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ABSTRACT

Nutrient enrichment analyses revealed. that both chelated

and unchelated iron affect the photosynthetic rate of natural

phytoplankton communities iz eastern Lake Erie. Depending on

the form, the concentration, and the t' me of year, iron

additions may stimulate or inhibit algal photosynthesis.

However, iron discharges from wastewater treatment plants us'ng

iron for phosphorus removal may not sign' ficantly affect algai.

growth in Lake Erie because of the high dilution effect,



INTRODUCTION

Iron is necessary in algae growth for a variety of cellular

processes, including photosynthesis, respiration, and nitrogen

fixation  Burris 1965; Bidwell 1974!. Several investigators have

also shown that iron concentrations may occasionally limit the

growth rate of algae in some freshwater environments  Schelske

1962r Sakamoto 1971; murphy and Lean 1975!.

Despite its important role in algal metabolism, iron is

usually not considered to be a primary nutrient responsible for

controlling,.eutrophication in aauatic environments. This is in

part due to the -act that non-point sources do not generally

discharge large concentrations of iron into aauatic environments

nor do domestic and indus-ria1 wastewaters usually contair sig-

nifican ly large concentrations. In the near future, however, as

the number of wastewa er treatment plants using iron to remove

phosphorus increases, mor iron will er.ter aauatic enviror.mer.ts

via their discharges. As a result, iron may cause changes 'n the

phytoplankton commur.ities of some of these aauatic ecosystems.

Precipitating phosphorus from wastewaters with iron has become

a common method o treatment. plants to reduce its input to natural

waters  Leary et al 1974; Ockershausen 1975r Braasch and oeres

1976!. While i on effectively removes large quantities of phcs-

phorus, some remains in the treated wat rs. .."e iron mav sc

enter the aquati erviror ment ece'ving the treatment plant diz-

charges. Preliminarv analyzes of a fsw -reatmer.t plants using -'"o..



-1
salts indicate that approximately 20 to 850 wg liter total iron

might remain in the treated effluent  A. Bennice, K. Wuhrmann, and

A. Bernhardt, personal commun cation!. Because izon is important

in algal metabolism, this addition might affect the growth of phyto-

plankton in the receiving aquatic environments.

This investigation studied the effects of iron additions on

the growth of natural communities of Lake Erie phytopmnkton. The

purpose for studying these effects was to determine whether or not

iron discharge from wastewater treatment plants would significantly

affect the growth of phytoplankton in Lake Erie. Although similaz

.:nvestigations in Europe have suspended 'ron use at some wastewater

treatment plants, the U S. generally lacks such studies.

Materials and Nethods

Using natural communities of Lake Erie phytoplankton as the

bioassay organisms, we ccnducted seven iron enrichment analyses

between September 1975 and August 1976. We sampled surface water

:or these ar alyses from the eastern bas' n of Lake Erie us;.a'ly

from a boat of= Point Gratiot near Dunkirk, NY, or from the break�

wall at Barcelona, NY. On two occasions, we obtained water sam les

from the intake pipe of the water fi' tration plant at Dunkirk.

For each nri.chment analvsis, we collected lake wat = samp'es

in four, 20-liter pclyethylene containers and transported them to

W'=hin -wo hours of Sampling, vethe laboratory at Fredoria, NY,

transferred the water to a ser'es of 4-liter glass culture bottle

Iron was then added o dupli.ca e or tripli.cate samples e'ther



singularly as FeC1 6H 0  unchelated iron! or in combination with
3 2

ethylenediamine tetraacetic acid  EDTA! . 1ron concentrates of the

-1
treated samples ranged between SO and 2000 ug liter . Following

enrichment, we incubated the samples for nine to 17 days at lake

water temperature  +2'C Ii either in a growth chan2er with floures-

-2 -1
cent lights  approximately 150 u Einsteins m sec ! or in a

greenhouse under natural solar radiation conditicns.

During the incubation period, we monitored the responses of

the algae to the iron add'tions in terms of the effect of the iron

on algal photosynthetic rates. To measure these rates, we removed

300-ml subsamples from each 4-liter culture bottle and placed them

in 300-ml Biochemical Oxygen Demand  BOD! bottles. After adding

14XaH CQ �0 pCi! to each 300-ml subsample, the BOD bottles were
3

incubated for four hours under the same light. and. temperature ccndi-

onto membrane filters and measured their radioactivity w th a liquid

14
scintil'ation counte . To conver- the C radioactivity counts tc

12absolute values of photosynthet' - C f' xation, we also moni orec

the al.'<alinity and pH of the sample in each 4-liter bott:e

 Saunders, Trama, and Eachma..n 1962!

The figures presented in this paper plot the results of the en-

richme .- analvses as relative photosynthetic ates versus t'me

That is, the rate of pi otosynthesis in an iron enriched sample was

dividedby the rate of photos rnthesis in the control sample to dct~rmine

a relative rate of pho osynth«is - Using this method to present the

data, =- relative photosynthet'c rate above 1,G indicates a - imula-

rion of algal growth and a r lative rate below 1.0 indicates

h~b t~on

tions to which the corresponding 4-liter samples were exposed. After

our hou s of incubation, we filtered the algae in the BOD bottles



RESULTS

Unchelated Iron

The most commonly observed effect of unchelated iron addi.t'ons

 FeCL 6H 0! was a general inhibiticn of algal photosvnthesis within
2

the first seven to ten days of each enricnment analysis. The photo-

synthetic inhibition occurred in the five analyses conducted between

October 1975 and July 1976  F'igures 1,2,3,4, and 5!. Cererally, the

degree of inhibition increased the greater the iron concentration be-
-L

tween 50 and 1,000 zg ' iter  figures 1,2, and 3! . Over the range
-1

of iron concentrations �0 to 2,000 gg liter ! used in the f ve

analyses were iron did inhibit, aLgal pnctosynthetic rates decreased

approximately 10 to 70 percent relat've o the controls.

In these analyses where iron was genera'ly inhibiting, the

extended period of inhibition was preceded by a period of stimu'at'on

that occurr d within 24 to 4- hours aft r iron was first added to

the degree of ini ibi. onthe samples  Fi gur s L, 2, 3,4 and 5'j . Also,

in some ~naLyses decreased with incubation t'me to the extent t:",at
-1

in samples with 50 ug 1' ter added ironalgal pnotosynthet'= rates

were ecuivale..t o or creater than hose in the control samples =- ter

 ; igures 1, 4, and 5 I10 to 16 days

Lake water phytoplankton and iron concentrations were monitored

during the 12-month investigation. We measured total iron concen-

trati.ons in filtered and unfiltered samples with either the batho-

phenanthroline technique  Strickland and Parsons L96S! or atomic

absorbtion spectrophotometry. We identified and counted the phyto-

plankton by the inverted microscooe technique, and determined phyto-

plankton chlorophyll a spectxoohotometrically  Strickland and Parsons 1968!
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Unchelated iron in only tvo analyses had a significant stimu-

lating effect on the photosynthetic rate of Lake Erie phytoplankton

communities over the initial seven to fourteen days of an enrichment

analysis. This stimulation occurred in late summer  August 1.976!
-1

and early fall  September l975! when 50 ug liter iron were added

 Figures 6 and 7!. The maximum degree of stimulation was low and

ranged only between 10 and 18 percent relative to the controls, In

both analyses, after an initial seven to fourteen days of stimulation

the relative photosynthetic rates of the algae tended to decrease

to the extent tha rates in the iron-spiked samples were equal to

or lower than those in the controls.

Figure 8 presents a summary of the results of the enrichment

analyses with unchelated iron  FeC1 6H 0!. It also includes data or
2

phytoplankton chlorophyll a and the algae dominating the phytoplankton

community over the 12-month period of investigation. Unchelated

'ron inhibited algal photosynthesis except 'n August and september.

During the short st' mulation per' od for these samples, algal

chloroohvll concentrations were high, and blue-green algae we e

either dominant or codominant with green algae. This suggests tha':

a relationship between the stimulatory effect of iron and the high

densities of blue-green algae might have existed during these months.

Ch lated Iron

The four enrichment analyses "onducted between May a..d August

1976 emploved chelated iron  EDTA + FeC1 6H 0!. In all of nese
3 2

-1anal'ses, 50 pg liter of che'ated ' on stimulated a' gal growth

i:igures 3, 4,:- and 6! . Maximum stimula ion occurred:n 'ate

June when algal growth in he presence of chelated ' ron was



-1
were added . In the one analysis with 1,000 gg liter chelated iron

This suggests thatiron inhibited algal growth  Figure 5!

the response of algae to chelated iron is a function of both the

presence and concentration of iron in the chelated state. Thus,

while low concentrations �0 !'g liter ! of chelated iron stimulated

-1
algal growth, higher concentrations �,000 ug liter ! inhibited the

growth of Lake Erie phytoplankton.

Sampling Site Comparison

When this investigation began in September 1975, we made

plans to run iron enr'chment studies during the period of ce cover

Since wc could not obtain samples by boat during the winte , water

samples were to be aken from the intake pipe of the Dunkirk wate

filtration plant However, subsequent comparisons of wate" taken

directly from Lake Erie and from the water filtration plant indicated

significa ntly higher iron concentrations in samples taken :rom the

water il-ration plant  Table !. We suspect that the water accumu-

la ec additional iron as it passed tnrcugh. a cast'. ron pipe from he

lake to the filtration plan

Because of the high iron concentrations, the result- of tne

e..ri=hment analyses using the f'1tration plant water might not always

represent effects of iron additions on samples taken directly f om

he lak . We confirmed this statement with a ccmparative analys.s

r'un 'n September 1975  F"igure 7!. As a consequence, monitor ng cf

the responses of winter and earlv s-ring -hytoplankton communities

to iron adcitions was Ii mited to one analysis in .=ebruar~, 1976

1.4 times higher than the controls. Generally, relative algal growth

-1
rates increased onlv about 10% when 50 ua liter of chelated iron



 Figure 2!. While this one analysis indicated that iron inhibits

algal growth during periods of ice cover, the results must be inter-

preted in light of the fact that the water was obtained from the

intake pipe of the Dunkirk filtration plant.
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TABLE 1. "on enSza.ion,'pa/~! o� iron -n unfi.ter'ed and mern-rane

ji'.t,axed sunpkes taken aizec07.p f."om ~ne =-ur face oy Iw~e

Erie and,Toom tr.e ~nki k vates' fil~z'avion plan

Date

44790

79 18

16 November 1975 26462

424

652 42

25 Nay 1976 192

14 June 1976 120 24

21 June 1976

3 August 1976

-"0-

15 September 1975

22 October 1975

l5 December 1975

4 February 1976

Lake Water Plant Water
Unfiltered Filtered Unfiltered Filtered



DISCUSSION

The results of this investigation indicate that the addition

of both chelated and unchelated iron affects the photosynthetic

rate of the phytoplankton communities in Lake Erie. However, the

degree of stimulation and inhibition by either form of iron does

-1
not appear to be extensive at low concentrations �0 pg liter !.

Photosynthetic rates of natural algal communities in the -resence

-1
of 50 yg liter unchelated iron generally remained within +10% of

the controls and additions of 50 !ig liter chelated iron produced

at best a 10% to 40% stimulation. At concentrations greater than

-1
50 pg liter, both the chelated and unchelated i ron tended ta

inhibit algal photosynthesis,

The response of algae to iron discharged from wastewater tzeat-

ment plants depends on several factors: these include the concentra-

tion of iron in the effluent, the volume of the effluent, the volume

of the receiving water, and the degree of mixing of the effluent with

tne receiving water. When small bodies of water receive large

amounts of iron, one might expect tha" the iron will significantly

affec the growth rate of the algae. However, considering specific-

ally the iron di.sc.;arged from wastewater treatment plants inta

Lake Erie such as in Dunkirk, we assume that the discharge iron ~ill

have little effect on the productivity of the phytoplankton.

The Dunkirk wastewater reatment plant, designed to reat an

average flow of 23x'0 li ers � mill'on gallons! per day, di-charges

-1
an effluent w' th an average af approximately 600 ug liter i an =c

Lake Erie  A. Bennice, persona 1 communication�! . Thus, it. d' scharges

less than 14 kilograms  approximately 30 standard US lbs. ! of

iron per day. Though we did nat mani or 'ron ccncentratian in

-21�



the dischazge a ea during his investicaticn, we assume that he lak

currents rapidly dilute the ef fluent  »agara mohawk Power Corporation

1976! and prevent significant inc eases in lake water iron concentrations.

In addition., release of iron from the sed:ments fcllcwing lcng erm

accumulation of iron in "he bottom sedirrents should r.ot be a problem,

because the lake water remains well cxyger,ated throughout the zone be-

tween the shoreline and. the ten mete" cor.tour where the effluent is dis-

charged  :niagara i<ohawk Power Corporation 1976!. !t seems, herefore,

that the high c.'lution factor, -he low concer.traticn cf iron r

effluent and =ne small eff cts cf iron cn algal, photcsynthe ' =a s

all i .d'cate that the iron discharged from wastewa er t ea~~ent plan s

such as the one in dunkirk prcba-ly nas ro s gn'zican= ef ct cn :he

-hc osynthetic rates of Lake Z ie phr oplanktor. communiries

addit'ors to acua ic e.,vir-W:en assessing he impact cf iron

that iron may have cn hecnmen:s, cne must also consider the efzec s

Tha is, i on affects thecomposi ion of the phytoplank=on cmmunity.

composition of the phytcplank-photcsynthet'c =a e as we'' as he species

xamine the ir fluence cf 'ronThis investi=ati=n 'd notccmmur i

by other researchers suggestsadd .'crs on communi y s wcture, bu wo k

'" n may ==cvide blue-green =- "ae ~:i '=. a ompe-small

advantage over othe« alca' :axa.

group G: al gae known t" f x n t"oge .,Blue-creer. algae,

The corcentration of ava'labl rcn~xa ~on.re-uire iror for nitzogen

-'s =he«efc«e be''eved to cortrol blue-green a'cal b'ocms in

s ppor s thel i . ".or orce"tI' o~e «Oce~

' ""r. c.-e a crs,hrdrcxama=as,"or ccrown

by =.';e bl e-g een alcae, '=ut a.lsc:-e =take cf 'rcna

Ja 8 n~a hll~...l / ~ L

tha- =dd =' Gns c f

"elease

some s es

zhac '-' e-

=l -=«ess the



apparently accounts for results of experiments conducted in Lake Ontario,

where iron additions increased the abundance of blue-green algae  Murphy

and Lean 1975; Murphy etal. 1976! .

Thus, iron addition to aquatic environments may change the

composition of the natural community by increasing the relative abundance

of blue-green algae. Since blue-green algae are often responsible for

probl ms involving taste, odor, and surface scums in natural waters,

such enhancement could, in turn, lead to water quality problems  Lin 1976!

Presently, there are ' nsufficient data to determine if the iron

in the discharge from wastewater treatment plan s cnanges the composition

of Lake Erie phytoplankton communities. However, if the dilution of

wastewater effluents is rapid and extensive in Lake Erie, iron in the

effluent of wastewater treatment plants should. bring about no significant

effect on either the composition or the photosyntheti= rates of the

phytoplankton communities in Lake Erie.
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