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In a bench scale procedure, secoudary domestlc sewage effluenÈ, from

the l.Iinnlpeg South End Sewage TreaÈment Plant, llas treated usfng lime and

alum respectively, at the Unfverslty of Manltoba Sanltary Engineering

Laboratorles to produce tertiary effluent. After treatment the total

phosphate residuals were .05 ng/l for the lfme and .03 mg/l for the alum

effluent. The l1me effluent was recarbonated to a pH of 6.0 uslng carbon

dioxlde. The exploratory study found that nefther effluent ltas acutely

toxic. A chronlc toxiclty study, using a replicate serles of concen-

trations; 0, L2.5r 25r 50 and 1002 of each Èertiary effluenË was lndlca-

ted. The control, O%, a reconstituted nater, was also used for effluent

dtlutions. The bfoassay was conducted in an environmental charnber

operated at 20"C. Each parent aquarf.um r¡as stocked with 50 Daphnla magna

neonates from the Fresh¡¡aËer Institute. Feedlng, removal- of progeny,

xl



countlng and envfronmental monfÈoring was, on the average, done every trJo

days. Progeny were kept in larger aquarla uslng an fdentlcal repllcate

serfes. The organisms ln each aquarium ¡¡ere fed equal amounts of

"Cerofood".

Although aluminum toxfcity was suspected, the alun effluents appear-

ed , in general, less toxic to the daphnids Èhan the llne effluents. The

Litchfield - I{ilcoxon method showed that the line effluents were more

potent than the ah¡n effluents in terns of nortallty. Llne effluenËs

were 1.4 - 34.6 tfnes as potent as the alun effluent.s. Sulphate enrich-

ment of Ëhe 100% alum effluents caused an immediate alga1 bloom, which

was sustained until day 32 of the bioassay. The organisms 1n Ëhe alurn

effluents required no sfgniflcant accllmatlon perlod before progeny

productLon. Those Ín the l1me effluents, espeeLally the 1002 concentra-

È1on required a I2-day accllmatlon perlod, durl,ng which tine up to B0%

nort.alfty was recorded ln the parent aquaria. Mortality was malnly

caused by pH fluctuations and mineral deflcfency. The surviving parent

Daphnia in the 100% line effluents recovered in productivlty and sur-

passed all other aquaria in terms of numbers of progeny generated. It

could not be determined whether thls response was a reaction to stress or

f.ertlltzatfon. The alr¡n effluents had a high sulphate and uagneslum con-

tent and contained one-fourth (L/4) of the alkalinity and one-thlrd (L/3)

of the dissolved inorganfc carbon as fn the lirne effluents. No algal

bloom was noted for the control ¡¡hich had a sulphate contenË of 17.8

mg/L, a total phosphate content of 2.5 mg/L, dissolved lnorganLc carbon,

0.8 ng/l, and alkallnity L2 ng/L as CaC03. The control rùas nutrfenÈ

llnited.

xil



Ephlpptal production was an Lnconclusive lndicator of stress. In

terns of progeny generatf.on and total populatfon, the 100% effluents and

the 25% lime outperforned all others; but produced very dfuntnuÈlve opal-

escent organisms. Mean 11fe expectancies determined for organisms below

ttre 30% effluent concentratÍon level were; 15-22 days for the control and

L2.5 - 21 days for the terËlary effluents. The best performers overall

were the organisms in the L2.5% lime, the 12.52 alun and the 502 alun

effluents.

xiíí



1. INTRODUCTION: ENVIRONI'IENTAL CONCERNS, SPIRIT OF ÎI{E AGE

Given expandlng þrrm¿n populatlons, IüasLes Lncreasing ln volume and

couplexity and flxed territorLal boundarles withln whlch terrestrial

life, as ne know Lt, must remafn, it 1s small ¡vonder that concern for the

envLronment has surged Lnto prominence durlng the past two decades.

Modern industrfal cornplexes generaËe a variety of wastes that require

unique and often sophlsticated waste treatment and disposal systems.

Adequate treatment of such erastes, to render them nuisance free and

easily assfmflable once discharged into the envfronment was formerly not

considered to be very important in the economfc scheme of lndustrial

plannlng. Natural landscapes once thought to have fnflnfte capaeity to

absorb wastes allowlng then to dlsappear, as Ít were, began to choke

vislbly, deforning and kflltng sensitfve lffe forros.

In North Amerl-ca the environmentallst movemenÈ sprouted and became

popularised. Countries where industrializaÈfon fs almost non-exLstent

are being polluted to a degree; but in thls case lorü grade wastes are

generated at a leve1 and rate which renders Èhern easily assinllable into

the iûûediate environment. The wasÈe products of advanced manufacturing

and refl-ning processes present the Eost resistance to natural asslnlla-

tlve forces.
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The concern r¡lth energy and pollutfon rnay be the preoccupatfon of

our age. Ulti¡nately all pollutfon f-nvolves the aquatlc environment.

Water is the universal solvent and once polluÈed, conEribuÈes to the

spread of pollution through all areas of contact. Clearly the problern

has become global in seope. The effects of pollution once rsell esta-

blished are often lrreversible. I,Ihen Èhese effects can be nitlgaËed the

costs nay be prohlbitive.

1.1. Overview and llypothesis

I{tth lncreasLng popular and scfenttflc alrareness about the need for

protecting the envlronment from pollutfon, present practlces of secondary

domestic and lndustrial effluent dfscharge into receiving streams are

being reviewed. TertLary treaEnent of sewage is belng proposed Eo solve

the problem of excess nuÈrient discharge. Phosphorous, as phosphates,

has been slngled out as the lfnltlng nutrient responslble for eutrophl-

cation !n fresh nater. I{lth the most practfcable sanitary engineerlng

technology avallable (chenlcal preclpltation nethods) the phosphate

nutLrents are the mosL âñenable Èo removal during the tertlary Èreatment

process. Two chemicals comnonly applied ln effectfng the required phos-

phate removals are lime and alum.

Chenfcal reactlons ¡rork vLa addltion or substftut.lon mechanisms.

The llme, as well as the alum tertiary treatment process will lnpart ne\{

chemfcal characterlstlcs Èo the treaEed effluent. These new characteris-

tlcs nay lndeed pronote other nuLsances in the environment; shffting the

problen and renderlng lneffectual the intended pollution abatement.



These ners effluents could possibly disrupË lower food chain patterns and

in the case of very delicate ecosystems¡ mây cause more harm than the

origlnal secondary effluents.

L.2 Research Objectlves

This thesis explored the validity of thfs stated hypothesls by a

sysEeuatic evaluation of the effecÈs of secondary effluents treated wlth

liue or alum on an aquatic organism. To compare the lnfluences of the

lime and alum treatments on Ëhe envlronment, Daphnla magna, a very

lmportant second trophfc level organism, was used 1n a bÍoassay study.

An attempt was made Eo gauge the lnpact of food web dfsturbance, directly

attributable to the introduction of new chenfcal characterfstics parent

to the lime and alum processes.

1.3 Scope of the Study

The study was a bench scale detenalnatlon of the effects of tertiary

effluents on freshwater blota using Daphnia nagna as the bioassay organ-

l-sm. This research was lfnlted to the detection of Ehose undesirable

changes in the Daphnia population which could be ascribed to the presence

of the tertlary effluents. No attempt was made to lsolate, bY more de-

tailed testing, the causative chemical agents. An attenPt was made to

deternlne effluent discharge crfteria.



2. EUROPHICAÎION CAUSES AND EFFECTS

"Literally, eutrophlcatlon means well nourlshed; whereas, 1n fact it

rneens over-nourfshed ln terms of certafn nutrfÈLve components" (1). The

lntroductlon of excess nutrlents 1n the aquatic environment stimulates

and promotes the prollferaÈ1on of certain flora and fauna. Nutrfents

having thls stinulus potentlal are: organic carbon, inorganlc nltrogen,

phosphorous and a few mlnerals. The blooro emanates from "the blosystem

that can grow at Èhe Eost rapld rate" (1). In most instances blooms are

aesthetically objectionable.

Algal growÈh ls stinulated by sunllght and the presence of inorganfc

matter. Sunlight ls the prlmary energy source. Lakes are classlfied as

to the denslty of veget,ation they will support. Table 1 outllnes the

dfstlnction beËween eutrophlc and ollgotrophic lakes. Eutrophic condi-

tlons nalnLaÍn 1ow species dlverslty wtth large numbers of the few

species. The condltion is produced by an excess food or energy source,

lneluding photosynthesis. Ollgotrophfe condftlons feature hlgh species

dlverslty with lower numbers representÍng each species, a conditLon

caused by low nutrlents or Èhe presence of toxic elements.

The polluting stinulus triggers a biosysten shlft, the resultant

anomalous condltion constitutlng an ecologlcal change. "411 habitats ln

nature have a typfcal plant and anftoal ¡aLcro- and macropopulatLon. The

relatl-onship of Lhis blopopulatlon to lts envlronnent ls descrÍbed as
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ecology" (2). A fundamental operant concept in ecological functfoning

has been described by Liebig's Larv of Limiting Factor, which states Ehat

the rate of growth in activity of some processes in an organism is con-

trolled by some lirolting environmenÈal facÈor, fn the absence of which

TABLE 1. Plankton of Oligotrophic and Eutrophic Lakes (1).

0ligotrophic EuÈrophfc

QuanÈiÈy
Variety
Distributlon

DÍurinal rnlgratlon
Water-blooms
Characterlstic algal
groups and genera

Poor
Many specles
To great depths

Extens ive
Very rare
Chlorophyceae
(Desnids if
Ca#
def lcient )
StaurasErum

Or
Diatomaceae
Tabellaria
Clycotella
Chrysophyceae

Rlch
Few species
Thin trophogenic
layer
LimiEed
Frequent
Cyanophyceae
Anabaena
ÃpEãnfãonenon
Microcystis

and
Diatomaceae
Meloslra
riãgifarr.
Stephanodiscus
Asterionella

Dinobryon

another factor becomes linlting according to Èhe dynanoics of that parti-

cular ecosystem" (1). By extenslon, this law holds good for inhibition

or toxic facËors. In the study of lirniting factors lt musÈ be rernembered

that "increasing the suLtabflity of one lirnited factor in a comblnation,

soon makes another factor the lfniting one whether lt be solar energy'

density of a1gae, nutrients or temperature" (f).



2.L The Role of Phosphorous in Eutrophfcatíon

Phosphorous ls lndfspensable to terrestrlal life. It Ís, compared

to many vltal elements required for cellular resplration and metabolism,

Lncorporated fn living matter 1n relatively srnall amounÈs. Nonetheless,

compl-ex blological processes are governed by these minute antrounËs.

Elemental phosphorous is toxlc to llvfng organlsms. Its role l-n the

lffe processes of plant and animal organLsms, Ls performed ln coalescence

wiÈh other elements to forn essential compounds and ions, known generally

as phosphates. As demonstrated in Figure 1, the element phosphorous is

contLnuously cycled. In algal communltles on.the average, the phos-

phorous: nitrogen: carbon relatLonshlps are lP:7N:40C in every 100

units of dry wetght matter, or for every 500 raaterlal unlts conslderlng

wet wefght (3). If one of these three elements fs growth lirnitlng and

the other elements are Present fn excess of physfologlcal needs, phos-

phorous wfll be able to generate 500 tfnes its weight ln llving tissue,

nLtrogen 71 tines and carbon 12 tines 1t.s welght. Further to thls,

Vallentyne (3) argues that, ln the absence of sufffclent supplies of car-

bon and nftrogen, plants can draw these across the ¡saÈer boundary froro

the atmospherlc pool. The phosphorous and nitrogen content of raw sewage

aÈtrlbutable to anthropogenic sources has been esÈlmated as 100 tÍmes the

amounts measured Ln natural waters unaffected by cultural eutrophicatlon.

Thelr fntroductfon lnto natural waters has an anpllfylng effect on

aquatlc growth. Denand - supply ratlos have been calculated for elements

Ln aquatlc communlties. The higher the demand-supply ratio the greater

the growth-li¡nltlng capability." Demand - supply ratlos for theoretical
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rrorld-average situatfons in laÈe wLnter (prlor to the burst of algal

grorlth) and mfdsummer (at the height of maximum plant abundance)" (3) are

as shown ln Table 2.

2.L.L. Cultural Versus Natural EutrophlcatLon

The conplex sequence of changes in the aquatf.c envfronment, brought

about by Lncreased levels of phosphorous compounds, is a greeÈly ampll-

fled process. The Lncrease in aquatfc plants causes Lncreased rates of

photosynthesis, plant proliferation and stlnulation of lncreased produc-

tlvity at all trophlc levels, up to and lncludlng the flshes. In lakes

of sufficlent depth, dissolved oxygen levels 1n botton waters, may be

greaÈly reduced in the span of a few monËhs. Slmilar successlonal

changes 1n natural eutrophlcatLon systems take place over millenia (3),

the dlfference being Èhat while culÈural eutrophicatlon ls reversÍble,

natural eutrophfcatlon is not. Fair et al. (4) state that "any

stratifying lake with ) 0.3 ppru lnorganic nltrogen and 0.1 ppr fnorganlc

phosphate at the tlme of the sprlng overturn can be expected to produce

nulsance blooms of algae". Some species of algae are so sensitLve Èo

phosphates that they wfll proliferaEe ln the presence of phosphates at

levels as low as 0.001 ppn. It has also been determined that the

concentraÈlon of phosphorous fn bottom waters should be less than 0.08

ppn 1f these waters are to remal-n aeroblc (4).

2.2 Forms of Phosphorous in Nature

The rnost naturally occurrfng phosphorous and phosphate ions are Ln

the forn of phosphorous-oxygen complexes. For convenlence they have been



TABLE 2. Element Growth-Limitíng Comparison (3). Ratios
calculated by estimaÈíng the chernical composition
of an average community of fresh water plants and
then di-viding by the mean chemíca1 composition of
the river v/aters of the world.

ELEMENT ___ -_ __DEI1AND: SUppLy
LATE WINTER ¡'{ID SUMMER

Phosphorous
Nitrogen
Carbon
Iron, Silicon
All other

elements

80,000 up to 800,000
30,000 up to 3OO,0O0
5,000 up to 6,000

generally low but variable
less than 1,000
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classified as organic and inorganic. Organlc phosphorous is lncorporated

lnto the organlc mass which makes up llving tlssues and Ls not readlly

available to organlsms as a metabolite. Inorganlc phosphorous is sub-

divided lnto meta- and orthophosphates. Polyphosphates are metaphos-

phates 1n polymer form. Phosphates in this form are eventually hydro-

lysed to orthophosphates ln temperature and pH dependenË reactions.

Except ln the presence of compounds of calcÍun, Lron, alumlnum and a few

others, polyphosphates form water-soluble compounds, that, subsequent to

degradatlon by mLcroorganisms are dfrectly asslmllable by plants. The

phosphorous, nltrogen, and potassium lncorporated Lnto plant Eatter 1s

taken away from agrlcultrual land in the forn of Èhe crop which is har-

vested. Fertilfzation of the soll 1s requlred to replace Ëhese losses.

Orthophosphates generally occur in these forms;

II3PO4 , H2Poi, HPO;,Poî. The followlng recations occur in

natural phosphate degradation processes (5).

Po43-+ NH3 + Co2

Organlc phosphates

Polyphosphates

sunlfghl green planLs

bacrerfal pO4F
decomposltion

hydrolysis PO4f__. _ ._____ ,--
in nater

2.3 Sources of Phosphorous Compounds

Phosphates are added Eo domestic water supplies and to boiler vaters

for corrosion control. In some water treatment systems phosphates are

added to elininate Èhe need for recarbonatlon after softening (6). Phos-

phates are also additives in some domestlc detergents. As recently as
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L969, phosphates in detergents formed 30 to 70% of. the total nass (3).

They acted as waËer softeners and malntained htgh alkalintty conditions

which enhanced soap emulslficatfon. Efficlent sudsing actfvity promoted

dirt renoval. Problems arose. Sfnce the environmental alarm has been

sounded, new generatlon detergents uslng alternatfve buildlng agents some

of whlch roay be nltrogen based have been narketed and have found wide ac-

ceptance (3). The t.otal phosphate load ln sanitary sewage, is therefore

made up of contributions fron; the chenfcal addltives in domestlc h¡aÈer,

launderlng and other household actlvitles, human body wastes, and indus-

trial process act.ivltLes.

The ratfo of nitrogen : phosphorous 1n do¡uesÈfc waste water has

been reported by Fair et a1. (4) as (20 to 50): (1 to 13). Specffically

the ratio in urine ls 14:1 and fecal måtter less than 4:1. Phosphorous

contributions fron agricultural runoff ts 0.05ppm. Algae and other

aquaËl-c plants on death, contrfbute thelr stored nitrogen and phosphorous

to benthlc sedlments. Phosphorous 1n benthic sediments remains sÈored

unt.11 lmmediately after the spring turn-over when they stfnulate the

prollferation in flora popularly knor¡n as an algal bloou.

2.4 Nitrogen

The nftrogen cycle ls show¡ ln Flgure 2. The nltrogen in the atmos-

phere acts as a contfnuous bufferlng systern (2). All the forms of nitro-

gen as sho¡¡n are biochenlcally lnterconvertlble.

2.4.I the Signiflcance of Nltrogen Nutrients fn Eutrophication

Aeroblc processes have the nost direct effect on eutrophication
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processes. Next to phosphorous, nltrogen 1s the Eost growth-llniting

element in stream ecology. When all other elements are present 1n excess

of physiological needs, nltrogen 1s second to phosphorous in terns of fts

potentlal to stinulate the growth of tlssue (3). Fair et al. (4) report

the llnttlng nitrogen concentration for algal bloons to be 0.3 ppm at the

tine of the spring overturn. As a eutrophleatlon control meËhod,

Vallentyne (3) reports ft fnjudlcious to attenpt removal of nftrogen from

secondary effluents by tertlary treatment processes subsequent to prlor

phosphate removal. This contentfon has been wldely supported (7) because

of the cost and physfcal dffflculty of effecEing nitraÈe removal. There

ls adequate opportunity for resupply to the environmenE 1n the form of

nltrogen Ín agricultural runoff and flxatlon fron the atmosphere by some

plants.

2.5 The Role of Carbon and Other Contributors to Eutrophication

Arguments have been proposed to counter the propositlon that "Phos-

phate 1s the sole controlllng element ln lake eutrophlcatton"(1). In

particular, Kuentzel (8) polnts out the anomalous demand-supply situatlon

concerning arnbient concentraÈions of free C02 and the CO2 requlre-

Bents of the atgal bloon phenomenon. "Free C02 tn most waters lies

between 0.4 - 1.0 ng/lltre. In some lakes an algal bloom durfng a single

day would require a CO2 concentration of 110 rng/titre". The alkallnfty

of the lake ln questfon, Lake Sebasticook in Maine, being llnited to 40

ng/lfÈre, lt would appear that as for phot.osynthetic requirements CO2

would be limlting (9). Lange (10) has demonstrated the signlficant

"effect of carbohydrates on the synblotlc growth of planktoníc algae with
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aerobic baeterfa, even in the presence of phosphate concentrations less

than 0.01 ppm". This seems to support Èhe hypothesis Èhat bacterial

action on organlc aquatic detritus lfberaËes enough CO2 fot utllizatfon

by algae cofncident wlth the peak photo-synthetlc demand phase of the

algal bloom. Figure 3 fllusÈrates the bacteria-algae symbfotlc cycle.

Another source of carbon avallable for aquatlc growth fs from dlssolved

carbonate and blcarbonate salts. Carbon in these forns is rnade available

during periods of elevated pH accordfng to the following (11):

2 HCOj_ + CO3::a H2O + COZ

C03:+ H20 =2olr + CoZ

ZajLc (1) argues that "cognfzance should also be taken of the fact that

llmits for any growth-factor vltal for growth w111 ltmtt reproductlon and

that a level llmltfng one member may not be llmitfng for an other".

Other nutrients required for algal growth, buÈ which nay not be neces-

sarlly llrnitlng are:

1. Macronutrfents - hydrogen, potassÍum, oxygen, silieon;

2. Mlcronutrients - boron, calcium, chloride, cobalt, copper, iron,

lllagneslum, manganese, molybdenuu, sodlum,

vanadium, and zinc (11).

Concentrations of these nutrients required to support algal growth under

laboratory conditions are relatively small, as demonsËrated in Table 3.

Metcalf and Eddy (12) report that "I,Iastewater contaLns all the nutrients

required for proper cell growth"; although a high industrial waste

component can render the total wastewater nutrient-deficlent. Tab1e 4

lists some nutrlenEs requlred by nosÈ biological systems.
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TABLE 3. Composltlon of ASM-I algal nedia* (11)

Salt Micromoles

Na2NO3

MgS04

t{,gCL2

CaCL2

K2HP}4

Na2HPO4

FeCl3

H3B03

MnCl2

ZnCL2

CoCL2

CuC12

Na2 E.D.T.A.

* Plus I n1/1 Trace Metal Solutlon

2,000

200

200

200

100

100

4

40

7

3.2

0 .08

0 .008

20
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TABLE 4. Inorganlc lons Necessary for Most Organisrns (12)

Substantfal Quantitles Trace QuantltLes

Fe#

Cu#

Yt¡**

Zn#

B3* required by plants,
certain protLsts

Mo+ required by plants,
certal-n protfsts and animals

V+requfred by certain
protlsts and animals

requlred by certain

Co+anf.ma1s, protf.sts and
plants

T_ I required by certalnL'
_tt"'J aninals only

na+ (except for plants)

ç*

Ca#

Mg+

P09-
4

c1-

so4=

Hcoi
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3. TERTIARY TREATMENT

Tertiary treatment of sewage is "an advanced waste treatment pro-

cess" (5) followlng the conventional prinary and secondary wasËe treat-

Eent stages. Tertlary treetuent is essentially an attempt at water

reclamation; "renovation of the waste waËer by fnprovfng the quality to

such an extent that lt nay be directly reused" (5). This practlce is

becoming more lmportant fn water management to Eeet the demands of grow-

ing populations and expandlng lndustry; wfth the degree of purification

dependent on the lntended use. Advanced treatment processes, beyond the

secondary stage, are requlred to_ remove any refractory conÈarsl-nants which

have reslsted removal by conventlonal methods.

3.1 Tertfary Treatnent Methods

Coagulants used for chenlcal coagulatlon-preclpitation uethods of

phosphorous removal are lLme, alum ferric chloride, ferrfc sulfaÈe, and

sodium aluminate. To enhance removals, floceulatlon aids; poly-elec-

trolytes and activated s1lica, are sonetLmes used. For dephosphatfzing

seÍrage, the chemlcals alum, A1-2 (504)3 14 (H2O) and llme, (CaO)

have been the most widely used.

Coagulation techniques effect removal of particulate rnatter by

reduction of the zeËä potential forces and the promotion of flocculatlon,

which lnduces gravlt.y sedlment.ation. The coagulation nethod is therefore
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the most effectfve for elimination of refractory partfcles, which exhibit

colloid behavfour. Flgure 4 lllustrates the eLectrostatic forces assocÍ-

ated wLth colloid particLes. For effect.lve coagulatlon, the coagulant

selected must be opposite in charge to the most prevalenË refractory coûl-

ponents of the wastes. Characteristlc collofd partfcles ln sewage are

negatlvely charged.

Strict chemfcal precipitaÈLon techniques effect phosphate removals

by pH elevatlon and fornatfon of lnsoluble phosphates whlch agglouerate

and settle out by gravfty. Llne ln adequaËe dosages produces this ef-

fect.

3.1 . I. Alun Tertiary Treatment

Alurn coagulatf-on-preclpltatf.on processes can be summarlzed as fol-

lows (5):

PO43- * multivalent excess^ fnsoluble
meEal lons ãããgæ"t precf pltates.

The alum reactlon Ls temperature-sensltlve (rnininurn requLred anbLent

temperatures 4oC), and because of the anphoÈerfc quality of the hydro-

oxldes generated, the reactlon is pH sensftLve. The most complet.e

precipitatfon Ls obtafned beÈween the 4.5-7.0 pH range (13).

Process reactLons for alum are shor¡n below (14):

412(so4)3 + H2O +2¡13* + 3so? + trF + oH-

Several hydroxides and Lons are forned Ln eombLnaLfon wlth the

At3+ton, of whfch, A13*, Al(og)ar , fl(oH); , A1(oH)3

are ¡¡ell kno¡¡n examples. A reactlon thaË depresses the pH 1s:
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412(so4)3 + 61120 +zLL (oH)x + H2So4 {n"
If there is a deficlency of natural alkallnity in the sewage to be treat-

ed lt must be supplenented. The alum reaction generates six molecules of

carbon dloxlde 6(CO2). From stoichonetric computation it can be shown

that l ng/l alurn requires 0.5 ng/l alkalfnlty while generatlng 0.44 ng/L

COZ. The process reaction fs:

412(s04)3 + 6It20 + 3ca(IICo3)Z+241(oH)3 +3CaSo4+6Co2

The anphoËerlc propertfes are shown below (13):

A1 (oH)3

A1 (0H)3

+

+

3II+ --> A13+ + 3rr20

OH- -+ 4102 + 2H2O.

In theory, the alum dosage recommended for a desired phosphorous residual

of less than 1 ng/l is in the range 1.6 to 2.6 noles of alum per mole of

fnfluent phosphorous. This is approxlnately equivalent to 300 mg/I alum

required to effect 882 renoval of phosphates. Actual dosages depend on

the phosphorous concentratlon and the hardness of the wastewater. Fig-

ures 5 and 6 relate phosphorous rernovals to alum dosages. Alurnlnium

phosphates are precipitated 1n coalescence with the gelatinous alumfnum

hydroxlde floc.

3.1.2. Lime Tertiary Treatment

ElevaËion of the pH is a natural characterlstfc of the dephospha-

tizing of effluents by llne treatmenÈ. The lime reacts with the free

carbon dioxide or the carbonlc acld and "with the carbonic acfd of the

bÍcarbonates (half bound carbonic acid)". The calclum carbonate formed

produces Ehe coagulant effect (12). Insoluble calcium phosphate

complexes formed 1n the elevated pH environnent are entrapped ln the
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settling floc. AdequaÈe alkalinlty must be presenÈ to neutralfze any

acidity in the effluent before precfpitatlon can take place (12).

By conparison, alum coagulat.ion generates six rooles of carbon diox-

ide per mole of alun ¡vhereas lime coagulation consunes I mole of avail-

able carbon dioxide for every two moles of llme. I{hen free carbon

dioxide is present, for every avallable mole of alkalinlty, t¡¡o moles of

lime are required to produce a neutral effluent. A lime dosage of "about

4OO ng/L as CaO is necessary for maximum phosphate preclpitation" (5).

Recarbonation rrrith carbon dioxlde 1s required to reduce the pH of the

effluent from values in excess of 11 to a more acceptable average value

of. 7 .5. Figures 7 and I are graphs of required lime dosages. "The coro-

plexiEy of compeËing reactions, alkalinity effects, pH, trace elements

and ligands found in waste waËerr" preclude prediction on required

chemical dosages of lime and alum (12). Stoichiometry ls used as a bench

mark for establishing jar testing dosages.

3.1.3. NiÈrogen Renoval

Tertlary t.reatment processes for nitrogen removal include afr strip-

ping of ammonia, selectlve ion exchange, chlorinatfon technlques, bio-

logical removals and a few experimental technlques not at this time fully

practicable.

3.2. Extent of its Practlce and Linlts to Applicabillty

Tertiary Lreatnent is Eo be recoumended for siruaÈions where a qual-

ity effluent relatÍveIy nutrient free 1s required. It may be nandated in

order to protect riparlan rights. It may be necessary as in the case of

Èhe Lake Tahoe basin to protect the oligotrophic nature of a water body.
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4. THE AQUAÎIC ENVIRONMENT

The lnfluence of industrial sewage upon a receivíng nater body can

be considerable. Toxlc compounds in certaln fndustrial wastes lnterfere

wtth bfologfcal treatnent processes resulting ln shock loadings and short

clrcuiting of the treaÈment proceÊs. The resulÈl-ng effluent, rÍhen

discharged, can have adverse effects on aquatic biota. Metallic waste

dlscharges are normally harnful. Ileavy metals, ln particular cadmium,

mercury, Iead, zLnc, cobalt and molybdenun are cause for concern because

of thelr toxlc effects. Subtle deficiencles or excesses of trace metals

"nay lead to suboptiual health" (15) and nay be eventually fatal to the

organism. The full relatlonshlps and mechanlsms are not conpletely known

(1s).

"Every element becomes toxic if tt Ís concentrated above a certaln

level" (16). Heavy metals are toxic because of thelr actfvity 1n

organfsms (2):

(a) They replace sulfhydryl groups and therefore act as

enz)¡me fnhlbltors;

(b) They danage membranes and enz¡rmes associated w'ith membranes and

cellular lntegrlty. They lnterfere wiÈh transport mechanisms;

(c) They cause protein denaturatlon and interfere w1th macro-molecul-e

funcÈloning;

(d) They are not degraded organlcally or chenically hence their activity



28

remalns unabated;

(e) They produce synergistic effects;

(f) They are persistent;

(g) They are susceptible to blologleal uagniffcatlon.

In the absence of masklng by chelaÈors, copper fs poisonous to some

prlnary organisms when present in surface nater at concentrations of I

,tg/I. Manganese ls poisonous Èo blue-green algae at a level of 200 Vg/L,

cobalt at 2pglL and zLnc ac 200 pg/L. Pesttclde residues and thelr

degradatlon products are llmftlng to productivfty by virtue of their

toxic effecÈs 1n the environment (16).

4.L Indices of Environrnental Quality

In the natural unpolluted state, an aquattc body ls well oxygenated

and supports many aerobic specLes ranglng from the nicroscopic to the

macroscopic. The populatlon numbers are kept in check by fact.ors such as

the availability of oxygen, typical food, water quallty, temperature, pII

and the sÍze of the range. The LntroductLon of domestlc serrage creates

an equilibrir¡m shift. The oxygen saturatfon potentlal of the waterbody

may be lowered. The aval-lable organic detrltus favours ml-croscoplc life

forns, the netabollc and respiraÈory demands of which further deplete the

oxygen reserve. The pollution load causes slight temperature lncreases

durlng insolation. This fncreases netabolic actfviÈy, ¡¡hlch causes a

decrease fn the oxygen holding eapaclty of the water. Such rùaters are

turbid and Lnterfere wfth llght penetration so that growth of algae ls

lnhibtted. In addltion, algae present 1n the euphotlc zone are trans-

ported downwards by the soil burden out of the zone of illuminatlon.
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Subrnerged plant life and algae dlscharge oxygen during the photo-

synthetlc process. During peak perlods of fnsolation naters may become

supersaturated with oxygen. Durfng the nocÈurnal phase, due to excess

respiraËory deroands of algae, a signiffcant oxygen depletion may be

observed.

Excess nutrÍents in the environment. cause disturbances 1n populat,lon

equillbrla, favouring fewer specfes wlth larger numbers of each specles.

AnaerobLc condltfons develop when Èhe pollution load swamps the capacity

of the system to maintaln the requlred minimum oxygen content. Adaptive

and facultaËive specLes can survive. Only when Èhe deÈrluenÈal pollutlon

load is dfscontinued will the natural processes of dilution, aeration and

assi¡nilation of wastes wlthln the system slowly restore the pre-pollutlon

balance.

4.2. The Aquatic Food I.Ieb and Ecological Balance

In Èhe aquatic ecosystem, a community of organisms is kept healthy

and well-graded when a normal level of prey-predat.or dynamism exists.

According to Gausets Competitfve Exclusion Princlple; "no two specles can

occupy Èhe same ecologlcal nlche for a prolonged perlod with success"

(2). Conpetltion itself is a "negatlve interactlon where boÈh popula-

tl-ons suffer a decrease 1n number" (17). The interactLon involves compe-

tltion for sustenance, habicat and nestlng sites. Consequently one popu-

latlon either finds al-ternaÈ1ve accomodation or becomes exËl-nct. "In

Less extreme cases the two populatlons can seek accornrnodatfon ln the same

niche by adaptatlon of their behavlour paËterns and survLving in a

modlfied way in lesser numbers. There is overlapplng of some ecological
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nlches. A niche 1s more specifically a Èerm descrÍbfng the modus

operandf of the organlsms; their food gathering habfLs, their use of ft,

theLr reproductlon behaviour and needs, their systems of defence..."

(17).

In the aquat.fc food web the prlnary consumers, holozofc protozoa and

the mfcrophages depend on the prlmary producers as ÈheÍr food source.

"In additLon to thelr direct effect on prey populations, consumers play a

signfficant role ln nutrLent cycllng and therefore in setting the

patterns and levels of abundance of all types of aquatlc organlsms" (18).

The aquatic food web fs schenatically presented in Flgure 9. Disruption

of one of the prinary or other llnks ln Èhe food web trfggers repercu-

sslons vLa energy transfer relatlonships up the food pyrarnid. Severe

ecologl-cal lmbalance can result.

4.2.L. Toxicity Factors fn Conmunfties

Anongst organlsms living in close cornmunity, refuge or conceahnent

1s not the only mechanism of predatlon avoidance. Some organlsms repel,

dlscourage or poLson theÍr predators. Blue-green algae are known Èo

release toxins durfng algal blooms. This ellmfnates some of the

competition for space fn the envf.ronment and nay be a population

regulatory mechanfsm.

Specles of Cyanophyceae when ingested are poisonous to sone anlmals.

I Chlorella for fnsÈance, produces a bacterfclde whlch is suspected of

slowlng the food-ffltering abtlfty of Daphnia (19). Another source

reports experiraental evidence that "senescent Chlorella cells contaln a

substance which inhiblts growÈh and reproductlon of Daphnia magna feeding



31

CARNIVORES

C/rRNlVÔRES

HERBIVORES
N4ICROPHAGES

lJ0L0Z0lC PR0T0Z0Å\
(Pr,q, on other

inq orqqnisms)
MACNOVEG:TATION

Bocterio,Fungti,
(Prq,on deod

oroonic . mcrtter)

Sotubtè Minei crI Sotts
0rgofiic Motter

¿

FIGURE 9.

€ Synthesis --->by deqtlr &wcste products

Theoretical food cycle classification in
community (after K1ein, L962). NoLe3the
energy source for autotrophs and all life

a stream bed
sun is the common
(1).



32

upon them, while

effect" (20).

rapidly growing Chlorella exhibit no such antagonlstfc

4.3. Chenlcal Equllfbrla in the Aquatic Environment

Toxicity, derived from met.all1c ¡¡astes, vegetable and other sources

ls but one of the physico-chemLcal quallties that promote lnstabtllty and

equillbrlun shlfts ln the aquatlc envlronment.

Detrltus stlmulates the prolfferatLon of saprophytl,c bacterta, whlch

discharge as a by-product of cellular respl-ratfon, CO2 in anounts

sufffclent to trlgger and maintaln the al-gal bloom phenomenon. Oxygen ls

made avallable to the aquaÈic environnent vla algal discharges durfng

photosynthesfs. I{o1sch1ag et al. (21) noted that the amounÈ of free

CO2 1n solutlon may have some effect in stfnulatlng algal gronth. In

exposed areas of Lake Mendot.a, lncreased growth of algae was regularly

noted subsequent to wind storus. The storm winds lnduced full turbulence

1n these waters and maximLzed CO2 uptake. Adjacent leeward parts of

the lake demonstrated no coroparable bloorn. A contributlng factor to this

bloom was the increased nutrient availabfllty due to the turbulence.

These workers reported Èhat soluble phosphates when added to a rlver con-

tainlng 0.23 to 1.09 ng/l of phosphates produced only a delayed increase

in algal growth whereas seeondary effluent r¡hen added produced an

increased growt.h response. Other factors belng equal, they concluded

that the organfc Eatter and bacteria provfded the stirnull for algal

growth. The soluble P ¡¡hen added in isolation had to depend on CO2

generated by slower physical-chenlcal processes. Explosfve logarlthmic

growth of bacteria, under favourable condltfons, could deliver the large
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amounts of CO2 requlred to produce algal blooms. The requireuents are

approxinateLy 29 CO2 per gram algae produced.

Intensity of algal photosynthesis is fndicated by pH and alkallnlty

relationships and by dissolved oxygen concenÈratlons. The pII is the most

sensltLve measure. In oxidation ponds, carbon dioxlde removal by photo-

synÈhesis results in elevated pH values, "wLEh peaks of 10 being reached

under lntense ltght condftÍons of summer days" (20). Lapses fn photo-

synthetlc actlvlfy are reflected 1n decreased pll values. Respiratfon, by

higher organisms llke Daphnia, contrlbutes to this decrease by restorf-ng

CO2 concentraÈl-ons. Photosynthesis affects alkalinlty, prfncipally by

"the incorporatlon of ammonia nitrogen fnto al-gal proteln and the preci-

pitation of carbonates and phosphates at raLsed pH", wtrlch processes con-

srlme alkalinity at nearly sËoichiometrlc ratlos (20). Hence, whereas the

loss of CO2 rnay not contrlbute dlrectly to alkallnlty lncrease; alkal-

inity tends to decrease wfÈh pH rise.

"Alkaltntty ln natural waters ls primarlly due to salts of weak

acids, although weak or strong bases may also contrlbute" (6). Bicarbon-

aÈes are the najor source. They orlginate ¡¡hen carbonlc acid reacts wfth

basic materials in the so1l. Humic acid forms salts Èhat add to the alk-

alinity of natural wat.ers. "In polluted anaerobfc waters, salts of weak

acids such as aeetlc, proplonic and hydrosulfurLc may be produced and

¡¿ould also contribute to alkaltntty"(6). Algae can remove CO2 Èo levels

below the equillbrir¡n concentratlon wlth eir. I{fth pH increases, the

alkallnity forrns; carbonaEe, blcarbonate and hydroxlde change, resultlng

1n C02 exËractlon for algal growËh fron blcarbonaÈes and carbonates in

accordance with the equiÏ.ib,rLr¡¡n expressLon (10):
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2HCo3- + co3- + HZo +COZ

.03- + H2oê 2oH- + caz

Carbon dioxide removal by algae causes an alkalinlty shlft fron bicar-

bonate to carbonaÈe to hydroxide. The liniting pH range beyond ¡vhich

there ls no extraction of carbon dfoxlde from wat,er is 10 to 11.

Anmonfa losses in streams are ltnked to the pH alkallnfty relation-

shlps by the following pH dependent relatfonship; an equfllbriun beÈween

the hydroxyl and gaseous forms:

NH3+H2Oè NH4++olt-

"Alkallne conditlons favour the gaseous forn NH3, whlle neutral or acid

pH, conditions favour the residence of the ammonlun ion. In this way

small shallow streams under very acÈlve alga1 or other phoÈosynthesis can

lose large quantities of ammonia nltrogren Eo the air as the pH rLses"

(22). This equilibrtum affects the stresslng or crowding of organlsms.

Under laboratory condltions concentratíons of metabollc waste products

l1ke "CO2 should not become too high and the organisms should not be

stressed by crowding" (23), since thts affects the concentrations of

gaseous ammonla 1n the \tater. Standard Methods (23) reports Èhat the

concentraÈions of un-lonized ammonfa 1n test aquarla should not exceed 20

pE/I. Table 5 relates temperature and pË Êo the percentage of un-lonlzed

amm6n{¿ fn distilled l¡ater. In the absence of consuners, dense PoPu-

lations of primary producers generate ammonLa nitrogen. Nftrogen 1n lts

form of gaseous ammonla inhlbits bacterlal prollferatlon and prinary pro-

duction. When consumers are presenÈ "adôed nuËrients are made avallable

at htgher rates, and 1n increased aoount.s" (18) as evidenced by several

growÈh perlods and a higher maximum standlng croP.
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4.4 PossLble Effects of Tertiary Effluents on the Aquatlc Bfota

"The attenPt to establlsh chenf.cal criterla, in terms of toxicity

to aquatLc organisrns Ís difficult and, indeed¡ oây prove to be fmpos-

slble. The great host of poÈentially toxic compounds, the vast numbers

of species of organisms, the Lnnumerable Lnteractlon effects anong com-

pounds, and the wfde range effects produced by variatfons in temperaÈure,

dissolved solfds, pH, and other physlcal and chemlcal facEors produce

pernutatl.ons which may exceed the capabllity of adequate Eestfng"(1). An

lmportant consideration ls the bufferlng capacity of t.he receivfng water.

Tertiary effluents nay be potential pollutants because of the new

characterlstics lmparÈed by treatnent chemÍcals, especlally when in quan-

titles 1n excess of the danpenfng capacf.ty of the receiving systen. This

buffering is a functlon of the chemical composltlon of both effluent and

receptor body and the volume ratfo of effluent to receptor reservoÍr.

Llme discharges cause sudden ehanges in pH. Alumlnum hydroxides and

phosphates nay affect streem blota by changfng the lonic characteristics

of the environment. To-date "the effects of cornbining chemical coagu-

latfon wfth blological metabolism have not been evaluated in detall" (5).

Dr. R. Gallop of the Unlversity of Manftoba has fnplfcated, by hypo-

t,hesis, alumlnum hydroxldes as the most ll.kel-y pollution concern of the

future (24). These wastes are often discharged lnto the aquat.lc

envLronmenÈ, subsequent to alum coagulat.ion clarificatLon proeesses Ín

water treatnenÈ and dephosphatlzing lraste processes.

Although only llnfted work has been done fn this area Eo-date, some

workers have documented the observaËion of mysterious Èoxic influences

when tert.lary effluents have been dfscharged lnto receivfng sEreams.
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TABLE 5. Percentage of Ammonia un-ronlzed fn Dlstilled I.Iater. (23)

Temperature
oc

6.0 6.5 7.5 8.0 8.5 .0 9.5 10.0

5

10

15

20

25

30

0.01 0.04 0.11 0.40 1.1 3.6 10

0.02 0.06 0. 18 0.57 1 .8 5 .4 15

0.03 0.08 0.26 0.83 2.6 7.7 2I

0.04 0.12 0.37 L.2 3 .7 11 28

0.05 0.17 0.51 r.7 5.1 14 35

0.07 0.23 0.70 2.3 7.0 19 43

27 54

36 64

45 72

55 80

63 84

70 88

Paur D. snlth (25) observed that 102 tertiary effluent from an arum

coagulatlon-flltraÈton (CF) process "severely altered Ehe capacity of the

secondary sewage to stf.mulate planktonic prfmary productlvity", and gave

rise to an 857" negatfve dffference ln photosynt.hetic actlvity, when com-

pared with 10% secondary effluent. [{hen compared wiEh the control basin

which contained lake water with no se\{age addltfons, the 102 tertiary

effluent showed a 591l negatl-ve dtfference 1n photosynthetic activlÈy. He

suspeeted that factors other than nutrient renovals were responsfble for

thls anonaly. His suspiclon was that a normal constituent of the

tertfary effluenE "became dfsruptlve at the 102 level of enrichment, or a

transient material whfch entered the Ëertiary treatmenÈ system" could be

the responslble agents. In a subsequent experiment these results were

reproduced. Snlth (25) noted that although the test concentratlons were

five (5) to ten (10) tines greater than acÈual full scale lake loadfng,

the observatlons dfd give reasonable cause for conslderatlon of anomalous

toxLc effects from treated domestlc wastewaÈer effluents. The relia-

bility of these assessments are questlonable slnce in studles conducted

by others no such toxic effecÈs were demonstrated.
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5. TIIE TEST oRGANISM, CLASSIFICATION, PHYSIOLOGY, LIFE-CYCLE

Daphnfa pagna (Arthropoda: CrusÈacea) or "water fleas" are coruuon,

cosmopollÈan, snall aquatic cladocerans, about I - 3 mm in length, found

ln ponds, lakes and relatlvely sheltered freshwater bodles (26) .

Daphnia are prl-mary consumers r¡hich lnhablt shallow ponds, pools and

dftches. They are mlcrophages ¡shlch can select from a varÍety of food

sources. They are predomlnantly herbivores and also consume detritus

and bacterta (27). For a ful1 taxonomic classlficatfon the reader is

referred to Brooks (28).

As branchiopods; they are equipped wlth a palr of Èhoraclc legs

each wlth five branches covered with cllia whlch enable Daphnfa to

strain particulate suspended natter from the water in r¡hich they are

enveloped. These legs generate a water current whfch dl-recÈs the sffted

particles ln a stream towards Èhe buccal cavfty, where they are

macerated by powerful nandlbular structures prlor Èo lngestion (26).

Digestlon occurs along the dlgestive tracÈ. Undlgested debris and other

metabolftes are expelled through the anus. Daphnla magna have a single

multLfaceted eye locaÈed in the centre of the head, a translucent body,

and a nyogenfc hearÈ located in the upper dorsal area. Locomotlon is

via their branchlopoda ¡rhlch propel then in a Jerky mode. they are weak

swfmmers and are restrfcted Èo the quf.escenü waters of ponds and lakes.

At birth they measure 0.7 - L.0 roro fn length and roay grow to 2.3 - 6.0
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trm. Typical dry weight is 0.25 - 0.45 ng (27).

Under suitable envfronmental conditfons the reproductlve node fs

by dlploid parthenogenesis. ParÈhenogenfc females can produce female

offsprlng r¡hlch are genetlcally slnilar. Under adverse envLronmenÈal

conditlons where erowding occurs, eíther through lnadequate space or

lndÍrectly through a reductlon in the available food supply, the organ-

fsms becone stressed and parthenogenLc females develop eggs whlch can

hatch fnto rnales. Males and females naEe and produce sexual eggs encased

in a speclallzed protectl-ve pouch known as the ephippium. In this

enclosure the eggs are lrell protected, sufficient to rrlthstand adverse

environmental condltions of freezing and dessicatf,on. On exposure to

habitable condltions they hatch 1n linited numbers lnto parthenogenetlc

females.

Lake densfty maxfma for non-crowding of Daphnia have been reporLed

as 1-2 organisus n1-1. Optinum conditlons for laboratory reared organ-

Lsms are quoted as one organLsm 20 rnl-l (29).

The sequence of parthenogenic clonlng is: the deÈachment of eggs

from the ovary and arrival to the brood chamber via the fallopian tubes

followed by hatching of lfve young ln the brood chamber and subsequenE

dlscharge lnto the surrounding waters as fully developed neonates.

These are called first instar larvae. With each brood clutch, the

parent daphnid sheds her carapace or body shell. More eggs descend into

the brood chanber and Èhe process fs repeated. Body proportlons enlarge

while the ner¡ carapace hardens. By Èhe slxth or seventh instar the

fledgllng young ls ready Ëo reproduce. Inltial clutch sizes are sma1l

and rnay be limited Lo two off-spring. C1utch sizes of mature anirnals can
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nuuber as nany as 60 (27). The ltfe span of Daphnia magna at 25o c is

two months (30).

5.1 Uttllty of Daphia magna as a Bioassy Test Organism

As a test anlmal for bloassy studies DaphnLa magna presents ñâny

advantages. Daphnlds are smaIl, attalnf.ng a naxinum size of 6 mn (27);

pernittlng the rearLng of a great nany f.n a small space. The short l|fe

span and reproductive cycles pernûlt the study of effects over several

generatíons 1n a short time. "Daphnlds are easy to culture, requfring

only wat,er containlng bacteria or thefr equf.valent, for food. They can

be grown lndlvldually in snall bottles or Ín mass culture 1n large

aquarfa. They mature early gl.ving blrth to young withln their flrst week

of 1ife. After the ffrst brood they spawn new broods every t\ro or Èhree

days throughout the reuafnder of their llves. An average of twenty or

more young may be produced 1n each brood. Each female who llves Eo a

rfpe ord age can bear four hundred or more off-sprlng" (30). rf produced

parthenogenically, all the young from any one female are genetlcally llke

Èhe rnother. ReproduetLon can be llnlted to parthenogenesfs ff the proper

condltlons are maintafned (30).

Stock cultures of daphnlds are relatively easlly avallable.

Anlnals, durfng their early l-arval stages, are easily separable inÈo age

groups, so that for a partlcular study anLmals of vlrtually the same age

can be secured. Many workers have found that the susceptibilfty of

Daphnfa to toxf.c subst,ances fs a functl.on of the age of the organisrn; the

perlod of greatest sensitivity occuring durlng the first instar, rrith a
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gradual decrease noted wlth an increase in age. To secure closely repro-

duclble results, the use of animals of the same age has been reconmended

(30).

Daphnids are representatives of a class of anlnals that serve as

food for many fish; particularly durlng the fry and fingerllng sÈage.

"Fishes do not remafn long 1n naters where their food supply has been

destroyed, even though the causative destructLve agents do no direct harm

to the fish. For these reasons daphnfds should prove satisfact,ory for

testing waters for toxic materials" (30).

The past. hfstory of the anLmals ls lnportant Ln deternlning the

results of experiments. "well fed anLmals grow more rapfdly, reproduce

in greater numbers and have a hlgher heart beat frequency t.han those

reared on llmlted food. The stage in the ltfe hlsÈory is signflcant

sLnce heart beaE frequency, oxygen consumptlon, and reslst.ance to toxic

materlals vary wLth the age of the animal. The tfme wlthin the fnsÈar fs

not be lgnored sLnce a new layer of chltln forms durlng the latter part

of each f.nstar and t.his may rnodify rates of perrneabfllty of varlous sub-

stances" (31). Moreover, Anderson reports that daphnlds roay be more sus-

ceptlble during ecdysls than at other tÍmes (32). ReactLons may arso

vary depending on the tlne wlthfn the lnsÈar. Males are more susceptlble

to poisons than fenales, they also have a generally htgher metabollc rat.e

than fenales. To assure reproduclble results, "experLmental anÍmals must

be reared under adequately cont.rolled condfÈlons and selected with

respect to age, time wfthin the LnsEar, sex and clone"(3i).
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5.2 Responses of Daphnia magna to Ecological Events

Daphnla pagna are periodic lnhabitants of \ùaste water stabllizatlon

ponds which have been described as a "hypereutrophfc envLronment. of

extremes" (33). Daphnla are extremely sensitlve to ehanges in their

environmenÈ. Table 6 gives extreme t,olerance and positlve fncrease

renges for some of these parameters. Some of the condltlons thaE are

lninical to daphnlds are lampooned in the cartoon presentation; Ffgure

10. There are three condiÈlons wlth ¡¡hfch Daphnfa are unable to cope:

(a) zero dlssolved oxygen; (b) toxtc soluble sulphldes; and, (c) ammonia

toxlcity due t,o pH and Ëenperature l-ncreases. For sirnpllcfty "some lines

of Lnteraction have been o¡nLtted" (26) fron Figure 10. A descriptlon of

the responses of this organism to changes effected in environmenËal

quallty by sone of the most coñmon forces of change, follows.

5.2.I Algal Toxins

The dashed llne Ln Ffgure 10 ís an additlon to the origlnal cartoon,

lnserted to include the role played by phytoplanktonic chenlcal releases

whlch have an ininical effect on zooplankters. Hardyts theory of anlnal

exclusfon (Hardy and Gunther (35), Hardy (36)) sÈates that dense popu-

latfons of phytoplankÈon produce" conditions which are unfavourable for

Ëhe zooplankton, and that the latter consequently avoid or are excluded

fron these high concentrations of algae" (37). Ryther (37) has produced

evidence in support of llardy's theory, which states that; "dense popu-

lations of phytoplankton, in both marine and freshwater habltats, may

create conditions which are infrnlcal or actually lethal to a great
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TABLE 6. Extreme Tolerances
Increase Ranges for

and Positive Population
Daphnia magna. (34).

Factor
Extreme

Tolerances
Positive
Increase

Temperature oc

pH

Dissolved Oxygen, mg/I

H2S, mg/L

Àmmonia, mg/I

Nitrite, mg/l

Bacteria /ccm

1.5 27

6 - 9.4

0.2 24

0-3

0-32

0-20

L. sxto3rxroB

12 20

7 - 8.5

0.s 10

0 - 0.4

0-L7

0-8
L\

1x10 jlxlti-
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FIGIIRE 10. Demise of the Daphnia (adapted) (26).
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varlety of aquatfc organisms".

Studfes were conducted usfng Daphnia tnagna and Èhree species of

planktonic algae; the Chlorophyta, Chlorella vulgarls and Scenedesmus

quadrlcauda and the diatom, Navlcula pe1liculosa. These feedlng experi-

menEs with Daphnia demonstrated that "within a llnited range, the concen-

tration of algae fn the water mey have a pronounced effect upon the

filtering rate of that anlnal" (37). Moreover, the age of the phyto-

plankton was the most signlficant factor affectlng the feeding behavlour

and health of the cladoceran. Concluslons to Rytherrs study of relevance

to thfs dissertation are lfsted below: (37)

(a) "The filtering rate of Daphnia is tnhibtted by substances produced by

the three specles of algae tested. The inhfbitory producË of

Chlorella appears to be ldentlcal to the...antibiotic, chlorell1n.

The lnhlbition fs rnediated partially by substances which diffuse from

the ce1ls and accumulate fn the water. A nuch rlore pronounced effect

appears to be produced by the release of the lnhlbltory products from

lngested cells within the animals.

(b) The minimum inhibltlon is produced by actfvely growing algae

from cultures whlch are 1n their log phase of growth. The maxlmum

effect fs produced by senescent, non-divldfng algae.

(c) No sign of feedlng could be detected in Daphnia which had been

exposed to suspensions of senescent, non-divtdlng Chlorella for

perlod of 12 hours prfor to the feedlng experfrnents.

(d) i,Iithin the size range represented by Chlorella (3.6p3) and
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scenedesmus (25.5 ¡r3) naphnia shows no selectivity in its feeding,

removing cells of both species at the sane rate fro¡o nlxed

populations of these algae.

(e) Daphnia cultured upon actÍve1y growfng Chlorella cells grew rapidly

and, upon reachlng maturity¡ mafntained a high rate of reproductlon.

Daphnia culÈured on senescent, non-divldfng Chlorella grew very

slowly, falled Èo reproduce, and died after 11-13 days".

Rytherrs sÈudy has demonstrated the ecological occurrence of Ehe

lnhibitton of zooplankton filter feedlng populations by phytoplankton.

In partlcular, the study has inplicated senescent phytoplankton rvith the

release of "exocrine" metabolites whlch are inimfcal to Daphnia. rn a

more recent study Porter (38) reports growth enhancement of the alga

Sphaerocystis schroeteri dlrectly due to grazíng by Daphnla magna. Cells

of the alga whlch may remaLn undamaged during passage through the gut of

the Daphnia, are stimulated by the nutrÍents absorbed from the Daphnia.

5.2.2 Light and Temperature

In wastewater stabillzaÈion ponds Daphnfa show sensitlvfty to the

photoperiod r¡hich "lndirectly regulates the animal populatlon pulse."

Optlmum, productfon nay be restricted to the lnterval of minlmum photo

period; averaging around 500 minutes per day. During whlch perlod the

temperaÈure averages 22" C. The optlmum temperature range is 12 - 2OoC.

Iligh temperatures are inimlcal to Daphnia especially through complica-

tÍons caused by pH - ammonia balance.
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5 .2.3 pII

The hydrogen ion concentration ls determLned by the carbon dioxfde-

carbonate-bicarbonate-ammonla equllibrium, bacterial netabolism and alga1

photosynthetlc processes dÍscussed in Chapter 5. Desplte the effective-

ness of the systen buffering capacity the pH generally tends to an

fncrease with an increase in photoperlod. subject to conditlons of

ammonia equlllbrfum and water temperature, the optimun pII range for

Daphnia magna according to Schelthauer (34) fn Table 6 1s fron 7 to 8.5.

Lor¡er ËemperaÈures and pH values 1n thls range tend to favour the non-

toxLc ammonÍum fon. The un-lonfzed forms, NII3 and NH4OII are lnimlcal

to Cladocera. Flgure 11 shovrs the pII - ammonfa effect on Daphnia magna.

The highest populatlon densitles for Daphnfa magna are supported belorr a

pII of 7.8 and below L7 ng/L ammonla concentraÈion. Anbient temperaÈures

have not been sho¡+n for these relationships.

5.2.4 Soluble Sulphides

Sulphtde formation is the work of sulphate reduclng bacteria under

anaerobic conditlons. Elevated water temperatures and fncreasing

anaeroblosLs favour the prollferatLon of sulphate reduclng bacterla.

Lack of nlxlng can promote layering which further enhances this

condltion. "Once Èhe sulphat,e reducfng bacteria population has attalned

a hfgh level, sulphide productlon ls 1lkely to lncrease in ponds havlng

an abundance of sulphates" (26>. The rate of decompositfon of sulphates

fs a functlon of the sulphate levels present, Èhe numbers of bacterLa and

the t¡at.er temperaÈure. Free n{Ërates restrict soluble sulphide produc-

tion. The degree of toxicity of soluble sulphides Ëo aquatic life
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fncreases wlth pH rise. The growth of Daphnla is optfnal between o - 0.4

mg/L, Table 6, although fn some Lnstances populatfons can survive up to

3.0 mg/l soluble sulphfdes (34).

5.2.5 LoadLng

Reported organÍc loadings on ponds supportlng Daphnia populatfons

were from 30 to 161 pounds of BoD5 per acre per day, ¡¡hen the oxygen

supply requLred to pronote bacterlal decompositlon of accumulated sludge

was adequate. The Daphnla populatlon mnfntains and equtllbrlum wfth the

avallable food supply. Food scarcity results ln the appearance of males

and sexual females and the curtaflment of parthenogenLc productlon (26).

5.2.6 Dissolved Oxygen

Daphnia nay Èhrive aÈ a D0 range fron 0.6 ^g/t - saturat,ion and can

survlve short periods when no measureable dfssolved oxygen is present ln

the waÈer. At these Èfmes through movements near the air-water surface

adequat,e oxygen for respLratlon can be entrafned through surface turbu-

lence. The movements of a Daphnla swarm are co-ordlnated to effect such

a dlstribution (26). In tLnes of low oxygen concenÈraÈ1on Daphnia deve-

lop haemoglobltn pignent r¡hfch assfsts in efficlent oxygen transport Èo

tissues (39).

SupersaturatLon by phoÈosynthesls nay be harmful to Daphnla:

Oxygen b¡¡bbles collect.lng below the carapace rnay float organlsms to Ëhe

surface where dessf,catlon and death occur. The sane effect nay be

created by the liberation of oxygen by algae Ln the gut of Èhe organÍsms

(26). Figure 12 relates Daphnia productfon to avallable dissolved
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oxygen.

5.2.7 Mineral Content

"The sodium to potassLum ratlo when less than 1O:1, could be toxfc"

(26). The chloride radical should be the dominant anion and chloride

content should always exceed the nltrate levels. NitraLe toxlcity was

found Eo be varlable but decreased with chloride increase (26). Nitrate

levels should be as "low as conslstent to algae growth(26>'. Daphnia

populate lraters over the hardness range f.rom 27 - 660 ug/l as caco3.

They can survfve Ln waÈers containLng 2490 rng/1 dlssolved solids. The

lowest sodfum - potassium ratio found Eo support Daphnla was 4.7:L. The

maximtrm nftrate content, of waters supporting healthy Daphnta, was

82 ûg/L(26). Daphnfa speefes show wide variabfllty wlth respect to

response to environmental features and to changes fn them.

5.2.8 PredatLon

' Ffsh are the rnain predators of Daphnia populatl-ons. Copepods eat
i-

Daphnia young (29). Mlgratory water fowl and shore blrds also use

Daphnia as food. PredaÈfon by nigratory blrds assists in the

disseminatlon of Daphnla over a widespread range by transportfng ephippfa

: in fecal material and on thelr feathers to other bodies of water.

', Predaceous insects, notably the dlvfng beetle and Chaborus, the phantom

nidge (29); can cause slgnificant inpact on small Daphnia populations. A

' balanced predation on Daphnfa populaÈlons may be beneflcial due to the

conversion of organic matter to a higher order and a stimulation of

Daphnia reproduction (26).
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5.2.9 Sensitivity of the Organisrn Ëo AnËhropogenic pollutants

All substances which form emulsions or simple solutions with \rater

can be harmful to aquatÍc life. Partlcularly "a11 salts are toxic when

they are presenÈ Í"n concenËrat.ions high enough to exert an unfavourable

osmotic pressure"(32). salts of the sodium and potassiuu genre have

speclal fmportance to pollution studfes because of the specfal role they

play in altering the dynaml,cs of cellular transport mechanisms. Pollu-

tanÈs contribuÈe to chemical poisonlng of and physfcat discomfort Èo the

organism by sufflciently altering the ecology of their envLronmenÈ.

salts, causing acid or baslc condttions 1n solutfon are poisonous to

Daphnia. Examples are the salËs sodium blsulfate or bisulffte, when of

sufficient molarity to depress the pH to below 6; calclum oxide and the

salts sodfum carbonate and sodium hydroxide when they elevate the pH

above 9.I. Precfpitates may exert a mechanical effect by obstructing the

straining mechanism of the Daphnia (32).

Daphnia are mosÈ susceptible to Eoxic substances during their "first

instar and become less so as to their age increases" (30). Adult organ-

isms are more susceptible during ecdysis than at other tiroes. The salts;

sodium acetate, sodium broul-de, sodium chloride, sodium formate, and

sodlum nLtrate, "have approximately the same threshold concentrations fn

Èerms of molarity and are probably toxic only when thelr concentratÍons

are hlgh enough to exert an unfavourable osmotfc effect" (32), when added

to certafn lake !¡aters. Figure 13 ls a graphical presentation of thres-

hold concentrations for the substances shown. The threshold concentra-

Èion is that level at which the "lnmobfllzation curve parallels the

ordinate" (30). A few readily ionized chemicals, having a common
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catlonic radical, are toxlc at threshold concenËrations directly depen-

dent on the solutlon concentration of the common cation. Aluninum

ammonium sulfate and aluminum poËassium sulfate, are in this category.

Hydrochloric, nitric and sulfuric acids exhibit threshold Ëoxicity con-

centrations that vary directly wlth their hydrogen equivalents. The Ëox-

icity of Èhese acids is due to pH depress-i.on. Acetic, citric and lactic

acids can be roetabolised by llving organÍsms. This effectively reduces

their availabllity for acid acÈ1vity. Toxic solutions of the acids after

an experimental run, show higher pH values than would test solutlons of

equivalent concentratlons of the non-biochenically fnportant acids.

Alcohol toxfclty is generally governed by Traube's rule, which states

that, "the concenÈration, in terms of molarity, requlred to narcotize

decreases approximately fn negative porders of three as the number of

carbon atoms 1n the chain lncreases" (30).

Many distilled ldaters are reported to be toxlc to daphnids. "Water

distilled from ordinary glass l{¡as non-toxic but Èhat from hard glass was

toxlc. Single-distllled waters from each of several differenÈ rnetal

stills irnmobilized first insÈar young and older daphnids in Ëwo

hours. 01der daphnlds survived a rseek or longer in double-distllled

water, the final dfstillation from Pyrex glass; ...first instar young were

irnrnobilized wlthln three hours" (30).

A study was eonducted by Biesinger et al. (40) on the chronlc eff-

ects of several rnetals on Èhe survival, grovüth reproduction and metabol-

isn of Daphnla Eagna. In the study, toxfcities were evaluated on the

basis of a 48-hr 5O7.lethal concentratlon (LC 50), a 3-week LC 50, and 16

and 501l reproductive impairment over a two week period. Chronic effects
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on growth hrere evaluated by assessmenË of weight and protein changes.

Met.abolic effects were studied by monitoring glutanic oxalacetlc trans-

amlnase (GOT) activity. The followlng observatlons rrere nade:

"For acute and chronic tests medfan let.hal concentratlons were

higher with than without food added. Many of Èhe metals tested were fro¡o

one to two orders of magnitude rDore toxic on a chronic basis than in 48

hr. tests." Reproductive impairment was found to be a more sensitive

measure of toxÍcity Ëhan survfval. Although reproductfon was usually

stimulated by suall metal addftfons, the study found that the 162 level

of reproducEive fmpai.rment was the basal level at whlch fmpairnent could

be generally detected. The results of Ëhis study are presented in Table

7.

In a sÈudy of the "Population dynamics of Daphnia galeata mendotae

as modlfied by chronfc cadnium stress", using conparable levels of cad-

mlum, Marshall (41) concluded that the stress effects observed were simi-

lar to "those observed 1n" Daphnia populations in response to chronic

radiaËion sEress or removal of fixed percentages of ner¿ born". In par-

tfcular, chronic "cadmium stress reduced the populationst average numbers

and bionass, while it Lncreased populatfon varlabflity, probability of

extincÈion, turnover rate and the proportlon of adults fn the popula-

tions". These net effects were realfzed by "reduced average life expect

ancy and fncreased pre-natal mortality, lndivfdual growth rates and brood

size" (41).

In the bfochemical assessments of Biesinger et al. (40), the animals

after a three week period, with the exception of those subjected to the

potassium samples, generally weÍghed less Ëhan the control group. The
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test aniraals were vísíb1y smaller. The percentage of protein was notably

greater Ìtith a few excepË1ons. GOT activity was stimulated by all ions

with the exception of Fe, As, Cr, 41, Cu, Pt and Hg. These results are

summarized ín Table 8. Increases ln protein and GOT actlvity were

related to Èhe molecular dynanics of protein-formlng enz)rmes, which once

altered, effected a general increase in proteln netabolism.

In the same study (40) "certain correlatlons were found between the

toxlclty of these metals and thelr physicochenical characteristics". In

particular, the correlatlon between toxlcity and the solublllty of netal

sulffdes suggested "the possibllity thaÈ metals nay combine fn vivo rvfth

sulfhydryl groups on enz)¡mes, whlch affects their solubillÈy and cata-

lytlc actlvity" (40).

In a comparison of t.he 64-hr. "apparent-threshold metal concentra-

tions for daphnids with acuÈe values for fish, "Anderson (42) concluded

that "in general Daphnia and related forms are more susceptlble to

cations than are ffsh". Differences in chemistry of source waters used

for studies along with testfng methods and exposure tlmes render

evaluations of toxiclty results by various workers difffcult. Complete

relationships between the toxicfty of various substances can not be

saÈisfactorily worked out wfEhout cornplete analyses of diluent \ùaters.

Moreover, threshold response comparisons for daphnids wfth fishes or

other organisus can only be reliable when all specles being compared are

"subjected to the same substances when added to identtcal diluenËs"(30).

5.3 Laboratory I'fethods for Culturing Daphnia magna

Successful methods for culturing Daphnfa magna under laboraÈory
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TABLE 8. Effects of 3-week exposures
body weight, Eotal protein,
Daphnia magna (expressed as
trom control means)a (40).

to meÈal chlorides on
and GOT activi.ty of
mean percenEage deviation

Effect conc¿ntrations

I'lctal ion
ì.o.

cr¡crimcntt lnx x 106 ln ¡gllrtcr
\\'cightianimal P¡otcin.t¿ni:¡al GOTianimal

%a %d %¡
Sod¡um
Cr)cium
I'la¡n:sium
Pot¡sri um
Strontium
Brrium
lron
Ìrlon¡:ncsc
.¿\¡scnic
T¡o
Cirrcr¡iun
Aluninum
Znc
I\. ic \ cl
L¡¡ d

Co;pc:'
Pl¡: inum
Cobalt
lrlcrcu ry
C¡rJmium

4 3.500
l0,cr00
I 0,100

2GíO
¡ 140
lu
t34

9¡.0
r3.3
25.3
¡t.9
23 .0
2.66
2.t3
0. 300
0.628
0.-ì16
0..í23
0.050
0.0069

t,000,000
100,010
250.o10
79.t00
99,900
I9,EOO

?1s 0
5000

996
3000
6r9
620
l't 5

l2s
62
40
6l

l0
I

3

2

2
't

¡
I
3
4
2
4
2
I
a
3

3

2
¡

I
I

-¡6
-29
_11

+27
-14
-12
-17
-8

-¡8
-23
-t ¡

-38
-28
43
-t2
-26
-¡l
-t5
-5

+16
+40

-5
+15

0
+16

-15
¿q
-3

+3
+10

-9
+8
-5

-13
+t2

-(
+6

+12

J- 6,{
.r(

+55
+l
-r 3

+ ¡00
-¡8

J-t(

-r3
+l
-26

+lJ
-10
-10

-19
+¡5

'P¡ecision (ranç=) : jl0[ (wsigh¡); 8l¿ þrotcin); =5% 
(GOT)
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condltions have been reported in the literature. These presentations are

still in the experimental stage. Generally, laboratory meËhods attempt

Eo simulate, using distllled wat.ers and reagent grade chemicals, con-

ditions under which the organisns can thrive. LaboraÈory nethods attempÊ

to susÈaín an environment in which the proliferation of Daphnia nagna

through diploid parthenogenesis would be favoured. When natural source

waters are unavailable, dechlorlnated tap waËers have been used. [.IaLers

used for culture media should be of a constant quality, by deflnition; a

water in which Ehe fluctuation in rnonthly ranges relevant to "hardness,

alkallnity, conductivity, total organic carbon or chemlcal oxygen demand,

and sallnity, are less than 10% of the respective averages and if the

range of pH is less than 0.4 unit" (23). Double-g1ass-dlstilled tap

waters; deionlzed to remove unacceptable contaminants fmparted by the

distillation proeess, have been reconstituted with satisfactory result.

Reconstituted nutrient media are usually slmilar to preparatlons used to

sustaln healthy alga1 growths. An example of such is the NC-2 nedia used

in the culture of Daphnla magna by the Freshwater Instit.ute of Canada

(43). Table 9 is a l1st of the stock solutlons for a modifled recon-

stltuted medium. Sodium bicarbonaÈe has been added to this llst, in an

amount equivalent to the concentraÈ1on suggesÈed for a1gal stock nutrient

solutions in Standard Methods (23).

The stock culture of daphnids must be reared in aquaria made of non

Èoxic rnaterials. Materlals from t¡hich Èoxic substances can be leached

nust not be used. Aquarla should be suitably covered to reduce evap-

oratfon. Environmental condftlonsi pH, teBperature, oxygen and illumin-
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TABLE 9. I'fodif ied reconstituted medium f or growing
DaphnÍa magna. (43).

KCI

NaNO,

KH2 PO4

K2HPO4

MgSon. 7

CaCl, .6

or

CaCL r.2 HZO

NaHCO,

NarSior.9 HZO

s0 s/t
s0 s/L

6 g/t
6 g/t

40 E/I
2I.9 e/L

L4 "7 s/I
15 s/L

20 s/L

H20

Heo

Preparation

1. Before adding calcium sol.ution add 1 rnl of each stock
solution per lit,re of deior¡ized distilled water.

2. Bring tire nrÍxture to a pE of 6.65 using 2N HCI.
3. Àdd 7 ml calcir¡n stock solution per litre of reconstituted

water. To avoid precipitation of the CaCL2 the pH must
be below 7 .0.

4. For axenic cultures, sterilize the sorution in an auto-
clave. The final solution pH should be in the range of
6 - 7.
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ation favourable to the organism must be malntained. Daphnla magna are

sensitive and delicate organisns and must be handled wfth consumate

care.

Food used to sustal-n etock cultures of Daphnia Lnclude bacteria,

algae, lnfusorÍa, and a wide variety of preparations whtch generate orga-

nic detritus. These Lnclude yeast preparations, "sofl extracts and

organic materlals such as cotton seed meal, herring meal, powdered dried

grass, and enrfched trout fry granules" (23). Manure-soil nedia have

been wldely used. Allquots are rvithdrar¡n and lntroduced into the culture

aquarfa as feeding denand dictates.

A successful culture met,hod, fn which the conditlons for partheno-

genfc reproductfon rsere malntaLned over a one year perlod, has been out-

lined ln the literature by Ryther (37). "Eggs or young were always

plentiful ln mature aninals and no males or fenales wlth ephippia were

ever observed". The anl-mals were culÈured ln cenent aquaria, with sur-

face dlmensions 1680 x 610 mn, with waÈer to a depth of 50 mrn; maintained

at this level by eonstantly dripplng tap water. "The Daphnfa llved in

assoclatfon wfth a populatl-on of snails, L)rmnaea palustrls, whLch was

maintafned by feeding regularly wlth lettuce (37). The Daphnia fed upon

the fecal matter fron the snalls and the bacterLal fauna generated by the

organie detritus.
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6. MATERIALS AND I'ÍETHODS

Seeondary sewage effluent was drawn from the North Clarifier of The

City of Winnlpeg South End Water PolluËion Control Facillty, on March 10,

1978 at 4:45 p.n. The effluent r{as refrigerated at loC until reguired

for processing into tertiary effluent. Bioassay procedures extended from

April 7, 1978 to June 12, L978.

The experimental testing programme was arranged and conducÈed

according to the following schedule:

1) Preliminary analysis of secondary sewage effluent;

2> Tertiary treatment of secondary effluent usÍng two chemical

nethods; line and alum, to produce separate baÈches of tertiary

effluenE of the same loLT residual phosphate concenÈration;

3) PreparaÈion of the dilutfon water, bioassay apparatus and Èhe

effluent concentration series for both systems;

4) The exploratory bloassay study;

5) The main bioassay study with attendenÈ monitoring and testing;

6> Post experfmental Eesting and data collection.

6.1 Miscellaneous Analytlcal Methods

ExÈensive effluenÈ testing and monitorlng was requíred. A conpleÈe

differential chemical analysis of the secondary sewage effluent, Èert.lary

effluent and the reconsÈituted dilution water was required, before
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beglnning the actual bioassay. Post experinental differential chemical

analysis was conducted on the effluent remaining in the aquarfa on

termination of the experiruent. The analytical testing schedule included

the following deteruinatÍons, fron which an appropriate selection was

made, based on utiliÈy and the experimental objectlves:

(a) Total Organie Carbon (TOC):

(b) Total Alkalinlty;

(c) Dissolved Oxygen (DO):

(d) pH;

(e) ConducÈlvity;

(f) Total Hardness and Calcium Hardness;

(g) Total Ammonfa Nitrogen, NH3-N;

(h) Free Carbon Dioxide (CO2);

(i) Total Dissolved Solids;

( j) Turbidity.

Some analytical work requiring speclalized analytfcal equipnent was

conducted by laboratory staff, at The Freshwater Instltute (FWI),

I^Ilnnipeg, Manltoba. The other analyses, and all bloassay sËudies were

conducted at the SaniËary Engineerlng Laboratories at the Unfversity of

Manitoba. These analyses included:

1) Turbidity analysls, using a Hellige Turbldimeter;

2) Dissolved Oxygen (D0) analysfs using a YSI Model 54

Oxygen-neter with a 0 to 20 ng/I range;

3) pH Analysis using a Type PHM206, RadiomeÈer Copenhagen

meter;

4> Conductivity analysis using a Type CDM2e meter;
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Total organfe carbon (Toc) determinations were conducted at

both laboratories. The analyses aË the Sanftary

Engineering Lab were conducted usÍng a Beckman Model 915A,

TOC Analyser, with a Beckman Model 865 Infrared Analyser.

Total and Calclum Hardness and Alkallnity did not require

any speciaLlzed apparatus. The procedures used rlere as

found 1n Standard Methods for the Exanfnation of tlater and

I.Jastewater (23 ), herelnaf ter called Standard MeÈhods.

Bicarbonate and C02 Alkaltnfty, as well as free CO2

content was found by nonograph nethods ln the same text.

Magnesiun Hardness by the difference between Total and

Calclun llardness.

7) Total Dissolved Solfds 1n mg/l was found by the estlnation

method using: Conductlvtty ¡rrnhos/cro x an emplrlcal factor

ranging from 0.55 to 0.9. For these analyses 0.6 was

used.

Total Arnonla Nitrogen, NH3-N analyses rvere done uslng

Kjeldahl Apparatus and the distlllation method as per

Standard Methods. Flgure 14 shows the standard curve

developed for this experimental series. Total un-ionfzed

ammonla content of sanples was Èhen computed from Table 5.

The success of the jar Èesting procedures was ascertafned by

constant monÍtorlng of the supernaÈant for phosphorous

residues. Phipps and Bird jar testing apparatus with slx

(6) 2000 ml pyrex beakers r¡as used. Phosphate content was

determined spectrophotoneÈrically usíng Lhe Bausch and Lornb

B)

e)
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SpectrÖnic 20 apparatus.

Samples requiring heavy metal analysis were acidiffed with 0.52

nlEric acid per 100 nl sample prlor to analysis at Èhe FI^II .

During the bioassay phase of experimenEaEion, sample volumes for

eventual analysfs were obtained fron each aquarium on two occasfons; 80

ml and 100 nl respectively. The volumes removed were replaced after

Èemperature equalizatlon, using identical sÈock concentratlons fron the

conËainers in storage.

6.1.1 Analysis of Secondary Sewage Effluent

For comparatlve assessments, a complete differential chemical

analysis of the secondary sewage effluent was obtalned. Analysls of Ehe

secondary effluent prelimlnary to tertlary treaÈnent was import,ant for a

complete documentatlon of the effluent profile.

6.2 Tertiary Treatnent Using Lfme and AIum

Trial jar tests were conducted uslng both line and alun to reduce

the phosphate content to a concentratlon of 0.1 mg/l. This repre-

sented a 98.42 reductlon from the 6.1 rg/t total phosphate concentration

1n the secondary effluent. Total phosphate determlnatlons for monltoring

the effectiveness of the jar test.ing trials, \rere conducted, uslng the

Stannous Chloride Method with Prelimlnary DigesEion as per Standard

Methods. An American Sterlllzer Cornpany Model 6084 autoclave operatlng

at 200oF for a period of 30 minutes was used to effect complete hydroly-

sis of the sanple to ort.hophosphates. Figure 15 shows the calibratfon

curve developed for this analysis. As reporÈed 1n the literature, the
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removal efficiencies by both lfune and alum rnethods were pH dependent.

For effective removals uslng llme treatment, pH levels in excess of 10.4

were required. For effectLve alum re¡novals the critical pH range

observed was from 5.5 to 7.0. The process manipulation found to be the

most successful ln obtalnfng the desired phosphate residuals was the

Split-TreaÈment l'lethod uslng 400 rng/1 slaked lirne and for the a1u¡n batch

450 mg/1 dlssolved aluminum sulphaÈes. Lors removals ryere also obtained

using 300 ng/l alum. However, 450 ng/l concentratiori was chosen to keep

both dosages numerlcally similar to facilitaÈe comparison. The Split-

Treatment technique devised was as follows:

1) Raptd Mix secondary effluent with full required dosage of

chemfcal for 5 minutes aÈ 100 rpm; usfng only one-half of the

1lquid volume to be treated.

2> Slow Mix at 40 rpm for 5 minutes. Effective removals for the

lime treatmenË required the minimum pH of the mix at 11.5

3) The llquid volurne was brought up to the 100 percent mark by

addlng seeondary effluent, and paddled in a slow mlx mode for 40

minutes.

4) The treated volumes were allowed to settle for aÈ least t hour,

whereupon the supernatant was carefully poured off lnto

thoroughly cleansed plastic contafners orÍginally conÈaining a

dilute solutlon of sodiu¡n hypoclorite.

5) The only nodificaÈfon used for the alum systen was a Ëotal ¡oix

time of 45 instead of 50 minutes.

Figures 16 and 17 show Èhe experimental jar testing curves for the

dephosphatization of secondary sewage effluent for the lime and alum
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sysËems respectlvely.

To complete the process the lime treated effluent had to be recar-

bonated by bubbling carbon dloxlde through the effluent. Thls reduced

the pH from levels in excess of 11.0 to a value of 6.0, on par with Ëhe

pH leve1 of the alum treated effluent. The alun and line effluent, after

storage, appeared to stablLíze at pH values of 6.3 and 6.4 respectively.

The cherolcal proflle of the tertiary effluent qlas ascertained for the

same parameters used 1n the seeondary effluenÈ evaluatfon.

6.3. DiluÈion I^IaLer Bioassay Apparatus and Daphnia magna Stock

Double glass-distilled deionlzed water was used in the preparatlon

of the reconstituted mediur¡ or reconstltuted dflution water as is lllus-

trated 1n the procedure of Table 9. A supply of thls distilled waËer was

obtalned 1n quantfties sufflcienË for Ehe complete bf-oassay fron the

FI.II. The nedla was sterlllzed fn an American Conpany Model 608A auto-

clave before use fn Ëhe preparatfon of the dÍlution volumes.

The bioassay apparaÈus was set up rslthin an Econaire Environmental

Chanber. Two slzes of aquaria rrere used in the bfoassay runs. A 1000 nl

slze, wÍde-mouthed, soft glass jar, I{as used for Ehe parent aquaria. A

3000 rol series of wide-nouthed, sofË glass contalners, "battery jars",

were used for the progeny aquaria. The bioassay test series was

conducted in repllcate for each tertlary effluent series, with a comlnon

replicaEe control; the reconstltuted dilutfon water. Flgures 18 and 19

illustrate the apparatus used in the arrangeEent of the repllcate series

for both parent and progeny aquarfa. To minimize evaPoration "Tygon"

tubfng was attached to the rims of the aquaria, over which transparent
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acetate covers were placed as showrr in Figure 18. For each system of

aquaria; parenÈ and progeny, there was a total of 18 aquaria (the control

group in repricate and four seríal dilutions Ín replicate for each

effluent). Containers were numbered and randomized to eliminate experi-

mental bias.

Miscellaneous Ítems to be used in the bioassay study were labelled

and kept ln isolatlon, where necessary, to reduce the posslbility of

cross-contaminatlon. Contact probes of analytfcal apparatus were clean-

sed afÈer each effluent reading was taken. A serfes of eye droppers and

ftlled wash-bottles fn repllcate corresponding to Ëhe effluent series was

kept on hand. Speclally constructed sfeves, prepared by the FWI, were

used in Ë.he transf er and counting of t.he organisms. The sf eves were made

of nylon mesh, affixed to plastic barrels by a non-toxlc silicone adhe-

sive. These naÈerials are reputed to present no hazard to the organi.sms.

The srnall gauge sieve had square mesh openings of size 0.113 mm. The

larger sleve mesh size was 0.75 ¡on. Two banks of fluorescent lighting

provided adequate lfghting for the study.

The stock neonat.es provlded by the FI,II for the exploraÈory and

bioassay study, were estimated, by that department Ëo be fiftieth

generation laboratory parÈhenogenic clones (29). A standard food

aÈion "Cerofood" shom in Table 10, was obtalned from the FIJI for

the tesE organlsns on a regular feeding schedule. The recommended

feedlng schedule per adulË organism was 5 p1 every second day, or

of "Cerofood" for each 25 anÍmals, every second day (43). Progeny

generated during the experiment were held in sraall vials 15 rom in

diameter wíth a mfnimum liquíd depth of 5.7 crn. The feeding dose

main

( s0)

Prepar-

feeding

0.1 ml

and
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schedule was 5 ,¡1 per vial every three days.

TABLE 10. Standard food ("Cerofood") prepararion (43).

ComponenËs are:

(1) Algal rnedla

FW6

Stocks are all 100 nrnol/lftre rnl/lftre sÈock

NaN03
K2PHO4
MgSO4
CaCL2.6H2O
NaHC03
Distilled water

30
3
4
2

10
950

Sterillze by autoclave.

10 ¡r1 of each stock solutlon are added to 950 nl of double
distilled water. To thls 1s added a drop of 17. FeC13
solut ion.

(2) 10 g trout crumbles, ground flne 1n a blender (eg. Vtctor Fox TF
crumbles or 116 ration, Purfna).

(3) 0.5 g CerophyR powder (Source: Cerophyl LaboraËorLes, Kansas
Clty, M0, U.S.A.).

Preparation:

Ml-x trout crumbles and cerophyl. Add to 150 nl algal media and blend

thoroughly. Strain through cheesecloÈh three tlmes. Store ln refrig-

erator ln sterile dilution bott,les or sterlle vials. Shake before using.

Must be remade nonthly.

6.4 Exploratory Study and Test Concentrations

An exploratory sÈudy was conducted to ascertain the toxiclty of the

wasEe in t.erms of the EC 50 criterfon, the effecËlve concentration fatal
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to 50% of test organlsms. Repl-leate test concentretl-ons of both effluents

were prepared 1n the logarithmic scale 0.1, 1.0, 10 and 100% effluents. An

experimental control of 0Z effluent concenEratfon, the reconstltuted

dllutlon water, was included. Each 600 ml volume concentratlon was held in

the soft glass jars 1n the EconaÍre Envlronmental Chamber and allowed to

equlllbraÈe over a period of 3 days before f.nserÈ1on of the organlsms.

This procedure was follo¡¡ed in anticipatlon of suall upward shifts

parttcularly ln the liue-treated effluenE after removal from closed storage

aË loc.

Initlal and flnal differential chenical analyses \{ere conducted on the

prepared concentraÈions. These analyses deÈermined; D0, pH, Conductlvity,

Total Alkallnlty, Total Hardness, Calclum llardness, Magneslum Hardness,

Free CO2, Total NH¡-N, and Total Dissolved Sollds content. In some

cases, the quantities were estiroated uslng the weighted mean nethod:

Lrr* -
v¡, L¡, + vn Lg

ve+vs

where L = concentratlon in ng/l;

V = volune of lfquld in litres

Ten (10) neonaÈes, of maximum age 3 days, from the stock aquarium kept

in the Environmental Chanber, were, at the zero hour, decanted into

each concentraÈion. ObservaÈl-ons for mortallty (crfÈeria: i .nobLlity,

cessatlon of heart beaÈ or guÈ contractlon) or moribund conditlon were made

at the following intervals: 1.5,3.0,6.0, I2.0,24.0,48.0, and 96 hours.
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No food was given during the exploratory study.

The results of thls study suggested a Eest concentrat.lon series; 0%

(reconstiÈuted water), L2.57", 25"/., 50% and 100% effluents for both alum

and lime effluenÈ, as a rneans of guaging wheËher the effluents produced

any reproductive iupalrment. The parent and progeny aquarLa held 800 and

1500 ml of effluent respectively.

6.5 Main Bioassay Study

The maln bioassy study was conducted over a perfod of 6 weeks from

April 13 to l{ay 25,1978. The end of the study was predicÈed by a

visible declfne in the populations. In each of the eighteen parent

aquarfa, 50 neonates of maximum age 4 days, were placed and allowed to

reproduce. Every two (2) days, the aquarla were monitored for DO, pH,

conductivity, adult mortality, ephippial and progeny production. Records

were kept and progeny were transferred Ëo other aquaría conÈainlng the

same effluent. The organlsms were then fed, as per feeding schedule pre-

viously noted. To keep pace wfth thefr developuent and nutrÍent dernands,

the food glven to the parenË Daphnia r¡as íncreased from 0.1 ml during the

first 10 days to 0.2 for the next 7 days, to 0.25 n1 for the next 6 days,

to a maxfmr¡u of 0.3 mI to the end of the bioassay. All aquaria were

adninistered the same amounts of food. Figure 20 illustates the layout

of some of Èhe apparatus and aquaria 1n the Envlronmental Chanber.

The chamber \das maintained at 20'C. A water-filled tray was affixed

beneath the overhead fan. I,Iater was also held 1n open corrtainers below

the tables to iroprove the ambÍent humidity and reduce evaporation from

test aquarÍa. The Ëwo banks of cool-white fluorescent lights were
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adjusted, with the aid of a light meter, to provtde 200 candles of tllum-

ination at mid-water 1evel, according to Standard Methods. Lighting was

conÈinuous for the first twelve (12) days; however, 1n an aËternpt to

reduce the algal growth 1n some of the aquaría, a day-night cycle, 15

hrs. lfghE; t hrs. dark, r¡as lntroduced after day L2.

Screenlng and counting of adults and young was perforroed using the

two sieves previously described.

6.6 PosÈ experinental Testfng and Data Collection

The post experimental phase could be categorlzed into five divisions

described as follows:

1) Record of numbers of parents all-ve and Ëabulatlon of numbers and

sizes of progeny at the particular time of counting. Progeny

were categorized 1nÈo adulÈs and young based on size separation

r,rith the nylon mesh sieves. Those retained on the sieve with

0.75 x 0.75 mm square openlngs were classffied "adults". Those

passlng thls sieve and eventually reÈained on the 0.113 x 0.113

mm mesh \Jere Eermed "young".

2) A random sarnpling of progeny aquaria for 25 organisms to be used

Èo ascertain a sÍze profile of animals reuaining. Each of the

progeny aquaria was agiËated ln turn to randomize the col-

lection, simultaneously avoiding the bias fnherent in the vor-

tex. About 40 organfsms were withdrawn by the single dip of

a labelled beaker. These anLmals r¡ere subsequently removed from

the liquld and flxed in a sugar fornalin solutionr 40 g/L

sucrose Ln 4"4 fornalin (44), af ter r.rhich they were selected aÈ



3)

78

random for measurement of head to spine lengths, under a micro-

scope, with Ëhe aid of a special ocular, and Sedgwfck-Rafter

Cell. The mlcroscope used was a Leitz l.Ietzlar instrument,

equipped with a 2 m long micrometer, an ocular G L2.5X, and a

barrel magniflcatlon 4X. The collected daÈa was conpiled and

used ln statistical computaËions.

Bi-oroass measuremenÈs were nade by ascertaining "Wet" and Ash

I,Ieights of all progeny generated during the experlnent. A

Muffle Furnace equipped with Solid SÈate Controller was used for

dryfng the specimens; Thermoclyne, Model No. F41730 with Dubuque

ITI Solid State Controller Model No. CPS Ã 8720. Specimens \{ere

dried in a Boekel Dessicator, Model f340. To determine "wet"

weight specimens were dried for 12.5 hours aÈ 60oC and cooled to

room temperature 1n the desslcaEor before final measurements

were Èaken. To determine "Ash" weight specimens were further

drled tor 24 hours at 500"C, and cooled Ín the dessicator,

before the ultfroaÈe weighÈ was deternlned. A sensltlve scale

was required. A scale on which weights could be determined to

five declmal places was used; Gram - Al1c Balance, Model No.

86.

Sanples of algal growt,hs on aquaria walls were taken to the

University of Manltoba Botany Lab for identificatlon.

Statistical analysis, computations and evaluations using data

generated over the course of the study.

4)

s)



79

7. PRESENTATION OF EXPERII'IENTAL RESULTS

The experinental results are presented fn order in the followfng

categorles:

1. Exploratory-study data.

2. Effluent-analysls data.

3. Bioassay effluent-monitorlng data.

4. Presentatlons generated fron bloassay data.

5. Log-probability and statlstlcal assessmenÈ data.

6. Appendix I.

7.L Exploratory Study Data

Data derlved fron the 96-hour exploraÈory bloassay study fs

presenÈed in table 11 and 12. Thls data assesses the physical-chenical

quallty of the test effluents and the cumulatfve morÈality counts at the

selected inÈervals. Figure 21 is a log-probabllity graphical expressfon

of the survival percentage at hour 96.

7.2 Effluent-Analysis Data

Tables 13 through 16 presenË the physical-chemlcal quallty of the

batch effluents and reconstltuted waËer and the actual test concentra-

tlons used. Table 13 gives an in-depÈh initlal analysis of the secondary

sewage, lfme and alum tertiary effluents and the reconstituted water.
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Quallty Analysed
Secoodary

Sewage
Teltiary

A-1um

Tertiary ReconstiEuted
LÍne Water

.qamonie Nltrogeû NE3-N
Nitrite NitrogeD NOz-N
Nitrate Nitrogen NO3-N
Total Díssolved NiÈrogeû TDN
Suspended NiErogen
Soluble Reactive PhospheEe
Total Dissolved Phosphates
Süspended Phosphates
Dissolved Inorganic Carbon
Dissolved Organic Carbon
Suspended Carbon
Chlorlde C1
Sulphates S04
Soluble Reactive Si
Soditm Na
PotassiuE K
Magnesium Mg

Calcíum Ca
Manganese Mn

Iron Fe
pIl
ToÈaI Dissolved Sollds

(es oinated)
Conduccivlty aE 25oC
Total Dissolwed SolÍds

( analyÈícaI)
ChLorophyl - 2
Total Suspended Solids
Total llardness as CaCO,
Calctu¡o Hardness as CaCO3
Magneslum llardness as CaC03
Alkalinfcy as CaCO3
Bicarbonate Alkalinity

as CaC03
CO3= Alaklinity as CaCO3
Free CO2 as CaCO3
Lead Pb
Copper Cu
Nickel Ni
Arsenic As
Cadnir¡m Cd
Seleoium Se
Ah¡oinum A1
lotal CO2 as CaCO3 (estfmated)
Free C02 as CaCO3 (estin"ted)

trs/1
4/L
ng/I
8C/l
Ús/t
ûB/L
ûg/L
ng/L
ME/L
ne/t
EC/L
ry/r
trS/1
ng/I
DC/1
øs/L
ûE/L
ûslL
rog/1
Ãs/L

ng/L

nillímho
E'c/L

vs/L
rng/1
ng/I
og/1
ns/ I
IûS/r

ûs/L
ûE/1
tr8/r
vc/L
r8/L
vslL
rc/r
rs/r
IJSlI
vc/L
Âe/t
íelr

32
2

.01
39
1.1
5.8
6.1
0.4

68.8
t6.6
6.8

7t.5
64.0
4.86

62.2
13.4
15.2
38.3
0.06
0 .09
6.98
498

.83
410

r.2
15
160
91
69
262

250
12
50

4
161
103

1.0
o.2

<0. 5
L57
275

50

30. 6
3.0

.01
35. I
0.1

.01

.03

.05
25.9
10.3
0.5

70. 0
258
4.49

60.2
13.0
15 .0
37 .2

2.06
0.05
6.30
s46

.91
510

1
t62
105

56
72

68
4

70
<1
34
86

<0.5
0.4

<0.5
236
L32

70

L7 .5
6.0

.02
22.3
0.2

.014

.05

.02
88. 9

11 .6
1.4

7 2.5
58.0

3 .50
6r.7
13 .4
0.8

90. 9

0.07
0.02
6 .56
510

.85
460

<0.1
3
TL2
234
I22
286

280
6

140
<1
48
22

<0.5
0.2

<0.5
56

389
140

.07
2.0
a1

9.8
0.02
2.4
,<

.01
0.8
3.4
0.2

6r. 5

r7.8
2.63

17 .5
4.8
4.2

28.4
0.01
0.02
6 .40
t92

a1

200

0.1
¿1

92
74
18

6

58
o.2

5

10
c

TABLE 13. InfÈIal Sewage Analysis, Day L, April 13, 1978.
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Table 14 gives the analysis of the full range of test effluenËs for Co2

contenË as mg/I caco3. These analyses were done on days 1, 41 and 60

as shown. Table 15 gives the post experimental analysÍs, for selected

parameters for the secondary effluent, batch tertiary effluents and the

reconstituted water. Batch effluents were kept in refrigeration Ëhrough-

out the course of the experÍment; refrígeration at loc. Table 16 gives

Èhe post experimental sewage analysis of the effluents remaíning in the

progeny aquaria.

7.3 Bioassay Effluent - Monltoring Data

Effluent monltoring data ls presented ln figures 22 through 29. The

assessnent is for; dissolved oxygen, pH, conductÍvity, hardness,

alkallnlty, total dissolved organlc and lnorganlc carbon, toËal ammonia

nitrogen, and total un-ionized ammonia respectively.

7.4 Presentations Generated From Bioassay Data

Flgures 30 to 32 show the log-probability, mortality-concentration

curves on days 12, 32 and 39 respectively. FÍgures 33 and 34 show

ephippial producÈion expressed as a nonthly rate for shown intervals and

as a cumulative time-dependent function for the test effluents respect-

fvely. Figure 35 cornpares the mortality in the control group with the

roortality found for the tertiary effluent concentrations. Figure 36

gives the empirical relationshlp, for this study, beEween ephippial pro-

duction and effluent concentrations. Figures 37 and 38 rerate mean

length of organisms to effluent concentraËion. Figures 39 and 40 show

progeny production on an interval basls, characteristic of the lndividual
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effluents. Figure 41 conslders the cumulative progeny production

computed as a dally statistic, as a function of effluenË concentration.

Figures 42 through 47 present results on progeny generation and final

population counÈs, as a functfon of effluent concentration. Table 17 is

a sunmary of population data expressed as birth raÈe, rate of increase

for specffic lntervals, population death rate and rnean l1fe expecÈancy.

These rat.es are shown related to the effluent concentrations. Figures 48

and 49 are graphfcal expressions of two of the tabulations in Table 17.

Figure 50 expresses the computed biomass as a functlon of effluent con-

centration.

7.5 Log-Probability and SÈatistlcal Assessrnent Data

Figures 51 and 52 show problt curves for the effluents over the

course of the experiment. Figures 53 through 55 are probit curves for

Days 12r 32 and 39 respectively. Survivorship is shown as a function of

effluenÈ concentration. These probit curves were used in sÈaÈistlcal

analyses Èo gauge whether signlficant dlfferences beËr¡een the lfne and

alum effluent were evidenÈ. Tables 18, 19 and 20 summarize the statis-

tical treatments of the experimental data. These treatments are based

on; tnean length of organisms, progeny production, total population count,

and average birth rate. Flgure 56 is an fllustration of the statistical

confidence fntervals for all effluents ¡¡hen compared to mean length of

the conÈrol group.

7.6 Appendlx I

Appendix I contains miscellaneous experiuental tabulations which can
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be conveniently referenced, should these actual numbers

fulness. In some instances the graphical expressions of

have been presented in the main body of the Experimental

2L to 26 are conËained in Appendix I.

L22

be of some use-

these tables

Results. Tables
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8. DISCUSSION OF EXPERIMENTAL RESULTS

The order in which the Experimental Results are discussed is the

same as the format used in Chapter 7; The Presentatlon of Experimental

Results. Appropriate subsectlons wfll be used, where detailed discussion

is required, to facilltate contlnued orientation. Although thfs study 1s

only prelimlnary in scope, based on the data collected, some inferences

will be attempÈed, within the texÈ of this discussion, about the appli-

cability of the findfngs to sanÍtary engineering practice.

8.1 The Exploratory Study

The results of Ehe exploratory study, Table 12 and Flgure 2l deruon-

strate that nelther the llme nor the alum effluent. was acutely toxic. In

facE thls study showed conslstently higher mortalltfes, the more dilute

the effluent. Curves for both effluents demonstrated parallelism, with

the alun effluent performing better in terms of survlval of Daphnla by

fifÈeen (15) percentage points. Since the higher dosages fllicited lower

mortalities than the rnore dilute effluents, Èhe applicatfon of Èhe meth-

ods of Lftchfield & I^Iflcoxon (45) was not essential for any predicÈive

Purposes. Ho¡vever, bY appllcation of the nethod one denonstraÈed that

the lines through the points \dere of good fit and that the parallelisrn

found was withÍn the bounds of the experimental error. This application

also showed thaE Èhe Èwo effluents differed significanÈly in potency,
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with Èhe line effluent significantly more toxlc than the Alum effluent

and Ëhat, withfn the L9/20 confidence lirnits, the relative aetlvity of

the line effluent was beEween 1.4 and 34.6 times that of the alum

effluent. The results of the exploratory sËudy suggested an investi-

gatÍon of chroníc toxÍc effects. A nediun to long range reproductive

lmpairrnent study was selected.

The ava1labillty of food for survival was the factor causing hlgher

deaths in Èhe nore dllute effluents. No food was gfven during the 96-

hour bioassay study. The ten (10) organisms in each 600 ul aquarium were

therefore dependent on the bacEerla fn their environment for survival.

The tertfary treatment method, based on coagulation-precipitation,

although effective in subsÈantial bacterlal reduction in the tertiary

effluents (cornpared with the secondary effluent) would leave enough

organisms to provide food over the four day perfod. Sufflcient numbers

of these bacteria could be assumed only for the higher effluent concen-

tratlons, the 10 and 100% effluents. Hence the best survival ls shown

for these effluenËs. The reconsÈituted waÈer was sÈerillzed before use.

It therefore was of no significance ln contributing any bacterfa to the

daphnids in the control group or ln Èhe dlluted effluents. Sfnce the

hfgher dflutions contained more of this sterlle effluent, organisms ln

the three lowest concentratlons rvould have great difficulty tn flndlng

bacteria for nourishnent. It'henever the energy expended by an organlsm in

its quest for food, continues, over a sustained period, to exceed the

energy intake derlved from the food consuraption, death results.

The higher toxicity of the lfme effluenË could be attribured ro

adverse pH effects, despite the three day equilibration period allowed
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the effluents prlor to Èhe lntroduction of the organlsms. These organ-

isms ¡¿ere removed frou the stock tank, where the pH was 6.5 and intro-

duced into the varÍous aquaria where Èhe pH r¡as in the 6.5 - 8.0 range in

the case of the lime and 6.5 - 7.7 tn the case of the arum effluent.

These values are shorsn 1n Table 11. rt has been reported that a pH

change of two (2) unfts even over a period of I to 2 days roay be detri-

mental to Daphnia (29) . thls abrupt change in the pH of the envlronment,

most ext,reme ln the case of the 10 and 1002 lfme effluents, could have

been the factor responslble for Ëhe marginal increase in nortallty noted

for the line effluents. The wlde fluctuations .1n the pH durtng the lfme

tertiary treatment, could also have caused a reduction of the bacÈerial

1oad.

8.2 Effluent Analysis Data

The effluent analysis data presented in Tables 13 through 16 is

unremarkable except that the reconstituted water appears carbon deflcient

and the line effluent low ln magnesf.um. The total dfssolved carbon 1n

Èhe reconsÈftuted water rsas 4.2 ^g/t, compared wirh 100.5 and 36.2 ng/L

for the lime and alum effluents respectively. Metcalf and Eddy (12)

report a mlnimum Carbon:Nftrogen: Phosphorus ratio, for well belng of

organfsms 1n an a1gal com'nunity to be 100:5:1. This ratlo is substanÈ1-

ated by Vallentyne (3) who gives the ratlo 40C:7N:lP for every "100 units

dry welght naÈter." Since the reconstftuted dflution \rater appeared to

be adequate in nitrogen and phosphorous content, the lor¡ carbon contenE

would ¡nake carbon Èhe linitlng nutrfent. The bfoassay befng static with

perlodic replaeement, the lack of carbon in the reconstltuted water,
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which \.{as used both as the control and for dilutions of the tertiary

effluent series, wou1d, as vras demonstrated in the bloassay, severely

limit the productiviÈy of the control. Thts performance will be subse-

quently examined in more detail in section 8.4.

An examlnatlon of the post-experimental serdage analysfs ln Table 16

shows a 543% increase in the toÈal dlssolved carbon of the reconstltuted

effluent, and a 60 and 27% decrease for the lime and alum effluents res-

pectively. These changes ln carbon content are less dranatic for the

dissolved organic carbon measure. For the reconsÈltuted effluent an

increase of 444% was noted. The lime and alurn 100% effluents showed a

decrease of 89 and 96% respectively.

Due Eo Èhe limited availability of dissolved inorganic carbon the

control sustained no algal bloom, as did the other effluent dilutions.

The carbon fncrease noted was due to contrÍbutions added with the food

preparatlon gÍven the populaÈion every two days. In additfon some

contributions could have been incorporated from the atmosphere in the

manner explained in the llterature (3). The dramatlc. decrease tn the

inorganic carbon of the llne and alum effluents was due to the

consumption by the algal blooms. In parÈlcular, the greater reduction ln

Èhe alum samples reflect the r¡ore proliffc algal actfvity noted for the

alum effluents.

The alkalinlty of the reconstituted v¡ater appeared to be marglnal

compared with the other effluents. In Table 13 the initial concentration

of 6.0, as mg/L CaCO3, for Èhe conËrol compared wfth 286 and 72 ng/I

as CaCO3 for the 100% line and alum tertiary effluents respecÈively.

This deficiency was eliminated by the addition of sodium bicarbonate 1n
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an amount sufficient to boost the alkalinity of the reconstituted water

to L2 mg/l as CaCO3, recorded in Table 15. This preparation was then

used Ëo make up the dilutions of the line and alum effluents.

The comparatively low sulphate cont.ent of the reconstituted waËer,

17.8 ng/L, \{as probably, fn addltion to its low dlssolved inorganic

carbon content and alkalinity, one of the factors contributing to the

absence of a full scale algal bloom in the control aquaria. By contrast,

the alun effluent, with a sulphate conËent of 258 mg/L, showed Èhe ffrst

algal bloon. This bloom was sustained virtually Ehroughout Ehe experl-

ment. As a result of thls activity, the alkallnity 1n the alun effluent

was virtually used up by the end of the bloassay study. Usfng the values

fn Tables 13 and 16 we have an average 947. reduction in total alkalinity

for Ehe 100% alum effluents. This more proliflc algal activity 1s also

seen in the very loi.r dissolved inorganic carbon residues for the alum

effluents, shown in an adjoining column of Table 16. The average resid-

ua1 of 1 ng/1 represents a 96"/" reduction for the 100% alum effluents.

The alum treatment reduced the total dissolved inorganic carbon froro 68.6

to 25.9 ng/I. The algal bloou in the alum could have been sustained for

a longer period if there \das more dlssolved inorganic carbon available.

By contrast, the 100% lirne effluents with a sulphate conË,ent of 58

rng/1 showed a belated algal bloom around day 22 of the bloassay. This

bloom was sustalned to the end of the schedule, predominantly in the 100%

lirne effluents. The resfdual alkalinities for the lime effluents in

Table 16 show slgnlficantly higher concentrations than those for the alurn

effluents. For the 100% lime effluents a 777" reductfon eompared wiËh a

941l reduction for the 1002 alum effluents. The reduced algal activity in
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Ehe llne effluents ls also demonstraÈed by the higher dfssolved inorganíc

carbon residues present ln the line effluents; an average 89"Á reduction

for t.he 1002 line effluents, versus a 90"/. reduction for the 100% alum.

The alkalinity of the control shows a four (4) fofd increase maÍnly

due to food additlons and the absence of prolific algal actlvity due to

the insufficiency of carbon and sulphate supply. The dissolved inorganic

carbon residues show a 963% Increase for these same reasons.

In further conparison of t.he effluents, the only other noEable

deficiency appears to be in the magnesium content of the 102 llme efflu-

ents; 0.8 ng/l compared wfth 15 and 4.2 .g/t for the alum and reconstl-

tuted dilutlon water respectlvely. Table 13 shows the nagnesfum contenÈ

of the original secondary sewage sample to be I5.2 ng/I. The lirne preci-

pitation neÈhod was therefore effective in removing 95ll of the magnesium

versus 12 removal for the alum coagulatlon-preclpltat.ion method. The

slgnificance of thls deficiency roay be minimal since only trace quanÈi-

ties of magnesium are required for the sustenance of healthy algal cu1-

tures as is the clairn of McKinney (51). However, in llstlng the nacro-

nutrients required for the support of healthy algal cultures, SÈandard

Methods (23) tncludes Èhe Mg+ ion, required at a concentration of

2.904 ng/l. IË is therefore quite ltkely that Èhe magnesíum content in

the lime effluenrs may have been insufficient to support a healthy algal/

daphnid conmunity.

8.3 Bioassay Effluent-Monftorfng Data

8.3.1 Dissolved Oxygen

Figure 22 shor+s that all effluents, throughout the bíoassay, were
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kept in a high sËate of oxygenatlon. Up to day 18 most of the effluents,

¡.vith the exceptlon of the 100% alum were within the posltive íncrease

ranges for D0, shown in Table 6; 0.5 - 10 rng/l. Fron day 18 to day 39

the DO content was beyond this range for all of Èhe effluents, the not-

able excePtlon being the 100% alun effluenË. The reason for this anornaly

was the prollfic algal growth 1n the 100% alum samples, beginning at day

9 and the correspondfng high rate of progeny producÈion as seen ln figure

40- The high productivfty in these aquarla depreted the algae (the

preferred food of Daphnia) the lnorganfc carbon and avaflable alkalintty.

rn the later sËages of the bioassay with essenttal nutrients being

rapidly depleted, w1Ëh productivíty being maint.aíned at an average level

of approxinately 140 and with regular harvesting of organisms, the algae

was probably in the senescent grou¡th stage. From an examination of

Figures 22 and 40 it can be seen that from day 32 the DO rises while

there is a simultaneous decline in progeny generation. Due to a decline

ln the Daphnia populatlon there are fewer grazers. The resultfng denser

growth produces the increase in oxygen noted. Durlng the biossay none of

the organisms appeared to suffer from flotatlon caused by the presence of

oxygen bubbles under the carapace or in the gut.

The flrst apPearance of the algae was llnked to the incldent.al seed-

ing of all aquarfa during the introductÍon of neonates into the parent

aquaria. The fnnoculum came frou the natural algal growth 1n the stock

tanks at the Freshwater InsÈitute. Brown algae was flrst observed on day

22. PosÊ experimental ídentl-flcation by the Botany Department (52) show-

ed that the green sample was predominantly the blue green alga Oscilla-

toria with some brown a1ga, t,he diatom Navicula and the green alga
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The bror¿n sample was almost. entirely the

diatom Navicula.

Algae was proliferating as early as day 9 with the first obser-

vations made in the 12.5 and 25"/" artlm replicates by day 2, closely

followed by the 1002 alum effluents whtch derûonstrated the most prolific

and sustained bloom. By day 22, nosË samples r¿ith the excepËion of the

conÈro1 aquaria demonsÈraÈed an increasing concentratlon of algae. The

latesL occurrfng blooms were observed in the 50 and 1O0Z llne effluents.

8.3.2 Hydrogen Ion Concentration, pH

The pH' dfssolved oxygenr âmlnoola and alkallnlty staËes of a given

aquaEic body are naintained in a dynanle equiltbrium that 1s tenperature

dependent. TemperaÈure was constant at 20'c for this bioassay. The

dynamism was affected by i1lunÍnat.ion and photosynthetic activity, the

interrelationship wíth the animal population, and the cornblned effects of

the flora and fauna on the nutrient pool. Figures 22 and 23 show a

parallel trend in D0 and pH. Beyond day 2o both neasures shor¡ an in-

creasing trend untll the end of the study. The l1ne effluents ln general

show a consistently hlgher level of pH than any other effluenÈ, wlEh Èhe

exception of the control, which is uarginally higher Ln pH and rlses from

8.5 - 9 from day 32 to 39. All of rhe effluents; with rhe exception of

the control, the 12.5, 25 and 50% lime effluents fron day 32 to day 39,

lle wfthln the positfve íncrease pH range. Between days 4 and 18 Lhe

control pH drops uarginally below the lower 1funiÈ of the 7 - 8.5 pH range

glven in Table 6. None of the effluents exceeded the extreme tolerance

range of 6 Ëo 9.4 shor¡n in Table 6. Thls period of higher pH coincides
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with lncreased producËivity as can be seen in Figures 39 and 40; due t.o

the paralle1 occurrence of 1og growth in the algae populaÈion. The gen-

erally poorer performance of the line effluents in the earlier st.ages of

the bfoassay was probably due Ëo the elevated pH to whfch the organisus

were forced to acclfuoate. The 100% lirne effluent proved the most diffi-

cult for the organisms. Eventually by day 23 acclfrnatlon appeared com-

plete and the organisru recovered Ín terms of productlvtty. The 502 lfrne

effluent shows a similar productivity pattern, although the initial pIl

level was not as elevated as thaE for the 100% llme effluent. The pH

under the condltions of this experÍment could have been interferlng with

calcium assinilat.l-on or oÈher vital blochemical processes. From day 23 a

drastlc decline in the pH of one of the lOO% altrm replicates was noted.

This decline probably corresponded to loss of alkalinity in rhat repli-

cate sample, dlsease, or other Eoxic event possibly Ëoxins related to

algal senescence. Peculiarly this event occurred siuultaneously in the

parent aquarfum and its rnatching progeny aquarium. By day 34 only 4

organisrns showed any slgns of viabflity in the parent repricate.

39 all organlsms in thls set of replicates were dead.

By day

The sudden dernise of the Daphina in these natchlng lOO% alun aquar-

la could possibly have been due to Èhe effects of alumlnum toxiclty at

low pII. Table 13 shows that on day 1, the aluminum concentration, in

Ëhese aquarfa was 0.236 ng/r. By day 28 the pH had dropped below 7.0 and

was rapidly declining. Cronan (L979) notes Èhat ffeld and laboratory

studies ln the Adirondacs "have demonstrated that, in acidÍffed waters,

toxic conditions for fish nay be produced by dissolved inorganic alurninum

even at lake pH values that are nor physiorogically harmful" (53). rn
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particular brook troul showed a toxic response when exposed to synthet.ic

acidic soluËÍons and nrfth aluminun concentrations in excess of 0.2 mg/L,

in the 4.4-5.9 pH range. Significant sublethal effects were noËed in the

laboratory at "a1umfnt¡m concentrations of 0.1-0.3 ng/r" (53). Blesinger

and christensen (L972) found rhar 0.32 ne/r aluminum in rhe pH range 6.5-

7.5 produced L6% reproductfve inpalrment in Daphina magna. A concentra-

tfon of 0.68 mg/l produced 50% reproductlve fmpairnenË in the sane pH

range. This was a 3-week chronle toxfclty sÈudy (40). The dfminurlon of

the daphnÍds noted fn the the higher alum concentrations may have been a

sublethal effect attributable to alumlnurn toxicity at low pH. I.tith nost

of the nutrients used up by day 28 of the bloassay, the furl impact of

this aluminum toxÍciEy was probably borne by the organfsms, since

counter-lon effect would be significantly reduced at. thts stage.

Nornally counter-ion effect would lessen the i.mpact of toxicity by

sequestering some of the potentially toxtc ions.

8 .3.3 Conductivity

The conductivfty raonitoring generally reflects the total dissolved

solfds contenË of the effluents. As expected, the control by reason of

its consÈitutlon, has the lowest conductivity. This, in contrast to the

50 and 1002 effluents which have the highest level of conductivity. The

trend of all curves shows no general increase 1n conduetlvity. There is

no slgnificant buLldup of met.abolites during the experiment. This

lmplies Ehat consunption uatched food supply and product removal, in the

forn of the harvest of progeny. The general decllne in Èhe eonducÈivity

of the 1002 lirae effluent parallels a general decreasing pH trend from
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day 22, as well as an Íncrease 1n productivity, from t.he same d.ate.

8.3.4 Hardness and Alkalinlry

Figure 25 shows the generally higher hardness of the lime efflu-

I ents despite the lowest free magnesium content. The large lÍ¡ne dose

I ,r"ed in the tertiary treatment process created a disperslon of Ca#

Íons which would have required specía1 settlfng techniques because of

colliodal behavlour. Desplte the minimal free ruagnesiu¡o lon content, 0.8

mg/1, substantial quantitfes of magneslum contributed to the hardness

- spectrum in the form of magnesium hardness. The hardness of the efflu-

ents shows an increasing trend which reaches a relaËive maxinum by day

28.

Flgure 26 shorvs the overall higher alkalinity of the lime effluents

and the trend in effluent.s, with the exception of the control, towards an

alkalinity decrease as the study progressed. By day 42 tine alkalinlty of

' the alum effluents is vírtually depleted. ProducÈivlty frorn Èhese

"quarla could no longer be sustained due to adverse pH changes caused by

: the loss of bufferfng capacfty. By day 34, with the exception of the
:

L2.5"/" aLtlo effluents, all other alum effluents show a decllne ln produc-

tfvíty, whereas the lime effluents show an lncreasing productivity trend.

This can be seen in figures 39 and 40. When the bioassay was terminated

. on day 39 the productivity ln the l1me aquari.a was not yet declining.

; tnis could however be due to the initial lag in production shown by

, organisrns in the line effluents. Hence Èhere rdas a dÍfference in cyclic

' patÈern that may have been dependent on Ëhe differences in effluent

quali ty.
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8.3.5 Total Dissolved Carbon

The carbon deficÍency in the control has been previously dÍscussed.

The availability of lnorganic carbon fs more inportant than Ëhe organlc

carbon, since organic carbon in the forn of c02 is generated as a by-

producÈ of bacterial netabollsrn and in lfrnited transfer from the atmo-

sphere. The lnitfal and final sanpllng for dissolved carbon, figure 27,

shows Èhe trend towards depletfon of the lnorganic carbon ln all buE the

control sarnple. The increaslng concentratlons of organic carbon in both

parent and progeny aquaria on day 60 was due to the removal of all daph-

nids from the effluents. In the interval between Èhfs event and the

effluent testing there was an increase ln organlc oaÈter in solution.

I . 3 .6 ToÈal Arnmonía Nit.rogen, as N

Flgure 28 shows the general higher level of amuronia nitrogen fn the

alum effluents. This may be due to tr.ro events: 1) The higher pH of the

lime effluent.s would favour the volatilization and evaporation of the

ammonia, resultlng ln lower levels at the tirne of sarnpling; 2) The higher

ammonfa levels may also be a reflection of the f.ncreased productivity of

the alurn effluents up to day 24. The slope of the ammonia curve for the

alurn effluenÈs, begÍns to decline by day 28. The higher levels of ammon-

la nftrogen can be an expresslon of lncreased putrescfble organic matter.

By slmilar argunent, the Kjeldahl nitrogen would be hfgher for the alun

effluents. The ammonia content of all samples, except the 1002 alum on

day one, fs withln the extreue tolerance range; 0 to 32 ng/l as NH3,

quoted 1n Table 6. The 100% alun effluents exceed the upper lirnit of the

posit.ive lncrease range, 0 - 17 mg/L in all instanees.
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8.3.7 Total Un-ionized Aromonia, as NHj

The tot.al un-ionfzed arnmonía curves shown 1n figure 29 ¡¿ere based on

the total ammonia values and Èhe pH values at 20"c. Table 5 was then

used to determine Èhe actual values plotted. The values shown in Table 5

are based on the ideal case for dístilled rrater. If the effluent impur-

lties in the bioassay are taken inÈo account, the values found for Ehe

un-ionized ammonfa should be lower. The un-ionized aromonia content can be

an index of crowding of organisras. Standard Methods (23) suggesÈs thaÈ

the upper linit, beyond which crowding may be inimlcal to the organisros,

fs 20 Fg/I. However, Èhfs limit nay pertain more so to fish populations

and not organisus the size of mlcrocrustaceans. Noteworthy is the fact

Ëhat except on day 42, the control sample was below the suggested 20 ¡rg/1

llmlt when sampled. Sanples for t.hese tests rvere drawn immediately after

removal and counËing of progeny in the respective aquaria. The initlal

organlsm loading of all parent aquarla was 50 per 800 ml or a ratio 1:16.

This is a higher loading than the 1:20 suggested optimum for laboratory

conditions (29 ); however, with depletion due to nortalfty the effective

loading tdas more 1n t.he order of 40 per aquariurn or the optfnuro suggested

ratio for laboratory cultures.

Noteworthy 1s the substantially hfgher un-ionized ammonia contenÈ of

the alun effluents. Not only are the un-ionized ammonia concentrations

an expression of the inltially hfgher producEivity of the daphnids, but

they represent the lncreased productivity of the sulphate-fertilized

algal blooms observed up to day 18 prirnarfly fn t,he alun effluents. The

lime effluents show an increasing trend, commencing with day 15, towards

increased algal activity and a corresponding tncrease in daphnld produc-
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Ë ivlty.

8.4 DiscussLon of PresenÈations Generated from Bioassa DaËa

8.4.1 Toxiclty

An examfnation of the toxicity curves for cunulative morËality,

taken on days 12, 32 and 39, shows Ehe alun effruenÈs to be much less

toxic than the llme effluenÈs. A theoretical toxfcity value can be found

by extrapolatlon of the points beyond the 100% effluent concentration to

meet the ordinate on rlght hand side. Accordingly Figure 30 can show that

by day L2, the concentration of toxlc matter in the llme effluent

requlred to lllicir 99.99"/" death would be 7oo% or seven (7) times the

value producing Ehe experimental level of death. By slmilar argurnent for

Èhe alum effluent a 1600"/. Ievel of toxic natËer, or 16 times the value

producing the experimental 1evel" of death, would illicit 40% death.

Table 27 summarizes these results for figures 30-32.

These results substantlate some of the findings of the exploraÈory

study which did predfct wlthln the limits of L9120 probabillry ÈhaË "Èhe

ll¡ne effluents were sfgnlficantly more active than the alun effluents,

and that the relative actlviEy was beÈween 1.4 and 34.6 tines that of the

alum"(45). In addition, the progression of curves shown in figures 30 -

32 demonstrates polluÈion abatemenÈ and/or acclimaÈion of organlsms in

the 11me aquaria. The alun effluents demonstrate an increaslng mortallty

for the same hypothetical toxlc concentraËion, inplying either a declin-

ing populatfon due to some linitation ln the effluents, or other environ-

mental incident causing discomfort to the organisms and contributing Èo
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toxicities producíng leve1 of

Lime Alun
Potency level Mortallty Potency leve1 Mortality

Da required

7 x (I00%)

8 x (toj%)

14 x (100%)

99.991l

99.99%

99.997"

recufred

x (1002)

x (1002)

x (1002)

0-L2

o-32

0-39

16

16

I6

40.0%

99.27

99.5"A

eventual

for the

may also

death.

lack of

be at

Aluminum

abaternent

the end of

toxiciËy nay be the

of the pollutant.

their producÈivÍty

cause, and nay also account

The parent organisms sampled

cycle.

8.4.2 Performance of the Control

"Ten percent has been ciÈed as an acceptable control mortarity

figure for lnverEebrates True assessment of effluent toxicity is dif-

flcult to determine when other factors appear responsfble for mortaltty

in conËrols" (54). By this criEerlon, the control used 1n the experÍment

performed poorly. By day 39 the average mortallty fn the control was

40%. The control was deficlent in dlssolved inorganic carbon and

alkallnity both of which lirnited the growth potential of a healthy algal

crop. The lt¡nited nutrients in the control effluents did produce healthy

organisms but productlvity was low. The conÈrol group populatlon

remafned static at a healthy level, sustained on Èhe liniÈed available

nutrients in the effluent and the cerofood supplement. Excess death
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could be attríbuted to an insufficiency of available nutrients. Figures

46 and 47 denonstrate thís poor performance of the control. The final

population characterlstlc shows an 85"/" adult population and onLy L5%

young; by far the pooresÈ performance of all effluents. In terms of the

index descríbed as Ëhe Viabillty dffferential sËatfstfc:

Final Total progeny
popuJ-ation - generated by

Viability differentíal, % = 100 + count parent group
Total progeny generated by

parent group

The poorest performers are tlne 25% lime effluent and the control group.

The average progeny production, from figure 42, was 600. The average

final populaÈfon in each replicate control progeny aquarÍum, as seen in

figure 43, was 400 neonates. The level of productivity for most aquaria

was generally belo\¡I par. This could be in part due to the influence of

the dilutfons rnade with the reconstituted dilution water used as the

control.

A natural source water control, with the water screened by nicrofll-

tratfon and auÈoclaved to remove unwanted organisus, would have been a

bett.er alternative. This was not used primarily because of Lhe

difficulty lnherent in locatfng such a water Ín January fn l^Ilnntpeg. The

nearest source, the Red River, lras contaminated by secondary effluent

discharge frorn the South End Sewage Treatment Plant. Access above the

outfall was considered Eoo hazardous, in addition Ëo this rvaEer being

already hlgh in nutrlents. The best control Èo be used in such studies

would be of a sarnple taken fron the target discharge area. This water

x 100
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lrould be presumably well balanced with the basic macro and mlcro

nutrients and would have natural buffering capacfty. It rsould facilftate

a truer predictlon of ecological events.

Others have enqufred about the lack of a parallel secondary

effluent control. This was deliberately omltt.ed, sÍnce it was well

documented by McKfnney (51) and other workers, that secondary sewage

effluent has all the requiremenÈs to sustaln a healthy bacterfal and

algal population. Indeed, oxfdatfon ponds are known to sustain several

healthy generatlons of Daphnfa each summer. The only value fn a

secondary effluent control Èo thls experLment would have been as a check

for toxiclty of Èhe secondary effluent sample drawn from the South End

Sewage Treatment Plant. If thfs were Ln question, easler verffl-catl-on

could have been obtained vla the BOD test.

8.4.3 EphÍpplal Production

If ephfppfal productlon fs an indicator of stress or dlsconfort to

Daphnla, as has been reported in the literature,(29), it would be appar-

ent from Flgure 36 that the maxlmum response to stress Ln this form was

tlllcfted by the more dllute effluents. Thls response to stress appears

greaEer for the alun effluents. The statfstical correlaÈion data shown

in Flgure 36, Ls noÈ signfficant for the ah¡m effluents. The repllcate

correlatlot, -.32 is very poor, the beta regression correlation coeffl-

cfent,, .65, fs not remarkable, and Ehe regresslon slgntficance, .51, ls

not strong. The statlstlcs for Ëhe lfme effluenÈ curve are of greater

significance. The correration beËween repricates, .35, is weak, but both

the beta regressfon correlaËion, .83, and the regressfon signiftcance,

.73, ate falrly good statistics.
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Conclusions based on this treatnent of data should be at besÈ tenta-

Ëive, since furËher tesÈing is needed Eo determfne the reproduclbility of

these resulÈs. One would have expected the higher concentrations to

demonstrate the most stressful response. The converse ls showrr here.

Indeed the 100% lirne effluents generated the least ephippla. Exarnlnatlon

of Ffgure 33 shows that the hlgh strength effluents did produce high

early sËress by thts crfterion, but; they were able to acclimate rela-

tlvely swtftly and by day L4, as seen l-n Flgure 40, they were able to

recover ín terms of progeny generatlon. Thfs mechanlsm of demonstraÈing

stress response was not by contlnued ephlppial productlon but by

behavlour roodlflcation here expressed ln stlmulated productivfty. This

ftself is a ¡sell docunented response to stress (29).

Two eusps are noted in thls recovery pattern. The 50% effluents do

acclimate as ephippial productlon decreases over the firsÈ 17 days, but

fn terms of progeny productlon, as seen ln Flgure 40, they begfn their

rebound much later than the 1002 effluents, around day 24. The mortality

curves, flgure 35, for this bloassay show a gradual fncrease in nortality

for the 12.5 and 257. eff.l-uents, an fncreasing rate for the 50% effluents

and a very steep rate of lncrease for the 1002 lime effluent over the

ffrst 12 days, followed by a decreasing rate of lncrease to day 32 and a

levelling off to day 39. The 1002 alun mortality rate f.s approxinaËely

fnternediate between that observed for the 507" and 1002 lime effluents,

with a consËant slope to day 32, followed by a levell1ng off to day 39.

hrhat fs remarkable 1s that the organfsms remainlng in the aquarLa suf-

ferlng the hfghest mortaliÈy, fn a relatively short lnterval, managed to

acclimate and rebound wfth sufflcient strength to maintain a high cumula-
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tlve level of productivlty, as shown in Ffgure 41. The 1002 llme efflu-

ent organlsns in partlcular were able to outperforn all other effluent

organlsus, in the testlng perfod. Daphnia in alun effluents, wfth the

exception of those fn the 50% concentratlon, maintalned cornpetitlve pro-

ductlon levels. The anomalous behavfour of the 502 alum effluent ln

terns of progeny generatfon r¡as natched only by the puzzllng and poor

performance of the 12.52 l1¡ne effluent. Flgure 34 shows that, the 502

alun effluent fn terms of ephtppia release, mafnÈaLned an lncreaslng

srress level from day 14 to day 39. The organfsrns in the L2.57" llne and

L2.5"1 alum effluents showed an increaslng stress from day 10 to day 39.

The more htghly stressed organl,sus in the alum effluent were more

productive, as seen in Figure 41.

The higher overall stress experienced fn the llme effluent was

probably due to early caustic pH effects. WiËh tine this stress level

aEtenuated to Ëhe point where the recorded ephippial releases ldere Èhe

lowest for the bloassay (from days 17 to 39) as seen ln Ffgure 33. High

sulphaÈe concentratlons and/or high aluninaÈe concentraËfons; 258 and 256

ng/l respectfvely, were the probable cause of the discorofort to the

organJ.sms in the alu¡o effluent. For both 1002 effluenÈs the following

argument ls being ProPosed:

1) The stress was so severe that only the organlsns wfth the potential to

adapt Èo the nufsance survlved, and nere forced fnto a resPonse vhich

r¿ould ensure species conElnuatlon by progeny generatfon at accelerated

level s;

2) The vlrÈual lack of ephippia produced by the 1002 lfme organfsms

during this perlod could possibly be attrlbuted to the cheroical charact-
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erfsÈl"cs of Ëhe effluent, inhfbiting the formation of ephlppla. This

characteristlc was perhaps not present in the case of the 1002 alum.

The rapfd depletlon of the lirnlted carbon an alkalinity stores may

have produeed increaslng stress on t.he organlsns. The rapid fncrease fn

ephlppial production from day 16 to 39 ls shown 1n Ffgure 34. Progeny

generation was, at thls tlme, the lot¡est for nost effluents.

8.4.4 ProductlvlÈy

"The difference between life expectancy Ln nature and in capËivity

and the dlfference in fecundiÈy per feuale as a functlon of the environ-

nent indicate that, under suitable conditions populatlons of organlsms

can increase at an exponential, logarlthmf-c, or Malthusian rate."(55)

The pattern of productivity plotted in figures 39 and 40 and the direct

observatlons made during the bioassay substantfate this princlple. The

12.5 and 251l ef.l.Luent.s appear to dernonstrate a logarithmic rate of pro-

ductivity. The 50 and 100% l1ne effluents demonstrate an exponentJ.al

rat.e of productfvity from day 28. The control effluents because of the

nutrient limitatlons mainÈatfned a cyclic productivlty pattern at a

Malthuslan raÈe.

The earllesË indication of distress IJas observed 1n the low numbers

of progeny produced 1n the lfne effluents; more notably in the 50 and

1OOZ concentratlons. Thts 1o¡¡ yleld pattern was maintalned over the

first 17 days, and was ln effect funct,lonal reproductive impairment. By

day 6 approxLmately one sixth of the daphnids in the 1002 line effluents

r¡ere dead. Many of Èhe survivlng daphnids l-n these aquaria bore a pecu-

llar black mottled paÈtern over theLr translucent bodies. No attenpt was
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made to examine them mfcroseopieally, since with the low lnftial sample

number, this handllng could have blased an eventual statlstical evalua-

tion of the bioassay. To avoid recording results which were in effect

responses to the trauma of handlLng the organlsms, the colonies ¡¡ere left

alone except for monft.oring, countlng and feedfng, to which each aquarlum

was exposed for a perlod of about. ffve minutes every 48 hours, and fn

some cases every 72 hours. No tine lapse was allowed before the intro-

duction of the daphnids to the effluents. The parent organisms were

lnitfally transferred to the effluent as soon as temperaÈure

equllibration was achfeved. Those in the more concentrated l1me efflu-

ents were immediately exposed to Èhe changes 1n pH whlch occurred over

the flrst few days. Daphnla used fn the four-day exploratory study were

LnËroduced into Èest concentratfons whlch had been allowed to slt fn the

experimental charober for three days.

The record of the adverse envLronment lnhabfted by the organisrns in

the 50 and 1002 effluents, is demonstrated fn Flgure 35. By day L2,257"

of the organisms 1n the 502 line and alum effluents were dead; while for

the 1002 effluents the alum organLsms suffered approxiroateLy 25%

mortallty and Èhe line organisms about 707. mortallty. The greater

response requlred by the more adverse condftlons, is lndlcated by the

dramatic lncrease 1n the slope of the Eortallty curves for the 50 and

100% effluenËs over this L2 day lnductlon perfod.

Figure 37 is a bar chart comparing the mean lengths of organisu for

all effluenÈs. A comparison of this chart Ì{lËh the bar charts for pro-

geny productíon and total population counts aÈ the end of the bioassay;

figures 42 and 43, shows that the larger mean sizes correspond to the
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lower total numbers f,n each case. The inverse relatlonship between mean

slze and numbers ls clear. Considering the blonass curves in Flgure 50,

this pattern nay be explained on the basls of a conblned response to

stress and the fertilizer effect of the sewage effluents. The uore

dllute effluents ¡rere lLmited ln essential nutrients. The rnore concen-

trated effluents r¡ere chemically unbalanced, but were evenËually stabtl-

lzed durlng Èhe perlod of accelerated algal grovth, directly stl-nulated

by avallable fertilizlng chemicals. In partfcular all the pfctorial

representations shown 1n the results demonst.rate less varlabllfty for the

ah¡rn effluents than for the lfne effluents. The mean sizes, progeny

productfon and total population counts are more uniform over all effluent

concentratfons, for the alum effluents. Thfs may be the direct resulE of

the more imrnediate vigorous growth of algae in the alum effluents

triggered by sulphate fertfll-zatlon. This held Èhe advantage for the

populatfons exposed to a more varied dlet; a cholce of naËural forage,

bacterl-a and Cerofood, the laboratory prepared nutrient. The blomass

change over the effluent range is a gradual stralght llne expressfon

ranging frorn .050 graus for the 102 effluent, to approxiroately .080 grams

for the 100% effluent. The computatlon of the bionass ls as per Marshall

(4r).

Biomass = Total Dry l.Ieight of Organlsms x 5

By contrast the lime bfonass curve ls descrlbed by a second order

expresslon, with an upper crftleal Lnflection point about t}ire 557" efflu-

ent concentration. This expresslon signlfies a more dynauic response Èo

environmental stress. Visually the adults ln the li¡ne effluenÈs appeared

to be generally undersfzed as fs demonstrated by ffgures 37, 38 and 46.

Thls effect was most pronounced ln Èhe case of the 1002 repliactes, Ln
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which organisms in additlon to being small were of a peculiar opalescent

hue. This could perhaps be due to the calcium content of the carapace.

I^Ias there a maturation delay or growth retardation caused by the precipi-

tation of viÈal trace elements necessary for growth by the liroe treaEment

of the secondary sewage effluent? The findlngs of }larshall (41), con-

cerning the response of Daphnia galeata mendotae to chronic cadmium

stress, mây be here relevant: a reductlon of average population nurnbers

and biomass, and an lncrease in varlabllity, survivabflity, Èurnover raËe

and adult fraction of the populatlon.

The sinilarity ln curves for the cumulative progeny productlon and

the population biomass, figures 46 and 50 respectively are noted. This

nay imply thaÈ the sÈÍmulus effect which influenced progeny generation

was maintained Èhroughout the bioassay. The bionass expresslon, by com-

putation, is lndirectly a function of the progeny generatfon statlstfc.

In terus of total population on day 39, figure 45 shor¿s the fertili-

zer lnfluence on the effluents, wfth the alum showing a declded advantage

in productlvlty over the line effluents.

The bar graph, flgure 46, presents Ehe Final Population CharacEeris-

tlc. Thls expression has been devised to show Èhe percentage yield 1n

terms of a young to adult differenEial. Young defÍned as those organlsms

passing through the mesh size of side .75 mm, but retained on the s¡naller

nesh size of side .113 rua. It fs an lndex of maturation or growth retar-

datÍon as influenced by environmental condiËions. It gives some idea of

the effect of varying effluent concentraÈions, on the organism. In

figure 46 the conÈrol group shows the lnost bias in terms of adult popu-

laÈion, because Èhis populatlon was being naintained at a basal 1evel;
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corresponding to the nutrient llmltations, wiEh a minimum of progeny gen-

eraËion and/or progeny survíval. Aluro effluents shor¿ the best balance.

The line effluents demonsËrate the Type-4 Survívorship Curve situation,

in whlch the toxicity affecÈs nostly the young (55). Too hÍgh a propor-

tion of young Eo adults lnplies efther that adults are dytng through

stress, or more tfkely that progeny production ls accelerated by a few

accllmated adults to comPensate for accelerated juvenlle mortality.

Examinatlon of the progeny generatlon curves Fígures 39 and 40, shows

that with the exception of the 12.5% effluen! concentratfon, which close-

ly parallels the paËtern of the alum effluents, the other llme effluents

generate progeny consistently at higher levels than for all other efflu-

enËs. The lime effluents are decldedly more stressful.

The bar graph shown in Figure 47, presents the Viability Dffferen-

Èial, a parameter devised to demonstrate the percentage survfval of

organisms relative to the numbers of progeny generaterl. In this bioassay

the size of the progeny aquaria was the limíting fac¡or. Since all

aquaria were of the same sIze, all populatíons were equally limited. The

difference in populatÍon numbers would be therefore a direct result of

the concentratÍon of the tertlary effluents. The statistic ls an index

reflecting the ability Èo survive under the prevailing environmental con-

ditions. An index of 100 indicates a survival rate equal to the progeny

production rate. An index over or under 100 indicaEes a corresponding

increase or decrease in survival raEes.

Figure 47 shol¡s a consistently good performance for all alum effluents

and a poor performance for the control and 25% lime concentraÈl-ons. The

best performances are for the 12.5% alum and lime effluents and for the
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502 line effluent.

8 .4 .5 Nurnerf cal Turnover (41)

Table (17) and Flgures 48-50 express the NumerÍcal Turnover Rates.

These functlons are the blrth rate, the rate of f-ncrease, the death rate,

and the mean 11fe expectancy. Thefr derlvation is explained below:

The lnterval Birthrate, b, fs based on Edmonson's (1968) Equatlon

where: (41)

b = ln (1 + E)/D . for:

D, duration of developnent. = 2.6 days
a value for Daphnla galeata mendotae at 20"C Ha1l (L964). This
value 1s sometfmes known as the }farshall Index and assumes that
development is independent of stress, nutritlonal condftfons
and water chemistry and fs a functfon only of teuperature.

E = /l of young produced
// of fernales survlving

The RaEe of Increase, r, 1s based on a modified form of Edmonsonrs

(1968) relationship where: (41)

t = (ln Na - lnN¡-7) 16 t . for t = the interval

between censuses where N ls the number counted at each census.

The Population DeaÈh Rate, d, ls a combination of the birth rate and

the rate of Lncrease, where:

d=b-r

The Mean Life Expectancy is an expression of the death rate where:

Mean Llfe Expectancy = L / d

The birth rates plotted in Figure 48 shor¡ an increasing rate with
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lncreasing effluent concentratlon. An increasLng death rate is recorded

in Table 17 and relates to an íncrease in effluent concentratfon. The

¡nean life expecÈancy as a functfon of the effluent concentratlon ranges

frorn 12.5-2L days for effluents below t}:.e 3O"/. level of concentratLon.

The organisms ln the alun effluents attain a maximum of 15 days, whereas

Ëhose ln the lfne effluents extended over the full range. These values

show an increase over the range found for the control group of aninals 1n

the study on the "Response to Chronlc Cadmlnun Stress" done by Marshall

(41), a range of L2-L4 days at 20"C. By contrast the range for the

control group in thfs experfment. was, as shown ln Flgure 49, L5-22.5 days

aE 20"C. Figure 49 sho¡¡s the organisms in the lfme effluents below the

30% effluent concentratlon perforning best in the ¡oean life expectancy

category. This may be related to the availablliÈy of vfEal trace

elements and the ambient concentratlon of the Ca#ion. The health of

the organisms may be dependent on a crltical blochenlcal synergistlc

relationshlp. A similar relationshfp rnay explain the marginally better

perfornance of the ak¡m effluents belo¡v the 302 concentratfon bench mark,

compared with the steady decllne from the 30 - 1002 effluent range.

Beyond the 302 level of concentratlon the ionic characËer of the

effluents perhaps contrlbutes to stress through adverse chelatlng

effects. An examination of the blrth rates in Table 17 shows that,

compared to Èhe rates found by Hall (1964) for Daphnia galeata mendotae

aÈ 20"C, .22-.34 aay-1(41), thls bloassay performed badly for all

categories of effluent.

8.4.6 PredicÈive Value of Bioassay
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"An eeological law does not owe its validity Èo fts lndoor or out.-

door origin but rather to its predfctl-ve value when confronted with

actual problems" (55). The microcosm bioassay can be used for interpre-

tation of the more dynamlc "natural" environment. In partícular an

evaluation of the absence of predatlon nay be relevant.

The populations adversely affected by the effluent dfd recover and

appeared capable of re-establishlng thelr v1Èality as the strength of the

pollutant abated. However fn an environrnent of continuous discharge or

where predatlon \,ras a factor, would this have been the case? Contfnuous

discharges in the same zone could result ln eliminatl-on of Èhis species

in a well-defined mixing zone, the niche to be perhaps filled by a

specles nnore Ëolerant of that parficular polluÈant. Predation would

follow a different course. Seldom in nature 1s predatlon so severe as to

completely eradfcate the prey. In tlmes of scarcity of prey if the range

is not confined, the predator hunts where the prey j-s more numerous, and

where the energy balance becones more efficienÈ. The dynamic aspect of

the prey-predator relationshlp allows the prey adequate recovery time.

Slobodkln(55) sum¡oarizes: "Typlcally, predators feed on the most

abundanL food species avallable aÈ any parEicular time, and as soon as

Èhis shows any sign of scarclty they switch Eheir feeding preferences."

This may mean flndlng new forage grounds. By Lindenanfs Rule, the base

raÈe of chase energy expended in search musÈ not exceed the energy intake

Èhrough feeding.

The computerized curves used in Èhis discusslon, represent a

probabillstic sÈatement, based on the input infornation, that forecasÈs

the likely path of the partlcular funcËion. The nore the data points
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avallable to the computer, the more reliabillty can be assigned to the

curve output by Ëhe computer. The compuÈer consistently generates a

curve or family of curves LhaÈ will be a characterlstic of both the

effluent and the dllutlon waÈer quality.

8.5 Log-Probabflfty and Statfstical Assessnent Data

8.5.1 Mortallty Versus Tlme

The mortallty-tirne curves presented in Figures 51 and 52 were only

based on three points. They nay be relied upon only to gfve some useful

indicatlon sfnce for every effluent the data points were ln perfect

alignnent.

In Figure 51 lt is evldenË that the control exceeds the L2.5 and 25%

effluents ln toxiclty. The mortallty-tine function for the control group

has the steepest gradient, lmplyfng the hlghest nortality; thfs by reason

of lts most severe nutrient deflclency, as previously noted. At the

L2.5"/. effluent concentratLon level, the lirne 1s the most toxic. At the

257. ef.fLuent 1evel the alum ts the most toxic. Flgure 52 shows thaÈ at

the 502 level the lfuûe appears to be the nårg1nally more toxLc effluent

with a gradfent dfverging to hlgher mortallty. At the 1002 effluent

concenÈration level, the alum effluent has a slope parallel to and by far

exceedlng the control functfon in steepness. The bloassay was termlnated

on day 39. Within Èhfs tfne ltnit the line rsas the most toxic effluent;

but the alu¡n effluents were becomÍng lncreaslngly toxic because of too

rapid a depletlon of nutrients durlng the sustalned perlod of
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productivlty. rn the harvest of organisms from the parent aquaria

nutrients were in effect being removed from the environmental pool; hence

the depletion with tfme since apart from the Cerofood diet there rdas no

other signlflcanÈ nutrfent fnput. The bioassay was essentlally a staEic

bloassay. Replacement of fluids was limfted to auounts lost during

counting of organisms and the resupply of a t.otal volume of 180 ml during

the 39 day perlod; the volurne drawn from each aquariurn for analysls.

The level of toxlcity was not acute. The 12.5 and 25% effluent

levels appear the nosË beneficial in the test range. The control group

was the only function whlch when extrapolated produced an Effective Tine

- 847" (ETg¿) staristic. This value projecred rhar in 150 days ar rhe

rate exPressed by the function, 84% mortatity would have occurred fn the

control effluents. The low grade toxlclty level, without the benefft of

Èhe ET84 statistlc, implled that for all practical purposes there was no

addltional infornation to be gained by applying Èhe meÈhod of Litchfield

& Wilcoxon (45).

8.5.2 Percent Survfval Versus Effluent ConcentraËLon

Applicatlon of the method of Lftchfleld & l,Iilcoxon (45) demonstrated

that none of the effluenÈs flllctted the acuÈe Èoxicity response, for

which the nethod was devised. In all cases the ET16 statistlc had to be

esÈ1maÈed. For days 32 and 39 the dose raEio/slope function statistfc

was off the scale of the nomograph and could only be estiuated.

0n day 12, as per figure 53, the Lttchfleld-wilcoxon (45) rnethod

gave the f,ollowing informaLlon within the lfmits of L9/20 probabiltty:

1) The curves deviated significantly from parallelism;

2) The li¡ne and alum effluents differed significantly in potency;
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3) The alurn effluent was nore benefÍcial by a slight margin;

4) The potency ratio, 1.053, was found withÍn the following llmits 1.035

to 1.071 inplylng that, aÈ the level of test, the line effluents

appeared to be 1.053 times more toxic than Ehe alum effluents.

0n days 32 and 39 as per Figures 54 and 55 respectively the

Lttchfield-Wilcoxon nethod gave the followlng Ínformation within the

19 /20 probabiltty linf t,s :

1) The curves deviated signtflcantly from parallelisn;

2) The line and alum effluents dlffered signlflcantly in potency;

3) The alum effluent was slgniffcantly more beneflcial than the l1me

effluents;

4) The potency ratio on day 32 was 1.6, and lay withln a 1.5 to 1.7

confidence lnterval. The lirne effluents were, wfthin the error

margin, 1.6 tlmes rnore toxic than the alum.

5) On day 39 the potency ratio was 1.4, wfthin an error margfn (1.4 to

r.44).

From this series of graphs, figure 53 - 55, ff a common beneflcial

discharge llmit were selected, based on the survlval of organlsms, the

upper llmlt would be placed at the 25"/" concentratfon level. The

functions for both types of effluent are approxlnately cofncident at this

point. and produce survival percentages of 82, 68 and 68"/" f.or days L2, 32

and 39 respectively.

8.5.3 Tests of Signiflcance

8.5.3.1 Analysis of Mean Head-Spine Lengths
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using the control group as reference and applylng Dunnettfs (46)

SËatistical Analysis (a nultlvariate analogue of Ëhe Studentrs-Ë distri-

butlon) for one- and trdo-tafled confldence fntervals at the 957" level of

t.est; the couparisons are presenterl ln Table 18 and Figure 56. The con-

trol Daphnfa were best 1n thls caËegory. The Daphnia in the 12.5 alurn

and l1ne effluents are the groups closest to the control.

Mean head to spfne lengths were ranked by "A conparison of Means"

(45). The control was nost beneficfal, followed in order of benefit by

the 12.5% lime, and next the 12.57" alun effluent. There were two group-

ings after these leaders. Next ranked was:

25"/" AIun, 507. Alum, 502 Ltroe.

Least beneficial was 25% Ll-ue, L}O"/" Lime and 1002 Alum.

8.5.3.2 SignÍficance of Progeny Production, Population and Bfrthrate

Cumulatfve progeny production by the parent group r^7as t.ested for

slgniffcance using the Dunnettrs(46) statistic for a two-Èailed confi-

dence fnterval at a 951l leve1 of signlficance. No stgniflcant difference

was found between the control and the other effluents. The confidence

margins are presented in Table 19.

The total populatlon on hand on day 39 was analyzed uslng the same

statistic and confidence levels. A significant posltive dlfference in

numbers was found in the case of the 1002 lime effluents. Only one

repllcate was available for the 100% alt¡m due to unexplained death of all

Èhe Daphnla 1n the other repllcate. When the surviving replicate was

used as an average of the two, a significant posítive difference was

found between this population and the control group. Superior numbers of
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diminutive slze found for Ehe t\ro worst performers in the head-spine

length and mortallty of parent Daphnia categories, was perhaps an

adaptatlon to Ëhe adverse envfronment. The confidence marglns are

presented in Table 19.

Table 20, the Birth Rate Analysfs by Dunnett's (46) statistic wfrh a

952 confidence level f.or a tno-tafled test, shows no stgniflcant

difference between the birth rates of any groups when compared to the

control.
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9. CONCLUSIONS

The concluslons derived from the comparative bioassay study are:

This bloassay study has been prelininary in seope. There is need

for further work in several areas for a closer scrutiny of these

tenÈative results.

The l1me and alum effluenEs were noË acutely Èoxlc. In terms of

chronic toxicity, the 1lme effluents were signlficantly more pot,enÈ

than the alum effluents. In terns of statistically determined

potency ratlos the lime effluents were between 1.4 to 34.6 tinoes

more active than the a1u¡q effluents.

The llme and alum effluents caused changes in the response of the

Daphnia to the environment. Both effluents produeed a generalized

fertfllzation effect on the communÍty of flora and fauna. hrhether

the performance of these tertiary effluenÈs r¡ould have surpassed Ehe

performance of a well- balanced control remains unclear.

With rofnor reservatlons, the alum effluents were more beneficial

than the lime because they Ínmediately proraoted and sustained a

standing crop of algae, that was food for Daphnia which graze and

lfve in community with the algae.

Functlonal reproductíve iropalrrnent was not clearly demonsÈraÈed.

After a variable acclimatlon perfod, the organisms 1n the tertiary

effluents demonsËrated a population recovery in the forrn of

3.

4.

5.
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accelerated progeny production. This was nost likely a response Èo

the earlier and continuíng stress. This bioassay could not

differentiate between a population increase due Eo stress or to

fert.llizer ef f ect.

6. The 100% lime effluents requfred the longest f-nductfon period and

produced the highest early nortality; but the organisms recovered

and sustained birth of progeny at a very hlgh rate.

7 ' In terms of cumulative progeny production there \,ùas no statistically

significant difference between the effluents.

8' The more concentrated effluents caused a pronounced dini.nution in
Ëhe sízes of offspring, appeared to retard Lhe gro\^7Ëh and maturation

of the progeny and sustained greater numbers of Ëhese organisms

compared to the more dilute effluents.

9. The 1002 lime effluents were the most toxíc to the Daphnia. Early

pH fluctuations nay have been the cause of the high nortality Ín the

1002 lime effluenrs.

10 ' The lime treatmenÈ of the secondary effluent red.uced the magnesium

fron 15.2 
^e/t to a residual of 0.08 ng/l fn rhe tertiary effluent.

Trace elements vital to the r¿ell-beíng of the microcrustacean may

have also been similarly preclpitated. To a lesser extent the alum

precipitation may have had a similar effect on trace minerals.

11. The carbon and nutrient lirnited control exhibited a MalthusÍan rate

of productivfty.

12" The reconstituted water control provided the mosL beneficial

environment in terms of mean lÍfe expectancy and mean head-spine

lengËh of organisms. This treaÈment r¿as also Ëhe poorest in terms
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of progeny productfon and total final population. The 12.52 line

and 12.5% alurn tertiary effluents, in order, were the next best

performers in terms of mean head-spine length of organisrns.

13 " The superior sizes of the organisms 1n the control and the known

nutrfent deficiency of the conÈrol may indicate that, rdere the

control waËer adequaÈe in terms of the chemical and nutrienË

requirements of a healthy algal culture, it could have sustained

prollflc production.

L4. rn conducting a bioassay study pertaining to a specific discharge

environment, the safest pollcy r¿ould be to use as a control and

dilutlon water, a screened and sterllfzed sauple of the water taken

from the intended discharge basin.

15. Before discharge into a glven environment, the characÈeristlcs of

each effluent should be carefully considered:

(a) I,Iith 1002 alum-treated effluents, the sulphate ferËilization

factor should be carefully scrutinized especially where the

volume of effluent dfscharged would be significant, because the

1evel of fertllizatlon may be considerable.

(b) The 1002 lime effluents mây cause early pH fluctuatrons, and

require a long acclimation period before Ëhe microfauna becoine

well adjusted. Also, there may be lnpalrment of the normal

biochemical functioning of microfauna, due to mineral

deficieney, or other chemical interferences.

(c) The alun t.reaEment removes inorganic carbon in amounts that Eay

be required for the contfnued sustenance of algae. An early

decline in the vitality of the community of flora and fauna may
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occur, due Èo Ëhe deficíency in inorganic carbon.

16. Holding ponds for tertiary effluent with a mfníroum retention tirne of

L2 to 20 days are recommended to reduce the environrnental hazatd.

Based on percentage survival, and life expect,ancy data, the upper

linit for discharge, after adequate retention, would be a tÍne-

regulated volume, equlvalent to a 302 effluent concentration.
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10. SUGGESTIONS FOR FUTURE STUDY

The followlng suggestlons for research have been made to brfng fnto

focus and/or clarify aspects of this bfoassay study that are at the time

of this writing 1n question.

1. The reasons for the mottlfng and high nortality among daphnids ln

the 1002 lime effluents should be investigated.

2. A detalled study of ephippfal production under the stressful

condiËions of this bioassay should be initiated t.o determlne whegher

a cause-effect relationship exfsts that can be quantifled.

3. A determination of the optimum alkalinfty requirements of Daphnia

magna should be conducted.

4. A study should be conducted on the effects of aluminum and turbidity

on Daphnia magna to investigate whether opÈlmum and minimum liuits

for well being exist.

5. The miniroum magnesium requirenent of Daphnia Dagna should be

fnvestigated.

6. Further comparative bioassay studies of che¡nicals eommonly used in

tertiary Ereatment, and Èheir poËentfal effects on Èhe aquatlc

environment should be undertaken. Apart fron lime, aluu, ferrous

sulphate and ferrlc chlorÍde, such a study could include treatments

using chenical combinatlons, for example, the lirne plus sodium

hydroxide system.
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A study of the causes of growth retardatfon in organisras reared in

the 1l¡ae and 100% alurn effluent should be launched and some attenpt

made to isolate the factors responsible. ff an absent chenical is

responsible, effluents rnay be fortified by the addttlon of required

guantities so that. immediate discharge could be aEtempted without

environmental hazard.

A study should be launched to deter¡oine whether the bloon caused by

the high sulphate content of alurn effluents, exceeds the bloom to be

expected from discharge of secondary effluents and whtch effluent is

preferable 1n a given situation.

8.
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12 APPENDICES

12.1 Appendix I

MISCELLANEOUS TASIJLATED EXPERIMENTAL DATA
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L2.2 APPENDIX II

SAI'ÍPLE STATISÎICAL ANAIYSES

12.2.I. TesÈ for Equality of Means

I2.2.2. A Conparison of Þfeans

L2-2.3. Ilultívariate Analyses of Mean Head - Spine Lengths

L2.2.4. Dunnettrs - statisÈic for comparing Means I.JiÈh a control



T7L

I2.2. Sample Statisrical Analyses

12.2.L. Test for Equality of Means (42)

}ÍODEL

Y.. = u. *e..r_J l- aJ

¡¡here Y-. is the j-th observation of the i-th group;
r_J

u, is the uean of the í-th group; and,'t-

ej. error is normally distributed with mean 0 and unknon'nrJ
.2varrance o .

To tesÈ H (u. = }l^ = ..... = u ) versuso - i- ¿ 'n

H (u= + p. for sorne ij)ar-J

correction facror = (GT)2 = t
NN

Raw daÈa input: Head to spine measurements of daphnids randomly

selected fron all 18 progeny aquaria at the end of the

experiment. Replicates combined as one sample fe. n = 50.

For 1002 ah.ro where death occurred in one aquarium n = 25.

L.iue

cmÈrcI u.sz 25I' 502 looz L2.52 252 5OZ Loo"t Row Manfpularloog
It, - 102.ó æ.2 ó4.3 67.1 59.5 74.6 66.4 69.8 31.4 su - x = 621.9

i ' 2-o5 1.69 r.29 r.35 f.r9 L.4g 1.33 L.42 L.z6 Averâge - x- - r.46
(rrr)2 - 1052ó.7ó 74:f..44 4L34.49 4502.4r 3540.25 5565.16 4408.96 4872.Ot1 98s.96

nt '?t 50.05 51'01 49.g4 4s.7o 5o.o 50.07 4g-gz 49.1s 24.92 su - N - h?4.66

I

llrr)2 lnr' 2L0.32 ró5.67 82.96 90.59 7o.Br ru.rs BB.3z 99.13 39,57
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Total Sum of Squares:

22.x r Xi., -X = (97.92+ LI6.7L + 65.03 + ... + 40.18) - (62r.Ð¿
ij -J N +u.ao

= 47 .21

Among-groups Sum of Squares:

, x? - x2 = L02.62*ü +... +3t.42 - G2r.Ð2.ti - N 50.05 s1.01 24.92 424.66ni
= 27.77

l'Iithin-groups s,rm of squares = Tot.al sum of squares - Among groups
Sum of Squares:

= 47.2I - 27.77

= L9.44

Analysis of Variance Table:

Source df SS ìfS F

Treatment I 27.77 3.47 74.26

Error 416 19.44 0.04673I

Totals 424 47.2L

To test H^ (uf = lt2 = U3 = ... 3 u9) versuso'

H^ (u_. + u. for some u. .)a '1 j 'Íj'

Sample F value :

F = 3.47 = 74.3
.04673t

l^Ie reject ar.ll hypothesis if F > Fo

l.Ie choose c, = .05

From Tables 2g

I'=E'^.05, g, 416 '.05, g, cr

F=!.94 < 74.3
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Degrees of Freedom
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2.65

2.59
2.54
2.49
2.46
2.42

2.39
2.3?
2.34
2.32
2.30

2.28
2.27
2.25
2.2+
2.22

2.21
2.t2
2.O4
1.96
1.88

I
9

IO
il
T2

l3
l4

t5
I6
l7
l8
t9

20
2t
22
23
24

25
26
27
28
29

30
40
60

t20
co

5.0s
4.39
3.97
3.69
3.48

3.33
3.20
3.t¡
3.03
2.96

2.90
2.85
2.81
2.77
2.7+

2.7 t

2.68
2.66
2.64
2.62

2.60
2.59
2.57
2.56
2.55

2.53
2.45
2.37
2.29
2.21

4.82
4.t5
J.t5
3.44
3.23

3.07
2.95
2.8s
2.77
2.70

2.6+
2.59
2.5s
2.51
2.+8

2.45
2.42
2.40
2.37
2.36

2.3+
2.32
2.3t
2.29
2.28

2.27
2.t8
2.r0
2.02
t.94

TAJLE 28 PercenËage poinËs of the F distribution 6O ).
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Decisisn: I{e reject the nur-l hypothesis of equal means at Ëhe

57" LeveL of test signíficance.

We accepr H" ie (u, + uj)

L2.2.2. A Comparison qf Means

1. Arrange means in ascending order of magnitude

Xlr X2¡ 213 r X{r r *r,

2. I'Ie should use the t - statistic but because of similarity
ne can use the normal distribution ie Z ( 4ù .

3. Finally group as to ueans difference.

LX^=X_ ¿I

{.0/+673L / I t_+_.
nl \2

Means Test if:

Z < 1.96 lnplies no difference íe homogeneous

Z > 1.96 iuplies a dífference. We start r¿ith i^.
¿

IJetake I = i, - i,

{.04673I lI + 1
at t,

Lf Z < 1.96 continuê for i - ;_nJ-

{.046ñ ll + I
ttn

n
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If z = 14 -;1 > L.96

Co4673r 'Æ- I
"r l,*

This iuplies a difference)Ire now use fO as Èhe new base.

Z=xE-x t4

mr €E
1¡+ n5

Ranking:

LlEe 1002 A1ø 1002 Llne 257 Alup 252 Ll¡e 502 AluE 5OZ Alw 12.51 Li¡€ 12.52 Conrrol

rr-1.19 iZ-L.ZO rr- 1.29 rO- 1.33 rr- Ì.35 xó- I.42 rr- 1.49 rr- 1.69 r, - 2.05

¡t-50 n2-25 ¡3- 50 n¡.- 50 ¡s- 50 n6- 50 n?- 50 ns- 50 ne - 50

L.26 - r.L9 = L.32 < 1.96 Ínplies no difference.

,t.046731 €¡t50 25

22=1.29-1.19 = L.64 < 1.96 implies no dif ference

,rßæ /-04 + ß4

Z3 = 1.33 - 1.19 = 2.29 > I.96 inpl-ies a difference.
.0611

24 = 1.35 - l-.33 = .327L < 1.96 Ímplíes no diff erence.
.0611

Z s = I.42 - L.33 = I.47 < I.96 inplies a dif ference .

.0611
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26 = 1.49 - 1.¿3 = 2.6L > 1.96 inplies a difference'
.0611

Zz = L.69 - L.49 = 3.2 > 1.96 inplies a difference.
.0611

Zg = 2.05 - L.69 = 5.88 > 1.96 inplies a difference'
.0611

Grouping; from a standpoint of sÍze the highest grouP is most

beneficial.:

Group 1 Group 2 Group 3 Group 4 Group 5

1002 Line 257[ ÃLtn I2.5"/. ÃLun L2.5% Ltme Control

l00Z Alurn 507" LLme Group

25% Lj-me 50% Alun

12.2,3. Multivariate Analysis of Mean Head - Spine Lengths (49.

Line A}¡n

Control L2.52 252 502 l00Z L2.52 25"A 5O7" 1O0Z

S¡s of lengths, m 102.6 86.2 64.3 ó7.1 59.5 74.6 66.4 69.8 31.4

Obaervatlon - n 50 50 50 50 50 50 50 50 25 :.,

SanpIe}þan.-xz.os1.69I.2g1.351.19l.491'33L.42L.26
2

varl.ance6.o.0854.0398.o232.o420.0396.0339.05l0.0786.0309

for p, nuuber of treatments excluding control = 8

for N, nr¡mber of observatÍon per sarople = 25.

df = (tNr) -(p + l-) = 425-9

= 416
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TABLE 29 Table of t for two-sided comparisons betvreen p treatnent
means and a control for a joint confidence coeffÍcient
of p = 95"Á. GÐ .

5

6

I
8
I

l0
lt
t2
r3
l{

t5
r6
t7
It
¡9

2.23 t 2.57
2.m 12.53
2.18 12.50
2.16 I 2.18
2.t1 | 2.46

2.57
2.15
2.3ô
2.31
2.26

2. l3
2.r2
2.tt
2.10
2.09

2.0s
2.06
2.M
2.02
2.00

t.98
1.96

3.03
2.86
2.75
2.67
2 .61

3.39
3.18
3.04
2.94
2.86

2 .81
2.76
2.72
2.65
2.07

2.64
2,83
2.6t
2.59
2 .58

2.57
2.63
2.ffi
2,47
2.43

2.ß
2.37

3.66
3.4r
8,2,4
3. r3
3.04

2.97
2.92
2.88
2.U
2.8r

2.79
¿.tl
2.75
2.73
2.72

2.70
2.06
2.62
2.58
2,65

2.51
2.47

3. t8
3.60
8 ar
s.28
3. r8

3.u
3.05
3.00
2.96
2.93

2.90
2.E8
2 .85
2.U
2.82

2.8r
2.76
2.72
2.67
2.63

2 .59
2.55

t.06
3.75
I .54
3.40
3 .29

8.2t
3. r.5

3.10
3.06
3.O2

2.gs
2 .96
2.94
2.92
2.90

2.89
2.U
2.75
2.75
2.70

1.22
3 .88
3.66
3 .61
3.39

3.31
3.24
3. r8
3. r4
3. r0

3.07
3.04
3.01
2.99
2.57

2.96
2.91
2.86
2 .81
2.76

4.36
4.00
3.76
3.60
3.{8

3.39
3.31
3.25
3 .2r
3.r7

3. r3
3.10
3.08
3.05
3.04

1.15
4.r1
3 .86
3 .68
3 .55

3.46
3 .38
3.32
3.27
3.25

3.19
3. 16
3. 13

3.lr
3.09

2.80
2.75

,àJ

2{
30

{0
tt)

t30
inf.

2.44
2.42
2.4L
2.ß
2.39

2 .38
2.35
2.32
2.29
2.27

2.24
2.2t

3.02 I 3.07
2.96 13.0r
2.91 12.s6
2.86 I 2.90
2.t1 | 2.85

2.ø6 I 2.7r
2.62 I 2.87

2.76
2.7r

p, Nuxrtr O¡ Ta¡¡rxpxr Mnr¡e (Ercluorxo Tan Coxrror.)
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Calculation of Average Variance = S,
25 25

^2n??,sî = r x xl (L02.6' + 96.2' + 64.3' + + 2L.4')- i=1i=1 - 50 50 50 25

(t Ni) (p + 1)

= 957 .95 - (899.6L + L9.72)
4L6

S2 = .0928

$ = .3047

Esti-¡oated standard error of a difference between tvJo means

= SEÑ

= .3047 M
= .0862

AllowancerA = tst/Ñ

Using Table 29 for p = I and df = 4L6 fj.nd t = 2.7I tor 95"/"

confidence.

A = l.7L x.3047 'M
= .2336

Therefore for two-sided linits the experimenter can conclude with

952 confídence that t,he mean head to spine lengths of the organisms

for the two processes are depressed, coupared with those of the control,

by the following amounËs in n'm.

TreaËuenÈ nean Control nean I A

Liue Alum

L2.5i4 257" 50z rO0"Á 12.57" 25% 50i¿ L007.

-.L264 -.5264 -.4664 -.6264 -.3264 -.4864 -.3964 -.5564

-.5936 -.9936 -.9336 -1.0936 -.7936 -.9536 -.8635 -L.0236



L79

Calculating A for one sided limits.

Using Table 30, p = 8, df =@, t = 2.38 for 95"/. conf.Ldence.

A = 2.38 x .3047 M

=.2051

For one-sided linit we can conclude vríth gs"/" confidence that

the mean head to spine lengths of the organisms for these pro-

cesses are depressed compared r¡fth those of the control of the

following âmounts in rrm. TreaÈment mean - Control mean +A
Lime Ah:ro

L2.57! 25% 507. L00i( 12.52 25"/" 50"/" roo"/"-.lss -.sss -.495 -.65s -.3549 -.5r5 -.42s -.585

-.s6s -.965 0.90s -1.06s -.765 -.92s -.835 _.99s

L2.2.4. lgnnetr's È-StarisË arins Me s with a Control

Analysis of cumulaÈive progeny production:

n = number of trials per batch = 2

lç = nr:mber of treatments (including the control)

df = degrees of freedoms for ffi"rro, = (XNi)

p = nuraber of treatnenÈs (excluding the control)

dfln.thods) = k-1 = I

Ho = progeny production in all groups (equal)

H" f progeny producËion

-o

(p+1)
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TASLE 30 Table of t for one-sided comparísons between p treatment
means and a control for a joint confidence coefficientofP=95"/..(49).

p, ){uxana Or TsplryBxr Msrxg (Ercluorxo Tur Conraor,)

l0
¡t
r2
¡3
t{

d.f .

5

ri

6

!¡

t5
t6
t7

t8
t9

Àt

lr0

{0
ö0

I .8t
1.80
r .78
t .77
r .76

r .75
r.75
r.74
l .73
r.73

t.72
t.7 I
l .70
1.68
r .67

¡.66
r.64

2.t5
2.13
2.rt
2.09
2.08

2 .68
2.56
2.48
2.42
oÐ1

2.34
2.31
2.29
2.27
,.ra

2.85
2.7t
2.62
2.55
2.æ

2.47
2.4
2.4t
2.39
2.37

2 .36
2.34
2.93
2.32
2 .31

2.æ
2.28
2.25
qoc

2.2t

2.98
2.83
2.73
2.66
2.ú

2.56
2.53
2.50
2.48
2.16

2.u
2.43
2.42
2.4r
2.&

2.35
2.36
2.3¡|
2.8t
2.28

3.08
2.92
2.82
2.74
2 .68

2.ø4
2.60
2.68
2 .55
2.63

2.6r
2.û
2.49
2.18
2.47

2.46
2.43
2.û
2.37
2.85

3.16
3.00
2.89
2.81
2.75

3.24
3 .07
2.95
2.87
2.8t

3 .30
3.12
3.01
2.92
2 .86

2.26
2.23

2.32
2.25

2.5L
2.48
2.15
2.12
2.39

2.37
2.34

2.56
2.63
2.50
2.47
2.44

2.67
2 .65
2.64
2.62
2.61

2.60
2.57
2.54
2.5r
2.48

2.02 | 2.44
t .94 I 2.34
t.89 | 2.27
t.86 I 2.22
1.83 | 2.18

2.70 12.76 12.8r
2.67 12.72 12,77
2.6412.øs12.74
2.6tl|2.66 12.7t
2.59 12.6412.65

2.07 I 2.24 2.67 I 2.62
2.06 | 2.23 2.56 | 2.6r
2.05 I 2.22 2.54 I 2.55
2.04 | 2.2r 2.53 I 2.58

2.03 I 2. r9
2.Or I 2.17
1.99 | 2.r5
r.97 12.r3

r.93 12.08 12.18 2.41 | 2.45r.92 12.06 12.16
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T = T. Tfo

ñ-ltterror

= î.'- T for ¡ = 2
-lo

'&--error
Lime Alun

control L2 ,5"/. 25% 507" LOO?" L2.5"/. 257. 50'Á LOOT"

55978g2Lg39001536114111699982275
560503113722632065L259L448747766

T. 1119 L2g2 3330 3163 362L 2400 26L7 L745 3041
J ,

r(xÍ) 626oBL B7s53o 6to2o1a 5931169 6685361 2886962 6350227 1ss4013 s76238r
J

T. 559.5 646 1665 1581ó 1810.5 1200 l-308.5 872.5 1520.5
J

)
c = I(T.) = 22328; [(ix-) = 36773742

J

It(1) = c'/kn = (22328)'/ß = 27696644

2(2) = t(tx ) = 36773742

'))?n(3) = (t't-t) ln = (1119¿ + Lzgz' + . .. + 304L') /2

= 31013965

SS , = (3) - (1) =33L732L
meEnoos

SS = Q) (3) = 5759777error

qq = (2) - (1) =9077098""Èotrl
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Source of Variation SS df ÈfS

MeËhods 33t732L I 4L4665.13 .64793

ExperimenËal Error 5759777 9 639975.22

Tota1 9077098 17

Fron Table 29, T.9S (f, g) = 3.48

t = 646- 559.5 = .108

/63997s J2

Since .108 . tcritical = 3.48 we accept Ho

Allowance, A = t.95 ffiÑ

= 3.48 /639975.n

= 2784

Confidence Interval = T. - i t
Jo

For 12.5% Lime CI = (646 - 559.5) ! 2784

= 84 t 2784

Hence at the 95% level of test lre can state that there is uo signi-

ficanÈ difference between the progeny production in the control

group and the L2.57. lÍne effluent.

This iteraÈion fs continued for all groups.
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