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consumer trophic level,

tronnic level transition, ire antivity whiech 2cnoum
the bottom due tn =dzorzilon ord death of rodlicantive orsan-
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in the secondary connumerz, The 7P accurnulatlion of these
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INTRODUCTION

The study of physical and blologlcal radiolsotope trars-
location suprlies information concerning several problems of
civilized sccileties. The knowledge of nutriert cycles of
streams and rivers supplies the information needed to ascertain
the feaslbllity of increasing fish populations by aprlications
of fertilizers. The pathways of radioisotope translocaticn
gives iInformation concerning the effects of environmenﬁal man=
ipulation. As nuclear power plants are being installed,
greater knowledge a2bout radioactive effluent translocation
will be necessary for the survival cof mar. 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 biologiczl pop-
ulations to concentrate radloactive materials from the water,
and the role of these populations in redistribution of radlo-
active materizls, may enable man to adjust his environment to
preserve hls specles,

The iInformation obtained from radiolsotope translocation
is also important in ascertaining feeding habtits, food habits
and food chains. The organisms can be related to thelr posi-
tion 1n the troohic levels by noting the position and time
of thelr activity curves, l.e., the time interval brtween

initial isotope entry and thelr peak activity.
The purpose of thils paper is to contribute informatlion

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



accumulation and translocztisn of radiophosphorus; (2) the

position of orsanisms In the trorhic levels wltnin a2 streaom;

Miaa ’

(3) tr= a2-thods of translocation of nutrient m=terials =2n

v

(4) tre effect of chelates on the nutrlent cycles of an

aquatls environment.



NN

Descrirtion of the Studv Area

The West Branch of the Stur-eon River 1s a moderately
ravid, cold water river, havinr its orizsin 1in Hoffman LaXxe,
a marl lake of approximately 128 acres. The West RBranch of
the Sturseon River flows throurh sectlons of Cheboy=zxan, Otsezo
ari Charlevoix Counties, Michizan (T. 23 N., Z. 3 W), Joins ino
rmain Stur.-eon River at the town of Wolverine, Michican, and
empties into Burt Lake in Cheboyzgan County.

The “West Branch of the Stursecon River flows in 2 north-
easterly direction, through a narrow valley with steep zlaci:l
merainic nills., The vegetation of the valley is Trimarily

birch, 2sren, cedar, balsam, fir and tamarack. The vesetz-

alder, tzamaracx and ninebark,
Tre water temperature throuchout the summer remuir:z
o) 0. .
Foan. 277, Trne river tempverature rem2ins low

b
due to neavy shadins a2nd the inflow of tributaries ani

The rate of stream flow in the study area has a mean
value of 42,75 cubic feet per second.1 The water level, =as
measured by two z2ures, remalins approximately constant throu-h-
out the summer. Due to heavy rains, sharp chanies in the

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

ir Just a few hours.




The stream water in the study area has a totnl a2lka-
linity and to*al hardness of 1Z1 r.v.m. (Bryant, 1322) =nd
a total phosthorus concentration of approxim=ately 7 p.T.t.
(Bormeson, 1959). Hi~h oxy-en conzentrztions are insureid

throush turbulence and low Temperatur

(4]

S
The lensth of the study area from Statlon 1 throustn
Station 14 1s 32¢(° =+ :*=, The stream bottom 1s rcenerally

.

composed of sand, gravel and marl, with many silt teds along
the periphery.
The blota 1s typical of cool, fast streams. Tne flora

includes beds of Charz ©p.; the water moss, Forntinalls

antlpyretica; mare's-tail, Hlvpurls vulcar-is; water cress,

T B Il ] .y 3 ™ - ~ PN AR TN
Nasturtium officinale; pondweed, PTotamcseton Tectinntuss

i

tape-crass, Vallisneria sr., and some sparse mats of

Patracnoszcermun ronlliforme and Qedo~ornium sr.e Tre faunz
includes the typlcal cold water Torme., The Tilcsn precent

° . “r 2 B . AN el 5
are tre eastern slimy sculrin, Coltus commatus; northern

mottled sculvin, Cottus vairdil: drown trout, Salmn truting

rainbow trout, Ss:lme ~1irdnerii: brook trout, Jzlvelinu-s

)
3
ct
) Je

0 rn2lis and the Amerlean bron¥ lamorey, Zntssrhenuc

1

>

lamottenil. The anuzatlec 1Insects rresent are renresernted

bty the followln: orders; Cidonat:, Flecontera, Irnomerorternz,
Trichoptera, Coleoptera, Dirtera, Mezaloptera andi Heminrtero,

ODther 1Invertebrates tresent are arnelids, o2strorois =and
pelecynods.

™~ L] 4 4+
] e 4 -
Sumrlin- 842t iorns

Sixteen statlions within the test sectlon ol the stream



were estabtlished. 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 1sotope. The locztlon of the stations

is shown in Figure 1 and the descrintions of the stations

where routine collections were made are as follows:

Staticon 3

This statlion 1s P00 yards belcow the isotopre entry site
which 1s desicgnated Station 1. Statlon %, thus, 1s the
nezarest station to the isotove entry at which collectlions

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

"3

collection~ statlons. The averace water depth a2t this sitztion
is 12.8 1nches. The averace wildth is 25 feet., The stream totton
1s m2inly sand with sm2ller areas of gravel and silt,
veretation 1s sparse, with a total mean wet-welizht of 72
srams per 100 yards. The floral comrosition 1s as folleows:

. . . - =7
i Pontinnlis antiovreticn, 35%:

)

and Chnra sn., 147%7. The area 1s heavily shnaded by cedars and

tamaracks, The rate of water flow 1s retaried 2t this site

Station 8
Statlion 8 is 900 yards downsiream from Station 1, the
1sotove entry site., The downstream portion of this area is
J J
crossed by a bridze which is 1C:C yards helow Station 1.
This bridre serves as a dividins lire, subdividins the com-
o D 9, =

plete study area into an uvstream and downstream proriion,
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(99

Thus, Stations 1 throuzh 8, above the brid-e, are considered

tation 2 has the

L

to te the upstream half of the study area.
sreatest average.depth of the samplin: stations. 1Its averarce
deptnh is 17.2 inches. The avera~e width 1is 25 feet. Tnis
relatively narrow and deepd run supports a luxurious aguatic
plant crop. The vecetatlon represents a total mean wet
weizh% of 545 zrams vper 100 yards. The floral comrosition

includes filamentous algae, 51%; Fontinalis antirvratica, 277

t
s
@]

ectinatus, 47; and Chara

I
~/

den =n,, 5%; Potamoceton

3

mn

*

Station 12 1s 2540 yards telow Station 1. The sampling
area includes a long, stralght run at the urstream portion and
a snar? tend at the downspream portion. The averazses water
devth 2t this station 1is 13.3 inches. The avera-e widtn is
2% feet, The principle bottom type is cravel with silt beds
alons the verlvhery.

Cnara sp.e 1s the most abund=znt aguatic plant in this

Tre total mean wet welzht of the veretation 1s 572

)
'y
&)
o
-

crams mer 100 vards. Chara sp. revpresents 92% of thils mass

wnlle Fontinalis antipyretica accounts for 4% and

! : RS fo v e e
alrae for 2%. Potamorseton vectinatus patcnes are very soarss

dy 0.17 of the total wet welsnt,

The «ite of thls ctetlon 1s 3110 yards below 3uatio 1.
The sarvlirz area is a2 rapia riffle area havins the lezct

dertin of the ccllectir - stations., This shallow zrer lr=as uar
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averagre water depth of 12,2 inches. The width of the sanrlin:
area, however, 1s tne sreatest c¢f tne collectir.- stations;
the averare width beinz 29 feet., This wlde &nd enallcw run

of water suprorts the heaviest ajguatic rlant .-rewin, The

total mean wet welcht for the z2auatic vlants 1s L023,5 orans

rer 100 yards., The prirclral constituents are: Z-rtir:iis
artinyretica, 25.7%; Chara ep,, 25,1%; ®lcden on,, 14,1%;
Naesturtium officinale, 1%,1%7, filamentcus alrae, “.77; Hirvuris
vilcarts, 1.7%; and Po“zmoseton veciinatus, C.77. This ctatio
kas the lar-ect stands cof water cress, Iacsturtium officinale,

along tre Yon¥e, Witer cress 1s qguite srarce at tre urctre=as

statiors &ri seems to rrefe
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MEZTHODS AND PROCEDURES

clom=zes Estimate Techinloues

Aauatiec Plants

On Aucust 227 throush Aucust 30, 1960, a quantitative
study was. made of the équatic rlarts in the West Zranch of
the 3turieon River,

Tre entlire stream was divided Into transects which were

O yzrdes apvart., The transects were, in turn, subdivided
horizrmt«1ly into 3=Toot samrlins spots for the entlire width
of tne transect. In order to sample e=ach station, each 10C
yzris =ra-t, 1t wns decided that three trmnsects of plants
voeuld e collected, Thus, for St=tlon 1, trancect nuriors
17, 20, 2nd 30 were collected., Tzne truansect nurbers vere
selec* 23 randomrly to eliminate blacs,
re «aamples were collected stzrting atv the upper erd
of thne curvey aren and proceedinz downstrearm. Thne collection
was male with the Surber saquare-foot sampler, placed 2t ‘nreeo-
foct - *ervale nlonr the transect. The erntire vlant vorulz-
tion «reconnasced Ly the Surver samrpler was removed., Tre
swrvles were wasrel in the stream to remove debiric., Tre
s len were tren ce~rezated into taxcromlc tyres 2nd the

'ves rdevendently welrhed for each transact. The welisht

ct
[N
D

recor et “rom the Yeam balance was desicnasted as

(5]
D
e
ct
e
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.

wel-ht ¢ tre plant samrle. The welchits and compes
percer.t . ~~s are vrecented in Aprendix I.

Aquatt~ Treecte

Car 100 amis A0

An insect ticmess estimate was cotalred
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the exrerimental area., In order to rreserve specimens at

tre radiolcegical collecting stations, the estimate wes taren
at Statlon 1ll. The area was divided into flve transecis
wnich were, in turn, sutdivided hcrizont=2lly. The itransects
and the szmplin~ sites or the transects were plcred randomly.

The entire insect population encomnassed ty the Surber scuare-

Hy

oot sampler was removed. There were four rarndom samrlin:

five transects collected.

S‘J
(@]
H

sites on each transect and a tot

s of incsects

o1
»
D
O

Tne szmples were wWelzhed and tre pow

R
D

r

('\

zcre vere computed. The area of this sectlion was .20 acre

G )

Y
SLd)

H

arn
he S 504

The numerizal composition was czlculated by Kairsht (
wes not rerveated In this study. Thre blcmass estimate was
ovtzired for comvarison with that of trevious years. A tartle

£~ 4
i |9}

comparing the Invertebrate blcmass of trhe West EZranch of

R
(]

4]
[ON

Sturceon River for the yezrs 1952, 1959 and 1950 1is rresent

in Aprerndix II.

Tish

A fish bilomsss estimate was taren for Stations 7, 2, 17

and 14. At each statior, a 1CC y«urd rectlor wag samp

“ine-mech screen was installed both 2tove and below the camrlin;

section., The screen was rveriodiczlly brushed to rrevent
collaypse from debris accumulatiorn.

Electrical shockins was used to collect the samplec,
The unit was a 220 volt, DC cener=2tor mounted in a small,
flat-bottcmed skiff.

The flsh samrles were captured, clipped, ard returrned to

the stream. Tne number of clivred fisnh recarvtured mave an
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estimate of tre rercent recovery. The collectin: procedure
was continued urtll no further fish were cartured. The lovwest
rercent recovery wzs at Statlon 12 where orly 257 of the

clirped fisn were recaptured. The fish tilomass estimate 1is

presented in Appendix IITI.

Padiclo~ical Technigues

The 1sotore employed In the rresent study wes radiophos-

2
tThorus (PJE) whicnh is a teta ray emitter with a maximum enercy

a0}

of radiation of 1.7C wev. The P°° 1s produced by tne S(n,»)P
rezction in tre uranium plle a2t Cak Ridse, Tennessee at the

Oak Rid-e Yational Latoratory (Kamen, 1957). No appreciatle
gamma radlation 1s otservable and the beta emission intersity
can be cut to half-value bty 0.5 mm aluminum foll. Radlotrhos-
rhorus 1s a2 desirable tracer because it possesses a satislactory
half-1ife cof 14,3 days, 1t is rot danserous in minute quzntities
to the aoguatic orcanisms, and beczuse of its low volatility

ard loss urnder heat, Tne low velatility 1is desiratle beczuse

32,
I in the direstion trrocedures.

there 1s no aporeciatle loss of
The rhosphate anion was disscolved in weak hydrochloric

octore on July 5, 1980 was

[N
w

acid. The assayed value cf the

rercent milllicuries, Tne 1sotcre entered the

AV
N
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N

West Branch of the Sturseon River on July 5, 1950 at 9:3

a.m.

Borereson (1btid.) arnd Clifford (1959) have decscribed the

metlod of 1sotore entry intc the West Brancn of the Stursecn

2iver, The metkod consists of diluting the 1.1 ml. sclutior
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of P32 with 50 zallons of stream water in a 55--allon drum.
This sclution 1s sirhcned from the drum by a rpolyethylene
tube. The isotope erters the stream at a constant rate for
a 33-minute period. The flow of the stream a2t Station 1 1s
approximately 28 cublic feet per secord and this fisure ccm=-
bined with the rate of isotope entry sives the czlculated
concentration of tne 1sotope 1In the water. The calculated
value 1s approximately 1.22 x 10-5 microcuries ver mllliliter.
The amount of 1sotope used is in keeping with trhe maximum
permissible amount which may be used in water zccordinz to
the National Bureau of Standards (1953). The National Burezu
also states that rermissitle concentrations of radioactive

-

materials beyond the control zrea in water should be 107

microcurles per milliliter,

Measurement of Activiiy

The beta emisslions were measured with a Nuclear Measure-
ments Corporation Internal Flow Proportionzl Counter, PCC-1CA4,
which was courled to a2 deczde scaler (Model PC=-lA). Zach
morning a 30-minute backisround count wz2s made usirg an emrty
counting chamber. The backaorocund variled from aprroximately
48 to 51 counts per minute with 2 mean value of 50 ccunts
per minute. Samples were ccunted for a minimum of three

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

Correction Factcers

The actual ccunts obtaired are meanincless unle:s they
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can be compared with activities of other orcanisms. To con-
vert the actual counts to an absolute value of corrected counts
ver ﬁinute, several correction factors are applied to the raw
counts. The correction factors are given ty Robeck et al.
(1954).

Packground: The raw counts are affected by a2 certain
level of activity due to cosmic radiations or radioactive sub-
stances in the counting rocm. The mean baclkoround value of 50
counts per minute was, therefore, subtracted from all raw
counts to correct for the radioactivity recorded from sources
other than the samrle.

Volume factor: Due to the variatility in sample size,
comparable counts must have some constant value., To arrive
at this constant{ the recorded counts per minute, minus backe-
ground were divided by the weisht of the samrle in grams, or,
as in the case of water, by tre volume in millillters.

Decay factor: Due to the decrease of one-half of the
radlozactive atoms in a . sample in 14.3% days, counts must te
corrected for radionactive decay. Tables for calculation cf
radioactive decay are avallable from 1sotope surrliers,

The comparable corrected counts were arrived at by the
followinz method; where BG = backcround, VF = volume factor

and DF = decay facter:

Corrected counts per minute = (com - BG) x {(Vilx (DF)

It may be desirable to present the results in ta~ms of
microcuries, The ca2lculation outline from Foveck, et 1.

(1bid.! is =2c follows:
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10

1 curie (c) = 3.7 x 10 disintesrations per second (dovs

1 microcurie (uc) = 3.7 x 104 dps
= 2,22 x 10° dom

A -7
1 dpm = 1/2.22 ¥ 10° = 4,5 x 1077 je

1
~
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Ul
4
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The conversion factor (CF)

Micreocuries = (ecpm - B3) x (VF) x (DF) x (4,5 x 1C "),

N

tace and Rainfall

The fluctuation of the wmter level of the West Erarch
of the Stur~eon River was recorded for the duration of the
summer project. The depth variations were read from a water
level rau~e located two yards btelow Station 8 bridse., The
water level remalined constant with the exception of
rises of shert duration caused ny heavy rainfall,
presents the data for ralnfall and water level fluctuatiorn.
Excess water enterinsg the syvstem 1s carried through in Just
a few hours, and in cases of nisht rainfall, the excess water

was not detected as water level chance on the sau~e readins

the followlin:s mornin

<

Tield Procedures in Ccllecticn of Water Samnles

Primary small samples. On July 3, 1950 a fluorescein
dye was released at th2 1sotove entry rpoint to determine the
aporoximate arrival time of the ir-tope at the individusl
statlions. It was assumed that the dve would react to the

water currents in a similar manner

t 0
stations maintained for wiater-activity samplinc were Stations

)



Fizure 2. Comparlison of the rainfall and water
level for tne summer of 195C,
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3, 5, 8, 12, 14 and 15. Three stations, 8, 11 and 12, were
the sites of automatic water sampling devices constructed by
Dr. R. C. Ball.

Five minutes before the 1isotope release at Station 1,
the fluorescein dye was released to indicate to the collectors
that the 1sotope flow was avpproachins. At eacnh collecting
station additional dye was added to insure that the green
color would be visible at the lower collectins statlons,

At the upsiream stations, i.e., Stations 2, 5 and 8,
the water samples were collected at five-minute intervals
after the five-minute delay following the fluoresceln dye
flowe. The duration of the sampling time at the upstreanm
collecting stations was eighty minutes, The camples were
collected in clean, labeled 140 ml. vpolyethylene bottles.

Each bottle was 1hmed1ately capped and the collection time
was recorded.

At downstream Stations 12, 14 and 12, the primary samrples
were collected at ten-minute intervals., The duration of the
collecting time at Stations 12 and 14 was eishty minutes.

The duration of the collecting time at Station 135 was 160
mirutes. Station 15 was the check station to measure the
radioactivity that lelt the exrerimental arean, Tne samdling
of the downstiream statlons followed the same metho: as that

of the upstream stations, with the exceptlon of the collection
time intervals.,

Single large samvrles. When the pe=k of the 1sotye flow,

as calculated from rrevious years, reachsd the =tatior, a

latbelea,
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Plankton samples. At Statlions 2 ard 12, a vlankton
sample was collected. The sample rermltted determiration of
radlolcsical transportation in tarticulate mztter., A fine
mesh vlankton net, No. 2C bcltilns =11z, was weshed 1n the

~

stream before the dye reacrned the cstatiorn, Then Zurins the
1sotope flow, ten two-quart'jarr CT siream Wwotler were toured
threocugh the net., Five of trneze were tzien telore the cnol-
culated 1isotore peak flow and five were ta¥en after the cal-
culated pezk,

Autoratic pump samrles., Three automatic water-szamrling
devices were installed at Stations &, 11, and 17, The units
were basically six four-liter collectins btottles in 2 wooden
frame, a 12 velt battery, a 12C-11C volt inverter, a timer,
ard a small submersible pump. The arpzratus was so desizned
that when the first bottle was fllled, the water would e
routed Into the second bottle, 2nd sco on until 2ll six were
filled. 1In this way, the water was rumped into the btecttles
at prescribed times. Durine the lsotrre flow, the pumrs
were synchronized 2ard collectied wnter samples at fifteen-
rinute intervals., The four-liter prclyethylene bottles were

cavred and tzken to *the latorztiory or radinlecincal aralysic,

Lahoratory P'rorecsins of Water Samrles

2

The vreparation of the samrles feor radiclosiczl aralysis
follows a modifled version cf tre methods cursest=d ty Fobec),

_e_t;ﬁ-_lo (ibido\o

Primary sm=2ll samples. Three milliliters of cconc=ntrated

nitric acid was =2dded tc the 14C milliliter szmple ncttle,
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Tre bottle was ther shaken theroucsnly, 2 50 rnl, subsamrle mea-
sﬁred into a 150 ml, beaker, The wazter in the leaker was
evarorated on 2 hot tloate until the samtle Juct ~overed the
bottom o¢f tne beaker and was then poured Into a stainless
steel counting vlancnet., The 150 ml. he-er was woazhed with
2N nitric acld., The sides of the btenker were scranred with a
rubber policeman and the remaining drors removed with =2
medicire drorrer. The contents of tre rlarchet were evapor=-
ated to dryrness on a hot plate, then vlaceZ2 in a covered
aluminur pan ard transferred to the cournting room where the

ivity of the suample was determined.

D

3

Sinsle larzse samples. A 50C ml, subsamrle was taren
rom each of the liter bottles collected 2t the calculated
reak activity flow. The 500 ml, subsamrle was {iltered
throuch an HA, 47 mm, Millipore fillter, The fllirate was
then placed in a beaker and evavorzated urtil crly 2 trkin layer
was left on the bottom of the teaker, The contents were
then emntlied intec a plarrchet and the bteaker was wasned with

C.l1N nitric actd. The washings were also emrtled iIntc the

plarnchet, evaporated tc dryness, then rlaced in 2 muflle fur=-
r\"‘o Pad 4 L
nace at 725 for two minutes,

The original osurcample (minus the filtrate’, wiith *he
f1lter intact, wnz then washed with C,13 nltric aclds  Tris
wis done to remove tn= adsorbed aectivity., The acsored?

2cuivity diffe~s from biologically lIncorporated actlvl -~ 1n
that it adheres to surfaces and 1s not incorrorated Into the

r~anlsm. The second f1lltrate was then prlaced 1n 2 separnte



rlanchet whilch was treated 1In the same moanner as tne first
filtrate,

The {ilter pad containing only the solidi particles from

ct
oy
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the water was removed and placed in a planchet., Tue to
re val 0¢ adsorbed activity, these s50lid partiecles possessed
only bilologically lncorvporzated activity. Concentrated nitric
acid was added to the filter pad in the planchet which was
placed under a2 heat lamp ard additlional acid z2dded until
the filter pad was comrletely digested. The prlanchet was
ther placed in the muffle furnace, heated, and then counted.
Plankton samples. The plankton samples were evaporated
until 1little residue remalned in the bottom of the beaker,
The méterIQI was then transferred to a planchet, muffled
andi counted,
Automntic pumv samples, Twenty milliliters of concen=
trated hydrochloric acid were added to the four-liter roly-
ethylene hottles and the bottles thorouchly shaker., A 500
ml., subsample was removed and flltered 1in tre Millivore filter.
The filtrate was placed in a teaker and ev&po”wtpi until only
a small amount .of sample remained. The contents were then
transferred to 4 tlanchet, the beaker washed and scraved and.
the washine added to the planchet, The content: of the

planchet were evaporated and muffled.

Parinhyton

In preliminary investizations of the strr2am in 1953

(Clifford, 1bid,) the verivhyton growth was slcw to beconme




estabdlished on the artificial substrates., In 22 effort to in-
crease Terlvhyton growth, an inorranic fertilizer was added

to the stream to provide 2 sufficient zrowtn for radiolosical
examination durinz the 1959 experiment (¥Knicht, itid,).

DPurin=+ the 1950 investization, fertilizer a-ain was added,
Ertween June 2% and June 29, 240 rpounis of dlammonium phos-
vnnte had heen added to the experimental area, One-=half of
the Tertilizer was added at 5t241on 1 and the remzininz 120

ouris was added Just above Station 7.

]

'y

L he) 1
: Perivhvtor

N

13 Pronedures in Collection nf

D

The nerivhyton was collected by means of rlexlislass

rintes which served =2 ubstrates unon which rerivhyton could

ul
44}

srow, This mave A base of Yrnown aren which could b2 removed
ensily from the stream and from which the attached material
could be removed, welched and examined for the presence of
tne 1sotore, Six plates 7 millimeters thicy, with an area of
1.4 decimeters (2" x 5") were attached tn a horizontal cross-
bar which was In turn attached to a steel post and lowered
Irto the water.

The periphyton growths were started two weexs prior to
tne 1sotore entry. The statlons used as collactiin: sites

were 7, 8, 12 and 14,

©

Statlons 3, 8, 12 and 14 each had 2 rack of 15 plates
in the water when the 1sotope passed throuch the system.
Trne substrates which experlenced the direct isotore flow ware

called "in" units. The "in" units were collected Tour hours

2fter i30tone entry and weekly therezfler on Mondars,
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A control vrocedure was utllized by vlacins one rask of

2

at St2ation 8 and at Station 12 arproximately nine

u
w2

15 rlate:
hours after the water mass contalninz the 1sotope had pacssed

< 1 T
v

throcusnh the system. These subtstrates which were not in the

"

1cotore flow were desiznated "out"” units. The "out'units

were collected 24 hours after ths 1sotove entry and weelkly
thereafter on Wednesdays. Statilons 3%, &, 12 and 14 thus had

2 rack of 15 rlates desicnated as "in" units., Stations 8 and
12, in a2ddition to the "in" units, each had a2 rack of 15 plates
designated as "out" units.

Two plates were removed from thne cross-ktars at each
station and were 1mmediately revdlaced by new ones for later
collections, 1Insects and other aaguatic invertebrates were
removed ‘rom the plates, then the substrates were wrapped in

polyethylene sheeting and taken to the laboratory.

Laboratory Processincs of Perirhvten

The verlphston was scraped off ithe plates and into a
bezker wlth a volished class slide. The wet welght of the
verivhyton was determined as follows: the wet welght of a
47 mm membrane filter was flrst obtained by pouring 20 ml. of
distilled water Into the Cilter apparatus with the vzeouum
Tump runninz: the vamp was allowed to run for 1% seconds,

my

The Ti1lter was placed in a clean planchet 2and welrsied. The
periphyton was vpoured into the fillter apparatus whi-h corntalin-
ed the previously welched filter vaner. The filter zwraratus
was rinsed with % ml, of C,Olll hydrochloric =2acld, This was
followed by a second rinse of 5 ml, of di=t1lled wnter, Fi1f-

1

teen seconds after the fllter was obsarved to he fres of wa
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the pump was turned off., Tne fillter was removed and prlaced
in the eame nlanchet and this unit was welched.s The oricinal
vrlanchet and flillter weischt was subtracted, =iving the wetl

"live"

jay
[¢]

welzht of the periohyton. Thils was assumed to be t
wel-ht of the nerinhyton.
The sample was dligested by adding 15 ml. of concentrated

nitric acid, and heatinz the beaker on a hot plate, The

3

evavorated contents were then placed in a planchet, he

rlanchet was heated on the hot rlate until dry and then
vplacad In the muffle furnzce,

fauatic Plcs

t

nus

Fleld Procedures in Collectlion of Anuatic Plants

The collecting sites for aguatic plants were Stations 2,
5, 8, 172 and 14, Statlon 5 was used as the collecting site

for Nasturtium officinale as 1t was not present at Station =.

The rlants used In the study were Chara sv.; the vondweed,

Potamnreton rectinatuss water cress, Xasturtium nfficinale;

and the water moss, Foniinalils antlnvretiea, The {our asuatic

prlants were collected at each of the stations with the excer-
tlon of water cress,.

The plants were collected by huind, Insecis and aebris

ot

h

ct
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Wwere removed from

]

samples by washirg them 1n

D
9)]

-
SLrelill,

Y
[

The rcots were cdliscarded and only the leaves and st

]

for radioloizical aralysis. Samples were placed in coll ~tino

bottles with dilute formalin and talen to the laborator:-,

[

Laboratory Processine of Aauatic Plants
The vlants were tz2ken from the sample bottles and allcw-

ed to dry on vzprer towellins for flve minutes, then placed 'n

IS Were use
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The cu~ar Tlotation retred was fourd to be very effective
In ccllectin~ clizochaetes, This process consists of vlacirs
a handful of detritus in a2 wnite enarel pzn, Watler and surar

D)

are added, It was found that & few drors of dilute formalin
Tacilltated the rroces The orranisms wizzle to the surface
and can bve easily ccollected. They were vlaced 1n ceolliecting
bottles containing dilute Terxrelln and transvorted to the
latoratory.

Lareratery Procoassine of "Tnvertebrates and Larval Inaecta

The sarrles were flrst processed in a centrifure.

Seoreens vere warhed with distilled water ard set in rlace In
the centrifu~e, With the certrifuce turred to full =reed,
“ther were srun Tor 10 seconds, tlen allowed to come to a storv.

Tne centrifurse screens were then welrhed, The irsect cszmples
vere then added to the certrifurse screens and surjected tc

the ganme Lreatlment os the emrty screens. The welcht ol ire
nsects was then comruted by subtraciing tre xnown welsnt of
the screen “rom the combined weicht,

After welening, the insecis were transferred to & tlancrel,

1 s

covered witn nitrle ccid ard 1laced orn the not vlate, When
the eamrle wae completely digested, 1C drops of concentrated
nitric acid were added tec the planchet, evaporated to dryness

and muffled to red heat,

iust Trcecths
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™Meld Praocedures In Ceollection of A4nlt Irgsects

Cn July 12, July 25, ard Ausust 2, 13920, between tie

hours o7 @ p.ve. and 11 Te.m., collections cof mature insec’s



[
Jere made nt Tretios Gobhe nenry of 2 1iohy trear owlin oo Tileny
112t tube, Sirce ro electrinity woo =vallable 2t the
colleetins. voint, *he tower wan “urnicred Ty a 17 velt storare
tatbtery connected ‘o an rrerter, The ccllectlne Yoittle nona

talred tleces of cnlorof"vn-=cczred vaTer, s7ler thne twoe-ncur
calleocotines rerind, the botile wis rom tnrer Lo
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Tre mature Ingects were first serresated taroromically,
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the 1lrsects determined bty suttractins tne vlarshet welrnt

he irsects, still in the tlarnchet, were comnletely

covered with concent-nted nitric geld 2and nlaced on =2

rliate, Whern tle contents turned tlacl, on 2ddiitional 17
Trnve of Lne acld o were added and evarorated to diryrecr Tre
rtlanchet was then muffled 4o red heat,
Tizh
Ficld Trcroedures *n Cnlleptior of Figh
The engtern slimy s~ulpln, Crttuc comnatyc: thas rortiicrn
mottled seulrin, Cottus batrgit, and the Americn Yreoy lamrrey

i v b+ 3

LAl . Lo 4

i1 were collected terindleally, »rimarily

s w T o

2 a c:ocx on tre d=ta of vrevious years, Tohe 717 were

collec = T rmeons nf slentrie shoevinge, The cowWe >t woas

genercted oo U0 et T 7 everater ourted Inon ’
Valal - ] - + N . RS A e, TolE BN — s e i ‘. o= 3 + . .
tlat=totiores . e Yt were vlaced Yo ooomvid rootle
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containin~ dilute formalin and transoortsd to the laboratory.
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Laktoratory Processins of Chelate Samrles

The 140 ml. nand-collected samples were thorouchly mixed
and a subsample was removed and sent to tke Institute for
Fisheries Research, Ann Arbor, Michican for 1iron anclysis,

The remalnder of the sample wezs processed for countins, the
methods for which were described earlier.

The four-liter samples obtained from the zutomatic sampl-
ing devices were shaken thoroughly and 25 ml. of concentrated
hydrochlcric acid added to each. A subsample was removed
and sent to the Institute for Fisheries Resezrch, Ann Arbor,
Michigan for 1ron analysis. The remainder of the sample was

processed for activity as described earlier.

Total Phesrthorus

Water

Al

4

ield Procedures in Ccllection of Total Phosrhorus Water Sampnles

]

Water samples were collected for total vhosphorus analysis,
bty hand and by the automatic samplling devices. Thé kand-
collected samples were takern on July 7, 1950 at flve-mlnute
intervals for a period of two hours. These samples were'taken
simultaneously with the chelate samples, The collecting
stations for these samples were Statlons 12 and 14,

Tne automatic sampling devices ccllected water samrles
from July 5 to July 8, 1660, The devices were located at
Stations 8, 11 ard 12. ’

Laboratory Processing of Total Phosthorus Water S:mpl-os

The 140 ml, band-collected samples were mixed -“norouchly.

A subsample was removed and sent to the Institute for Fisherles
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Pesearch in Anr. Artcr, Michigan for phosvhorus analysis. The

. rd
remaiinder of the snmple was analyzed for trace p’?

vhosphorus
by the same methods used for water hand samples.

The four-liter samples obtained from the z2utom=z2tiic
sampling devices were shaken thoroughly and 2?5 ml. of con=
centrated hydrochloric acid was added. Approximately two
liters of this sample was removed and sent to the Institute
for Fisherles Pesearch in Anrn Arbor, Michlgan feor phosphorus
anralysis, The remzinder of the samrle was analyzed for
radlcphosrhorus by the same methods used for water hand

samvles,
Biota

Fileld and Laboratory Procedures for Total Phosphorus Riota

Samples

Revresentative srecimens of the tiotic community were
collécted.from Station 14, The specimens viere placed in
dilute formalin dnd sent to the Institute for Filsherles
Research for prosthorus analysis. Arpendix IV prresents the
analysis.

The fauna srtecimers included: Erhemerella cornuta,

Eohemerella needhami, Hvydropsycke sr., Gammarus sv,, Heva-

genia sp., Atrheriy variecata, Simulium sv., Brachycentrus so.,

Bl il

Pteronarcys sr., Phyes sp., Cottus cognatus, Salvelinus

fontinalls, Chrulliodes sp., and Fntcsphenus lamottenii., The

IS
e

flora samvles included: Chara sp., Fontinalis antivyreticsz,

Potamozeton rertinatus, and Nasturtium officinale,




ZESULTS AND DISCUSSICY

Padiolorical

When a radioisotovre is released into a stream, its trans-
vortation follows the vhyslical and biological prathyways of
that stream., The current, pools, and riffles direct the
translocation of the isotope at a fairly rapid rate throuch
trhe stream. However, detectable amountis of the 1sotore remain
In the lotic system for an aprprecliable length of time. Much
of the 1lsotore 1s immediately accumulated by the stream bilotza.

Fresh-water orsanlsms may accunulate 1sotcres 1In three
ways: throuch adsorption to the surface area, throuzn absorp-
tion from the sur"o?nding redium, or tnroush inzestion as food
(Krumholz and Fostar, 1357),

The physic2l nnd biolocical factors of the stream wlll be
described in “he fcllowing sectlon. The dnysical influeance -
will be presentec 1rn the section dealing with water, The
biological effects of radiolsotope transliocation willl be pre-
sented in the sectlons concerned with populaticn ecolory.
Woter

Current is orne of the most important factors concerning
11fe in a stream., Thus, maay of the nutrlent elements are
derived from the headwaters and enterins tributaries. Sone
ol the nutrient elements, however, 2are derived frcm 2:1tolytic
or bacterial decomrosition of orcanie debris. Rar-es (1957

found that bacterlial decompositioh of nrrariec debris was a

factor in returmirns laorsanic prhnosphorus to the urner waters
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0f the se2, In thls connectlion, one could pilcture some of
the lsotope flowinz directly throuch the system and after a

time laps sm2ll amounts of the 1sotope would reanpear after

(D

havint teen biolosmically 1Incorrorated and then decomrosed.

Fisure= ? and 4 present the flow of the isotore throush
the system. There can te seen 1In the curves for the upstrean
st2tions, 1.e., Statlons 3, 5 and 8, that there 1s a direct
time relationship between the arrival of the preak activity
and the st2tlon's distance from the isotope entry point. The

downstream stations, 1i.&, Stations 12, 14 and 16, show that
Vmuch of the radiolisotone has been removed from the main

stream flow., Station 12, which 1s 2540 yards from the 1sotope
entry to'nt, shows that at least 64% of the original amount

0f the lsotopne has been removed from the water flow, Evlidence
will be offered In the followin= sectlons indicatines that much
of this removed 1sotove 1s blolosleally 1ncorporated.

Mlzure 5 presents the data zathered from the contlnuous
automatic samrliny devicess The counts are recorded as
corrected counts per 5C0 ml., to avold the confusion of using
fractional counts.

I the 1snotore had remnlned in vools or other diverslons
2s free 2ctivity in the witer rather than in some other form,

the curves In Ficure 5 would be exvected to show sreate

3

fluctunations, The wvariabllity of the curves in Fli-ure 5 2re
nplaced In paerznective by noting thnt the 2a:tivity Is expressed
in counts ver 500 ml. in orposition to the water 2o:ivities
0f the m2in isctope fiow of Picures 3 and 4 which 2re exprescs-

ed in counts nrer milliliter, Tt ¢

&)
&)
3

r3
{0

3
D
3
o+
)
3
O
03
T}
i
]
j -
3
)
J



™gure %, Totz2l water activity at urs
inz Stations %, 5 and 8 during the S
All counts were corrected for tacrs

renm collect=-
are cf icotore,
~ound and decay,
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that In samplins an a2pproximate Q0%
activity decrease occurrei in the samples obtalned from the
sampling devices. It 1s belleved that tre draztlie los:s of
Isotere from the main stream of 1sotope Tlow 1s due
lozical incorvoratlon or adsorption.

Tne adsorrtlon Factor can account for much of the 1ast
1sotore., Filsure © shnis the soluble 1sotore, the 2dsoroed
lsotoce, 2nd the isotope that 1s incorrorated within partizu-
late matter, such as dlatoms or bacterla, Thess small orzan-
is may be Incested by other animals or mry settle to the
tottom, thereby removiag the activity they carry from the
water flow. The adsorbed value for Station 12 was
than the total water activity for Station 12 in Fisure 7.
Tnis difference was probably due to sampling error as the
veak total water activity sample was not, in thls case, from
the same sample that was used for determlination of solids.

Trhe vlankton s2mples hnd extremely low acilivities, The

in the thousandth count rer ml, rarce, The

activity was
activities may have nnd different ranges 1f the samples were

procesced for sollds determination rather than evarneating
the samples and computinzg the activities on millilite~ basti-,.
The actual courts ver minute for Statlon: - and 12 were 3435
and 292 resvectively., This 1low activity may hav: alzsn teen
due to the dislodsiny of the adsorved activity »n the rarticu-
l2te muitier wnen rew snmpnles are ptoured 1nto the olariton net,
Tre sam~len wore Laven 12 inches teloaw the surfice 2ni this

also rmay have 2 1imitine effect on the carturiar of the ~ailo-
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7 Tot2l vnezk water actlivitlies at the various

e [ 3

Counts were corrected for b2ckcoround and
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active marticulate matter,

The peal¥ activitlies were exvected to
Isotore=bearincs water mass traveled downs

aetivity at Station 8 (Fizure 7)Y, however,

dimin
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Vias

TeAln

pRadel

4

greaLer

t.
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that recorded 2% Statlon 2., This n2berrancy may be dues, in
part, to samplines variablility or error. For example, 1t was

water mass Iin the center of

found that the
tained more neotivity than the eddy areas o

stream,

ous samples across the stream but the resulits o

could rot be to these collenctione,

£

This farct was broucht out in the takineg o

the

stren
stlde

—

Ferivhyton

Perirvhytorn, or aufwuchs, are attacned nrzanisms whilch
cling to stems, lraves or other surfaces (Ndum, 1059, Con=-
sidieravle lnterest revolves around rerivhyton activities, =2s
they are ¥ey orsanisms in the food chzin., The perirhyton
population on the artificial substrates 1a the West Eranzh of
the Sturzeon Piver 1s compnosed princirally of diztoms
(Ciifford, 1ibid.). Accordinz to Clifford,. Svnedra ulna is

the most abundant form,

Periohyton is important not only for
food welb, but 21gco for lts Isotope zceumul

(1059 rajiosactive

Denaldson

auic¥ly tarxen upd by alsae and these alzae
centrating the »adioactive materials morno
times the z2mount of the railocotive substno

surroundin

o
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+
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Firures S and 9 show the rarvid and larce 2ccumulation

by perivhvton of the radiophosvhorus,. re rerlioh:
'

for Fizures 8 and 9, come from the rerirhy-orn -rowths which

were started *two weeils pdrleor to the 1sctope entr,;. Tne sub-

strates remalned in the water during the isotore =iditilon,

Station 14, thrhe furthest downstiream statlon from %Hhe
9

'3

nint of 1isoto

4

“vr ~ t + < a
e entry, shows greater isotore accumulation

—

12

Firures Y and 9 on

[©]
3
joN

ors 8

—

than the intermedliary Stat

the first collectlon dazy, l.e., the 42y of lcotore entrance,

o

The radioisoteone was present when 1t rassed Staticens & and 12

cf
2o

but 1t may have been adsorbed on varticulate mztter. Thils
adsorbed activity may then have equilibrated or exchanied
Pip for the stabtle phosphorus and taus tecoxze avallable for
periohyton uptake at Station 14, A further exvlanation for
the uptake variatlion may be provided by the locitlons of tae
rerirnyton collection ndparztus. The verinhyicn sizkes =zt
Station 14 were in ~1ffle areas wnile the stal¥es at bot!
Station 2 ard 12 were in pool 2areas, The current of the riffle
area may have induced particulate matter =2nuillbration by
constant arttation,

The reneral ticture, however, demonstrates the radlovnos-
rhorus accumulatiecr 2bliities of perivnyton. The Initizl
counts ranced from 5,500 to 27,000 counts per mirute rer sram,
The counts after a 72-hour verlod ranced frem 1,400 to 12,EC80
counts per minute ver rram,

Ixeamanse and Peaxeneration

It was snown (Fisure 4) that 6  of the -r-izinal nnount
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Flrure 3, Letivity of veripnyton at Stations * and 2,
The substrates rem2insd in the water durinz 1sotores treat-
ment. Counts were corrected for tac¥sround and dec=y.
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Pirure O, Apntivity of verirnyton nt Stations 12 =nd 14,
The subatrates remiined in the water durins isotove treat-

mente  Counts were corrected for baciorourd and decay,
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of isotope was removed from the malin water flow by the time
the water mass reached Station 12. Comparlng the curves for
Station % (Ficure 3) and Statlion 14 (Figure 4) shows that
approxlmately 8C% of the original amount of the isotope was
retained in thé samplins area., Avpproximately 9C% of the
orizinal amount of isotove was retained in the area between
Stations 3 and 16. Flcure 6 presented a picture of the ad-
sorrction of radiophosthorus from the water., The traceable
vhosvhorus, however, reavvears throughout the summer, The
recurrinz radlorhosvhorus is telieved to be recenerated
(re=-cycled) vhosphorus that leaves the bilotic element and
re-enters the stream water after the orizinal dosaze. The
re-cycling of tvhosphorus was arparent in the activity curves
of several of the organlems collected throushout the sumnmer,

-,
A {

mental plant for showe

[

R h) + 13
Terinphyton 1s an excellent

4]

”

ner
ing the recenerutlon of radiophosvhorus In the stream, In

4

the section on rerirhyton methods, there w2s presented

collect-
ir.- veocedures for "in" units and "out"” units., These peri-

tavton units rerreseat those substirates that were in contact
with the inltial isotove=bearinz water mass ("in" uaits)

and thone that waere placad in the stiream after the lsotone-
pearin~ water mzss had passed throush the stream ("out” units).
An an2lysis of the two different treatments of nerirhyton

substrates indicates the effents of radlorhosrhorus rezenera=-

Firures 10 2ard 11 present a2 comparlson of the rer-sentasen
of activity, in counte rer minute ver gram, to the initial
t

collection activityr, The activity of the first collectin-



Wl

(s}

Fizure 1C. Comrarison of the masrnitude o retalned and

recenerated radicnhesthorus to the irnitial =mctivity of tne
Tirst collectin~ day at Station 8., The astivity of ti

first collectins day was considered to te 100%,

s
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Figure 11l. Comparison of the masnitude of retained 2nd re-
cenerated radiophosphorus’ to the initial activity of the
first cellectins day at Statisn 12, Tae activity of the
first collectins day was consldered to bte 100%.
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day was considered to be 1007, The Tirst collectins day for

units was July 5. Tne flrst collectins day for the

"out’

~

units was July ¢. The activities of these units on

July 5 and July 5 was considered to be 1007, and the activities
0f the unlts cnllected later durine the study were compared

b

to the actlivities of the {irst collecting doy. From thes

n
{1y

Tisures, there auvrears to be some »adlovhosvhorus rezenerated
throushout the summer, The percentase of activity 1s exvectad
to decrease (with no increase), 1f there were no rerceneratlor,
There 1s 2 zeneral decrease due to tlolosliecnl dilution, e.m.,
crowtn of cello, tnyslecal dilution and the loss of old cellc,

‘owever, Flrures 10 and 11 show that there are some very

zarked inereases in activity throurshout the summer. The "in”
urits for Station 2 show 2n increase in activity of 7% on

units wnich were exzosed onl:r to

vity, gshiow thet cornsllieratYle arounis of rea

- . . Ny~ - va e . "o e
il thincthorus s presernts The "out’ units at Station

R SNYIR

W . . [ R R < Ty <~ ) o)
S chow o 1777 activity inerease on July 20, 1856C,

Trure 17 rervresente 2 comrocite victure of the avernced

[ "

activitics Tor tre "in” units and "out” urite of Stztiors 2

and 12, The dnta Tor the indlvidual substrates of Filoure 10

aai in" units of 3tatlens 7 oand 14 1s presented in Avverdly
- 1" " R - - . .
Ve The "In" urnite of Staticer & Lod 2n increase 2s late g

Aurus® 1, Fror these qata there seems Lo be no upstre: -
dowretream gl Terentiatlion otrer thar the evvecled decr-a:

In masrituie of thne cetivity cue Lo deeczy and biololenld
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ravidly a

decreasec nd then
tne snrall ircreases, the da
at wyrprovimately 500 correc
July 15, 1940,

There are, as yet, few
initizl hich activities of

tiologsical fac

b - 1 N
The mecrnenism

P
ior

tion may be due ¢ physical

cell metatoliesm (Coffin, et

tivity may be 2dscorbed on
inecervemated into the rroto

Correll (1901), worrxing wit

-
exyrey

R
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arvears to level cut. side Trom

te averase out to a plateau level

pe

counts minute, beyond

conclsive explanations for thre

tre first collecting day

tors nave been explored ty varlous

the 1nitial uptake ard accunrula-

processes unconnected with active

164G) Thus, the injtial

—_C b
tne surface of the cell and not
rlasm (0dum, et 2l., 1958,

n synchronized cultures of Annkaena

found trnat small anmountis ef radloactlvity were found in susr=
FED, ADP and orirovhecsrnate, while the polytlica-
ricte won very -a2dloactive, Correll (1tld.) also eoncluded
that tre total rvhosthorus of trhe cells was prircivrally hzl?
rolyrrosriintes ard half crthorhesrhate, The vercent of the
rincrneoartrate declined sharyly with ace,
Tre Inttitl hich z2ctivities may be due to rhysical and

Yolao-teal Tuecteres The radicartive vhosvhnte icn may bve
adeceied crtn thie verivnvton cells, The tracenble orinhorthos-
vrate oo o immedlately incorvorated blolorsically bty dros-
riiorylation or may te vresent ns the crthophosynate ion.

The el cocvmulation may oive some insicsht Into the re-
generction effert, The 2dscrued phosrhate can te relezsed
thrcu.-rout the otudy area by dentk of the cell or conntant
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washins in the currents. The bioleglic=2lly incorvorated radio-
thosrhates may be distrituted via death, growth, 2nd reonrc-
ductlon, Tne rnetive orthorherorhate withidn the cell ma
eaullicrated or exchanced with the water for the stable ortho-

rhosrvhate, The rvhesrhate within the cells, in any form other

tren orthovhosvrate, 15 Trotsbly unavallabvle for direct relesse

into the system, Thls 1s due to the crerzy required to “orm
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et 2l,, 1952) and these

comrounds ure thus reizcined within the cell,
Variation in ?{? Urtzake by Perirtrhyton

In order 1o determine to wrat extent the concentration
of rodiovhosthorus varlied amonz veriphyteon samprles collected
2t the same statlon and at the same time, a duvlicate samrie
was taken, Tae cetlvity curves chown in Flsures 13 and 14
illustrate trie varlation of the durlicate samples. The data
ottalned irdicated tkhat scme samples had largce varlations.

Trne activity for the tuo samples 2t Station & on July 25
varled by mere taan 1C0 ccurts. The activity counts for the
two samnles at Statlon 14 on July 25 were bteth zero. Thls
date, July 2%, which i1s 20 duys «lter 1sotovpe entsry, may e
the veint 2t which the crizirzl lsctope retained hos been
hrtorn, The achtivities for other svecimens
collected Auring this time indlente that the courntins coulo-
rent was functiorins correctly. The Increases in activity
after July 25 may be due to regernerscted activity.

Severnl factors may be resnonsible for the veriation of
the perinnyteon sariles: 1) The vositlon of the suobstrates in

the strean., Tt wns noted that the rnlates in the riffle arezas



Ficure 17, Activity of verirhyton at Station 2, The
rerlztion of thae oube thin routine samrles it
snown, Tre routine sists of a set of four sub-
strotec,  Counts were ceorrected for kackoround and decnv,
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=t Station 14, The

; a W ~cutine saryles 1s shown.
e roui 3 le 5l (o et of four substrates,
Counta were corrected Tor bzcer:oround zrd decsayr,
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Llthousrh

lers-th of time, thelr povulaticns
different.

porulaticns also may have varled due to alfferent tavwonoml

tyres whi

r reriphyton growths, 2 irfe 2rd mewutalism

e. The substrates mzy 2lso have differed 1in

young cells to old cells, It is ¥rown that

dly crowing indlviduals cccurnlate relatively
2 .
f P’% than the clder, more clowly metabcllizins

durlicate subcstrztes were In the siream tne

. -

ch comvosed the Individual samrles.

Agquatic Plants

The

aquatic plants differ “rom <he vrerichytor tasically

by the vrossesslion of roots or rcot-like struc-ures.

logically, the aguatic plants differ from the

the accoul

?2) Species composition., Trne metztolism of

(@]

’rsio-

sition of nutrilents throurh the roeo*t struscture

reritnyton bt

IS

S

well as the foliage., The pvartlclration of =2 rootenutrient

method plays an imvorgtant rcle in the r2<lolsotore unizie,

Activity
expected

tottom.

ing very
hearinecs

the Joint

bottem ty

nuclides.

curves differing from trose of rerirnyton cr

due to the relationchic of the rcote and the

Jitts (1959) found that silis =re carzatle of

large cuantities of phosthztes, At Corzressi-

in 1959 of the special sutcormmittee on radlation o
Committee on Atomic Enersy, 1t was found *thzt some
'pes can absort as much as 443 of the adde radio-

Carritt 2nd Goodran (13854 have demonat:ited that

rrhosthate 1c¢ =2dsorbted by silt in two stzrses: the Ti-n

teins temrorary while the second staze Is more rerm=an

¢ .~
+ 1
0
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duration., Jitts (1tid.) susgests that the second, mcre rer-
rarert adscrptlion 1s due to a graduzl rhrrsical rernetrztlcn
of the phosphate lons into the lattices of tne ninerzl con-
stituents of the =silt.

BRecause of the important central rcle ¢f prosrhorus in

tire metabclic activities of tre cell, 1t 1s imrortart to

tate that the uptzke of the rhosrhate lons ray not necescsar-

D
o]
(@]
b
e
0

11y be comrletely inderendent from other factors., Met=2
rhosrhorus 1s involved in the transfer of enercy for the

ocess of ion zccumulation (Hagern, 1952), Some rlurt rocts,

3
)

" + 3

however, have what 1is called "avparent free space" in the
roots (Boyer, 1956), This free srace 1s 2 possible cite

for simple 1lonic exchance. However, the radiorhesrhorus

exchange may not pass 1Into and out of the cell as trovortlon-

O
ri

ately as does water (Dainty zand Hope, 1659), Tainty, Hore

joV

[

)

b=ty

[q]

'y
]

and Denby (19460) found that some ionic exchanges show
ences in the rermeabllities based on the concentrations c¢f
otrer fons. In particular, the investicaters found that the
arount of sodium incorporated within the cell wall of Chara
austrzlis was a furction neot only of the concerntration of
sodium but also of c2leciunm concentration in the external
sclution,

Thus the radiorhcsthorus urtake by a2cguatic rla is no
as simrle as the ingestion method of the insects, There are

sever2l locl for uptake; roots, stems 2ard leaves, Untzke

may be due to external adsorption, simrle ionlc exchzace, or

D

rnercy reaulring lon accumulation--or any combination of trese

methods,



Fontinalis antivryretica, Fontinzlis is the water mess

found ~rowins on the stream bottom, logcs or calezirecus clumrs
It was frequently ccllected in dense mats which were irhatited
by various larv<l insects The upstrean collecting Stations
3 and &, show a dramatic increase in activity on Aurust 722,
19¢0 (Fizure 15), The other stations show a steziy decline
In activity excert for several slicht incre=ases, The !rncreazses
in activity are probably due to the nccumulation of radiorhos-
vhorus in the stream becttom or recenerated radicvrrosphorus,
There was no evidence of inaccuracy due to the courtinz equir-
ment as the zctivity of the statlons varied for 211 samvles
and there w=2s no cdefinite increase in activitr fcr =211 samples
on Aursnct 27,

Eetween Aurust § and Aucust 29, there were Tlve reccrded
rainfalls, This additionnl water may have dilsturted the
bottom and the arsitation may account fer the additionzl
activity 1increases; however, if this were the case the down-
stream stations would bte expected to &lso show an increace
in activity. The rather larce increace in activity for the
upstream stations may nave teen iue to the che
en “re downstream statlons, makinz the uystrear o-

appear hisher, or to the rreater amount of 1sntore held in

L

the uvorer portion of the samvling area,

Chara sp. Chara 1s the predominant plant, ¢1 2 bloxn:ss

basls, in the West Branch of the Sturceon FPilver. "t wozs
found growlnc In dense mats which were wldely scattered.

The activity curves (Filzure 14) are similar to those »°
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“irure 15, Aetivity of Foatiralis at Statloans 2%, 8, 12
and 14, for the entire study period. Counts were rarrected
for O’“’~“O”“i andi decay
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Firure 15, A~tivity of Chara at
14 for tre entire study per-iod,
for bhackeoround and decay.
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Fontinalias with 2 few larce veaks arrivins Jate in the study

The CThara pealks, hovever, show no upsiream-dnwnstren
" The location of the Chara mats may te reanonslitcle

Tor the 20tivity curves 2t the reemective

roda o “atiora 2 oand 14 were in shaillow

E PR | [ag - 3 A . - % 3 ~
c“reas, whlle 2ot Stetlions 2 and 192, the keds wera In deocrar
o & ~ S~ . B B -~ . m ~ - - 4 -~ i e - o
wter rear thoe 13476 of the stream, Tre Cnrara 28 Ttatliorns

and 12 had astivity ocurves whizh ineclude a2t least ane nolint
2t Wwnlen the corrected count was gver 520 ec,T.me Stotlieon 2

4 a ~2vimun count n0€ 4324 c,reme 2n1d Station 14 had a moving

ts ner minute rer eroanm

In =»1vrel bottom areas

; e .. ) ,
trhe radinsrvaecsriorus bound by the
/"/j 1

. P an T . v + T B I+ anad

aveilarle teo She Frtamo~eten, Little ¢ ts neld by the gand
AR ORI e e .

I 32 vr . ; - I o - res e [SEOIA! my. 2 - 3
(Fnodirn, Ymrnetonrt and Timofeev=Fexnveyy, 10959Y,  This may be

R [

2 Toscible cvnlanation for the a2stivity curvea chiown in

v ~ - - N PN - . 3 Y 5
e 1T fom Petapacedton which 40 notl show the con
—_ pas

L i eyt 1 Y Y =y 70N e 2 1 t a4 74
vairiaptlity chewm by Chara (Flruse 100 whnileh inhnblts oilt
=

v DR R Ve < - . -
.

tedis, The corrented counts for Poinmor=tan samrlec cnllecte!
R L B g e T - ~1 ~ - 2 3
after turungt 14, 19500 were nern Two ~11~ht pei)s which




Tlrurce 1740 Aetivity for Botame~etan ot Siatlane 5 5
17 and 14 for the entire siudy ve-lni. Counts were cor-
reanted for backoround and decayr,
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exchance of P- for PEl, would apvear not to be n satisfactory
explaration for Statlon 3. Statlon 2 1s 200 yards below the
site of 1sotore entry and, presumably, with the ravid current,
much of the activity of this uppver area should have been re-

moved by July 25. However, the curve for Fontinnlic at Sta-

tion 7 (Fl-ure 15) shows that there 1s a larrse =2mount of
activity still present in the upstream portion of the stiream
as late as Aucust 22,

-

nasturtium officinale., Water cress, lNastu-~tiun, inhabtit-

ed the sllt and debris deposits., As water cress was not Tound
at Station 2, most collections were made at Station 5, the

rrext closest station at which Nazturtiur was found., The

activity curves for MNasturtium show large fluctuatlions in the

latter part of the collecting season (Flsure 15)., Tne perlods

counte fTor 3tations 8, 12 and 14 durlnz the latter weells of
samrlin~ exceed the initial activities of these resrecctive
st2ticns on July 5. This latter increase in activities 1s

due rrobadly to the radliovhosphorus collection in the c¢ilt

2
«t
e
)
<
v

-
IO

and detris in which they are rooted. TFurther
collected on the last day of samplines, September 5, 1370,
demonstrates that the accumulation of radlorhssdherus by thne
stream bottom 1s on actual vhenomenon. Some of

. - + + -~ Y - B bl ~1
for detritus and stiream vottom ran as nich as

,J.
¥
bl
I&d
e
-::
e
+
3
=
3
4
.

the totsom erinals do not concentrate tn?
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Fimure 18, Activity of Nasturtiun at Stat
and 14, for the entire study veriod. Coun
for backsground and decny.
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ricio~rinnl assimilatien as 4o lhe asuati~ rlante, +the snan
avre anrc~tdered tn he relativelsr Tarca, v cranre thn con’ia
mround ecoyt incs Aurines thnls latier cart o7 the SEoNS IS
cnow Lar-a activities the courts Were correctad Tor
decav, Arverdiv WV ovresents tha data of MNasty-riioe i
corrected for welsni tut not for denny <nd wanlerrouri, Th
data shouws thet some of the larice vealrg of ~ntiviis in the
lJatter stares of *he s*uiy were due to tla0t antivite wni

nthers apnear to bhe due to courtins eauloment error, The

antivity fFo» Statiarn £ on turust 29 armearnn Yo e due to

nlant arntivity while the actlivier “or St ion 1% on Aurmot

e v

rs to be due to countins eaninment err-or,

~i1 [EoR = 0%

~heuld be aotated acain that the raglorhro-rhaooms o

routirne sconedule were snamnlied Interiittently ang tested for

LS m : + N~ S FaX ] pe N - - e,
artivity, The filamentous alroe wnlen Tiret arrveare: in 2
T A . - 0 1 ~ - i . oy, + — . +
West Sranch of the Sturceon Siver on faruct 15, had court:

N,

of 40 ~cyr.me On September &, 190, The wnoter weed fr-ohn-

sTe 21lco had sienificantly

—

aor sasrentes oMoy

orncum™y 2 vraeulinr nicne in the ¢v»onm’e ~no-rglen, YA v
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founsd Innnbifting < metentale s




stream bottom. The 2ctivity curves of these invertebruies
should ~ive a2 mnre accurate plcture of the tound radiorhos-
vnorus of the bottom, Some of the radlorhospnorus 1s leosely
bourd to the silt and vottom materlals and is auickly ex-

charzed with the phosvthorus of the water (Huichinson and

Vausnan, 1950; and Jitts, ibid.). The excharzeable radio-

phosvnorus z2nd the bound radlophecsphorus are incornorated in
the nlicochaetes throush inmestlon of the detritus and silt.
The bound radlorhosvhorus is available for longzger perinds of

time for olirfochaete insection than 1s the raridly exchanzed

z
-
-
.

N

Tre activity curves for the olizochaetes (Ficure 19) rre-
sent data which probably reflect the accunulation of radiorhos-
phorus In tne detritus in which they live. The activity
curves show that'lﬂ days following 1sotope entry, the worms
had accumulated considerable amounis of activi%y.

Gammarus v, The only statlion which surported 2 scud

population, Sammarus, was Station 14. The scuds are voracious
feeders, feeding on 2all kinds of plant and animal matter,

The& rarely feed uvon living animals (Fennak, 1953), The
activity curve for these omnivores shows that 2 conslderzble
amount of radioactive food materlals was availatle (Fizure 20).
A maximum count of 1,212 c.D.m. Der ~ram was recorded for

Ped h)

Auzust 1, 19:0. Tae collections on tne dates of hizh =mcotivity

9

of s

Q.

we

"3

e

o]

w3

ompose 21l individuals. Hevesy (1243 noted th=zt

V)

P’“ accumulates in rapidly develovins and ~rowins nrzans.

These larse renks on July 18 and Ausust 1 may have been due
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te the aze of the anlmals collected. The peaks moy =lsn
revreszsnt tndividual troods i Pernak {(1138,) states that
sere eotis naversae 15 broods in 152 days.

~”d"o*c*cn s, The hydroprsychids attach thelr nets to
rocre, lons, or larzse cravel arnd are celdom fourd in mud
(Murray, 1935%, Tre rets were fourd facline dlrectly into
tlie current, Hyvdrorsyche str., eats a2 vrepvonderzrce of plark-

Sess

ton, sile di=2tom srowtns

1944,

R}

From the known feed

1ty curves (Figure 21)

rneosrkorus of rerichyton ard
the study verici., The 2ctl

~zdicaective To0d meterial

f1rst few wee¥s of the e
itr nccurred ag late =g Aur

Ingz

A

-

~
[

+

n ot

~
S

7\1
13 -

it e
LUy

he

rton

curveg

w

r sx2ll orcaniems (Poss,
f Hydrorsyehe, the active-

ricture of the rnadlic=

ncvement throu

L‘.no

show that uxzcst cof tlre
rou~h tre system in the
Smzll increaces 1n active

nich rresurmably snows

taat rerererated radicrhosphorus was avallatrle for incorrora-

tiorn Yy tne rerithyter ard plankton. Thers zvyears Lo be

seome counting equirment error durinsg the latter vart of the

samplins rerlicd. This was demonstrated in the comrari

of Fizure 19 with Avverndiy V for Y¥asturtium activities,
Simulium sr. Tne blackflies, Slmullur, are similar to

the Hvdroreyche In trat toth feed upon

T

Fe moving rarticulate

matter of the stream. The Simulium do not use ire netl us a
ccllectine device as deces the Hydrcosicono, tut irstead uve-
anterlor vlankton strairine fars (Penrcr, 1014

Siruliun wazs cre of the mest numercus insects in tle
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It 1s 2lso sunivlied with & safety device; a sllx thread whilch
1t attaches to an anchorare which ¥eeps it from floatine asway
should the sucker beccrnie detzcned (Odum, itid,). Trne black=-
flies were found on lcgs, twics and asuatlic nlante, ~rd were

most z2burdant In swlft current,

The =zctivity curves for Simulium, like Hydrcrnesnhe,

snould vresernt 2 victure of the nevineg rarticulate matter,

-3

ne radicactive particulate maiter also 1s an indlceatlion of
the radicrhosy»horus receneraticr. Unlike the net-caddis
activity curves, the Sizuliun curves (Fizure 27 show no

increaces in tre latter rart of the siudy verleod. Thus,

from the Sipulium activity curves, It misht be e

ever, tnere is o malcr hntitat 4ifferepee belween Timuliunm

and Huvdreorarvehe, Simuliun veruitions ore mest atundant

alors thre streanm marcins., Evirnrovohe vemulaticns 2re rmest
2hundart In deener water and lraated cencereally rear <le cgenter
of the strear, nizht (1tid,} has irndiecated rot fthere g

If co, 1t 1s 1i1V¥ely tray {the locntions o the vo,ulntlione,
L , D HIE TR AT IR I T $ ~- , A D B A
as well as the di1f7erins metavollisn, 2ccornis for e 10 Ter-

- + 7 L 2.0 42 AN ] N NP ms
erices In the acetivities of Simulium and Hvarerewnore, The
4 - b Ve lFal m ~ - , .- R 4+ 5, . - Fad 41
retatollic differcrces moy voary wWith trne a~a ol (ne qrrled
. 1. -~ ] - vy A~ - - - TR S PN § . <
porulaticrs, The parfly mymrns may mature witnin a2 n'rlmum
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cf a few meonits (Usineer, 1950) while dirteran larval staces
may last for several weeks (Pennak, 1tid,)., The Simuliun and

“yvdronsyche populatlons may have differed in thelr reswvective

porulation 2zes., The increases in activity in the latter

rart of the sampling vericd of EZyvdrcersyehe may have been due

to the rerulation =ce and retabvolism,

Frhemerella, The *two mayfly nymphs studied were

reednam?

2N N PR )

3

Trhemerella corruta and Erhermerella he baetid

oL

ralad, Erhemerella needhnmi, was found rrimarily in the moss,

Fontinnlis, and thus fits intc Usinser's classification of a

ravid water moss-inhebiting form. The Frhemerellz cornutz

naiads were frequently found on sticks and sutmersed logs
Wwith tne hertazeneid ﬁaiad Tron sz, The naiads were in direcct
current, but they sheltered themselves from the current by
staying berind the water moss or climbirz in coveys in the
stickxe and logs,.

Usinmer (itid.) comrares ithe mayfly niche in the 2guatic

cemmunities to that of cattle or rattite In the terrestrial

feedinc hablts of the mavilles., Tre nyvmrns are hertivores
or scavencers, living on vezsetable detritus and microsccoic

-

zaouatle orsanisms, orinclieally diztoms (Burks, ibis.).

The activity curves for the mayfly nymrhs (Ficures 273

and 24) z2re not 25 herizontally extended as are tnioce for

Hircrovore,  Althoush the food consumed 1s similar 'n beth

caees, tne vrocurement of the food 1s oulte dilfTerent. The

curve:r “nor Hvedrorveoooke nave slicht rears in the Iatte:r rart

of the camrlins veriod. These peaks nrotztly rerresent the
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Trmeareoratasd o
Inecarrortty ra

lodrme? nerirnyton. Erhemerella, however, does rot catture

dislcdred rerivhyton or plankiton as does Zyirorvsycre. The

mar 1y nymons btrowse over the substrates upvon walen tney

m3- -y oy S s ~ v 5 3 - 4 + Y, - o

The may?ly nymons are indeed imoortant nerbivores as
Tt ~ 14 -3 3 m-> 2 - 2 - 2,5, .
Ualrmer {1214,) hos stateds Thne hi~hest recordcd 2evivits

irute Ter sram,  The mnr

-
e 4L

- P ~o ~yy s < ]
cver ,O0T counts rer minute

Tebava Ty aeat o

The adult incects were ccllected at Statlinrn 5 by means

¢t a2 lisht trar, Althoush numerous sreclimers were cthtaireg,
rnly Teoue families were rvresent in sulfliclent nunbers to e
ucedl tn tne study,

The ocarixvil or water boatman was renerzlly Tracent in
tne voeolc =and bacikwaters, The corixids are trlguely zaipied

trhetr Toed, The activity curve (Ficure 2%) shows that the

C

corixids craduzlly increzsed in activity from *the Tlrct tc

. i . o
trhe la=*t cnllention, In fzct, at the filrct collention, taelr
Lo, 1t wias zlmost 2,000 counts

Py . H 2 vy - 2.~ Y~ A o~ ~
creater cocount of activity was pilins wr o dend celils,
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pActivities of four families cof

ected by liznt trarn, Counts vere ccr=-
nexrround and decay.
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and lorn~, hoo¥ed forelerz,

B

include; divided ccmrournd eres, flattened

aey <lso carvy

>r the elytra, These insects were ccllent-

4.7
Tcmoon

e three collectins trirs, but

@

PY

appear to pe detritus fecdjeres, ns a

activity was recorded,

the rvmohs (Ficures 23 and 24), The activities

vity curves (Fimure 25) yhich are 231f7era

cr July 12 were 2C,00C counts Ter minute ner oram,

. - - o 2y
or. July 13 were in tre vran-e of 2,000 to

R
e AlTferernces in active

AL ilill e

s a furctilon of wel-ht determinatiorn

21t 1s less, ~ivirs a corresreniing Ine-

PR G 3 . P N ) P S |
ity recorded was thnat o e e St
1 ~ e - PO PN 4 - P RN + -
e ) Tad recorded cannls oo e ran
s o0nnm mi. 2 » - < Ay e e S ~ -~
ovar 44,600, Thig ~r-eaf ancumilziiog :



0O

antlvity 1s amaln »robably an effect of welsht determinatlion,

he mili-es are herbvlvorous and feed cnlefly on alr-ne, hicher

Tha dult Yasects are a factor in the remevi) of radlo-

rnos»norus from the stireanm ecosystem, sirce great numbers of

these insects are leavins the svsltem throuchout the summer,

2

~ylrin

L i
——A

i

)

Altrou-h 2 contlinuous samplinzg of the fish was not part

of the nresent study, some concluslons can be drawn from *he

intermittent collections made durlnes the summer,

m

The muddlers,

or sculrins, Coftus bai~dii and Cottus comnatus, were collect-

3

e muidlers 1ie on

fo%
[oN
D

ed seven times throucnout the cummer., 1T

v

the bed of the stream on logss or under roeke, Thelr» Tood is
composei of entomastraca 2nd smill arustocen, with cecacionnl

1vea
ince

o]

4 + o oo . Fad - o) M~ 2 N~ “ - .
ts, stonefiy larvae, mayfly nymrhe, Chironsnus and

Simuliwm larvae (Cahn, 1927),
The variabllity of the activitiy curves (FPi-ure 29 is

o

similar to ¥nirht's (ibktd.). Thece curves reflert the nrror-

v

tunistic rature 0f the sculvnin's feedirns hahits, The urctrean
actlvitr 1s the averarsed data for Statlons 2 and S and <he

dowrstream actlvity 1s the averazed dnta for Stations 12 and

)

e} . . . -
e and ¥empral nf P o ftheon~n Tond Onalrs anig

Lo stated belore, the tranzlicenticn nf the ~adiopnosrhorus
follovs the nhvsical and dicolozical patnware of ~he =2iraoan,

B

The hlolios~tcal transloecaticon can ve ceen freom 2 foe0d cohinln
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constructed Irom the food rreferences and 2activiiy curves o
the resvective renresentatives, When readinc
(Ficure 27 from bottom to tor, 1t 1s arrarent thnt the

2ctivity curves are steadlly chiftinc to the rizht, The

cradual shift 2lso recvresents a pvicture of the trorvnis levels

0f the stream., As the nctivity of the rerinhrior diminisn=2e,
he 2ctlvity of the rerivhytoan feeders -raiunlly i: 1mea,
The curves for Frhemerella cnd Gomrarue oney o weadoal ol f 0y
f'rom those of the reriphrton feeders, The secondarr concumer,

Cottus, reaches 1ts meximum cctivity late ia the stuir verlcd,
Tne activity nhad teen vrsviously 1ncorvorzted in the layer
trovnle levels, Foecd chain studles involvin~ radinantive
raterinals have conmovound imrortance in revealins patterns,
cvcles, rates, and 1in alerting us to vossitle Aarn-ernus con-

centratinas of radioactivity (Ndur, 193¢6°,

Tre roiilothostnorus traaslocatieos folleows vory onoclc

IS N oy R Fo I s LR ?
Totternes. Sore of the P is re: [aE8! J.Lh the
. + . : . p PUR T b P b
current: some 15 immedictelyv lncorrorated in the ticlosiczl

T

+ . ) v, R} o bl ~ S & P H 1t

retworvs, IFeanwhile, some of the T i3 removed fronm immells

res

inceorroration by adsor-btin~ to tha obfrrear Totior,

3 Qe 2 vt 4eqe 3 ] + ) < + Yoe + 5 +
Other radionctivity is removed Trem the system bty the roota

Fal 3n ~- K} . . Y Ea) o ° PR ) .
0f the nelzhborint terrestrial Tlora, Arnd firalily, ndiitional

radionctivity 1s lest due tn remnial or emer~ence of aor-aslomn

3, . . . + = 3 4 3 oY L ey . DTSN S i
nich have accumulated radicenhcosryho-ue,  Fisawse 00 1veponta o
-~ 14 2 . Ial Fal 1 D) p N . e, . N S} -
sravhlc view of some of the mechanlsms by whtoh »an'oiion-
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Chelation

o

Rinzed structures formed by coordirnatinon of a siven
stecles at two rolnts are called chelate »incs., Chelatins

-

n~ents are rinred complexez canable nf stolchicmetriz reac-

o

tions with metals, resultinz in the Tormation of =z rin~ in

Chelatiny of metals has been used to overcome s211

fization of nlant nutrlients (Stewart and Leonard, itii,),

tne cnelatins asents have vroduced nuxin-lire 2ffects [(Wall

ib!l’io\o

In an effort to determine the #ffents o

orn the nutritional cvele, or the effects ~n actirvity disvlcce-

ment, an iron chelate was added to the stiream at Station £ on

July 7, 1950, Tha conecentration of thae 1ror chelate 12FeFEDT
({ror, scilum N=hyidroxyetnvletnylenailamine) was aprroximatel
ne rart rer million.

There seems to have haea onliy a =slirat &7 Tectn 7 e
chelate on the 1ron in thie svatem,  Th2 autonatic ruars
loecated at Stations 8, 11 and 12 =zamdled She arsn, The
chelnte entered the stream 2t 12:00 a,m, con July 7. 7 e
automntic samrling device =t Statins % was stervei o fore ths
entranne of the chelate, Thls was done to ohinin data on tne
ratural fluctuz2tlion of the stiream belcre chzlate antry, The
duration and fluctuation of the 1ron curve (Filcoure 20 will
sive an indlention of natural variariliss ‘alen ~n Station -,

D



Firure 29, 1Iron cortert rfl cnelated water for
&, 11 2nd 12. The chelate entered the z=trear =
v.m. on July 7, 195C, ’

wm
s
@]

t
=)
(D ct
ve pte
D0
J

\



per Liter

-
S

1111icram:

V

Chelate entry

Chelate entry




m~
1

B

12 corcantrations of the lron exuresszsed In millicruns ro-

thesthorus before the chelate was 2adied, whilie “re satiriol

D
3
+
~
8]
-
J
Vs
)
-
N
+
-~
A
-
8
)

of Flirure 70 shoew trhe radlorheoschnoyus after the
adied., From Filcure 5, 1t 1s noted thnat 3tation 1L hadi -

; = . - N A DO 8T T Zens
comt of 15 counts rer winute por 5C0 milliliters 2t A2:00

the chelate entryv, The 2ctivitlies of Tirure 5 orow thne radic

a.me o July 7 wnlle from Flrure 20 <t 11:07 2a,m, ¢f e =ame

9

hy S 3 7 T o~ s ~Y e o
day 2nd lust ore nour after the chnelate was Introduced, tne

count wa2s 20 CeTele However, the eflfects at S
somewhat necated by the comparisen of Statlon 12 in
5 and %0, The counts were over 200 at 2:00 a,m, on July 7,
while ~t 12:00 noon, Just two hours afier the chelate waco

R R 2 T ol 54 z ™ + ve "Nt A 4- ~ 4+ L
ant w2s 12 CeTelle [* wWas roted 4hat the

ntroduced, the r

o]

chelate-cont2inin~ water samples avreared to have an urusual
and somretimes violent effect uron the ctairlers zieec]l 1 1ar
chets when treated with concentrated acid and heated: srnn-
times turning the rlanchet black, and cometlirmes rreating
black foam which bubbled over the sides of the rlarncret,

1Ay nhave =2 7fected the comnts,

nl TR ) sy . 7 o el s
From an analysis of the thezrhorus nontert of s wtlar

1t Statioans 8, 11 and 12, 1little conreclusior arngut ‘re nnelnte

effect can be drawn.

centratiorg of thosvhorus immediately after the rhelate i

There were slizxht ilrarenges r *ne ror-

introduced, but in 11lsht of the rnatural viriation an rresecntag

in the data of Station 8, the curves fTeor Stations 11 2nd

may orly show ratural

o/
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=2t 10:C7 T.m. On

Pliure A0, cetivity of chelated water
ile Courts were corrected Tfor decay nnd [T Al
" ulx 7,

elate entered
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Hand=n2ollected samrles were talen Immedlicately 2ter he
- + T 3 ms - - Ty e T
addition of the chelate, The s=mrles were taren on July 7,
o550 - T+ + Faly S .s PO 4 4% - o+
1950 at Statlon 12 at five-minute intervals ctartin: a2t

12:50 2a,m, Tor tnz first hour and then 2t ten-ninute irnieora

Trhe 140 ml, samrles were 2nalyzed for total v
1ron content, =2nd activity. There seems to be Jittle con-

sistency in the respectlve cusves (Filrures 72 and 777,

“ ] a M S e T .y . . ... b - - . - . . v,
Durlrs “he Tirsvt Tour, Tovcver, the frectant MRS ERS R
L ~t K ) 3. ; 5 o
Lty osri e, Trnto ozctivity may nave teen due Lo o
Treom flera oand red =n e fect,

T g
It weemnms

acaurance aprout trne cnelate ard 1ts relatioreslir Lo & 7 con

™Y

ever 1rcn relecce, There seems 10 nave heen o1y o =110t

+

ircrense in activity due to the chelatir:s aoent=, [t i¢

irvortant e atrens the corclderavrle dlctonce (DO5D e

o Tt .

Toom Trtetlorn O brldroe 4o Statlion 14Y tetween the crelute

ertry site =nid Ire statlers, A ctztlor resrer ~io
ray have shown @ Tere maryed crnolote

- . X .
Tt Thonrrgrus nnd Sreelflo fotdieite

- . .

In orier to cempare tne troyslonating of waediocroorioe

fferert biotle revresertntlives, a erven!flio o {uit;

) .y £ . [sal * vy Ead . -~ - I~
caxculaticn wns made, The srec!fic activity of ar oo Voo

3 fad 1 - - - P P 3 P N -~ . -
le the »2tlo of the guantity ¢f radliciiicaniyaan 40 <3 0 f
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Phosrhiorus (P77) ccont

5, 11 and 17.
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Tic activity caleculations for

t
bJe
&4

"

Tlrure 74 rervresent tne rztlo of microcuries of P°° to tie
crars of P, In Fiqure %4, the values for the actlivities
(mtcrocuries of P were selected from the naximum activities
o7 the firet ccllectins weex, July 5 to July 12, Tor the
various or-anicsms,

T

ne svecific 2rntivities sheow muchi the same victure as

the fced chnln curves in Floure 27. Durins thie enrly stage,
thhe vroducers and crsanlsos whnlen feed directiy on trhe vro-

> o~ - .
specific activities ran from %,0625 fcor veriovnyton, to less
tran cre for Cottus and the trout It arrears that Hodrcrovehe

1
|e
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2
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t
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\ ye 2 . Ave avy =+ 7 1 1~ / .- o i -

crrariens or fusust 15, wnlen 1s 41 dnrs nfter the icztore
M H 3 ~ . ~ * 4 2 m-

ent ™ e moct srrvorent chance 1s cne of macrnitule., Toe

1~ IO S FRN 2 1 + - . m) Fal D S . o 2.
rotrer Lnar in the Yrnousands, The fisn nave crecillie aectlir-
L 400 e1n ® AY . . .+ M . ~ ms ~ A~ A .
ttien whnich =ve srecter in2en cre. The tnttom dwellers nave

alce Irerecsed in srecifile activities, Althousn the curve

ey, 1t zhculd te rlazced in rersvecilve

.,,

ty notins tral tre cctuzl srtecific =zetiviily has teen reduced

by
O
"3

Treoducaers

vy - v DOUE QU] 2y L] —~ Y- K 4- . 4 Fal D L 1 5~ -
consumers were i auring tne Sirct rart of tne Ioolore
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L, The epeclific activity of various orranirms
trre first week of the study. The isctove ertered
SC ind the values are Tor 7=5-C0 to T=1l7=C0,
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104

study veriod. But 41 days later (Figure ?5%, the srecific
activities of the producers and rrimary consuners drortred

from the cricsinzl value ty orie third Lo ore nirc-rnunir-edin

e

of tie stroific zetivities of Firure 4, Thucs, the srecific
activity curve chaneced with time, and the hotinm dweller and

seacrdary consumers recelved greater rolees in tihe zreciflc

actlvity ricture.



NrTaLNT A -
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vnesvhcrus (F 7)) were added to trhe West Zraren of the Sturcecn

Fiver, Cnetoyran Ccurty, Michison, The rhysical =nd tieleria

o

el nathwars cf the stream eccsystem were studled *“c determire

B, -

trie fate of the radlorhosthorus,

The vhysical ratrhways include current and adscervtior,
The current 1s tre vrinclrel source of radilotvhosthorus dis-

triovution., The water activity curves showed thnt the current

1

carried the 1sotove to distiances srezter than *,200 yards

£

belcw tre ertry volnt. 2y comvaring tne upstream sctivity

of Station 7 to th2t of the downstream Statlon 14, an &O%

activity loss was recorded. It is velleved thnt the wcotlivitiy

remcved from Lhe current le held within the curerimerizl aren,
The rhysical vhencmencr of adservytion zccounts for the

iritial loss of activity from the current.s Tne rzdicrthos-

theorus can vrobatly bte adsorbved onto arnythinz which it con=-

- B

o
serbed thosT

» s

@)
]

tactc, Tne o rus vwas detected on movins vortic-

92}

ulate matter, blotic orsanisms and tne sirenm tottorn, Little

—e

o the adsorved rad:

4
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the vwater acstivities cbtained Trom tre autcematiec =samrline
devices remzined 2t a low level, Thne adocortenr radliornosrchores

nay te nn Incirlent foctor of blelorsical ancunmulation.

»

The Polesieal rathwoys cf the stiream include (e orean-
iem's vlace in Tcod cnalrs znd trovhic levels, thne racritat

- N + — 3 N . ~ N,
niche occurie? by the cr-aniem, and ihe erercencs ol mnture

orsaniems,



The trorhic level

resvective curves of producers,

ary cor.sumers,

lcses activity, the primary

increases in activity.

ity curves of the secondary

activities ¢f the nrod

onr

b

ing low levels.
Variatior in the
to tne vosition of thre

niche occuprled by the

scuds are voraclious fe

and animal matter,

For example,

ucers

has a variable position In tre food

trancslocation is observed from the

primary consumers and second-
as the pvroducer, reriohyton,

consumer, Evdrovoverne, sragually
The appearance of reaxs In the =zZctiv-
consunmers, fish, occur wnen the

k

and primary consumers are reac

trovhic level activity shifts are due

organism in the food cnain, the nablial

3 e g ney &
ard receneratiorn,

orcranisro,

cnain. The

eders, feedling on all rinds of rlant
Since they corsumer food {rom *wo trcohic

levels, l.e.,, producers ard conrsumers, the zctirity curves

of Gammarus cannot conclsely show trovhnic level activiiy
shifts.

The nabltat niche occupled ©ty an crzanism zlse cnuses
variatior in the tropric level activity shnifte, The clizo-
chaetes inhablt the mui, «llt ard debriz of “he stre=zm beottem.
Recause tre materials of the stream tottem czn themcelves re-

tain radiovrosthorus,

a

are rot exclusively
level,

Water crerg (lact

tre 2activity curves 0of the cli

furction of thelr position

urtiyge’

system is arctrer cacse

ent vpon the nhatltat n

In

wh

icne,



found primarily along the stream perivnery ard 1t 1s belileved
that there are definlte vhysical Tactors which Inlluence

\ . 52, ; X
horizontal P distributicn, The z2ctivities Zue to the

habitzt niche of Nasturtium, then, include two rhysicz

[©V)
o]
[N

factors; °ct1Vi*" of the mud, =2nd herizontzl variation,
the tilolcgical ircorveration 1ike other producers.,

The finzl factors which czuse varization in trothic level
shifts are re-cyciing and regeneration. Blolocical ronula-
tiors are abvle to rarticirate in radiorhosphorus a2ccumulation
by adsorption; simrle 1lornic exchance, e.s., 2s the ortherhocs-
vhates; and accurmulation via energy trarnsfer, e.c., as poly=-
phosphates, sugar rhosvnates, etc, The =2dsorbed r=ilorho
phorus 1is accumulated externally., This external radiorhes-

vhcerus may te washed Into the current: the current ney nlco

13

e

recelve radiovhosrhorus due * re simple ilonic exchange o

(@]

e ]
- N - .l
the P39 orthorhosthate with the surroundincs P crthcrnosyrate.

&4

This theromencn 1s called rereneration,

Thne zetivity curves for the producers znd the ret srin-

nirg or filtering vprimary corsumers, show tne recerner-ated
rediovhcsororus ¢f the stream, Gerer2lly, these curves show

vlateaus wniech are intermittently Interrurtedi by <li-rt or

sometimes large I+ is believed that the intermittent

:Q
'3
D
]
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.

reaks 2are larcely due %o the recenerated railorvhinz \norus,
What brinres ahout the atrurt release of (hosvhorus 1= Ln¥ncowr,
Fe-cveled radiorhosrrorus 1s thet wnish hzs teen ticlesi-

cally incerrorated in a trovhic level, and ‘s aveailatle for
o L]
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translocation due teo the dexth of tne croaricom or



by ancther orcanism. Tne ingestion of the corsaniesm 1s the
basic metheod of trorhic level activity shifts., The dezth of
the orsanism causes sliczcht variations in trhe trovhic shifte,
and thils radiorhosvhorus can be 1ncorrorated in the stream
bottom or 1In omniverous organisms.

The final state in tilolcosical trarsiceoation occurs when

~ . . - . .

Insects emerge frem the stream and the bioler~ically lacerpnr=-
z

ated P77 0f thene emersir> {nsects 1e remov-y “rom the syotem,

Jome of thelr activity, nowever, may re=cniler “ho srstom |
the adult ldsects nre consured Yy secandary consumers, Tne
adult insects may also die over the exrerimerial zarea and
thus 1llberate thelr zctivity to the system,.

.On July 7, 1920 an 1iron chelate, Ha?eEFfTA, wnas added
to the West Brancha of the Sturceon Piver, The ¢%ect of
chelation 15 not corclusive, Trnere vins an inc"ense.i“ {ron
teotal phosvhorus, aand nctivity; however, 1a lisght of the

natural fluctuations, the increases seem to be Insisnifizant,

Samvling =tatlons cleser to the chelate entry tvolnt m2y have

shown a more mar-ed chelatlon effect.

530 1
The srtecific activities, 1.e., the ratlo of ? to P,
were calculated from the activitlezs and tcotal rhosthorus
determirations. Tne svecific activities gave the =zame reneral

trophic level shift as ths activity curves.
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The Irvertebrate Eicomass
Wezt Branch of the Sturceon Flver
for 1958, 1959 and 1930,
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