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BIOSTIMULATION AND ALGAL GROWTH 
KINETICS OF WASTEWATER 

E. J. Middlebrooks, D. B. Porcella, E. A. Pearson, 
P. H. McGauhey, and G. A. Rohlich 

In recent years the consistent occur-
rence of algal blooms has forced man to 
inquire seriously into the degree of eni-
richment of lakes and reservoirs. Algal 
blooms have caused nuisances, aroused 
public indignation, and iicreased tile 
costs of treating water. IPublicagencies 
responsible for water quality standards 
intend to )reclude the discharge of 
growth-stimulating factors into reeiv-
ing waters. 

Municipal and industrial waste-
waters are obvious causes of water de-
gra' ation. Until recently, the bio-
chemical oxygen demand (BOD) of 
effluents has beeni . criterion o'water 
quality, and wastewater treatment 
processes have become more Sol)histi-
cated only in their ability to oxidize 
organic matter. Unfortunately, the 
oxidized forms of nitrogen ard phos-
phorus are also significant stimulants. 
These materials, coupled with bio-
synthesized vitamins, anino acids, and 
growth factors found in biologically 
treated wastewater, raise serious ques-
tions about the suitability of conven-
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of II'isconsin, ladison. 

This paper was presented at the 12nd lA nnual 
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tional waste treatment. Thus the re
quirement that effluents be more highly 
treated has caught the engineering pro
fession without established technology 
that is of known ecolouile dimensiol or 
performancev for reinov.ml of biostjimlu
l':,nts. f'urthlcrmore, it, Nis not been 
demnonstrated thit wastevwater that, has 
been striped of nitrog(en :nd pshs
phorus still does niot cont.in factors 
capable of stimulating algal blooms in 
receiving water iilready relatively rich 
in nitrogen atnd pliospjhoruls. 

The inrvasinig problem of eutrophi
cation .nod attemipts to assess its effects 
have brought attention to the urgent 
need of assaying growth-stimulatimg 
characteristics of nutrient materials. 
Parameters arc needed for all types of 
materials that will allow one to predict 
the effects of these materials on a lake 
or reservoir. 

Limited success has been achieved in 
quantitatively definiig the term eu
trophication. As a qualitative concept, 
it signifies increasing fertility amid bio
logical prodluctivity in lakes, reservoirs, 
sluggish streams, and estuaries, as oi
richinent of such water advances. But 
if solutions to the problems associated 
with productivity.are ever to be de

yeleped, a q 'mtittiv, deseription of 
degrees of eutrophication must be pro
vided, as w astll a capability to predict 
rates of eutrophication.

Bioassays related to the possible 

productivity or biostimulatory effects 
rl'e)resviit a reiasoiabl, apphroach to 
qu'iLifyiig the deg,e4 and rates of 

ai t s anC rat 
eutrol)hicati'. It is well lnown that
nutrients such as nitrogen and phos
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phorus are required for algal growth. 
However, the question remains: Do 
nitrogen and plhosphoruis, either alone 
or in concert, usually or frequently reg-
ulate the growth of aq(uatic organisms 
in most receiving waters? To reduce 
effectively the ratte of eutrophication of 
natural waters, this (huestion must be 
answered. It is lot enough to remove 
nitrogei and phosphorus from waste-
water and hope that this alone will re-
duee the growth rate of plankton and 
attached plants, 

To develop a realistic waste manage
ment program for a body of water 
excessively enriched by such chemical 
elements atsphosphorus or nitrogen 
or other biostimulatory materials, it 
must be possible to accomplish the 
following objectives: 

1. To estimate with reasonable ac-
curacy the background or new level of 
algae that will be supported by a 
specific increase in concentration of 
nutrient, 

2. To estimate the concentration of 
a rate-limiting nutrient that will pro-
duce an algal bloom, defined as an in-
crease in specific growth rate. 

3. To determine whether more thani 
one factor is operating simultaneously 
in the processes of cell growth and 

division, even though one factor ap
pears to be rate-limiting. 
These were the objectives of a sys

tematic study initiatedlat Lake Tahoe 
un(ler the IinILIIrcial support of FWQA. 
Ile iitial phase of the study iiivolved 
the assessmlent Of the biostimulatory 
potentil of wastewater effluents and 
surface runoff in Lake Tahoe water by 
the batch assay method. It is the 
purpo.se of this paper to evaluate the 
results of these batch assays of waste
water effluents. 

Theory and Rationale 
The batch growth culture ImletlhOd 

follows the concentration of cells in an 
inoculated flask starting with an initial 
substrate with all constituents of con
cern (energy sources, nutrients, and 
growtl factors) in excess except the 
one that is considered to be growth 
limiting. Figure I is a graph of a 
typical microbiological growth curve 
for cells (X) with the concentration
time curve for the rate-limiting nutrient 
(S)also slown. 

There are a variety of ways to de
scribe the characteristics of the batch 
culture growth curve. One eharac
teristic of the curve that has been 
suggested is the maximum cell con
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centration, X,,, reachcd by a particular 
organism in a specific time with an 
initial substrate concentration, S.. 

If the concern about nutrient con-
centrations present in the environment 
is their eftect on growth rate (or pulse) 
of specific algae, then a better param-
eter of the curve might be the maximum 
growth rate obtained with the test 
substrate. This characteristic is shoN, n 
in Figure 1 is Ab (m1aximum specific 
batch growth rate). llowever, it has 
been established by lichaelis and 
Menten,' Monod,2 Caperon, Mladdux, 
Willia l1ls jafi.hanunsch and Vaccaro,cC. 

" ' l)ugdle,7 I'earson, tnd others that the 
specific growth rate of microorganisms 
is either a first order or first order-zero 
order (Mlichaelis anl Meiten' ) functionof the rate-limitimg nutrient concentra-
tion. The equation is 

USATherefore, 
u=kS or -K.+s 

where 

k 

p 

K, = 

AS= 

first order rate constant, 

time-,, 

= specific growth rate

[ g cells produced 1 ime-,AS.
 

g cells-day I I 
=maximum specific growth rate, 
nutrient concentration at one-
half the maximum specific 
growth rate, and 
rate-limiting nutrient concen-tration. 

Figure I shows that one can deter-
mine a maximum growth rate for the 
batch culture, but that this maximum 
growth rate occurs at some undeter-
mined but lesser concentration of the 
rate-limiting nutrient than was in the 
original sample, S.. This maximun 
growth rate should indicate the maxi-
mum rate at which the culture can 
utilize the nutrient level present in the 
sample. lowever, it (loes not define 
the precise relationship between growth 
rate and substrate concentration, il 
an estimate of this is needed. It would 
be better to assess the biostimulant 

reslonSe uII(Ier low nutrient conditions. 
Possibly, the maximum batch growth 
rate and the time to reach the maxi
mum growth rate can be correlated 
with the substrnte concentration; how
ever, this has yet to be done, and, for a 
transient system such as the batch 
culture, it is not a simple task. 

From Figure I it can be seen that the 
maximum growth rate is a simple fune
tion of the cell concentration, X. This 
relationship may be expressed its 

d \ = 

where 
, m m specific growth rate 

(batch),(3'i a, 
A = cell concentration, mng/l, and

time in days. 

Pb=l £/* 
t 

Simil'rly the Michaclis and Menteti' 
equation nay be written for the batch 
assay as fullo"s: 

Aa - K,. S. 
where the subscript o refers to the 
initial nutrient comcentratioa. 

Procedure 
ll samils assayed by the flaskAlsm~tsasydb h ls 

culture method, including Lake Tahoe 

water used for dilution, were sterilized 
by wseptic filtration through millipore 
filters (. 4 5-A pore size). Glassware 
employed in the assay ws sterilized 
with dry heat to avoid bacterial 
contamination. 

In making an assay of any nutrient 
source, the filtered sample first was 
diluted to the desired concentration 
with filtered Lake Tahoe water. Then 
1.50 ml of this dilul.ion was placed ill 
each of five sterile 2i50-ml Erlenmneyer 
fliLsS. Cells of Slenash'urm gracile 
I{einsch in good physiological conidition 
were centrifuged and resuspended twice 
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in ldie Tlahloc water to mininmize 
inttiienit car'y-over from tile stock ci-
ture to the test flasks. The concentra-
tion of 8. gracile ill the final SuspeliSon 
wa-is calculated either by measu'eineiit 
of absorbance it 370 Ing or, iii later 
experiments, by counting under a 
iicroscople. An eqil voluime of the 

Suspended cells was then added to eatch 
test flask so that the concentration of 
cells in the 150 til of liquid was 'I)-
proximately 50 eells/cu inin. 

The test, alga, S. gracile, hits ni 
qullities tha1t l1ak,(e it espcillIy suit-
able for bioassays, one of which is thatit has very ;mple requiremeits for 
growth, requiring only the miniuim 
amouits (if inorganic ions. As I result, 
assays with this alga probably do not 
ietect !fFects of vitalinlis illd otler 

biotstiullantS. 
The flatsks were then closed with 

foam plugs. However, although these 
lplugs had good air diffusion properties,
the foal (lecayel with timelliI shed 
debris into the ciiltUires. Therefore, the 
inet.hodl was aballdoled ill favor of 
loose-tittiig pht:ie helkers iivirtel 
over the tops of .h( flasks. 

'rhe iiocuilated test, liasks \were placed 
hi ia 2()°(C illSi-tiit I0inlOC telI ia(tilllle 
iti il( c i"l'i)i:e I l Ii L geltly 1)10,i"1g 
(:10 cycles/niin)isldkr table for 5(dys. 
lllinatioi of :Lpproxinitfi-ly 170-ft-c 
(1,30-ix) intensity was luru vihld by 
a pMli'Of 30-w fluor'scent lamps, 1 ft 
(0.9 in) in length. 

Tie cell conctntration ill the test 
flasks wits determined by cell counts at 
the end of 1, 3, anid 5 (lyS dirillg L 
5-day period of incubation. After the 
finial coUllts were completed, i1 81i8 
pended 	 solids (SS) meastireineiit wsIts 

tll io colnlposite of tile liquid ill 
the five repliciate flasks. 

At tie time spcified for counting
AtthellsL1 1 e rPhlant.tim1 fo

cells, al 10-nIl lilot was taken from 
eatfll lsk ani ci(ltrifigeil for 10 to 
1.5 itin at 2,00) rpin. A fter ceitri fiiga-
tioll, S to ) fil of tim. silperiittlt Were 
relove(d witlh a Piast'imir plipette till[ the 

lellet 	 of cells resuslpended ill tle re-

GROWTH 	 4b 7 

nlMliig liquid muedium. A drop of tile 
susp'llsioil was thel putl, oil hemacy
tonieter for coiiiiting uider the nicro
scople. iuplicate counts of at least 
100 cells were mlde for each flask, and 
live replicates were performed for each 
concenitritiOl; thus, 30 counts were 
lmade for elich tConCeltrLtion of samplle 
tested. 

Duplicate couits for each flask were 
averaged, and the resulting values were 
then averaged to obtain a meian coult 
for the five replicates constituting the 
issIL. B' )lottinlg these dait11 IS in 
Figure I and observiing the maxllilnlll
slpe of the clre, valueS of the mn 

Imlaxilmin growth rate, Ah, (her-eilnaLfter 
(lhsigniLe(l ias "imaximlum1 growth rie'") 
were obtailed for ea1ch of tile test flaIsks, 
its well as for the mean of the five 
replicates. A secoid 'alue of the 
nLXillllnm growth riat, desiglat.ed aLs 
Abl, w'i obtained for each assay by 
determining t le log growth equation of 
best fit to the 1-, 3-, and 5-day cell 
count lata by the method if least 
squares. Ill ehtel assay tile mliaxiiul 
numnber of cells at taiiid at the enl of 
the growth period, i , was observed. 
Then the growth r(*slpoiise of S. gp'acile 
wis exl lrsse(d aci nlilg to lIhree diffter
!nit IMari lneter'-S At,, Aj,, Zilil , .

ch'l,G it cellw
rates, ni,, j, i l(1 Coll

elitra ions, ±6, for the first live of the 
six sollrces shown ill the table were in 
tu'n compareil statistically, analyzed 
for selsonal vai'iatioin, aid interpreted 
i terlis of nutrient colcelitratioin 

vs. growth resoiise. 

Results and Discussion 
For the batch assays reusortell here, 

Sanples were collected only from the 
South TIloe Public Utilities District 
(STPUI)) Vaste Water Reclamation 

The decision to limit sanpliig
to this i)aI'tiCilalr inist.i:lltioii was based 
ol the ni(qule olportuiiity the lhltlt 
aflo rdedIthI roliil year-rnull OI(0lelraLtion 
of i n tnllltistage tl'vatinlit process. 
''luis it wis inteindll to obtitill colin

parative datai in reltionl to SOeLsOllid 

http:desiglat.ed
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TABLE 1.-Maximum Growth Rates, _ 

Source ofSample 

lI:w wastewater 

Cone. 
ofSamp~le

aml) 

0.1 

Sample IS 
5/21, 6's 

-
M.lax.* Coef. 
Rate Var. 

(day-) (c) 
.... 

Sample 2S 
t/I I /Ob 

.Max.* I Coef 
Rate 'Var. 

(day-') ( 

Sample 3S 
6,251S 

Co[
Ma . Cue!. 
Rate Var. 

(day 't ('1-) 

Sample 4S 
8/6.t/OS 

NtxtIf 
.ax.t Cuef. 
Rate Vatr. 

(day-9 () 
0.79 52. 

Sample 5S 
10/23/tOs 

Max.t Coef. 
Rate Var. 

(day') (1)I 
0.3, 42.5 

j 

Sample GS 
1/l' 69 

M.ax.t I Cef. 
Rate Var. 

(day-) (c) 
0.-34 25.1 

1.0} 
10).0
50.0 

-

-
-

j 
: 

0.5:; 
1.02 
1.9 

56.4 
0 

26,.3 

.8 
0.73 
-

1..2 
is.2 

0.67 
0.92 
--

20.7 
16.9 

0.44 
0.,8 

26.6 
10.5 

Primary effluent 0.1 

1. 
11.1) 
50.0 

- -

-

-

-

.4 
1.59 

75.2 
16.0 
60. 

0.76 

0.90 
1.0 

.1.41-

43.6 

19.5 
21.9 

0.33 

0.64 
(.86 

4s. 

13..5 
9.S 

0.3 

0.50 
0.S7 

24.5 

24.0 
IS.I 

Secondarv effluent 0.1 
1.) 

10 
40.0 

____________~~ 

0.42 
0.57 
0.W 

10.7 
17.4 
51 

-

0.91 
0.4 

4 

22.1 
.,.1 
.9 

0(t) 
1)..S7 
0.5 

19.0 
29.i 
12.S 

,..t.___

0 
0.77 
0.S7 

6 

21.1 
53.6 

0.15 

0.65 
0.94 

67.5 

17.1 
9.1 

0.47 

0.43 
0.98 
-

__
25.1 

26.1 
4.1 

IV 
,. 

Tertiarv effluent 0.1 

1.0) 

5(1.1 

3.48 
(.-5
(1.1 

o.0 
5:,5 

-. 

I 

. 

. 
0.76 
0.4 

7(0.6
9.2.0} 

0.71 
0.49 

5 ; 
19.1 
11.2 

S
.81 

0.19 
-

26.-1;
11.
11.0 
57.S 

0.25 
0.61 
. . 

1.02 
-

64.1 

, 20.2 
19.5 

0.36 

}0.3'% 
l.o() 

31.7 

2:;.s 
5.6 

Based on two replic:te as:tvs of grab samples. 
t Based on five replicate :tssays ,f24-hr c,,mpusite .amples. 
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TABLE II.-Maximum Growth Rates, Cm, and Correlation Coefficients 

14ip
11 nn8 Sad ASe 

flaw wnstewater 

Primary eflhunt 

,tCoIdil-Y ClhuIII, 

Terliary oflhienl 

( 
Itnl,. 

I--_ ______ - , I- ( -f. 

IY. 

(::,r,,r. 
___t 

(dy) 

_. 

.I 
1.0 

10.0 

0.3801 
0.307 
0.457 

0.819. 
0.9291 
0.96118 

0.2 15 
0.11 
0. 657 

0.89 ")i 0. 182 
0.9693 0.278 
0.98 11 0.815 

0.1 
1.0 

10.0 

0.419 
0..536 
0.04 

0.-8920 
0.9527 
0.9367 

0.223 
0.476 
(.7(03 

(.,8735 
(.9'sI() 
(1.97 5 

0.1 6! 
0.315 
0.723 

I .0.1 
1.0 

10.11 

0.41 8 
0.519 
0.582 

0.9592 
0.9-1.17 
0.01649 

0. 11 
0..11 
0.756 

0.827.1 
(.96.1 
1.9872 

1.278 
01317 
(.912 

i.I 
1.01 

Il.0 

1.39i2 
0(.04 

l0.108 

0.91,82 
0.97(1 
0.5751 

0,131 
U.-125 
0.067 

0.72:14 
0.9761 
0.9716 

0.199 
(I).217 
(:.59911 

VWIiuztioIlls and degrec of trcatmcnt of 
witstewllter. 

Tile r'isilts otI M seiJzarntf, flask Immys 
(If SlT)Ul) SideI)s IliM rel)orted ill 
'['ilvhs 1, If[,aind 111. T/he inimmiln 

grilwth rI(t('s, A,, aili Abl, tild cell C.OIl-
cellt-rtio ,, h il i (PCI Li I Pild]ofL lv, I 
5 tiklly, togetr WithI til, coeliieiit ofwI 

vlrti'ttilll for A,, illti , li tho correlL-i1 


tion coflicieit for Pb, ire r(lportcd for 
each of tie silple colnceltrItiolns 
ntssityed]. 
The :sscss lint of growth llresi9iSO 

using the cell concentratiol datl, 4y 

Seems to lbe iore precise thn tlt 
meti i'r(l by Ab. Ti coeflicients of 
vartitli(n for iss silts ill which fiNe 
repIilic.Lt alssays for oiach CO(iCrl t.itlll 
were ril'foriled (S lullil e,, .5s, a1d 0) 
w'ere Smaller or equivalent for the 'g6 
dtaLttLin :12 If 3;6 t.sstys. 

Hlighly signilicatl (99 lercent COl-
fidelice level) coCrreiLtiol coolficieil.S 
weVre obtllined for the least squires fit 
of the cell ColiCCtruliLtion diti to the 
log growth equation, the exceitioln 

IhI10 

Curr. 

(aif. 

0.80-41 
0.8895 
0.9947 

0.7,11 
0.1929 1 
(.98(.1 

0.S750 
(1.9319 
0.9963 

0.8156
 
0(.9051 
0(.86(91l 

i)eforll introducing it into the assay 
Illic. However, later results hiave 
shtin t,IaL thC toxic effect relliins 
iLter'lilliciilinit-ilig. froit):al 15atys

with ii.Ip;rcolit, eiillo{lii'etratl'ioiis,
 

ill genll,l ll wed tile lowest etrrel -
Lion ,cl'lliCitIls. 

.SIsUt.I(omIarisOnis 

A split-plot design was lisild to 
inlyze the r('suls of wa%.:stewa-,tcr us

,11y.9. AS illtd IOIIV0, ll VidlleS (Ab, 
Abl, alid ') used to exiress the growth 
respoise ari e butd'ctly related, the 
reprodhicibilit,y Of eacl Inethod (If cal
iilitoi,1is5nioL tie S ilne. 'nbiles IV 

tirollgh XI V(' reiriel d tl show tile 
v t'ol i i (liI%' saInlsit ill II((ii illl 
and i)tee(l various Collcentrlons If 
, li frIt,%wj of th eeltilrlhod.s of 
eXlprCssing growli 'espJIonse. Tile re-
S1iS for h weV (It SIOW1 becallise 
more prcise resilts iwer obtLinied with 
At, ild X.5. "rheoreticLliy, tile (ilfer
eniCes in 'espiSo for VIil'iOiUS SUMillS 

Varyingwolihd denll ol v(1 nutriellt 
ilt
beingi pprel(lIt tel'Liiary hillItoliClt lil'ills i tIoxiC (ilateriails ill 

Sillile ctilhcIiiOil Atigslist , iI908,t( 
whilh i Iroicd n viII of 0.5759. 
This (levill ioli coidhelitatlriltbl to 
a fiiluro to d(chioi'riniatt tile sample 

tile 1ille. TltP saLatis ieic-l iialys s 
lro dsilit I tl ,liowwtlieh l i '
fecesllM exist bt1wen ell(lli t. 1111d 
whether dilution in Lake Taihoe water 

http:repIilic.Lt


TABLE III.-Maximum Cell Concentrations, k5, after 5 Days 

Sample IS Sample 2S2 1 , 1 j S Sample 3S Sample IS Sample 5S1 3 ' ,, 6/2 ,6 ; 8 6 1/6 s Sample 6.10 / 23/ GS5 l " Ilb 69
Cone. 

Source of ofSample Sample Cell"(VE) Cone. Coef. Cell- C.f Cell- Cellt C CelltIofCoef. Coef.! Ce. Celtt i of 
(cell,' (cVrc ) var i 

Var. Cone. Var.
(cl ar. Cone. Va W16 Var.

(Cel. a ') (Cel']i (cl 'l7 ( ls. Var. ' Var./,/pccvcu tool) m1111) Cu j cu mm) cu mm) u m(m) (c) 

aw wastewater 0.1  - 2 26.5 141 29.1 801 17.4.0 -4671.0 71.5 H 454 12.:5 4091TS- 29.9 17.1 1967,O- 514 16.2 20.5977 24.8 1,1)67 16.5 
Prii i.1e1flent--- -- 616 53. 

k-

_ -

Priary ellent 0.17) 
 325 13.2 147 41.3 86 17.91.0 
 428 76.0 455 10.210.0 473 6.7 199 11.75(.1) -0- [ -- 1,3511 20.9 1,074 23.1 828 4.94.)4 - I 950 20.-S 

472' 42.4.-

ermidrv efllite 0 . . .
 -- 366I 21.4 103 17.1 131 

_ 

231. 
1.1I:; 410 41:; 1. i.5. 436 6.5 40 26.3 1,2 13.710.0 :322 51.4 901 18..5 1,14.5 12.7 1,41)5 1 34..8 1,34.8 14.2 1,435 6.1511.0 454 22.2 6,N) 6..5 31l 7. -  -


Tert arv effluent . 1 I- -. "1 I 1:. X 16.1.0 2811 5.2 362 :1.2 462 1-t.6 7.X4 51.2 .15., 1 1 129 19.4 
10.0 35 2.4 6711 !) 1,1157 47.0 79 28.2 71 15.15l0,ll1 
 55 12.9 1.N2 37.4 3:8.s 12.4 - - 1 :-

Based on two repli-ato, a--ay of grab sample s.
 
t B:sed on five repli:ty :-e . of 24-hr v,,ilp)oiie s:mples.
 

0,
 

1 
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affects tlese differences. 'lcrsnlts 
for two suiliples , Ol not (liffer becau1se 
the y hav e the S,ame cI I LrZ te r is tics o r 

tile test is not, 01 I~i ive enough to
determine difr(,rences. 

T.ubles show ing the detailed st.tis-

tical comparisons arc given only for 
Sample 48 because of space limitations; 
however, all results arc discussed herein, 
and taLbles showing comparisons for 
Samples 5S and S are available.9 

Samiples 1-, 28, mid 3S were not dis-
cusmsed be(ause only two replicate as
says were performed on these samp)les, 
and it was impractical to make a de-
tailed statistical amtdlysis of such limited 
ilata. 

Tab!e IV presents a Summary id 
statisticd ((lim'isoii of ,ramked values 
of the maxim un celi concentration, ,, 
observed at the three concentrations 
(0.1, 1.0, and 10 percent) for the waste-
water samlhle designated Sample 4S in 
Table I. The underlines bracket the 
cell Voneeitnratiowis and the percentage 
conlcentratio s thatare notsigni ficam tly 
different at a 95 percent confidence 
limit. The 10 percent tertiary effiluent 

assaLy shows the pl)arent effect of not 

dechlorimting the samphle. The Sb 
valuwes teld to show differences in 
growth response that were not de-
tectable by the Ab v\alues. 

Table V ev.duntes the 95 data of 
Table IV iwi relation to concentration 

of the su~m l assayed. Whewi corn-

ared with the results for A, I is a 
somewhuat more discriminatory imma-

TABLE IV.-Maximum Cell Concentrations, 
Rt,, for Sample 4S 

,{,,ll/eu11111),mro awnJP (.nenlrai~m
Smio(ce s/cu.'s mm,,. Samnple Umicenri tntiSif 

fo ( : Sttt imial Sinilivane,.m)i 	 (lUndedine 

P ~l l9 

Ilaw 
Wasta. 
water 

wPrimary
ellumeiL 

Secmdry
ewlwnt 

Tertimry
olllmnt 

. 

hIdicatel N t atSiiiiifiri w)ilfrrenemmee 5l ( Co n i d mc e L~e v e l .) 

jl1_3 (0.1%) *.w5.(1%) 5w.. (1. %) 

:121.8- (o.1%) .. (I%) 1,071.4 (11%)-) I- 

34;6. ((.1%)1 ;16.2(1) I ( lo.t(10%) ,wwmml. 0 I.1 . %) 0.519(w.0.I ) 0..92 (2lo%) I 

Tl'ertiary

7M.8 (1I01,) :138.0 (0.1%) 7H3.6 (I%) elmnt 0.on (0%) (.012 (0.1%) 0.G01 (1.0%)
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TABLE V.-Mnximum Cell Concentrations,
 
is, for Sample 4S
 

__ - = = -=.__.=... .. . . . . . . .. . ..
 
S11111.h4 k%, (roll '-tl mlinl). 8-turi'P to( ",amle,o mlid 

(.,,.,.,,. shii, liraliiIIIN. (I n,,rljne,,
mo,:mm InidieliP N. i niie:nt lifferenceo 

( , -W 1111I0" '.nfidnl,.'e evel.)
131-.1 2.8.33,.: .0 366,.1I 

436.2 .64, *155.8t 78:1.01 

l0 78.81 5~ * [ 0lS oTl.t 

*Ra ,.,,tewi.ter.lrim, ryoellhent.
 

tS	Iin,,iry. ,'ilcflt.
 
Tertiary klisent.
 

sure. )iscounting the low value of ti; 
for tertiary ellumit (78.8 cells/cu 1im), 
011 th a toxicity, Tablel)Lsis of chlorine 
A, shows that at I ptrceit cowicentra
tioli tertiary efil tuent had a signiemewtly 
gr'Ltr 'ability to support algal growth 
thalI did eithluer raw, primary, or 
secoIdIry efluewits, Mid that the l.tter 
three (do not differ significantly from 
each other. Fuwrthermnore, at the 10 
pereet collceitration, secoildury anid 
ljinP \ry1e1luenits are e((iaily caliable 
o:f stin1ulting algal growlh th at is 
sigiificautly greater thawn that of rawm 
uwastewLter. 

Tdabh VI mw'ewsto.s aLs11n|airy atnd 

statistical sigiiili(cance coil),m ison of 
ranked Imaxim uwin growth rates, Abg, 
observed at three samplle comcctra
tions (0.1, 1.0, ad 10 percent) for 
Sample 48. The table was prepared by 
compki'ing the slopes of tile least 
squares regressiou aw:dyses at the 95 
percent conlidenc level to determine 

sigiuificuwit differewuces. When coin-

TABLE VI.-Maximum Growth Rate, inIo,
for Sample 4S
 

........... ... ............
 
Smirepn I Ab (dily" ), Su a-~h Cmirm(ll lm (ulnd Stiutimticul Wowl'riuerines 
Samlne Indivae No SiL'nifietilt I ftTerenco 

lit 
115 

/;o CMlidetimc, lovel,)
I a 

W11wto. 
wit.er 10.:18)(.1%) 0.457 (0%)j 0.507 (l.01) 

.......
 

w'rilmtmrv 
ellmiplt 0. 1 (0.w C tI.fpl.o 0i} I.I)I(1%) 

pecunmilry 

http:S11111.h4
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TABLE VII.-Mnximum Growth Rate, iat, there w a-sio sigilifI ttl ilTer'eiie iii 

for Sample 4S ti' hhi 9stillil i ii ry I )it I .I('-t.ivs of :,II y 

sample~ P, i,,. 'v).,r, n .r o e. u,,d of the. four t~yp'~s of w .Ivastewatereflilu
. Sinonn Sl i.i i,'itn u e . ( ' mihrl i n v.o ( l l t . A t t heI,.,,n 1 0 ] ) ( r e e.' , s | ml ] , CI. l e ( ottrntm ldivl, Noi iuifie nt IDiffer,uaeo 

_ () at,t '.v( ,,id, r , I.,v.,.I.) cell tru io' t , (, wttL oWI significanlt 
0.1 fo.:e,0- -0.1921 0.11 S t ) i di(Ijfftl'(' i ~ eVCi aliy, (if the fouttr 
1 Lt nt .51111 0.6016 types filillenlts whel measured byL)..50 7 0 M.1t t of

0 ).-0S 5 7 0. tI I| a n ie IMlll l'o}Lrwth 'ate, A,. VImwli ........... ........§ .5S..,2:
I0 o~o, o. Li2,~l. 0.6;0l I i'.tileii.I I'91-Ol.h I:s measLu'ed\Vspone by 

"ltnw wvi t mntir. the lilXiIIilil gro\vL'i riate, bl,, how-I I'rimnrv etlliumnt. 
Suond'ry qllhn. eVe', tlI i'i Letfoi tie IO() lertcenItt .Si ml e°''riiary eltlint. CO lI.CIe it I'll t Ll'y' (1nL %\usc t il (if s(eCOldy 1 

greater
liired with b anld -16, it, was evident sigtnificallty ti ill te gi'owtli 
tliat the g'owth (if S. f'Odl as i(i- rtilL for 1) derie raw and t'iitl'ty 
s.Ul'Cd 1 3" Ab a ld #ht W I ts ( ltittC simila r, i mulyll u e( rlinIil}vi v it t l 
wit,I(t5 teemintig l)C the SC lj- pi'sj )i Icesto nmost l i'i mary i'llhI itlil. to i., ITetri 

tive of ti hLb reh ii h hil t.sssssing bi t i ntiulaolit 1 ' lt',' ll1s , ntt.
ill y ri \'ere 

differences il growth r.esponse. for 10 itreesnp1
det,,table the I t't'.t' 1ifT"ICSirwht oie CoIncetratlion of raw\, imlilry, iid 

T abhle VII )rv'sen sulmmilry te 1 llqiltItn of t-mi'.LI'v ..
 
thie Ab vilues shnihlr to Table VI. I Expresiig the biostihil-atory prop-

SieCtioll of the tlhhl reveals that onlly for Saipl i
er'tiCs 5811hill ti'ilns of inaxi
tile 10 peCrc ent co ncenLa't io i y's for e ll Clllci ll.l'll 

rLw Wlste w'ater mid h.'rtfiary efluei t eveal sI i e te o i 's litr 


alssa cil ol,illi. X , did itL 
tilt litriii i. (
 

.show IL sigiilicnlL diffe-rette ill ign ific t IteiIv .illrI. t'O
illbio- thes linl 

stimut latory re.sj onset$ . Aglii l e i n- illitie colit tll 1.(tifetil of tIh.0fteili 
p)Irat i\v inabllility" of raw \vusteiat vi,~out s m l o c nrto so alvo ~.fu 
I0 le'c'(ilit ct tiCon ion t spLIpolrIL tv les of wiatwlCri'i.iilnll,litsaitllpl's. 
growthi is reale.ld. Ii L thie 10 pe'i'tilh, S Lltl'V (,Cthltilt.l'a-
A siila r Iom.ison , it ,iwcdinig 
staitil l i uslv.iot, 'ist I deoi f a yieldilng i sigttilicalittly dilltreit iil 

l, 1111htr V1l)OiisV .tii V her 

cell coieentratiois, Sa. , ttaLlited ;LLtile :t.1'SL Lthis (onxi' rIt 1oll. 'Sll~ll.tse 

Cnd of 5 days ill fhltsk culture, obse'ved ill ertiary and pimary II perct 
at three ill ' (~l(Jlqll'i, ,~l. (0. 1, assys l'lmwl dl vXlr.i,.vddilTelr, :is . . 

inl liiili rio d IthIaLes, j,, andi( tnd r litn - OW 

tlll,( stnl/h 0., nor didi p'imlal'ysu Concetrations anid whlliIot 
1.0, iii i0 i ic' niit)for each ecli ileit ITheI l nlysi of St l I I S lo vd 
Stmlile collectedlo(l O ctober 2:3, 196IS hithat thi rhimam lil'( i s sl aywsdoll 
(Saple 58). Comlarisoh of the three yietlded sigiificanlly ililiereil, growth
SLmnple CO iC ltiriltiot is tested (0. 1, 1.0, i'ilteS (A ) : ,ill till'((- SI liileh COIlicet

1 10 prce n~t) fo r'the salme Waste'- talltiOltS. 'I'T' gll'oWth I'ILL'.S, Ah, for raw 
wiLvar saIl 'se ' 'id tLILtL all thrtee , ' ISt(W Lt ', Mid S'COIIII , 11 i 
Imlethods of exlpr e.s iIg gIl'(iw lii 'es po nsiell f lluent.i I It . livi'Ceiat0.1 llld 1.0 i( rl'C((ill, 
show I t s ig n i fi c alint d iff er e n c i tll i s ca( o d 
tihree Sall|)ie COllMltItt'iltjIiS for the stam tietict ll Iil.lIhilti id ( to ti digo r 
four efl ie it . W hich Was ilot .stlts fiiIor, W lhIi; riw lSillll ., mle.i's g eh I
obse'vd in allnple ,48 (Tables IV toile if io llii cll colIiLtetlirleld, t, 
and VI). It is likely that these dif l e max- iw rn cu ll ilethiti of 
ences were detectlble becuise of ini- exsiugrowth rl'I.t', t b tla,nLltotls tif 
hil'tivenivlitHt ill laboii'ito)ry Lt.clhliiqiie Cxil'Csii l ' , l',.l Oil.t(' stow Lie 
gained from exiiei'iecen ietrforining sInle stLLtisticia t'stills ftli tllLit' 
lSS3'S. sapeie o Co ' itetraLitots for Iie ViitOS 

AL the 0. I )e'rCei italn 1.0 )eircelt saiiltes. Only tiie 0. 1 liii'et'I. Il 
saleiii coiceiiratioii for Stllie 5S, 1.0 peceni'Ct sltile coltcentrltilns of 

http:vXlr.i,.vd
http:reale.ld
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secondary id tertiary effluents did not 
difer signfiicanlly when the grOoth 
resI )(nSe wXs exp resse as S'O aMid p,. 

The statistical COil] )Lrisoni of tihei' 
three sampiles lSsLVed for each waste-
water eilluent revealed that of the 10 
percent concentrations only the 10 per-
cent tertiary eliluent assay showed a 
different grovth rate when the response 
wits expressed is At,, and this difference 
wias IarIgiita. The comparison ftr A 
values showed only the 10 percent 
sample coicentration assays of second-
ary and Iertiary efflueits differing 
signiicatly, whereas the comparison 
of Am.,valuies Shows that It IL10 percent 
SiLiil)lC coICNeitrI-tilh, :Ill four waste-
wit.er saules g.'Lve a significantly 
dlifferent g'owtIh respollise. 

A Collective exaini .ati of the assays 
for :Ill three sampliung dattes revels that
statisticaly signilicant differences are 

detected somewhat lore( easily with 
the flask assayi vhel the growth re-
sponse is tXplrissed its A'b or AbI. It 
seems tIlat boti metlods are atbotut 
ciiall ill showing liflereiees ill gro wth 
respolns', olnl hot h shoul be used ill 
tita int,ereiratiol. The fact that it is 
possible to detect difierenices ill growth 
at vatiluss'mlIle euueentrat iols for the 
four types of samples, aild yet diflicult 
to detect differences in response for the 
four types of Samlles (raw wastewater 
and primary, secondary, and tertiary 
efilient) al)l)'evltly indicates that a 
toxic factor is preseiit in el lents re-
gardless ouf .the degree of treatment. 
This hypothesis is Sul))orted by the 
al)lIMIrellt l:Ck of direct increase il 
growth ri-te witlh increasing sampile 
(ilit'rieni) conentritioiS its would be 
expected (at Coinceiitrationis less thlli 
the nutrient excess level) according to 
theory. Fuirtihemore, all itpproxi-
illtely equill growth ires)onse was 
obtaicdil for :Ill tyles of samples. This 
is contrary to the tlieory that response 
increses wi ti the liitrillt colicelitraL-
tion ill the iutrieIt-liiiLii ig rLnge. As 
the degree of tl'eteilit, is iiCrLSeitd, IL 
reduction in toxicity wouhl be expected; 

therefore, t grea'ter response could be 
ObtlillV ilt t h W,l ilry efllien t- ILSSt.VS 
th, for tie less refi w ll ilueIts even 
thu igh llt Iiiit-ritil. Vol lcd trati ol in 
the tertialry issay flasks wOthl IbO much 
less than that in the other flasks. How
ever, the possil)ility of the increased 
release of bound forms of nutrients 
pilus tle prtoductitn of vitamins and 
growth factors (biostimulants ill gen
eral) with increasL'inig degrees of bio
logical treatuent eILitot be neglected 
aS a fLctor ill illCreasilg the al)lLrent 
biostimulatory p)rop)erties of treated 
elluents. 

P'ev'stlold (1l.11 have sho'n I toxic 
effect for doimestic wastewtater 'and 
treuvLtliel i. Il't efllilets ill fish bio
:lS.Ly dt'L. S'e'ral thousand bio
assLys were )erformed(lon wastewiater 
snpdes collected troighout ti1w SaIlI
Francisco Bay :LreiL, and the toxie effect 

of w:astewatr wats tuiiite pronounced. 
The a.ss.ays included samples containing 
only dhmnistic wvasl ewater and a mix-
Lure ufitdmestic and indus ri.'l wastes; 
the toxicity w:Ls detee tal)i ill all assays. 
Therefore, the fact that STl'PU ) waste
water is principaly livestic ill origin' 
would seven to have little eairing on 
te hYothesis that wasLtewatr eould 
exhibit a1toxic effect in the algat assay 
irocedure. 

Seasonal l'ariatio. 

With oluy th ree assays to comliare, 
it is difIlicilt to make. .c anaUmlsis of 
seLsonal N'1:riat,60 i Inthe %'aLSleWILtC 
samplles; however, sMeerIl interesting 
comnIarisons areIprt'sented here for 
each type of wastewater assayed. )e
tailed coimpilrisosl Of the atss.N' reVsults 
are shIon Onily for the Secondary and 
tertiary eliieits beclse of tlh ,reater 
interest, ill biostimiilatory propetlie: of 
elhuents likely to be disehlarged to 
streaims andi lake.. However, t.he re
suilts for the irLw adll limairy sitinples 
are discussed, iid (etliledt comparisons 
are ,LV!Lil l)le.1 

Secoitlar' Efihient,:---A comparisoni 
lud statisticid issessinl of maxilum 

http:ILSSt.VS
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growth rate and cell concentrations Iirt seetm to Ie related to the spason of 
)observed at ail three sample concetII(-tr yer'uless it. is assnied that an 
tltioiis for the hI'(esecondary efflrint 
Imlpn asils:ayed :'( l)rPsented inTables 

VIII and IX. Individual comlparisons 
r)f the growth pirameters are also 
shown in these tables. 

As shown for all previous samples, 
the values of AbI and 1V5 show more 
listitct differences in growth responsc. 
All bt values differed at all concentra-
Lions of sample except for the 1.0 per-
rent concentration of the samples col-
lecte(i on August 6,ad October 23. 

Wastewatvr ha:ving undergone bio-
logical trCiLtlllelt Irocesses (secondary 
[4flluent) might be expected to show less 
Seasonal variation than raw or prim ry 
,flillerts, provide l the treatment plant 
is designed prolpurly ard not greatly 
inderloaded or (verloaded d1(hiring any 

lIartiCulaLr season. The STPUI) plant 
is loaded more heavily during the 
summI-er becamse of tihe heavy influx of 
tourists and vartioners. However, 
the growth ,'vsponse expressed in terms 
Lf either of the three larameters does 

increase in organic loading caulses air 
increLse ia toxicity of tI ellh01t. 
Such an effect, could contribute to 
the growth response obtained for the 
August 6 sample, which was shown to 
be significantly less thaik the values for 
the other two samples at the 10 percent 
samle concentration when expressed 
Is1 or/1,,but gave tire highest re
spose tatthe 1.0 lercent concerntration. 

Tertiary Illucnt:-''ules X ami 
XI show collective adrl inlividual 
C)mparisons .rid statistical assssmeiint 
of the maximiln growth rates ard cell 
concentrations observed at the three 
sample concntr:ations for the three 
tertiary ClllrrrIt s:aiolt assayed. 
The col lectivoe milml- isois of /bal 

t'i show .Ll)proxiInI:,tly the siaile 
nttmber of values dilyenirig; however, 
the ranking of 1hc valrious samples 
differs more in the tertiary effluent 
assays than any of the effluents pre
viously dlisciissed. In general, the 
sample conreitration andt sampling 

TABLE VIII.-Maximum Growth Rates, 1fi&,Corresponding Sampling Date,
and Statistical Significance tr Secondary Effluent 

S Cocevntraltions Complaredl Colleclivi-ly'amle 


Sannplin late 0,'2:1/6 [ I 1 6 S 23 8/6' (6 tii / 18/61I/ 4/ // 'I , ' O,'261Si 8'2 8,0 

siitniuo convent rali,, -- 0.1 0.1 1.0 o.1 1.1 1 I.0 i0n 10.0n n00 

Am ~ ~ n 0.13 8 0.37 0. o .'I"I o..,OIO.j .52 0.756 0.01i2 

UnderlineshowShow I 
no sigiilical,
difference at 

- .. . 

1P= !5 

sn lleh. rilr ilns ("1llplipredI h1tlividlinlly(3olluini 

Samlnue cuncentration 0.1 M) 10.0 

Sauniig dat 1lii/3/l8 ONS 8/0/68 1/18/;tio 10l/2:/62318 8l6i8 8/t6 ON ,23 0 i/is/It 

0.131i 027 0.418 1.367 0. If)i 0.0in 1) tn.75t 0.9112 

Uinilerli lieshlows L .... .... 
riO sigiiticall. 
differn'e iMI,
1' = uJ5';; 
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TABLE IX.-Maximunm Cell Concentration, Rr,, Corresponding Sampling Date,
 
and Statistical Significance for Secondary Effluent
 

8'11iple C(oncell Il I 21oilsCompared ( lecl ively
 

fisinping dalle 10/23/18 1/1/U i/I,/69 _I/, bO/118W23'/hI8 S/6,6s 11/6/11S 10/23/iS 1/18/69 

Snn )o 0.1 1.0conentration 0.1 0. 1.0 1.0 20.0 10.0 10.0 

'X6 202,6 131.0 282.0 316.4 2108.2 36.2 1,00.8 1,31 08 I.435.4 

Uniderlhie8hsli22w I
 
22omig ifivil'li ,
 

differeiwe itll) = ) II 

)1CoJparedSiamle)I Coil iC(tiillns I iinlividhiilly 

0.i 1.0 10.(

saingIii (Iflir 10/23/68 1/1 S/611 S/Il/UN 1/ 8/(10 20/2-,8S'1/ US S. 20/2:o/.. I2/f1 95, 

202. 3 1 1n.3116.4 N 20114.0) -:13 I11.8282.2 T2 . 1 1n.ls. 

Uuidcl ie show I o.
sigilieniv ili 1II, 


(diffelli ill
 

date relatiohlipsill1 raw, priiniry, and 2,.,:63's lifter Cl ( IrShh:ibly fi'0in 011 
Ncondilry eflluellits followed the same121 sample Concentration toI aniotlher :ml(l
raniiking, larticlular'ly il valthes of 'b lesult ill iilfeirent statistlical comi pal'rison 

n111Ah, l)iit for the teltii6iy Cltllltu levelS. 'he (ihl'(rr:iig growth, 'ate, 

Samlesn' tile ol'er ill which tle valiues with ConcelClii'tioli ilietC26. (1.0 to 
iU)leIr Vait'hd for all thre- pa6ralet,ers5. l(i percelt) for the siii])10, of Atiglist (, 

Watewit.er:-When the values of 1968, may also be ,xlpihlintCd by the 
Ai, for the thN I'aw WaStel ter sa6l1nles l)])i:let, toxic effect. 
(Aulgist 6, 19(6S, October 2:3, 1968, a6nd( I)ifferlices in growth respoise for 
Jailillary 18, 1969) for all Sllnile Col- Abilld . i6t, Saml Collat, till, vario201 
Ceitrat iOlis were CoiIare(d collectively, Cliltrllti s arl'e shiowil re'l ily by bot i' 
the varition ill the vltlIes of Pb witlin piriamIeteI'S, tld bolh sio' essentilliy
the five rel)hica~te tssaiys. were of such teile saie iltteril'l fill" (1i\'iti(' i. A rallk
maglitude ,hill, ;1tatistically (lifferellnt ig of tile vtlties of Pj, iA,1,an(1 ±5 
response 'a6tes were (lifIictlt to detect. revCled 1l-Lt PhlildXf6i W- ill the 811,ole 
WhenI Vitlie.S of Ab were ColfliparC(l orler by (ate and2(1 coiicetiLtioll, all 
individulally, the as5says at the 0.1 exeetl beig 0t10 rv-C'.1 of tl ip'r- 1)iilon 
Celt Ciblh)(ColilCeliltrl'tn s edilCdto valies for the 1.0 ierlCl nt, anid 10 piro 
differ only in the samlek collecte(d Oil ceit SaIiple ConiCeltratiols of the 
August 6, 1968. however, all three August 6, 196.S, samlnpile. Also, tice 
Smlli)les dilfe'd statistically at tile ralkinlg of the vilileS (if Ab differ from
1.0 percent samln)Ie ColcenltrlLtionl, but, )oth Phi i61(1Mi A5 . f iis b1serlatiOln 
iiitilme wias found to give sta6tistically further tilppolts tlie recomiilellidill 
oifferelit growth lteslit till- 10 lerct'lt liLt 2(1| A6 iis tothat anI 1) l Cxl'r5s tile 
saml)Ie coice2ntration21. These results growth ,.spoiise ill lask tssays. 
may be h2ill6 by tlhe fact if.'tlCiLn:--Tl( c(llectiveexlihih(1i plr P'rilary
that the va6rinCs for tile replicabte Comparisons of 2all Cocelltrtions again 
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show tli A,, nl 9LIi(X5re superior to Co)ipari-sonsof Ab and A,, 
At, in silowilig Statistically significant BlIImise of the dilT'ercit mehods of 
(ifferences in growth response. The Celnhiting the growth rates, it wsir 
fibi VLI'S ShOed I3 bett r divisioll ill IlVCQSSiLry to ev'duae diffitvrences be
the ranked urriy than 'b.The ill- tweell the twVi ra3tes oi the biisis of 
(liVi(U:Ll coinpt'isoils of growth t)I'll 1- VIItIes from assny,' ofI13111,i obtaiieml 
eters obtained at tih three sail 1)1 Coll- 811,Inples collected from the sile source. 
centrations show thiit onily the August Five values of Ab were o)Jtain(!l for each 
6,1968, saimple differed statistically Lt assy whereas only oiie value of A,,, 

e 0 pws obttined. This nmilkes it difficulthC 0.1 r ,coiientr.tjin r lh. to coliu'e the individiil growt-h rates 
of the lethod used to express the obtained for emwh smple" Hovr, 
growth reOSponllse. At the 1.0 Per'Cenlt statistiCidly significatit differenc',s be
is1ljiple Col eviCtrati OFF, A t Wlli g t,'eei tilme'i v:L 1(NFf t ,, 'ii 1 , f1,ot 

yiledh tile same r(sults, showinig that akseries of smnlples froi tle sm:1lle 
smill)es (!)ll('(-t((l oil August ;,aL'd lLisul)lilg l)looilitshul( illust,r:L,e wh(ther 
October 23, 1968, diI ot differ st.btis- Or llot, dill'VereniIS exist between th e' 
tically at the 95 pereetnt cOIllidence two vaLh ies (if Lt.the gro wth r:, 
level, but that the hIlll;Ll'y IS, 1909, A C0l),in1 ri801 of tle ile:1,11 VI LhIS of 
sample respOiSe for priniry eflluiei t ,(0.47 dy 1)and At, (0.27 dly i) oh
lifers from tile othie samp~les. Tc ta ied illeight Zi'5sl*v5s of iLke 'Thoe1 

r h.wLtercolletehi :i(, iliid-lilke yielded n1lb V11lies siowC(I tht the October 10 t vidti of 2.47, which iniclic(es tilit a 
ill)(d silmplles yieloed iesullts sigiuificalit differelice exists hIxtweeli the,htialuLry 1 

that do ilot differ It, the 95 percelit mnea%,n Valie.s :i t the 9.5) p(rOeit probta
signilicimleo level. I)ility level. An equiviient lumber of 

TABLE X.-Maxhnum Growth Rates, ciu, Sampling Date, 

and Statistical Significance for Tertiary Effluent 

Saimp1le Col (CI-Ftrationls Couuptrel Collelively 

ham ,dat M 1 10/23/68 1/.4/(;,j I1/18/6 9 81/668 10/3,;ii,1/18/i;9 S' S/18 10/2111 

concentration ,1 0.1Sa (nle 111.0 1.0 1.0 10.0 I.11 10.1 

Ol0.0618 0.131 0.109 0.217 0.392 0. 1 15 0.599 011101 0. ) 67 

Ulih'Imlilles
Shiw 
(ilo
sigilifica.'. 

difer(,ivate 
1' =!a 

Sliple Comienlriniis C larlIIed hIlllivhiitlly 

Samuuigile nh'trat i ~ 0. .1 

Stllilingil dnl 10,'23/681/18/6l9 8//08 1/18/69 10/23/18 M/It6'18 8/11118 1/2810 10/23/118 

MI(.21 0.190 0.302 0.217 0.4251 ' 1.601 (31 0 F116701.0418 .lP o., I . ,,---...J ,-LJO,, -111W" .: i. .... -I7.7 - ___________I. 

Io) siglliilltiiI
diffelrli e il
1= 115% 

111 
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TABLE XI.-Maximumn Cell Concentration, X, Sampling Date,
and Statistical Significance for Tertiary Effluent 
San ipe (olnneel lit imIsi ( oi pared Collec ively' 

Sampling, dl. 8/1-/1i I/I8/69 I10/23/6S." I/I..fi!l I// 8 /i,/,IP 11/23/118 10/23/68 8,11/118 
HumpIe c(ncentrtion 10.0 0.1 0.1 1.0 I0.1 0.1 .0 (0.0

6/0) 
1.0 

78.8 81.4 107.6 129.2 :122.0 :58.-33 SA.0 700.4 783:1.6 

Underlines show .. 

no significant 



differce;mlt.
 

Samp11le col I10iolls CIIII'l ictus Cmrcl Individuially 

Sam l litig ( h1111 / 10/2 3/ 6 .4. I/ i9 8,/6/ fi8 I/I4;S/fi I I f.2: / m fix 11,118 I/I ./ 9i ) /2: / 1;. 

1. 07. 3 3::8.01 

Unclerlille shows L I 
fnr) SigniiIan,
 

dilTelfe11e t(It
 

shore s..amlples also showed it significant 
dilTel'ellce l)etweei tile mean values of 
Alb (0.43 (iy -

1) nttd Pbi(0.25 (]aly- ) It 
the 95 peIrcent plrobal)ility level, 

A colparison of the mean vahlis of 
Pb and Ala, obtained in 36 assays of the 
wastewater aild wastewater treatment 
plat eflluent samles (Pb = 0.63 day-';
Plt, = 0.450 d:hy-') showed a significant 
difference between the Imis tit tlhe 
99 percnt probatbility level. 

The dilference between the t 
growth rates (inay be attributed to the 
atveraging effect of the eXperimllntida 
error b~y the lea.'t suaiares fit of the datt: 
atn( the influence of tile 5-f.ly cel 
counts, which were generally lower thai 
predicted by the growth rate obtained 
during the first and third (ldays of 
culture. Both factors tend to decrease 
the slope of tie growth curve making 
PAm consistently smaller thia ph. The 
decline ill growth rate luring the thir(l
aild fifth (lays of culture is discussed il 
a following Section. 

Although greater plrecision ini the 
assay results is obtained W1he PM and 

12.2 3 .- 7:.1 7!. 121 70(18 

, ar' used to intrllret the (htLt, this 
doesIJnet 1,ea llcess.a'ily tilintt more 
LteuCIrIacIy 01r Sensitivity is attainel. It 
is )ossible that the witle fluctuation ill 
the response when measured by Pi, 
indicates the occurrence of :111 ldalpta
tiol to an environmental chuage. 

Evaluation of Wastewater Assays 

It reviewing the resalts shownt fo all 
tywos of wVstew1te treatment plat 
ellents, it is (ifiCllt to ar"rive ait coIl
clusions about seaondl variatiolns when 
only three samples It"v +Vxtihl)le. 1oweVer, froi the limited (lata available it 
seemis that Pli 'i(d -5 yield more 
discerntble results with which to corn
pI'e algal growth response Ieasure
ments. All types of wastewater efllu
outs apl)arently are toxic to algal 
growth il all assay stleh as th.at dle
scribed in this pper. Sillr ellCMts 
for wltstmwater effluents have been 
report(l ill lislh bioassay work. Further 
evidence of an. .apparuent tuoxic effect ill 
wastewatOr cilluents is shown ill Tables 
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FIGURE 2.-Varlation of maximum growth rates and cell concentrations 
with total nitrogen. 
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I to III, where response valueslfor .50 tions ill the differelt samples do tiot 
plerceill, samplle conmcentrLtion Lw.sy :Lre v,;ry independently. Aiso, tile S6 
reported for three salmples other timn 
thl. tiree di.scussed in detLil above. 
TIhovre is t diilit,decrease in growth 
response for al three samples of seConi-
r'yand tertiary effluents when the 

sample concent'ation is increased to 
PA0 lircent. Oniy oneloSILnpl ws 
iUssaYed at till O ilercent concentration 
filr
,'rw wastewtter ali(l primiry elflu-
c1t, aLid tlinre was no0 decrease in re-
sponse in these s.niullies. However, till!growth rate is approximnately 50 pg/l of 
S colii lary a(d oertiatry efliuient assays 
Cxliibited sigiiialiiit rcductions illre-

ol5Jise wiiei the Satnl)le COniCeltrLtioli 
WIas ill(',Silsd floi0i 10 t) 50 percent. 
Although It,he riaw Lind 1rinlaiLry ciifflut 

SSYVS (lidl Iot show U deCi'case illIT-
s1lllise within iinCr'ease slliple con-illn 
ceiitritioi, It SiglificItl increase in 
growth r:tte (ldid not accolnpally L 
substaial ilicrease illlutrieniits. 

Nut'iet Cocentralion and Growlh 
Response 


ligures 2 aldli 3 shiow tile observed 
vLriadtioIn illgrowth reslponse (b, Atba, 
illd - ) il reliLtiinl to the initial Coili-
ceitratioi (S.,) of toital nitrogen aill rtiintionshiil is expi',s(iI illoly bIlow 
totlal pho3ip rsiLiU,r(specti vely, uisiig Certiini ciiCiii CcIilt'ritioliiS, ,plpr).1Xi
raw watsltewILter ti(i efliliit s Liiiles n1Ltt(iy" 300l) li 50(pgjP/JI.()iee,# N/I 
flroi STPUI) illLake Talhoe water iLs ilutrielit oIlicenitrititl aLbove these 
th tillnutrint soe., levels wer ,ttainevd, thel test alga grew iLL 

In Figur 2 the values of Ab aili(l P6I ILraite iin-eIdenit of vriatioL in till'hli
scul to illcl'se lilnearly with teill,trielnt ColIllilittills. l' ostililtte of
initihl cIncenIttiLon (if total nitrogel 
ill)tl Lboult 300 pg NI. Using the 
ainaliogy (If tlhe AfichLCis- IliLen kin,-
ics, thec ,triet l COllentrationIit hi:alf 
thie nIlaxilnilli growth rate would be the 
saturatilg coiceitratioii or the satura-
tiolli (i,). seelis thatcolstalit It a 
reasilnabih estiintte of K,, would be 
about 150 pg/I of total nitrogen. A 
similar estinuLte is obtatiled from the 
)lot of PAb.Ali estiniLtion of the yield
(cells lrodilucel per niiitrogein utilized) 
w%,is liot atteipt.ed b(eauso it was not 

l(Iilihe t(i (icietl which fLctor wa.s 
lilmiting. It muSt liertillellbered that 
nitrogou and phosphorus conccntra-

values obtained at higher nutrient con
(,enItrat-ions (gren tierIhal i,( 00 ug N,'I) 
W(, aH t,Iily light- Or' (OJ2-Ilited, 
aLnd hence till,,aiount of cells attained 
was less tha:nvi expected oil the basis of 
uitrogen concenltratio.i. 

From iigure :3it wenolis that in these 
wastewtt'Lvr ellueints, till!iiiitihd Coi
cenitrationi of hllosphorus beyond which 
S. gracile approaches t maxilmumi 

tll, phsip0horus. Caiculating tie 
saturation coe'flicicit foi' total I)h10s
plh~oris I(.vlis that K,, is about 10 pg/I 
total phosphorus. 

V\'l ofilhI, itioli growth i.,sllilise 
([A,,, oA,,31 XS5) wLs itlSo observed in 
',iati~tl1i t110 ITCiLti 'll eetit-EOu0 

titlil. All estililatO of K, for reactive 
iron of less thaLn 2 pg F'e/I was obtained. 
loeCiO tile cc(entradiol Oif iP-lli wLts 

usilily Polisiierbly highier, iron WiSprobably not the rate-limiting nutrient 
in tlse nisstys. 

Thi(se results sihlw t latL there is It 
r(i'atiniihll )etwct"ei gi'lwlh i't"e and 
nit.rielit (,lll1Citr'ition),. lw0 '(,ei,tle 

K..,, I 1Opg N/I lnl 101pg I/ trc1/, gives 
latioll that illiows C:liCliitiOll Of the 
growth reponse ofialgae to theilpreseice 
Of the 1111trieiits, niitrtogen Ltld h)hs
lIIh Ir ils. I)eviations froi tle expected 
relaiti(iishipls coul CnllsIvdie by thel 

' eiCe (If dIttoxicntiliIts (lisCUise(l above 
or such biolsti lluitalits ,s orgallicilliilt

ls, vitaminli 13 12, or trice elements. 
The flask assay nitliLod has beein 

cr'iticized M[1iIttheoreticl basis because 
the oIrgallisins grow hi itcontiiuously 
chlollgi ig livirl'niromet witi celils (if 

viuryilig ages tiat us, (lifirelit,ailolllts 
(if nutrit in different ways as the 
cavirolientcii langes. The question 

http:atteipt.ed
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then becomes one of interpretation of So
 
results, and it, is possible to make 50
 
statistically valid measurenents of 
 400 

growth rates and final cell concentrat
tion (Ph, Am, aul A5 ) prvi)iled carboln- °
 
and light-limiting colitions are not I
 
encotlntered. zo
 

lFigure .t shows the effects of carbon
limiting conlitions on cell concentra
tion experienced after 3 days of flask
 
culture at low nutrient concentration '0
 
where small quantities of carbon were do
 
favailatble initially. TO UThe decline ili cell %
 

reprodtuection after the third day could, 
 60 

of course, be at-tributd pIartly to n- So 
trient exhalustio. Ilowever, in ll *-,1 ' , . 1 0 
cases where such t (lveliue occurred, pll .. ,. 
valles grent'r thall 9.0 oc(ul,'red inl the FIGURE 4.-Effects of carbon-limiting
assay flask, indicatinlg that cUrbOln- conditions. 
limiting conditions contributed to the 
decline in growth response. Thus it is 
evident that some Meth l of ventila- h growth rate determineu by least 
tion to insure a free exchange of air s(ld:Les C'rve fittilg, A,,, tile more 
containing CU., is essential in flask reliable for evaluating growth respolnse 
'ssays. A similar decline in growth than Ilhe observed mitximnm growth 
rate would occur in a culture containing rate, p,, at least at the frequency of cell 
high coleentratioiis of nutrients whenu counting (1, 3, and 5 days) used in the 
the cell concentration became great s ty. 
enough to liliit light t,r Isli.ssio . The p urincil l wo:Lknessjf the methoil 

From a praIctical viewlpoint the flask for the puhpses of th project was the 
assay must depend on the culture of "a experimeltal error hiliereit in the cell 
single species, or sonic standard mixture counting technique. This reduced the 
of species, of algae. Thus it se s statistical validity of data to rather 
inevitable that the results can never be broad ranges and therefore limited the 
interpreted directly in terms of outdoor sensitivity of the method to changes iin 
ecosystems inlved il eutrophication, growth response. Sonic cell counting

itl i rocedure is needed that will limit the 
Neverteless, experitnce with a sta' l \'vria ,oe in dta more muearly tI, tt, 
ard method should, as in te case of inlheremit in tile r'eSpOlise of illdividlal 
130D, become interlretable in practice. organisms to a given enViromi memut. 

Applied to the assay of possible ill- The us, Of a Coulter counter is plamnmed 
puts to liae. Tahoe, the flask culture for future assays at lake Tahoe. By
method did consistently show that some increasing both the accuracy of single 
sources f:ould certainly be expected to counts, as well as the uminiber of 
increase the productivity of Late Tahoe replicate counts, the variance in counts 
water. It also revealed evidence that of cell concentration should be greatly 
wastewater conitains some factor that reduced. 
reltees the growth respomse to ,a level 
less thal might be aelieved with n- Conclusions 
trients alone as tile rate-limiting factor. At tie present stage of these investi-

The flask assays also showed that the gations the following conclusions may 
maximum cell concentrations, S6, and be drawn from results: 
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Nutrient ?elalionships 
1. All types of wastewater effluents 

aiipprently tire toxic to alg.l growth il 
IssIL.yS such its those described in this 
laper.c. 

2. Both growth rates (A and AbI) 
seem to inieretise lillea'l , with tie
initid Concentr'ation of total Ilitrogelc 
LI> to ,proximtely 300 pg N/I.

3. The saturation coeflicient (K,)
for nitrogen of approximautely 150 pg/I
of total nitrogen was olhtif,,l Isitig
both growth r:[tte IM l: 0mters, Aaid tA,.

4. The initii (cevi.ir:tion of jhlis 
lihorus boiae)0 which qnwilh1 S. :i-

loaclices it ni axincain growth ratte (Ai, or
A,,) is approximately -50 Ag/I of total 
phosphorus. 

5. ri'ho saturation coeniciavt (K.0)
for total phosphorus was foued to 
be approximately 10 g/I of total 
phomsphorus. 

(i. A K ,0 value fior reactive iro1 1w as 
found to be less thmic 2 pg l'e/l, 

7. l)eviations frcn the (Xlcectel
growth resp)se iredicted by nitrogeu
ald phosl)hioris ecocecitratdios could 
he caused by the presc'we of toxiualts 
or of biostimultils such as organic 
materials, vit:tfinic Icrld1312, trace 
elements. 

S. Assays oif possitl iiluats to lake 
Taioe consisteitly showed that all 
sources could he expected tco ircreus 
the productivity of Lake Tahoe water. 

Assayl Technique 

1. The least squares spv-
cific growth mite (Ahl) aMid the m'axi-
mum cell concentration (tfi) yield 
more discenrimble results with which 
to compJare algal growth response 
me,:asurenels. 

2. It is possible to make statistically 
valid mcasurements of growth response. 

technique iecomes It umestioni of icter-
pretatiot (if the results. 

3. ItIcauise (Of the prucetical necessity 
of isilg It single species, or somen 
st:anrdard'l mcixtu re of species, it svelns 
inevitable that direct interpretation in 

terms of outlool -cosystcIIs is III,
'ttt:i iambh. Ncverthieless, exp(.riea
with It StLIIdlrd nIetIhod should he
cole iiterpretabl in pralcie. 

4. \axiinuim eel ecnciclitrttions ob
tainled at highr ii111,rltrint v;itlctrlltiolls 
(greatr tItnI )001)gN,'I) wtreciilter 
light- or' (1O2-laitcl, Mal the jiqu:atityN 
of cells att:ained wis less than expected 
on the ba1sis Of ilitT )gIkC ccIMit rticil. 

5. A cell elmiier:cting iimihcuare is 
neleded that will liailit thIi Vairi:IacT ill
(. more nearly I., th:at inherent ill
 
the respotlse (if iciclividual crgialisii to
 
the assay elwirccient.
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