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INTRODUCTION

The study of physical and biological radioisotope trans—

location supplies information concerning several problems of

civilized societies. The knowledge of nutrient cycles of

streams and rivers supplies the information needed to ascertain

the feasibility of increasing fish populations by applications

of fertilizers. The pathways of radioisotope translocation

gives information concerning the effects of environmental man-

ipulation. As nuclear power plants are being installed,

greater knowledge about radioactive effluent translocation

will be necessary for the survival of man. Through the study

of introduced isotopes, man may obtain the knowledge necessary

to alter or retard the movement of radioactive contaminants

by the manipulation of ecological factors

Therefore, information on the ability of biological pop—

ulations to concentrate radioactive materials from the water,

and the role of these populations in redistribution of radio-

active materials, may enable man to adjust his environment to

preserve his species.

The information obtained from radioisotope translocation

is also important in ascertaining feeding habits, food habits

and food chains. The organisms can be related to their posi-

tion in the trophic levels by noting the position and time

of their activity curves, i.e., the time interval between

initial isotOpe entry and their peak activity.

The purpose of this paper is to contribute information

on 1) physical and biological modes of transfer, removal,



accumulation and translocation of radiophosphorus; (P) the

position of organisms in the trophic levels within a stream
0

us

(3) the methods of translocation of nutrient materia }
_
J

U
)

$
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5

y
)

(4) the effect of chelates on the nutrient cycles of c

aquatic environment.
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Descr ption of the Study Area
 

The West Branch of the Sturgeon River is a moderately

rapid, cold water river, having its origin in Hoffman Late,

fOa marl lale of approximately 128 acres. The West Branch

the Sturgeon River flows through sections of Cheboyran, Otsego

and Charlevoix Counties, Michigsan (T. 35 N., R. 3 W), joins the

main Sturgeon River at the town of Wolverine, Michigan, and

empti into Burt Lake in Cheboygan County(
D

U
)

The Test Branch of the Sturgeon River flows in a north-

easterly direction, through a narrow valley with steep glacial

morainic hills. The vegetation of the valley is primarily

birch, aspen, cedar, balsam, fir and tamaracn. The vegeta-

tion alonj he stream margin proper is cedar, aspen, tag

alder, tamarack and ninebark.
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rature throughout the summer remain:
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ctween 90 F and 5: F. Tne river temperature remain: low

in: and the inflow of tributaM1 and

The rate of stream flow in the study area has a mean

1
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value of 43 .75 cubic feet per secnd. The water level, as

measured by two gauges, remains approximately constant throu*h

out the s “.er. Due to heavy rains, sharp changes in the

water level occur, but the level descends to the average value

in just a few hours
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(Borgeson, 1959).
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were established. Stations 3, 8, 12 and 14 were the sites of

weekly collections of aquatic plants, periphyton and aquatic

invertebrates. The other stations were used for water samples

during the flow of the isotope. The location of the stations

is shown in Figure 1 and the descriptions of the stations

where routine collections were made are as follows:

Station 3
 

This station is 900 yards below the isotope entry site

which is designated Station 1. tation 3, thus, is theU
)

nearest station to the isotope entry at which collections

were made. The station is 100 yards long, as are all the

collection: stations. The average water depth at this station

is 1?.8 inches. The average width is 25 feet. The streai bottom

is mainly sand with smaller areas of gravel and silt.

veietation is sparse, with a total mean wet-weight of 7?

grams per 100 yards. The floral composition is as follows:

A77

1‘0

‘7‘: ~ . ‘0 ,4, '1 +9 ‘11 I .' _ —!*:1’.'

:otamogeton rectinauus, 5o Penczna..s antiryreiica, 350:
I

  

1 1 - 1 s ’ _‘ u

and Chara sn., 14%. The area is rn:_>avil'r snaded by cedars and

{low is retarded at this si:
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Station 8
 

tation 8 is 900 yards downstream from Station 1,the

‘
m

isotope entry site. The downstream portion of this area is

crossed by a bridge which is 1050 yards below Station 1.

This bridge serves as a dividing line, subdividing the com-

plete study area into an upstream and dowistream portion.
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Thus, Stations 1 through 8, above the bridge, are consi' re

t D
"

(
Dtation 8 haU
)

U
)

to be the upstream half of the study area.

greatest average depth of the sampling stations. Its average

depth is 17.2 inches. The average width is 26 feet. This

relatively narrow and deep run supports a luxurious aquatic

plant crop. The vegetation represents a total mean wet

(
3

weight of 546 grams per 1 0 yards. The floral composition

rfi"? 7,,
l I

includes filamentous algae, 51%; Pontinalis antirvretica, cm};i

 

  

Elodea sp., 5%; Potamoseton pectinatus, 4%; and Chara sn.,

0.1.10.

Station 1?
 

Station 12 is 2540 yards below Station 1. The sampling

area includes a long, straight run at the upstream portion and

a sharp bend at the downstream portion. The average water

depth at this station is 15.3 inches. The averare Width 1 U
)

w 3 feet. The principle bottom type is gravel with silt beds

along the periphery.

JChara sp. is the most abundant aquatic plant in this

area. -he total mean wet weight of the veaetation is E?6

1 r1”. ,.

grams per 100 yards. Chara sp. represents 92a of this mass

 

 

‘ '1 ,. r (7’ «£- . ‘ _ ‘ -‘ r , ,1 .-. A

a jae for 2a. Pocamogeton pectinatus patcnes are Very spirse
 

{mid contribute cxflgr(?.1% of the tin/fii‘wet weight.

 

The site of this station is 3110 yards below Statiog l.

The sam ling area is a rapid riffle area having the least

depth of the collectinj stations. This shallow area kas ar
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average water depth of 12.2 inches. The width of the sampling

area, however, is the greatest of the collecting stations;

) *- ‘ " u- (‘1 V“

3 wide and snuglcw run7
I

4

L-the averare width beina 29 feet. T b

+ ¢' m‘

of water supports the heaviest aquatic plant growth. The

total mean wet weight for the aquatic plants is 339.0 grams

per 100 vards. The principal constituents are:

”fitiPVTQtiCQ. 35.(b; Chara sp., 25.1%; Flcdea sp., 16.1%;

 

 

 

 

 

 

Nasturtium officinale, 13.1%, filamentcus algae, .7i; 1".Yrar":

«f -

vulsaris, 1.7%; and Potamoseton pectinatus, ”.7c. This statiov

has the lar“est stands of water cress, fiasturtium officinale,
 

1 H- 4 "u r' .' Y r u ' ' ‘ .‘ ' 4‘ s t“ '7

alon.3 the b nnS. filter czess is quite sparse at tre uzsureau

statiors and seems to prefer the shallow, silted sites.
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Ao“atic Plants
 

On August 23 through August 30, 1960,

study was_made of the aquatic plants in

the Sturgeon Riven.

he entire stream was divided into

the

transects

3 yards apart. The transects were, in turn, subdiv

horizontally into 5-foot sampling spots

of the transect. In order to sample each

.

for the entire

Httion, e-

yaris "'r"t, it was decided that three transects of

wouli r collected. Thus, for Station 1,

12, 2C, and 90 were collected. The trin

selected randomlv to eliminate bias.

The samples were collected starting

of the survey area and proceeding dOWESt

Q

U

transect n‘

ect nurbers

L ‘: ..

at the upre

n. The collection

was maie with the Surber square-foot sampler, placed

' 41

.foct 7-"evrve137rtlonr tlmz'transeciu 'The entdrwa plant

tion encompassed Ly the Surber sampler was removed.

szxfles were then verrezated into taxonomic types ant

types inependently weiqhed for each transe

,‘ . P. i .. . .

reccrz-wJ rom the e‘m ha aice was desis

«1.4. ,1 -1 | , 1. '

Wei r; pt the plant sample. The weights

percerttscs are tresented in Antendix I.
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the experimental area. In order to preserve specimens at
A

the radiological collectin5 stations, the estimate was taken

at Station 11. The area as divided into five transects

which were, in turn, st bdivided horizontallv. The transects

and the samplina sites on the transects were picked randomly.

The entire insect population encompassed by the Su.rher square-

foot sampler was removed. There were four random sampling

sites on each transect and a total cf five transects collected.

The samples were weighed and the pounds of insects per

section was .23 acres.macre were computed. The area of thi

oz: 1HThe numerical composition was calculated by Knight (

:
3

was not repeated in this study. The oicrias s esti ate was

obtained for com:arisson with that of preious years. A table

comparing the invertebrate biomass f the West Erarch of the

Sturgeon River for the years 1958, 1959 and 1960 is presented

in Appendix II.

Fish

A fish biomass estimate wa s taken For Stations 3, 3, l2

and 14. At each station a 100 yard section was sampled. A

fine-mesh screen was installed both above and below the sampli*

section. The screen was periodically brushed to prevent

collapse from debris accumulation.

Electrical shocking was Used to collect the saiples.

1

The unit vas a 220 volt, DC generator mounted in a small,

flat-bottomed skiff.

The fish samples were captured, clipped, and returneo to

:
3
;

the stream. The number of clipped fis recaptured save an
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estimate of the percent recovery. The collecting procedure

was continued until no further fish were captured. The lowest

percent recovery was at Station 12 where only 25% of the

clipped fish were recaptured. The fish biomass estimate is

presented in Appendix III.

Radiological Technioues
 

The isotope employed in the present study was radiophos-

‘2

phorus (P’El which is a beta ray emitter with a maximum energy

'
\
)

of radiation of 1.70 mev. The P3‘ is produced by the S(n,p)P

reaction in the uranium pile at Oak Ridge, Tennessee at the

Oak Rid:e Yational Laboratory (Kamen, 1957). No appreciable

gamma radiation is observable and the beta emission intens ty

can be cut to half-value by 0.5 mm aluminum foil. Radiophos-

phorus is a desirable tracer because it possesses a satisfactory

half-life of 14.3 days, it is not danserous in minute quantities

'to the aquatic organisms, and because of its low volatility

‘

and loss under heat. The low volatilitv is desirable because
J

32 .
P' in the disestion procedures.there is no appreciable loss of

The phosphate anion was dissolved in weak hydrochloric

otope on July 5, 1960 wasH
o

0
)

acid. The assayed value of the

23.29 1 3 percent millicuries. The isotope entered the

West Branch of the Sturgeon River on July 5, 1960 at 9:50

a.m.

Borgeson (ibid.) and Clifford (1959) have described the

method of isotope entry into the West Branch of the C‘turs'eori

River. The method consists of diluting the 1.1 m1. selutior



of P32 with 50 gallons of stream water in a 55-5allon drum.

This solution is siphoned from the drum by a polyethylene

tube. The isotope enters the stream at a constant rate for

a 53-minute period. The flow of the stream at Station 1 is

approximately 38 cubic feet per second and this figure com-

bined with the rate of isotope entry gives the calculated

concentration of the isotope in the water. The calculated

value is approximately 1.22 x 10"5 microcuries per milliliter.

The amount of isotope used is in keeping with the maximum

permissible amount which may be used in water according to

the National Bureau of Standards (1953). The National Bureau

also states that permissible concentrations of radioactive

7

materials beyond the control area in water should be 10'

microcuries per milliliter.

Measurement of Activitv

The beta emissions were measured with a Nuclear Measure-

ments Corporation Internal Flow Proportional Counter, FCC-10A,

which was coupled to a decade sealer (Model PC-lA). Each

morning a 50-minute background count was made using an empty

counting chamber. The background varied from approximately

48 to 51 counts per minute with a mean value of 50 counts

per minute. Samples were counted for a minimum of three

minutes or until a count of 1,000 was reached.

Correction Factors

(
1
)

(
4
'

D
J

0The actual counts obtained are meaningless unle:



1A

can be compared with activities of other organisms. To con-

vert the actual counts to an absolute value of corrected counts

per minute, several correction factors are applied to the raw

counts. The correction factors are given by Robeck t al.
 

(1954).

Background: The raw counts are affected by a certain

level of activity due to cosmic radiations or radioactive sub-

stances in the counting room. The mean background value of 50

counts per minute was, therefore, subtracted from all raw

counts to correct for the radioactivity recorded from sources

other than the sample.

Volume factor: Due to the variability in sample size,

comparable counts must have some constant value. To arrive

at this constant, the recorded counts per minute, minus back-

ground were divided by the weight of the sample in grams, or,

as in the case of water, by the volume in milliliters.

Decay factor: Due to the decrease of one-half of the

radioactive atoms in a.sample in 14.5 days, counts must be

corrected for radioactive decay. Tables for calculation of

radioactive decay are available from isotope suppliers.

The comparable corrected counts were arrived at by the

following method; where BC : background, VF : volume factor

and DF : decay factor:

Corrected counts per minute 2 (cpm - BG) x {VF‘X (DFl

It may be desirable to present the results in terms of

o $.

microcuries. The calculation outline from Fobeck, at al.

(ibid.} is as follows:



(c) 10

l microcurie (no)

1 curie 5.7 x-—.

:: :Lo01 dpm l/2.2? x

The conversion factor

...

—-..Micrccuries (cpm -

U
)

tame and Rainfall

The fluctuation of the
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5, 5, 8, 12, 14 and 18. Three stations, 8, 11 and 12, were

the sites of automatic water sampling devices constructed by

Dr. n. C. Ball.

Five minutes before the isotope release at Station 1,

the fluorescein dye was released to indicate to the collectors

that the isotope flow was approaching. At each collecting

station additional dye was added to insure that the green

color would be visible at the lower collecting stations.

At the upstream stations, i.e., Stations 5, 5 and 8,

the water samples were collected at five-minute intervals

after the five-minute delay following the fluorescein dye

flow. The duration of the sampling time at the ‘pstream

collecting stations was eighty minutes. The samples were

collected in clean, labeled 140 m1. polyethylene bottles.

Each bottle was immediately capped and the collection time

was recorded.

At downstream Stations 1?, 14 and 16, the primary samples

were collected at ten-minute intervals. The duration of the

collecting time at Stations 1? and 14 was eighty minutes.

The duration of the collecting time at Station 16 as 160

minutes. Station 16 was the check station to measure the

radioactivity that left the experimental area. The sampling

of the downstream stations followed the same method as that

of the upstream stations, with the exception of the collection

time intervals.

Single large samples. When the peak of the isotuze flow,

as calculated from previous years, reached the station, a

liter bottle was submerged, filled, capped, and labeled.
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Plankton samples. At Stations 8 and 1?, a plankton

sample was collected. The sample permitted determination of

radiological transportation in particulate matter. A fine

mesh plankton net, No. 90 bcltin: silk, was washed in the

4.‘

stream before the dye reached the station. .hen during the

isotope flow, ten two-quart'jarr c: stress water were poured

through the net. Five of these were taken before the al-

culated isotope peak flow and five were taken after the cal-

culated peak.

Automatic pump samples. Three automatic water-sampling

‘
3

devices were installed at Stations 8, ll, ind l.. The units\

f

frame, a 12 volt battery, a 120-110 volt inverter, a timer,

and a small submersible pump. The apparatus was so designed

that when the first bottle was filled, the water would he

routed into the second bottle, and so on until all six were

filled. In this way, the water was pumped into the bottles

at prescribed times. During the isotope flow, the pumps

were synchronized and collected water samples at fitteen-

minute intervals. The four-liter polyethylene bottles were

capped and taken to the laboratory for radiological analysis.

7 fl

hahoratorv Processin: of Water Samrles

The preparation of the samples for radiolosical analysis

follows a modified version of the methods suggested iy Pobeck,

Eta-1.. (ibido\o
 

Primary small samples. Three milliliters of concentrated

nitric acid was added to the lac milliliter sample nettle.
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The bottle was then shaken thoroughly, a BC ml. subsample mea-

sured into a 150 ml. beaker. The water in the Teaker was

evaporated on a hot plate until the sample just covered the

bottom of the beaker and was then poured into a stainless

steel counting planchet. The 150 ml. better was washed with

?N nitric acid. The sides of the beaker were scraped with a

U
)

rubber policeman and the remaining drop removed with a

medicine dropper. The contents of th {
0

t
r
j

lanchet were evapor-

ated to dryness on a hot plate, then placed in a covered

aluminum pan and transferred to the counting room where the

ruined.(
‘
0

v
i

activity of the sample was det

A 500 ml. subsample was takenF
—
J

(
D

"
I

OSinale large samt

from each of the liter bottles collected at the calculated

peak activity flow. The 500 ml. subsample was filtered

through an HA, 47 mm. Millipore filter. The filtrate was

then placed in a beaker and evaporated until only a thin layer

was left on the bottom of the beaker. The contents were

then emptied into a planchet and the beaker was washed with

0.1N nitric acid. The washings were also emptied into the

planchet, evaporated to dryness, then placed in a mqule fur-

nace at 72500 for two minutes.

The original suhsample (minus the filtratel, with the

filter intact, was then washed with 0.13 nitric ac d. 'his

was done to remove the adsorbed activity. The assorre‘

activity differs From biologically incorporated activi'“ 11

that it adheres to surfaces and is not incorporated into the

. 0 4- ¢ + - - 4 a - ~r~~ .u
organism. The sesan liltrate was then placed n a mega?”



The filter pad containing only the olid particles fromU
)

the water was removed and placed in a planchet. Due to th (
D

removal of adsorbed activity, these solid particles possesse

only biologically incorporated activity. Concentrated nitric

acid was added to the filter pad in the planchet which was

placed under a heat lamp and additional acid added until

the filter pad was completely digested. The planchet was

then placed in the muffle furnace, heated, and then counted.

Plankton samples. The plankton samples were evaporated

until little residue remained in the bottom of the beaker.

The material was then transferred to a planchet, muffled

and counted.

Automatic pump samples. Twenty milliliters of concen-

trated hydrochloric acid were added to the four-liter poly-

ethylene bottles and the bottles thoroughly shaken. A 500

ml. subsample was removed and filtered in the Millipore filter.

The filtrate was placed in a beaker and evaporated until only

a small amount.of sa.ple remained. The contents were then

transferred to a planchet, the beaker washed and scraped and,

the washing aMd d to the planchet. The contentr of the

planchet were evaporated and mu.fleri.

Perinhvton
 

Vertili7aJ L1 ‘ (
"
9
'

ion
 

In preliminary investigations of the stream in 1053

(Clifford, ibid.) the periphyton growth was slcw to oeco.e



established on the artificial substrates. In an effort to in-

C F951 U
)

e periphyton growth, an inorganic fertilizer was added

to the stream to provide a sufficient arowth for radiological
‘4

examination durin: the 1959 experiment (Knight, ibid.‘.

 

Durin: the 19 O investigation, fertilizer axain was added.

Between June P3 and June 29, 2&0 rounds of diammon‘um phos-

phate had been added to the experimental area. Qne-half of

the Fertilizer was added at Station 1 and the remaining 120

'
'
6
3

curds was added just above tation 7.

 

?ield Procedures in Collection of Perirhvtcn

The neriphyton was collected by means of plexiglass

plates which served as substrates upon which reriphyton could

grow. This save a base of known area which could he removed

easily from the stream and from which the attached material

could be removed, weighed and examined for the presence of

the isotope. Six plates 7 millimeters thicn, with an area of

1.4 decimeters (2" x 5") were attached to a horizontal cross-

bar which was in turn attached to a steel post and lowered

into the water.

The periphyton growths were started two weeks prior to

3

the isotope entry. The stations used as collecting sites

’were i, c, l? and 14.

Stations 3, 8, l? and 14 each had a rack of 13 plates

in the water when the isotope passed through the :ystem.

in, substrates which experienced the direct isot0)e flow were

The "in" units were collected Four hours0 p r
-
’

H (
D

D
.

H :
3

:
1

:
3

H (
'
f

U
)

0

after isotooe entry and weekly thereafter on Mondays.



‘
J

e
H

A control procedure was utilized by placing one rack of

16 plates at Station 8 and at Station 12 approximately nine

\

nad pa edU
)

U
)

hours after the water mass containing the isotope

L

which were no. r
.
.
.

:
3

d L
T

(
D

U
)

through the system. These substrate

M 9?

isotope flow were designated out units. The "out"un ts

were collected 24 hours after the isotope entry and weekly

thereafter on Wednesdays. Stations 5, 8, l? and 14 thus had

a rack of 15 plates desLgnated as "in" units. ttations 8 and

12, in addition to the "in" units,each had a rack of l6 plates

4_H

esignated as "out units.

cross-bars at each:
1
)

Two plates were removed from th

station and were inlediately replaced by new ones for later

collections. Insects and other aquatic inertebrate s were

removed from the plates, then the substrates were wrapped in

polyethylene sheeting and taken to the laboratory.

Laboratory Processing of Peripgyton

The per phyton was scraped off the plates and into a

beaker with a polished glas_s slide. The wet weight of the

periphyton was determined as follows: the wet weight of a

e? mm membrane filter was firs t obtained by pouring PO ml. of

distilled water into the filteraapparatus with the vacuum

pump running; the ramp was al.lowed to run for la seconds.

The filter was placed in a clean planchet and weis ed. The

periphyton was poured into the filter apparatus whi h contain-

ed the previously weished filter paper. The filter praratus

was rinsed with 5 ml. of 0.0lN hydrochloric acid. This wrs

F {
'
3

,
4
.

'
)

.
f

F
“

[
—
1

V
J

.
0

i
l
l
:

5
1

)
u

(
P

“
D 1

0 "
x
j

H ”
3

Ifollowed by a second rinse of 5 ml. of

teen seconds after the filter was observed to be free of water



94

the pump was turned off. The filter was removed and placed

1

in tne same planchet and this unit was wei.3 ed. The original

planchet and filter weight was subtracted, *iVi”. the wet

s m‘med to be the "liveaweigit of the peripnyton. This was

weisht of the periphyton.

The sample was digested by adding 15 ml. of concentrated

nitric acid, and heating the beaker on a hot plate. The

evaporated contents were then placed in a planchet. The

pl anchet was heat ed on the hot plate until dr and then

placed in the muffle furnace.

111.0112— Mic P121:flv.q

 

Field Procedures in Collection of Anuatic Plannts

The collecting sites for aquatic plants were Stations 3,

5, 8, l? and 1A. Station 5 was used as the collecting site

(I.

Afor Nasturtium of icinale as it was not present at Station 3.
 

The plants used in the study were Chara sp.; the pondweed,
 

’
0 ¢ '* I’ ' l 4" w - i ‘ ‘ D ‘ s I

ctamoLeton rectinitus; water cress, Nasturtium e.ficinale;
 
  

and the water moss, Fontinalis antipvretica. The four aquatic
 

plents were collected at each of the stations with the excep-

tion of water cress.

were removed from the samples by washing them in the strea“.

The roots were discarded d only the leaves and stem i re useCU
)

.
4

(
J

for radiological analysis. Samples were placed in coll~ctine

bottles with dilute formalin and taken to the laboratorg.

aboritorv Proces side of Agustic ?.ants

The plants were take from the sample bottles and allrw-

J
}

n

ed to dry on paper towelling for five minute , then placed in
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The sugar flotation method was found to be very effective

in collecting cligochaetes. This )rocess consists of placing

a handful of detritus in a white enamel pan. Water and super

are added. It was found that a few drops of dilute formalin

facilitated the process. The orsanisms wiaale to the surface

and can be easily collected. They were placed in collecting

bottles containins dilute formalin and transported to the

laboratory.

. o a f ‘ ,_ .

uabcratcry ?rorcss1nr or :nvertebrates and Lartal Insects
 

DUI‘Q

A ‘>‘- \z.The samples were first processed in a centri

Screens were washed with distilled water and set in place in

the centrifute. With the centrifuge turned to full speed,

'they were spun for 10 seconds, then allowed to come to a stop.

The centrifuge screens were then weighed. The insect samples

were then added to the centrifuge screens and sutjected to

q

u. - r4. . 1-. ‘4» rr x + ‘04
one san ,reatnent as the empty screen . -he weight or theU

)

insects was then computed by subtractins the known weight of

the screen from the combined weight.

After weighing, the insects were transferred to a planch-

covered with nitric acid and placed on the not plate. when

the sanple was completely digested, 10 drops of concentrated

nitric acid were added to the planchet, evaporated to dryness

and muffled to red heat.

' -‘~~,"+ Iv.r‘or~‘q
‘\.A_A-- v ,.-..\.. It

,-

’J‘
.ield ?rocedures in Collection of Adult lrsects
 

On July 1?, July 95, and August 2, lQEO, between tie

hours of 9 p.m. and ll p.m., collections of mature insects



w"

aw, 0‘4 ,\ -,-- C .. I: J.

%.\v. a,ailable it one

f‘.‘ Y. o v 'x 1 ’ r" - 1+ 4 _‘

y x f ‘x V. f‘) , - P- ‘fi "r- w

- h" . A. L . A ; (p " o. .I ‘1 ( . J \‘ Vk-‘ . "- ‘1 e

"V“ 'i 4 1 t 4 .
rs \ . l r re 7 \ r‘

1. -nc' (‘Cl.i.PCV.-- , .kaTP CC. -

I: 7"” 7‘ w» . ' )Y‘ " no "r ‘m 1‘ w
A c. ,4 C ,1 ‘- .1

‘ ‘ I. 1‘ \-' ‘L 4 \ A

r 7- ‘ " ‘ r ‘m 1r *7 ' - _ ‘ ~v ‘ r f-

1.: V I L 1., p it-ll pr. , u 1.1; () v0

 

tin? lrrrvvttovs° Ln: ~w:prirevw: ed.

fiercratcry rcce sirgyc? Adi t Twennan

The "e‘ure insec‘s were tirs* se*refated taioncXLcallV.

e knowr rurFCr insects was added to a rlanchet of 1«nowr

weight and weiquad gr a Mettler balance end the weiéht of

ined ty subtractin: the rlanchet weicht

comnletelv

 

 

 

 

 

co"ered with or entrutrd ni ric acid and placed on a h=t

:late. finer t} contents tu Jed tlecP an additional 1?

irons of the ac were "dcfi and evaporeted to dryness. The

nlanchet was then muffled t red heat.

Fish

Field Trececurco in Pellecticr of Fish

The -astern slimy scul, a, Crttrc cognatuc: the northern

m ttled'sculrin, Ccttue beirdii, and the American rrccx lamrrey

Entosrrerus ls: ftidii were collected yericdically, brim~rily
T

as a Czebfi on the data 0‘ rrevious years. The fir? wrre

collec‘IV? by menrw;/i? «lrctric "dwnrrinq. ”he ‘zné' wee

generated r: a ° "rzt ”.7. wreratcr "wrte" in a still,

flat-bottcxec :~ 57. “we fd {lifléfe rlacn' in .‘rrrl tfttfe“
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Laboratory Processins
;L_

of Chelate Samples

The 140 ml. hand-collected samples were thoroughly mixed

and a subsample was removed and sent to the Institute for

Fisheries Research, Ann Arbor, Michigan for iron ana.;sis.

The remainder of the sample was processed for counting, the

methods for which were described earlier.

The four-liter samples obtained from the aut matic sampl-

ing devices were shaken thoroughly and 25 ml. of concentrated

hydrochloric acid added to each. A subsample was removed

and sent to the Institute for Fisheries Research, Ann Arbor,

Michigan for iron analysis. The remainder of the sample was

processed for activity as described earlier.

Total Phosphorus
 

Water

7‘

rield Procedures in Collection of Total Phosphorus -
-
4

later Samples
 

Water samples were collected for total phosphorus analysis,

by hand and by the automatic sampling devices. The hand-

collected samples were taken on July 7, 1960 at five-minute

intervals for a period of two hours. These samples were taken

simultaneously with the chelate samples. The collecting

stations for these samples were Stations 12 and lfi.

The automatic sampling devices collected water samples

from July 5 to July 8, 1960. The devices were located at

Stations 8, 11 and l2. ,

Laboratory Processing of Total Phosphorus Water Samplns
 

The 140 ml. hand-collected samples were mixed thoroughly.

A subsample was removed and sent to the Institute for Fisheries



1
\
J
J

0

Research in Ann Arbor, Michigan for phosphorus analysis. The

. '2 ?

remainder of the sample was analyzed for trace P“ phosphorus

by the same methods used for water hand samples.

The four-liter samples obtained from the automatic

sampling devices were shaken thoroughly and 95 ml. of con-

centrated hydrochloric acid was added. Approximately two

liters of this sample was removed and sent to the Institute

Y

'
r
-
“

for F Teries Research in Ann Arbor, Michigan for phosphorus
C"

L) L

analysis. The remainder of the sample was analyzed for

radiophosphorus by the same methods used for water hand

samples.

Biota

Field and Laboratorv Procedures for Total Phosphorus Piota

q qrqrfl c
k A. t 4‘ ..J

 

Representative specimens of the biotic community were

collected from Station 14. The specimens were placed in

dilute formalin aid sent to the Institute for Fisheries

Research for phosphorus analysis. Appendix IV presents the

analysis.

The fauna specimens included: Ephemerella cornuta,
 

themerella needhami, fiydropsyche sp., Gammarus sp., Hexa-
—A

  

genia sp., Atherix varieeata, Simulium sp., Erachycentrus sp.,
 

 
 

Pteronarcys sp., Physa sp., Cottus cosnatus, galvelinus.-I

L
  

fontinalis, Chauliodes 93., and Entospnenus lamottenii. The
 

  

flora samples included: Chara sp., Fontinalis antipyretica,
 
 

natus, and Nasturti m officinale.L
—
J
o

Potamogeton pect



FES’LTS AND DISCUSSION

Padiological
 

When a radioisotope is released into a stream, its trans-

portation follow«s the physsical and biological path3mways of

that stream. The current, pools, and riffles direct the

translooation of the isotope at a fairly rapid rate through

the stream. However, detectable amounts of the isotope remain

in the lotio system for an appreciable length of time. Much

of the isotope is immediately accumulated by the stream biota.

Fresh-water organisms may accumulate isotopes in three

ways: through adsorption to the surface a:ea, through absorp-

tion from the surrounding medium, or through i.7es.ior as food

(Krumholz and Foster, 1957). . ~

The E ical and biological factors of the stream will be

‘
0
’

U
)\;

described in the following section. The physical influence

will be presented in the section dealing with water. The

biologial efeotts of radioisotope translocation will be pre-

sented in the sections concerned with population col cry.-

Water , -

Current is one of the m st important factors concerning

life in a stream. Th s, many of the nutrient elements are

derived from the headwaters and entering tributaries. Some

of the nutrient eleIHent however, are derived from attolytic

or bacterial decomposition of organic debris. Bar es (195?!

found that bacterial decomposition of orranic debris was a

factor in returninq iqorrenio p1iosph rus to the upper waters



of the sea. In this connection, one could picture some of

the isotope flowing directly through the system and after a

time lapse, small amounts of the isotope would reappear after

having been biologically incorporated and then decomposed.

Figures 7 and 4 present the flow of the isotope tlrough

the system. There can be seen in the curves for the upstream

stations, i.e., Stations 5, 5 and 8, that there is a direct

time relationship between the arrival of the peak activity

and the station's distance from the isotope entry point. The

downstream stations, 1.e, Stations 1?, 14 and 16, show that

much of the radioisotope has been removed from the main

stream flow. Station 1?, which is 9540 yards from the isotope

entry point, shows that at least 64% of the original amount

of the isotope has been removed from the water flow. Evidence

will be offered in the followin: sections indicating that much

of this removed isotope is biologically incorporated.

Figure 5 presents the data gathered from the continuous

automatic sampling devices. The counts are recorded as

corrected counts per 500 ml. to avoid the confusion of using

fractional counts.

I? the isotope had remained in pools or other diversions

as free activity in the water rather than in some other form,

the curves in Figure 5 would be expected to show greater

fluctuations. The variability of the curves in Plrure 5 are

placed in perspective by noting that the awtivity is expressed

in counts per 500 ml. in opposition to the water activities
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Figure 3. Total water activity at u

ing Stations
’2
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5 and 8 during the p
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activity decrease occurred in the samples obtained from the

sampling devices. It is belieVed that the drastic loss of

isotope From tne main stream of isotope Tlow is due

logical incorporation or adsorption.

The adsorption Factor can account for much of th, lost

isotope. Figure 6 shows the soluble isotope, the adsorbed

isotope, and the isotope that is incorporated within particu-

late matter, such as diat ms or bacteria. These small organ-

isms may be ingested by other animals or may settle to the

1

bottom, thereby removing the activity they carry from tne

water flow. The adsorbed value for Station 19 was greate '
3

than the total water activity for Station 12 in Figure 7.

This difference was probably due to sampling error as the

peak total water activity sample was not,in this case, from

the same sample that was used for determination of solids.

The plankton samples had extremely low activities. ine

activity was in the thousandth count per ml. range. The

t
o

O (
f

V
.

vities may have had different ranges if the samples were

:
3 4processed for solids determination rather than evaporati

the samples and computing the activities on milliliter has} ..

The actual counts per minute for StatIOfifT and l? were 346

and 909 respectively. This low activity may have also been

due to the dislodging of the adsorbed activity an the particu-

late matter when new samples are poured into the plankton net.
L

I - "1 + -9, ‘ 1? g ‘ i‘ 1 . +‘ .. J“~. ‘ +‘ 'N l V‘., v. . ' ‘ “1 ‘ _ a 1‘" -‘ 1 {1' , N

- he 5‘ “...:A. ‘3? n"? !‘P u‘ t. 9:1 . inCTTtéb .IC- Tilv the ”.4; 7; use “1 will .5

also may have a limiting effect on the capturing of the radio-



F
i
s
u
r
e

b
.

S
o
l
u
b
l
e

a
c
t
i
v
i
t
y
,

a
c
i
d

s
o
l
u
b
l
e

o
r

a
d
s
o
r
b
e
d

a
c
t
i
v
i
t
y
,

a
n
d

p
a
r
t
i
c
u
l
a
t
e

a
c
t
i
v
i
t
y

f
i
l
t
e
r
e
d

f
r
o
m

t
h
e

s
t
r
e
a
m

w
a
t
e
r

b
y

M
i
l
l
i
p
o
r
e

f
i
l
t
e
r
.

C
o
u
n
t
s

w
e
r
e

c
o
r
r
e
c
t
e
d

f
o
r

b
a
c
k
g
r
o
u
n
d

a
n
d

d
e
c
a
y
.



kw

F
i
l
t
e
r

P
a
d

(
S
o
l
i
d
s
)

A
d
s
o
r
b
e
d

e

..L

a

T

t

1

.1

F

 

no?as:snow.»54>.

OJ GO 7 r3 5 rd.

,scPWmHanE :cw muscms nos mpssoo

 

WGWCWLLC

9
Q

0
%

I
I
I
I
"

.
g

.

I
l
l
l
‘
.
.

1
4

 

 

 
 
 

 

i

some.”

1... n. J

Hy. by W .9 W .w CAM.

1
2

S
t
a
t
i
o
n
s



Figure 7. Total peak water activities at the various

stations. Counts were corrected for background and
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active particulate matter.

The peak activities were expected to cimin sh as tne

isotope-bearing water mass traveled downs

activityaat Stat ion 8 (Figure 73, however, was area~

~ .
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H
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o 1. Station ,. inlS aberrancy may be cue, in*
3

(er

part, t sampling variability or error. For example, it was0

found that the water mass in the center of the stream con-

tained more activity than the eddy areas of the side of tl-

stream. This fact was brought out in the taking of simu tane-

ous samples across the stream but the results of these findinr»

could not be applied to these collections.
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Periphytor,or:mawuchs, are attached organisms which

cling to stems, leaves or other surfaces (Odum, lQSQl. Con-

siderable interest revolves around periphyton activities, as

they are key oreani:oms in the food chain. :The perirn"ton

C
)

"
’
3

population on the artiiicial substrates in the West Branch

:
3
1

t e Sturgeon River is composed principally of diatoms

(Clifford, ibid.l. According to Cliffori,.Svnedra ulna is

the most abundant form.

Periphyton is important not only For its niche in the

food web, but also for its isotope accumulatioh atiii‘ie“.

According to Donaldson (1959‘ radioactive materials are

quickly taken up by algae and these algae are capable of cor—
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Figures 8 and 9 show the rapid and larre accumulation

by periphyton of the radiophosphorus. The periphyton data

for Figures 8 and 9, come from the periphyfon frcwths which
‘

‘
N

were started tto weeks prior to the isotope e try. .he sub-

strates remained in the water during the isotope addition.

Station 1h, the furthest downstream station from the

5 )

,oint of isoto "
1

4 .v ~ 2 L .

e encty, :hows areater isotope a,c.muationb

)
»

than the intermeiiorv Stations 8 and 1? (Figures 9 and 9‘ on

the first collection day', i.e., the day of isotope entrance.

1

The radioisotope was present When it
A

issed stations 9 and l?

.
7
1

N
a

but it may have been adsorbed on particulate matter. This

adsorbed activity may then have equilibrated or exchan.ed

Pi? for the stable phosphorus and thus become available for

periphyton uptake at Station 14. A further explanation for

the uptake variation may be provided by the locations of the

periphyton collection apparatus. The \e'“p1rton stakes at

Station 14 were in riffle areas while the s akes at both

Station 8 and 12 were in pool areas. The current of the riffle

area may have induced particulate matter enuilibr tioon by

constant aeitation.

The general Ticture , however, demonstrates the radiophos-

phorus accumulation abilities of peri phyton. The initial

counts ranged from 8,600 to 37,000 counts per minute per gram.

The counts after a 79-hour period ranged from l,400 to l9,600

counts per minute t er' 57r¥1n1.

Exchanre and Regeneration

It was shown (Figure A} that 6 " of the orizinal amount
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Figure 8.

The subst

ment. Co

Activity of periphyton at Stations 3 qni 9.

tes remained in the water during 1° tote treat-

0 '1

a s".- O

unte were corrected for background ~nri decay.
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O

of isotope was removed irom the main water flow by the time

the water mass reached Station 12. Comparing the curves for

Station 5 (Figure 3) and Station 14 (Figure 4) shows that

approximately 80% of the original amount of the isotope was

retained in the samplin2 area. Approximately 90% of the

original amount of isotope was retained in the area between

C
\

Stations 5 and 16. Figure presented a picture of the ad-

sorption of radiophosphorus from the water. The traceable

phosphorus, howev.er, reappears throughout the summer. The

recurring radiophosphorus is believed to be regenerateed

(re-cycled) phosphorus that leaves the biotic element and

re-enters the stream water after the originel dosa2e. The
1

re-cvc lin2 of phosphorus was apparent in the activity curves

of several of the or2anisms collected throughout the summer.

q .' +l‘ 4' r‘r Q '

perimental plant LOT show-L
5

C
?

(
D

. 7 ' , !

Feripnyton 18 an excelle ‘
1
1

I
1

the regeneration of radiophorph.0rus in the stream. In‘
r
i
J
o

I

:
5

r
-
f
'

D

H
a

O L
.
)

'
1

'
J Ithe section on periphyton methods, there was pres e

u go

ing procedures For "in units and out" units. These pei-

phvton units represent those substrates that were in contact

with the initial isotope-beariig water mass ("in" units)

and those that were placed in the stream after the isotope-

water mass had passed througi the stream ('out" units‘.

An analysis of the two different treatments of 00"l’fl”t0“

substrates indicates the eflerts of radio?hos phorus re3erera-

Fijures 10 and ll present a comparison of the percentas:es

of activity, in counts per minute per 2ram, to the irital

collection activity. The activity of the first collectin:
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Figure ll. Comparison of the magnitude of retained and re-

generated radiophosphorus'to the initial activity of the

first collectin2 day at Station 1?. The activity of the

first collecting day was considered to be 100%.
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-3
day was considered to be 100%. The first collectinr day for

99 n V - ., .

he in units was Julv 5. Tne first collecting day for the
0

out“ units was July 6. The activities of these units on

July 5 and Ju_y 6 was considered to he 100%, and the activities

of the units collected ater durine the study were compared

c
+

:
3
‘

:
D

J
)

(
‘
0

to the activities of the first collecting day. From.
-

0

figures, there appears to be some radiophosphorus rezener ted}

throu2hout the summer. The percentage of activity is expected

.to decrease (with no increase), if there were no reaeneration.

There is a 2eneral decrease due to biological dilution, e.2.,

2rowth of cells, physical dilution and the loss of old cells.

However, Fi2ures 10 and ll show the there are some very

marked increases in activity throughout the summer. The

units For Station 9 snow an increase in activity of 5% on

Au2ust l, lQQC. The out units which were exposed only to

.44 -.-. .. + ...-.1 ‘ - 4 .2 .
wity, bhOw t.m=.<mn-sileraile anxun1.s oi re-
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There are, as yet,

initial hiqh act vities of

pin;ical and biological

.. ,1- i V 1,. . o o

worners. Tne mechanism ior

tion Lay to physical

cell metabolism (Coffin,

:
0

“Vity may be adsorbed on

incorwmwwated irrto the rotor

Correll (1961),
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factors ha

21
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.Alevel out. Aside -rom

out to a ulateeu level

counts oer minute
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beyond

xplanations for the

day. Several

ve been explored by various

the initial uptake and accumula-

processes unconnected with active

1949‘. Thus, the initial

the sum-fcce of the cell and not

Msm (Odum, et al., 1958‘.
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duction. The rotive orthoreosrhte ” thin the cell ma" be

equilibrated or exchanged with the water for the stable ortho-

phosphate. The phosphate within the cells, in anr form other

than orthouhos‘“~te, is rrotahly unavailable for direct release

into the system. This is due to the onegy required to

the susar-phosrhate bonds (Bonner ct al., lQFQi and these

compounds ar thus retained within the cell.

In order to determine to what extent the concentration

of radioohosrhorus varied among periphytcn samplés collected

at the same station anC at tne same time, a duolicate searle

was taken. The activity curves shown in Figures 13 and 14

illustrate the variation of the duplicate samples. The data

obtained inMicted that some samples had large variations.

The actit

1

H
o

varied by more than 100 counts. The activity counts for the

two samnles at Station 14 on Jul y 25 were both zero. This

date, July 95, which is go days after isotope ent1y, may be

the point at which the (”irirtl isotope retained has been

,avtan. The activities for other specimens

collected during this time indicate that the counting couip-

ment was Functioning correctl.3. The increases in activit’

after July ?5 may be due to regenerated activity;

Several factors may he resnonsible for the variation of

the perinhytcn sarfiles: l) The position of the substrates n

the stream. It was noted that the plates in the riffle areas
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had larser Fer?.0hyton growths. ;. nse and metato ism 0:

the sample. The substrates may also have differed in their

atic of young cells to old cells. It is known that younser,

more ranidly growing individuals accumulate reletively lsrser
A

L

q

A

amounts of P" than the older, more slowly metabolizins cells.
0

Althoush duplicate substrates were in the stream the same

length of time, their populations may have been metabolicallv

different. 3‘ Species composition. The metabolism of the

populations also may have varied due to di '.erent taxonom

types which compJOSCd the individual samples.

Aduatic Plants
 

The aquatic plants differ irom the per ithyton hasicqllv

by the possession of roots or root-like ”trcfures. Phsio-

logically, the aquatic plants differ from the perithgton by

the acquisition of nutrients throush the root strucfure as

I‘

well as the foliage The participation 0. e root-nutrient

method plays an impontant role in the radioisotore uptake.

’\ ‘ (I

Activity curves differing irom those 0. rerirhyton can he

expected due to the relationship of the roots and 5h? stream

bottom. Jitts (1959‘ found that silt s are capable of adsorb-

+5

ing very la rge 01 entities o;
‘hL A. ,‘ ° ....‘1

phosphates. At Conlressional

hearings in 1959 of the special sutcommit tee on radiation 0:

J

the Joint Committee on .tomic En rsy, it was found that some

14’

“'0

+3 1".” n . I '01“ r}:

O- \'A;e elf-119' T"~u-LO-

.
.
.

bottom t3nes can absorb as much as 6

nuclides. Carritt and Goodsan (lQSAi have demonsttited that

‘
3

ph
- g .1 .,, ‘ w I“, ‘. .,

tte is adsorbed by silt in the staecs: the IL‘L 5.x;e

‘
7
3
]

5
;

P0s

einU
!

(
H temporary while the second staxge is more termenent in



(35

duration. Jitts (ibid.) suggests that the second, more per-

manent adsorption is due to a arfdual phvsical penetration

of the phosphate ions into the lattices of the mineral con-

stituernts of the silt.

Because of the important cenral role of phosphorus in

the metabolic activities of the cell, it is important to

state that the uptake of the phosphate ions may not nec essar-

ily be com,letel_y ind6Pendent from other factors. Metabolic

phosphorus is involved in the transfer of energy for the

(
h

’
d rocess of ion accumulation (Hagen,195 Some plant roots,

however, have what is_called "apparent free Skgce" in the

rOOtS (Boyer, 19553. This free space is a possible site

for simple ionic exchange. Howev r, the nndiorhosehcrus

exchange may not pass into and out of the cell as proportion-

f
-
J

3 1

as does water (Dainty and Hope, 1959‘. Painty, nope

and Denby (1960) found that some ionic exchanges show differ-

ences in the permeabilities based on the concentrations of

other ions. In particular, the investigators found that the

amount of sodium incorporated within the cell wall of Chara.

’W

australis was a function not only of the concentration 0:
 

sodium but also of calcium concentration in the external

solution.

This the radiophos pho'us uptake oy aquatic pla ts is not

as simple as the ingestion method of the insects. There are

several loci for uptake; roots, stems ard leaves. entake

may be due to external adsorption, simple ionic exchange, or

enerav requiring ion accumulation-—or any comniration of these
K-" L



Fontinalis antirvreti a. Fonti.ralis is the water moss
  

found crowing on the stream bottom, logs or calcareous cl umps.

It was frequezfily collected in dens e mats which were inhabited

(
f
-

by various larval insects. The upstream colle Hia S ations

3 and 8, show a dramatic increase in activity on August 9?,

lQéO (Figure lhi. The other stations show a steady decline

(
\
3

:
0

"
7 f
“

in activity except for several slight incre-

in activity are probably due to the accumulation of radiorhos-

phorus in the stream bottom or regenerated radiophosphorus.

There was no evidence of inaccuracy due to the counting equip-

ment as the activ ty of the stations varied for all samples

and there was no definite increase in activity for all samvles

on iujwot 9?.

Between Auaust 8 and Au“fust 29, there were five recorded

rainfalls. This additional water may have disturbed the

bottom and the scitation may account for the additional

activity ncreases; however, if this were the case the down-

stream stations would be expected to also show an increase

in activi y. The rather large increase in activity for the

upstream.: tations may have been iue to the chr aticn e:tec.

on the downstream stations, making the uystream an

appear hisher, or to the greater amount 0? isotope held in

the ups er portion of the samnling area.

Chara so. Chara is the predominant plant, 01 a oioaxss

 

 

basis, in the West Branch of the Sturgeon River. 't was

found growins in dense mats which were widely scattvred.

0

The activity curves (Figure léi are similar to those a,
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exchange of P““ for P’ , would appear not to be a satisfactory

nition for Station 3. Station 3 is 200 varrs below them

”
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site of isotope entry and, presumably, with the rapid current,

much of the activity of this upper area should have been re-

moved by July 25. However, the curve for Fo;Htialis at Sta-
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tion ? (Fifure 153 shows t at there is a larre amount of

l

n the ups ream portion of the stream:
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vity still present
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late as August 9?.

Nasturtium officinele. Water cress, Nasturtium, inhabit-
 

 

ed the silt and debris deposits. As water c,r es s was not found

at Station 3, most collections were made at Station 5, the

next closest station at which Nasturtium was found. The
 

 

activ1ty curv for Nasturtium show larte Fluctuation in tne

latter nart of the collecting eason ( irure lhi The perioos

between A gust 15 and August 29, WfliCA are removed from the

0increases. With the excepti n of Station 5, the corrected

counts For Stations c, 12 and 14 during the latter teens 01

samplin: exceed the initial activities of these respective

stations on July 6. This latter increase in activities is

due probably to the radiorhosphorus collection in the silt

and debris in which they are rooted. Further Indornation

}
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Jcollected on the last day of sampling, Se:itember 5,
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Figure 18. Activity of Nasturtium at Stations 5, 3, l?

and 14, for the entire study period. Counts were corrected

for background and decay.
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bottom. he activity curves of these inxertecratesU
)

C
+

'
‘3

(
D

i
n

:
3

should :ive a more accurate picture of the bound radiophos-

phorus of the bottom. Some of the radionnospoorus i.s loosely

bound to the silt and bottom materials and is quickly ex-

changed with the phosphorus of the water (Hutchinson and

Vaughan, 1950; and Jitts, ibidti. The exchangeable radio-

phosphorus and the bound radiophccspwhorus are incorporated in

the olisochaetes throush insestion of the detritus and silt.

The bound raiio osphorus is available for longer periods of

time for oligochaete insection than is the rapidly exchanged

'Z

“I ,' P

’
f

.1

The activity curves for the oligochaetes (

sent data which probably reflect the accumulation of radio;hos-

phorus in the detritus in which they live. The activity

curves show that].A days following isotope entry, the worms

had accumulated considerable amounts of activity.

Gammarus sp. The only station which supported a scud
 

population,armir.s, was Station 1h. The scuds are voracious

feeders, feeding on all kinds of plant and animal matter.

They rarely feed upon living animals (Fennak, 1955). The

activity curve for these omnivores shows that a considerable

amount of radioactive food materials was available (Figure 20‘.

A maximum count of 1,31? c.p.m. per eram was recorded for

August 1, 1960. The collections on the dates of high activity

were composed of small individuals. Hevesy (1911?i noted that

P32 accumulates in rapidly developing and Srowin; orgars.

These large peaks on July 18 and Auust 1 may have been due
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to the age of the animals collected. The peaks ma? also
A U

,.,. + “1-1.4.. ~. ‘ a. '9 1.. ("Ag 4 a, 4‘. 4-

represent iro.i _;.JL lroous as Jennan algal .3 SofiurS ”flat
“II.—

_‘ W x»\ .( '\ 1 1 x g r' ‘

‘Pan ccu ; Fr‘ 0 i5 Cticds in 19? days.

Y ' 3
92- fl ' 1‘. ‘ . “ ‘

rndrcrstcne on. The hydropsycnils attach their rets to
 

U
)

. )
rocls, lcs , or large gravel and are seldom found in mud

-\

I "1}“

(Murray, l g)". e rets were found facin: directly into\
f

the current. Hvdronsvche st. eats a preponderance of plank-
Mk-M.‘

ton, sessile diatom growtiis and other small organisms (Poss,

1.92120 .

From the known feeding habits of ~vnrcriche, the a;tiv-

/

ity curves (Figure fill may present a picture of the radio-

‘ v' ‘ u“ + If: ‘ v ' '

pnohphores of peripnyton an. 11inkt on 1u0\9meflt throu , sou.

¢...‘-. - .2-) l r’ - - s4 7.. .

the i.so; period. :ne activity curves show th'; lest CL the

”
1

D
'

O S Dity occurred as late as Auzrst 22, which presumably

some counting equip:ment error during the latter part of the

am»ling period. This was debonstrated i the comparison
.

U
)

of Figure 16 with Appendix V for Nasturtium activities.

Simulium sp. The blachflies, Simulium, are similar to
‘

 

 

the Hvdrolgyghe in that both feed upon t-e moving particulate 

 

matter of the stream. The Simulium do not use t}e net a- a

collectina device as Ices the fiydropsgchg, but instead use

anterior plankton strainin2:_ fans {Penna}, ibid.‘

Simulium was one of the most numerous insects in the
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a picture of the moving rarticu‘oce mutt

particulate matter also is an indicati

 

the radiophosphorus reg.neraticr. -Unlike the net-caddis

tivity curves the :_mulium curves (Fiiure ??‘ 8301 no

increases i“ the latter part op the s-udy period. Thus,

from the Sinul‘um act vity curves, it mifht be hypothesised

thet little re:enerated activity incorporated in the ”articu-

late matter (diatoms, etc.l reseri throufu the sy*tem. Hou-

cver, there is a major halite; di r‘Cflrmnvce between Simulium

and H drors"c?e. Sinulium populations are mcst abundant

alor: the stream par'jins. Egifjlryche populations a~e host

abundart in deeper water ani :coated senerdlly rear tie cents

of the strear. Enizht (Etid.‘ has irdioated that ‘cere is

horizontal verirtio in water act 'ity alone a stream transeo

f so, it is liVelg'idrlt the locations 0; the youula"onv,

as well as the oidferin‘ m “colism, aocctnts For t‘» fidecr-

ences in the activities of gimulium and Eydrcgggohe. Tke

metabolic d1?”ercrces may vary with th, are c? the ‘mgled

DOIfll'atlfiflis. Time Hrqrdli’i‘vriiis run? rcwi c Iiifitih e: z'r; mu
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of a few months (Usinger, l956) while dipteran larval stage

may last for several weeks (Pennak, ihid.i. The Simuliun a

Hgdronsjche populations mav have differed in their respective

population ages. The increases in activity in the latter

part of the sampling period of h"dropegpne may have been due

to the population age and metabolism.

Eghemerella. The
 

themerella corruta and
 

naiad, Erhemerella noel
‘ O

nemi, was

(
1
)

\
‘
O

 

two mayfly .imphs studied were

a he ha

r‘.~.,:.

lounc primarily
 

Pontinalis, and thus
 

rapid water moss-inhabi

1’18. 18'“? WEI" T
D

frequently

with the hettasw

current, but-they

 

fits

eid naiad Iron i

into Usinaer's classification

ting form. The

 

etid

in the moss,

of

 

found on sticks

. 7* °
so. the naiads were in direcI V

sheltered themselves from the current by

aquatic

es

io

staying behind the weater moss or climbing in coveys in the

sticks and logs.

Usinger (itid.i compares the mavflv niche in the

communities to that of cattle or rahtitc in the terrestrial

communities. Burns (195fii also stresses the hertivcrcaa

feedinr h hits 0? the mavfiliee. The nynrhs are herrivo

or scaveneers, living on vegetable det:itus and microsccp

aquatic orranims:, _rincirally diatoms (Burks, ihid.i.

The activity curves for the may flv nymphs (Ficure_ 2

and 24) are not as horizontaallv extended as are those ”or

figdrcirgche. Although the food consumed issfimilar in ‘et

cases, tre rrocurement of the food is ouite dif?erent. "
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8, 11 and 1?. The 0% “la 9 entered the sfreqm at 13:90

D.m. on July 7, 1960.
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”died. From Figure 5, it is noted that Station 11 he: 2

count of 15 counts per minute oer 33o m=L
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~‘ 1" N- ’2 f . '1 '7 (N w‘ P r...— vn ,-

a.m. on July 7 while .rom FiaJre .J a -lew 9.“. 3. :L0 .1-

V ‘ ‘ 1 ‘ fl ‘ ‘ ~ v . r,‘ ' 4- ,. ~ g , ‘- . A

gay and just ore hour e.ter the coelate was inurooucei, .ne

. . f 1," , O .D 4. .4. -. L 4. -‘ . "V _..

count was 20 c.p.m. nowewer, the e--ects at b.a.ibh ll ire

som-what negated by the comparison of S.Qtion l? in .Erures

5 and ?O. The counts were over ?to at ?:o0 a.m. on JulJ (,

while at 19:00 noon, just two hours after the chelste was

introduced, the co“.t was 13 C.F.m. It was rote“ that .he

chelate-containinz water samples lopeered to have 34 unusual

+ . . ..A ..‘ ,_‘o 1 ...,

and sometimes violent effect upon the steislers s.eoi 11;;-

chets when treated with concentratei acid ant heatei: some-

times turning the blanchet black, and sometires oretfirr e

black foam which bubbled over the sides of the titre'3*. Tri‘

may have QFFected the counts.

From an onslysis of the phosrhorus contort 0? ‘ho wmter

t Stations 8, ll and 1?, little conclusior about the ohelef,
0

(
D ffect can be drawn. There were slight ircreeses in the con

centretiOhs of rhosphorus immediately afteé the ohezete was

introfluoed, but in light of the neturel variitioh so yresehs

in the data of Station 8, the curves for Stations 1] end 1?

may only show natural fluctuatioe.
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he stecitic acti.ity calculations for

(microcur‘l es 0; :‘ were selected from the maximum activities

of the First collecting week, July 5 to July 1?, for the

various orien ems.

The sgecific activities show much the same picture as

time chtdc}11ir1 cur1'es in I’lgth‘é 2Y7. iniril r :riir cvzrlgr s €L-€,

the nronhxcer and ,rjenisms which feef cireotly on he pro-

ducers have the oreatest specific activity. The range of

speuific activities ran fr m ?,C“5 for geriphgton, to less

thzh Che For Coutus and the trout. It irrears that ”Yflrorrvche
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4.: ..~ 2 1 .. . L 1‘ ,_ ms - 2 . . *

1.193 anion Q“€ greater than .ne. .ne bottom amellers have

, -‘ .0 _ 0 p 2 u .1.

alrc inc:et.c‘ .n ste011ic not iv t ies. AlbhOUgn the curve

bFor Fontintlis se ms large, it should he placed i.
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Vifures tfi erui;“3 is nresented i1} Potendix V.
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study period. But 41 days later (Figure ?5‘, the specific

. 1‘ i F. .. ~ v 1 , ‘ , ..

activities 0; t e proqucers and primary consumers dropped

n - «p . .1 . ~, _" o -. .; ,-‘ s 2 ,1 ‘1. .,‘ 1‘ _‘ ,2 Q s"

:rom th. criminal value by one thirn .o ohe nine-HuLA‘ec-n

" L‘. , "_ J» 2 .2 .' D '3 ‘2 P7- .. ‘., ‘ 1 Pi

o: the srrci‘ic a ulViuiCS o: :isure ,A. .;us, the 5;-c . 0

activity curve changed with time, and the bottom dweller »nd

. .‘ 4. . .‘1 2- 4.: . :91

iwe ereater ro1+s .- .“e -recli c3
)

7
'
)

7
3

(
D

1 ,fl.‘

csry consumers rec

activity picture.



"YYRIQ'A av

J

DU 9;. '

q. '9 '1' ”A 4. , 4‘ 9" . S , 1‘ Q

n bu.y 5, lklo, FnV5-tnrce m_ilicur1es x. rsd_ozcti‘e

7’3

.‘ ‘ fiJt" v 4" TA ‘fi . ‘ “I 4‘ O... .w

phosphorus (: 1 Here edded to one Jest :rercn o: Lfle otu“gECH

River, Chehoysen Cocunt;, hicnllin. The physical and biolo3i-

col n'thw1vs of the stream ecosystem were studied

the fate of the radiophosphorus.
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The p“;sicul pathways include current and .sorrtio“

The current is the pnincipa1 source of radiophosphorus dis-
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OI otctiol , to tnet of the downstream Station is, en 00%

activity loss was recorded. It is believed that the activity

removed from the current is held within tne exterimehtsl ares.

The physical phenomenon of edsorption eccouhts lor the

J

initial loss of activity from the o'rrent. The re ionnos-

chorus can rrobably he adsoroeo onto anvthins which it eon-
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ulete matter, biotic organisms an: the stream Lotto“. sittle
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rgshi.ms.



The trorhio level translocation is ooserved fr‘m the

respective curves of producers, primary consumers and second-

ary consumers. For example, as the producer, nerinhyton,

loses activity, the primary consumer, r"drorsio?e, qudUQJJV
 

increases in activity. The appearance of peaks in the fictiv-

ity curves of the secondary oon.umer s, fish, occur when the

activities of the producers and primary consum rs are reach-

ing low levels.

Variation in the trophic level activity shifts are due

to the position of the organism in the .ood chain, the habitat

niche occupied by the organism, and rexeoeratio“.

Gammarus has a variable position in the food chain. The

souds are voracious feeders, feeding on all kinds of plant

and animal matter. Since they consumer food from Two troohic

levels, i.e., producers and consumers, the . tivitv curves

of Gammarus cannot concisely Show trophic level activity

The habit at niche occuoied hv an crearis" also causes

variation in the trophio level activitv shifts. The oligo-

chaetes inhabit the mu 1, silt and debris of the stream bottom.

Because the materials of the stream oottcm can themselves re-

.
1
0

tain radiornosphord , the activity curves of the oligoohaetesU
)

are not exclusively a function of their position in the trorhi

level.

. . ‘ 3..~ ._~. . r... e :
Water cress (lasturtiun' with its filsfilX rali ie root
 

9 . f V 1 V ' ' ‘ . f"

sgstem is anit er oise in WhLCh the activitv curve in cerenl-

ent upon the habitat niche. Water cress populations are
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found primarily along the stream periphery and it is believed
f

4

that there are definite physical factors which influenc

a

29 . 1

horizontal P’t distribution. he act1Vities cue to the

abitat niche of Km. turtium, then, include two phv sical
 

factors; activity of the mud, and horizontal variation, and

the biological incorpcrrat like other producers.

The fine1 factors :hich cause variation i trophi level

V

shifts are re-cycling and regeneration. Biological popula-
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phates; and accumulation via enersv transfer, e.s., 33 P013”

Phosphates, sugar :hosphates, etc. The QdFOTde radiophos-

phorus is accumulated externally. This external radiophcs-

Phcrus may be weshed into the ourrent: the current rev rise
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rec eive radiop'ospnorus due to the simple ionic exchange c.

the P o. lophospnate w th the surroundin: r" orthorhosprate.

This phenomenon is called rereneration.

nirq or 7"ilterirn. primary corsure show the rerevrra2ed
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-other organism. The ingestion of the organism is the
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nhe of trophic level activity shifts. The death ofd t
o
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H O a.e

the orgemnism causes slight variations in the tropnic shifts,

and this adiophoschorus can be incorporated in the stream

bottom or in omniverous organisms.

The final state in biolnsical translccation occurs when

~» “ + . u : 1 e c . a -p
insects emerge from the scream ant the bio c¢.cailg LQCQFpH"-

I '3
-l' (- O . . ‘3 - . w 3 I J "' ’- ‘ 'v ’ V A \' 0 ’ '

ated P 0. these emcr:in% insects is rencr~a from fine svstem.

Some of their act:v1tv, ,riowevc r, may re—enter in: egg

3_ O ‘ ‘ ~ 0'; .‘ A. ’| ~ A .‘ ' ~ .

the adult iQSECLS «Ye consumed cy secondary oorsumers. -ne

a ‘ , - » a
adult insects may also die over the experimental area and

thus liberate their activity to the system.

On July 7, 1960 an iron chelate, ”a. eEFDT., was added

1" ‘. ‘ ‘ . i. L

to the West or non of the Sturgeon Piver. The cf.ec. o

cheMtion is not conclusive. There wa. an increase in iron

total phosphorus, and activitv; however, in light of the
U

(
I
)

no seem to be insignificant.W 8888,
‘
J
.

natural fluctuations the

Samline stations olos er to the chelatc entry point may have

shown a more marked chelation effect.

Th sp zcific acivities, 1.6., the ratio of P" to r ‘,(
D

were caloulatei from the activities and total {hosrhorus

determinations. The specific activities save thu same seneral

trophic level shift as the activity curves.
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