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- . requiring further serious study.
. cific aspect of wastawaters, nam

27, .EFFECT OF WASTEWATER ORGANIC FRACTIONS ON THE
GROWTH -OF SELECTED ALGAE |

Gerald ¢ McDorald, Executive Director, Albany .
Gounty Sewer District, Albany,|New York;

*Nicholas L, Clescerl, Director, Rensselaer Fresh
" Wakei-Institute at Lsoke Georgel Associate Professor,
- Bio~Environmental Engineering Pivisicn, Rensselaer
Polytechnic Instituta, Troy, N W York . .

With the rise of the Irndustrial’ Regolution the
accelerated aging of theé natural water résource has
become increasingly evident. This phenomenon has, .
in part, been attrlbuted to the unchecked discharge
of mon-made wastes, ™% The agents within such
. wastes responsible for the increased algal produc-

"~ tivity, indicative of such phenomena, have been
investigated extensively. Nitregen and phosphorus
have received the main attention, but the results
elicited to date have not fully:
ogcurrences . of increased product
light of these entities.®™!' 7The:
have produced grounds for specul

investigations

tion and hypotheses
"To date, a spe=-
ly, the pessible
xganie components,

stimulatory effects produced by
he work outlined

~has received little attention. ‘
herein describes an &actempt to determine the exis--
. ‘tence. and extent of algal growth enhancement brought
- about by the addition ‘of wastewater organic fractions
to representatlve algal cultures, =

'”'MATERIALS AND-METHODS "--1

The objective ‘of this in#;stigation was to -
aacertain the effects of organic wastewater frac-
tions-on the growth rate of salected algae., To -
this and a sample of effluent from a conventional
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activated sludge facility located at Bataviz, New
Yerk was subjected to fractionation using gel
chromatographic techniques. Prioxr to such frac~
tionation the sample was membrane filtered (0.45 u)
and concentrated by freeze drying to insure its
usefulness for further experimentation, The latter
teciinigue was carried out using a 10 liter Virtis
large port freeze dryer specially equipped with
gixtaen 3/4" ports to allow for an increased rate
of sublimation (Virtis Co., Gardiner, New York).
Preliminary studi=s with locally available waste-
water clearly demonstrated that this concentration
technigue did not cause a change in the basic
character of the wastewater, Z/e,, did not resuit
in selective organic carbon losses. Figure 122 .
displays chromatographic data relative to one such
study. : ‘ :

Subsequent to f£iltration and freeze arying,
the concentrated wastewabter was separated into
organic fractions through the use cf 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 Pharmacia Fine Chemicals, -
Inc., Piscataway, New Jerszey), |(were fitted with
up-flow adapters to optimize the resoluticn of tha.
separation procedure. Five ml|eluent fracticns
were collected and analyzed for total organic
carbon (TOC) content with a Beckman infra-red
carbonzcecus analyzer, model 3185,

The gels used for separation of the organic
fractions were Sephadex G-10, G~25 and G-50
(Pharmacia Fine Chemicals, Inc{). . Separation 3
ranges for such gels, in terms|of molecular weight-
are 0-700 (G-10)}, 1000~-5000 (G+25) and 1000-30,000
(G-50), Before introducing the wastewater concen- .
trate the columns were standardized with compounds
of known molecular weight. Based on these stand-
ardizations apparent molecular weights (AMW) were -
assigned to the fractions from|the wastewater
concentrate, 1314

The chromatographic proce
application of the wastewater
G-10 column in 10 m) passes and
compositing of similar fractions produced in each
of the runs. The composite G-10 frontal peak
(AMW > 700) was then reconcentrated using the freeze
dryinig technigue and applied to the G-25 column, - ™
The fractions resulting from this operation were
composited in the same manner as the G-10 f£ractions.

dure involved the . -
oncentrate to the . ..
the subseguent
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Figure 122. Elution diagrams of the fractlanation of
‘ unconcentrated and concentrated samples of .
raw domestic sewage from| Elnora, Naw York on -
Serhadex G=-15.
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The G-25 composits frontal peak
trated and used as ths G-50 col
in Pigures 123, 124, 125 are (¥
producad during these chromatcy
The compogite fractions were ex
physical and chemical propertie
to such examinaticns are as sho
Conductivity messurcnents were
as thay would afford a means of
or not the causative factor for

enhancerent was organic in nature.

Tzble 65

Saelzcted Parameters for Weostewa

Chemiatny

was in tura concen- -
umn sample. Displayed -
plcal chrcmatograms
raphic procedures.
anined for selected

s, The data relative
wn in Table 65, :
ol specizl interest -
areessing whethar
aay pussible growth -

tar Fractions

Total Orqganie

~ Loperant

Carbon ! R

Concentration Conductivity  Molacular
- Frastion my/1 PR - | wmhos/em Veight
6-10 I 120 5.6 B50 > 700.
G-10 II 100 8.2 ' 2490 - 250,
G~10 IITa 60° 7.1 20,000 Lo
G-10 IITH 30 7.7 380 e

G-10 IV 17 6.3 34 e
G-26 I 64 7.1 56 > 5,000
G-25 II 39 6.4 5.7 1,000
G-50 1 23 6.4 8.5 30,000

* indefinable

Algae selected for use in
Selenggtrum capricornutum and 4

the study were .
nabaena flog-aquae

ohtained from the Pacific Northwest Water Laboratory,

Environmental Protection Agency
Both species were maintained a
cultures in 100 ml of Basic Asl
Erlenmever flasks fitted with
This medium was the modificati
McLachlan and Gorham!® original
in the Provisional Algal Assay
medium was modified!® through &
coneentration of K;HPOy from 17
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¢ Corrzllis, Oregon.
continuously stirred
medium in 250 ml
lagtic foam plugs.
n of the ASM of =~ .
ly proposed for use- -
Procedure, The oo
. reduction in the =
.4 mg/l to 3.48 mg/l,
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Figure 123. Elution diagram of the fractiomaticn of ccncentrated Estavia effluent on Sephadex ¢-10.
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Figure 125. Elution dzagram of the fractimatim of c.."zcentrated composzte frental peak G-25 I on,.

.Sephadex G-50.

s



Biocssay Teohniquee and Envirovmental

of Na:FDTA from 7.4 mg/l to 1.0

Chemiatyy

mg/l, and the addi-

ticn of 50 mg/l Na,CO; to insure adequate buffering
capacity., Trace metals were notLadded to the
medium, The constituents are shown in Table 66.
Table 66
Bagic ASM Medium
For 1 Liter Final
Stook of Solutiton Conoentration =
Solution Use in Medium
Compound fg/t) (ml) - {mg/l)
Na¥U3 8.50 10 " 85,0 B
K220y 0.348 10 . 3.48 .
CaCla*2H20 1.47 10 EUR B
NazC2q 5.090 10 50.0
MgS0y* 7420 4.99 10 49,0
MgCls 1.90 10 19.0
FelCljy . 0.032 10 0.32
Naz *EDTA 0.100 10 1.0

Glass Distilled Water - Dilute to 1 Lit

The culture room temperatur
1? C and illumination levels pro
candles!”!® for Selenastrum capr
ft-candles for Anabaena floa-aqu
inoculation, the Erlenmeyer flas
sterilized by autoclaving. Inog
were transferred from stock cult
and test flasks at set periods.
ware maintained under the same ¢
for the test cultures.
Five-day-old cultures were
. Saelenastrum capricornutum and 8
as inocula for Anabeena fleos-aqu
Salenastrum capricornutum this ¢
precduced an initial cell concent
cells/ml in the test cultures.
, Growth of both species was

.

cexr

e was kept at 23 & .
vided were 550 ft- -
teopnutum and 150
ae., Prior to

g and medium were
la for both species
ures to the control
The stock cultures

onditions outlined

used as inocula for'

en-day=-cld cultures
ae. In the case of .
ransfer schedule
ration of 35,000 .

determined by

absorbance measuremente at 750 nm with a Beckman

DU~2 spectrophotometer,!® The p
viously been correlated with cel

4R4

rocedure had pre-
1 count for .




oy Taiquss i Buisommtal sty

*Se @naﬁtrum oapriaornutum and dry- weight determina-
tiona ‘for Anabasna Ffloa-aqude:; For each culture
‘thoses points. on the growth curve delineating the
log’ phaee of grewth were sublected ¢o a recgression

- analysis from which the growth rate constant (Kjp)
was -caleuiated. OCrowth rate constants from similar
gulinres were then averaged and a mean growth rate -
:cons.ant obtained fcr a spe ific set of cultures. :

RE;?LT

i Sicni‘icaht and marxad ffects on the growth
;rat@ -0f the -algal forms were noted upon addition
of szavaral of the oraaniﬁ wagtewater fractions to
}tha -yespestive algal cultures. -

‘RetE elativ& 4o the effects on felenastrum
napaaaevnvtaw ara ehown in Table 67. Analysis of
theds data. indicatss that a ;irked increazed
grewih vete response was noted ocn additien of
froctlon €-30 I (AMW> 36,0000 and the concentrated
effivant, Fraostions €-25% I (awMW = 1205) and G-10
IIzh produncsd somavwhat laaser.responses.““The con=
cantrated . offlvent and G-50 [ preocuced growth rate
conatants Qf Qs 96 aLd G 72, rasnﬂc 'valy, a8 oppo"ed

, .. Table. 57..' -
sEIfh“t of Organic Fractions |on tha Gz owth Rata "

Tl . of gelenastrum capricornutun

v Consentraiion CL
e w . of Fraction . Mean Grawth o
NG omg/l Organiol Reta 95% Confidence
Fragiion.~ i Cavbom - Eyol(dey™!) Interval
Ehnﬁfdl;’fﬁ~l§ e a3 - 0,42 - 0.04
¢-10°1f 2.0 0.43 0.41 - 0.45
g=20, zzn ST e T puez 0.40 - 0.44
G-lO 3¢ S X T 0.48 - 0.50
Gl U 02, p.4s 0.39 = 0.47
G—25.II S - 0.4 3.50 0.49 = 0,51
G800 - L3 - . 0,72 © 0.70 ~ 0.74
-Conéentrated =~ 7, o 0 SRS

 *3aslc ASM medium, without ftactior agditicn

P
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to 0.42 fdr the control. The dat
that the responses ncted were sel

:

also indicax:
ctive, in that no

correlation between increased growth rate and the -
organlic carbon coneantration in the culture vessel

iz evident.

The organic carbon concentrations of -

the fractions neotad in Table 67 are those, calculaﬁed

on the basis of chramatographic &
contained in the original wastewa

Reduced cencentrations of th
ware also investigated. The data
‘experiments are shown in Table 68
that, in order to eliminate growt
the strongly active G-50 I fracti
trated effluent must be reduced t
their respective concentrations a
existing in the original effluent
reduction in the concentrations o
eand G-10 IITb eliminates all effe

Table 68

Efifact of Organic Fractiong in Reduc‘
on the Growth Rate of Sglensgtrum

nta, that would be -
ter effluent, e
2 achivae fractions
developed in these
It is evident -

h rate. snhangement,.
on and tha concen-:
o a point where..

re only 10% of those
¢ whereas a 50%.

f fractions. G—25 Ir.
c+9. ‘

10 Concentrations .: .
rapricornntin o

Concertration
of Fraction  Mean Growth
mg/l Organic Rate 95% Confidene
. Fraction Carbon Ky (day=t) _ Interval
Control -_— 0.43 | . 0.42 - 0.44
G-10 IITh 0.2 0,43 0,39 = 0,47
G-25 II 0.2 0.45 0.40 - 0.50.
G-50 T 1.3 0,72 0.70 = G, 74
6.7 0.63 0.60 - 0.66
0.1 0.43 0.40 - 0,46
Concentrate 3.5 0.85 0.79 -~ 0.93
: 0.7 0.43 0.40 = 0,46

Data were also develcped reg
interactive effects of the fracti
in coacexrt, of the three active f
IIIb, G-25 Il and G~50 I, to a Sa
alloved for the development of a

e

408"

arding the poessible ~
ons. The zddition,.
ractions, G-10.:. - .
lenagtrum cultuza e
grcwth rata TS




U centyation of the whole effluant

- Stoazeay Pachniques and &
peretant.of 0.85, Comparizon of
thal £ound using only the concen
{Ky1e.%0,96) suggests that the gr
rthe-copoantratad offlyent: respom
rpally: to these fracticng by
& “Anobasna Fles-aguae was not
by the wastewater fracticas. 2As
only fraction G-5%) I and the con
;enhmnced whe o=owkh rate of this
‘rata response, measured as a per
" much less than that exhibited on
- same fructicns to t“e Selanaetru

o

Tadle 69

"_"ect of oy.anis Fractiang on |

this conztant with
trated efflvent
ater portion of -
eAis due princi- .

similarly pffected
shoen in Tzbla 69,
cantyrated effluens
algz., This growth
cent increase, was

addition of these
7w eultures., Data

che 6 c'frth Rate

of anzisena flos-aquae

Concentration -
ef Frastion Mo Greuth -
rg/t Orgenie Rate .85% Confidence

Prasticn i " Czbon Ry (dayt!) - -Intervel
contm‘x — 0,34 0,72 - 0.36
619 717 2.0, . ©0.34 D 0,30 - 6.38
€10 IT%a< 0.6 -+ 0,38 © 0,34 = 0.42°
61 x1th 0.3 0,33 0,20 - 0,37
ESTE 0.2 0.3a| 0,29 - 0,39
G-25' x: 0.4 © 0,37 0.33 - 0.41
@50t 1.3 0.42 0.38 - 0.44
Concantrated 7.0 " 0.54 0.50 - 0.58

~Bffluent.

*colxcn ed dmring invastigation

trations, Tsble 70, show that a
‘the c¢ongentration of G-50 I &id
..enhancad grewth while a2 39% radu

.r..

“.achieva this same end. -

. Investigations with phospho
. found. in the concentrated efflue
- dicated growth rate enhancement

£
- odpricornutum alone, but the groE

.achieved .(Kyy = 0.50) was signifi

489

gt reduced concen= -
£2% reduction in
not allow for any
ction in the con-
was required to

rus at the level

t (1.5 mg/1l) din- =
or Selenastrum

th rate constant .
cantly less than ..

»‘nmwmmmz @mw;.;;.j o
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Taklae 70
Effact of Orgenic Fractions in Redu

Chamiatry

cad C’oncentratibns

on the Grewth Rate of Anabasnn flog-sonse .-

Concentration

of Fraotion  Maan Growth

o

mg/l Organie ' Rate . 95% Confidence
Fraction Carbom Ky (daytt) Interval -
Contrel —— 0.34 1 0.32 = 0:36.
G-50 I 1.3 0.41 ©.0.38.- 0,84
0.7 0.37 0.33 = 0,41
0.1 © 0.33 0.30 - 0.36
Conaontratad. ) ) . -
Effluant 3-5 . 0.41 0 o 5 0‘.39 .,‘ 0-43
. 0.7 . 0.33 - - 0,31 - 0.35

that p=?iczd by, the concentrat
tiom G-50 I, those organle enti
greatest effact cn the algyzl =3

Limited information re.atin
final ce2ll yiald vil also devels

and 127 dzpiat typlcal Selenagtru

growth curves developaed fSrom cof
trated effluent data. Final yi
conzistently higher in those cu
full concentrated effluent than
cultures.

DPISCUSEION

Raviewing the data in Tabl
conductivity of each of the org
for a preliminary assessment of
demonstrated effects, In visw
it may ba assumed that any alga
hancement preduced by fractions
with condugtivities of 5,7 and
speztively, was Que either to i
action of a2n organic agent. In
IITb (280 umhos/cm} such a cla
not possible. The high conduct
tion may wall indicate that the
found resulted from inorganic £
organic ions within the fractior

490

A=
oo
'

d efflvent or fr
ehel:

3
ies exhibiting
cigg. . S
a 5 *ha effzet on
cod,  Floures 125

and Arahaena
trol and comcen=-
13 {200 houra) was’
tures spiked with...
in the ccatrol

65 relative to the
nic fracticns allows
the cause of the
f this information,
growth rate en- .
G-25 IT an¢ G~50 I,
.5 umhos/cm re- .
direct or direct |
the cage of G-10 "
determination is
vity of this frac-
growth enhancenent
ctors or posaibly
be ‘ '
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Tboagﬁ no diract 2xperime
”proauced relative to tha quest:
ticn,;. the data develoved indic
¢arbon. limitazicn was not a fa
'of the effécts coupled with si
~ih crowth rate achieved by the
qLﬂncities of caxbon, e.g., co
TI to franticn C-50 I, would n
- this-explenaticn., If cardon a
factor,. then the fraction whic
arcunt would be expected to pr
increase in growth rate.

- A3 ncted previously, expe
at the level found in the conc
(1.5 mg/l) elicit=d a growth »
Selencetrum capricornutum but
floc-aouce,. Eowevar, the grow

tal evidence was
on of carkton limita-
tes that removal of .
tor. Tha spacificity
nificant incraases.
addition of asmaller
oarlvg fraction G=10
= ba indicative of
on2 wag the operative
adds tha greatest .
duce the largest

iments with phosphorus

ntraoted effiuent

te2 increase with

one with Anebaena .
rate achieved

‘(ave'=0 50} was significantly lowar than {that pro-

“dueed by the concentrated effl
Thoge data in combination with
mazsuresble phozphorus concent
tions, eucep:t the concentraitced
show that tha cilects proGused
the fractions caninot be atirvik
-of phoszhorus.

- Bevaral pcssiblﬂ factors
for. the effects exhibited., Fi
be the provision of a regquired
available in the Basic ASM med
tivity for G-~10 IIIb would all
elements could be providad by
‘directly. ..In the case.of frac?
€6-50 I, based on conductivity
direct effect may be suggested
effect would involve previous
-corpound or compounds within s
required trace elements and .th
release in the culture vessel
bio-degradaticn.

.., Another possible explanat
.assvaption of an organic causa

ent (¥yp =0.96).
the absence of a .
ation in 2il frac~
‘@effluent,

een addition ef
zed t2 th2 action

ay be responesibls

st among these would

trace element not

um. The conduc~

w that such trace

his fraction =~ . |

ions, G-25 II and

easurements, an.in-
This indirect

halation by a .

ch fracticns of

ir availability or

8 a result of '

¢ geared to the
ive agant would be .

the provision of an accessory growhh factor or

substance in the fractions.

"Evamples of each

would be the wvitamin By, as the facter and

3-~indolizacetic acid as the substanca.

Both en-

tities have besen reported as bging preser: in

secondary effluants, thaugh on
have a molecular weight to matcg
laxr sctive fraction, namely G-2
-hoted that a vitamin requiremen

- 493

y vitamin B;» would
h that of a particu~
5 II. But it is

t has yet to he



 bastarial breakdcwn of the active

- the causative factors znd the pa
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established for Selsmastrum caprioornutum and that:
Ancbaena flos-aquaesz was unaffécted by Ifractlon G~25
II. Thus, the relationship between such grcwth
factors and substances and the e_fe-ts fcund are
tenusus, /
An exalanat*on in 1ina thh'

Pra%ash and Rashid?® for the eff
gtiness on marine algal growth m
Such explanation supposes that a
within the active fracticns act
- for calluldr transport. It is b
agent or agents alleow for increa
transport resulting in enhanceme
uptakse from the basal nad un an"1
incraasad growth.

© Pinal consideraztion wuat —
vigion of & ruckzinacecus matexi

that prcposeﬂ-bny
ct of humic'subi'

y also be ¢ffered,
fackor cor factors

8 sensitizing agsnta
lieved that guch

ed rate of ceil umar.
t of nutrient: ..
thus 1ead1ng to

ygiven- te the’ pro-
regulting, fgom
‘fractlons.. S,ng@
the nu*turcs were not maintained in-the an enir ¥
statz, it may be that biclogical breakdown cf &m .
~ganic eompounds within the ““t‘V‘*ngEthﬂ% p”ovided
protein dagrafation preducts susl- 2 amino ecids and
paptidss, @uusaquﬂnt algal uptake < sunh ﬂatariaﬁs
may allow the organizm to bvpasoys|norial nvﬂthetic
processes, result*ng in inc*ease srowth..

- 2lthough the dilution used fo citain the abcva
data would noct normally bs expected to occtuzr in tﬁa
natural environment, the effects noted ara still”
important. The Batavia Activated Sludge Plant -
efiluent ig not unique. REiffluenis from aczivated -
sludge systems serving similar areas would generallyh
be the same. Thus, if the conventional gystem wers
built en a water course not allowing for maximum"f
dilution, problems resulting from algal growth e
enhancement would be expected. -=¥amples oi such-

-receiving waters are lakes and tidal rivers, both“
of which, under certain circumstances, could allow.
for a ccncentration buildup of the organic frac~ -
tions responsible for accelerated arcwth rate.. ;";ﬂ
Future investigations with other effluents will ba-
undertaken to assess the generality of the raaulta
prcidveced in this study,

.

CONCLUSZION

in’ wastewatar -

ta growth-enhuncir
‘exact nature of
: hway by which the
“achieva their effects are as yet unkncwm,’ and Fa"°_“.

Organic compounds contained
- fractions have been found to exe
effect on two algse species., Th
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:investigative efforts are being conducted to assess:
“the-generality of thesa2 results, ' This undartaking
is important as increased algal praductivity may

- yet continue to occur 1f such factors are general

- gonatituents of wastewater effluents, notwith~-
gtanding the removal of nitrogen and phosphorus

[from such eff]ueﬂhs.
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