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27. ·EFFECT OF WASTEWATER ORGANI FRACTIONS ON THE 
GROWTH OF SELECTED ALGAE 

Gerald C. MaDon~ld, Executive' irector, Albany 
COunty Sewer District ,Albany', New York, , 

'Niaholas L. Clasaeri, Director Rensselaer Fresh 
, Water""il'leti tute at Lake George, Associate Professor, 

Sio-Environmental Engineering ivisio'n, Rensselaer 
Polytechnic Institute, Troy. N w York' 

With the rise of the Indust 1al Re~olution the 
accelerated aging of the natural water reSource has 
become increasingly evident. Th s phenomenon has, 
in part, been attributed to the nchecked discharge 
of rn-:\n-~1E.do ~lastes.I-5The agen s within ouch 
wastes responsible for the iilcre sed algal produc­
tivity,indicative of such pheno ena, have been 
investigated extensively. llitr en and phosphorus 
have received the main attention' but the results 
.elici.ted to date have not fully, xolained the 
occurrences' of increased product vlty solely in 
light: of theseentities.'-11 The investigations 
have produced groundsfor'specul tion and hypotheses 
requiring further serious study. To date, a spe­
cific aspect of wastawaters, nam ly, the possible 
stimulatory 'effects produced by' rganic components, 

',has received little attention. he ~Iork outHned 
herein describes an, t.'.:.tempt to 'd termine the exis-: 
tence, and extent of algal growth enhancement brought 
about by the addition of wastelila er organic fractions 
to representative algal cultures. 

',' . 

MATERIALS l.NO·.-METHOOS 

. The objective "of this in,'ls igation was to . 
ascertain ,the effects of organic wastewater frac­
tions'on the. growt-h rate of s,ele ted algae. To· 
this end a sample of effluent from a conventional 
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activated sludge facility loca ed at Bntavia,New' 
York was subjected to fraction tion using gel 
chromatographic techniques. P ior to such frac­
tionaticn the sa!i,ple was membr ne filtered (0.45 II) 
and concentrated by freeze dry ng to insure its 
usefulness for further experim ntation. The latter 
technique was carried out usin a 10 liter VirUs 
large port freeze dryer specia ly equipped with 
sixteen 3/4" ports to allow fo an increased rate 
of sublimation (Virtis Co., Ga diner, New York). 
Preliminary studies with local y available waste­
watex clearly demonstrated tha this concentration 
technique did not cause a chan e in the basic 
char~cter of the wastewater, i B., did not result 
in selective organic carbon 10 see. Figure 122 . 
displays chromatographic data elative to one such 
study. 

S~sequent to filtration nd freeze drying, 
the concentrated was'tewater wa sep!!lrated into 
organic fractions through the se· of gel chroma­
tography. The chromatographic apparatus used was 
utilized in a 4° C cold room. The gel columns, 
2.5 by 100 em (K25/100 Pharlr.a,c a Fine Chemicals, .. ' 
Inc., Piscataway, New Jersey), were fitted ~lith 
up-flo~1 adapters to optimize t e resolution of thei, 
separation procedure. Five ml eluent fractions 
were collected and analyzed fo total organic 
("arbon (TOC) content ,~ith a Be kman infra-red. 
carbonaceous analyzer, model 3 5. 

The gels used for separat on of the organic 
fractions were Sephadex G-10, -25 and G-50 
(Pharmacia Fine Chemicals, Inc). Separation' 
ranges for such gels, in terms of molecular weight· 
are 0-700 (G-10), 1000-5000 (G25) and 1000-30,000 
(G-SO) • Before introducing th wa9t:e\~ater concen- , 
trate the colu:1\ns were standar ized with compounds' 
of kno~m molecular weight. Ba ed on these stand­
ardizations apparent molecular weights (AMW) were .. 
assigned to the fractions from the wastewater. 
concentrate. 12-1" 

The chromatographic proce ure involved the 
application of the wastewater oncentrate to the .. ' .. 
G-10 colu.l!ln in 10 ml passes an the subsequent 
compositing of similar fractio s produced in each 
of the runs. The composite G- 0 frontal peak 
(AMW> 700) was then reconcentr ted using the freeze 
dryirlg technique and applied t the G-25 column. '" 
The fractions resulting from t is operation were 
composited j,n the same manner IS the G-10 fractions. 
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Figure 122. Elution diagrams of the ractlonatlon of 
unconcentrated and conce trated samples of 
raw domestic sewage from Elnora, New York on 
Sephadex G-lS. 
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The G-25 composite f~ontal peak was in turnconcen- , 
t~atC3d and used as, thG G-50 coi~ sa."Uple. OisplQyed', 
in l."igures 123, 124, 125 are \;~icalc;1rcm!l.tograms " 
produced during these chromatographic procedures. 
The co~poaite fractions we~e exa."Uined for selected 
physical and chemic~l properties. The data relativ~ 
to $'..:ch exa."TIinations a~e as she n in, Table 65. 
Conductivity measurements were of spadaJ, interest 
as t:~ey would afford a r.1se.ns OJ: a.~,see5:t..ng ~ineth,ur 
or not the cau;o ati ve factor fa e:1Y >,09 Gible gro~lt;l\ 
enhance:r,ont l1es organic in natre. 

'1'0:1>10 65' 

E:aJ.scted Para.T.eters for ~~~st:~}': tar Frect.:fons' 

TotaZ Ot>go:'~io 
CaJ:'!:ion " tppO'ant 

CcmoGntration duotiv-i ty MoZeouZazo 
FraaNon "'31Z pH lJInhoalcm wei.ght 

G-10 'I 120 5.6 950 " 700 

G-10 II 100 8.2 2{()O 250' 

G-10 IlIa 60 7.1 20,000 .' 
G-10 IIIb 30 7.7 380 '. 
G-10 IV 17 6.3 34 • 
G-25 I 64 7.1 56 > 5,000' 

G-25 II 39 6.4 5.7 1,000 

G-50 I 23 6.4 9.5 >30,000 

• 1ndef1n&l:>le 

Algae selected for uS,e in he study were 
SeZenastzoum oaprioornutum and A abaena !Zos-aquae 
obtained from the Pacific Nort:"est Water Laboratory, 
EnviroIU-nsntal F::-otection Agenc· , Co~o)'lis, Oregon; , 
Both specie:; t~e:ce maintained a continuously stirred 
cultures in 106 rol of Basic AS! medium in 250 ml 
Erlenmeyer flasks fitted with lastic foam plugs.' . 
This medium was the modificati n of the ASM of ., , 
McLachlan and Gorhaml& originally proposed for use'.' 
in th~ Provisional Algal Assay Procedure. The 
medium 11as roodiHed 16 through reduction in the 
concentration of K2HPO_ from 1 .4 mg/l to 3.48 mgl.l, 
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Figure 123. Blutlon diagram of the fractionation of ccncent:rat:ed E&tavia effluent on SepbaiJaz G-10'.· 
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of Na2EDTA from 7.4 rng/l to 1.0 
tion of 50 mg/l NazCOs to insure 
capacity. Trace rnet~ls were no 
medium. The constituents are sh 

Compound 

NaZ:Oa 

Kzlf.,O~ 

CaClz'2HzO 

N!lzCOs 

M9S04·7!{~O 

MgClz 

FeCls 

Naz 'EDT:\ 

Table 66 

Basic ASM Medium 

Fo%' 1 L 
Stook of SoZu 

SoZution Use 
(g/Z) (mZ) 

B.SO 10 

0.348 10 

1.47 10 

5.00 10 

4.91) 10 

1.90 10 

0.032 10 

0.100 10 

Glass Distilled Water - Dilute to 1 Li 

g/l, and the addi­
adequate buffering 
added to the 
wn in Table 66. 

tel' FinaZ 
ion Conccnt::ration 

in Medium 
•. (mg/ZJ 

85.0 

. 3.48·. 

14.7 

50 •. 0 

.:19.0 

19.0 

0.32··· 

1.0 

ar 

The culture room temperatur was kept at 23 ± 
1° c and ill~ination levels pro ided were 550 ft­
candles l7 ,18 for SeZenastl'um capr'cornutum and 150 
ft-candles for Anabaena fZos-aqu e. Prior to 
inoculation, the Erlenmeyer flas s and medium were 
sterilized by autoclaving. Inoc la for both species 
were transferred from stock cult res to the control 
and test flasks at set periods. The stock cultures 
were maintained under the same c,onditions outlined 
for the test cultures. 

Five-day-old cultures were used as inocula for 
SsZenastrum capricornutum and s en-dey-old cultures 
as inocula for Anabaena fZos-aquae. In the case of 
SeZenastl'um oapricol'nutum this ransfer schedule 
produced an initial cell concen ration of 35,000 
cells/rol in th~ test cultures. 

, Growth of both species was 
absorbance measurements at 750 
OU-2 spectrophotometer. 19 The 
viously been correlated with ce 

4P.'; 

determined by 
with a Beckman·· 

rocedure had pre-
1 count for 



. S(l~~il4:11·t:~UIll;'a::i):'iooJ'n utum . 
.tions'~()r . Anabaillna !Zoa-aqu 
~1;hO!3I!1 .. po:l.nts . on the qro\~h 
logphaee'of qrcwt:t were IS 
anAlysis from which t.he gro 
\ofall·,oalr.:ulated. Growth rat 
C1::1'a;l1::ae . were thl"_'l nveraged 
.oor.s':ant· obta:l.ned for a spe 

" " 

d dry·weight determina­
e; For. eaoh 'Oultul:e ' 
urve delineating the 
jeqted·to a regression 
h rate constant (Klo) 
constants from similar 

and a mee.!1 growth rate 
ific set or cultures. 

'" . ".': Siqnificar.t ;:fects on the qrowth 
: rate ,of the algal ioms were noted upon addition 
of sllveral of the organir.: wae,tewater fractions to 

?the:':reapc,ct;ive 1'11;1/1,1 cultures • 
. . . 'Data' relet:!.ve .to· the af eCtS on EsZenast2'um 

~ai?';'i""2'm~tv.:n I'!re shewn in 'l' 1a 57. lInalyeis of 
th,e!.'n c'ieta indicatsl3that a arked increaesd 
9rc~I·:::.h re:tel:'e$:90::1'.>9 116.8 ,net d en aedition of 
freodo" G-50 I (.~·m > 30 ,COO) ('.;,,::1 t.he concentrated 
.$f~k;.9r,i:.. F:;,;:;;ti,;');::, G-25 II (~N = laO!) and G-10 
In!:> pr(J["c~;i somewhat lease responses; '''rhe con­
c311.tretad ·ef:Zl1!<E"tand G-80 pro6.v.oed I]rcwth rate 
~ollstl:.n;;:30",O.S'6 ru:d C.72,,· :llsl?ac~:,vD1y, QlS opposed 

. 'l'i!bls, 67, 

J';.BU6~:t of o;gIi:JJ.c Fratr...!ons on ths Growth Rat", 
: '.',', -<;. ~ ",". of 'Sslenl'l!(piW!! £ . 

. - ',. 

.; .-' 

ConcentJ',,~ion 
of, F2'a.ation " 

mg/Z Ol'f]ania .. 
F2'MHan: .. ·.. '." ClZl'oan' 

<:.mtro1*···· 
G-loIf' 

c;.,lO . .IlIa . 
~ ,,' • i. • , 

~10 UIb 

~lO~~ 
G-25.. II 

", 
",., 

t;..so 1: 
·OOnCo!Zltrmte4 

'. l'tfluant. 

2.0 

0.6 

. 0.3 

0.2 

0.4 

1.3 

7.0 

Me 

1:10 

G'l'owth 
at. 

(dt::j-I) 

0.43 

1°·43 

!:: .43 
),50 . 

1. 72 

.96 

,"lluic l\S)1l:fldi\l:'!l, without tracti addition 
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95% Confidgnoe 
IntervaZ 

0.42 - O.M , 
0.41 - 0.45 

0.40 -'0.44 

0.48 - 0.50 

0.39 .,. 0.47 

0.49 -0.51 

0.7Q - 0.74 

0.89 - 1.03 
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to 0.43 for the control. also indica\. ... 
that the responses noted were sel ctive, in that no .. 
correlation bet.ween increased gr t.h rate and. the· 
organic carbon concent.ration in t e culture vosse).;. ; 
is ~vident. The organic carbon c ncentrations of . 
the fractions noted in Table 67 a e thoss, calculated 
on t.h~ basis of chromat.ographic d ta, t.hat. would.be· 
contc:.i.ned i.n tile ori.ginal wastewa er effluent.. 

Reduc~d conccn'crat.ionsof th acth'o fract.ions 
were also investigat.ed. The dat.a developed in these . 

. experiment.s are shOlm in Table 68 It. is evident. 
t.hat, in order to eliminate growt rat.eenhancement.,. 
the st.rongly active G-50 I fract! n and the concen~ .. : 
trated effll1ent must be reduced t a point where.; 
their respective ccncentrations a e only 10% of those 
existing in the original effluent, whereas a 50'. 
reduction in the concentrations' 0 fractions G-2S. II. 
and G-10 IIIb eliminates all effe 

Table 68 

Bff~ot o£ OrglUlic Frllcticm.~ in ReaIlC ,;: ConcentratiOns.· 

__ .::o:n:..:tll::S:.:G~=::":th:.:Ra::t::e..::o£:";!=,!=1=e.:l)=iiS=t::r:",,,:.:..:t:8=.1:=i.:co=~~=n:"t.:,':'m=-_~ __ '.'· 

Fraction 

Control 

G-10 IIIb 

G-25 II 

a-50 I 

Concentrate 

Concer.,t2~ati.on 
of Fraation 
mg/t Organic 

Carbon 

0.2 

0..2 

1.3 

0..7 

0.1 

3.5 

0.7 

Mean Gr 
Rate 

KIa (day- ) 

0.43 

0.43 

0.45 

0.72 

0..63 

0..43 

0.86 

0.43 

9SlI ConfU •• "fI.c 
Interval 

0.42 -0.44 

0.39 -0.47 

0.40. - 0.50 

0.70 - 0.74 

0.60. - 0.66 

0.40 - 0.46 

0.79 - 0.93 

0.40. - 0.411 . 

'~~,'~,-, :" .. 
" , ~ ~ 

Data were also developed re arding th" possible,' 
interactive effects .of the fract ons. The t',ddition" 
in concert, of tho;! three active ractions, G~lO .. ·~ , 
IIIb, G-25 II and G-50 I, to a S tenastrum culturtf 
al1m,red for the development of a growth rata .. . .; 



.~~~tl:~~ of 1).85; Comparison of thill conil1t&nt with 
'~'le,~ feund,using'only the concenb:ated efflllent 
,(lI;u_"'0.96) .su9Qe13tG that the graatsr. portion of 
th<l'l··conc~ntrB\t:.ld effluent response ,is due prinoh .. 

ipa:J.ly. tothe13afrlict1on'r;.~~·-"",:,:·" », .'. ','" ._ .. '_ 
:""'·'~''':Anq..balnia [tcs-'aqwzlI was not similarly effected 
.. bY'-th'!l'·w&.£<J:ewater ~z:~ctiCllS. As ah'O'.m in 'l,.'"J)la 69. 
on!:; fraction 8-50 I a.nd the Co,1cfo:ntl:'ated effluen',;. 

" eI'l2':lJ'\c~d ';::''::3 '0·=<:I\,·~b retsof this alg:c. This q:cwth 
. rate'response, measured as a l?eroent inc::ease. was 

much less ~\an that exhibited on addition of these 
.sams frltotions to t1-)e SaZsnast:rwlI cultt:res. Data 

1'a!>19 69 

',!'!'eot: of o';,;,"'.i:> F~·"ct:jO/ls o.~ be Gic:~t:h Rate 
oE An.,"'.ena fl0·.-aml , .. 

Conazr;tration 
at Frac:ri:";on 

Y:'.{J/Z Ol'g(fllio 
Fl'1Mt1.cn .:c..., Ca:::>ban 

Contl1-"Ol 
",,).-. 

G-lll .n; 
:' , ..... " .. 
G-10 lUll ,: 

G"l9.II~: ...... . 
· G-.10 , .. lV. 

C;-Z5U.·' 

G-SO! 
· COneontrated 
·Effluent 

,:\'r 

2;0. 

0.6 
0:3 .' 

·0.2 

0.4 

1.3 

7.1J 

/{~a?! G:oG :.Ith 
Rate 

KIO (daJJ I) . 

0.34 

.0.34 

0.39 

0.33 . 

0.34 

0.37 

0.41 

0 •. S4 

95% Co7lfi,dgn(1. 
- Im:<32'!1C!t 

O.~l - 0.36 

o.~o - 0.311 

0.34 - 0.42' 

0.29 - 0.37 

0.~9- 0.39 

0.33 - 0.41 

0.38 - 0.44 

0.50 - 0.58 

'oofie:c~ed" dtlring investigations !l,t reduced concen­
trations, .T.;:;bl,,, 70, show . that a ~O'" reduction i'n 
the con.centration ofG-50 I (i;' d pot allow f()~ any 
enhancedqrcwth while a 90%' raduption in the con­
cent;ation of the whole effl\\,1nt was required. to 
achieve this same end. < • 

· .. ' 'Investigations with phO!lpho~us at the. level 
... found iri. the concentrated effluept (1.5 mq/l) ,in­
· dicated growth rate enhancement for Se Zenaatrllm 
'. o!Zprioornutum alone. but the qro",th rate constant 
.. achieVed ,(RIO" O.50)was Signifipantly less than 

.. .. 
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Tabl" 70 
ISf!r:ect of! Orgenta F"ac!:i.ons 'J.n l!edu d Concentrations 

on tIl" Growth .~"t" of! ~,!!!n fJ.si!.-{!/lpae 

Fra(S'{;ion 

Control 

G-SO I 

O:m~~n·':r~t·ad. 

Effluant 

C.:moentration 
of Fraction 

mg/t O:!'ganio 
Carbon 

1.3 

0.7 

0.1 

3.5 

0.7 

Maan G 
Rats 

KIO (day 

0.34 

0.41 

0.37 

0.33 

0.41 

0.33 

9SS Confidsnall 
I) Intervat 

0.32 - 0.36. 

0.38 -, 0,44 

0.33'- 0.41 

O.~O - 0.36 

0.39 ., 0.43 

0.31 - 0.3? 

thlit P:'.;,:"..\c;;.;l by. the concant.rat eff1u(!pt O:!!" fr7."- ' 
ti'Jn G-50 I, tho<Je organic enti iea e::hibi tin,. {·.l:ll' 
grea~eGt effect on the alqel ~? cies.. ' 

!d.rnitsd i~.form:!.tion l.~e .... a.'~i~!'1 t., .f",~~e ef::ect 'on· 
final cell yi·;ld \'1;.:= alGo dca'vel' .. :,~d. lt~c.:t~.r€:a 12G 
and 127 d",,)ic:t typical Se tenastr .,,~il ",~;c,;i)'::i3na 
grO',~th curves developed from C:l. trol ~nd concen-, 
trated effl'lent data. Final y1 ld (200 hours) ~raB ", 
consistently higher in those au tures spiked with,: 
full concentrated effluent than 1n t:10 control 
cultures. 

DISCUSSION 

Reviewing the data in Tabl 65 relative to 'the 
conductivity of each of theorg nie frac .. icns allows 
for a preliminary assessment of the cause of the 
demonstrated effects. In view f this information, 
it !'!',ay be assumed that any alga '1l'ow"i:.h r .. teen- ., 
hancement proallc'9d by fractions G-25 II and, G,-50 ' I, 
with conC!" .. ctivities of 5.7 and .5 llmhoe/cm re- ",",:, 
spe:::tivaly, was ,due either to i direct or direct' 
action of an organic agent. In the case of G-10 
IIIb (380 IJII'.hos/c:;.) such a c19 deter)!lineticn is 
not possible. 'rhe high conduct vity of this frac-. 
tion may well indicate t:,at the growth enhancement, 
found ,resulted from ino~"9anie f ctora orp.osaib,ly .,,:. 
organic ions within the fractio • 
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'. '. ,.Tll.ougll no direct ",xperime tal evidence was , 
produced. relative to the t;luest.onof ca~l:on limitil­
tion; .. the data .dcvelotled indio tes that removal of 

. carbon.limi1;:aticn W/lS- not a fa tor. '1:he specificity 

. of the e.Efoi>cts c?upled with si nificant incrsnSClB. 
in .growth. rllto aCllieved by the addi Hon of. smaller 
qu~n;;'itiesof c .. i'bon, ·e.g., copcrir:.g f::-action G-10 
!I tv. fra<:ltio:l G-!:iO I, wO'.I1d n ;: he i.ndicat.ive of 
th~.sexpb.n.aticn. If carbon a onn ~;'ls the operativei 
f,ac';:o:c ,.then the fraction ~lhic adds the greatest. 
a'C'ount: would be e:t~ected. to pr duce the largest 
increase :In growth rate. .. 
. . As noted previously, expe iments with phoS'phorus 

at the lsvel found in the conc nt.:::~.ted effluent 
(1.5 mg/l) elicited a gro~~th r te incr.ease with. 
s,~t"'nc~'~rum "ap:'i()o~7t.utum but :r-!'ne ~;ith' Anaba41na . 
fZoc-('!(J~~c:e.. K!.:~~e'.'ar, the growJll rl7.~e achievsd . 
(R:c ,. 0.5'2) was significantly ower than t.'1at pro­
d\'\ncd~lY t..'le concentrated. ef!l ent (1':10 = 0.96). 
Ti~\!e<;l data in combination with the absence of a 
moe..GuJ:ee.'bJ.e phoc::phorus con1:cnt ation in eJ,l frac-
ti o~:'.3, &.1:cept the _concer~tra,t$d ·ef·~lu(;;nt, 
Sh01'1' that t~,3 .c;_fieots prcQuot"=:!d 1.~.1?cn Cl1dition cf 
the fractions cannot be :".t·c:t:ib (:e:d to ttZl ",otion 
of phos;;:"'lorua. ,. 
. Sevaral pCGsibl.efactors ay be reF.lponsibl!!l 
for'. the. effects exhibitf.>d. Fi st among .b'l,;,se would 
be the provision of a required trace element not 
available .. in the Basic ASM med 1.UlI. . T~e conduc­
tivity 'for G-10· IIIb would all w that suan trace 
elements co~ld be provic~d by his fraction 
di~ect1y •. In the c:;se of frac. ions,' G-2S II and' 
G-50I, based on conducti\1ity easurements, an.in­
directp.ff;ect may be suggested This indirect 
effect.would in~'olve previous !:<!Ila.tion by a 
compound or compounds wi thin s ch fract:J.c.ns of 
required trace e 1emen ts and .. th ir avai labi li ty or 
release' in the culture vessel s.a result of 
bio-degradation. . . 

Another possible exp1anat 0:1 geared to the 
.asBumptioll of an organic causa ive ;i,"Bnt 'lIou1d be 
the provision of an accessory rowth factor or 
substance in the fractions. ·E.amp1es of each 
would be .the vitamin BI2 as th factor a~.d 
3-indoleacetic acid as the sub tanco. Both en­
tities have been reported as b ing prese~t in 
secondary effluents, though on y vitamin Bu would 
have a ~olcc\lbr weiqht to mat h that of a particu­
lar.!'.ct:i.vefraction, namely G- 5 II. But it is 

. nO,tedtha1; a vitami!,! requir~ t has yet to be 
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eS'alblished for Be Zo,-:aatrv.m oapriooi:onv.tum and' ~hat:·: 
Anaoaena fZos-aquCl3 was ul1.affect d b:rf::ac~,lon: G-iS 
II. Thus, the relationship bebl en such grC'"#th .. 
factors and substances and the e feats found., .are 
tenuous. 

ll.n e:c":)la.l1.ation in line with th&t propo:le~bY·· 
Pra~~ash a,nd Rashid a 0 for the eff ot of p'1)'.rnic su:b~; , 
st.!7tCeS on marine algol growth m y alao be' 'ciff!:lZ'sd', 
Su\)h eXplanation St:ppOS6S :that a factol" or factor's:' 
within the active fractions act iii sensitizingagsnti 
fo;: callular transport •. It is b' lieved that such.": .. 
agent or agents .allow far increa ed rate of deUuiar'; 
transport resulting in enhanceme t of nutrient ... 
uptake from the basal rn!ldiur:l an~ t.nus· :lea<l.inq to'·: 
incraa!lad gro'1th. .. .... . 

FS.nal cO!'.5iderat;::'on must _~ \/lVen to'thepr6'; 
vi::lion of' i!. p;rcc.'d.na.::eO>ls 'm .. -\oe:d 1 msultinq. from.< 

.. bac';:-arial 'breri1:!"!c,'ln' of the nctiv ':fJ:a.c't'ions .', "-81n.oa 
the au:!. tures ~;e:.-o not sU!1intained in' t:.o a;·:enfi:: .... ·,· 
st"'C~j, it may be th!1,t biological' brea.'<down ·cf·o,:· ... 
9"<::ni.c co"roc>\;;i'\c'\s 1-1i thin th~ !'2ctiv If: .. ~,:::tioml provides: 

.. " , 01 prrJtein dag~n:e,:.l~:io:i !?roc;~t!cts' Sl,(':':,~ .. " i:\;'~' anu~~o "ec., .. ~l~" a.":~ 
peptidas. ~;~:bG'3ClU!ll1t algal uptcike ~;:;: nUr:Jh ,}.at<'l;cill'.l: 
may allow the organism t,;:)" b~~i?a;'J~! n02.7t'!.:11 r-1:,!i'ltheti,g . 
processes, resulting in ineraase ,:;!:owth.,·..:.· 

1>.1 though the dilu'don' used '0 ci:>tdn the' above 
data would not normallv beexpec ed to occt.r· in tnt!' 
natural environlilsnt, the effeots no·ted ara stlll" 
imports.nt. The Batavia Activate Slud,.e I?ll:lnt •. 
effluent is not unique, Effluon'sfrom ac~ivated": 
sludge systemG serving similar a eas would generally. 
be the same, Thus, if the conve tionalsY3tGl\\ wei'''' 
built on a water course not a110 ing for mzximt1l!l'~ 
dilution, problema resulting fro algal gro'lith ' .. ' 
enhancement would be expected. 'xampleso:i'! such' .. :, 
receiving waters are lakes and t dal rivers, both' 
of which , under certain circumst oes, could allow, 
for a concentration buildup 'of t !l organic frac,:,,'.· 
tiOllS res90nsible for accelerate growth rate •..... , 
Futureinvestigatl.ons with other effluentBwill' b.a·· 
undertaken to assess the general \:y of the results".' 
produced in this study. . . 

CONCLUSION 

Organic compounds contained in' wai!te~'/atar .' ., 
fractions have been found to exe t a qrowth·'enhancir. 
effect on two algt'e specios.Th exact nature 'of' ""'" 
the causative' factora z:nd the pa hway by which th~y::" 

. achieve their effects are al!l yet. unJcno'tm, e.;:d.·f:ui;~::'il!l: 



: invl1.stigative e:Hox:tsare be ng conducted to aEiseea 
"the'generality, of theserel'lu ts. This undertaking 
is important as increased Ell til productivity may 
yet continue to occur ifsuCl factors are general 

"cor.stituent.s of wastewater e fluents, notwith-
'stan.cing the removO\l of nitl' gan and phosphorus 
:"from, such. effJ.uents. 
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