U 13.6 . 3.54 972 930- 12/21(23) 0.575 122. 78.0- 18.2 4.291 jy. -878 U 64.7 18.2- 6,176' 980- 12/24(20). 0.499 163. 25.2 20.6 1.22

' T*

-Catfish Head=

*

'210.1 B 12/17 61.6 .18.7' 5,170 1103 01/14(10) 0.258 181. 56.9 19.1 2.98' 160.4 B- (11) 42.2- 12.5 :2,484 1074- 01/07(14) 0.358 275. 91.0 12.1 7 52
150.7 B 38.5 12.1 '2,307 1061! 01/07(14) 0.358 206. 74.7 14.1 5.302

i 137.0 0 36.7 11.6' 2,159 1104
'

1 117.4 U 34.5 :10.3 1,927 1075~
01/14(12) 0.245 -34.5 19.2 13.0 1.48
01/12(12) '0.283 42.9 22.0 12.8 1.72

.128.0 U- 36.5 12.1 2,437. .1073 01/12(09) 0.285 80.0 38.5 14.4 2.67.

t

i
'

i

)

i -

4
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C.1 cont'd.
Non-food Uptake of 32-P

,

P-32
Date of. Date of

Fish death, Weight, Sample counting, decay net c/ min.g. P. P-32/P,
No.(1) 1982(hr) wet dry ashed ha. 1982 (hr) fraction c/m wet mg/g wet c/ min.mg.

Bluegill Viscera

683 8 12/10 12.4 2.61 146, 971 12/23(11) 0.533 1,506 1,139 2.40 475
857 B (12) 11.2 2.90 91.5 .973 12/23(12) 0.533 1,281 1,073 2.03 529
626 U

'

8.1 -1.44 92.0 986 12/23(13) 0.533 185 214 1.87 114,

628 U. 2.2 0.376 23.8 969 12/24(10) 0.509 141 630 1.95 323
638 U 1.8 0.318 19.8 974 12/23(12) 0.533 223 1,162 2.62 444
878 0 8.1 1.56 93.7 1052 01/07(16) 0.255 215 520 2.61 199

.L

Y
Catfish Viscera

210.1 B 12/17 15.1' 3.29 134. 1100 01/14(05) 0.261 122. 155. 2.29 67.7
160.4 B- (11) 14.4 4.64 115. 1069 01/07(16) 0.356 277. 270. 1.97 137
150.7 8 15.3 5.87 103, 1047 01/11(02) 0.303 63.6 68.6 2.76 24.9
137.0 0 12.8 5.94 86.8 1099 01/14(03) 0.262 44.1 65.8 1.63 40.4
117.4 U 9.3 4.13: 60.6 1076 01/12(14) 0.282 63.6 121. 1.78 68.0
128.0 0 -12.1 5.22 82.6 1077 01/07(15) 0.358 135. 156. 1.85 84.3

.

t
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- C.1 cont'd
- . Non-food Uptake of 32-P'

P-32'
Date of- Date of

Fish death, Weight, . Sample counting, decay net- c/ min.g. P, P-32/P,No.(1) - 1982(hr) wet dry ashed No. 1982 (hr) fraction c/m wet mg/g wet c/ min.mg.,

Bluegill Gills

683 B' 12/10- 1.38. 0.201' 15.1' '985 12/25'(03) 0.492 38.8 286 2.38 120857'B -(12) 1.09 0.168 12.9. 914: 12/19(06) 0.654. 64.4 452 3.48 130-626 V' 1.04 0.154 12.8 970 12/24(12) 0.507- 6.2- 58.8 2.82 20.9628 0 0.21' O.036 2.6 915 -12/19(07) 0.653- 3.0 109 3.17 34.4638 U- 0.13 0.021- -0.2 912 12/19(02) 0.660 2.1 122 3.42 35.7
,

878 0 0.92 0.138 . 8. 3. '913 12/19(04) 0.657- 17.7 146 2.83 51.6,

G
| *r

Catfish Gills

210.1 B 12/17 1.27 0.'237.'10.4 1082 01/12(20) 0.279 7. 7 109 2.64 41.3160.4 B (11)- 0.75 0.137 4.9 1068- 01/12(03) 0.288 5.4 125 2.74 45.6150.7 B 0.97 6.1 1053- 01/11(10) 0.298 6. 7 116 2.69 43.1
-- -

137.0 0 1.05 .0.207 7.7- 1097 ~01/13(24)- 0.263 <2.2 <40 3.39 < 12117.4 0- 0.69 .0.128 -4.4 1078 01/12(15). 0.281 <2.2 <S7 2.71 < 21.128.0 U 0.49 .0.133 5.6 '1070 01/12(04) 0.288- <2.2 <78 5.14 < 15

|

l

:
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L C.2

I
i P-32 Concentration in Water for Test of Non-food Uptake

I

P-32
Date of death, Vial

. .. date . decay net P. P-32/P,;

| 1982 (hr)- No. Description- counted fraction c/ min c/ min.ml mg/L c/ min.mg-

:

.J Bluegill

i
'

~12/10 - -10 Initial: 12/11(11) .0.955 6,633 347 5.44 63,800
(12) 'll Final Tl 12/11(12) 0.953 6,659 349 5.58 62,500

12 Final.T2 12/11(14) 0.949- 6,716 354 5.52 64,100
| 13; . Final T3 12/16(23) 0.806 5,145 319 5.88 54,300
! 14 Final T4 12/16(24) 0.804 5,184 322 5.40 59,600
| ,L . Average Final 376 376T 57,000
L E,:

! Catfish

12/17 .20 Initial 12/17(14) 0.994 '7,198 362 5.40 67,000
(11) 21 Final TI' 112/17(14) 0.994. 7,332 369 5.44 67,800'

22 Final T2 '12/17(15) 0.992 7,017 354 5.66 62,500
23 Final T3 12/17(15) 0.992 6,979 352 5.59 63,000
24 | Final T4. 12/17(15) '0.992 6,967 351 6.10 57,500

Average Final 352 57B4 60,200

. Notes: ~1. Fish were 2 days in Tanks.1 or 2 and'then 2 days in Tanks 3 or 4.
2. Each tank contained 48 L water; 464 g NaH PO and 549 g Na2HP04 were dissolved in each tank2 4

j to obtain a phosphorus concentration of 5.0 mg/L, equimolar in the two species at pH 7.0.
|

I

I
;

|
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C.3

Bluegill and Catfish Wet Weights in 4-Day Test of Non-food Uptake

Bluegill

~ Fish' Number Weight, g Weight gain, d-.

Start End

683 8 255.7 (265.4)? ----

-857 3- - 237.4 239.2 0.002

:6261 U 196.6 193.5 0.004--

628- U 73.0 70.1 0.010-

638 = 0 43.7 42.6 0.006-

.

878 U '193.8 190.5 0.004--

.

Avg. B' 246.' ----

Avg. U; 124. 0.006-

Catfish

210'.1 8 217.8 210.1 - -0.009

160.4 8 168.5 160.4 0.012
'

-

150.7 3- . 154.6- 150.7 ~ 0.006--

137.0 V 139.1 137.0 0.002-

117.4 U~ 122.5 117.4- - -0;010

128.0 0- 137.4- 128.0- 0.018
~

-

Avg. 'B c173. 0.009-

0.010''Avg. U 12 7.
_

-
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C.4

Weight Balances for Dissected Bluegill & Catfish,
Unfed in Aquaria

,

,

Fish Total Wet Weight, g
4

. No. Sum Death Weight- Percent
;.

Bluegill-

683 8 239.7. (265.4)? (90.3)?-
857 8 218.0 239.2 91.1

1626 U 184.8 193.5 95.5
628 U 73.1 70.1 104.3'

638' -U 40.3 42.6 94.7
878 U 180.6 190.5 94.8 .

;-
Catfish

210;l B 188.0 210.1 89.5
160.4 B 145.4 160.4 90.6'
150.7 8 -135.4 150.7 89.8
137.0 0 ~129.6= 137.0 94.6
117.4 U 111.7 117.4 95.1
128.0 0 -121.7 128.0 95.0

,

3

-154--
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Appendix 0.1

Pellet Contents Reportsd by ~ Supplier

Element %

Na 0.5
K 0.9
Mg 0.2
Ca 1.6
P 1.0
Cl 0.9

-Notes: 1. Pellets 'are Purina. Trout Chow L.F., purchased
July 17, 1982.

2. Values are approximations based on ingredients.
3. Basis is " dry weight" which is.90% dry matter.

.
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Appendix 0.2

Phosphate Concentration in Atlanta Water
Reported by Treatnent Plant

Montg_ Water plant sample, mg/L Distribution system sample, mg/L

"ov. 82 0.68 (0.07 - 1.60)(1) 0.45 (Nov. 22)(2).

Dec. 82 0.49 (0.26 - 0.74) 0.38 (Dec. 30)

Jan. 83 0.43 (0.11 - 0.78) 0.48 (Jan. 31).

Feb. 83 0.70 (0.45 - 0.85) 0.44 (March 1)

r

. Notes: (1) average' of daily valu'es (range in parentheses)
(2) collected at indicated date from nearest-sampling point

(Luckie and Hunnicutt Sts.) to Georgia Tech

,

1

~ ' ' l
i

4
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Appendix E

General Equation for Calculating Specific Activity in a Otmpartment

The 'following calculation applies to an open, non-steady-state systen
' - with rapidly decaying radionuclide. The approach is based on the

ccupartmental model for a closed systen and long-lived radionuclide (Be75).

Growth rate in ocupartnent t:4

,

,

1

dQ " "
t" E -R (EI)

st ~ s=1 ts + R
E

ft txdt
s=1;

Change of count rate in canpartment t:

dqt = " "
A (E2)E R E Rts + Rft f-Rtx *t " 9t rdt st a, - at a

s=1 s=1

Relation among change with time in count. rate, amount, and specific

activity:

:

dqt"d(O*tL_*O t+a t
da dQ

t
(E3)dt dt t dt t dt

4

|
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Solution for dat/dt based on equations (El), (E2), and (E3): |

" n R R R 9*t_ st ts ft tx t

Q s t O+aI O-atQ O #dt - E a -a I A-

3,3 t s=1 t t t t

n R n R R Rst ts ft tx-a E

Q+at =1 Q t Q+at QE -a
t =1 t s t t ts

2 .

| " n R R R

" [g ]st *s "*t =1
st + ft ft

AI O O t r (E4)'
3 s t t

.

If Rft is considered sinply another rate, Ret:'

da R n Rt"n st st-a
dt ssI t =1 t r

s,

Definitions:

Qt: amount of psgsrus in otsapartment t, mg

qt:- P-32 in ocupartment t, count / min

at: P-32 specific activity in' carpartment t, count / min.mg'

(at " 9t/Qt)
Rat: transport rate of psgerus fran ccupartment s into. t, mg/d

t: time, d

A r: -radioactive decay constant-of P-32, d-l

-158-

. .... . . .- . . . . . . - . . - . - - . . . . . . - . . . - . - . . . . . - - . - . . . . . - . - . , - , - . . . . . - . - . . - - . - . - . - .



. .. ... . . - . .

4

.

A

!.

subscripts: t: compartment of interest

s: any other compartment

f: feed

x: excretion

<

R R
fs , ,

Q,q sx-: m

-- s s -

.,

A
l

R R
st ts

^

l
t

T'

-R P'tx .ft' Q,q
-

t tr

1

.

5

.
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