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Chelating and sequestering agents are organic compounds which form 

com1.:.lexes with metallic ions. Many of these complexes are water soluble. 

Thus chelating agents may kee1.; r.netallic elements in solution that would 

otherwise be precipitated. Trace n1etals cornplexed by chelating agents 

can be used to sur:ply nutrients to living plant cells. The :)urrjose of the 

i:.:resent experiment was to observe how chelai.ed iron influences the water 

chen1istry and the [jhotosynthetic rate of a srnall r.narl lake. 

Microbiologists have recognized the value of the versenes in culture 

media as a complexing or chefating :.igent for Inetals. They found ethylene

di_a:rninetetraacetic acid to be valuable in rnobilfaing and solubilb:;ing u1etals 

(m1tner et al. 19 ~iO). rovasoli and ,. intner ( 195:5) noted thcd the use of 

ehelators in lahoratory cultures 1,arallels the situation in natural Naters 

where humic acids are the non-metabolizahle metal-:yuffering ae,ents. 

Saunders ( 1957) t'ointed Oclt that by acti.n;,· as chela1ors dissolved orr;anic 

substances may influence the concentration of trace elements in natural 

waters. 

Many organic com,_,ounds, such as arnino acids, polyre1.tides, and 

porphyrins, occur in natural waters (Vallentyne 195'?) and ma.1 act as rn.etal 

binders. Domogalla, Juday and l eterson ( 1925) and Fogg and Westlake ( 1955) 

demonstrated that amino acids and polype1Aides may be 1,resent in natural 

lakes. These com1..;ounds may be secreted into the water by living algae or 

may be released by decay of Jjhyto1jlankton. Fogg and Westlake also 

demonstrated that laboratory cultures of diatoms and green and blue-

green algae produced .l·eptide nitrogen and showed that the extracellular 
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poly1)eptide nitrogen from ,ll-.nabaena formed a soluble com11lex with cui:,ric 

ion, :&inc and iron. J\ solution of the Anabaena polyreptide brought solid 

tricalcium ortho1~,hosphate into solution. Titration c,1rves for mixtures of 

the 1-,olypeJ:-itide and 1)hos1,hate indicate that the two formed a soluble con-:i.1>lex. 

Fof~g and Westlake sugg:est that substances such as i;olyi,eptides rnight 1-'ronrnte 

growth of algae in natural systems by maintaining :)l10sphorus and iron in an 

available form in situations where precii:ii.ation might otherwise take place. 

The phosi:,horus and iron in the water of marl lakes are in equilibriurn 

with solid calciurn carbonate. Mari is foun6. not only on the lake bottom but 

is also sust-iended in the water. Thus the water is hitihly buffered and the 1~H 

is almost al ways between 8. 0 and B. 4. .J. hosi;horus and iron entering the 

e_pilir:nnion, therefore, mf:ly be 1,reci1Atated and sedi.mented at all times of 

the :y-ear. :Because rnarl lakes have been found to be deficient in vhosphorus, 

several attem1;ts have been rnade to enrich such lac:es with inorganic 

ertilizers (Barrett 195:3, .Alexander 19;5G, t\nton 195 1 and .f. losila 1958). 

In these ~rials the added J:.hos1 .. horus has been maintained in the e1-1ilimnion 

for only a short time. In rnost cases 1°hytoplani(ton has been increased 

little, if at all, b1.1t the fertilizer has stimulated the ;,::rowth of benthic alp;ae 

(f losila 195h). 

Except when they contain sns1;ended marl f1articles, Michigan marl 

lakes ordinarily are of high transparency. A characteristic of these ecosystems 

is that there is little organic rnatter in the bot.torn sediments and in the water. 

Since organic substances were lacking it 1,vas reasoned that marl lakes might 

be deficient in natural chelating agents and that an artificial chelate might 

make iron and phosJ:-,horus available for 1Jhotosynthesis. 



Schelske ( 19fiO) tested this hY.1/0thesis in Blind Lake, a southern Michigan 

:marl lake. He added chelating agents and certain inor0anic nutrients to 

bottles containing lake water and then sus1Jended the bottles in the lake. 

After incubation in the faJ.;:_e for at least 4 days, the rate of carbon fixation 

was measured by means of the carbon-14 ( C 14) method. Iron chelate alone 

increased the rate of carllon fixation fivefold and a combination of iron 

chelate and nutrients which incl tded nLror:en and phos~:horus, increased 

the rate of carbon fixation fiftyfold to a hundredfold. The addition of 

nutrients without chelated iron increased 1:.hotosy11thesis very little or not 

at all o:,er the rate in th.e control bottles (bottles coniainin;; only lake v,a.ter). 

In the present investigation, we added chelated iron, NaF'eHEDT.l\ 

(iron sodiu:m salt of N-hydroxyethylethylenediaminetriacetic aci::l), and 

inorr;anic fertilizer to a small rnarl lalrn to determine if these chendcals 

wo,1ld increase the rate of i;rimary 11roductivity in the lat;:e as a v.rLole as 

it had in the bottle ex1 eriments xnen ioned above. 

Experimental La' .es 

Sand Lakes 1 and 2 are members of a series of five small marl lakes 

in Grand Traver·se County, M.ichigan. During an earlier high--,vater stage 

these lakes were probably J:Jarts of a single lake. Today the lakes are not 

connected and have no inlets or outlets. Lake 1 has an area of 14. 2 acres 

and a mean depth of 22 feet. Lake 2 has a greater area ( 1 i. 3 acres) but is 

much shallower ,: •.nean devth of 11 feet). The shoreline of both lakes is 

soft white marl. At the time of the study one could not reach the water's 

edge without sinking a foot or more into marl. Marl sediments extend 
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throughout the littoral and sublittoral zones. Despite extensiV(' marl deposits, these 

lakes are of only moderate hardness and calcimn content for Michigan lakes 

(methyl orange alkalinity 75-105 ppm and calcium 15-:30 J!p:,:r1.). The '.tquatic 

vegetation of the lakes is chiefly sparse stands of Chara. 

Both lakes were stratified thermally and chemically when the experiment 

was begun and remained stra.tified throughout most of the investigation. In Lake 

1, the epilimnion extended to a depth of lH feet and the hy1.;olirnnion was below 

34 feet. In Lake 2 the thermocline began at 12 feet and extended to the maximum_ 

depth. 

Lake Treatrnents 

For oar study, Sand Lake 1 was the experimental lake and Sand Lake 2 

was the "control" or reference lake. In order to simulate Schelske 's bottle 

experiments as closely as possible we first added only chelated iron to Sand 1 

and did not treat Sand 2. After a 10-day period in which the effect of the 

chelated iron in Sand Lake 1 was evaluated, we added inorganic fertilizer 

to both lakes. This enabled us to study the combined effect of chelated iron 

and fertilizer in Sand 1 and to study the effect of the fertilizer alone in 

Sand 2. The concentration of fertilizer after treatment was approximately 

the same in the two lakes if only the epilimnetic volumes are considered. 

Calculated on the basis of total lake volume the concentration was slightly 

greater in Sand 2 than in Sand 1 (Table 1). 

On July 26, 1959, Sand 1 received a mixture of 491 pounds of NaHEDTA 

(Versenol 120, Dow) and 300 pounds of ferrous sulfate (FeSO 4. 7H20). The 

Versenol, a liquid, was added to the solid ferrous sulfate. Mixing the 
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ingredients in this way maintained an acid solution and prevented precipitation 

of ferric hydroxide. The resulting mixture contained a chelated iron com:µlex. 

The amount of ferrous sulfate added was less than the chemical equivalent of 

the Versenol. Hence a small fraction of the Versenol (approximately 10%) was 

not combined with iron. 

Nieasurement of lJhotosynthetic Rates 

Photosynthetic rates were measured using the C 14 method. Water 

samples were collected at a selected series of de;.:;ths with a Kernmerer 

water bottle. Four I-· yrex glass- sto1Jpered bottles of 250 ml capacity were 

filled with water from each depth. Approximately two rnicrocuries of 

14 
NaH€: O" was added to each bottle. Two of the four bottles were wrar+ed 

,.) 

in aluminum. foil to exclude light. All four bottles were then sus1;ended in 

the lake, at the depth frmn which the water sample was collected, for a 

period of from four to five hours. The four- to five-hour period ordinarily 

extended from 10:00 a. m. to 2:00 or :3:00 p. m. After ex1.josure in the lake, 

two samples from each bottle were filtered through an HA 1\/Iillil-'ore filter. 

The filter was rinsed with 5 ml of 0. 002 N HCl and 5 ml of distilled water 

and n1ounted on an alurninum counting planchet. The activity of samples 

was measured in a gas-flow counter equipped with a rnicromil window and 

an automatic sample changer. The net rate of uptake at each depth was then 

determined by subtracting the average activity of the dark bottle samples 

from the average activity of the light bottle samples. These results were 

plotted for each date and yielded a photosynthetic profile. 
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Since we were interested in detecting rate changes rather than absolute 

values, net C 14 uptake rates were not converted to photosynthetic rates. 

Rodhe et al. ( 1960) points out that at present it is best to use C 14 uptake 

values as relative rather than as absolute measurements. 

Chan[,;es in Photosynthetic Rates 

Comparison of photosynthetic profiles before (July 21-25) and after 

(July 30-August 5) treatment with chelated iron indicates that a change in 

photosynthetic rate occurred in Sand Lake 1 (Fig. 1). In the lower 

epilir:cmion (6· and 1:2-foot depths) and in the upper thermocline ( 18-foot 

depth), average rates were frorn foar- to sixfold greater during the 1-'ost

treatment period. Increases were smaller at 24 feet and little or no change 

occurred in the hypolirnnion at ~;2 feet. As there is no evidence that the 

chelated iron penetrated the lower thermocline and hyr~olirnnion, no increase 

would be expected at these depths. Despite considerable day to day variation, 

the range of values obtained at each depth for the four after-treatment profiles 

overlapped the ranges of the three pretreatment profiles only at the surface 

where photosynthesis appeared to be light inhibited after the chelate treatment 

and at the 24- and 32-foot depths which were not treated. The net effect of 

the chelate treatment is shown by the change in shape of the photosynthetic 

profiles before and after treatment. Before treatment the rate of photo

synthesis in general increased with depth and the maximum photosynthetic 

rates were at the greatest depths, i. e. , in the hypolimnion. After treatment, 

profiles showed light inhibition of photosynthesis at the surface, a maximum 

rate in the epilimnion, and rates decreasing with depth below the maximum. 
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In the case of the reference lake ( Sand Lake 2), only two orofiles were 

secured preceding fertilization, one before and one after the chelate addition 

to the experim.ental lake (Fig. 1). There was little difference in the shape of 

the profiles on these dates (July 2G and August 2); however, there was a 

higher rate at all depths on .August 2 than on July 2G. Although more data 

are needed, this suggests that a natural increase in photosynthetic rate 

occurred in the reference lake. Thus the increase in photosynthetic rates 

in Sand Lake 1 after the chelate treatment might also represent a natural 

increase. This seems unlikely because the photosynthetic increase after 

the chelate treatment was confined to the depths receiving iron chelate 

(Fig. 1) and because photosynthetic rates in Sand 1 were decreasing prior 

to the chelate treatment ( Table 2). 

Rates of C 14 uptake before ( control period) and after the chelate 

treatment of Sand Lake 1 were comi-)ared by an analysis of variance to 

deterrnine whether or not the observed changes were significantly larger 

after the chelate treatment and therefore attributable to the c ·elate treai

ment (Table 3). Rates of c 14 uptak.e were transformed to their logarithms 

before making analysis of variance tests. Transformed data fitted a normal 

distribution. 

The effect of the chelate treatment was tested by comparing the treated 

depths (above) with the untreated depths (below). No significant difference 

exists between the rates of C 14 uptake in the above and below depths before 

treatment whereas this comparison is highly significant after chelated iron 

was added to Sand Lake 1 (Table 3). Further evidence that the chelate 
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treatment increased photosynthetic rates corn es from comr,arison of before 

treatment und after treatn1ent F values. The F value is highly significant 

for above depths and not significant for below depths. This gives further 

indication that a change occurred in the zone which was treated with chelate. 

Photosynthetic rates were so much greater after the addition of 

fertilizer than rates before fertilization that statistical analysis was not 

necessary. In Lake 1 phytosynthetic rates increased markedly in the 

epilimnion a week after the addition of fertilizer. By Auffust 14 and 15 

14 
C uptake was over 500 counts per minute at the surf ace and there had 

been similar large increases at the B- and 12-foot derths. At this tin1e the 

lake was clearly in bloom.. /i.lgal scum greatly reduced tr:.rns1)arency of 

the water. 

Two weeKs after the addition of fertilizer (l\uf;ust 20-21) the bloom 

disappeared and water transparency increased (Fig. 4). Likewise, clear-

ing was observed in the reference lake and it is believed that both la. ::es 

cleared in response to a week of exceptionally hot, calm weather. Photo

synthetic rates increased again in Lake 1 the following weeK as the 

weather becan1e cool and windy. On August 't:,7 and 28 rates were the highest 

encountered during the experirnent; C 14 uptake was 1, 000 counts 1;er minute 

at the surface and 6-foot depth and similar large increases were detected at 

the 12- and 18-foot levels. 

The response to fertilization of the reference lake was weak compared 

to the response of the experimental lake. From August 2 to August 15 the 

rate of C 14 uptake increased from 48 to 154 counts per rn.inute at the surface 
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and from 76 to 104 at the 6-foot depth (F'ig. 1). Maximum values were on 

August 28; on this date rates as high as 300 counts per minute were recorded. 

Transi;arency Changes 

Light penetrating to vn.rious derJths v.:"..ls y:lotted as rercentage of 

surface light (Fig. 2). Tr2.nsparency decreased in the experimental lake 

after addition of the chelate and there was a further fall in transparency after 

the fertilizer was a1.;91ied. A spectacular increase in transparency occurred 

in both lakes durinf; the week of Aur;ust 15-19 when the weather was extremely 

calm and warm. Transparency was again low in both lakes on August 26 but 

photometer readings vi'ere not as low in Lake 1 as c-n August 14 even though 

the maximum i:..hotosynthetic rates were recorded d,e followin~i 2 days 

(August 27--28). The fall in transparency of the refe1·ence lake ·bet.ween 

July 2G and July 29 supports results from C 14 n:easurements which 

indicated that photosynthetic rates were increasing 1Jrior to fertilization. 

Dissolved Oxygen 

The unmodified Winkler rnethod was used to determine the dissolved 

oxygen content of samples collected at selected depths. Samples for analyses 

of total phosphorus and total iron were taken at the same thne and at the same 

depths. 

Oxygen pro:files in Sand Lake 1 were of the positive heterograde type. 

Supersaturation occurred in the upper thermocline on all dates except 

September 22 (Fig. 3). Little or no change occurred in the profiles after 

the addition of chelate. The influence of the chelated iron alone upon 
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production apfeared to be small in comparison to its effect when combined 

with fertiliL-er; howeve:r; the period of time when only chelated iron -.,vas 

present wa.s short and its effect might have intensified with time. The hloo1n 

of 1 lankton whicl1 developed after fertilization produced a•;.perss.turation in 

the upper epilimnion (August 14). Later oxygen values decreased in the 

lower epilinmion producing a 1,ronounced notch in the oxygen curve (August 26). 

The oxygen profile in Sand Lake 2 also changed after fertilization. Super

saturation was found on .August 15 at the surface and at the l>foot derth. 

Dissolved oxygen was soon depleted in the bottmn wders and an oxygen 

deficiency appeared in the lower epilimnio:n. 

Total Phosphorus 

The addition of chelated iron had no effect ur,on the total phosphorus 

concentration in Sand Lake 1. The slight increase of }.:hosphorus in the 

epilimnion between July 26 and July 31 appeared to be within the range 

of normal fluctuations. The f e:rtilizer raised the phosphorus concentration 

of the epilimnion of Lake 1 from 5 to 20 ppb and from 5 to ::;o ppb in Lake 2 

(Fig. 4). It is clear, however, that the added phosphorus soon disappeared 

from the water of both lakes. Loss of phosi:-,horus was more ra1Jid in the 

reference lake than in the experimental la..ke. By August 21 the concentra

tion in the epilimnion of Lake 2 was less than 10 ppb and by August 27 it 

had fallen to less than 5 ppb. A concentration greater than lfi ppb remained 

in the epilimnion of Lake 1 through August 27, suggesting that the chelate 

may have delayed the loss of phosphorus from the water. By September 22 
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phosphorus had fallen below 10 ppb in tl1e c1:;,ilimnion of Lai-~e 1 and had 

increased substantially in 'd1e hy1:,olimnion and lower therr.:wcline. 

Total Iron 

Analyses for total iron measured with tripyridyl after oxidation of 

organic rnatter (American Public Health Association, 1955) give the only 

available inforrnation on the distribution 0f chelated iron in Sand Lake 1. 

Analytical methods for s1.nall amounts of chelate were not considered 

practical. Thus we fa,ust rely upon changes in total iron concentration 

for inforn.1ation on movernents of the chelated iron. Inter1;retation of iron 

data in this ma..-rmer leads to some uncertainty since changes in concentra

tion of naturally occurring iron cannot be distinguished fro:rn changes in 

chelated iron. ,?\lso this interpretation assumes that the H.EDTA remains 

complexed with iron and does not combine with other metals in the lake 

system. The latter assumption is believed to be soLmd because :metals 

that might form a rnore stable coxnplex than iron are _t>resent in .,-ery low 

concentrations. 

The concentration of total iron ln the epilimnion of Lake l before 

treatment with chelated iron (July :rn) ranged from 49 to 54 ppb. Concentra

tions in the thermocline and hypolirnnion were from 67 to 76 ppb. Large 

increases were detected in the epilimnion three days after treatment. On 

August 31. 189 ppb of iron was found in the surface water and 109 ppb at 13 

feet (Fig. 5). In the thermocline and hypolimnion, no increase in iron 

concentration was noted indicating that the iron chelate had not penetrated 

the thermocline. While the lake contained only the chelating agent (before 
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fertilization) the concentration of iron in the epilimnion changed little and 

there was no indication that the iron chelate had moved into the therm.ocline 

and hypolimnion. 

The first indication of a change in iron distribution was on August 15, 

9 days after the fertilizer had been applied. On this date iron had fallen 

sharply in the epilimnion and ranged from. 29 to 56 ppb. An increase was 

noted throughout the hypolimnion, but particularly in the bottom water where 

180 ppb was recorded. This increase in the hypolimnion was not due to 

regeneration of iron fror.::1 the bottom. sediments because the hypolimnion 

still contained dissolved oxygen. Despite the iron increase in the hy_polimnion, 

there was a net loss of iron from the lal:e as a whole. 

The disappearance of iron fronJ. the water after August 15 coincided 

with the flOSt-fertilization plankton bloom. The passage of iron into the 

hypolimnion noted above suggests that iron was removed from the water 

by organisms making up the bloom and settled into deeper layers as plankton 

detritus. Iron concentrations continued to decrease throughout the lake 

basin until August 27. On this date values rari.ged from 8 to 29 ppb in the 

epilimnion and ther.mocline (Fig. 5) and were the lowest encountered during 

the study. This stripping of iron from the water to concentrations con

siderably below those encountered before treatment suggests that the 

chelating agent made available new sources of iron to the plank.tonic 

organisms. 

With the onset of anaerobiosis in the bottom waters after August 26, 

regeneration of iron occurred from the bottom sediments. On September 22, 

531 ppb was encountered in the bottom waters and 94 ppb was found at 32 feet. 
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By September 22 the epilimnion had deepened due to autumnal cooling and 

it had an iron content in the range encountered before chelate treatment 

(Fig. 5). On October 21, during the fall circulation period, there was a 

rather uniform vertical distribution of iron. Values were slightly higher 

than those encountered before the chelate addition. This increase was not 

unexpected and was probably due to norm.al chemical cycles within the lake. 

DiSCLlSSion 

The results of photosynthetic measurements tend to confirm the 

conclusions of Schelske ( 1960) that in marl lakes ( 1) iron chelate alone 

brings about a modest increase in photosynthetic rate and ( 2) iron chelate 

co:mbined with other essential nutrients provides a powerful stimulus to 

iJhotosynthesis. This effect is 1nuch greater than can be achieved with 

nutrients alone. 

Because sulfate was added along with the chelated iron ( Table 1) there 

is the possibility that the photosynthetic increase was caused by the addition 

of sulfate and not by the chelated iron. Bottle experiinents conducted with 

water from Sand Lake and other marl lakes have demonstrated that sulfate 

has no influence upon this response (Schelske 1960). 

The stripping of iron from the trophogenic waters by the algal bloom 

in Sand Lake 1 suggests that an iron fraction in the water previously 

unavailable to algae was utilized in the presence of chelate. If true, this 

would provide some support for Schelske 's hypothesis that marl lakes in 

Michigan are deficient in available iron because they lack naturally occurring 

chelating materials. In our experiment at Sand Lake 1, HEDTA was added 
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in excess of its chemical equivalent of iron. The excess may have reacted 

with sestonic iron compounds making the iron available to plants. 

The decrease in iron content of the water after fertilization suggests 

that chelate was also lost from the lake water. If chelate had remained, it 

would have reacted with iron in the sediments and m.aintained iron concentra-

tion at a high level. Schelslce ( 1960) has demonstrated that HEDTA reacts 

with iron in sediments and brings it into solution. The mechanism by which 

chelate disappeared from the water is not clear. Hutner et al. ( 1950) 

found that EDTA is non-metabolizable, hence HEDTA is probably also 

non-metabc.lizable. Provasoli ( 1960) suggests that EDTA may be lost by 

photooxidation; if so, this .may ha·,·e been the _process removing HEDTA 

from Sand Lake 1. Whate\'• :_ 1e mechanism, it af)f.;ears that to maintain 

HEDTA in lake water it will have to be added at frequent intervals. 

Alternatively, a more stable cornpound of similar function might be 

utilized. 

Sununary 

An experiment was performed to determine the effect of chelated iron 

( iron salt of N -hydroxyethylethylenediaminetriacetic acid) and commercial 

fertilizer on the primary productivity of a 14-acre marl lake in Grand 

Traverse County, Michigan. 
14 

Rate of C uptake by phytoplankton was 

measured at a selected series of depths to determine the effects of the 

lake treatments. After the addition of chelated iron, C 14 uptake increased 

approximately fourfold over the rate during a pretreatment ( control period. 

Increases in the rate of C 14 uptake were detected only in strata of the lake 
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which received chelated iron. Fertilizer was added to the experimental lake 

10 days after the addition of chelated iron. This increased the rate of C 
14 

uptake approximately 60 times over the rate during the control period. In a 

second marl lake (a reference lake) the addition of fertilizer did not increase 

the rate of C 14 uptake greatly in com.parison to the increase found in the 

experimental lake. Decreasing water transparency was accompanied by 

increasing rates of c 1·· uptake. The ef',_,:c.:ts of the lake treatments and 

changes in the rate of C 14 uptake are considered in relation to the distribu

tion of total iron. total phosphorus and dissolved oxygen . 
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Table 1. - -Chemicals added to Sand Lakes in 1959 

Chernical 

July 27 

Versenol 120 
(Dow) 

Ferrous sulphate 
lw so · ~;H 0) '-· e,_ 4 ' ·-2 

Iron {Fe++) 

Sulph:c1.te ( SO 1 - - ) 
L 

August 6 

Fertilizer 
(12-12-12) 

Potassiurn (K) 

Nitrogen (N) 

Phosphorus (P) 

Pounds 

491 

::300 

GO 

1 ::15 

2,000 

240 

240 

106 

Lake 1 
(Experimental) 

Pounds Concen-i 
i:Jer tration 

acre (parts r;er 
billion) 

':Ll P 5[$4 '--' .... '-

21. 1 357 

4. 2 f''C-. 
,,:., 

9. 5 lfJ 1 

141. 0 2. :_;;t,4 

lG. 9 :285 

16.9 285 

'i. 5 126 

'¢" Calculated on basis of total lake volume. 

Lake 2 
(Reference lake) 

Pounds Pounds Conceni 
per trationv 

acre (1,arts per 
billion) 

1. 520 88.4 ;:,, 036 

182 10. 6 363 

182 10.6 363 

80 4.7 160 
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Table 2. --Relative rates of c 14 uptake before and after treatment 

with chelated iron on July 2'7 

( ,.... . C 14 . . l \...,Ounts per nnnute activity per 1our exposure 

calculated for entire lake volume) 

Before treatment After treatment 

July July August 

21 2 •) 
"' 25 :Sl 2 5 

168, 000 84,000 04,000 215,000 :;w1, ooo 293,000 589,000 
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Table 3. --Analysis of variance tests of treatment with 

chelated iron 

Before Treatment (All depths) 

Within dates 
Above vs. below 
Residual 

Total 

After Treatment (All de1Jths) 

V✓ithin dates 
A hove vs. below 
Residual 

Tctal 

Before vs. After 
(De_pths treated) 

Within deptt,s 
Before vs. after 
Residual 

Before vs. After 
('Depthsnot treated) 

Within depths 
Before vs. after 
Residual 

Total 

* Significant 

** Highly significant 

df 

2 
1 

14 

1'1 

.:, 

1. 
19 
e;c.1 
"-·0 

~~' 

1 
("'tJ 

Li.:; 

27 

1 
1 

11 

1'" 0 

~)Ulll of 
squares square 

0 597 4.799 v. 

1. 481 1. t181 
5.G02 0.400 

lG. G80 

~L ti 5 '7. 22 
19. 51 19. :) 1 

4::i. 96 2. ;_,1 

L5. 1 " 1...::: 

l'7. GOl 5.867 
49. 288 49. 288 
.::o. 2ll'l 1. 315 

9'" I. 1:rn 

1. 679 1. 679 
0,081 0.081 

31. 282 2. 84 

33.042 

"F" 

12.0** 
3. '/0 

\.). 13 
8. 44 

4.46* 
87. 5** 

o. 59 
0.03 
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Photosynthesis 
SAND LAKE 2 

(Control) 
PRE-TREATMENT 

8/2 
AFTER-FERTILIZATION 

/8/28 ' : 

I : 

t ; 
~--,J,¥8/20-8 /21 

: ' i I 

10 15 20 25 30 50 60 70 80 90 0 4 10 40 100 400 1000 
SAND LAKE 1 
(Experimental) 

PRE-TREATMENT AFTER-CHELATE AFTER-FERTILIZATION 

0 5 
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I 
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AVERAGE NET C-14 UPTAKE 
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14 . 
Fig. 1. - -C uptake m Sand Lakes 1 and 2 before and after treat-

ments with chelated iron and fertilizer. 
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Transparency 

SAND LAKE 2 
(Control) 

12 Feet (Epilimnion) 

--------~ ..... __ 16_F_e_e_t _(_T_he_r_m_o_c_li_n_e_) _ 

26 29 
July t 15 20 

August 
Ferti I ization 

26 

26 

SAND LAKE 1 
(Experimental) 

1959 

23 
September 

22 
September 

Fig. 2. --Percentage of light penetrating to selected depths in the 

epilimnion and thermocline of Sand lakes before and 

after treatments with chelated iron and fertilizer. 
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Dissolved Oxygen 
SAND LAKE 2 

(Control) 
PJ f.> 

~v: 
12.1 

0.0 0.0 

SAND LAKE 1 
(Experimental) 

~\ 0. ,o. 
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I I I I 
0 2 4 6 
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Fig. 3. --Dissolved oxygen concentration (parts per million) in 

Sand Lake 1. 
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Fig. 4. --Depth-time diagram of total phosphorus in Sand lakes. Isopleths 

show total phosphorus in parts per billion. 
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