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Abstract: .
This study was conducted in.an effort to .assess the e

toxicity of fluid emanating from potential sludges produced ¢

as a result of the "hotrwater extraction process" employed

in extracting oil from the tar sands in Alberta. A further

attempt was made to identify specific componen sf;?actors,

and/oZ properties which might ﬁe responsible for any toxi-

city/observed in ‘the emanating sludge fluid. Fluids

emanating from 14 different potential sludges resulting

f;om various proposed treatment processes were considered,

All emanated fluidschere observed to be highly toxic to

the green alga, Selenastrum capricornutum,with LC 50

range varying from 5-33% (v/v) and an average LC 50 value

of 25.8% (v/v); After activated carbon treatment the LC 50

.
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range for the same samples ranged from 17-47% (v/v) with




. >

.tv\-a‘_

- industrial origin also Lndicatéd a relaE1Vely 1o

3 . \
an average LC 50 valué’ of 34.8% (v/v). Bll emanated
fluids were observed to ‘exhibit much less toxicity to the

\
marine bacterium resembling Photobacterium phosphoreum

with an LC 50 range varying from 40% to 100% (v(v) and with
'qn average LC 50 value of 85% (v/v). Oxyden uptake curves

obtained from samples inoculated with microorganisms of

~
°

toxicity

in the emanated sludge fluid.

‘%

Differences of toxicity not greater thapn/ 5% between

observed with respect to S§. capricornutum. The t xicityl

observed appeared to be associated with the ammo \ cortent

of the samples which found to be above the safe limits for
recelving waters. The sampIEB\;oxicity was decreased by,
25% during 25 week period of ekXposure to the laboratory

environmental conditions.
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Cette étude fut conduite dans le but de déterminer
toxicité du fluide émanant des boues produites résultant

du"procédé d'extraction d'eau chaude” utilisé dans 1'ex-

traction de l'huile des sables baiatumineux de 1'Alberta. . /r—

Un effort fut mené vers l'identification de composantes

2

spécifiques, facteurs et/ou propriétés qui pourraient

causer la toxicité observée. Les fluides émanant de 14

N

7

boues diiférentes, résultant de procédés de traitement
Y

variés, furent considérés. Tous les fluides émanants ont
A . .

o

démontrd une forte toxicité envers l'alguwe de Selenastrum a

= ¢
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4

capriefrnutum avec une concentration létale varaiant de .

5-33% (v/v) et avec une moyenne de 25.8% (v/v). Aprés un

~

traitement au carbone ackivé, les concentrations létales
des mémes échantillons s'échlelonnaient entre 17-47% (v/v)

avec une valeur moyehne de [34.8% (v/v). Tous les échan-
t i

. . . STz L2 o .
tillons de fluides émanants éeétudiés ont démontré un@lt xi-

cité moindre envers la bactérie aguatique similaire au
Photobacteriumiphosphoreum, avec une concentration létale
P K 5

variant de 40% a 100% (v/v) avec une moyenne de 85% (v/v). .

Des courbes de conhommationk@'oxygéne obtenues A partir
d'échantillons de fluides ensemencés avec des microorga- .

nismes dforigige industrielle, ont comme 1'essai précédent,
démontré une faible toxicité. Des différences de toxicité

X
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n& dépassant pas 5% entre les échantillons enriehis 4'EDTA
et ceux sans EDTA ont indiqué que les métaux présents ne
sont‘pasxresponsables de la forte ;ox1c;té observée.avec
le s\ c9pr1;ornutum. La toxicité des fluides émanants

~ -

semblayt 8tre associée avec le contenu en ammoniaque des

échantillons, qul apres analyse se sont montrés étre au-

v

2 . i
dessus des limlites sécuritaires pour les eaux réceptricés

. - /_/'\

s
La toxicité des échantillons gut décrue de 25% aprés expo-

A

sition de ces mémes échantillons pendant 25 semaines a des
\ L UETER

e
conditions d'environnement du laboratoire. -
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INTRODUCTION . To-

1l.1. Statement of the problem L7

FRC

The Athabasca 0il Sands deposits in Northeastern
Alberta, are a unique deposit requiring recovery

methods entirely different from those of conventiona7 ‘

\\J'\\

0il deposits. Although a multitude of companies have
spent large amounts of money in research on alternate

methods of 01l recovery, only one proces¥ namely” the

hot water recovery method, is presently employe '{3
(Appendix Aa). Large scale development using this\method

in the forseasable future will require disposal of large
f

quantities of wastewater or tailings. These tailings
[

consist principally of water with an approximately

3% solids content comprised mainly of sand and clay-

- d

sized particles. Because the hot water' recovery method )
1s only 90-95% efficient in extracting the oil, a small
fraction of the oil or bitumen is also incorporated '
into the tailings. Present technology has dealt with

‘this problem by retaining the majqrity of these waste-

i

2
»

waters or tailings in ponds. The tailings pondsf due

, ,
to the settling properties of the solid fraction of the

tailings, consist of a larée volume of sludge covered

by a relatively thin layer of surface water, (solid concen-

tration ® 1.0%). Eventually, the environmental implica-

! ' N




( . 'tlons of these large tailings ponds must be considered.

To dafe, environmental impact studies associated with

the tai1lidng ponds have been rather limited. Hrudey et
)

-al (1976) conducted a texicity study on a dyke drainage

from the” tailings ponds employing Salmo gairdner:

(Rainbow trout) and observed a high degree of toxicity with

an extrapolated 96 hour LC 50 value of 11% (by volume{.

(The ﬁc 50 value refers to the median lethal conc;ntratlon
S * '

or thaf concentration which 1s expected to ki1ll 50%1of

> o exposSed organisms over a specific time of observation).

This study Hrude¥y et al i1ndicates that the contents

) ; -
of the tailings pofids may indeed pose a serious thr@a;ﬂ,Li”
i N v

to surrounding aquatic ecosystems(1976).

Another effort was carried out by Ludwig (1983) to
assess the toxicity of the tar sands tailings with res-

gect to other indices of toxicity (the fresh water, green

’/
' gae, S. capricornutum, glucose degrading microorganisms

bm the Athabasca River and the marine bacterium

'

, ' f resembling Photobacterium phosphoreum). The results obtain-

\ ed indicate that fresh tailings water (i.e. tailings water - :

{ producgd from extraction process and no more than one week ;
i i

old) i% sdbstantially more toxic tc all indices of toxi-
. | )
city than aged tailings water (i1.e. tailings produced

A from extraction process and approximately one year old).

a?
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Fresh tailings water is alsb more toxiy than emanated

. sludge fluid to 2 of the selected in es of toxicity

(i.e. glucose degrading microorganisms and marine

bacterium resembling Photobacterium phosphoreum) .

’ ~ The present study is another ph#ése of the overull

program of studing the toxic effect of the tailings
water on aguatic ;rganlsms and it focused on the fluid
emanating from potential sludges produced as a result
of the hot water exEractlon process. Several treatments
for enhancing the dewatering &nd the consolidation bf the
sludge 1n the tailings ponds are presently being consi-
éered. Consequently; the characteristics of the sludge
. N !
( - : and therefore the characteristics of the emanatgng fluid

may vary depending on the treatment process employed. It

is therefore desirable to determine the relative toxicility

&

0f the sludge fluids resulting from the various treatment
processes and their relative potential environmental

impact.

SN -
.
s

. -
¢

-

1.2. Purpogse and scope of the present ptudy 5 -

This study was conducted in an effort to assess the
¥ toxicity of emanating or released fluid, which accumulate

from the settling process of both treated and untreated

u

taiiings sludge produced as a result of the "hot water

(
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extraction process"” employed in extracting oil from the

tar sands in Alberta. B3 further attempt was made to
!

identify specific components, factors, and/or properties
which might be responsible for any toxicity obhserved in
the emanating sludge fluid. ldentification of any fac-
tors which may contribute to potential toxicity may providé
options for treatment processes which might eventually bg

employed in rendering the contents of tar sands non-

toxic.

>

Fare

The test program consisted of, - v

1) a physical and chemical characterization of the

<

emanating sludge fluid.

v

3

2) p¥ediction of the growth of the green alga,

Selenastrum capricornutum with different samples

concentration U104, 50, 25 and 12.5% by vqlume).

3) a tcxicity assessment of the emanating slidge

e

fluid using three indices of toxicity. |[The

indices of toxicity employed ‘are:
. i

- a) Selenastrum capricornutum (employed. using the

Algal Assay Bottle test).
¥

b) marine bacteria resembling Photobacterium

phosphorum (using Microtox system).

P
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c) mixed culture of fkezcteria (using oxygen uptake

as mesured by the Electrolytic Resprrometer).

4) measurement cf the variation in toxicity pH., and
COD with time, and subsequent prediction of the

effect of time on toxicity.
!

o

5) determination of the time Qequlred for thé surface
Q water layer, in an 1nitially non-toxac state,
to reach a toxic state. A flow chart outlining the
scope of the present study 1s provided in Figure

1.1.

Chemical and physical analysis of the test samples
provide information on the quantity of toxic materials and
nutrients present, but supplies no knowledge of their
avallability for aguatic organisms 1in the ecosystem. The
study of heavy metals interaction in the wastewater is
complicated by uncertainty of the metal. Thus ngh few
exceptions, the chemically analyzed heavy metals ébntent
of the test samples may not reflect the resultant bio-
logical interaction and productivity in the emanatigg
'f;uld. To measure the toxicity level Algal Assay Bottle'

test (employing S. capricornutum green alga) and Micotox »

system (using marine bacteria resembling Photobactef ium

H

phosphorum) were used to calculate the Median tolerance

S
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limit (TLm or LC 50), which is defined as the concentration
of the téxicant in which Just 50% of the test organism;
are abie to survive for a specific period of exposure.

This lethal concentration value is only an estimate of the

toxicity, wnder laboratory conditions (Leith, 1973).'

2
&

he Aléal Assay Bottle teét, Microtox technique and
tﬁe oxygen uptake by mixed culture of bacteria were
preferred to the 96 hour LC 50 test using rainbow trout.
This later test has Some 1imitation§, namely, the use of
a s%all number of test organisms, and the relatively
shor{ exposure time by the organisms to the test samples.
Also the fish toxig&ty tests are relatively more expensive
than the algal bioassays. The significance.éf the Algal
Assay Bottle test is that a differentiation can be made
between the toxic constituents determined by chemical and
physical analysi§, from the intér?ctions of the constituents
which actually fegulate the algal growth. The Microtox
techniqﬁe is a rapid method for toxicity assessment. It

can be used to give quick and rough estimate of the
p .

toxicity of the samples.




1.3. Organization of the Thesis

The thesis consists of seven chapters and three

’

The contents of the chapters are as follow:-
7

appendices.

Chapter 1: of which this section 1s a part, is an

introductory chapter which presents the:problem and the

purpose of the present study.
3

Chagtér.z: consists of a literature review of the

experimental work carried out on the tailings water and
— . . .

of the toxicity of o0il components to different aquatic

biota.

Chapter 3: provides a complete description of the

experimental methods, materials and techniques used.
2 \
\\
-

\ -
Chapter 4: contains tﬁe experimental results obtained

with a discussion of these results, in an attempt to

predict the causes of t%e toxicity demonstrated.

Chapter 5: presents a more extensive discussion of the

results.

Chapter 6: calculation of retoxification time.

v
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Chapter 7: conclusions.

The second part of this thesis includes the

following appendices:

o

Appendix A:- presents a brief review of the "hot
water extraction propcess" and describes the oil sands

content and formation.
/
- ’ %
Appendix B:- gives the description of the synthetic

Pl

Algal Nutrient Medium and sample of caljulations.

/
{ Appendix C:- coﬁtains some of the test results.
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'LITERATURE REVIEW _

Oil is not a single chemical but a collection of

hundreds of substances of widely different properties

,and toxicants. Also oil in water should be regarded not

as an ordinary pollutant but as a dynamic system actively

»

© ‘reacting with environment.

A}

.

2.1. The chemical constituents in the Tar sands tailings

The organic constltﬁents of wastewaters from the
Athabasca extraction plant were characterized and ‘
quantified by Strosher and Peak (1976). Twenty chemical
parameters were ‘determined on a total of 10 samples taken
from three locations: the tailing pond dikeufllter drainage

system, the upgrading plant final effluent to the Athabasca

River, and the intake pond waters.

g A mass balance of extracted versus recovered organic

constituents is contained in Table (2.1) (Strosher and

-

Peak, 1976) .
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Table  (2.1) Maés Balance of Organic Constituents of

the tailings of waters (mg/l) (Strosher and Peak, 1976)

=

4

\ )
Extracted Recovered Organic Constituents
Sample :Zg;g;c Hydro- (xygenated |Nitrogen | Sulfur Others
- No. carborls | compounds |compounds| compounds
" Upgrading
plant
effluent .
1 14 0.03 3.64 1.15 2.5 0.73
2 13 0.97 3.45 1.00 . 2.1 0.72
» \
5 17 1.04 3.22 0.96 2.9 '] 0.e8
8 15 1.00 3.38 0.98 2.6 0.87
Tailing Pond-
Dike filter '
drainage
3 70 0.03 63.5 0.79 3.0 0.20
4 68 0.03 61.0 0.84 3.3 0.19
6 73 U.03 66.1 0.78 4.2 0.21
9 89 0.04 76.8 0.98 5.4 0.33
Intake
Waters
7 4 0.02 1.37 0.63 0.4 0.01
10 0.01 0.89 0.62 0.1 0.05

“

On the basis of these findings, as well as previousiy

measured water flow date, Strosher and Peak (1976) found that

an

average of 198 kg of“okganic carbon was released to the river daily

from the tailing pond dike filter system, and 1470 kg per day

o e g ¢ e - e -
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discharged from the upgrading plant effluent. These amounts

corresponded to about 0.8% O6f the natural organic load of

the river. .

Hrudey et al (1976) con%ubted a gas-chromatographic (GC)
and Mass - spectrometric (MS) analysis on two wastewaters‘
streams from an pil sands extr#ction and upgrading plant.
The main effluent stream from the upgrading plant wés not
acutely toxic, ln(flthhrough bicassay while the construc-
tion drainage from tailings pond dykée was acutely lethal
in static bioassay with an extrapolated LC 50 of 11% (by
volume). Analysis by GC~MS of the sample permitted to
identify four compounds: 2,6-di-tert-butyl~-p-cresol,’
(BHT) ; di-n-butyl phthalate, (DBP); bis' (2-ethylhexyl)
adipate, (BEHA), and bis (2-ethylexyl) phthalate, (BEHP).
96 hour static bioassays with rainbow trout indicated
LC 50 values of 540 mg/l for BEHP, 3 mg/l for BHT;

1.2 mg/1 for DBP, and an app;ox1mate range of 54-110 mg/1
for BEHA. Table (2.2) shows the acute toxicity of (DBP)

to four species of fish at different time intervals.

e




J—,

L

Tafle (2.2) Acute toxicity of Di-n-butyl Phtalate (DBP)

to four species of fish (Hrudey et al, 1975).

Species

Temperature

°c

LC 50

(mg /1)

24 hr

48 hr

96 hr

Falhead minnow

(Pimephales
promelas) |

Bluegill

{Lepomis
marchirus)

Channel catfish

{Ictalurus
punctatus)

Rainbow trout

(Salmo
gairdneri)

17 ¢

17 °¢C

12 ¢

|

2.91

Burchfield and Hepler

analysis of dissolved sodiunm,

(1979)

|

potassium,

calcium,

carried out gquantitative

magnesium,

ch}oride, carbonate, bicarbonate, alkalinity sulphate,

a

aluminum, iron and silicon in tailings water originating

from the Great Canadian 0il Sand (GCOS) tailings pond and

from the Syncrude pilot plant.

Results of the chemical

analysis are summarized in table (2.3).

v

-




Table (2.3) Quantitative analysis of tailing water

(Burchfield and Hepler, 1979)

GCO0S ‘ Syncrude.
b
Sodium 260 , 207 /
Potassium 11 7 o
®

Calcium 7 leé
Magnesium ' 5 .,
Chloride 11 9 i
Carbonate + bicarbonate 700 280
Alkalinity . 540 230 )
Sulfate 73 2§6 )
Aluminum 1.0 21
Iron ] £2.0 . ¢ 2
Silicon 6 14

* All these analytical results are reported in terms of

2

mg/L at 23%c. . f

Table (2.4) shows the results of the infrared

o

spectra of organic material extracted from GCOS pond water 

(Burchfield and Hepler, 1979).
i
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Table (2.4) Summaryh3¥“fgfrared spectra of organic

Ghemical extracted from GCOS pond water. (Burchfield

and Hepler, 1979)

-

|

2

Absorbtloa frequency

Group assignment

i

1040 cm-1

1455 cm-1 °
1703 cm-1

2B850- 3000 cm=1

3000- 3500 cm-—-1

sulphur - oxygen
C-H
carbonyl

C~H

H-bonded and phenolaic

§

oH

The general picture of water soluble organac

substance in tailing water derived from Burchfield and

Hepler (1979) 1s gimilar to the picture provided by

Strosher and Peak (19

2.2. Review of the toxicity effect of oil and its compounds

76) .

The toxicity of an o1l is usually closely related

content of aromatic hydrocarbons (Zitko and Carson, 1970).

Kauss and Hutchinson

(1975)

]

to its

studied the effect of benzene,

dewt o

YRV N SR




.-

vt

“

toluene, o~-xylene and naphlalené on the growth of”
Chlorella cells. They noted that final cell densities,
as wel} as the duration of the lag period, were gfnerally
proportional to the initial hydrocarbon concentration.

Statistical analysis of cell counts, after one day of

incubation, showed that the inhibition of growth by benzene,

o-xylene and naphthalene at all toncentrations, and by

50-500 ppm of toluene was significant at the 5% level.

(Ottaway, 1971).

~
The toxic effects of nitrile compounds on minnows

and bluegills have been evaluated (Henderson et al, 1960).

S

{
Lactonitrile 1s the most toxic of the nitrile compounds

‘an the acute toxicity studies. The data observed duripg
chronic toxacity tests indicate t;at the 20-day TLmy
(Median tolerance limit) for lactonitrile 1is 0.66- 0.77
mg/L, with almost no evidence of chronic toxaicity. How-—

ever, acrylonitrile exhibited chronic toxicity with a

30- day TLm of 2.4 to 3.0 mg/L.

Korzep (1962) studied the toxicity of various or-
ganic chemicals to a species of green algae Chlorella

pyrenoidosa, under controlled laboratory conditions. The

data indicated that organic acids are least toxic to
these alga, followed by alcohols and amines, alkyl
halides, aldehydes and ketones, with compounds of the

- 16-
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benzene series exhibiting the highest toxicity. The

assay indicates that nitrobenzene and cupferron were toxic

at concentrations of 0.01 mg/L or less. Ethylbenzene,
formaldehyde, furfural, cersol and alpha-naphthylamine-
hydrocholoride exhibit a certain degree of toxicity at

concentrations above 0.1 mg/L. In concentrations above

1.0 mg/L xylene and ethylene dichloride were toxic to these

alga.

Nelson - Smith (1972) concluded that the relaéively
high soluble components such as benzene and toluene are
ver; toxic. Wallen et al (1957) reported that benzene is
toxic to different varieties of fish at Flfferent concen-

4 |
trations, thus at a concentration of 386 mg/L, 1t bs toxic
to Mosquito fish, and at a ‘concentration of 6 mg/L it 1s
toxic to bluegxl% sunfish. Toluene 1s toxic at a concen-
tration range from 50 to 65 mg/L to bluegall sunffsh and

also toxic to Mosquito fish at a concentration of 1.18

mg/L..

'The highly volatile and more svluble lighter frac-
tions are believed to be chiefly responsible for the high
initial (acute) toxicity of crude oils. These fractio;s
include the low-boiling paraffinic and aromatic hydro-

carbons. The low-boiling aromatics are considered to be

potentially the most toxic to aguatic life (Blumer, 1969).

B
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Reynolds et ai\«l975) observed that phenol is the
controlling inhlbxt&h\to the growth of green alga,
N

Selenastrum capricornutum. Also, they observed that phenol

was more toxic at 24°C than>at either 20°C or 28°C. Phenol
appears to be’less toxlic towards lower aquatic organisms
than are sulfides or ammonia. A review of the more inten=-
sive bioassay tests with phenol, at 20°c, indicate a 96
hour LC 50 value between 10 and 20 mg/L for most fish.
Concentrations of 40 mg/L (Mckee and Wolf, 1963) cause

threshold toxic effects on the algae Scendensums. Kastyaev .

(1969) reported that phenol concentrations of 10-40 mg/L

stimulated the growth of Scendensums while concentrations

h—
i

greater than 50 mg/L retarded the growth. He'élso found-
that phenol concentrations greéter than 500 mg/L prevented
growth altogether; h;weyfij éhis concentration 1s highly
unlikely to be found in refinery effluents. é
. ‘ ;
Ammonia is praimarily generated from crude o1l hydro-

-
cracking. The toxic action of ammonia and ammonium salts

to ,aquatic organisms depends on the hydrogen ion (H') con-

WAt iy

centration (pH) and .therefore on the undissociated ammonia

(Pace, 1974). For example, Nelson Smith (1972) found

o

that the poisoning action of an ammonium salt is 1ncreased
by 200% when the pH was raised from 7.40 to 8.0. Carbon
dioxide decreases the concentration of the toxic NH3 by

lowering the pH value. The lowest reported lethal (i.e.

»
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96 houryLC 50) concentration to fish was 0.2 mg/L un-

.ilonized ammonia for Salmo gairdneri {(Rainbow trout).

{

Hrudey et al (1976) reported a concentration qf
ammonia 1n the range of 0.2 - 0.5 mg/L in the effluent
from the bitumen upgrading plant and 1.3 mg/L in the
drainaqé from the taillﬁg pond dyke. He also found that

ammonia concentration of 0.41 mg/L is toxic to Rdinbow

trout. - N

- -
#

Mironov, (1968) ‘reported that many toxic components
of refinery effluents, even if present in sub}Fthal con-
centrations, may influence agquatic organisms synergis-

tically. Heavy metals behave in this way. 2Zinc in- 4

‘combination with copper,and zinc, lead, copper and phenols

in combination with low oxygen, have been reported to react
synergistically. These same meéals can concentrate in
food-chain organisms and thus may have implications for
human health. Zinc¢c occurs in all Canadian refinery
effluents studie@, at concentrations of 0.05 -~ 0.17 mg/L
and 1s toxic to trout at levels as low as 0.1 mg/L (Mckée

and Wolf, 1963).

"t
The results of various heavy metals analysis (Strosher

and Peak, 1976) indicated that vanadium was the most

-
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abundant of the metals, occurin% in the upgrading plant
’ /

0.6 mg/L. Tailing pond

) . {
wastewaters 1n \Eounts of .0.25 to

dike drainage effluent and intake waters contained consi-

derably lower amounts of vanadium 5 0.001 to 0.002 and

less than 0.001 mg/L respectively. -

o
-

How ¢il compounds cause mortality

2.3. in agudtic organisms:

Q a
“

The effects of o1l on aquataic organisms £all into two

gategories. The first category includes effects associated

with coating or smothering of an organism with .0il. Such
r

it effects are associated primarily with the higher molecular

k3

water insoluble hydrocdrbons, and the various tarry

( weight,
substances that coat and ¢cover the organigms (Nelson~- éJ

/ Smith, 1972). The second category of toxic effects in&olves

disruption of an organism's metabolism due to the 1ngestion -

of 01l and the incorporation of hydrocarbons into lipid or

o

other tissue in sufficiM™t concentration to upset the

I normal function of the organism. - With respect to this

second category of effects, it is generally agreed that

aromatic hydrocarbons are the most toxic, followed by

" 2 '

o /
cyclovalkanes, then olefins, and lastly alkanes (Nelson~

smith, 1972).

O
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Laws (1981) reporteé that aromatic and other toxic
hydrocarbons apparently exert their effect in part by
becoming incorporated into the lipid layer that makes
up the interior of cell membranes. As a result, the mem-
brane 1s disrupted, and ceases to properly regulate the
exchange of substances between the interior and exterior
of the cell. In extreme cas;s, the cell membrane may
lyse, allowing the contents of the cell to spill out and
obviously destroying the cell. Although the low moledular
weight alkanes and cycloalkﬁne; were once considered to
be harmless to agquatic life, it is now known that these
compounds can cause narcosis and anesthesia in a variety « -
of lower animals. Such effects are probably due in part
to disruption of cell membrané (Blumér, 1969). In addition
to disrupting cell‘membranes, there is evidence that
hydrocarbons interact with proteins in a variety of plants

|

and animals (Nelson -~ Smith, 1972). Both enzymes and

[

structural proteins appear to be affected.

In summary, petrochemicals may cause mortality in ‘
* 4 "
aquatic organisms in various ways: P

. . 4

P

. § vl
1) produce a toxic reaction, ;
' £
s x
E 2) depletethe dissolved oxygen, .
£ H
- :
3) increase the temperature, i
{ :
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4) change the pH value, and .
5) increase the salinity and upset the osmotic

pressure.

2.4. What concentration of o0il are toxic to aquatic

organlsms: ! ’

Much experimental work has been done to predict the
concentration of oil toxic to aguatic organisms. The
results depend on the type of 0il or combination involved.
Adult faish Are rather resistant to oil pollution, since
their bodies, including the mouth and gill chambers, are
coated with silmy mucus tpat resists wetting by oi1l. /
Incipient lethal levels of crude oil for adult fish are
of the order 'of 10 - 100 parts per thouasand. However,
incipient lethal levels of individual aromatics for the
same fish are roughly a factor of 1000 lower (Nelson -
Smath, 1972). Crude o0il and fuel oil have.been found to
be toxic to fish eggs at concentrations as low as 0.5 =
10 ppm (Longyell, 1977). Other types of plankton may be
even more sensitive. Tests on phytoplankton invelving
fuel 0il, kerosene, and crude 0il have generally revealed
toxic level to be of the order of 50 - 200 ppb, but growth

rates are noticeably depressed a't concentrations of about

4

1 ppb (Nelson - Smith, 1972). Blue-green alga are

apparently quite resistant to oil pollution. In general,

255 R BBEIRS (51 + aee T




{ . N :
N . .

1

macroscopic plahts are relatively resistant to oil toxicity,

and even if extensively damaged tend to recover more rapidly

than many other organisms. L .
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e s m maens

Materials and Experimental Technigues

3.1. Samples description

[

s

Four different groups of samples were used in this
investigation. The description of these samples 1s found

in table (3.1} and is given below.

v

(1) Group No. (l): group no. (l) includes samples

t, 2, 6 and 7. The source of this group was the emanating

fluid from the settling process of untreated (normal

)

settling). Tar sands sludge.

(2) Group No. (2): group no. (2) includes samples 3,
‘ 1

4 and 5. The origin of this group was the amanating sludge,

{settling by using some flocculanted agents).

£

¢
o e

(3) Group No. (3): group no. (3) includes samples

no. 11 to 19 taken from the sedimentation tanks # 1 to

# 9 respectively (Suncor Inc. Resources Group at McMarry,

t
Alberta on 31/3/82).

™
/
(4) Group No. (4): group no. (4) includes samples

no. 8 and 9. These two samples were taken from the
supernatent fluid collected after centrifugation of
Terminal sludge samples (total solids = 30.6%) at 10000

r.p.m. over a 30 minute, Qnd they are considered as fresh-

wr
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" ly emanated sludge fluid samples. (This group was used

only 1n the toxicity analysis using S. capricornutum) .

-

The system of chemical and physical analysis employed

in this study is similar to that employed by Lud%lg (1983).

—_ All samples for physical and chemical analysis were
preserved in accordance with the preservation regimen of
table (3.2). .

( 3.2. Inorganic and Organic Characterization of Samples

1

The physical and preliminary analysis involved the
determination of the following parameters: pH, turbidity,
specific conductivity, total solids, sdspended solids,

ot o and volatile solids. The chemical analysis involved the

9

determination of parameters of potential significance in

the assessment of toxicity. The selected chemical

ot i

analysis (inorgqganic and organic) included the following

parameters: metals, total nitrogen, ammonia, total

I 4
. organic carbon (TOC), biochemical oxygen demand (BOD) and

chemical oxygen demand (COD). Aldo phenols concentrations

¢ .

were determined.

. e e
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° Table (3.1l) Description of the tested samples
i Sample Source of the sample ) Date sample
No. taken
1 6" ¢ column # 1 (Macdonald) Feb. 3, 1982 -
2 TA # 1 (plant #3) (Macdonald) e oo
6 * Tailing water {Macdonald) March 1, 1982
; 7 Tairling water (Macdonald) " " "
3 6" ¢ column # 2 (Macdonald) Jan. 13, 1982
4 6" ¢ column # 3 (Macdonald) " " Com
- 5 Tank # 1 ' (Macdonald) " | " "
]
11 ** | Tank # 1, Suncor Inc. Ft.McMurray Maréh 31, 1982
12 Tank # 2, " " " ol
( 13 | Tank # 3, " " " " "o
“ 14 Tank # 4, * n' " " " "
15 Tank # S5, " " " " oo
16 Tank # 6, " " " 4 o weooow
17 Tank % 7, " " " o " "
|18 Tank # 8, " o " " weooo
19 Tank # 9, " " " " " "
9 Supernatant £1luid collected after Oct. 2, 1982
8 % centrifugation of terminal sludge " " "
at 10000 r.p.m. at 30 min (solid '
concentration = 30.6%)
L4

* gample 6,7 reached Mc Gill laboratory on October 27,

1981.

** gample 11, 19 reached Mc Gill laboratory on April 20,

(r, ‘ 1982. ' A - I .

- 26 -
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Table (3.2)

Preservation Regimen Used

.

Parameters

"

Preservation

Total solids
Suspended solids
Volatile solids
BOD

Algal Assay

No preservation

refrigerated

Microtox
coD 2 ml. H2 804
TOC refrigerated

3 ml. H NO

Lead, Manganese 3

Nickel, Ferriéb - refrigerated

Copper, Cadmium

Zinc, Arsenic

Vanadium

Phenols 1 fm Cusoqﬁ PH=4 with
H3 PO4.'kefr1geraEed

i

Total phosphate

2 ml H2 SO4, PH = 2

refrigerated

«
R ki ks

Ammonia

-

20 mg - Hg C12

refrigerated

e

Py

i 2 I A 5

= ok




The pH or hydrogen iop activity was determined
electyometrically, uéing a Fisher pH meter Model 29. The
pPH meter was calibrated for each measurement with two
Fﬁffer solutions. Sodium interference was not considered
since all samples had pH value below lp (Standard Methods,

1980).

3.2.2. Turbidity:

Thais meaghrement is based on the comparison of the /u
intensity of light scattéred by the sample with that
scattered by a standard refernce suspension. The higher
the intensity of scattered light, the higher the turbidity.
Formazin' polymer was used as 3 reference turbidity standard
suspension. “Hach Laboratory" turbid meter model 1860-A

was used for ~all the meagyrements.
¥

3.2.3. Conductivity:

)
.
Conductivity is the capacity for transmitting elec-

tricity, and is a function of ion content. The conducti-~
vity for all samples was determined using a Radiometer

Copenhagen conductivity meter. A standardized cell was

JUEU——————




Pl

used and the conductivity measurements 1in all samples
are reported as the specific conductivity (mho /cm) .

(Standard Methods 1980).

3.2.4. Total Solids:

& “

Total solids or the total res;due'remainlng in a
vessel after a sample is ?ried at lOSOC, was determined

for all samples, gravimetrically. Procedure and inter-

ference 1n the Standard Methods (1980).

3.2.5. Suspended Solids:

Suspended solids 18 the residue remaining on
Whattman Glass" fiber paper (GF/A) after filtration of the
samples. Procedure and interference in the Standard

Methods (1980).

3.2.6. Volatile Solids:

Volatile solids is the loss/{of weight of the total
sollds’content after ignition at SSOOC & SOOC for 15 minu-~
tes 1n a muffle furnace. It was determined for all samples
gravimetrically. Determination of volatile solids provides

a rough approximation of the guantity of organic matter

present in the samples (Standard Metholds 1380) .

- 29- )
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3.2.7. Metals:

Agquatic biocta are generally only affected by metals
in their dissolved form, i.e. the dissolved metals content
are much more important on a toxicity point of view ~than
the total metals content. As mentioned in table (3.2),
samples used for dissolved metals analysis were preserved

by addition of concentrated nitric acid (H NO3) to pH, =

2.0 1n order to prevent loss of the metals by adsorption

and/or precipitation i1n the sample container.

The analysis for metals were conducted by spectro-
photometry using the "Perkin-Elmer" Model 503 Atomic
Absorption spectrophotometer.

The atomic absorption investigatlon Wwas carried out on
nine heavy metals (copper, lead, manganese, 1ron, nickel,
cadmium, zinc, Vvanadium ind arsenic), and four other metals

(calcium, potassium, magnesium and sodium).

3.2.8. Total Nitrogen

The 703C Chemiluminescent Nitrogen System (CNS), Antek

Instruments Inc., was used in the analysis of total nitrogen.

The method of analysis involves a high oxidation temperature

¥
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of the entire sample, the stabilization temperature was

o . ' , . ;
1050 Cc, converting any chemically bound nitrogen to nitric

oxide (NO). The NO 1s placed in contact with ozcone (0,) to

3

produce metastable nitrogen dioxide (NOZ).

a0
- .

As tﬁg_Noz relaxes, it chemiluminesces and this lightn

emission is sensed by a photomultiplier, this light +emission

I3

1s proportional to the amount of nitrogen in the sample. i

3.2.9. Ammonia: ~

/

The ammonia concentration was determined by the Auto-

mated Berthelot Reaction method No. 307-74 WM. The auto-

Il ~

—

o mated procedure 1s based on the formation of a blue-colored -
compound, believed to be closely r;lated to indopherol, when o
the solution of an ammonium salt is added to sodium
phenoxide followed by the addition of hypochlorite. The
intensity and the speed of development of the resulting
color were enhanced by addition of sodium nitro prusside.

A solution of sodium citrate was added to the sample étream
to eliminate the precipitation of hydroxades of calcium and
magnesium. The iniensity of indophenol blue was measured

at 630 nm (EPS, 1979).




(

3.2.10 Nitrates - Nitrites: ’ ,

Nitrate - nitrite concentration were measured by
using a Technicon Auto-analyzes IT system. Nitrates

are reduced to nitrites by passing the sample through a

column containing cadmium granules coated with a layer

-

of copper. Total nitrites were determined, under acidic
condition, by the reaction of sulfanilic acid with nitrite
ions, to form a diazo compound. The diazo compound sub-‘ g
sequently combines with «-napthylamine to form an intense

'

red ozodye with maximum absorption at 520 nm (EPS, 1979).

3.2.11. Phosphorys: ‘ .

| 'Phosphorus content in the samples is classified in

two general categorieé,;total phosphorus and inorganic
phosphorus. These t&o categories were determined using a
Technicon Auto Analyzer II System, in which orthophosphages
react with molybdate ion to yield heteroéoly acids which
are reduced with ascorbic acid to form a blue molybdo-

Phosphoric acid color. Absorbance was measured at 885

nm (EPS, 1979).




( 3.2.12. Total organic c;}bonl(TOC): , ¢

' - - e \

iy - T P e
) ‘ :
- : ~ > ~

Total organic carbon\wgigggggrﬁined for all samples,
using a Beckman Model 915A Total Organic Carbon Analyzer.
Total carbon is determined from the oxidation of the ' -

at 950°¢.

organic and inorganic carbon fractions to CO2

Total inorganic carbon determination is based on the fact
,/’

that inorganic carbon ‘will oxidize to CO; at 1dwer tempe- /’
fi
ratures than will the organic carbon (lSOOC). In both . //

combustion tube the CO, produced quantitatively measured ‘

. 2 *\

by the infra-red analyzer (Standard Methods, 1980). \
&

3.2.13. Biochemical Oxygen Demand (BOD):

In order to determine the BOD progression, a sé%?of N

2 AN

- BOD béttles were incubéte§‘in a standard BOD air incubator
and the s%mple temperature was maintained at 20 = 2%¢c by J . :
appropriate adjustments on the incubator. The samples / é
g were diluted with specially prepared dilution water so | %
‘ that adequate growth factors and oxygen could be available’

during the incubation period. The dilution water was
“"seeded" with a bacterial culture that had been acclimatéd
to the organic matter present in the water for 48 hr. The

,

. seed culture used was a mixed culture, containing large

v number of saprophytic bacteria and other organisms that
(; , oxidize the organic matter, in addition to certain .
o \\\ M
N
: . - 33- .
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autotrophic bacteria that oxidize non carbonacous

- 3

matter . After a five day incubation period, the content
8

of the bottles tested by the Winkler method for dissolved
oxygen (Standard Methods, 1980). ’ _—

Ty

3.2.14. Chemical Oxygen Demand (COD) :

-~

The Chemical Oxygen Demand was determined by the
‘dichromate reflux method (Standard Methods 1980). COD
was measured 1in terms of t?e amount of potassium dichromate

(K2 Cr2 O7 ) reduced by the sample during 2 hr of reflux

in.a medium of boiling HZSO4, and in the presence of

Ag SO catalyst. Chloride interference was prevented by

4
adding mercuraic sulfate (Hg 504) (standard Methods, 1980).

. v

\
»
TPy w *F

- , 3.2.1%. Phenols:

.
£
1

B e e

! A Technicon Auto=-Analyzer system was used for all
determinations. Phenolse are remcved from the sample by
4

steam distillation under acidic conditions, and collected

E
¢
2
g
1

in alkali conditions at a pH of 10|u51ng an ammonium
hydroxide buffer. The reaction of phenol with 4- amino-
antipyrine, under oxidlzing conditions, provided by
ammonium persulfate at a constant pH, of 10, vYields a red
color, the intenéity of which is measured spectro-

;

photometrically (EPS, 1979).




3.3, Biological Indices of Toxicity:

.

i}

To remove the organic contaminants from the samples,

+

a powder-activated carbon column was used. The column is

3 cm in diameter and 50 cm in length .

To measure the dissolved organic carbon, samples were

—

extracted with benzene, and aftexr evaporated by a rotary
vacuum apparatus, to remove traces of solvent. The samples

were analyzed again for the organic carbon content by (:‘

carbon analyzer. (Backman - Model 915A). ”,//

3

The following tests were used to predict the toxicity
of the emanated"sludge fluid and to calculate the lethal

concentration (LC 50).

O KTp S e wAY

3.3.1. Algal Assay: Bottle Test (AA:BT): 3

o

v

The significance of measuring the algal growth potential

N
1 !

of the tested water samples is that a differentiation can be
made between the n;trients that are in the sample, as
determined by chemical analysis, and the nutrients that are
actua11§ available for algal growth. Also, if algal growth
remains limited when nutrients are insufficient supply and

the physical conditions for growth exist, the presence of

a toxicant is -indicated (Miller et al, 1974'; Green et al

v
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>>;i}976). The principle of the algae test 1s based on a
modi%ication of "Liebig's Law" of the minimum, which
states that "growth is limited by the~substance that is
present in minimal gquantity in respect to the needs of

organism".

L The recommended test alga which has been the princi-
pal "workhorse” during the development of the Algal Assay:

Bottle test is the green alga Selenastrum capricornutum.

Selenastrum belongs to the order chlorococcales and the

family Selenastraceae which have a wide tolerance towards

environmental conditions (Rodhe, 1978). This alga% was

1(» selected because of 1ts case of culture and malnte#ance,
it is characterized by 1ts unicellular or coloniql/habit

in which the cells are in a non-mobile condition either

' for their entire 1life history or for the greater part of

Q?%_ These attributes allow this algae to be enumerated

\

by an electronic-particle counter on a daily basis or at

any time during the incubation period.
;
Basically, the assay consists of the inoculation of

40,000 cellé (LOO0 cell Iml) of §. capricornutum into

@

test water which is incubated in a constant temperature

control at 24 £ 2°C. The incubation period was 8 days,

in the presence of illumination - cool white fluorescent

f ' @

=
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lighting to provide 4304 lumens (400 & 10% ft-c) measured

at the ligquid level. The incubator is provided with

X T -
culture élosure -~ Foam plugs which must be used to permit

good gas exchange and prevent contamination. The samples

v

were shaken at least once daaly to prevent settling and

(Skulberg, 1965). The

>

assays were carried out in 200-ml Erlenmeyer flasks

'give an adequate supply of co,

containing 40 ml of ‘the algal assay medium (AAM). Bibasic

potassium phosphate (K HPO4) and Sodium nitrate (Na.NQ3)

2

salts were used as sources of phosphorus and nitrogen

respectively. All assays were conducted in triplicate and
1

each flask was inoculated from a seven-day-old culture of

S. capricornutum grown in AAM.

The samples were filtered using 0.45 microns membrane

filter. Piltration is essential to eliminate unwanted

‘biological contaminants which would invalidate the growth

—

response of the test organism.

An electronic partaicle - c;unter was used for all -
counting (Model~-TA II Coulter Electronic Inc.) (USA, EPA,
1978). To calculate the inhibition percentage, a computer
program operated on a Hewlett Packard 9830A programmable

calculator was used. The LC 50 was estimated by plotting

tested concentrations versus imhibition percent on a




probits-log~scale paper, and extrapolating the best fit

3

straight line.

3.2.2. Microtox Technique: N

The second method for estimating the toxicity level
of the tested samples was the Microtox technique, using a

selection of marine bacteria ressembling Photobacterium

phosphoreum as an index of toxicity. This bacteria was

recommended based on its response to a wide spectrum of
toxicants and on the fact that its response compares well

with:96 hour LC 50 fish test (Bekman Instruments, Inc.

—

Bulletin 6894) .

This bacterium are of marine origin, and therefore,
|

!
require a minimum level of NaCl as well as osmotic
j

protection. Photobacterium phosphoreum display a good

light stability in the presence of 2% % 0.2 NaCl. Signi-’
ficant departure from this tolerance will cause measure-

ment error due to the osmotic shock. Also, the light

output of these bacteria 1is very dependent on temperature,

Several dilutions (usually between 3 and 5 dilubions)

of the emanating fluid were tested, to assure a reliable
estimation of toxicity. When preparing dilutions, the

.

it

¥
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sample was first adjusted to 2%. NaCl, using the
Microtox Diluent (Beckman, 1979). For all measu?ements,
the Microtox Toxicity Analyzer - Beckman - Model 2055
was used, with 5 minutes exposure time of the marine

bacteria resembling Photobacterium phosphoreum to the

emanating fluid samples at 150C. The effective lethal
concentration was calculated by a program operated on a
Hewlett Packard 9830A programmable Lalculator (Spragque,
1969). It predicted‘the inhibition percent of different
sample concentrations. The LC §0 was estimated by plotting
tested concentrations versus inhibition percent on a
probits~-log scale paper and extrapolating the best fit

straight 1line.

3.3.3. Oxygen uptake:

The third tbxicity index was the oxygén uptake by
bacteria seeded into the tested samples. A 5 ml of waste-
water (with microorganism of industrial ﬂriqin) was used
as a bacterial seed to wgich was added 10 ml of growing
solution, containing all salt% required for maintenance
and reproduction of bacteria,ithis mixture was added to
the éamples, and oxygen uptake was measured frequently
(every 2 hours) over a period of 24 hr using the Electrolytic
Respirometer. Model ER-101, which uses closed reaction .

f
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vessels. On top of each vessel ig an electrolysis cell.
The cell makes use  of the pressure change due to the
biochemical’jonsumption of oxygen gas to sense the need
for more oxygen. The necessary oxygen is electrolytically
genexrated intg the reaction vessel. As the reaction
proceeds, an internal clock adds time to one of the two -
memories of each reactor. As oxygen is consumed and
replanished, thesedataare added to the remaining memory
for each reactor. Dataare then printed out automatically

at 2 hour periods.

o
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Results and Discussion ,

In the following paragraphs, the results are presjented

as average values for the three groups of samples (as shown

in table 3.1), as well as highest and lowest values. The

three groups of samples originate from different potential

sludges:

a) The first figure always refers to group No. 1

samples, i.e. untreated sludge.

b) The second figure always refers to group No. 2

samples, i.e. treated sludge.
c) The third figure always refers to group No. 3

samples, i.e. sludge taken from sedimentation

tanks (Suncor Inc., McMarry, Alberta) of

different treatment processes.

The results for various tests mentioned in the

previous chapter are provided in this chapter. The results

are accompanied hy brief discussion concerning their R

possible significance in the toxicity study.

e
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4.1. Physical and chemical analysis:
‘ L3

The results of the physical and chemical analysis
are summarized i1n Tables (C~-1, C-2, C-3, and C-4). The

obtained results will be preserited and discussed below.

4.1.1. PpH:

.

//// The pH values were in the rande 7.5 to 8.20 with

averages of 8.10, 7.9 and 7.8 for the three tested groups
respectively (Table c.l). The'pH values for all samples
fall within the range 5 to 9 (pE units), which is the
(, range generally toleraéed by most agquatic organisms.
However, the toxicity of; chemicals change significantly
with pH change;. For example, the toxicity of un-1onized
ammonia increases markedly as pH increases from 7 to 8 .
(for the same ammonia concentration). Also the ionization

and toxicity of hydrogen sulfide (HZS) are similarly

dependent on pH (Saweyer and Mc Carty, 1978).

o 4.1.2. Turbidity:

F ety o S e

Turbidity values varied from 13 to 65 JTU in all . ;
samples and this difference is attributed to the addition

of dewatering additives to some samples. The averadgde

ad ~
3
1N
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turbidity values were 31, 37 and 44 for the tbree groups
respectively (Table C€-1). These tufbldlty values measured
the light scattering prope}ties due to the presence of
suspended matter that interferes with the passage of light
through the samplesf

>

4.1.3. Specific Conductivity:

Specific conductivity values varied from 0.44 mmho/cm
up to 1.570 mmho/cm. The average values for the three

groups are 1.10, 0.887, and 0.725 mmho/cm respectively

(Table C.1l). This test measured the samples capacity for

éhe transmitting of electric current as a function of the
¥

presence of lons, ions concentration, mobility, valence,

and the temperature (Standard Methods, 1980Q0). The megsured
specific conductivity wvalues fall within the range 0.05 -
1.5 mmho/cm which generally characterizes potable waters

in U.S.A. and thus the overall 1ionic strength of the

samples would not have a direct effect on the toxicity

observed.

4.1.4. Total Solids:

.

The total solid content varied from 737 mg/L to

e B

4085 mg/L. The average values_of the total solids in the
[

+
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three groups were 1500, 1093, and 2814 mg/L respectively
(Table £.1). These values represent the material left in
a vessel after sample evaporation in an oven at 105°¢c. The
total solids results were considered to be above the
permissible limit of potable water (500 mg/L) (EPA, 1978)
and also compared to the previously determined values by
Hrudey (1975) are considered hlqb. Thig discreéancy
betwe;n the values obtained ‘here and those of Hrudey are
attributed to the f;ct that these samples were taken from
supérnatant water coming from sluage settling processes
while Hrudey's samples were from the upgrading plant——
effluent stream following retention in the effluent pond

and tailings pond dyke drainage.

4.1.5. Volatile Solids:

The volatile solids range from 204 up to 410 mg/L.
The average volatile solids for the three groups are 350,
354, and 264 mg/L respectlvely (Table C.1). The determi-
nation of volatilé solids offers a rough approximation of
the amount of organic matter present in the solid fraction
of the tested samples. However, it should be noted that
this is only a rough measure, as results may also reflect
loss of water crystallization, loss of vélatile organic
matter before combustion, incomplete oxidation of certain
complex organics, and decomposition of mineral salts
during combustion. 4

-44-’ b
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4.1.6. Suspended Solids;:

A

Suspended solids varied from 34.0 up to 396 mg/L for
all sanmples; the average suspended solids values are 197 ,
265, and 108 mg/L for the three groups respectivel; (Table
c.l) . ;hese results are similar to those obtained by
Hrudey (1975). The suspended solids can retard the photo-
synthetic process, blanket the benthic communities and also

2

contribute to the biochqgiﬁ§l oxygen demand. There is no
evidénce that concentrations of suspended solids less than
25 mg/L have any harmful effect on fﬁ%h, and 1t should be
possible to maintain good or moderate populations 1n water
containing up to 80 mg/L suspended solids (COté, 1976).

The high values obtained in this work indicate that

the emanating fluid would be harmful to aguatic organisms,

especially fish. L §;

1

4.1.7. Metals:

3

a) Heavy Metals: Dissolved heavy metals concentrations,

i.e. those metals able to pass through 0.45 micron membrane

<

filter are given in table (C.2).

The most abundant metal was iron whose concentration

averaged 2.13, 3.49, and 2.2 mg/L for the three_groups

respectively, and ranged from 1.029 up to 5.0 mg/L (Table

s
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c.2). Concentration of i1ron greater than 0.2 mg/L have

been reported to be lethal to 3 types of fish, but Wetzel

2 d’

‘was not lethal to channel catfish. The measured iron

(1972) found that iron concentrations as high as 40 mg/L

values are nevertheless a possible source of toxicity.

Tests which detErQ}ne whether or not 1ron and other

.

~
metals are in fact a\girect source of toxicity in the
N .

samples, are considered in section 4.2.2,
» Manganese was the next . most abundant metal, with

concentration levels of 0.032 up to 0.612 mg/L (Table

c.2).

High concentrations of manganese (greater than 1.0 mg/L)

?
commonly are Vvery inhibitory to blue-green algae (Gertoff

“n

and Skoag, 1957; and Pateric et al, 1969). Qn the other

hand, an antagonistic response was demonstrated %Q'which

. S

° increasing calcium (calcium average concentration 15.8

mg/L, table C.2) reduced the inhibitory effect of high

manganese concentration. Manganese concentrations of

less than 0.05 mg/L were found to inhibit the devélopment

of \green and blue-green algae in streams, and to-rstrongly

favor diatomic growth (Wetzel, 1975). Both iron and

manganese however, are essential micronutrients of micro-

flora, plants and animals {(Wargersky, 1963 and Coughlan,

by
“Q 1971) and are toxic at very high concentrations. Concen-

trations of manganese measured in the samples are clearly

B lower than levels observed to exhibit toxicity.
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Copper was the third most abundant metal, ;ith

- concentration levels of about 0.09 mg/L. Copper c¢oncen-
érations varying from 0.1 mg/L up to i.O mg/L have been
reported to be non-toxic to most fish by many investi-
gators (Wetzel, 1975; and Patric et al, 1969) whaile
.others have reported copper concentrations ranging from
0.015 - 3.0 mg/L to be toxic to fish and 200 plankton
(Wetzel, 1975). Therefore, copper levels 1n the samples

\\\\ may possibly constitute to a source of toxicity.

<

Vzinc was measured in the test samples at an average
value of 0.09 mg/L and within a range varying from 0.06?
(: . up to 0.137 mg/L (Table C.2). Zinc concentrations of
0.01 mg/L have been reported by Mckee and Wolf (1963)
to be lethal to Rainbow trout, althpugh concentrations
less Ehan 0.1 ;E/L are generafly oﬁgerved nQt to be toxdic
® to many aquatic organisms. 2inc therefore may or may

c
'

not be a source of toxlcity 1n the emanating sludge fluid

gsamples. Another aspect in the toxic effect of zinc is the
. ) simultaneous presence of copper. Wetzal (1972) observed
\
) ) that fish could survive at zinc concentrations of 8 mg/L

£

for 8 hr but in the presence of 0.025 mg/L of copper

N aren

and only 1 mg/L zinc most.of the fish died after 8 hr.

B s . o

°




Cadmium concentrations were less than 0.02 mg/L.
° .
Purves (1977) reported that, cadmium toxicity is increased :
by the presence of ther chemicals, including copper and

zine, which are present in significant concentration in

the tested samples.

Concentration of the other metals such as nickel,
vanadium, lead, and arsenic are undelectable in the
tested samples, indicating that these metals (if present)

are bresent at concentrations below toxic levels.

14

The heavy metals are toxic to microorganisms because
of their ability to tie up the proteins in the key enzyme
systems.. The heavy metallic salts preven€ the proteins
from reacting normally and even change the charge at the
molecular level, at certain points from negative to

positive, causing repelling reaction rather than attracting !

reactions. If the concentration of heavy metals is increased

further, the surface of the cglls become completely coated

PoRp.

preventing materials from entering the cell. Precipitation

of the cellular protein may even occur.

-

&F
It is difficult to establish safe standards of

—

concentration of toxic elements in the environment, for
~

account has tu -be taken of the fact that in organic combi-

napion thé§ may cause a greater hazard than when present




in inorganic form. For example, organic coumpounds of
lead are more toxic than the metal itself. The ionic
state may also affect the level of toxicaty, for example
chromium 1s more toxic in the hexavalent than i% the

trivalent state.

b) Other Metals: The emanating sludge fluid samples

were examined for calcium, magnesium, sodium and potassium.
The results for these metals are summarized in table

(C.2). These four metals are measured to examine the”
ability of the samples to provide macronutrients ;nd

-

micronutrients to the aquatic organisms.

Calcium is found in the tested samples with an
average concentrations of 8.5, 14.1, and 24.8 mg/L, with
a range varying from 7.5 up to 43 mg/L. Calcium has been
implicated in numerous ways in the growth and population
dynamics of flora and fauna. It is required by green
algae and 1s considered to be a basic in;rganic element
of alga cell. Caicium 1s essential for maintenance of
tﬁe structural and functional integrity of cell membranes

in-ion absorption and retention (Wetzal, 1975).

l
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Magnesium concentrations averaged 8.2, 6.3, and

-12.4 mg/L in the three tested groups respectaively, and

the magnesium range varied from 7.7 up to 45 mg/L.
Magnesium is required as a micronutrient in the engymazic
transformation of organisms, especially 1n transphospho-
rylation of alga, fungi, and bacteria. The demand for
magnesium 1n metabolism 1s minor in comparison to the

quantities present in the test samples.

The monovalent cations, sodium and potassium are
involved primarily in ion transport and exchange. Sodium
content ranged from 151 up to 215 mg/L with averages of

184.5, 181.3, and 184.6 mg/L for the three tested groups

respectively. Potassium concentration ranged from 8.07

up to 14.20 mg/L,- with averages of 12.02, 10.37 and

@

13.0 mg/L.

Sodium requirements are particularly high in some

species of blue-green alga (Allen, 1952 and Gerloff et

al, 1952). A threshold level of 4 Na mg/L is required

for near optimal growth of several species (Kratz and

Myers, 1954). Maximal growth of several blue-green

alga was found at 40 mg Na/L.

a-
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-gample.

4.1.8. Biochemical Oxygen Demand (BOD)

The BOD values for the three/tested groups averaged
32.0, 35.7 and 49.7 mg/L respectively (Table C.3). The
BODirange varied from 22.0 up to 64.25 mg/L. The BOD
results reflect the presence of toxic c;mpounds and/or
complex organic materials. Theoretically, the BOD values
obtain(d for different dilutions for a given sample
should| have been egual. That:is, multiplication of the
dilution factor bymthe differénce in dissolved oxygen
between the blank on éqy 5 ané the given sample on day 5
should have yielded the same BOD for each dilution of the
given sample. This is not the case as shown in Figures
(4.1 to 4.6). In all samples, smaller dilutions yield
lower BOD values apparently indicating that the ability of
microorganisms to degrade organic constituents in the
samples decreases with increasing concentrations of
So that the use of . the BOD test in the conventionai
sense (1.e. determination of the amount of oxygen required
by microorganisms while stabilizing decomposable organic
matter under aerobic conditions) was, therefore not
possible. (This observation was also observed by Ludwig

(1983) using the Fresh tailings water and Aged tailings

water).

s
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4.1.9. Chemical Oxygen Demand {(COD): .

The results for éhemical oxygen demand (COD) averaged
423, 1353, 354 mq/L for the three groups respectively (Table
C.3). COD varied from 216 up to 490 mg/L. The COD results
agree(with the volatile solids results (see Table C.1l).
Also the general picture of water soluble organic subs-
tances deraived from this study is similar to that of

previous investigations (Strosher and Peak, 1976 Hrudey,

1975; and .Ludwig, 1983). These values are subftantially.
higher than the BOD values obtained for the/s me samples
(Sec. 4.18), thereby suggesting that the samples may either
contain large guantities of non~-biocdegradable organic
matter or, that the samples are toxic to microorganisms

used as a toxicity index.

COD data cannot be expected to correlate well with
BOD data primarily because the two tests measure different
aspects of oxidizable constituents of tested samples. To

explain the difference  between COD and BOD results, the

oo el o

Ultimate Biochemical Oxygen Demand (BODu) test (which is

expected to approximately reproduce the COD value in the
absence oi/jﬁi;e/éompounds) was carried out on five -
samples.—The BODu averagé value was 200 mg/L, with an
average difference of about 17p mg/L from the COD average

value (Table C.3). This large difference implies the

existence of toxic compounds and/or biologically resistant j

5

organic matter.




pe

Certain organic compqunds, particularly low -

molecular weight fat£y acids are not oxidized by dicromate .
unless a catalyst 1s present (1t haé/been found that silver
ion acts effectively 1n this capacity). Aromatic hydro-
carbons and pyridine are not oxidized under any circums-,
tances. Because of all these limitations, the results do
not necessarily reflect the right amount of organic matter
present 1n the tested samples.

”,
iy

o

4.1.10 Total Organic Carbon (7T0CQC):

P

'

The TOC average values for the three tested groups
were 107, 127.9, 239.8 mg/L respectively. The TOC values

varied from 52.301£§%to 281.90 mg/L for all samples (Table

c.3). 'The ratio between COD/TOC is equal to 2.30 (while )
the theoretical ratio equals to %% = 2.66, in the case f

t

where all organic matter present is potassium dicromate b
oxidizable). This d;fference is attributed to the pre-

L
sence of organic carbon that did not respond to either

i

BOD or COD tests.

iF - - - e —— - —

The TOC values obtained_in this study-are higher
than those of Hrudey (1975), sjnce the samples originating
from emanated sludge fluid have a high content of aromatic
hydrocarbons and pyri?ige, not oxidized by the COD process.

(Table C.3). So, conclusions basdd ®n a comparison

between COD results and TOC results are rather precarious.

-~ 59 - . .




4.1.11. Inorganic Carbon:

The total inorganic carbon averaged 73.10, 56.20 and
144 mg/L for the three tested groups respectively. The
total inorganic carbon values varied from 36.72 u; to
183.40 mg/L and were of the order of 55% of TOC (Table

c.4).

4.1.12. Extractable Carbon: \ .

Samples were extracted with benzene and, evaporated

. 3
by a rotary vaccuum apparatus, to remove traces of solvent,

=)
.

they were then analyzed for the total orxganic carbon
content. The results indicate that the ratio of extract-
able carbon to original carbon is in the range of 63 to

74% (Table C.4).

Organic materials may exist in the test samples in

f

several forms: as diswmlved.organic compounds, as Qispersed
. .
or micellar materials, as suspended carbon particles, and

as materials adsorbed on the surface of suspended inor-

ganic particles. Dissolved organic compounds and
dispersed organic material may be readily extracted from

the samples with solvents such as benzene; compounds

adsorbed on the surface of inorganic particles are not

' - 60 =~
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a

readily extracted and carbon particles are not extractable

v

from the water at all. The fact that over 30% of the

organic carbon\present in the test samples is not

extractable indicates that it either occurs as discrete

carbon particles or that it is strongly adsorbed on the

surfaces, or that it is foupd in the form of unextractable

hu@ic and ful vic acids. (Strosher and Peak, 1976).

4.1.13. Total Nitrogen: ?

i

» ' i
The total nitrogen values indicate that most -of the
7

nitrogen is in the ammonium form. The total nitrogen

content values for the three groups averaged 38.5, 44.6

and 44.1 mg/L respectively. The total nitrogen values

v 5

varied from 18.0 up to 72.0 mg/L for all samples (Table

c.5). The tested ammonia con%entrations (ignized and

un-ionized) of the three groups were 26.5, 27.6 and -
38.3 mg/L.respectively, with a range of lZ.G‘up to 63.0

mg/L.foxr all samples (Table C.5). The results for total

H
4 * -
nitrogen and total ammonia are similar to the results of

Barbour et al, 1977 and Ludwig, 1983. Total nitrogen

concentrations of the samples indicate that the nitrogen
/
would not likely be a limiting factor in the growth

processes of aquatic organisms such as algae (Miller et

al, 1976). -

i
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4.1.14. Phosphorus: X .

¢

Total and inorganic phosphorus concentrations are

shown in table (C.5). The concentrations of the total

phosphorus varied from 0.02 to 0.05 mg/L and the values ’

A

of inorganic phosphorus were in the range of 0.01 to

0.02Img/L. us, phosphorus may not be considered

%

sufficient to s ort, substantial algal growth and could

e cpnsidered @ limiting nutrient (Miller et al, 1976).
The phosphorus results may be affected by the delay

of the analysis which can alter the relationship between

d;séo}ved and particulate forms of phosphorus. Also,

“the presence of nitrile compounds and arsenic lowered by

abount 3% the phosphorus results (Standard Methods, 1980).

Usually, phosphorus is considered by most investiga-

¢

tors to be the key nutrient in controlling algal growth,

since both nitrogen and carbon dioxide exist in the

>
St 200 I mdi & 4

atmosphere and reach equilibrium concentration in water.

4.1.15. Phenol: ) @

| i

Phenol concentration (and its steam - distillable .

ortho - and meta substituted derivatives) was measured -
at an averade range of 0.03 mg/L (Table C.5). fThis value L

' |
is far below the EPA estimated safe phenol concentration

for receiving waters of 0.1 mg/L and thus it would not

- 62 -
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be expected to have a direct toxic effect on the biological

indices employed. The possible synergistic'effects of

. phenols must, however, not be neglected (Sader and Mc

Carty, 1978).

4.2. Biocassay'Analysis: .

v

e’}

°&f2.1. Growth Pattern:

Fiqures (4.7 - 4.12) show comparison of the growth

of Selenastrxrum capricornutum exposed to sample concen-

o

trations (V/V) of 12.5, 25, 50 and 100% with the 'growth

of the control. The initial cell density in all samples

was 1000cell/mL. The rgﬂg of growth of §. capricornutum
L

with different emanating fluid@concentrations follow a

growth pattern similar to that giveg by Knaysi, (1951),

Lamanna,(1955), Kauss et al, (1975) and Graudy and

Graudy, (1980).

&

“These curves shown in Figures (4.7 - 4.12) may be
divided Anto five defined phases:

(1) Lag phase: due to adaptation to a new environment:
and characterized by a long generation time, a null growth
rate, a maximum cell size and a high rate of metabolic'
activity.

Y A |
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4.7 Growth of
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4.11 Growth of S.capricornutum in medium containing sludge fluid (Sample # 16)
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(2) Acceleration phase: characterized by decreasing

generation time and increasing-growth rate.

(3) Exponential phase: characterized by mainimal and

constant generation time, maximal and constant specific

growth rate 'and 1increasing cell density.
r

)

(4) Declining growth phase: characterized by increasing
geﬂeration time and decreasing specific growth rate, due
to gradual decrease i1n substrate concentration, and
increased accumulation of toxic metabolites.

'

(5) Stationary phase: characterized by exhaustion of

nutrients, high concentration of toxic metabolites and
maximum physical crowding.
The results of the bioassay analysis employing the

green algae S. capricornutum as a test organism are given

in Table (C.6). The average cell densities recorded at
one or two-day intervals have been expressed as a percent-
age of those in the control flasks. The initial toxicity
of the different concentrations (100, 50, 25 and 12.5%

by volume) varied'tonsiderably. After two days of exposure
' [
cell densities for 100% and 50% samples concentrations

@

(by volume), Qere from 3.3% to 11.6% and from 5% to 12.6%

lower than in the controls respectively. For the higher

"y
¢
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- T ‘ ¢
dilutions (25% and 12.5% by volume) cell densities were
from 13% to 22% and from 24% to‘38% lower than in the .
controls respectively. Comparison with controls revealed
that the lag period between inoculation and commencement
of qfowth pr&§ressively increased with the initial sample
concentration.

Recovery was less rapid at higher concen-

trations. In 100% samples concentration, no recovery of

growth occurred during the test period. The slope of

the curves dx (X = no of cell/mL)

at increase in phase 2 and

and there-
>

after decrease until the maximum concentration of cell
. ’ «

3 {(acceleration phase and exponential phase),

number is obtained and the population enters the

dx

at

( stationary phase 1n which 0.
S S

There are many reasons why cel}s do not grow inde-
finitely, including exhaustion of nutrients, depletion of
the dissolved oxygen supply, crowding, growth-induced
ghangeg inwthe chemical environment, and/or presence of

toxic substances (Gaudy and Gaudy, 1980).

4.2.2. Algal Assay Bottle test (original samples)

i

The 5. capricornutum Algal Assay Bottle test results

are summarized in Table iC.?) and Figures 4.13&Cc.1 -« C-13
' The figures are presented in the form of histograms in

4£ which the height of eéach individual histogram for any

)

e 1T
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given sample is equal to the algal density as a percent
of control. The algae growth in the control flasks
(distilled water plus nutrient (PAAP) solution only), is
considered to be the theoretically expected algae growth,

thus the growth in the other flasks are compared with
J

that 1n the control (i.e. the growth in the control is
considered as 100% growth). Sample concentrations ranging
from 100% to 3.13% (by volume) were examined. Three

different cases are congidered in this study:
1) 100% (by volume) samples concentration only.

2) 100% (by volume) ' )samples concentration plus EDTA.

v

3) samples concentrations ranging from 100% to 3.13%
(by volume) plus (PAAP) solution, (a nutrient

solution, see Appendix B).

The inhibition percent of S, capricornutum green

;lga with 100% samplg‘(first case) ranged from 92.75% to
99.70% which means th;t the emanatiné fluad is acutl&

toxic. This can be attri%uted to the presence of.highly
toxic trace elemegts, either organic or inorganic, or the

deficiency of the samples to present the required nutraients

for the growth and reproddction of the test organisms.

LY
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‘collect 7Zn (see table C.2).

fluid wa /

To examine if the toxicity of the emanatin /s/

A

caused by the he’avy metals or not, the synthetic ox“gapc‘t/c\
ligands, ethylenedlamlneteraacetlc acid (EDTA),’/c;ons.Ldere)d
as a chelating agent, was added principally to collect Fe
and Mn which are present in significant amounts in the test
samples as observed in the heavy metals analysis and also
The toxicity results in this
case provided an inhibition percent ranged ;‘:1;0m 96.05,
to 99.75%, 1.e. the emanating fluid_ supported only

/*‘\ .
approximately 3% of the theoretically expected algae

B

growth. The difference i1n algae growth ,in the presence

and absence of EDTA is very small (in the order of 1 or

2

2%), and these results indicate that the metals appear

not to be the only cause of the observed toxicity. Never-

theless, if metals do contribute to toxicity, their >
contribution appears to be relatively insignificant in :

the toxicity results presented in this study. N

.

4

Up to this stage, the conclusion is that the samples
{ »
are toxic to the green alga S. capricornutum and this

v

acute toxicity is not attributed only to metals, but
either to the deficiency of the nutrients or the presence

of dissolved hydrocarbons. ”

-
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The N:P ratios of the test samples indicate that
phosphorus is a growth limiting factor. To make sure if J
the deficiency of ithe nutrients may or ny not cause the

growth 1limit of the test organisms, 100% samples concen-~

I

trations plus (PAAP) , a nutrient solution containing

Dibasic potassium phosphate (K2 HPO4) and sodium nitrate
k
(NaNO3) as sources of phosphorus and nitrogen respective-

ly, were examined. The inhibition percentage of S.
. R -
capricornutum algae gained from these series of experiments

was of the range 94.97 to 99.77%, i.e. the samples supported
4

only épproximately 4% of the theore%ically expected algae

TR
\

growth. These‘regults indicate that, not Shly the b
deficiency of the p#osphorus alone 1is the. reason of the
growth limiting condition. So that the toxicity observed
may be attributed to the bresence of dissolved hydrocarbons,

and this will be discussed in the next séétion (4.2.3.).

1

To estimate the lethal concefitration Tuﬁ 50): the R

inhibition percentage with different concentrations of

N

emanating fluid (100, 50, 25, 12.5, 6.25, and .3.13% by :

.

volume)ﬁwere measured and plotted against concentrations ~
in a probits - log scéle graph paper (Standard Methods,
1980). The best fit straight line was drawn aga\the

lethal concentration (LC 50) was determined.” TRe lethal

concentration is defined as the concentration of toxicant ’j*

a
1%

in which just 50% of the test organisms are able to survive

-

i
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for specific period of exposure . The lethal concentrations

LC 50 were of an average for the three groups tested

o

k)

(Table 3.1) of 24, 30 and 13.5% (by volume). Hrudey (1976)

employing Rainbow trout (Salmo gairdneri) got a result of

96 hour =~ LC 50 of 11% (by volume) for Tailings pond dyke
drainage, which is lower ghan the above results (Table C.7) .,
taking into consideration the difference ip thebtest
organisms (the lower the organiéms the less sensitive to

the £oxicant). Figure 4.13 (a representative graph; shows
the relation between sample concentrations (by wvolume) and
algal cell density as percent of that obsexrved in the
control (the theoretically expected algae growth). As .
shown the less the sample concentration, the hig?%r the
algal growth, i.e.'thé less the inhib}tion perc%At

(Figures C~1 - C-13 : see Appendix C).

*
~

~—

¥
‘

4.2.3. Algal Assay Bottle test xesults (for emanating

fluid samples of the passing through activated

carbon column):

'
1

Another set of bioassay resultd employing S.

capricornutum green algae as a test organism was carried

out. The samples examined in-this set were the same samples
used before but were passed thgough an'activated carbon
column. The activated carbon column was used to remove

tion of the dissolved organic matter, and as mentioned

Ve
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‘is relatively small,

in section 4.1.12, the ratio of extractable carbon to '

. €
original carbon is/in the range of 63% to 70% (Table C.4)
which may indicate the presence of high pefcentage of

dissolved/hydrocarbons. The emanating fluid samples was

applied to the top of the column and withdrawn at the
bottom. The results of this set a8re summarized in table
(C.B). The same steps taken in the/prev;ous section

(section 4.2.2.) was-followed in t%sting this group of

>

samples. “

The inhibition percentage results of S. capricornutum

sample concentrations with or without

with 100% (by volume)

the nutrient solution (PAAP) consisting of macrg and

micro nutrients (see Appendix B) were in the range of 90

up to 95% (by volume) i.e. the emanating fluid samples

suppogted-only from 5 to 10% of the theoretically expected
algae growth. The results of inhibition percentage are
lower than that of the original sample b& only 5%, which
and may be attributed to the presence
of high percentage ofqthe dissolved hydrocarbons which
include the most toxic components of oil, 6 and are also the

most soluble in water (Laws, 1981).

p
N\
' The effects of dissolved hydrocarbons fall into two

*

general categories. The first category includes effect

- 77 =
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/ - .
agssociated with coating or smothering of an organism. The
second category of toxic effects involves disruption of an
organism metabolism due to the ingestion of oil an# the
incorporation of hydrocarbons into lipid or the tissue in

sufficient concentration to upset the normal functioning

. of the organism (Nelson - Smith, 1972).

Fy
Another 100% samples concentration set were examined

for acute toxicity in the presence of the chelating agent

(EDTA). The inhibition percentage was in the range from
90.27 up to 99.66%, i.e. the samples supported only
approximately 1% up to 10% of the theoretically expecled
algae gFowth, and this is the same as shown in section "

4.2.4., where the metals would not solely cause the

observed toxicity.

Table (C.8) shows that the lethal concentration
(LC 50) averaged 40, 36, and 28.5% (by volume) fo; the
three .groups tested respectively. The diffggence between
the lethal boscentration in the original saméles and

:

those passed through the activated carbon column was of
the average of 30%, and this result reflects the ability
of‘the activated carbon column to adsorb and remove a
portion of the dissolved hydggcarbons in the tested
samples. Figure 4.14 (a representative graph) shows

the j;aation between sample concentrations ?by volume)

1
- »
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A .

and the algal cell density as percentage of control in
the form of a histogram. As the sample concentration
decreases, the algal cell density approaches that in the
control or even more. (Figures C.14 to C.26, see
Appendix C) .

/ |

4.2.4./Microtox Biocassay:

The toxicity result7 using the marine bacterium

resembling Photobacterium phosphoreum as shown in Table

(C.9) and Figures 4.15 & C-27 - C.39. 1In thauis toxicity test,
the quantity qf light emitted by the bacteria five minutes
after inoculation lAtO the samples relative to the gquantity
of lightemitted by the bacteria immediately after

inoculdtion intb the samples is considered to be a reflection

-

of the toxicity of the samples.

The inhibition percenf"of 100% sample c;ncentration 5
(by volume) measured in the preliminary test showed an
acutely goxlc effect for the bacterium resembling ¢
Photob;cterlum phosphoreum. To estimate the lethal .

¥

! %

concentration (LC 50) and the concentration lethal to 20%, A
%

)

a series of samples concentration wére examined (50, 25,
12.5, 6.25,and 3.15% by volume). The LC 50 are of an
/

average of 94.5, 90.8 and 70% by volume for the three

oy

. Ly
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groups regspectively. The average LC 20 values are 29.3,

32.5, and 26% By volume for the three groups respectively.
i ,
Figures 4.15 &, C.27 are provided in the form of histo-

~

grams where the height of each individual Qistoqram for
any given sample is equal to the decrease in:- l1ght
intensity (emitted by the bacterium resembling Photo-

bacterium phosphoreum) as percentage of control (which

]
is considered as the theore%ically expected light emission

after 5 minutes). (Figures C-27 to C-39, see Appendix C) .

¢

The results of LC-50 indicate that the emanated fluid
was not/highlyftoxic to the marine bacterium resembling

Photobacterium phosphoreum. Also, the results of LC 50

(§. capricornutum) and LC 20 (Photobacterium phosphoreum)

are in the same order. This observation attributed to the

fact that the lower organisms are less sensitive to the

toxicants., It is also of importance to note that the

3

same compound exhibits varying degrees of toxicity for

different species of the test organisms.

4.2.5. toxicity Results Using the Electrolytic

Respirometér:

The oxygen uptake by the bacteria, in the presence of

"

a growing solution containing all the salts required for

their maintenance and reproductidn, was measured every

]
/
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two hours for a 24 hour period. The results are .
summarized in Table (C.10). THe cumulative oxydgen uptake

’

in mg/L are shown i1n figures (4.16 to 4.23).

.

The method is based on the fact that, in a closed

system, consisting of gaseous and liguid phases, and a

operating at constant temperature (ZOOC) and volume,, any
change in the amount of gas can be gauged by the accompany-

ing change in pressure. The flasks holding the tested

3

samples were held at constant temperature (20°¢) by
immersion in a water bath, they were shaken at a known

speed and amplitude to agitate the liquid surface in the

/
flask.

S

The cells grew using the oxygen dissolved in the

AN

liquid, which’causes oxygen from the gasecus phase to
diffuse.into the‘liquid. ‘Aerobic metabolism produ;es

large amounts of carbon dio7ide which escapes into the

gas phase. The cell fixed at the top of the flasks . ‘ |
makes use of the pressure change due to the biochemical
consumption of oxygen gas to sense the need‘for more

oxygen. The necessary oxygen 1s electrolytically
!

generated /into the reaction flasks. \

'
/ -
i .
i

¢

I
The results indicates that growth in the control

flasks is higher than that on the other flasks holding
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CUMULATIVE OXYGEN UPTAKE (mg/l)
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degrade petroleum hydrocarbons (to CO

the tested samples. These results correlate well with

the BOD and COD or TOC results, and in fact the micro-
orgénisms present in the mixed culturé used as a seed
couldacclimate to the nutrients present or added to the
samples in growth and feproduction, but the dissolved
hydrocarbons and/or the complex organic coumpounds which
are hardly degradable, present in the samples, limits the
growth. Two of the Eested sampleswere of an oxygen uﬁtake il
of more than that at the control flask , which indicates
the ability of this mixed bacteria culture to adapt to the
emanating sludée fluid. There is no doubt from these
results that some bacteria present in the inoculum can
metabolize petroleum hydrocarbons, but no single bacterium
can metabol;ze all different hydrocarbons in crude oi; i

(EPA, 1972). The amount of oxygen regquired to completely

5 and H20) 1s

enormous; the oxidation of one /liter of crude oil would

require all the oxygen in about 320,000 liter of seawater
ok

(Ellis, 1973).

“«
Another fact to be taken into account here, is that

the oxygen demand of effluent samples reduces the available
oxygen in the sample, thus causing an additional stress on

»

living organisms.
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The oxygen stress can be noted by an increase in the

.respiration rate to compensate for the lower oxygen level.

B

In-summary, oxygen uptake curves obtained from
samples inoculated with microorganism of ihdustrial
origin indicated a relatively lo& toxicaity in the
emanated sludge fluid.

4.3, vVariation of Toxicity with time:

4

Two untre§égd emanating sludge fluid samples were
used to study the variation of toxicity with time, as well
as the variation of pH and chemical oxygen demaq@ (CoD) .
The results are summarized in tables (C.11l, C.1l2 and
c.13).

Growth bicassays with §. capricornutum, using cell

ﬁumberé as an index of growth with different sample
concentrations ranging from 100% to 6.25% ({by volume)
(Fig. 4.26 and 4.27) showed a rapid decreasing of the
inhibit@on percentage with sample conqgntnations of 6.25%,
12.5% and 25% (by volume) during the first 17 weeks of

‘'

exposure to laboratory environmental conditions. The

variation of lethal concentration (LC 50) with time was

represented by a straight line as shown in Fig. (4.24
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hydrolysis of the components of bitumen, oxidation of

.are given 1in figures 4.30 and 4.31 .

AN

and 4.25). The regressipn analysis indicates a degree of

correlation ( r =0.92 and 0.83 for sample 6 and 7

respectively),

The second parameter whose variation was observed
with time was the pH value. The pH values v;ried from
%gszto 9.20 during the study (25 weeks). Tﬂfs variation
with time can be due to anvy or all of the following:

interaction' of the aqueous solutaon with the minerals,

2

bitumen by 7irhztransfer of CO, between solution and

atmosphere, and bacteriological processes (Burchfield

and Hepler, 1979). Figures 4.28 and 4.24 show the
variation of pH with time and this relaticnship is repre-
sented by a straight line of slope (0.064 and 0.065 for

N H

samples 6 and 7 respectively).

The chemical oxygen demand (COD) values decreased by
37%, during the period of the study. The decrease of COD
may be attributed to the reasons mentioned above (with pH
variation) or may be caused by the evaporation of the
volatile hydrocarbons (the evaporation rate was observed
to be equal to 0.5 ml/cm2/day), which includes the most

toxic components and also the most soluble in the samples

(Laws, 1981). The relations of COD variation with time
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Discussion

The results obtained indicate that the fluid
emanating from the sludge produced as a result of the
"hot;water extraction process" is toxic to the fresh water,
green aJ:gae Selenastrum capricornutum and less toxic to

?

both the marine. bacterium resembling Phetobacter ium
. »

phosphoreum and the mixed bacteria culture of industrial

w
°

origin. The.results also show that certain components are
present in relatively high concentrations. Thus, 1t would
be appropriate to carefully consgider the different components

and factors characterizing all samples and thereby attempt

to determine the source(s) of toxicity in the samples.

The high pH values observed (¥ 8.0) (Table C.l) and
A.\ *
the variatio\h‘/ in the pH values between the samples, may be
due to any or all of the following: interaction of the
aqueocus solution with the minerals, hydrolysis of the
components of bitumen, oxidation of bitumen by‘ air, trans-

fer of CO2 between solution and atmosphere and bacterio-

logical processes. These pH values may be partially due

to the presence of CO0 , as several previous investigators

(Moschopedis et al, 1976; Burchfield et al, 1979; and

1

Strosher et_‘al, 1976) have shown that bitumen contains

-

compounds that will hydrolyze to carboxylates.
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The pH value plays an important role in determining
the degree of toxicizy of some components such as ammonia.
It is well known that the molecular ammonia is toxic but
that the ammonium ion is not and the relationship between

§
the two 1is pH dependent,

+* +
NH3 + H NH4
(Sawyer and McCarty, 1978). Although pH is relatively
high, it falls within the range 5-9 (pH units) which is
generally tolerated by organisms. In this study, pH

1s not considered a factor directly influencing the

~

survival of the test organisms.

5.2. Solids and Specific Conductivity:

In the analysis of total solids and suspended solids,
an observed high dissolved solid; content is noticed.
Althoggh the specific conductivity values fall within the
range 0.05 - 1.5 m‘mhog/cm (Table C.1), which generally
characterizes potable water in U.S5.A.. Thus it would not

be expected that the overall ionic strength of the samples

would have a direct effect on the toxicity observed.
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The relatively high values\of volatile solids, for
all samples (Table C.1l), point out the presence of a high .
organic content, but as mentioned before, the jolatile
solids are sometimes a misleading measurement becau;e they
may reflect a loss® of water of crystillization, a loss of
volatile organic matter before combustion, incomplete
oxidation of certain complex organics, and/or decomposition
of mineral salts during combustion. —
The suspended solids with the turbidity results fall
within the harmful range to aquatic organisms (Table C.1).
.The suspended solids can retard the photosynthetic process
by preventing light penetration , blanket the benthic
communities and also contribute to the b}ochemical oxygen
demand. Cdté (1976) reported that there is no evidence that —
concentrations of suspended soiids less than 25 mg/L have
any harmful effect on fish and it should be possible to
maintain good or moderate fish populations in water contain-

7 :

ing 'up to 80 mg/L suspended solids.

PRI

wrea

5.3. Metals

The analysis of heavy metals indicated that most of the: 5

Jjmetals (Cu, Cd, Mn, Ni, Pb, As, Zn and V) were below the

jitoxic levels in public water supplies as recommended by the
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EPA (1972), except for iron which was present at an average

concentration of 2.6 mg/L (Table C.2) while the maximum

permissible concentrations 1is 0.3 mg/L (EPA, 1972).

During Algal biocassays tests using the green alga S.

capricornutum as a test organism, EDTA was added as a

chelating agent to complex iron and any other metals in

a potentiswally toxic state. The results of this series of

experiments point out that the inhibition percentage does

not change EDTA. Thus the effect of the heavy metals as a

direct source of toxicity appears to be insignificant as

compared to the other sources of toxicity. However in the

presence of organics, the toxicity of metals increases.

For example, organic compounds of lead are much more toxic

than the metal itself. The ionic state of the metal may

t

also affect the level of toxicity. For example, chromium

is more toxic in the hexavalent than in the trivalent

0

state. Furthermore, heavy metals, even if present in

sublethal concentrations, may react with other metals or

components synergistically or antagonistically (Wetzel,1975).

5.4. BOD, COD, and TOC: |

The BOD results indicate the presence of toxic
compounds and/or complex organic materials difficult to

degrade by the microorganisms of industrial waste origin.

As mentioned before (see 2.2.) hydrocarbons are quite toxic
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tc aguatic microorganisms (especially the low molecular

weight hydrocarbons) and this could exblain the quantitative

L

. difference between BOD and both TOC and COD results. In
.all samples (Table C.3), higher dilutions vyvield lower
. \
toxicity wvalues (lower inhibition percentage), and this

observation was supported by the following results:

1) The higher the sample concentration in the BOD

bottles, the less the value observed after 5 days (with
respect to the dilution factors). (see Fig. 4.1 - 4.6.).

2) With decreasing sample concentration, the rate

2
(. of reproduction and growth of S. capricornutum -and the

marine bacterium resembling Photobacterium phosphoreum

increased significantly (Tables C.7, C.8 and C.9).

The ratio TOC/COD (both are representative of the

organic content of the samples) is equal to 2.30 on the
dverage for all samples, while the theoretical value

should be 2,66 {1n the case where all organic matter

present 1is potassium dichromate oxidizable, TOC/COD =

v

32/12 = 2.66). This difference may be due to the presence

of organic compounds that are not accounted for i1n either

BOD or COD tests. Certain organic compounds, particular-

ly low molecular weight fatty acids, are not oxidized
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by dicromate unless a catalyst is present. Aromatic

hydrocarbons and pyridines are not oxidized under any

circumstances.

As the organic content of the samples decreased the
toxicity also decreased, as observed in the study of
toxicity with time (see sec. 4.3.). The oxrganic content
likely decreased either by gradual decomposition and
hydrolysis or by evaporation of the low molecular weight
hydrocarbons. The same results were observed in studying
the toxicity of the samples after passage through an

activated carbon column. (sec. 4.2.3.). The toxicity

o “

decreased due to the removal of a portion of dissolved
organics by an average value of 30% for all samples. This
result may be due to the presence of high hydrocarbon

contents dissolved in the samples. The emanating sludge

fluid contained an average of 170 mg/L of organic carbon
of which 70% was extractable organic material (Table C.4).
Organic maéerial may exist in the samples in several
forms; as dissolved organic compounds, as dispersed or
micellar material, as suspﬁnded:carboh particles, and as

{

material adsorbed on the surface of suspended inorganic

particles. Dissolved organic compounds and dispersed

organic material may be readily’éxtracted from the samples
\
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with solvents such as benzéne: compounds adsorbed on

the\;urface of iporganic particles are not readily extracted
and carbon particles can not be extractable from the'samples:
The f; t that over 70% Pf the organic carbon present in

tﬂe saAples 1s eitractable indicates either that 1t occurs

as dissolved organic compounds or dispersed organic

material.

5.5. Total Nitrogen and Ammdénia:

’ . The total nitrogen and ammbnia results (Table C.5)

indicated that the emanating fluid samples were high in

(v ammonia content and low in nitrate and nitrite content.

Miller et al (1976) reported that the high ammonia concen-

' tration was observed to be toxic to the green alga S.

capxicornutum. The observed ammonia content is above the

safe limit for receiving water (1.0 mg/L) (Sawyer and

3

Mc Carty, 1978).

The presence of high ammonia and low nitrate and

nitrites likely indicated that oxidation of ammonia to

t

_'nit;ate and nitrites 1s not complete. Similarly other

+ .

oxidiation processes may also not be complete. For

example, hydrocarbons which are highly toxic may be

oxidized to less toxic compounds, eventually to carbon

(“ dioxide and water, .
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The toxic.aqtion of ammonia depends on the H' concentration
(pH) . Carbon dioxide decreases the concentration of the
toxic NH3 by lowering the pH value. Ammonia, as well,
ob§§rved to be toxic to Rainbow trout (i.e. 96 hour LC 50)

at 0.41 mg/L of un-ionized ammonia (Hrudey et all, 1976).

The high ammonia content may be a direct source of

toxicit& to S. capricornutum, however, it is very difficult

IS

to confirm thais conclusion because of the difficulty of

igsolating the ammonia in the toxicity test employed.

5.6. Phenols:

Phenols in the emanating fluid samples may originate
from the hydroxy derivatives of benzene and its condensed

: /
nuclei . Phenols observed at low concentrations far below

the EPA estimated safe phengl concentration for receiving
waters (0.1 mg/L), and this can be attributed to the
acidic properties of phenols and the caustic‘extraction
process utilized by the present o0il sands extraction plant.
Thus it would not be expected that phenols would have a

direct toxic effect on the toxicity indices used in this

study (S. capricornutum and the bacterium resembling

Photobacterium phosphoreum). Also, phenols appear to be

less toxic towards lower aquatic microorganisms. These

v
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results were similar to those of Strosher'énd Peak (1976)

for tailing pond dike filter drainage and that of Ludwig

= (1983).

’

5.7. Inorganic phosphorus:

The i1inorganic phosphorus results indicated that none

q

of the samples contained enough inorganic phosphorus to

support the growth of S. c¢apricornutum in the Algal Assay:

Bottle test analysis. The iﬂorganlc phosphorus 1is

believed to be a limiting nutrient in the tested samples.
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CHAPTER 6

Calculation of the re-toxification time

u

e o o ittt anneeh S

PUS

VI



"

Calculation of the re—toxification time

Intraoduction

As mentioned in the introduction, this study focused
on the fluid emanating from the potential sludges produced

as a result of the hot water extraction proces's, and as

shown 1n the previous discussicon,:the emanating fluids are .

B

highly toxic to the fresh water green alga S. capricornutum

with LC 50 range varying from 5- 33% (v/v) and of an
average value of 25.8% (v/v). The;e results agree with
that of Ludwig {1983) who concluded that the fresh tailing
water and the emar;ated fluid are highly toxicto 'S .

capricornutum with LC 50 values of 24.5% and 29.5% (v/v)

respectively. Ludwig (1983) also observed that the aged

{
tailings water was slightly toxic to the alga §. '

capricornutum in the presence of added ‘nutrier{ts (i.e.

‘"PAAP solution, see Appendi'x B) .

o

'

The following is a schemat,/ic drawing for the tailings

< -

pond which shows the non—-toxic clear water surface layef
and £the sludge layer which is the source of the contami-
nated emanating fluid. It is required to calculate the

time of re~toxification of the surface layer.
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F1G. ‘5.1 Schematic diagram of hot water extraetion and

Tailing disposal (Frederick, 1877
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Calculation of the time reguired for sludge water

l

layer in an initially don-toxic s tate, to reach

A a toxic state /

The time required for re-toxification (i.e. 50%
iﬁhlbition in algal growth) of the surface water layé;
in the tailings ponds, due to the influence of the released
fluid, (in the event that the surface water layer is
initialiy rendered "non-toxic" detoxified) is dependent

on at ledst two important factors, namely:

.

1) the initial volume of the surface water laver,

2) the rate of sludge fluid released at anydgiven
time. y @
‘
® All tests were conducted in the laboratory supernatant
fraction (samples g, and 9), collected after centrifugation
of terminal sludge samplés (total solids concentration =
30.6%) at 10,000 rpm over a 30 mainute period of time. Such
‘
a sample is consiéered to be equivalent to freshly
- released sludge fluid. Distilled water was considered
equivalent to surface water in a"non-toxic" state. The

toxicity,i.e. the percentage inhibition in algal growth

of mixtures of varying proportions of supernatant fraction

-
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P

ard distilled wgter was subsequently determined.” The results
nindicated that the supérnatant fraction at a conce?tration
of only 14.8% by volume,’ exhibited toxicity (i.e. 1nhibiked
.50% of algal growth). This means that the surface water
layer (when initially "non-toxic" becomes toxic once the
emanating fluid is incorporated lPtO the surface water

. layer, at a concentration of 14.8% by volume.

Pl

t

Sample calculation

Assumption:

- o
. <

(1) the toxicity of the emanating sludge does not \\
further decrease with time, except for the decrease
occuring over .an initial 8 days period of time.
(2) Other sources of fluid input into the water layer
(aside from the emanating sludge fluid) are not present. i
(3) The potentially (toxic influence of emanating i
sludge fluid on the detoxified.water layer is the same . :
as that observed on distilled water.
A typical example for the calculation of a predicted

re~toxification time is provided below:
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*

1) Assume initial surface water layer volume =

200 million Cubic feet (McF) K

2) Date for de-toxification of surface layeér

(any arbitrary date) = Jénuary, 1, 1984.

3) Toxic concentration = 14.8% (v/v) (measured)

volume of sludge Initial volume of

fluid released surface water layer

Volume of released sludge fluid incorporated into

surface water layer required to re-toxify.

Py

(toxic concentration ) (initial volume of

surface water layer)

(14.8%) x 200 MCF

29.6 million cubic feet (MCF)

From Fig (6.2) it can be observed that from the commence-
ment of the year 1984, it would take 28% months for the
release of 29.6 million cubic feet of sludge fluid. There=-
fore: toxicity in the detoxified surface water layer would

be exhibited after 28% months.

«
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‘ i

In fact, indications are that the released sludge fluid
does decrease in toxicity with time and hence, the time
values given by the above analysis represent the minimal
times expected for re-toxification of the surface water

I “

ayver.
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CHAPTER 7

CONCLUSIONS
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Conclusions :

This study was conducted in an effort to assess the
toxicaity of fluid emanating from potential sludges produced
as a result of the "hot water extraction process" employe&
in extracting oil from the tar sands 1n Alberta. A éurther
attempt wasﬂmade to 1dentify specific sources which might
be responsible for any toxicity observed in the emanating

sludge fluid. Conclusions concerning the toxicity of

emanated sludge fluid are as follows:

1) The emanated sludge fluid 1s highly toxic to the

fresh water, green alga; Selenastrum capricornutum and

this result was observed for all different potential
sludges (both treated and untreated sludges), with

extrapolated average LC 50 values for all samples of
22.5% (v/v), in the presence of added nutrients (i.e.

PAAP) . H

2) The emanated fluid is less toxic to the marine

bacterium resembling Photobacterium phosphoreum with an
average lethal concentration LC 50 value of B85% (by vo-

lume) .

»
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3) Oxygen uptake curves obtained from simples
inoculated with microorganisms of industrial origin, also
indicated a relatively low toxicity in the emanated sludge

fluid (treated and untreated).

4) Metals were not a significant source of foxicity

in the samples. Difference of no greater than 5% between

samples with added EDTA (metal complexing agent) and samples

without EDTA, i1ndicated that metals are not solely accggﬂﬁ;,/

PSS

able for the high toxicity observed with respect to S.

capricornutum. ,

5) Ammonia content of the emanated fluid was observed
to be above the safe limits for receiving waters, which

indicates that ammonia may exert toxicity directly and/or

synergistically on the green alga, S. capricornutum. Also

the presence of high ammonia content and low naitrites and
nitrates indicate that the oxidation of ammonia to both
nitrites and nitrates is not complete. Similarly, otKer
oxidation processes for some hydrocarbons, which may

oxidize ultimately to carbon dioxide and water, may not be

complete. !
6) The dissolved organics are observed to be one of

the main sources of the acute toxicity. After the activated

¢
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- carbon treatment to remove a portion of dissolved organics,
the toxicity of all samples decreased by an average value
of 30% from that of the original samples. The emanating
sludge fluid contained an average of 170 mg/L of organic
crrbon of which 70% was extractable organic material
(dissolved organic compounds and dispersed organic ﬁaterlal
may be“rea?lly extracted from samples with solvent such as

benzene) .

7) The inorganic phosphorus'results indicated that

/ none of the samples contained enough inorganic phosphorus

to support the growth of the green alga S. capricornutum.

8) Toxicity was observed to decrease by 25% during a
25 week period of eiposure of the samples to the environ-

/

mental conditions.
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APPENDIX A

This appendix presents a brief review of the "hot

"water extraction process" and describes the oil sands

content and formation. )

A.l - General:

lberta is blessed with enormous quantities of petro-
‘ 1
leum in the ground - at least 2.15 X10 <cubic meters

(Takamura, 1982), most of which are contained in o0il sands

01l deposits. As Nicholls and Luhning (1977)

'

have pointed out, only about 8% of this is covered by less

,than 46 meters of overburden and is therefore suitable for

economic recovery by surface mining. The majority of
bitumen reservoir 78% is estimated to occur under more
than 150 meters of overburden and should be recovered

by some form of in-situ process.

The best known Canadian deposit is the Athabasca
deposit in Northestern Alberta, which contains approximate-
11 s ' . .
ly 1.4x1C cubic meters o{ bitumen~-in-place. The Athabasca

Deposit is also the only one currently under commercial

‘exploitation, by Suncor awd Syncrude (page, 1974 and

Jardian, 1974). The thre% other 0il sand deposits are

L N e N T 7




Edmonton

OIL IN PLAGCE

Overburden Barrels

, (m)”  (Billion)
0-" 50 74

% 50 - 150 135
150 Plus 747 4

Calgary B

(7 : JFIG. A1 Loecation of Tar Sands deposits in Albarta.
L ~

- 134 -

TR v e pontia 8w v s,

et L



Wabasca, Cold Lake,

and Peace River (fig. A.1l).

Pa———

The

amount of bitumen-~in-place at Wabasca is estimated to be

6xlO9 cubic meters at Cold Lake 25xlO9

at Peace River lelO9

«

summarizes some properties of Alberta oil Sand.

A.2 What are 0il Sands ?

The 0il sands are composed of sand,

cubic meters.

cubic meters and

Table (A.1)

bitumen and water.

The bitumen and water occur in the pore space amaong the

4

grains of sand.

Therefis no dixrect contact between sand

grains because of a thin film of water which surrounds them

Table (A.1l)

Alberta O1l Sand & Formation Properties

{Nicholls et al, 1977)

Athabasca|Cold Lake Wabasca Peace River
;
Depth (£ft) 0-2000 1000-2000 250~1000 1000-2500 :
Average Oil i
in Place :
{bbl/acre ft) 1500 1240 1100 1150
Porosity % 30-40 30~-35 30~35 25-30 )
{
Gravity - - %
(°a pI) 7-8 10-12 - 6 85-9.0 !
i
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(Nagendran et al, 1980 and AOSTRA, 1980). The bitumen
content 1s variable, averaging 12% y ¢, of the deposit.
The bitumen, at the in~situ temperature of about 4OC, is
a viscoussemi-solid which is slightly heavier than water.

Water typically runs 3% to 6% of the mixture, increasing

as the bitumen content decreases. The meneral content

is relatively constant ranging from 84% to B86% (fig. A.2.).

The origin of tar sand has long been a subject of
specilation among geologists. Tar sands have been
considered by some as locally'generéted "immature-oil".
Others, such as Gallup (19%974), have proposed that some
tar occurences are "sedimentary oil", that is surface see-
page o0il reyorked 1nto younger sediments. The modern
concept, resulting from major advances i1n organic geoche-
mistry is that tar accumulations are created by water-
washing and bacterial degradation of fluid medium gravity
crude oil (Williams and Winters, 1969 and Bailey. et al,
1373) . -

N .
The Athabasca oil sand is a dense sand with in-situ

.

densities as high as 2.25 gm/cm3, which corresponds to a

,porosity of about 0.30. The grains, which are almost

entirely gquartz, are not cemented together. The sand has
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a uniform, fine to medium grain size distribution, with

less than 10% of material beiné silt and clay size

(Hrudey, 1981). The in-situ density 1s7greater than what

can be obtained i1n the laboratory when disturbed samples

S

are compacted. This high in-situ density 1s possible

because of the considerable interlocking of "the sand

grains, caused by its geological history..

s

A.3 The hot water extraction process:

°

The hot water process for primary extraction of

bitumen from Tar Sands consists of three major process

steps outlined schematically in (fig. A.3) (Hrudey, 197%).

A fourth step, final extraction, is used to clean up the -

recovered bitumen for downstream processing.

In the first step, conditioning, tar sand is

mixed with water, and treated with copen steam to form a

pulp of 70 to 85 wt.% solids. Sodium hydroxide is added ;

as required to maintain a pH value 2in the range 80-85.
Under these conditions, bitumen is stripped from the

individual sand grains, and mixed into pulp in the form

of discrete droplets of a pvarticle size of the gsame order

as that of the sand grains. It turns out that the same

process conditions are also idealf%or accomplishing

4
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defloculation of the clay which occur jftg{ally in the
@ N

tar sand feed. Defloculation, or dispersion, means

breaking down the naturally octuring aggregates of clay

particles, producing a slurry of individual partaicles.

Thus, during conditioning, a large fraction (some 60-

80%) of the - clay becomes well-dispersed and mixed through~
=

ou£ the pulp.

/

In the separation step, the conditioned pulp is

diluted further,{so that settling can take place. The

bulk of the sand (particle sinze 744 pm ) rapidly settles,

and is withdrawn as sand tailings. Most of the bitumen
rapidly floats (settles upward) to form a coherent mass
known as froth, which is r%covered by skimming the’
settling vessel. The medium through out these two
settling processes takes place is called the middlings

and consists primarily of water, with suspended.fine

mineral and bitumen particles.

1 o«

As feed fines content increase, more water must be

[

used in the process” to maintain the middkfﬁgz_viscosity

within the operable range,(FredericK, 1977) .

o

ey

St ity

et

AR,

Ll

The third step of the hot water process is scavening.
The feed fines content sets the process water requirement,

through the need to control middlings viscosity (which is

P
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governed by the clay/water ratio). Depending on the net
process water_, input, it may or may not be necessary to
withdraw a dragstream of middlings to maintain separation
cell material balance. If it is necessaryvto do so,
this stream of middlings can be "scavenged" for recovery
of incremental amounts of bitumen.

Air flotation is an effective scaving method and is

used by Great Canadian 0il Sands Limited and Suncor.

'

Final extraction, or froth Elean up, is accomplished
by centrifugation. Froth from primary extraction 1is
diluted with naphtha. The diluted froth then is subjected
to two-stage centrifugation. This process yields an oil
product ¢of essentially pure bitumen. Water and mineral

removed from the froth constitute an additional tailing

stream which must be disposed of.

Finally, the hot water added to the conditioning
drum is discharged with sand and clay fines to produce
the tailing stream. The stream and hot water can .dissolve
varioug minerals present in the deposit. Several recent
investigations (Moschopedis, et al, 1976 and Ali, 1977)
have shown that reaction of Litumen with steam or hot

agqueous solution can be expected to lead to water soluble

-
¢

organics.
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APPENDIX B -

B.l1. Synthetaic Algal Nutrlent Medium:

[
The culture medium is prepared as follows: add one mL

of each stock soldtion (in 1 through 7 in the order gaiven
below) to approximately 900 mL of distilled or de-ionized

o

water, and then diluEg to one liter. Adjust final medium
pH to 7.5 x0.1 with 0.1 normal sodium hydroxide or hydro-
chloric acid as appropriate. Immediately filter the

adjusted m;dium through 0.45 micron membrane at a vacuum

not to exceed 380 mm mercury oxr at a pressure not to

exceed 1/2 atmospherxe.

1)*Sodium nitrate stock solution: Dissolve 12.750 g
»

NaNO1 in 500 mL distilled water.

e

2) Magnesium chloraide stock solution: Dissolve 6.082

g MgcCclz2. 6H20 in 500 mlL distilled water.

3) Calcium chloride stock solution: Dissolve 2.205 g

CaCl2 2H20 in 500 mL distilled water.

4) Micronutrient stock solution: Dissolve in 500 nL

distilled water: . »

G et e e e




e

a) 92.760 mg H, BO,

b) 207.690 mg Mn c12- 4H20

c) 1.635 mg Zn C]_2

d) 79.880 mg Fe C13 6H20

e) 150.000 mg Na2 EDTA. 2H§b\

£) 0.7 - Vo
) 0.714 mg COC1, GHzo( / .
q) 3.630 mg Na HO 2H20 [~
{

h 0.006 m u - H_0,
) g C Cl2 2 2%

4"

y

~

S) Magnesium sulfate stock solution: Dissolve

7.350 g Mg SO,. 7H,0 in 500 mL distilled water.

4"

, 6) Potassium phosphate stock solution: Dissolve

0.522 g K2 HPO4 in 500 mL distilled water.
, 7) Sodium bicarbonate stock solution: Dissolve
7.50 g Na HCO3 in 500 mL distilled water.
The final concentrations of macronutrients as salts
and elemental conentration mg/L in distilled or de-ionized

h |
waters are shown in table (B.l)

‘
s s

\\v/

Final concentration of micronutrients as salt and
elemental concentration micro g/L in distilled or de-

ionized water are shown in table (B.2).

I Y
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Table (B.1l) Final concentration of macronutrients as salt

and elemental concentration (mg/L) of distilled water

Compound Concentration Element Concentration
mg/L ng /L
N
Na NO3 25.5 N 4.20
MgCl2 6H20 12.164 Mg 2.904
&
/ - - -
cac/2. ZHZO 4.410 Ca 1.202 .
Mg SO, 7H,0 14.70 s \|. l.911
(» K2 HPO4 1.044 P 0.186
. NaHCO 15.0 Na 11.001
K 0.469
C 2.143
&
Storge of culture medium: -
The culture medium must be stored in the dark at

in algal culture mediun.

i
&

4°c to avoid any (unknown) photo-chemical changdes.

- 144 -

1
L34

A U Y e




!I » , .
Table (B.2) Final concentration of micronutrients

concentration as salts and elemental concentration

(mg/L) 1n distilled water in algal culture medium

Compound Concentration Element Concentration
_ (mg/L) mg /L
H3 BO3 185.52 B 32.460
Mn Cl2 4320 415.610 Mn 115.374
Zn Cl; 3.271 Zn 1.570
co Cl2 6H20 1.428 Co 0.354
(“ Cu Cl2 2H20 0.012 Cu 0.004
) Na Mo04 2H20 7.260 MO 2.878
Fe Cl3 6H20 160.00 Fe 33.051
Na EDTA 2H20 300.00 - -

B.2 Test Algae:

The recommended test alga Selenastrum capricQrnutum

Printz is a green algae (chlorophyceae) of the order

chlorococcales. 'This algaewas isolated from the River

Nitelva, in the County of Akershus, Norway, by Olav M.

14 B -
Skulberg, No;wegian Institute for Water Research,
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Many dgreen algae: such as Chloralla, Scenedesmus, and

Ankistrodesmus occur in watérs of the most diversified
{

%

composition. Selenastrum belongs to this group of

ubiqutous algae which have a wide tolerance towards

environmental conditions (Rodhe, 1978). Selenastrum

capricornutum is characterized by its unicellular habit‘in
which the cells are in a non-mobile condition throughout
their entire life cycle. These attributes allow these
alga to be enumerated by the electronic particle

counter.

Source of test alga: Availablg from the Environmental

Protection Agency. Corvallis Environmental Research

 a——

Laboratory, Special studies Branch, 200 SW 35th street,

Corvallis, Oregon 97330.

i

B.3. Preparation of inoculum:

Rince algal inoculum free of culture medium as follows:
Fill centrifuge tube with 7~10 day stock culture, and
centrifuge at 1000 xg for 5 minutes. Decant the super-
natant and resuspend the cells in sodium bicarbonate

solution (Na HCO,). Repeat the centrifugation and decan-

3
tation step and resuspend the cells in NaHCO3 prior to

determining the initial cell concentration.
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After. determining the initial algal cell counts, the
following equation can be used to prepare the inoculum:
Final volume X Final concentration X volume of solution
of inoculum of i1inoculum in in test flask

test flask (cell / mL)

‘

Initial Algal Cell Counts (Cells/mL) in the stock culture

= Q

where Q is the i1nitial stock culture suspension to be

¢
added to the volumetric flask before bringing the solution
up to volume. This inoculum solution should contain a final

concentration of 100.000 p 10% celles/mL.

B.4. Calculation sample:

a) The actual number of algae present in the sample

was obtained by using the following equation: .

2
N = ( ) x 0.)9261 4 p
10Q0 g
where \
N = actual algae count
n = initial algae count
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b) Fertility potential of'all samples was determined

from the phosphorus and nitrogen concentratio\s by using

' |
the following relationships:

(fnorganic phosphours) x 430 = fertility potential due to

\

phosphours alone __ (1)

[ni;rites - nitrates ]-* ammonia x 38
R 1
° = fertility potential due to
nitrogen alone {2

The smallest value obtained from the above relationships
represents the fertility potential of the sample, or in

ofther words the limiting nutrient.

c) By using the computer program operated on a
Hewlett Packard 9830 A programmable calculator, the

inhibition percentage was obtained.

P % o memas s s

> d) The LC 50 (lethal concentration) was estimated

oot

by plotting test concentration versus inhibition percentage

on a probits-log scale paper (EPA, 1978). ' §

- 148 -

o

fapaliid albastwdhinsbalings s = e e [N,



N
12}
o
O —
o
e w
H o
[a] M
]
m :
2 P
~ ]
] o
3]

- AT e e P e A W, Rt

—~




-

Table (C.l) Physical Analysis Results
Sample Turbidity |SP. T.S. v.s. S.S.
No PH JTU ;;22;2; mg /L mg/L mg /L
1 8.20 ‘45 1.10 2252 410 296.8
2 8.00 17 1.10 747 291 98.5
-~ I
.
3 7.80 29 0.976 | 1538 329.9] 158.6
4 7.90 42 1.05 2168 394 303.2
5 8.10 41 0.64 958 329.2| 334.3
11 7.80 13 0.65 3895 204 34
12 7.80 42 1.57 1053 340 55
13 7.80 53 0.580 | 3147 295 143
14 7.50 28 1.10 737 240 156
15 7.90° 36 450 2603 265 52
16 7.8 46 440 2462 207 112
17 7.70 41 450 3579 256 69
18 8.00 42 610 3771 285 82
19 7.70 65 680 9085 286

198
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Table
of sludge water samples

are reported in term of mg/L)

-

(c.2)

(All these analytical results

Quantitative analysis of dissolved components

L'y

Sample
Cu Fe cd Mn Ni
No
1 0.071 5.0 <0.02 0.45 < 0.02
2/‘> 0,071 1.406 <0.02 0.080 < 0.02
3 0.099 2.99 <£0.02 0.032| . <0.02
4 0.071 2.628 < 0.02 0.048 <0.02
5 0.085 4.857 "< 0.02 0.048 £0.02
11 0.036 1.234 < 0.02 0.187 0.120
12 0.054 1.029 <0.02 0.10 0.04‘0
) 13 0.20 3.851 Z0.02 0.304 0.080
14 0.091 3.8511 £0.02 0.20 0.120
15 0.054 1.087 £0.02 0.125 0.120
) 16 0.127 2.116 &£0.02 0.225 0.120
17 0.109 | 2.557 | £o0.02 0.25 0.12
1é 0.091 2.146 £ 0.02 0.22 0.12 =
19 0.091 1.911 L0.02 0.612 0.12
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Table (C.2) Cont. Quantitativeganalyéis of dissolved

components of sludge water samples

./

<

(All these analytical results are reported in terms

of mg/L)
Sample No. Pb Zn As v
1 < 0.1 0.062 < 0.02 <0.02
2 <o0.1 0.117 <0.02 <0.02
2 &% v
3 0.1 0.137 < 0.02 <0.02
4 <0.1 0.113 <0.02 <0.02
5 <o0.1 \ 0.084 <0.02 <0.02
11 <0.1 0.04 <0.02 <0.02
12 <o.1 0.061 <0.02 <0.02
13 <0.1 0.107. <0.02 <0.02
14 2<0.1 0.041 <0.02 <0.02
15 <0.1 0.209 £0.02 <0.02
16 <0.1l 0.066 <0.02 <0.02
17 <0.1 0.066 <0.02 £0.02
18 <0.1 0.066 <0.02 <0,02
-~ 19 <0.1 0.112 <0.02 <0.02
- 151 -
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Table (C.2) cont. Quantitative analysis of dissolved

components of sludge water samples (All these

analytical results are reported in terms of mg/L J

Sample No. Na Ca Mg K
1 , " 196.0 9.50 8.70 13,0 &
2 173.0 7.50 7.70 11.04
- ;
3 190 24.0 18.70 8.07
4 183 10.0 11.90 |y 11.03
.
5 171 8.30 71.0 12.01
11 179 18.9 45.0 12.06
T12 162 30.0 15.0 13.05
13 ' 193 43.0 22.50 14.10
14 151 11.0 7.50 13.5
15 185 15.5 9.0 12.02
i 16 210 29.0° . 8.50 11.90
17 178 13.50 11.25 12.08
18 189 17.50 10.5 14.0
19 215 45.0 15.0 14.20
L
\ L
>
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Table (C.3):

Results of organic

U

carbon content

(all these results are reported in mg/L)
Sample To;él inor -
BOD BODu cop TOC danic car=

No . bon
1 38.30 230 ~ 390 162.50 73.12
2 25.75 210 357 52.30 < 2.0
3 22.0 154 160 91.8Q 36.72
4 47.0 180 216 129.40 58.23

T s 38.30 230 390 162.50 73.12

A
11 50.0 - 29m 223.80 86.20
12 52.10 - 400 281.90 172.40
13 42.0 - 376 209.30 161.40
14 37.0 - 296 191.80 95.40
15 48:.50 - 384 232.50 123.40
16 46.25 - 268 246.0 154.10
17 64.25 - 384 225.8 157.70
18 54,40 - 388 267.40 183.40
19 52.90 - 400 250.0 168,70'
- 153 = . T
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Table (C.4) Organic carbon content of sludge water

samples (All results are reported in mg/L)

. \ Percentage
Sample Original Extractable| Residual extractable
No. carbon carbon carbon carbon
1 162.5 112.10 50.40 69
¥ .
2 52.3 37.1 15.20 71
! k4
3 91.80 57.80 34.0 63
.4 129.40 88.0 41 .4 68
5 ° 162.50 113.75 48 .75 70
11 223.890 165.60 58.20 74
12 281.90 200.0 81.90 71
13 209. 30 150.70 ' 58.60 72
/ \
14 191.80 132.30 59.50 69
15 232.50 151.10 81.40 65
16 246.0 176.30 78.70 68
17 255.8 179.0 . 76.80 70
18 267.40 196.24 71.16 71
19 250.0 167.5 82.5 67
b
, }
L
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Table

(all these results are reported in mg/L)

{c.5)

Chemical analysis results

Sahple Total N Ammonia Total P. Inorganic P Phenol
No.

1 40.0 29.0 0.03 0.02 0.030
2 370.0 24.0 0.04 0.04 0.02
3 51.0 30.0 0.04 0.02 0.03
4 38.0 , 25.0 0.05 0.05 0.04
5 45.0 28.0 0.03 ., 0.02 002

) y
11 51.0 45.5 0.02 0.01 0.03
12 30.0 290 0.03 0.01 0.02
13 53.0 47.6 0.02 0.01 0.02
14 18.0 12.6 0.02 0.01 0.03
15 41.9 35.7 0.04 0.02 0.03
16 ; 34.0 32.2 0.03 0.01 0.04
17 50.0 42.0 0.02 0.01 0.03
18 48.0 37.8 0.02 0.01 0.03
19 72.0 63.0 0.04 0.02 0.08
! .
.
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Table

(C.6)

Growth of S. capricornutum with different

concentrations of samples as % of that in the control

S::ple Con. day-2 day-3 day-4 day-6 day-8
l )
1 100 5.7 2.2 1.0 1.0 1.0
50 7.1 2.7 1.0 1.9 2.5
25 22 16 12 29 28
¢ 12.5 30 41 44 54 57
3 100 11.6 L 2.2 0.4 0.6 0.6
— 50 12.6 2.7 0.6 1.0 1.0~
25 16 9 5. 25 s
12.5 24 © 16 11 78 70
11 100 9 L, 2.5 0.7 0.37 0.44
50 14 3.5 1.4 1.6 4.5
25 17 25 37 22 24
12.5 |* 38 42 80 86 86
13 100 7.0 3.0 1.0 0.68 0.62
50 10.0 3.2 1.42 0.87 0.77
25 16.0 12.0 12.0 6.87 6.66
12.5 26.0 3.0 42.8 25 24
16 100 3.3 2.0 0.87 0.88 0.9
50 5.0 2.3 1.1 2.10 4.86
25 13.0 23 35 35 34
12.5 30.0 40 62.5 46 \ 44
19 100 8 3 1.0 1.0 1.4
. 50 12 3 1.4 1.5 1.4
25 13 6.5 4.2 10 20
12.5 40 23 17 55 ;56
(\ - 156 -
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Table (C.6) cont. Growthof S. caprindrnutum with different

concentration of samples as % of that in the control

Sample Ccon. day-10 day~-12 day-14
No .
1 100 1.3 1.7 1.9
50 3.2 3.3 3.4
25 2.9 35 37
12.5 61 67 71
-
3 100 1.0 1.0 1.0
50 1.3~ 1.4 1.5
25 52 . 60 |, 65
12.5 85 93 93
( 11 100 0.6 0.6 0.6
50 6 19 14
25 29 38 55
12.5 85 90 90
13 100 0.6 0.62 0.60
50 0.7 0.7 0.7
25 6.0 6.5 6.0
12.5 23 25 25
16 100 0.7 0 .64 0.61
50 9.60 8.80 8.8
25 37.Q 41.0 38.0
12.5 44.8 47.0 44.0
19 160 , 1.0 0.8 0.7
(- 50 1.2 1.0 1.0
- 25 41 38 40
12.5 58 57 57
- 1587 -
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Table (C.7)

water samples

Algal Assay

(original samples).

Bottle test results for sludge

Sample Inhibitions
no-. 100% 100% sa‘mple 100% sample | 50% sample | 25% sampl
sample | #lml EDTA |+ lml PAAP | + lm/PAAP | +lml PAAP
1 99. 25 90.27 99.39 98.32 62.66
2 98.31 98.25 97.36 92.41. 94.72
y
3 92.75 99.52 99.28 79.71 45.83
4 94.31 98.89 94.97 92.45 73.50
5 93.27 96.05 99.62 }75.12 76.72
11 99.60 99.49 99.19 ;§.§4 99.20
12 9. 44 99.57 99.65 99.‘4\31 86.75
13 98.41 99.31 99.37 98.40 \ 86.59
14 99.58 99.75 99.63 90.92 ‘67.63
15 99.45V 99.64 99.63 98.67 89.04
1?3 99.61 99.73 99.66 98. 36 96.85
117 | 99.69 99.75 99.77 © 98.93 98.67
18 99.37 99.72 99.70 98.81 \98.64
{
19 “ 99.35 99.66 99.62 98.67 96.15
K NE .
‘
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Table (C.7)

sludge water

5

cont.

Algal Assay

({original samples).

Bottle test results for

: Inhibition %
‘ Samgle 12.5% sample 6.25% sample 3.13% sample (% ch'Zg )
no. +1ml PAAP 4 Iml PAAP 4+ 1nl PAAP y volume
1 32,51 12.31 0.00 26
t
2 17.94 5.06 0.00 | 23
3 31.23 11.00 0.00 27
4 4.50 0.00 0.00 28
5 4.79 0.00 0.00 33
11 55.79 0.00 0.00 12
( , 12 10,00 0.00 0.00 . 19
13 73.89 75.14 6.99 11.0
14 19.22 0.00 0.00 20.5
15 85.47 47.65 12.53 8.60
16 38.82 16.34 0.00 18.50
17 71.36 0.00 0.00 9.50
18 95.87 75.84 16.80 5.0
19 67.47 37.74 6.00 8.8
I'd
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Table (C.8)

Algal Assay

£

Bottle test results for sludge ®

water samples offer passing through activated carbon column.

Sample Inhibition %
ne .- 100% sample | 100% sample | 100% sample | 50% sample | 25% sample
- +lml PAAP +1lml PAAP +1ml PAAP + lml P
EPTA
1 97.61 97.65 97.57 54.44 10.0
~ 0 ?
2 97.78 - 97.70 97.79 71.48 23.08
< /[ vy
3 99.15 99.08 97.34 66.69 36.%6
4 98.98 98.92 98.77 55.86 P 2.91
5 89,05 98. 26 98.99 73.03 42.72
11 99.13 98.91 98.38 76.07 53.53
12 99.51 99.52 '99.77 99.65 98.52
13 99.26 99,95 99.00 80.14 51.53
14 99.35 99.04 99.00 78.46 59.96
15 99.79 99.74 89.56 98.65 26.94
16 97.93 98.80 98.23 61.28 4,83
. .

17 98.86 99.05. 98.82 64.54 31.35
18 298.82 98.83 98.86 67.19 6.02
I A ,/(/‘

19 98. 58 97.68 98.72 74.07 59.21

(u
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Table

sludge water samples after passaing through activated

(C.8) cont.

Algal Assay

°

carbon column

Bottle test results for

Sample Inhibition % LC 5_0% percentage of
No. 12.5% sample{6.25% sample|3.13% sample (by volume) lnzéegge in
% ] ml PAAP |* 1 ml PAAP |* 1 ml PAAP
1 2.00 0.00 0.00 44 40
2 0.00 0.00 0.00 37 37
i ‘ 7
3 10.0 0.00 0.00: 31 13
[}
4 0.00 0.00 0.00 47 0.32
5 0.00 0.00 0.00 30 -
R

11 6.85 0.00 0.00 24 50

12 27.38 0.00 0.00 17 -

13 24.52 3.37 .00 24 54

&)
14 50.86 7.00 0.00 22 6.8
15 0.00 0.00 0.00 300 71
i

16 0.00 0.00 0.00 42 55

17 0.00 0.00 Q.00 35 72

18 0.00 0.00 0.00 40 87

19 12.02 ' 0.00 0.00 23 61

N Pl
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Table (C.9)

Microtox Toxicity Results

Sample I nh ibi tiomn % .

No. 50% sample | 25% sample 12.5% sample 6.25% sample

1 30.0 11.30 6.20 2.30

2 27.70 9.0 11.20 5.6

3 29.30 . 14.70 5.70 1.90

4 28.70 14.70 5.20 0.80

5 30.0 12.60 8.0 4.20
11 57.0 36.0 25.0 11.0
12 53.10 36.10 37.20 17.57
13 35.20 24.70 12.90 6.10 .
14 38.10 10.70 19.8 0.00
15 36.40 20.0 13.40 7.0
16 22.80 10.0 ! 2.40 0.00
17 36.30 20.90 5.90 0.90
18 34.50 ,20.60 9.30 4.80
19 35.70 20.10 7.60 2.20
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Table (C.9)

cont. Microtox Toxicity Results

/
Sample Tnhibit{en| LC 20 LC 50 The % difference between
No. 3.125% % by % by LC; 50 AA BTzan?
sample volume volume Microtox Technique
1 0.40 35.55 96.28 73
2 3.70 23.0 92.98 75 -
3 0.00’ 33.97 91.59 70
4 0.40 34.57 90.07 46
5 « 2.20 29.0 N.D. -
11 2.70 14.0 39.49 70
12 6.34 10.0 40.67 53
13 3.10 20.0 89.02 87
14 0‘.00 30.0 47.12 57
15 4.20 21.0 93.17 90
16 0.00 45.0 N.D. 1 - i
17 0.00 28.0 64.40 85
18 0.00 25.0 82.84 93
19 0.00 25.40 73.20 88
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Table (C.10) oxygen uptake of the sludge water samples
in mg /L. , 9
Cumulative oxygen in mg/L
Sample
no.
2 hr 4 hr 6 hr 8 hr 10 hr 12 hr
1 28.9 31.9 47.0 50.6 66.9 79.1
2 46.2 73.1 98.5 110. 126.6 139.2
R ' B
3 30.3 35.8 51.9 62.1 72.9 85.5
4 44 .4 67.7  91.9 102.4 119.0 130.3
5 0.0 10 17 29 46 61
11 0.0 0.0 8.7 11.0 22.6 37
15 0.0 0.0 8.0 8.7 26 42
19 0.0 0.0 6.0 10.0 21.3 35
3
/
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Table (C.10) cont. Oxygen uptake of the sludge water sample

in mg/L.
)
Cumulative oxygen uptake mg/L
Sample T -
no-. 14 hr 16 hr 18 hr| 20 hr | 22 hr 24 hr
1 101.1 126.4 141.8| 145 155 178
2 162.7 190.9 227.4 2535 267 291
/ (=3
3 107 127.2 153.6| 164.7 | 178.7 185
4 148.1 171 205.7| 230 242 264
/ 5 67.9 74.2 76 77 79.8 81.9
11 44 46.8 46.8| 46.8 46.8 46.8
15 . 49.2 \55 57 58 58 58
19 45.2 48.1 49 49.2 49.2 49.2
%
LY
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Table éé.ll) Results of tmdgiéyi with time.

(Sample # 6).

"

-

Inhibaition %
Time -
week s 100% sample| 100%sample! 100%sample| 50% sample| 25% sample
$1ml EDTA | »1ml PAAP | +1ml PAAP- | +lml PAAP
1 94.09 97.74 99.33 99.29 95.91
3 90.93 99,16 99, 37 97.73 94.69
5 94.45 99.28 99.55 99.29 97 66
7 99.43 89. 711 99 .67 99.70 99.49
9 99.43 98.72 98. 45 97.56 83.42
11 98.18 98.89 98. 26 98.72 25.67
13 98.43 98.83 99.21 97.86 38.09
15 99,33 ;98’.%7 99.63 98.46 18.0
S~
17 99,50 99.52 99.51 98.31 0.00
19 99.21 99.42 98.92 56.21 0.00
21 97.30 97.81 9g8.02 86.30 0.00
23 ’ 97.52 97.35 97.11 65.80 0.00
25 97.10 98. 32 97.21 65.60 0.00
\ /
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‘Table (C.11)

Sample # 6

cont.

’

P_
Inhibaition % '
Time 4 -
Weeks 12.5% sample { 6.25% sample 3.13% sample EC 50% v/v
+1ml PAAP x1ml PAAP +1ml PAAP

1 39.03 21.08 0.00 15.0

3 31.00 3.00 0.00 17.0

5 47.33 2.50 . 0.00 13.0

7 51.76 15.30 0.00 . 12.0

9 36,34 6.66 1.24 16.0

11 0.00. 0.00 27.0

13 0.00 0.00 28.0
15 0.00 0.00 31.0
17 ~ 0.00/ { 0.00 +37.00
/ |
19 0.00 0.00 . 41.0
21 0.00 0.00 41.0
23 - 0.00 0.00- 0.00 41.0
“ \\
25 0.00 0.00 . 0.00 ~l_ _38.0
D .
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Table (C.12) .
Sample # 7: Results of toxicity with time.
' Inhibition % O
Time
weeks 1l00O%sample | l00%sample || 100%sample | 50% sample | 25% sample
_ +lml EDTA | +lml PAAP | +lml PAAP | vIml PAAP
1 9—8.30 99.37 98.27 9/8.84 64.94
3 90.13 ' 99.41 99.48 99.23 76.27
5 ” 95.40 99.78 99I.72 99.68 81.58
7/ 99. 44 99.51 99.40 99.30 28.03
/ﬁ/B 97.35 98.41 99.40 97.71 40.36
11 99. 30 98.39 98.79 70.84 26.58
13 99.53 99.66 99.66 96.27 26.94 -
15 99. 37 99.76 99,73 ’ ,99'57 24.91
17 99.48 99.70 99.59 93.73 11.14
19 99.08 99.00 ,/99.51 95.43 iO.Z
21 99.20 99.00 / 97.63 82.71 0.00
23 98.60 98.78 98.27 76 .30 0.00
25 97.30 96.52 96.33 66.20 0.00

- 168 -

(P IN




Table (C.12) cont.

Sample # 7

Results of toxicity with taime,.

Inhibiticon %

Time EC.50%

Weeks 12.5% sample 6.25% sample 3.13% sample v/v

+1ml PAAP +lml PAAP +1ml PAAP
t

| 1 ' 44.88 "0.00 0.00 22.0,
: 3 45.00 | 20.99 ; 0.00 14.50
5 ‘ 30.02 22.21 ( 2.02 16.0
7 5.00 *0.00 0.00 28.0
9 26.09 18.06 1.24 y 27.0

11 0.00 0.00 0.00 37.6

{13 0.00 0.00 0.00 30°
15 0.00 0.00 0.00 31.0
17 0.00 o.&o 0.00 35,0
19 0.00 0.00 0.00 36.0
21 0.00 0.00: 0.00 40.0
23 ’ 0.00 0.00 0.00 40.1
25 0.00 0.00 0.00 40.0

.
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Table (C.13) The

e

results of CODwof pH with time

Sample # 6

Sample # 7

w?'/eks

! pH coD (mg/L) pH COb mg /L

1 8.6 558 8.8 403

3 8.8 410 8.90 360

5 8.8 390 8.90 330

7 9.0 336 9.0 | 290

9 9.0 332 9.0 / 288

11 9.10 308 9.720 268

13 9.10 302 9.10 266

15 9.10 296 9.10 ! 262

17 9.10 283 9.10 ) 260

19 9.20 270 9.20 /252

21 9.20 266 ;;.20 ;255

23 9.20 268 9.20 | 258

25 . 9.20 260 9.20 250

4

;
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FIG. C.29 THE EFFECT OF SAMPLE CONC. ON THE LIGHT DENSITY EMITTED BY MARIN BACTERIA
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FIG. C.308 THE EFFECT OF SAMPLE CONC. ON THE LIGHT DENSITY EMITTED BY MARIN BACTERIA




SAMPLE # 11
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FIG. C.31 THE EFFECT OF SAMPLE CONC. ON THE LIGHT DENSITY EMITTED BY MARIN BACTERIA
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_ DECREASE IN CONTROL
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FIG. €.32 THE EFFECT OF SAMPLE CONC. ON THE LIGHT DENSITY EMITTED BY MARIN BACTERIA
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FIG.

LIGHT DENSITY DECREASING, AS Z OF CONTROL
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SAMPLE # 15
N ( DECREASE IN CONTROL
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FIG. €.35 THE EFFECT OF SAMPLE CONC. ON THE LIGHT DENSITY EMITTED BY MARIN BACTERIA
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FIG. C.38  THE EFFECT OF SAMPLE CONC. ON THE LIGHT DENSITY EMITTED BY MARIN BACTERIA
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LIGHT DENSITY DECREASING AS Z OF CONTROL
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