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~ report on trualocstion ot radioactive pbosphorua (P32) 

1n a Michigan trout etrea 

by 

R. C. Ball, Department ot Fisheries and Wildlite, 
Mlchigan State University 

"• r. Hooper, Institute tor Fisheries Research, 
Michigan Department ot Conservation 

Introducti99. en Auguet 5, 1958, an addition ot radioactive phosphorus 

(P:32) wu made to the West Branch ot the Sturgeon lli ver 1n the vic1ni ty of 

Wolverine, Michigan. The objectives of this expar:lment were: (1) to 4eterm1ne 

how the naturally occurring phosphorus of a trout stream 18 used by an1wJa and 

plants and (2) to determine by what mechan1 ams phosphorus ia transported fraa 

place to place 1n a trout atre•• This information will enable us to better 

understand how phosphorus in the tom ot tert111zera can be used. in atre_. 

to increase the production ot trout. 

1l'ral earlier atudiea (Grzencl& 1955, COlby 1956, Carr 1958), it waa found 

that an increased. growth ot periphyton toll.owed eacb addition of fertilizer to 

this strea. In several inetancea the apparent fertilization effect extemed 

clownstre• a c:liatance ot 6 or 7 miles. However, an increese in the phosphorus 

content ot the water after fertilizat1cm could be detected only l or 2 Jllilea. 

Since we coulcl not demonstrate an imrease in the phosphor..ia content of water 

at downstream stations, the mechan18m ot the at1mulation given to per~on 

growth vu oblcure. In :fact, it was 41tticult to say with certainty that the 

growth ot per1pbyton was related to the a&lition of fertilizer. The present 

experiment with radiophosphorua waa designed to aaain study downetre• transport 

of pboapborus but with a much more aensitive technique than wu uae4 la earlier 

work. 
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At the time ot preparing this report only a portion ot the data collected. 

have been assembled. bt of the data presented here are tram Station Ro. 8 

located about m14vl.Y in the stud¥ area. Thia station wu selected becauae 

1ntonaat1on at thi1 po:lat was typical ot a large section ot the atreaa during 

the experiment. At Station Ro. a. the public had t:ree ace••• to the exper!Mntal 

1ect1on ot the atrea an4 tlie potential. lie&lth bale.rd vu Ju4ged to be arnt••t. 
S1nae ODl7 a portion of the data have been aasembied., ~ of tba interpret&• 

tions given in th1a report DIIJ8t be comaidered tentative. l'urtbilt ualya:le ot 

the data should reveal mv and interesting aspects ot the experiment not 

presented here. 

The grant trail the Atcmic Energy COIIID1as1on wu not made until late in 

the spring ot 1958. Since this gave little time for aas&mblina equ:lpnent, 

acheduling the work, and devising appropriate tecbniques, it was telt that the 

1958 teat woulcl be little more than a trial-run which would provide opportum.ty 

to learn teclmiques and to check-out our ca.lc.ulations on stream dc)sage. Soon 

atter the addition ot isotope on Ausuat 5, it became ev14ent that our dosage 

esti-.tes were in the proper rans• aDd. that our tecbniq,uea were adequate. Bence 

it is felt that tbe 1ntomat1on o'btainecl fran the 19,a experiment is all usable 

am that a aecoM trial of exactly the aaae type Will not be ne<:essary. 

Stud.y Area. 'l'be aection ot the Weet Branch of the Sturgeon :River studied 

lies soutbwest of the town of Wolverine. The addition o-1 isotope was made in 

Section 211 T. 31 1., R. 3 We We collected sam.plea downc:tre• fraa this point 

for a distance ot ~roximE.tely 2 1/2 miles. The lY.>int farthest downltre1111 

at which there was a 110nitor·:ng ot isotope activi-ty was at the State H1st:n,ay 

::>ark adJacent to W-27 (s~.;e.t.:.c':l 161 Section 14 of '!' • 33 N • 1 R. 3 W • ) • Fourteen 

.Jmpling stations were E.s~ -".:i ~ished between the poi:!t cf addition al'ld tbe 

park (Figure 1). 
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Figure 1.--Experimental area and sampling stations. 

Station l was the control station and was upetre• 

tran point at which 1aotope was added. 



..., .... 
~ 
'1 
CD 

.... 

EXPERIMENTAL AREA 
T. 3 3 N., R. 3 W. 

Cheboygan County, Michigan 

©-- Sampling Station 

WOLVERINE 

0 

MILE 

I 
.i::--
1 



-5-

.Addition ot isotope. A sh:l.puent ot 23,l millicuriea of P32 tram 0ak R:1qe 

was diluted with 55 gallons of stream water. Thia mixture was siphoned into 

the atre• at a constant rate• The entire dose entered the stream 1n a 

30-minute period, The flow ot the stream at the point of addition was approx

:lmately 37 cubic feet per second, Using this stream flow am the flow-rate ot 

the diluted isotope given above, the theoretical concentration of isotope 1n 

the water was calculated to be 1.22 x 10•5 microcuries per milliliter. 

Rad1oact1 vi ty in the water. water senwles were taken before, during, and 

after the isotope addition. While the dose of radiophosphorus was moving 

downstream, intensive sampling was undertaken at eight stations, By releasing 

a marker of fluorescein ~e ahead ot and behind the isotope dose., we were able 

to time sau«>le collections at all stations so that they were spaced approximately 

the same in relation to the mass of moving isotope. Water sEUJU')l.es were collected 

in 14o milliliter polyethylene bottles, San(ples were evap:,rated and prepared 

for counting on a planchet using the procedure given by Robeck., Henderson and 

Pala.nae (1954). 

The graph showing the passage of isotope by Station No. 8 (Figure 2) is 

more or less typical of all of the upstream stations. There was a stead¥ 

increase in activity to a ,peak at something over one-half of the time-span 

followed by a sudden drop to almost background level. Such an asymmetrical 

curve of activity results from purely physical processes; i.e., the water maaa 

containing the first chemicals E:.dded is greatly diluted hy water lacking isotope 

as it moves downstream. WE.ter receiving a dosage o'!: :1.S·:l·~ope at progressively 

latter times is diluted b~· ·;, 0 .. te:~ fran eddies a:1C1. :,~ ..c: kw~,t.ars which contains 

nore and more isotope. T1.1i,:~ E ~igher and bighe:-: ,·.•)?:-\~"'n~r.ation 1s built up in 

~ flow passing a gi.J'C'r. 2)r_,:·-,_,. until the addition '"'l :~.~otope is stopped. 'l'bae

after there 1s a sharp decrease, the tail ot the activity curve represents isotope 

:."e-enterina the main current from backwaters and embav'Illeilts. 
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Figure 2.--Activity of stream water during passage 

of isotope dosage. Counts have been corrected for 

background and decey. 
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Peak activity (11 counts per minute per gram) occurred at StatiOD Ho. 3, 

the first station at which the isotope was c~etely mixed With the stream 

water. Downstream there was progressive decrease in activity. At the station 

farthest downstream (Station No. 16), the maximum activity tor a 50 ml, a~e 

was only 20 count• per minute above background. The length ot time at which 

a detectable amount ot activity occurred in the water increased d.Ovnstream. 

At Station No. 3 counts dropped to a background. rate 50 minutes after the 

taotope first appeared. While at Station No. 14 water giving an activity 

above background. continued to move past this station for over two hours. Thia 

"stretching out" of the dose of isotope as it moved downstream is believed 

to be related to physical process ot water transport. 

U;ptake of radiophosphorus by peripbyton.--In the West Branch of the 

Sturgeon River the periphyton growth on rocks am other substrates appears 

to be the chief source of energy f1Xat1on in the carmuni ty. Passage of 

radiophosphorus through this segment of the food chain was studied by (1) 

measuring the activity of the periphyton growth on plastic shingles suspended 

in the stream, and by (2) removing the peripeyton growth frClll rocks on the 

stream bottClll. Shingles were supported in the water by a steel stake and 

were about 8 inches below the water surface. They were set 1n the stream 6 

dqs before the addition of the isotope so that a measurable amount of peripbyton 

would be present on these substrates by the time the isotope was added. On 

August l the stream was fertilized by an addition of di-ammonium phosphate. 

The addition of fertilizer stimulated growth of the peri,Pbyton on substratea 

and also acted to increase the ~otal phosphorus "pool" in the 1tream aection 

~uider investigation (c .f. Fostel·, 1958). It was thought that by enlarging the 

"pool" of phosphorus in this section there would be leas chance ot water con

taining a high activity passing beyond the study area where it would have beccme 

a much greater health hazard. 



en tbe t1rst three collecting dates, tour small (2 x 5 inch) •hinglea and 

one large (4 x 10 inch) shingle were removed tr<111 each ot the fourteen sawling 

stations. Thereafter shingles were removed only tl"Clll Stations 1, 2, 3, 5, 8, l2 

and 14. Sana,les of per1~ trca rocks were cell.ecte4 onq .-t the latter 

••nes of stltiOD8. In the labotatory, i,eripbyton was •eta.PM frcllll the ah:f.ngl.e 

li1d placed on a pl.anchet of 1mo1m weight. 'l'he excesa water was then temoved, 

and the 19'PW wu weighed. Further processing or the san;>l.e tor counting 

followed re.thet closely proced.utelf outlined by Robeck, Henderson, and. J'al.qe 

(1954). 

'!'here was a l'&l)id uptake ot phos;pbotious b,Y peripeyton. Substrat.ta colleete4 

four hours atter the isotope wu added were high in activity (Figure 3). The 

second a1'l1. third collections made Avgust 7 and :U indicated a further increase 

in activity at Staticm No. 8. The increase between August 5 and 7 was pe~ 

due to isotope re-entering the main stream current fran eddies after the 

August 5 collection. It seems clear that the uptake or radiophoaphorus aust 

have exceeded loss to the water between August 5 am ll. Since the activity 

of the water was scarcely abOve backgrOWJd JAvel, this net increase must ba.

cane from a slow ''teed-back" ot radiQ1,llosl)llorU& into the ma5.n current from 

eitbe:r (1) eddies or backwaters where there s,aa ~ical storage, or (2) algaa 

and bacteria where there was biolasical storage. Further evidence ot ''feed

back" into the stream caaes traa the acc\ll\llation Gt activity on sbtmsl,M 

placed 1n stream after the a4tit1on ot isotope on August 5. On August 13 

(8 days after the aldition of isot9)., •h1nel•• were 881Ql.N that were put 

into the atreem before and after release of the iaotoi,e. l:t ,_. fO\IDd that 

t"le activity of thole put in after release was 33 percent of the activity ot 

those put in bet ore release. These data suggest that biological ''teed-back" 

was quantitatively aigniticant arJd that phoapborua moves downstream. through 
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Figure 3o••Activity of :periphyton taken from artificial 

substre.tes (shingles) at stations 2 and 8. Counts were 

corrected for background and decay. 
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successive periods of absorption by the biota, re-exchange with the 1tream 

water, water transport, and re-absorption by the biota. 

U,Ptake of radio-phosphorus by Chara and Potemogeton.--Potamogeton and 

Chara were collected at 6 stations. Samples weighing approximately 2 grams 

were washed thoroughly in stream water and then weighed and pl'Ocessed for 

counting as suggested by Robeck, and Henderson, and Palange, 1954. A plot of 

activity against time (Figure 4) shows that most of the uptake occurred on 

August 5. Thereafter activity decreased in both species at a logarithmic 

rate. The decrease appears to be almost linear on a log scale until August 19. 

Thereafter there was decrease in activity loss. This plateauing effect 1n 

the activity curve suggests a continued uptake of radio-phosphorus. This is 

probably the ''teed--back" phosphorus noted in the case of periphyton. SiDCe 

the ''pool" of stored phosphorus (both radioactive and non-radioactive) 

in these plants might be expected to be large, uptake of "feed-back" phosphorus 

would not be detected until there was a considerable decrease in activity level. 

U,Ptake of radio~phosphorus by invertebrates.--The translocation of 

radiophosphorus was followed through seven stream invertebrates (Figures 5.7). 

These seven forms were from three habitats. Simulium and the ta.banids 

inhabited gravel riffles while the ganphine dragonfly, the stone fly, Pteronarcys, 

and the caddie fly Brachycentrus inhabited Chara beds, logs and other detritus 

of fast water. Hexagenie. and the Physid snail, on the other hand, inhabited 

pools and backwaters. Hexagenia occurred in silt beds. Snails occurred on 

the logs, stones and detritus. 

Collections of invertebrates were made at 4 stations (3 experimental, 

l control). A single collection preceded, and five collections followed, the 

isotope addition. 

Differences in the rate of uptake and the rate of loss of radiophosphorus 

are apparent among these invertebrates (Figures 5.7). Uptake by Simulium was 
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Figure 4.--Activity of stream vegetation at Station 8. 

Counts were corrected for background and decay. 
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Figure 5.--Activity of bottom invertebrates on 

August 8, 1958. Counts were corrected for back

ground and dee&¥• 
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Figu::e 6e•••Activity of bottom invertebrates on 

August 161 1958. Counts were corrected for 

background and decay. 
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Figure 7 o- .. Activi ty of bottom invertebrates on 

September o-101 1958. Counts were corrected 

for background aud decay. 
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most ~id. Twenty-tour hours after the addition ot isotope (August 6) black• 

flies at Station 8 bad a corrected count ot a.pproximatel.y 13,000 counts per 

minute per gram. Atter August 8 there was a decrease in activity at an 

exponential rate. The specific activity ot the black flies on August 6-8 was 

higher than the specific activity or any periphyton collection. '!bis suggests 

that these insects were feediDS upon food of higher activity than atliY' food 

collected in our samples. A food of such activity could have been either 

(1) bacteria and algae that drifted downstream, or (2) periphyton growing on 

the rocks with a higher specific activity than the peripbyton on our artificial 

substrates. The ti~st possibility does not appear to be likely since black 

flies collected immecl.iately below (200 yards) the r;ource of the isotope bad 

a high activity. T,, account for the activity of these flies from drift it is 

necessary to assume a rapld uptake of radic,!)hosphorus followed by release of 

a sizable quantity of radioactive drift within a c-nparatively short section 

of stream. If the flies :received their high activity food from stream drift, 

it would seem that animals farthest downstream (Station 13) would in time 

accumulate the highest activity. This was not the case; maximum activity was 

at Station 8. 

The uptake of radiophosphorus by ather invertebratea at Station No. 8 

was slower. Snails and Bi·acbycentridae had accum~.ated a max:um.un activity by 

August 16. Thereafter there was a steady decrease in ac~ivity of the cad.dis 

fly at the upstreem stati~ns. 

The activity of the snails (corrected for decay) remained almost constant from 

August 16 until September 8 when the final set or collections was made. The 

ehells were considered separately and showed very little activity at any time. 

Pteronarcys stored radiophosphorus until August 30 before a decrease was noted. 

Similarly, peak activity in the tabanid larvae was not eucountered until 

August 30 at Station 2. At downstream stations activity peaks were earlier 



tor this form. This delay in peak acti Yi ty suggests that these two insects are 

one step removed in , the food chain tram snails and Brach.ycentridae. The burrow• 

ing ~ly I Bexagenia, showed the slowest rate of uptake. The activity of this 

invertebrate did not rise significantly above background level until August 8 

and like the Fteronarcys and the Tabanidae did not reach its maximum until 

August 30. Since Hexagenia feeds u;pon organic detritus associated with the 

silt ot the backwaters, such a slow rise and fall ot activity in Hexyenia 

might be expected. Organic material eaten by Bexagenia must arise fran dead 

and decaying periphyton which has sloughed off various substrates and settled 

into the silt beds. Such material is a step removed in time fran its fixation 

by autotrophic plants. 

Uptake of radiopbosphorus by fish.--The accumulation of activity was fol

lowed in two species of fish. 'l'Wo brown trout (Salmo trutta) and two muddlers 

(Cottus b,airdi) were collected fran 8 stations. In the laboratory the fish 

were hanogenized in a Waring blend.er and samples weighing approximately 2 grams 

(wet weight) were treated W1 th nitric acid and prepared for counting as sug

gested. by Robeck, Henderson, and Palange (1954). The pattern of uptake by 

muddlers seems to have differed frcm the uptake by brown trout. In the case 

ot muddlers, activity (corrected for clec&iY) increased at almost a steady rate• 

up until the last &811\Ples were taken on August 28. Uptake by brown trout appears 

to have been more erratic {Figure 8). There appears to have been a very rapid 

uptake between August 21 ~d August 25. This was followed by a decrease betWeen 

August 25 and August 28" 

Radiological safety c •--Maximum level of activity encourrtered in the water 

and various parts of the '.ltreom biota at Station No. 8 are given in Table l • 

. !\ctivities are not corrected. for dec&iY and are given in terms of microcuries 

per gram. Accumulation by fish is perhaps the most hazardous, but in this case, 

a high percentage of the activity 1s concentrated in scales and bones rather 
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Figure 8.--Activity of fish at Station 8 following 

the addition of isotope. Counts have been corrected 

for background and dee~. 
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Table 1.--lligbest act1vit7 record.ecl in aquatic orpmam11 traa west 

Branch ot Sturgeon River atter addition of rad1ophoaphorus 
~lfl!llllllftttl-lllUl41t1M111111Uffl1111RffllllllfllllllllllUUffllllll!IIHll1lliffllllllftllllllllllllltllllfldtlltlHl8ttlilllilwfllltlllllltlllllliflllllllllMlllltlillllllfflllllltlllllltllMllllltlt1111111llllllNIIIIMlllil1111111i1t1lllllilllllfllll-llllltlllffl1IIINI--

Activity IDcation (microcuries per gram and date at time ot collection) 

FISH 
Trout (Sal.mo trutta) 

1.87 X 10•§ Whole Station 8 8/28/58 
Whole 2.24 X 10• Station 5 8/J.5/58 
Viscera 1.42 X 1o•f Station 3 8/21/58 
Viscera 5.07 X 10• Station 5 8/!-5/58 
Bead and gills 1.35 X lO•! Station 3 8/21/58 
Head and gills 6.47 X 10~ Station 5 8/25/'58 
Skeleton 9.3 X 10 Station 3 8/21/'58 
Skeleton l.28 X 10 .. 3 Station 5 8/25/58 
Mlscle l.85 X 10•4 Station 3 8~1/58 
Hlscle 2.42 X 10•4 Station 5 8/25/58 

lt1ddl.era (Qottus bairdi) 9.3 X 10•4 Station 8 8/23/58 
IRVBR.rESRATm 

Simulidae 8.41 X 10•2 Station 8 8/30/58 
Bracbycentridae 1.46 X 10•3 Station 8 8/30/58 
Snails 1.2 X 101 Station 8 8/30/'58 
Tabanidae 5.47 X 10 1,. Station 8 8/30/58 
pteronarcys 3.3 X 10• Station 8 8/30/58 
Gclllphidae 2.76 X 10•4 Station 8 8/J0/58 
Hepgenia 9.J.8 X 10•5 Station 8 8/30/58 

PIA?f.l'S 
Periphyton 2.41 X lO•i Station 8 8/5/58 
lt>ss 7.5 X 10•4 Station 8 8Z6Z58 
Chara 6.3 X 10:i.. Station 5 azszsa 
Potamageton 5e7 X 10 Station 4 8/5/58 

WATER OF S'l'RF.AM 5.8 X 10-6 Station 8 8/5/58 
tl-llllJllllllliilllllttllllliUlllllllllttl-lHfflllllltlllli._1_111tklllllll11iUlilllt1lllllllllillll--llllltlllilll!IIIIOOifflllHIIIIPIUl111illffillfllllllllHillllffllffllflllUll~llllilftllllllllUt11iltllili11llttl1111illllllllllllllllllillll-



than flesh (c J. Robeck, Henderson am Palange, 1954). It bas been abown that 

the rate ot accumulation in Juvenile tish is scmewhat greater than acc\Dulation 

in adult fish (Ibid, 1954). Thus the activity ot legal fish reaching the 

angler's creel might be expected to be aanewhat below the activities of the 

fish that were sUij)].ed.. 

Pemissible levels of radiophoaphorus of fish used for human cons\l!Wtion 

have been discussed by Donaldson and Foster (1957). They calculated the amount 

of radiophosphorus that woulcl be expected in edible parts of fish assuming 

an intake of ~ c.P32per week. This figure was based upon uptake fran water 

containina the maximum pemissible concentration for drinking water (International 

C0111Dittee on Radiation Protection). Donaldson's and Foster's suggested max1DJtllll 

level is 7 x 10~ e... P32 per gram for fish flesh, a figure which apparently 

includes a safety factor of 10. This activity is substantially greater than 

the maximum we recorded in trout muscle (2 .42 x 10-4). Bone, viscera and head 

and gill.a of some of our fish exceeded this activity level slightly. The high 

activity of the viscera was probably fran undigested food. 

8Ulllllal"Y and conclusions ... -The ~riment bas demonstrated that the natural 

phosphorus of the stream water is continuously being exchanged with the phosphorus 

in living plants and an:fmala. Thus a single phosphorus a.tea follows a devious 

course through a succession of plant and animal forms with interspersed period& 

of downstream transport by the water. The evidence of the great maouut of 

biological feed-back of phosphorus suggests that in the case of a fertilization 

experiment, even though the added phosphorus disappeared rapiclly downsteeam, 1 t 

would be re-cycled and fed back slowly into the water so that the fertilization 

ettect would ext.em many miles beyom. the point at which an increase could 

no lcmger be detected chemically. The ev14ence of downstream re-cycling 8')' 

also mean that there :1a a greater biological use made ot phosphorus in stre• 

fertilization than in the case of lakes where there are usually large and 

prohibitive losses to the lake bottaa. 
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