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PREFACE

Whenever a site suitability assessment is made for a potential nuclear
power plant, the characteristics of that site which lend themselves to the
establishment of an acceptable environmental monitoring program are impor-
tant components = of the total assessment. For that reason, research was
undertaken to determine environmental parameters which could be used to de-
velop an optimum monitoring program for Sandusky Bay. A major aspect of that
research was an investigation of 1iving organisms, normally found in the bay,
which might concentrate radioiostopes involved in ef%]uent release to readily
detectable levels. This particular project was part of a comprehensive site
study conducted by the Center for Lake Erie Area Research at The Ohio State

University and the Columbus Laboratories of Battelle Memorial Institute.
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UPTAKE OF *%7Cs, ®°Co, S*Mn, AND ®5Zn BY CHIRONOMUS RIPARIUS
|| (MIDGE LARVA) AND BRANCHTURA SOWERBYI (AQUATIC OLIGOCHAETE )

INTRCDUCTTON

For several reasons midge larvae and aquatic oligochaetes were
selected as test|orgenisms in uptake studies on 18705, ©9Co, 5*Mn, and
857n. (1) These were the most abundant benthic organisms collected in
Phase I of this study. (2) Both "midges" and Branchiura sowerbyi are
are easy to identify, even for a relatively inexperienced individual
such gs a monitoring officer (see Fig. 1). (3) These organisms|/remain,
|in a specific location; they are available all year and have been col-
lected in the winter as well as in warmer months. (4) The life
histories of these benthic organisms are in the literature.t:% (5) It
has been demonstrated by Copeland and Ayers® that benthic organisms do
concentrate the above stable trace elements to a great extent. For
these reasons an investigation of the usefulness of midge larvae and
aquatic oligochaetes as monitors of radioactive releases, specifically
into Sandusky Bay, was conducted.

Benthic organisms have been proposed for or are already used as
monitors in several other places. Kidd* concluded that Pontiporeia
affinis (Crustacea, Amphipoda) is a sultable monitor organism for ©57n
and 5%m. GoldenS detected both 1%7Cs and ®5Zn in benthic samples from
Lake Michigan. He also measured the gross beta activity of the benthos.
Research at Whiteshell Nuclear Research Establishment (WNRE) indicated
that Chironomidae larvae as well as other benthic organisms would be
useful as monitors of effluents from WNRE since the larvae are present
in large numbers and do have detectable beta activity.® Homeister’ has
also made preliminary investigations of gross beta activity in midge
larvae from Put-in-Bay, Ohio. An environmental surveillance of Lake
Michigan from July, 1969, to June, 1970, incorporated benthic organisms
as monitors of both ©57n and 187Cs.8 Copeland and Ayers® state that
benthic organisms are the aquatic organisms that most likely accumulate
the highest activity levels. They also predict maximum concentrations
of activity in Lake Michigan benthos for several radionuclides. Since
many fish species that are valued by man depend on the bottom fauna,
this seems to be further reason for the study of benthic organisms as
monitors. For example, the highest concentrations of 8Cco from six
species of fish were found in young yellow perch (Perca flavescens).®
These fish feed heavily on Diptera larvae at all ages.="

Harvey'® established concentration factors at various temperatures
for two species of midge larvae, Glyptotendipes peripes (Edw.) and
Chironomous plumosus (L.), for several radionuclides incliding S*Mn,
B57n, and Y37Cs.’ His values are included in Table I. Wilhm'Z has also
provided data on the concentration of radioactive material by benthic
orgenisms. He worked with Stictochironomus [annulicrus (midge larva)
and Limnodrilus hoffmeisteria (aquabic oligochaete) on the transfer of
isotopes from detritus into these detritus feeders. The average




£ o
365‘1'_' P

'- ". b'(
288 &2
=1k =
SdF =
—
== D e
0 ==
e \AR
=\ e
)\
qgE
;é‘ = b. ILarvae of Chironomus plumosus (After
=l = Tambert), The larvae will be from
== = 1-2 cm in length and usually blood
Y fo
=1} 5 red, Often called "bloodworms,"

a

a. Posterior of Branchiura sowerbyi

showing filamentous gills. (After
‘Beddard from Avel). A relatively
"'large worm that may reach 185 m in

length. The posterior gills are

guite characteristie. It most re- - --
gsembles a slender earthworm and will
probebly be from 4-10 cm in length.

Figure 1. Branchiura sowerbyi and Chironomus plumosus

“TABLE T. LARVAE/WATER ACTIVITY RATIOS FOR
TWO SPECTES OF MIDGE LARVAE
(data from Harvey™*)

Glyptotendipes paripes

Water Temp.

Isotope (°e) C.F.
S4Mn 21 43 + 8
857n 21 55 + 9

1870g 21 53 + 9

Chironomous plumosus

. Water Temp.

Isotope (°c) ‘C.F.
54Mn 20 65 + 18
&57n 20 85 + 28

137¢s 20 21 + 1




concentration factors of 1%7Cs and ®°Co in the larvae are presented in
Table IT. Kidd™® established CF's for four isotopes: 54Mn, ®7Cs,
575, and, 25Sr in Chironomidae and Oligochaetes (Table IIT). Copeland
and Ayers® established concentration factors for many stable elements in
benthos. Those of interest to this study are in Table IV. ‘

-

A e e

TABLE TI. ACTIVITY IN DETRITUS AND ORGANISMS ACTIVITY
(p0i/ash-free g X 103) (data from Wilhm'#)

Time Stictochrironomus Limnodrilus Detritus
Isotope Days Activity (C.F.)* Activity (C.F.)* Activity

187¢s 0 0 0 6.63
3 .52 (.15) .80 (.23) 3.44

7 47 (.15) 1.06 (.33) 3.21

10 .36 (.11) 1.11 (.3h) 3.22

1k b (.12) 1.13 (.32) 3.52

21 L8 (.ob) 1.05 (.31) © o 3.40

28 43 (.13) 1.07 (.33) 3.24

X 45 (.13) 1.04 (.31) 3.3k

"80¢0 0 o) 0 6.88
3 L6 (.10) .96 (.20) 4,70

7 A7 (.12) 1.08 (.27) .03

10 .36 (.08) 1.34% (.32) 4.23

1l 48 (.12) 1.22 (.30) 4,11

21 .38 (.10) 1.22 (.31) 3.92

28 .51 (.1h) 1.12 (.30) 3.71

X Ak (L) 1.16 (.28) 4,12

¥*Concentration factors in parentheses
/
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TABLE IV. STABLE ELEMENT CONCENTRATION IN
BENTHOS (Copeland and Ayers®)

Element

CF in Benthoé

Co

Cs

Mn

n

333
2357
3700

875

“METHODS AND MATERTIALS

Specimens of Branchiura sowe

rbyi were collected from Lake Erie using

a Ponar dredge and From Sandusky Bay and the Olentangy River with an

Tkman dredge. They were mai

ntained in a 20-gallon aquarium with about

10 em of sediment covered by 20 liters of water. The chironomids were

originally obtained from an Ohio State

covered, 20-gallon aguaris.

University culture and reared in

The oligochaetes were tested in 1000 ml-Erlenmeyer flasks which

contained 500 ml of sediment, 500 ml of water, and 5 oligochaetes.

midge larvae were tested in covered, 20-gallon aquaria. Fach aquarium
contained 400+ larvae and 2 cm of sediment covered by 20 liters of

water. . The sediment was from Lake Erie and the water was gently aerated

tap water. The larvae and oligochaetes were exposed to radiocactive re-
leases of high concentration but short duration. These releases were
designed to create a concentration of ten times the maximum permissible
concentration (MPC) for each radioisotope as set forth in 10CFR20
Appendix B, Table II, Column II (see Table V). The isotopes “3'Cs,
6000, 54Mn, and, ®5Zn in the form of CsCl, CoClg, MnClp, and ZnCls were
added from stock solutions with pipettes and propitter. The water in
the aguaria and flasks was in the 18-21°C range. Most larvae were 3rd
and 4th instar (~ 4.00 mg wet wt; 0.50 mg dry wt). Most oligochaetes
were adults (~ 55.6 mg wet wt; 10.3 mg dry wt). In initial tests the
five Branchiura sowerbyi were removed from a flask which contained ten
MEC of one radioisotope. This was done at 24, 72, 120, and 168 hours
of exposure [for all four isotopes separately. The midge larvae were

also removed after 24, 72, 120, and 168 hr of exposure to one particular

isotope. When possible 25 or more larvae were removed for analysis.
All organisms were alr dried, weighed, and placed in petri dishes for

The




TARLE V. A LIST OF RADIONUCLIDES USED AND
THETR CONCENTRATIONS IN WATER

~ (10CFR20, Table IT

Radiomiclide ~  Conmec. (uci/ml) ' M.P.C. Appendix B, Soluble)
8000 5 x 107% 5 x 1073 |
1870 2 x 1074 2 x 1075
5 x 1074 -
54Mn 1x 1078 1 x 10™%
857n 1 x 10-% 1x 10°¢

analysis on a 3" x 3" Nal (T1) scintillation crystel and 512 channel
pulse height analyzer for counting of gamma rays. When these tests
were completed, tests with the larvae were repeated and on the hours
1, 4, 8, 12, 16, 20, 24, 48, 72, 96, 120, 1hl, and 168 after exposure
larvae were removed from the aquaria. Water and sediment samples were
removed simultaneously with the larvae and analyzed for activity.. Con-
centration factors for the organisms were established where the dry
welght of the organism was used instead of the wet weight and the
initial concentration of an isotope in the water was used throughout
the one week testing period. The formula used was
C.F. = conc/g iizéyzlogagrganlsm as adepted from Harrison.'®* Two par-
ticulars to consider in the application of these CFs are that these
are not equilibrium CFs and the isotope concentration in the organ-
isms also includes gut content. Values from the literatire may or may
include the above information which will limit its applicability.

RESULTS

The results of tests with B. sowerbyi are shown in Table VI. The
uptake of ‘all ‘radionuclides was detectable within 2L hours of the addi-
tion of the radiocactivity to the flasks. Concentration factors for all
sampling times were wvery low for 1870g, 9o, and 5%*Mn. The concentra-
tion of ©57n was most-pronounced with a multiple of 91.0 after 24 hours
in trial 1. After seven days the accumulation was 13.5% of the 2k-hour
level for 85Zn with a CF of 12.3. The second trial showed a slight
increase in theé concentration of 85yn through five days. The average
ol hr CF was 50.2 and gradually declined for the one-week testing period.




TABLE YT. RESULTS FROM THE UPTAKE OF INDIVIDUAL 10 x MPC SOLUTIONS
oF 1%7¢s, 8°Co, 5%*Mn, AND ®5Zn BY Branchiura sowerbyi

Original Trial 1 Trial 2

Semple - Time Concentration in H20 Concentration Concentration
(hr) (uCi/ml) Factor Factor

1870s 24 - 2x107* 2.2 1.6
8705 T2 2 x 107* N.D.*¥ N.D.¥
1870g  1hh 2 x 1074 N.D.% N.D.*
80co 2k 5 x 10‘2 1.5 4.0
800 72 5 x 107 0.k 6.8

. 8%co 120 5 x 107% — 5.8
8000 168 5 x 107% 0.6 5.6
S¢vn 2L 1x107° 8.1 0.2
S4Mn 72 1 x 1072 12.5 N.D.¥
S54Mn 120 1 x 103 1.6 N.D.*
54Mn 168 1 x 1078 3.2 --
85zn 2L 1x 107° 9L.0 9.4
SSzn T2 1x 107° 38.3 22.0
8S7zn 120 1 x 1078 | 25.4 35.6
8Szn 168 1 x 107® 12.3 3h.2

#N.D. (not detectable)




The original upteke test using C. riparius was conducted in a
10 MPC solution of 18705 over sediment. Results are given in Table VII.
The uptake and resultant concentration was only detectable in the 2L -hour
sample, and all subsequent tests were therefore conducted at a concentra-
tion of 25 MPC for 137Cs. The results of three trials conducted in tanks
with sediment and water are shown in Table VIII. The average concentra-
tion of 127(s with time is shown in Figure 2. After 8 hours of uptake of
13705, the highest average concentration (51.9) occurred. This declined
to a level which was 12% of the peak after 168 hours and appeared to be
a two component loss. Figure 3 is a graph of the sediment activity and
water activity for *27Cs. The activity moved rapidly out of the water
and contained less than 10% of the original activity after 48 hours. At
this same time the sediment activity was approaching a plateau.

The upteke and concentration of ©°Co followed a pattern similar to
187¢g 4n O. riparius. Original test results (Table VII) indicated a
rapid uptake to an accumulation factor of 129.5 in 24 hours with a de-
cline through six days. The other tests with ®CCo (Table IX) resulted
in a similar upteke and accumulation pattern but at a lower 2h-hour level.
However, another concentration. factor of 136.0 was obtained after L hours
in trial #4 indicating the existence of an early high peak. A graph of
the original uptake trial, trials 1, 2, and 3 from Table IX and their
averages is found in Figure 4. The first two points are from trial # of
Table IX. The peak activity was within the first 24 hours, declining
through 168 hours in two components. The average activity at 168 hours
(CF 6.75) was only 11% of that for 24 hours (CF 60.9). Figure 5 shows
the relative activity of °Co in larvae, sediment, and water for trial #h.
After 24 hours the activity in the water was less than 17% of that origi-
nally in the water, while activity in the larvae had peaked and sediment
activity was at a plateau.

Tn the first uptake trial with 5*Mn, the relative activity ‘peak in
the larvae was reached in 24 hours (Teble VII). When repeated the peak
was still not reached until 24 hours (Teble X). Figure 6 shows the
average of the two uptake trials with 54Mn as well as the relative
activity in the water and sediment with time. The 168-hour average
activity (CF 16.65) had declined to 22% of the oli-hour peak (CF 69.85).
The activity left the water rapidly and approached a plateau level in
the sediment in 48 hours.

The uptake of ©5Zn by larvae from the sediment test tank was rapid,
as it was for the other isotopes. Peak activity was reached in 24 hours.
However, loss of activity was not nearly as rapid in the sediment test
teank as it was for the other isotopes (compare Figs. 2, 4, and 6 to'
Fig. 7). There was no detectable short component or rapid loss of 857n,
only a long component. After 168 hours the activity in the larvae was
still 72.6% of that for 24 hours. The average concentration factor for
oli hours was 80.05 and for 168 hours the factor was 56.8. The effective
half-life of 857n in larvae living in sediment was 12.5 days. The
pattern of 65Zn activity in water and sediment was similar to the other
isotopes. Loss was rapid from the water to the sediment and larvae

(Fig. 7)-



TABLE VII. RESULTS OF ORIGINAL TESTS OF UPTAKE OF 187¢s, ©9Co, S*Mn,
AND ©57n BY Chironomus riparius. CONCENTRATION OF
TSOTOPES [10 MPC IN WATER !

Original Concentration
Sample - Time Concentration in H-0 in Larvae Concentration

(hr) © (uCi/ml) (uci/e) Factor
1870g 24 2 x 107% 39.2 x 107* 19.6
87cs L8 2 x 107* | N.D.¥ | ---
13705 72 2 x 1074 N.D
80¢o ok 5 x 1074 647.5 x 1074 129.5
8000 72 5 x 1074 105.0 x 1074 21.0
8000 1hk 5% 1074 57.5 x 107% 11.5
857n 2L 1x 1078 8.2 x 1072 8h.2
857n 72 1 x 103 ‘ 66.1 x 1072 66.1
857n 120 1 x 1078 62.0 x 10™2 62.0
857n 168 1x 10-3 46.8 x 10-3 46.8
54\n 2L 1 x 1073 81.4 x 1072 81.4
54Mn 72 1 x 1073 18.7 x 1073 18.7
54Mn 120 1 x 1073 18.3 x 1072 18.3
54n 168 1x 1078 11.9 x 107° 11.9

#*N.D. (not detectable)



TABLE VITT. UPTAKE OF *®7Cs BY Chironomus riparius

Original Concentration
Sample - Time Concentration in H-0 in Larvae Concentration
(hr) (uCi/ml) (uci/g) Factor
Trial #1
18705 2k ~ 5x107* 131.5 x 107 26.3
oo T2 / ; ‘ 40.0 x 107* 8.0
P 120 [ 30.0 x 107* 6.0
Lo 168 P o 23.0 x 107* 4.6
Trial #2
18705 1 5 x 107* 103 x 107¢ 20.6
o 2 o 87.5 x 107* 17.5
| " N oo 184.0 x 1074 36.8
| 8 n 319.0 x 10~% 63.8
o 2k " 105.0 x 107* 21.0
‘ " 48 i 54.0 x 107* 10.8
Loy 72 " 50.5 x 107 10.1
n 9% n . 20.0 x 107% k.o
‘ " 120 "o 35.0 x 107* 7.0
Lo ihh R N.D. -
v e8| " 28.5 x 107% 5.7
Trial #3
1870s 1 5 x 1074 103.5 x 107% 20.7
n b m 137.5 x 107% 27.5
u 8 " 200.0 x 107* 40.0
" 12 " 130.0 x 10™% 26.0
" 16 " 46.0 x 10 9.2
n 20 " 166.0 x 10-% 33.2
" 2l " 20L.0 x 107% 40.8
" 48 u 2h5.5 x 10™4 49,1
" 72 " 33.0 x 10~% 6.6
" 96 " 88.5 x 10-* 17.7
" 120 " 60.0 x 10°% 12.0
" 14 n 72.0 x 1074 1h.h
" 168 n 42,5 x 10™* 8.5

10
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TABLE TX. UPTAKE OF °Co BY Chironomus riparius

Original Concentration
Sample - Time Concentration in Hz0 in Larvae Concentration
‘ (hr) (uCi/ml) (uci/e) Factor
Trial #1
8000 2l 5 x 107*% 22h.5 x 107* L44.9
" 72 n . 40.5 x 1074 8.1
" 120 " 41.5 x 107 8.3
noe 168 " ol b x 107 5.1
Trial #2 :
80¢o 2k 5 x 1074 155.5 x 107* 31.1
" 72 " 50.7 x 107* 10.1k
n 120 " Lh.5 x 107% 8.9
" 168 " 39.5 x 107* 7.9
Trial #3
80po 24 5 x 1074 164 x 1074 32.8
n 72 " 79 x 107* 15.8
" 120 n 71.5 x 107* 1k.3
" 168 " 28 x 107* 5.6
Trial #U4
80¢o 1 5 x 1074 333.5 x 10~* 66.7
" L n 680 x 107* 136.0
" 8 " o645 x 107% 52.9
" 12 ' " 114 x 107% 22.8
u 16 " 100 x 107* 20.0
" 20 " 125.5 x 107* 25.1
" 2l " 332  x 107* 66.4
" 48 " 20,5 x 107* 40.9
n 72 " 215.5 x 10™* 43.1
" 96 " 165.5 x 107% 33.1
" 120 n 39.5 x 107* 7.9
" 168 n b2  x 107% 8.4

13
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| TABLE X, UPTAKE OF ®3Zn AND 5“Mn BY Chironomus riparius

Original Concentration
Sample - Time Concentration in HZ0 in Larvae Concentration
(hr) (uCi/ml) (uci/g) Factor
85zn 1 1 x 1073 6.9 x 1073 6.9
n i " 55.0 x 1072 55.0
" 8 " ok.2 x 1073 9.2
" 16 " 74.0 x 1073 4.0
" 20 n 63.2 x 10-3 63.2
" 24 " 75.9 x 1073 75.9
" 48 m 65.7 x 1073 65.7
" 72 " 66.9 x 1073 66.9
" 26 " 60.3 x 10™° 60.3
" 120 " 69.3 x 1073 69.3
n b " 84,7 x 1073 8L4.7
n 168 " 66.8 x 1073 66.8
54Mn i 1 x 1078 2.5 x 1073 2.5
" 4 m oL.7 x 1078 2L 7
" 8 n 30.7 x 1073 30.7
o 12 u 48.3 x 1078 48.3
" 20 " 27.2 x 10™8 27.2
" 24 " 58.3 x 1072 58.3
" 48 " 17.9 x 1072 17.9
" 72 n 18.7 x 10™8 18.7
n 96 n 28.9 x 1072 28.9
" 120 n 23,2 x 1072 23.2
" 1hl " _ 16.1 x 1073 16.1
n 168 " 19.4 x 107° 19.4

16
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DISCUSSION

Samples. of the oligochaete Branchiura sowerbyi appear to be effec-
tive monitors for 5Zn if a release would occur at or above MPC for this
isotope. Specimens of Chironomus riparius concentrate 187¢s and °Co as
well as ©57n and 54Mn very effectively during acute releases above MPC.

The CFs found by Harvey for a continuous release and, in this study,
for a pulse release, are known to be realistic in that the organisms were
tested in sediment as they will be found in monitoring situations. Both
studies used the dry weight of the organisms in calculating concentration
factors. These factors are much less than those found by Copeland and
Ayers® for stable elements of the same isotopes. These factors become
even smaller in comparison if they are converted to wet weight concen-
trations as those reported by Copeland and Ayers (Teble XI). A conserva-
tive estimate of an 80% weight loss due to drying would reduce the
concentration factors reported here by 80%.

Although these organisms are relatively poor concentrators of the
test isotopes, they can be expected to remain in the most concentrated
part of the plume (radiologically) since they do burrow into the sedi-
ment. Other organisms (phytoplankton and zooplankton) which may concen-
trate isotopes to much higher levels would be swept %long with the plume
while benthic organisms could live their whole lives in a release area.

The clearance of isotopes from larvae after a pulse release is a
two components loss for *37Cs, CCo, and 5*Mn and may also be for 857n
although this was not found. The short component of rapid loss is due
to easily exchangable sites such as body water. The long component loss
is specific for each tissue and isotope. In a monitoring situation the
peak reached before the rapid loss of the short component is the easiest
to detect. This peak is also reached rapidly in the larvae and thus
would allow the determination of any hazard to be made guickly. Samples
collected within 24 hours of the time a pulse release had reached a
sample area could provide an estimate of the activity at the point of
release. This would include the absolute counting of the larvae, deter-
mination of the dilution factor from the point of release to the sample
area, and use of concentration factors for indicator isotopes under
specified envirommental conditions. The use of C. riparius as an indi-
cator organism also allows some lag time in the sampling schedule, since
the peak activity will be reached a few hours after pulse contact. This
could be advantageous in an emergency or unplanned release situation
where the exact release time is not known. If field samples approximate
those of the laboratory, samples taken within 24 hours of the pulse con-
tact would contain about 50% and perhaps more. of the peak activity.

While the peak activity of the short component of isotope loss is
important to pulse monitoring, the long component will be important bio-
logically. After one week an equilibrium may have been approached among
the water, sediment, and larvae with one of these isotopes (187¢s, ©°Co,
or 54Mn). ©5Zn was still declining slowly but at a much higher accumu-
lation after seven days than the other isotopes.
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TABLE XI. COMPARISON OF CFs FROM HARVEY,' COPELAND
" AND AYERS,® AND PRESENT STUDY

\

Harvey Study Copeland and Ayers '\,Preséntrstudy \

7-21 Day Mean Equilibrium 24 Hr Mean
Continuous Release - Stable Element Pulse Release
Cs-137 - k.2 = 2% cs - 2357 \. 08-13T - 5.9%
Zn-65 - 17 & 5.6% Zn - 875 7n-65 - 16.0%

Mn-54 - 13 £ 3.6% Mn - 3700 Mn-54 - 14.0%

*Changed to CF using wet weight of the organism instead of dry weight.
An 80% weight loss in drying was used. A .

This long component was maintained, at least in part, by activity
in the sediment. Since the larvae fed on sediment, there was activity
accumilated from the gut contents. ' Wilhm'® found that detritus feeders
(midge larvae) equilibrated with the activity in whole detritus in a
week or less. Also included in the determination of larval activity was
the actual activity associated with gut contents. Wilhm*“ also deter-
mined that 16% of the dry weight of the midge larvae Stictochironomus
annulicrus is in the gut content and that significant activity levels
are associated with it. The present study showed that no more than 22%
(54Mn) of the pesk activity of any radionmuclide was due to gut contents.
Isotopes may have also been released from sediment back to the water and
then accumulated by the larvae. :

SUMMARY

The upbake,’ accumilation, and clearance of '37Cs, ®°Co, S“Mn, and
©S7n by B. sowerbyi and C. riparius was investigated to determine the
organisms' potential as monitors of pulse releases of the above radio-
isotopes. The initial concentrations were 10 times the MPC in 1000 ml
flasks using B. sowerbyi. Only ©57n was accumulated to an easily de-
tectable level in the tests conducted. C. riparius reached peak accumu-
lations within 24 hours for all isotopes tested at 10 times the MPC
(25 MPC for *87Cs) in 20 liters of water and 2 cm of sediment. Although
857n did not reach the highest accumulation multiple in larvae, it was
retained at a much higher level for one week. The rapid uptake of iso-
topes is from the water medium although the presence of sediment keeps
this level lower than the uptake in water alone. The activity accumu-
lated by the sediment also maintained a long clearance component for all
the isotopes in the larvae.
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Tn the laboratory conditions listed below,
a. 18-21°C
b. 10X MPC or 25X MPC for 137Cs as isotopic concentration

c. 500 ml of gently aerated water over sediment for B.
gowerbyi or 20 liters for C. riparius,

B. sowerbyi could monitor ©5zn and C. riparius could monitor 187¢s,
80¢o, 57Mn, or ©5Zn -
> ] .

RECOMMENDATIONS

1. Periodic sampling should be carried out to provide pre-operational
baseline data on benthic organisms.

2. Benthic organisms should be used for routine monitors of radioactive‘
waste and equilibrium concentration factors between the organisms and
water, and sediment should be determined.

3. B. sowerbyi and C. riparius should be incorporated into a monitoring

plen for acute releases.of radioactive material where 187¢s, 9o,
54)n, and ®57Zn are the indicator isotopes.

a. The monitoring schedule should be constructed to obtain samples
within 24 hours of pulse contact. This may require 2 or 3 sample
collections in the first ol hours followed by daily sampling to
determine if uptake phenomena in the field parallel those measured
in the laboratory. The advantages of sampling the peak activity
are at least three-fold.

i. Tt will provide the fastest, yet most conservative,
assessment of hazard. :
ii. It will provide a short lag time before samples must
be taken.
iii. Tt will be the easiest to detect.

b. Countingxshbuld'be done using the whole dry organism including
gut contents. This will eliminate any loss of activity and pro-
vide the most conservative estimate of that activity.

c. It is probably not practical to identify midge larvae to species
(often not even to genus) in the field. A composite midge larvae
sample is thus recommended. B. sowerbyli is very easy to identify
even to species and thus could constitute an entire sample.

d. Using previous collection data from Phase IT of this study one or

both organisms will be available at sites 6 and 17 (near shore)
for yearly collection. While these seem to be the best monitoring
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sites, others may be selected to provide samples from areas of
the bay that would receive effluent during unusual weather con-
ditions or for routine monitoring of effluent leaving the Western

Basin of Sendusky Bay (i.e., sites 35 and 36; mid bay).
While this study used only 5 B. sowerbyi and 25 C. riparius per

sample, at lower isotope concentrations larger sample sizes may
be required to provide easily detectable levels:.
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