
. ! 1 

( 

1 
A Toxicity Assessment of ~ludge 

Fluid Associated w~th Tar Sands Tailings 

< 1 . ( 
j 

by Mostafa Abdel Warlth 

( 

A Thesls submltted to the Faculty of Graduate Studies 

and Research in partial fulfilment of the requ~r.emen~s' 

for the Degree of Master of Engineering. 

" 

r 

Department of Civil Engineering 

and Applled Mechanics 

Mc Gill UniversiLY 

Montreal, Que. 1 Canada August 1983 © 

l' 

î 
" 

, 
1 
1 
l , 
\ . } , 

~ 



( 

( 

cp 

C' 

, 

" \ A "TOX\~ci ty Assessment of SI udge 
" ~ ~ 

Fluid '~~ociated with Tar Sands Tailings 

by Mostafa Abdel Warith 

Q 

Department of Civil.Engineering 

and Appliéd Mechanics M. Eng. 

McGill University August 1983 
\ 

Montreal, 

Abs tract: 

This study w-as conducted in" an effort to ,a5sess the 

toxicity of fluid emanating from potential sludges produced 

as a result of the "hot water e~traction process" employed 

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

-= 
attem[t was made to identify s~ecific componenti~' factors, 

and/o/r pr~perties whLch mLght be responsible for any toxi­

city observed in "the emanatLng sludge fluid. Fluids 

emanating from 14 different potentiai sludges resulting 

from va~ious proposed treatment processes were consi~ered: 

AlI emanated fluids °were observed to be highly toxie to 

the green a1ga, Selenastrum capricornutum,with LC 50 

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

of 25.8% (v/v). 
1 

After activated çarbon treatrnent the Le 50 

range for the sarne samples ranged from 17-47% (v/v) with 
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an average Le 50 valuë' of 34.8\ (v/v). Ali emanated 

fl.uj ds were observed to 'exh~blt much less toxicl.ty to the 

mar ine bac terl um resemb Ilng Photobacteri urn pho sphoreum 

wlth an Le 50 range varylng from 40% to 100% (v/v) and with , 

a,n average Le 50 value of 85% (v/v). Oxygen uptake curves 

obtained from sarnples inoculated wlth mlcroorganlsms of 

industrial orlgin aiso l.ndicat~d a relatl.vely toxicity 

ln the ernana ted sI udge fI uid . 

" 

Differences of toxl.city net greater tha between 

samples wlth adde,d EDTA and samples wltho indl. ca ted 

that metals' are not accountable for the h 
) 

observed wl.th respect to ~. capricornutum. The 

observed appeared ta be assocl.ated with the ammo ' '\...sontent 

of the sarnples whl.ch found to be abo'va the safe Ilmits, for 

receivlng waters. 

25% during 25 week 

The samp~toxicity was decreased by, 

period of e~posure te the laboratory 

environmental conditl0ns. 
,~ , 
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() • RESUME 

~'I 
Cette étude fut conduite dans le but de déterminer 

toxicité doU fluide émanant des boues produites résultant ,. 
du"procédé d'extract~on d'eaù chaude" ut~l~sé dans l'ex-

tract~on de l'hu~le des sables b;Ltum~neux de l'Alberta. 

qn effort f~t mené vers l' ident~f~cation de composantes 

spéc~fiques, facteurs et/ou proprLétés-qu~ pourra~ent 

causer la toxicité observée. Les flu~des émanant de 14 

boues d\"férentes, résultant de procédés de traltement 

var~é:jS' furent cons~dé~és, Tous les' fluides émanants ont 

démontr une forte toxl.cité envers l'algue de Selenastrum 
- -
capr l. rn u tum a ve c une conce n tratl 0 n létal e var l. an t de 

5-33% (v/v) et avec une moyenne de 25.8% (v/v),, Après un 

traitement au carbone ac~ivé, les concentrations létales 

des mêmes échantillons" ,5 'écrelOnna1.ent entre 17-47% _ (v/v) 

avec une valeur moyenne de!34.8% (v/v). Tous les éChan­

till.ons de fluides émanants ét~diés ont dé~ont'~é unt trx~- .t 

cité moindre envers la bactérie aquat~que slmilalrB au\ 

Photobac te r i um'\pho sphore um, avec un e conc en tra t ~o n lé tale 

1 

var~ant de 40% à 100% (v/v) avec,une moyenne de 85% (v/v) 

De-s ~bes de con~ommation~ 'oxygène obtenues à partir 

d'échant1.11ons de fluides ensemencés avec des mLcroorga-

nlsmes Cipprig~~e industrLelle, ont comme l'essai précédent, 

démontré une fa~ble toxicité. Des différences de toxicité 

- III -

l ' 

1 

f 
Ij 



( 

,v 
( 

\ 

'-.; fI 

dép'assarit pas 5%0 entre les échantillons 
./ 
enrichl.s d'EDTA 

et ceux sans EDTA ont indl.qué que les métaux présents ne 

sont'pas responsamles de la forte toxl.cl.té observée avec 
! 

fluides émanants 

sembla t etre aSSOCl.ee avec le contenu en ammonl.aque' des 

échantl.llons, qUl. après anal~se se sont montrés être au-

t. despus des ll.ml.tes sécurital.res pour les eaux récePtricgs~ 
,-

.,.' 

La toxicité des échantl.llons fut décrue de 25% après expo­
~ 

sl.tion de ces mêmes échantillons pendant 25 semal.nes à des 
"-

~ 

condi tl.on.s <;l' envl.ronnem'en t du 

1 
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INTRODUCTION 

1.1. Statement of the problem 

The Athabasca Oi~ Sands deposits in Northeastern 

~lberta, are a unique deposit requiring recovery 

methods entirely different from those ,of conventionat 

oil deposits. Although a multitude of éompanies have 

~pent large amounts of money in research on alternate 

methods of o~l recovery, only one proces"S' namel 

hot water recovery method, is presently employe 

(Appendix A) . Large scale develop~ent using thi 

in the forseasab~ future will require disposaL,of large 
( 

quantit1es of wastewater or tailings. These tailings 

consist principally of wafer with an approximately 

3% solids content comprised mainly of sand and ?lay-

sized particles. Because the hot water' recovery method 

ls only 90-95% efficient in extracting the oil, a small 

fract~on of the oil or bitumen is also incorporated 

into the tailings. 

'this 

Present technology 

, \~ 
problem by reta~ning the maJ~rity of these w;aste-

has deàlt with 

waters or tail1ngs in ponds. The tailings ponds, due 
1 

1 
to the settling properties 'of the solid fract~on of the 

! 
tai11ngs, consist of a lar~e volume of sludge covered 

4' 

by a relatively thin lay,er of 

tration ~ 1.0%). Eventually, 

surface waterl (solid concen~ 

the environmental implica-

- l -
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f t~ons of these large tailings ponds must be considered. 

~, 

f 

Ta date, environmental impact studies associated w~t'h 

the taLI~ng ponds have been rather limited. Hrudey et 

al (1976) conduçted a toxicity study on a dyke dra~nage 

from th~ tailLngs ponds empIay~ng Salmo gairdner~ 

(RaLnbow troutl and observed a h~gh degree of toxLcity with 

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

(The LC 50 value refers to the median lethai conce'ntratl.on 

or that concentrat~on wh~ch ~s expected to kLll 50% of 

exposed organLsm~ over a specl.f~c time of observat~on) . 

Th" 'tUd~~ et al 'ndieates that the eonte~ts 
of the ta~lings ponds may ~ndeed pose a serLOUS thr~~L_ 

i ~-
-~ 

to surrounding aquatic ecosystems(1976). 

Another effort was carried out by LudwLg (1983) ta 

assess the tox~city of the tar sands ta~lings with res-

toxiCLty (the fresh water, green 

capricornutum, glucose degrad~ng microorganl.sms 

and the marLne bacter~um 

re~embl~ng Photobacterlum phosphoreum) The resu1ts obtal.n-

ed lndicate that fresh ta~lings water (i.e. tal.lings water 

produc~d from ~actlon proeess and no morè than one week 
1 

old) it su"bsta.ntially more toxie te aIl indices of toxi-

1 
city tha~ aged tailings water (L.e. tal.ll.ngs produced 

from extraction process and approximately one year oidl 

- 2 -
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Fresh t~ilings water is also more than emanated 

sludge flu~d to 2 of the selected es o~ tox~city 

(i.~. gluoose degradi~g m~croorgan~sms and rnar~ne 

bacter~um resembl~ng Photobacter~um phosphoreum) 

The present study is another ph~se of the over~ll 

program of stud~ng the tox~c effect of the tail~ngs 

water on aquat~c organ~sms and it focused on the fluid 

ernanating from potential sludges produced as a result 

of the hot wa ter ex t,r ac t~on proce s s . Several treatments 

for enhanc1ng the dewat~ring ~nd the consolidat10n bf the 

~ludge 1n the ta1l1ngs ponds are presently being consi­

dered. Consequently, the characterist1cs of the sludge 

" 1 1 

and therefore the character1st!cs of the emanating f1u1d 

may vary depend~ng on the treatment process ernployed. It 

is therefore des1rable to determ1ne the re1at1ve tox~c~ty 
J 

( , 

of the s1udge f1u!ds resulting from the various treatrnent 0~ 

processes and the1r relative potent1a1 environrnental 

impact. 

1.2. 'Purpose and scope of the present artudy 

This study was conducted in an effort to assess the 

toxicity of ernanating or released flu1d, which accurnulate 

from the settling process of bath treated and untreate~ 

tailings sludge produced as a result of the "hot water 

- ~ -

1 

j 
t 
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( extraction process" employed in extracting oil from the 

tar sands in Alberta. A further attempt was made ta 
1 

identify speciflc components, factors, and/or properties 

1 
which might be responsible for any toxiClty observed in 

the emanating sludge fluide Identification of any fac-

tors WhlCh rnay contribute to potential toxicity may pro vide 

options for treatrnent processes which might eventually be 

employed in rendering the contents of tar sands non-

toxie. 

The test program conslsted of,-

( 
1) a physical and chemical char~cterization of the 

emanating sludge fluide 

2) pfediction of the growth of the green alga# 

Selenastru~ caprlcornutum with different samples 

cOncentratlon ri~, 50, 25 and 12.5% by volume). 

3) a tcxicity assessment of the emanating slildge 

fluid using three indices of toxicity. Yhe 

indices of toxicity.employed ~re: 

a) Selenastrum capricornut~~ (employe~ using the 

Algal Assay Bottle test). 

b) marine bacteria resembling Photobacterium 

( 
j 

phosphorum (using Microtox system): 

- 4 -
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cl mixed culture of taeterja (using oxygen uptake 

as mesured by the Electrolytle Resplrometer). 

4) measurement cf the varlatlon ln toxicity pH, and 

COD with tlme, and subsequent prediction of the 

effect of tlrr~ on tOX1Clty. 

1 
1 

51 determlnatlan of the time requlred for th~ surface 

water layer, ln an lnitially non-toKJ.C state, , 

to reach a toxie state. A flaw chart outllning the 

scope of the present study lS provided in Figure 

1.1. 

Chemlcal and physlcal analysls of the test samples 

. 
provide lnformatlon on the quantlty of tOX1C materials and 

nutrlents present, but supplles no knowledge of their 

avallabillty far aquatic organisms ln the ecosystem. The 

study of heavy metals lnteraction in the w~~tewater is 

camplicated by uncertainty af the metal. Thus wlth few 

~xceptions, the chemlcally analyzed heavy metais cpntent 

of the test samples may not reflect the resultant bio- ~ 

loglcai interactlon and productivity ln the emanating 

fluld. Ta measure the toxicity levei Algai Assay Battie 

test (employlng ~ caprlcornutum green alga) and Micotox " 

sys tem (us ing mar lne bacterl a resembllng Pho tobacte'i:- i um 

phosphorum) were used ta calculate tha Median talerance .. 

- 5 -
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limit (TLm or Le 50), which is defined as the concentration 

of the toxicant in which fust 50% of the test organisms 

are able to survive for a specifie period of exposure. 

This lethal concentration value is nnly an estima~e of the 

toxicity, ~nder laboratory conditions (Leith, 1973), 

Aigai Assay Bottle test, Microtox technique and 

tl:Î.e oxyge~ uptake hy mixed cul ture o'f bac ter ia were 

preferred to the 96 hour Le 50 test using rainbow trout. 

Th~s later test has sorne limitations, namely, the use of 

a small number of test organisms, and the relatively 

" short exposure time by the organisms to the test samples. 

" 
Aiso the fish toxicity tests are relatively more expensive 

"'l>. 

than the a1ga1 bioassays. The signiflcance of the Algal 

Assay Bottie test ls that a differentiation can be made 

between the toxic constrtuents deterrnined by chemica1 and 

physical ana1ysis, from th~ interactions of the constituents 

which actually regulate the a1gal growth. The Microtox 

technique is a'rapid method for toxicity assessm~nt. 

can be used to give quick and rough estlmate of the 
p 

toxicity of the samples. 

1 

7 
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1.3. Organizat~on of the Thesis 

The thesis consists of seven chapters and three 

append~ ces. The contents of the chapters are as follaw:­
,;; 

Chapter 1: of whLch th~s section lS a part, is an 

~ntroductory chapter wh~ch presents the,problem and the 

~ purpose of the present study. 
" 

Chapter.2: consists of a literature review of the 

experimental work carr~ed out on the tailings water and 

-~--'" 
of the toxic~ty of ail carnponents ta different aquatic 

biata. 

c~apter 3: provides a complete description at the 

experimental methods, materials and techniques used. 

\ 

Chapter 4: contains 
\ ~ 

t~ experimental results obtained 

Wl.th a discussion of these' results, in an attempt to 

pred~ct the causes of the toxicity demonstrated. 

Chapter 5: presents a more extensive discussion of the 

results. 

Chapter 6: calculation of retoxification time. 

- 8 -
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Chapter 7: conclus~ons. 

The second part of this thesis includes the 

following appendices: 

Append1x A:- presents a b~ief review of the "hot 

water extract~on prpcess" and descr1bes the oil sands 

content and formation. 

R, 

Appendix B:- gives the description of the synthetic 

1 . Algal Nutrient Medium and sample of ca11ulat~ons. 

/ 

( 
, 

Appendix C:- contains sorne of the test resu'lts. 
". 

',-,::-=--~ 

-----~ 

• 
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Literature Review 
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LITERATURE REVIEW 

'. , .oil is not a single chemical but a collection of 

hundreds of substances of w~dely different properties 

and tox~cants . Also ail in water should be regarded no't 

• as an ordinary pollutant but as a dynamic system actively 

,l . 
'react~ng w~th environment. 

2.1. The chemical constituents in the Tar sands tailings 

The organic constl.tuents of wastewaters from the 

Athabasca extract~on plant were characterized and 

c quantified by Strosher and Peak (1976). Twenty chem~cal 

parameters were 'determined on a total of 10 samples taken 

from three locations: the taJ.lJ.ng pond dike fl.lter drainage 

• 
system, the upgrading plant final effluent to the Athabasca 

River, and the intake pond waters. 

+ 
A mass balance of ex-t:racted versus recovered, organic 

" 

constituents is contained in Tab'le (2.1) (Strosher and 
~ 
! 

Peak, 1976). 

(~ 
; - 10 
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Table.'(2.l) Maks Balance of Organic Constituents of 

the ta~lings of waters (mg/l) (Strosher and Peak, 1976) 

Extracted Recovered Organic Const~tuents 

Sample organ~c 
Hydro- pxygenated Nitrogen Sulfur 

carbon Others . No . carbons compounds compounds compounds 

J 

Upgrading 
plant 
effluent 

1 14 0.03 3.64 1.15 2.5 0.73 

2 13 0.97 3.45 LOO 2.1 0.72 . • 1 

5 17 1.04 3.22 0.96 2.9 0.68 

8 15 1.00 3.38 0.98 2.6 0.87 

Tail~ng Pond-
oike fiiter 

, 

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 0'.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 

1 

10 3 0.01 0.89 0.62 0.1 0.05 

. 
". 

On the basis of these findings, as weIL as previously 

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

average ~f 198 kg of"o~ganic carbon was released to the r~ver da~ly 

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

- 11 
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discharge<;l f;rom the upgrad~ng pla-nt efflue,nt. The se amoun ts 

~respond~d to about 0.8% of the natural organic load of 

the river~ 

Hrudey et al (1976) condu'cted a gas-chromatographie ·(Ge) q 

and Mass - spectrometr~e (MS) analysis on two wastewaters 

streams from an.pil sands extr~ction and upgrading plant. 

The maln effluent stream from ~he upgrading,plant was not 

acutely toxie, ~n flowthrough b~oassay while the construc-

tian drainage from ta~l~ngs pon~ dyk~ was acutely lethal 

in static bioassay with an extrapolated Le 50 of 11% (by 

volume) . Analys~s by Ge-MS of the sample permltted to 

identi fy four compounds; 2, 6-dl- tert-buty I-p-creso l,' 

( B H T); d ~ - n - but y l ph th a lat e, (D B P); b ~ s'~ (2 - eth Y l he x y 1) 

ad~pate, (BEHA), and b~s (2-ethylexyl) phthalate, (BEHP) 

96 h?ur stat~c b!oassays with ~ainbow trout ~ndieated 

Le 50 values of 540 mg/l for BEHP, 3 mg/l for BHT, 

1.2 mg/l for OBP, and an approXlmate range of 54-110 mg/l 

for BEHA. Table (2.2) shows the acute toxic~ty of (DBP) 

to four species of fish at different time intervals. 

- l 2 -
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Table (2.2) Acute toxicity of Di-n-buty'l Phtalate (DBP) 

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

. 
Temperature Le 50 (mg/I) 

Spec~es 

Oc 24 hr 48 hr 96 hr 

Falbead ml.nnow 17 Oc - 1. 49 1. 3· 

(Pirnephales 
" 

prome1as) 
1 ~ 

Bluegill 17 
0 

1. 23 0.73 o . 73 C 

~Lep9mis 

marchirus) 

Channel catfish 17 
0 

3.72 2.91 2.91 C 

(Ictalurus 
punctatus) 

Rainbow 12 
0 

6.47 trout C - -

(Salmo 
gairdneri) 

/ 

1 

-

Burchfie1d and Hep1er (1979) carried out quantitative 

ana1ysis of dissolved sodium, potassium, calcium, magnesium, 

ch1oride, carbonate, bicarbonate, alkalinity sulphate, 

a1uminum, iron and s1.1icon in tailings water originating 

from the Great Canadian Oil Sand (GCOS) tailings pond and 

from the Syncrude pilot plant. Res ul ts 0 f the chemica1 

analysis are summarized in table (2.3). 

- 13 -
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Table (2.3) Quant~tative analysis of tailing water 

(Burchfield and Hepler, 1979) 

GCOS Syncrude 

. . 
Sodium 260 

1 
207 

Potassium 11 7 

• 
Cale i um 7 16 

Magnes~um 4 5 , 

~ 
Chloride Il 9 '1., 

Carbonate "t" b~carbonate 700 280 

( 
Alkalin:j"ty 540 230 

Sulfate 73 226 
, 

Alum~n]Jm .(1',0 21 

Iron .(2.0 . 2 

Silicon 6 14 

* ALI these analytical resu1ts are reported in terms of 

Table (2.4) shows the results of the infrared 

spectra of organic mater~al extracted from GCOS pond water 

(Burchfield and Hepler, 1979). 

c 
- 14 -
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Table (2.4) 

( 'l.j,"'L 

Summary ~'~r-'ared spectra of organic 

ghemical extracte<ti fram GCOS pond water. (Burchfield 

and Hepler, 1979) 

\ 
. " \ 
Absorbt1o~ frequency Group assignment 

1040 cm-l sulphur - oxygen 

1455 cm-l C-H 

1703 cm-l carbonyl 

2850- 3000 cm-l C-H 

anf 3000- 3500 cm-l H-banded pheno11c 

The general p~cture of water soluble organ1c 1 

substance in ta11ing water derived from Burchfield and 

Hepler (1979) 1S simi1ar to the picture provided by 

Strosher and Peak (1976) 

oH 

, 2.2. Review of the tox1city effect of oil and its compounds 

The toxicity of an 011 is usua11y close1y related ta its 

content of aromat1c hydrocarbons (Zitko and Carson, 1970). 

Kauss and Hutchinson (1975) studied the effect of benzene, 

- 15 -
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toluene, o-xylene and naphlalene on the growth of" 

Chlorella cells. They noted that f~nal cell dens~ties, 

as well as the ~uration of the lag per10d, were gfnerall Y 

proportional to the init~al hydrocarbon concentratlon. 

Statistical analysls of cell counts, after one day of 

lncubation, showed that the 1nhibItion of growth by benzene, 

o-xylene and naphthalene at aIL çoncentrations, and by 

50-500 ppm of toluene was signif1cant at the St level. 

COttaway; 1971). 

"-The tOX1C effects of nitrlle compounds on minnows 

and bluegllls have been evaluatea (Henderson et al, 1960) 

Lacton1trile lS the most toxic of the n1trile compounds 

~n the acute toxlcity studles. The data observed during 

chronlc toxlqity tests indicate that the 20-day TLm 

(Median tolerance 11mit) for 1acton1trile 1S 0.66- 0.77 

mg/L, with almost no evidence of chronic toxlcity. How-

ever, acrylonitrile exhibited chronic toxiClty with a 

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

Korzep (1962) stud1ed the toxicity of various or-

ganic chemicals to a species of green algae Chlorella 

pyrenoidosa, under controlled laboratory conditions. The 

data indicated that organic aC1ds are least tOX1C to 

these a1ga, fo1lowed by alcohol sand amlnes 1 alkyl 

halides, aldehydes and ketones, with compounds of the 

l 6 ... 
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benzene'series exhib~ting the highest toxic~ty. The 
o 

an say ind~cates that n~trobenzene and eupferron were toxie 

at concentrat~ons of 0.01 mg/L or less. Ethylbenzene, 

formaldehyde, furfural, cersol and alpha-naphthylam~ne-

hydrocholor~de exhibit a certa~n degree of toxic~ty at 

concentrat~ons above 0.1 mg/L. In conce:ntrat~ons above 

1.0 mg/L xylene and ethylene d~chloride were taxie to these 

alga. 

Nelson - Smith (1972) eoncluded that the relatively 

high sDluble camponents such as benzene and taluene a~e 

very taxi C. Wallen et al (1957) reported that benzene is 

toxic ta d~fferent var~et~es of fish at d~fferent concen­
J( 

trations, thus at a concentration of 386 mg/L, ~t ~s taxic 

ta Mosquito fish, and at a ~ancentration of 6 mg/L it ~s 

toxic to blueg~ll sunf~sh. Toluene ~s toxie at a concen-

tration range fram 50 to 65 mg/L to blueg~ll sunfish and 

also tOA~C to Mosqu~to f~sh at a concentration of 1.18 

mg/L. 

The highly volatile and more s~luble lighter frac-

tions are believed to be chiefly responsible for the high 

initial (aeute) toxieity of erud~ oils. These fractions 

include the low-bo~ling paraffinic and aromatic hydro-

carbons. The low-boiling aromatics are considerftd to be 

potentially the most toxic tQ aquatic liEe (Blumer, 1969) 

- l 7 -
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Reynolds et a\\(197S) observed that phenol is the 

controll~ng inh~b~to~to the growth of green'alga, 

" Selenastrum capricornutum. .;.lso, they observed that phenol 

o ~ 0 0 was more tox~c at 24 C than at el.ther 20 C or 28 C. Phenol 

appears to be less tOXl.C towards lower aquatl.c o~ganisms 

than are suIf ides or ammonl.a. A reVlew of the more l.nten-

sive bl.oassay tests wl.th phenol, at 20°C, indicate a 96 

hour Le 50 value between 10 and 20 rng!L for most fish. 

Concentrations of 40 mg/L (Mckee and Wolf, 1963) cause 
1 

threshold tOX1C effects on the algae Seendensums. KastyaeV 

(1969) reported that phenol concentratl.ons of 10-40 mg/L 

stimulated the growth of Scendensums while concentratlons 

greater than 50 mg/L retarded the growth. He also found' 

that phenol concentratlons greater than 500 mg/L prevented 

growth altogether, howev~~, this concentration 1S highly 

unlikely ta be found in refinery effluents. 

Ammonia is prl.mar1.1y generated from crude 011 hydro-
.. 

cracking. The toxie action of arnmonia and ammonium salts 

ta ,aquatic organisms depends on the hydrogert ion (H~ con-

centration (pH) and .therefore on the undissociated ammonia 

(Pace, 1974). Foi example, ~elson Smith (1972) found 

that the pOl.sonl.ng actl.on of an ammonlum salt is l.ncreased 

by 200% when the pH was raised from 7.40 to 8.0. Carbon 

dioxide decreases the concentratlon of the taxie NH3 by 

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

- 18 -
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96 hour Le 50) concentratlon to flsh was 0.2 mg/L un-

ionl. zed ammonla for Salmo gal.rdner l. (Ral.nbow trout). 

Hrudey et al (1976) reported a concentration of 

ammonl.a ln the range of 0.2 - 0.5 mg/L in the effluent 

from the bl.tumen upgradl.ng plant and 1. 3 mg/L l.n the 

drainage fr.om the tail.lng pond dyke. He aiso found that 

ammonia concentratl.on 0 f _9.41 mg/L is toxic to Ral.nbow 

trou t . 

Mironov, (1968) "reported that many toxic componen ts 

af refinery effluent"s, even if prese-nt in sUbirtha1 con­

centrations, may inf1).1ence aquatic organl.sms synergis-

tl.cally. Heavy'm.eta1s behave in this way. Zlnc in-

'conlbination with copper,and zinc, 1ead, copper and phenols 

in comblna tl.on wi th low oxygen, have be~n reported to react 

synerg isti caUY. These same metals can concentrate in 

food-chain organisms and thus may have lmp1icatl.ons for 

human health. Zinc accurs in aIl Canadlan reflnery 

effluents studied, at concentratlons of 0.05 - 0.17 mgjL 

and .lS tOl{l.C to trout at levels as low as 0.1 mg/L (Mckee 

and Wolf, 1963) . 

... 
'." 
The results of various heavy metais analysis (Strosher 

and Peak, 1976) indicated that vanadium was the most 

19 -
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abundant of the metaIs, occuring 
o 1 

\.m.' 1 wastewaters l.n '~ounts of ,0.25 to 

ln the upgradlng plant 

0.6 mg/L. Talling pond 

dike dra1.nage effluent and intake ~aters dontalned consi-

derably lower amounts of vànadium .. 0.001 t'c 0.002 and 

less than 0.001 mg/L respectiveIy. 

2.3. How ail compounds cause mortality in aquàtic organisms: , 

The effects of ollon aquat1.c organisms zall lnto two 

,categor1.es. The fl.rst category includes effects associated 

with coating or smothering of an organlsm wlth ,oil. 
~ 

Such 

Il effects are associated prlmarily wi.th the hlgher molecular 

weight, water insoluble hydrocarbons, and the varlOUS tarry 

substances that coat and çover the organi~ms (Nelson- j 
Smlth, 1972). The second category of t;oxic efiÉoects inro1ves 

dlsruptlon of an organi·sm' s metàbolism due to the lngestion 

of oll and the incorporation of hydrocarbons into lipid or 

other t1. ssue in (5ufflci~t concen tra tion to up$et the 

normal function of the organism. With respect to this 

second category of effects, it is generally agreed that ~ 

aro~atic hydrocarbons are th~ most toxic, followed by 
" , 

cye thalkanes , then olefins, 
1 

and 1astly alkanes (Nelson-

Smi th" 1972). 

) <, • 
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Laws (1981) reported that aromatic and other toxic 

hydrocarbons apparently exert their effect in part by 

becoming incorporated into the lipld layer that makes 

up the inte~ior of cell membranes. As a result, the mem-

~rane ~s disrupted, and ceases to properly regulate the 

exchange 0 f substances bet'ween the inter ior and exter ior 

of the cell. In extreme cases, the cell membrane may 

lyse, allowing the contents of the cell ta spill out and 

obviously destroying the cell. Although the low moleéular 

" weight alkanes and cycloalkanes were once considered to 

be harmIess ta aquatic life, it is now known that these 

compounds can cause narcosis and anesthesia in a variety 'J 

of lower animaIs. Such effects are probably due in part 

to disruption of cell membrane (Blumer, 1969). In addition 

to disrupting cell membrane6, there is evidence that 

hydrocarbons interact with prote~ns in a variety of plants . / 
and animaIs (Nelson - Smith, 1972). Both enzymes and 

structural proteins appear ta be affected. 

In summary, p~tro~hemicals may cause mortality in 

" aquatic organisms in various ways: 

1) produce a toxic rea~tio~1 

f. 
2) depletethe dissolved oxygen, 

3) increase the temperature~ 

'\.... 
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( 
4) change the pH value, and 

5) increase the salinity and upse-t the os.motîc 

pressure. 

2~4. What concentration otoil are toxic to aquatic 

organ~sIl'ls: 

Much experimental work has been done ta pred~ct the 

coneentrat~on of ail toxic to aquatic organ~sms. The 

results depend on the type of ail or combination involved. 

Adult f~sh are rather res~stant ta ail pollution, s~nce 

their bodies, including the rnouth and gill chambers, are 

eoated with st~my mucus that resists wetting by o~l. 1 
! 

Incipient lethal levels of crude oil for adult f~sh are ) , 

of the arder ·of 10 - lOO'parts per thopsand. However, 

incipient lethal levels of ~ndividual aromatics for the 

same fish are roughly a factor of 1000 lower (Nelsor! -

Srn~th, 1972). Crude ail and fuel ail have been found ta 

be taxie ta fish eggs at concentrations as low as 0.5 

10 ppm (Longwell, 1977). Other types of plankton rnay be 

even more sens~tive. Tests on phytoplaDkton involving 

fuel oil, kerosene, and crude ail have generally revealed 

--, toxlC level ta be of the arder of 50 - 200 ppb, but growth 

rates are noticeably depressed ait concentrations of about 

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

( 
apparently quite resistant to ail pollutl0n. In general, 

- 22 -
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macroscoplC plants are relatively reslstant ta ail toxicity, 

and even if extensively damaged tend to recover more rapidly 

than many other organlsms. 

1 1 

J 

) 

.. 
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Materials and 'Exper1men~al Techn1ques 

3. L Samples descr1pt10n 

Four different groups of samples were used in this 

in ves ti ga t10n. The descript10n of these samples 1S found 

in table (3.1) and is g1ven below. 

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

l, 2, 6 an d 7. The source of this group was the emanat1ng 

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 tti1S group was the amanating sludge. 

\settling by using sorne flocculanted agents) 

(3) Group No. (3): group n-o. (3) includeso samples 

no. Il ta 19 taken from the sedimentation tanks # l to 

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

Alberta on 31/3/82). 

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

nq. 8 and 9. These two samples were taken from the 

supernatent fluid collected after centrifugat10n of 

Terminal sludge samples (total solids = 30.6%) at 10000 

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

- 24 -
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ly emanated sludge fluid samples. (This group was used 

only Ln the toxicity analysis using ~ capricornutum) . 

The system of chemical and physLcal analysis employed 

in this study is simLlar to that employed ~y Lud:"Lg (1,983) 

Ali samples for physical and' chemical analysis were 

preserved in accordance wLth the preservation regimen of 

t ab l e (3. 2) . 

3.2. InorganLc and organic CharacterLzation of Samples 

The physical and pr~liminary analysis involved the 

determLnation of the fOllowing parameters: pH, turbidity, 

" specLfLc conductivity, total solids, suspended solids, 

and volatile solids. The chemical analysis involved the 

determination of parameters of potential significance in 

the assessment of toxicity. The selected chemical 

analysis (inorganic and organic) included the followLng 

parameters: metals, t?tal nitrogen, ammonia, total 
;-

organic carbon (TOÇ) , biochemical oxygen demand (BOO) and 

chemical oxygen demand (COD). AI~o phen~ls concentrations 

ware determined. 

1 
- 25 -
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Table (3.1) Description of the tested samples 

Sample Source of the sampI e Da te sample 
No. taken 

l 6" 1> column # 1 (Macdonald) Feb. 3, 1982 
-2 TA # l (plant # 3) ( Macdonald) 

. 
" " Il 

6 * Ta~l~ng water (Macdonal d) March l, 1982 

7 Tal.ll.ng water ( Macdonald) " " " 

3 6" <P column If 2 (Macdonald) Jan. 13, 1982 

4 6" cp calumn # 3 ( Macdonald) " " " , 
5 Tank # 1 ( Macdonald) " " " J 

1 

Il ** Tank # l, Sun cor Inc. Ft.McMurray Mardh 31 , 1982 

12 

13 

14 

15 

16 

17 

18 

19 

9 

8 

Tank # 2, Il " " " 1 
Tank If 3, Il " ". " 

\ 

Tank If 4 , .. " " " 
Tank # 5, " " " " 
Tank # 6 , .. " Il .q " ---Tank If 7 , " " Il ~ 

" 
"\ 

Tank IP 8, " " " " 

Tank # 9, " " " " , 

~ 
Supernatant fluid collected after Oct. 2, 

cen tr ifuga tian of terminal sludge " " 
at 10000 r.p. m. at 30 min (solid 1 

concen tra tion = 30'.6% ) 

samp1e 6,7 reached Mc Gill 1aboratory on Octo~er 27, 

1981. 

" 
" 
Il 

" 

" 
Il 

" 
" 

** sample Il, 19 reached Mc Gill laboratory on April 20, 

" 

" 
Il 

Il . 
Il 

Il 

" 
" 

1982 

" 

(~ 1982. 
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Table (3.2) Preservation Regimen Used 

Parameters 

Total solids 

Suspended sol~ds 

Volat~le sol~ds 

BOO 

Algal Assay 

Microtox 

COD 

TOC 

Lead, Manganese 

N~ckel, Ferric 

Copper, Cadm~um 

Zinc, Arsenic 

Vanadium 

Phenols 

Total phosphate 

Ammonia 

27 

Preservat~on 

No preservat~on 

refrigerated 

refrigerated 

3 ml. H N0
3 

refrigerated 

l gm CUS0
4

,. pH=4 with 

"" 

refrigerated 

20 mg - Hg C1
2 

re f.r ige ra ted 
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( 3.2.1 . .E.!!.: 

The pH or hydrogen iop aetivity was determined 

elect~o~etrieallYI usin~ a Fisher pH meter Model 29. The 

pH meter was callbrated for each measurement with two 

fuffer solutions. Sodium interference was not considered 

sinee aIl samples had pH value below 10 (Standard Methods, 

1980) . 

3.2.2. Turbidity: 

~ 
ThlS mea~urement is bas~d on the comparison of the 

/' 

intensity of light scattered by the sample with that 

s ca t te red by a standard refe rence s uspen sion. The higher 

the intensity of scattered light, the higher the turbidity. 

Formazin' polymer was used as ël. referenee turbidfty standard 

suspension. __ "Hach Labo~atory" turbid meter modei 1860-A 

was used for''a--1J.... the mea~rements. , 

3.2.3. Conductivity: 

, 
Conductivity is the eapacity for transmitting eIec-

tricity, and is a function of ion content. The conducti-

vit y for aIl samples was determined using a Radiometer 

Copenhagen cond~ctivity meter. A standardized cell was 
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used and the conductivity measurements ln aIL sa~ptes 

are r&parted as the speciflc eonductlvlty (mha lem) 

(Standard Metho~ds 1980). 

3.2.4. Total SOllds: 

Total so11ds or the tptal resldue remainlng in a 

vessel after a sample is ~ried ât 10Soe, was determined 

for aIL samples, gravlmetr1cally., Procedure and inter-

ference ln the Standard Methods (1980) 

3.2.5. Suspended Sollds: 

Suspended SOllds 15 the residue remainlng on 

~hattman Glass" fiber paper (GF/A) after flltration of the 

samples. Procedure and inter~erence in the Standard 

Methods (1980). 

3.2.6. Volatl1e §o1ids: 

v:'atile solids is the 10SS/0f weLght of 
SOllds content after ignition at 550°C & 50 0 e 

the total 

for 15 mlnu-

tes ln a muffle furnace. It was determined for all samples 

gravimetrically. Determ1nation of volat11e so11ds prov1des 

a rough approximatlon of the quantity of organic matter 

present in the samples (~tandard Metholds 1980). 
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3.2.7. MetaIs: 

Aquat~c biota are generally only affected by metals 

in the~r dissolved form, i.e. the dissèlved metals content 

are much more l.mportant on a toxl.city point of view'than 

the total metals content. As mentioned in table (3.2), 

samples used for d~ssolved metals analysl.s were preserved 

by addl. tion 0 f concen tra te d nl. tr i c ac l.d (H NO 3) to pH., = 

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

and/or prec~pitat~on l.n the sample contal.ner. 

The analysis for metais were conducted b~ spectro­

photometry using the "Perk in-Elmer" Model 503 Atomic 

Absorption spectrophotometer. 

The atoml.C absorption investigatl.on ~as carried out on 

nine heavy metals (copper, lead, manganese, l.ron, nickel, 

cadmium, z~nc, vanad~um and arsenl.c), and four other metals 

(calc~um, potass~um, magnesium and sodium) 

3.2.8. Total Nl.trogen 

The 703C Chemiluminescent Nitrogen System (eNS), Antek 

Instruments Ine., was used in the analysis of to~al nitrogen. 

The method of analysis involves a high oxidation temperature 

.J 0 -
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of th-e entire sample, the stabilization temperature was 

;osooc, converting any chem~cally bound nitrogen to nitric 

oxide (NO'. The NO ~s placed in contact w_~th ozone (°
3

' to 

produce metastable nitrogen dioxlde (N0
2

' 

-
As the N0

2 
relaxes, it chemlluminesces and this light. 

emissien is sensed by a photomultipller, th~s light ~mission 

lS proportional te the amount of nitrogen in the sample. 

3.2.9. Ammonla: 

The ammonia concentratl0n was determin~d by the Auto-

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

mated procedure is based on the formation of a blue-colored 

compound, belleved to be closely related to indopher.ol, when 

the solution of an ammonium salt is added to sodlum 

phenoxide followed by the addition of hypochlorite. The 

intensity and the speed of development of the resulting 

color were enhanced by addit~on of sodium nitro prusside. 

A solution of sodium cltrate was added to the sample stream 

ta eliminate the precipltation of hydroxades of calcium and 

magnesium. The intensity of indophenol blue was measured 

at 630 nm (EPS, 1979) . 
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3.2.10 N~trates - Nitrites: 

Nitrate - n~trite concentration were measured by 

using a Technicon Auto-analyzes II system. N~trates 

are reduced to nitr~tes by passing the 5ample through a 

co1umn canta~ning cadm~um granul~s coated vith a layer 

of ~opper. Total nitr~tes were deterrnined, under ac~dic 

condit~on, by the react~on of sulfanil~c acid with n~trite 

ions, to form a d~azo compound. The dia~o compound sub-

sequently comb~n~s v~th ~-napthylamine ta form an intense 

red o~dye w~th maX1mum absorpt1on at 520 nm (EPS, 1979). 

3.2.11. Phospho~5: 

. Phosphorus content in the samples i5 classified in 

two general ca te,9'0r ies ,'. to ta l phosphorus and inorgan i c 

phosphorus. These two categories were determined using a 

T~chn1con Auto Analyzer ~I System, ~n wh~ch orthophospha~es 

react vith rno1ybdate ion to yield heterapoly acids which 

are reduced vith ascorbic acid ta ferm a blue me1ybde-

phosphoric acid celor. 

nm (E P S, 1979). 

Ab~arbance was measured at 885 
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3.2.12. Total organic c:)..bon' (TOC): 
' .... - ... _--

----Total org"anic carbon "w?~_e:tj;!"rmined for aIL samples/ 

using a Beckman Madel 915A Total Organic Carbon Analyzer. 

Total carbon is determined from the oxidation of the 

organic and inorganic carbon fractions to CO
2 

at 95~~. 

Total inorganic carbon determination is based on the fact 

that inorganic carbon "will oxidize to co;-at 1dwer tempe-

ratures than will the organic carbon (ISOoC). In both 

combustion tub~ the CO
2 

produced quantitatively measured 

by the infra~red anaIyz~r (Standard Methods, 1980). 
Çl; 

3.2.13. Biochemical Oxygen Demand (BOO) 

~ 
In order to determine the BOO progression, a se~:of 
~ , 

BOO b~ttles were incubate9'in a standard BOO air incubator 

and the sample femperature was a maintained at 20 ± 2 C by 

appropriate adjustments on the incubator. The samples 

were diluted with specially prepared dilution water 50 

,-
1 

.' 

that adequate gro~th factors an~ oxygen could be available" 

during the incubation periode The dilution ~ate~ was 

"seeded" with a bacterial cultur~ that ha~ been acclimated 

to the organic matter present in the water for 48 hr. The 

seed cultu~e used was a mixed culture! containing large 

number of ~aprophytic bacteria and other organisms that 

oxidize the organic matter, in addition ta certain 

.:. 3 3 -
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a utotrophic bacter ia tha t oxidi ze non carbonacous 

matter'. After a five day incubation period, the content 
» 

of' the bottles tested by the Winkler method for dl.ssolved 

oxygen (Standard Me~thods, 1980) 

3.2.14. Cheml.cal Oxygen Demand (COD) 

The Chernical Oxygen Demand was deterrnl.ned by the 

dichOromate reflux rnethod (Standard Methods 1980). COD 

was measured l.n terms of tîe amount of potassium di chromate 

(~2 Cr 2 07 ) reduced br ~he sample durl.ng 2 hr of reflux 

in . .a, medium of ~oiling H
2

S0
4

, and in the presence of 

Ag 804 catalyst. Chloride interference was prevented by 

adding mercurl.C sulfate (Hg 804) (Stan'dard Methods, 1980) 

Phenol s: . '. 

A Teohnican Auto-Analyzer system was used for aIL 

determinations. Phenols< are removed from the sample by 
J 

s team di stlll a tion under acidic condi tians, and co 11ected 

in alkall. conditions at a pH of 10 uSl.ng an ammonium 

hydroxide buffer. The reaction 0 f phenol wi th 4- amino-

antipyrine, under oXl.dizing condi.tions, provided by 

ammonium persulfate at a constant pHI of 10, yie1ds a red 

color, the intensity of which is measured spectra-

pho.tometrically (EPS, 1979). 
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( To remove the organic contaminants from the sarnples 1 

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

3 cm in diame ter and 50 cm in l ength . 

To - measure the dissol ved organic carbon, samples were 

extracted with benzene, and afte r 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) • 

3.3. Biological Indices of Toxicity: 

The fOllowing tests were used ta predict the toxicity 
( 

of the emanated' sludge fluid and to calculate the lethal 

concentration (Le 50) • 

3 • 3 • 1. A l gal A s s a y: Bot t le Te s t ( AA : B T ) 

The significance of measuring the algal growth potentia'l 

of the tested water samples is that a differentiation can be 

ma<de bet ween thè nutr i en ts that are in the sample, as 

determined by chemical a~alysis, and the nutrients that are 

ac:tually available for algal growth. Also, if algal growth 

remains limited when nutrients are insufficient supply and 

the phys i cal. condi tions for growth exi st, the presence of 

( a toxican t is -indica ted (Mi 11er et al, 1974 ; Green et' al 
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~1976) • The principle of the algae test ~s based on a 

modï fica t ion 0 f "Lleb~g' s Law" a f the minltnum, which 

states that "growth i5 limited by th'e"~substance that is 

prese~t in min~mal quantity in respect to the needs of 

organlsm Il • 

The recommended test alga wh~ch has been the princl-

pal " wor khorse" dur~ng the develop'ment of the Algal Assay: 

Bottie test i5 the green alga Seienastrum caprlcornutum. 

Selenastrum belongs to the order chlorococcales and the 

fam~ly Selenastraceae which have a wide tolerance towards 

environmental conditions (Rodhe, 1978). 

selected because of ~t5 case of culture 

it is characterized by lts uniceilular 

This aigae was 
1 

and ma~nte1ance, 
or cOloni~llhabit 

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

for their entl.re 11fe history or for the greater part of 

tir" 
"5. t . These attributes ailow this algae to be enumerated 

\ 
by an eiectron~c-particie counter on a daiIy basis or at 

any time during the incubation periode 

Basica~IYI the assay Conslsts of the inoculation of 

40,000 cells (1000 cell lml) of S. capricornutum into 

test water which is incubated in a constant temperature 

control at 24 * 2°C. The in c ub a t ion p e rio d wa s 8 d a y s 1 

in the presence of illumination - cool white fluorescent 
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lighting to prov,ide 4304 lumens' (400 ± 101li ft-cl mea~ured 

a,t the liquid level. The incubator i5 provided with 

...-''-
dulture dlosure - Foam plugs which must be used to perm1t 

good gas ex change and prevent contam1nat1on. The samples 

were shaken at lea5t once dally to prevent settling and 

'give an adequate supply of CO 2 (Sku~berg, 1965). The 

assays were carried out in 20Q-ml Erlenmeyer flasks 

. , 
conta1nlng 40 ml of the algal assay medium (AAM) Bibasic 

potassium phosphate (K 2 HP0
4

) and Sodium nitrate (Na.NQ3) 

salts were used as sources of phosphorus and nltrogen 

respectlvely. ALI assays were conducted in triplica~e and 
"\ 

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

S. capricornutum grown in AAM. 

The samples were fl1tered using 0.45 microns membrane 

filter. Filtration is essential to eliminate unwanted 

"biological contamin~nts wh~c~ ~ould invalidate the growth 

-----resporise of the -test organism. 

An electronic partlcle - counter was used' for aIL 
1) 

counting (Model-TA II Coulter Electronic Ine.) (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 plottlng 

tested concentrations versus l~hibitlon percent on a 
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prob1ts-log-scale paper, and extrapolating the bes~ fi~ 

stra:i!;Jht line. 

3.2.2. Microtox Technique: 

The second method for estimat1ng the toxicity level 

of the tested samples was the Microtox technique, using a 

selection of marine bacteria ressembling Photobacter1um 

phosphoreum as an index o~ toxic1ty. This bacteria was 

recomm~nded based on its response to a w1de spectrum of 

tox1cants and on the fact that its response compares well 

with'96 hour Le 50 fish test (Bekman Instruments, Inc. 

Bulletin 6894) . 

This bacter1um are of marine orig1n, and therefore, 
1 
1 

require a min1mum level of Nael as weIL as osmotic 

protection. Photobacterium phosphoreum display a good 

light s,tability in the presence of 2% :t. 0.2 NaCI. 5igni-' 

ficant depar~ure from this tolerance will cause measure-

ment error due to the osmotic shock. Also, the l ight 

output of these bacteria is very dependent on temperature. 

Several dilutions (usually between ,3 and 5 dilubions) 

of the emanating fluid were tested, to assure a reliable 

estimat10n of toxicity. When preparing dilutions, the 
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sample was first adjusted to 2%. NaCl, using 

M1crotox Diluent (Beckman; 1979). For aIl measurements, 

the Microtox Toxicity Analyzer - Beckman - Model 2055 

was used, with 5 minutes exposure t1me of the marine 

bacter1a resembling Photobacterium phosphoreum ta ~he 

emanating fluid samples at 15 0 C. The effective Lethal 

concentration was calculated by a pro gram operated on a 

\ 

Hewlett Packard 9830A programmable calculator (Sprague, 

1969). It predicted the inhibition percent of different 

sample concentrations. The LC 50 was estimated by plotting 

tested concentrations versus inhibition percent on a 

probits-log scale paper and extrapolating the best fit 

straight line. 

3.3.3. Oxygen uptake: 

The third toxicity index was the oxy~en uptake by 

bacteria seeded into the' tested samples. A 5 ml of waste-

water (with microorganism of industrial origin) was used 
1 

as a bacterial seed to which was added 10 ml of growing 

solution, containing all salts required for maintenance , 

and reproduction of bacteria, this mixture was added to 

the samples, and oxygen uptake was measured frequently 

(every 2 hours) aver a period of 24 hr using the Electrolytic 

Respirometer. Model ER-lOl, which uses closed reactian 

( 
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vessels. On top of each vessel i ~ an electrolysis celle 

The cell makes use 'of the pressure change due to the 

biochemi cal' ionsumption 0 f oxygen gas to sense the need 

for more oxygene The necessary oxygen i5 electrolytically 

generated into the reaction vessel. As the reaction 

proceeds, an internal clock adds time to one of th~ two 

memories of each reactor. As oxygen is consumed and 

replanished, thesedata are added to the remaining memory 

for each reactor. Data are then prl.nted out automatically 

at:· 2 hour periods . 
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Results and Discuss~on 
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( 
Results and Discussion 

In the follow~ng paragr,aphs, the results are 

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

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

three groups of samples originate from different potential 

sludges: 

~ 
a) The first figure always refers to group No. l 

samples, i.e. untreated sludge. 

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

s~mples, i.e. tre~ted 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 
l 
1 
" 

previous chapter are provided in this chapter. The results 1 

are accompanied ~y brief discussion concerning their 

possible significance in the toxicity study. 

( 
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4.1. Physical and chemic~i ana1ysis: 
'1. 

The results of the phys~cal 'and chemical analysis 

are summarized ~n Tables (C-l, C-2, C-3, and C-4). The 

obta~ned results w~ll be presented and discussed below. 

4 • 1. 1. E.!.! : 

The· pH values were in the range 7.5 to 8.20 wl.th 

averages of 8.10, 7.9 and 7.8 for the three tested groups 

respect.;t-vely (Table C.l). The pH values for aIl samples 

fall within the range 5 to 9 (pH units), whl.ch is the 

(~ range generally to1erated by most aquatic organisms. 

However, the to:x:icity diJ chemicals change significantly 

with pH changes. For e:x:ample, the to:x:icity of un-l.onized 

ammQnia increases markedly as pH l.ncreases from 7 ta 8 

(for the sams. ammonia concentration) . A1so the ionl.zatl.on 

and toxl.city of hydrogen sulfide (H
2

S) are siml.larly 

dependent on pH (Saweyer and Mc Cart y, 1978). 

4.1.2. Turbidity: 

Turbidity values varied from 13 ta 65 JTU in aIl 

samples and this difference is attributed to the addl.tion 

of dewatering adâitives to sorne samp1es. The average 
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turbl.dl.ty values were 31,37 and 44 for the three groups 

respectl. vely (Table c· 1) . These turbl.dl.ty values measured 

the light seattering properties due to the presence of 

suspended matter that l.nterferes with th-e passage of ll.ght 

through the samples: 

<) 

4.1.3. Specifl.c Conductivity: 

Specifie conductivity values varied from 0.44 mmho/cm 

up to 1.570 ~mho/cm. The average values for the three 

groups are 1.10, 0.887, and 0.725 mmho/cm respectl.vely 

(Table C.l). This test measured the samples capacl.ty for 

the transmittl.ng of electrl.c current as a functl.on of the 

presence of ions, ions concentration, mobill.ty, valence, 

and the temperature (Standard Methods, 1980). Thel me.asured 

specifie conductivity values fall within the range 0.05 -

1.5 mmho/cm whl.ch generally characterizes potable waters 

in U.S .A. and thus the overall ion'ie strength of the 

samples would not ~ave a direct affect on the toxicity 

observed. 

4.1.4.,Total Solids: 

The total solid content varied from 737 mg/L to 

4065 mg/L. The average values,,,,of the total solids in the 
t.-
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three groups were 1500, 1093 t and 2814 mg/L respectively 

(Table t.1). These values represent the material left in 

a vessel after sample evaporation ~n an oven at lOSoe. The 

total soll.ds results were considered to be above the 

perm~ssible Iimit of potable water (500 mg/L) (EPA, 1978) 

and also compared to the prevl.ously determined values by 

Hrudey (1975) are considered h~gh. This discrepancy 

between the values obta~ned 'here and those of Hrudey are 

attributed to the fact that these samples were taken from 

supérnatant water coming from sludge settling pro cesses 

while Hrudey's samples were from the upgrading plant----

effluent stream follow~ng retention in the effluent pond 

c and tailings pond dyke drainage. 

4.1.5. Volatile Solids: 

The volatl.le solids range from 204 up ,to 410 mg/Le 

The average volatile solids for the three groups are 350, 

354, and 264 mg/L respectively (Table C.l). The determl.-

nation of volatile solids offers a rough approximatl.on of 

the amount of organic matter present in the solid fraction 

of the tested samples. However, i t should be noted tha t 

this is only a rough measure, as results lI\ay ,also reflect 

109s of water crystallization, los's of volatile organ~c 

matter before combustion, incomplete ox~dation of certain 

complex or,ganics, and decompos~tion of mineraI saits 

( 
during combustion. ,1 
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<. .. 4.1.6. Suspended SolidS;: 

Suspended solids varied from 34.0 up to 396 mg/L for 

aIl samples; the average--Sûspended solids values are 197 

265, and 108 mg/L for the three groups respectively (Table 

C.l). lhese resu1ts are sim~1ar to those obtained by 

Hrudey (1975). The suspended solids can retard the photo-

synthe~ic process, b1anket the benthic communities and also 

contr~bute to the bioch~~1 oxygen demand. There is no 

evidence th",t concentrations 0 f suspended solids less than 

,li 
25 mg /L have any harmful effect on f ish, and ~ t should be 

possible to maintain good or moderate populat~ons ~n water 

containing up ta 80 mg/L suspended solids (Côté, 1976). 

The high values obtained in this work indicate that 

the emanating f1uid would be hprmful to aquatic organisms, 
" , 

especially fish. 

4 . l . 7. Me t aIs : 1 

1 

~! 
l 

a) Heavy Meta1s: D~ssolved heavy metals concentrations, 

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

fiiter are given in table (C.2). 

The most abundant metai was iron whose concentration 

averaged 2.13, 3.49, and 2.2 mg/L for the thr.ee~ groups 

respective1y, and ranged from 1.029 up to 5.0 mg/L (Table 
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C. 2) • Concentrat~on of loron grea er ,than 0.2 mg/L have 

been repo,rted ta be lethal ta 3 ty es of fish, but Wetzel 

""t 
(1972) found that iron concentrati ns as high as 40 mg/L 

'was not let~al ta channel catfish. ~~he measured iron 

values are,nevertheless a possible source of toxl.city. 

Tests whl.ch det~r~ine whether or not ~ron and other 
'-', 

"-
metals are in fact a' ~irect source of toxiCloty in the 

samples, are consl.dered in section 4.2.2. 

Manganese was the next ,most abundant metal, with 

concentratl.on levels of 0.032 up ta 0.612 mg/L (Table C.2) 

Hi gh concentra tians of manganese (grea ter than 1.0 'mg/L) 

) 
commonly are very l.nhibitory to blue-green algae (Gertoff 

and Skoag, 1957; and pateric et al, 1969). ùn the other 

hand, an antagonistic response was demonstrated i~ 'which 

'~-
increasl.ng calcium (calcium average concentration 15.8 

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

manganese concentration. Manganese cencentratl,pns of 

s than 0.05 mg/L were feund te inhibit the development 

green and blue-green algae in streams, and to,strongly 

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

manganese however, are essential micronutrients of ml.cro-

flora, plants and animals (wargersky, 1963 and Coughlan, 

1971) and are toxic at very high coneen trations. Concen-

trations of manganese measured in the samples are clearly 

lower than levels observed ta exhibit toxicity. 
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Copper was the third rnost abundant metal, with 

concentration levels of about 0.09 mg/L. Copper concen-
, 
trations varying from 0.1 mg/L up to 1.0 mg/L have been 

reported ta be non-tox~c to most fish by many investi-

gators (Wetzel, 1975 i and Patrie et al, 1969) wh~le 

.others have reported copper concentrations ranging from 

0.015 - 3.0 mg/L to be tox~c ta fish and ZOO plankton 

(Wetzel, 1975). Therefore, copper levels 1.n the samples 

may possibly constitute to a source of toxl.city. 

vZinc was measured in the test samples at an average 

value of 0.09 rng/L and within a range varying from 0.062 

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, 
() 

although concentrations 
! 

less th an 0.1 mg/L are generally observed n~~ to be tox~e 

to many aquatic organisms. Zinc therefore may or may 
, , 

not be a source of tox1.city ln the emanating sludge fluid 
1 

samples. Another aspect in the toxie effect of z~nc is the 

simultaneous presence of eopper . Wetzal (1972) observed 
. 

that f~sh could survive at zinc concentrations of 8 mg/L 

for 8 hr 'but in the presence of 0.025 mgjL 0 f copper 

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

. j 

. , 

) 

- 47 -

, c 

j 
i 
" 



( 

t 

( 

'. 

._-- _...-~-_.-_~_._----'~-

Cadmium concentrations were less than 0.02 mg/Le 

• Purves (1977) reported that, cadmium toxici ty is increas ed 

by the presence of other chemicals, including copper and 
"\ 

zinc, 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 

tes'ted samples, indicating that these metals (if present) 

are ~resent at concentrations below toxic levels. 

The heavy metals are taxie to microorganisms because 

of their ability to tie up the proteins in the key enzyme 

systems. 1 The heavy metallic salts prevent the proteins 

from reacting normally and even change the charge at the 

molecular level, at certa~n points from negative ta 

positive, causing repelling reaction rather than attracting 

reactions. If the concentration of heavy metals is increased 

further, the surface Qf the ~ells become completely coated 

ereventing materials from entering the celle Precipitation 

of the cellular protein may even oceur. 

It is difficult to establish safe standards of 

concentration of tOXLC elements in the environment, for 

" 
account has ,tu -be taken of the fact that in org~nic combi-

\j ' .... 

n~tion they may cause a greater hazard than when present 
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in inorganic form. For example, organic coumpounds of 

lead are more toxic than the metal itself. Th e ionie 

state may also affect the level of toxic~ty, for example 

chromium ~s more toxie in the hexavalent than in the 
'>'> 

trivalent state. 

b) Other MetaIs: The emanating sludge fluiq samples 

were examined for calc~um, magnesium, sod~um and potass~um. 

The results for these metals are summar~zed in tabl~ 

(C.2). These four metals are measured to examine the r 

ability of the samples ta prov~de macranutr~ents and 

micronutr~ents to the aquatie organisms. 

Calcium i5 found in the tested samples with an 

average concentrations of 8.5, 14.1, and 24.8 mg/L, ~ith 

a range varying from 7.5 up ta 43 mg/L. Calcium has been 

implicated in numerous ways in the growth and population 

dynamic5 of flora and fauna. It is required by green 

algae and ~5 consLdered ta be a basic inorganic element 

of alga cell. Calcium 15 essentia1 for maintenance of 

the structural and funetional integrity of cell membranes 

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

l 

! 
'\ 1 

----------_._. 
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Magnesium concentrat~ons averaged 8.2, 6.3, and 

-12.4 mg/L in the three tested groups respect~vely, and 

the magnes~um range varied from 7.7 up to 45 mg/L. 

Magnesium is requ~red as a m~cronutrient ~n the en~ymatic 

transformat~on of organisms, eseec~ally ~n transphospho-

rylation of alga, fung~, and bacteria. The demand for 

magnrSi~m ~n metabolism ~s m~nor ~n comparison 

quaït~t~es present in the test samples. 

to the 

The monovalent cations, sodlum and potassium are 
, 

involvèd primarily in ion transport and exchange. Sodium 

content ranged from 151 up to 215 mg/L w~th 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. 

Sod~um requ~rements are particularly high in sorne 

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

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

for near opt~mal growth of several spec~es (Kratz and 

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

alga was found at 40 mg Na/L. 
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4.1.8. Biochemical Oxygen Demand (BOO) 

The BOO values for the three tested groups averaged 

32.0, 35.7 and 49.7 mg/L respect~vely (Table C.3). 'l'he 

BOO range varied from 22.0 up to 64.25 mg/L. The BOO 

results reflect the p~esence of toxic campounds and/or 

complex organic materials. Tpeoretically, the BOO values 

1 

Obtain/d for d~fferent dilutions for a given sample 

should have been equal. That ,is, multiplication of the 

dilution factor bye the differ~nce in dissolved oxygen 

1 

between the blank on day 5 and the given sample on day 5 

should have yielded the same BOO for each dilution of the 

given sample. This is not the case as shawn in Figures 

( 4. 1 to 4.6). In aIl samples, smaller dilutions yield 

lower BaD values apparently indicating that the ability of 

microorganisms to degrade organic constituents in the 

samples decreases with increasing concentrations of 

1 

1 
1 

r 

·sample. So that the use of,the BOO test in the conventional 

sense (~.e. determination of the amount of oxygen required 

by microarganlsms while stabilizing decomposable organic 

mat~under aerobic conditions) was, therefore not 

possible. (This observation was also observed by Ludwig 

(1983) using the Fresh tailings water and Aged tailings 

water) • 
, . 
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!' 

5 10 15 20 25 30 

SAMPLE CONCENTRATION (ml) 

- 55 

35 

1 
/ 

40 

" 

------W_ ... ' .. *illltt""" ........... "df,,_~* ... ,~._,~ ...... 

,-

t 

\, 

45 50 



( 

"'" If) ~.r 

'" oJ 
;~ 

W 
-l 
a.. 
::t: 
< 
Cf) 
'-' 

W 
:::l 
-l 
< 
> 
0 a 
CD 

W 
:c 
1-

z 
a 
z 
a 

(: ...... 
1-
< a:: 
1-
:z: 
IJ.J u z-a 
U 

IJ.J 
-l a... 
:::f: 
< 
U'l 

l.J.. 
0 

1-
u 
IJ.J 

\ 
l.J.. 
l.J.. 
W 

w :c 
1-

0 0 0 0 0 0 
0 0), co r--. CD If) -

c <1;6w) 008 

\ 

0 0 0 
~ CT) N 

0 0 .-

o 
lI)-

li) 
~ 

0 
~ 

ln 
CT) 

0 
CT) 

If') 
N 

a 
N 

Ln -
a -
If) 

a 

.. 

'" ..J 
E 
~ 

:z 
0 ...... 
~ 
<: 
a::: 
~ ID 
:z LI"I 

UJ 
U 
Z a 
u 
UJ 
....J 
a... 
% 
<: 
CJ) 

' , 
j 

.' < 
" 

~ 
~ 
.~ 
) 

! 

1I1 

..,; 
. 

l-' .... 
l.J.. 



...... ...... ..... 
'=tt:: 

UJ 
-l 
CL 
Z 
< 
(.f) ..... 
UJ 
:::J 
-1 
< 
> 
Cl 
0 
CD 

UJ :c 
~ 

:z: 
0 

:z: 
(~ 

0 ...... 
~ 
< a::: 
1-
:z: 
lJ.J 
U 
:z: 
0 
U 

lJ.J 
-1 
CL 
:::e: 
< 
(.f) 

lL... 
Cl 

~ 
u 
lJ.J 
lL... 

~ lL... 
lJ.J 

LU :c 
~ 

Cl Cl Cl 0 Cl Cl 0 
Cl 0) CD r--- co If) ~ ..... 

\( - <1/6w) 008 
1 -

1 

Cl Cl Cl 
CT) N .- 0 

Cl 
If) 

If) 
~ 

Cl 
~ 

If) 
CT) 

Cl 
CT) 

If) 
N 

Cl 
N 

If) 
.-

Cl .-

Cl 

-

...... -E ..... 
z 
0 -~ 
< cr: 
1-
Z 
LLI 
U :z 
Cl 
U 

UJ 
.J 
CL 
Z 
< 
CJ) 

(D 

~ . 
t.:l ...... 
u... 

. --- -_ .... -- ~ 

' 1 

r-
U'l 

, .. 
l 
~ 

" ., 
~ 
l 

~ 
i 
~ 
J 
! 

l 
< < '. ~ 
j 
i 

1 
) 

1 
i 
1 
1 
! 

.,.....t 



• r 

( 

( 

4.1.9. Chemical Oxygen Demand (COD) 

1 

The results for chemical oxygen demand (CaO) averaged 

423, 353, 354 mg/L for the three groups respectively (Table 

C.3). COD varied from 216 up to 490 mg/Le The C9D results 

agree
l 

with the volatl.le solids results (see Table C.I). 

Aiso the general picture of water soluble organic subs-

tances derl.ved from this study is similar to that of 

previous l.nvestl.gations (Strosher Hrudey, 

1975; and .Ludwig, 1983). 

higher than the BOO values obtained for the s me samples 
/ 

(Sec. 4.L8), thereby ?uggesting that the samples ~ay either 

contal.n large quantities of non-biodegradable organic 
f 

matter or, that the samples are toxic to microorganl.sms 

used as a toxicity index. 

COD data cannot be expected to correlate weIL with 

BOO data primarily because the two tests measure different 

aspects of oxidizable constl.tuents of tested samples. To 

explal.n the difference- between COD and BOO results, the 

Ultl.mate Biochemical Oxygen Demand (BODu) test (which is 

expected to approximately reproduce the COD value in the 

absenc~ of to~ompoundS) was carried out on five 

samPles.~~ BODu averag~ value was 200 mg/L, with an 

average difference of about 1~0 mg/L from the COD average 

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

existence of toxic compounds and/or biologically resistant 

organic matter. 
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Certa~n organ~c compdunds, particularly low -
1 

molecular we~~ht fatty ac~ds are not ox~d~zed by dicromate 

unless a catalyst is present (~t ha/'been found that silver 

ion acts effect~vely ~n this capacity). Aromatic hydro-

carbons and pyridine are not oxid~zed under any c~rcums-I 

tances. Because of aIl these lim~tations, the results do 

not necessarily reflect the right amount of organ~c matter 

present ~n the tested samples. 

o 

4.1.10 Total Organic Carbon (TOC) 

The TOC average values for the three tested groups 

were 107, 127.9, 239.8 mg/L respectively. The TOC val ues 

va~~ed from 52.30t~p)to 281.90 mg/L for all samples (Table 

C. 3) • The ratio between COD/TOC i5 equal to 2.30 (while 

the theoretical ratio equals to ~~ ~ 2.66, in the case 

where aIl organic matter prèsent is potass~um ~cromate 

oxid~ zable) . This difference is attributed te the pre-

1 

sence of organic carbon that did nQt respond to either 

BOD or COD tests. 

The TOC values obtained~ri this study are higher 

than those of Hrudey (1915), sjnce t~e samples originating 

from emanated sludge fluid have a h~gh content of aromatic 

~ 

hydrocarbons and pyridine, not oxidized by the COD prQcess. 
~ , 

(Table C.3). 50, conclusions bas~a én a comparison 

between COD results and TOC results are rather precarious. 
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4.1.11. Inorganic Carbon: 

The total inorganic carbon averaged 73.10, 56.20 and 

144 mgJL for the three tested groups respectively. The 

total inorganic carbon values varied from 36.72 up ta 

183.40 mg/L and were of the order of 55\ of TOC (Table 

C. 4) 

4.1.12. Extraçtable Carbon: 

, 
Samples were extracted with benzene and, evaporated 

by a rotary vaccuum apparatus, <) to remove traces of solvent, 

they were then analyzed for the total organic 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 
1 

se~e~al forms: as dis~lved.organic compounds, as dispersed 
• 1 

1, 

or micellar materials, as suspended carbon particles, and 

as materials adsorbed on the sur~ace of suspended inor-

ganic particles. Dissolved organic compounds and 

dispersed organic material may be readily extracted from 

the samples with solvents such as benzenei compounds 

adsorbed on the surface of inorganic particles are not 
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re~dily extracted and carbon particles are not extractable 

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

organ1c carbon~present in the test samples is not 

extractable indicates that it either occurs as discrete 

carbQn parti c les or tha t i t is s trong ly adsorbed on the 

s urfac es, or that i t is found in the form of unextractable 
" 

o humic and fui vic acids. (Strosher and Peak, 1976) . . ' 

4.1.13. Total Nitrogen: 

• 1 

The total nitrogen values indicate that most"of the 

nitrogen is in the ammonium forro. The total nitrogen 

content values for the three groups aver~ged 38.5, 44.6 

and 44.1 mg/L respectively. The ~otal nitrogen values 

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

C .5) . The,tested ammonia con~entrations (iQnized and 

un-ionized) of the three groups were 26.5, 27.6 and' 

38.3 mg/Lo'respectively, with a range of 12.6'up to 63.0 

mg/Lyfor aIl samples (Table C.S). The results for total 
4 l, 

nitrogen and total ammoni,a are similar ta 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 

~~" 
~l, 1976). " 
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Total and inorganic phosphorus concentrations are 

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

phosphorus varied from 0.02 ta 0.05 rng/L and the values 

of inorganic phosphorus we re in the r ange of 0.01 to 

0.02 mg/Le pI1osphor us Ibay not be con sidered 

suff cient art substantial algal growth and could 

e c nsidered 'a limiting nutrient (Miller et al, 1976). 

The phosphorus results rnay be affected by the delay 

a f the analys~ s which can al ter the rel a tionship be tween 

d+-s-SQl ve d and particulate forms 0 f pho sphoru s. Al so, 
, ' 

th~' presence of nitrile compounds and arsenic lowered by 

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

tfsually, phosphorus i5 considered by most investiga-

tor's ta be the key nutrient in controlling algal growth, 

since both nitrogen and carbon dioxide exist in the 

a trnospher e and r each equil ibri urn concen tra1;j.on in wa ter. 

4.1.15. Phenol: 

Phenol concentration (and i ts steam - distillable 

ortho - and meta aubs ti tuted der i vatives) was rneasured 

at an average range 0 f 0.03 mg/L (Table C. 5) • This value 
1 

estimated saf~ phenol concentration 

of 0.1 mg/L and thus it would not 
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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 CSawyer and Mc 

Cart y , ~978). 

4.2. Bioassay\Analysis: 

<\II ~~ 

4.2.1. Growth Pâ.ttern: 

1 
Figures (4.7 4.12) show corqparison of the growth 

of Se lenas trum capricornutum exposed to sample concen-
<.; .... 
"-

trations (v/v) of 12.5, 25, 50 and 100% with the"growth 

of the con trol. The initial cel! density in aIl samples 

was 1000cell/mL. The raj~ of growth of ~ capricornutum 
E/ ... 

with different emanating flui~qconcentrations follow a 

~ 
growth pattern similar ta that given by Knaysi, (1951) 1 

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

Graudy, (1980). 

'These curves shown in Figures (4.7 - 4.12) may be 

divided in.o five defined phases: 

(1) La9; phase: due to adaptation to a. new environrnent, 

and charac'terized by a long generation time, a null growth 

rate, a maximum ce11 size and a high rate of metabolic 

activity. 
,~ 
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(2) Acceleration phase: characterized by decreasing 

generation time and increasing~growth rate. 

(3) Exponential phase: characterized by m1nimal and 

constant generat10n time, max1mal and constant specifie 

growth rate 'and 1ncreasing cell density. 

(4) oeclining growth phase: characterized by increasing 

generation time and decreasing specifie growth ra~e, due 

to graduaI decrease 1n substrate concentration, and 

increased accumulation of tOX1C metabolites. 

(5) Stat10nary phase: characterized by exhaustion of , 

nutrients, high concentration of tOX1C metabo11tes and 

maximum physical crowding. 

The results of the b10assay analysis employing the 

green algae ~ 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 cont~ol flasks. The initial toxlcity 

of the different concentrations (100, 50, 25 and 12.5% 

o 

by volume) varied ·considerably. After two days of exposure 
. 1 

samples concentrations cel1 densities for 100% and 50% 
,', 

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

c lower than in the contro1s respec~1ve1y. For the higher 
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dilutions (25% and 12.5% by volume) cell densities were 

from 13% tO,22% and from 24% to ~B' lower than in the 

controls respectively. Comparison with controls revealed 

that the lag period, between inoculation and commencement 
1 

of growth progressively increased with the initial sample 

concentra tian. Recovery was less rapid at higher concen-

trations. In 100% samples concentration, no recovery of 

growth occurred during the test period. The slope of 

dx 
the eurves dt (X = no of ceil/mL) increase in phase 2 and 

3 (aeceleration phase and exponential phase), and there-
~ 

after decrease until the maximum concentration of cell , 
number is obtained and the population enters the 

\ 

stationary phase ~n which :~ = o. 
"\ 

There are many reasons why cel~s do not grow inde-

fini tely, including exhaustion of nutrients,' depletion of 

the dissolved oxygen supply, crowding, growth-induced 

chang~~ in the ehemical environment, and/or presenc~ of 

taxie substances (Gaudy and Gaudy, 1980). 

4.2.2. Algal Assay Bottle test (original samples) 

The ~ caprieornutum Algal Assay Bottle test results 
. dl 

are summarized in Table (C.7) and Figures 4.13&"C·l - C·Il 

The figures are presented in the form of histograms in 

which the height of êaeh individual histogram for any 
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given sample is equal. ta the algal density as a percent 

? 
( 

of control. The algae growth in the control flasks 

(d~st~lled water plus nutrient (PAAP) solution only) is 

considered to be the theoret1cally expeeted algae growth, 

thus the growth in the other flasks are compared with 

• t:hat ~n the control, (i. e. the growth in the control is' 

cons1dered as 100% growth). Sample concentrations ranging 

from 100% to 3.13% (by volume) were examined. Three 

different cases are considered in this study: 

1) 100\ (by volume) samples concentrat~on only. 

2) 100% (by volume) \ samples concentrat~on plus EDTA. 

3) samples concentrations rang~ng from 100% to 3.13\ 

(by val-ume) plus (PAAP) solution, (a nutrient 

solution, see Appendix Bl. 

The inhibition percent of ~lcapricornutum green 

alga with 100\ sample'(first case) ranged from 92.75% to 

1 
99.70\ which means that the emanating flu1d is acutly 

toxie. This can be attributed to the presence of highly 

toxic trace elements, either organic or inorganic, or the 

deficiency of the samples to present the required nutr1ents 

for the growth ànd reproduction of the test organisms. 
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Ta examine if the taxicity of the emanatinL fluid W,( 
1 r / 

caused by the heavy meta 1 s or not, the syn thetic 'oorgap.<c \ 
/0,---0"- \ 

ligands, ethyle~ediamineteraacetic acid (EDTA) ,:' considerJd 

as a chelating ageI1t, was added pi'incipally to collect Fe 

.3;nd Mn which are present in significant amountl;l in the test 

samples as observed in the heavy metals analysis and also 

collect Zn (see table C.2). The toxieity results in this 

case provided an inhibition percent ranged f~om 96.05. 

ta 99.75%, l.e. the emanating fluid~supported only 

"'-" 
approxima'tely 3% of the theoretieally expected algae 

growth. The difference ln algae growth.in the presence 

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

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

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

theless, if metais do contribute to toxicity, their 

contr ibution appears to be rel a ti vely insi gnifiean t in 

the toxicity results presented in this study. 

Up to this stage, the conclusion is that the samples 
\ 

are toxie to the green alga .ê..:.. capricornutum and this 

acute toxici ty is not a t tr ibuted only to me taIs, but 

either to the deficiency of the nutrients or the presence 

of dissolved hydrocarbons. /, 

.' \ 

) 

~ 
~ 1 

~ 
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The N:P ratios of the test samples indicate that 

phosphorus is a growth Iimiting factor. To make sure if 

the defic~ency of Ithe nutrients may or ~y not cause the 

growth limit of the test organisms, 100% sam.pIes concen-

trations plus (PAAP), a nutrient solution containing 

Dibasic potassium phosphate (K 2 HP0 4) and sodium nitrate 
~ 

(NaN?3) as sources of phosphorus and nitrogen respective-

Iy, were examined. 
~ 

The inhibition percentage o,f ~ 

capricornutum aigae gained from these series of experiments 

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

only approximately 4% of the theore~ically expected algae 

growth. These result~ indicate that, not only the 

deficlency of the p~osphorus aione is the.reason of the 

growth I imi ting condi tion. So that the toxicity observed 

may be a t tributed to the pres ence 0 f di ss01 ved hydrocarbons, 

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

Ta estimate the ,le'thal concen.tration t~ 50)', the 

inhibition pereentage with different concentrations of 

emanating fluid (100, 50,25,12.5,6.25, and ,3 . .13% by 

vol ume) were measured and ploited against concentrations -

in a probits - log seale graph paper (Standard Methods. 

1980). The best fit straight 1ine was drawn a~~he 

letha1 coneentrati~n (Le 50) was determlned. ~ Tfie lethal 

concentration is defined as the concentration of toxicant "'" 
1 • 

in' which just 50% of the test organi%ms ar~ able to survive: 
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1 
for speçific period of exposure . The leth~l concentrations 

Le 50 were of an average for the three groups tested 

(Table 3.1) of 24, 30 and 13.5% (by yo1ume) ~ Hrudey (1976) 

employing Rainbow trout (Salmo gairdneri) got a result of 

96 hour - Le 50 of 11% (by volume) for Tailings pond dyke 

drainage, which is 10wer than the above results (Table C.7) , 

taking into consideration the difference in the test 

organisms (thd lower the organisrns "the less sensitive 

the toxicant). Figure 4.13 (a rep::sentative graPh~ 
to 

shows 

the re l ation between sampI e concentration s (by volume) and 

algal ce11 density as percent of, that observed in the 

control (the theoretically expected a1gae growth). As 

shown the less the sample concentrat'ion, the higler the 

algal growth, i. e. the less the inhibi tion percert 

(Figures C-l - C-13 : see Appendix Cl. 

4.2.3. Algal Assay SottIe test,J'esults (for e~anating 

fluid sarnples of the passing through ac'tivated 

carbon col umn) : 

- • 1 
Another set of bioassay resu1ts ernployl.ng s. 

capricornutum green algae as a test organism was carried 

out. The samples examined i.n---this set were the sarn~ samples .--- " 

used be fore but we re pas sed th~ough an' acti vated callbon 

colurn~.. The activated carbon colurnn was used to remove 

a p the dissolved organic matter, and as mentioned 

- 75 -
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in section 4.1.12, khe ratio of extractable carbon ta , 
original carbon is/in the range of 63% to 70% (Table C.4) 

~hich may indi cate the pr esence of hi9.h perc en tage of 

dissolVed/hYdrOCarbons. The emanating ftuid sarnples was 

applied Jo the top of the column and withdrawn at the 

bottom. The results of this set are summarized in table 

(C.B). The sarne steps taken in the!previous section 
1 . 

(section 4.2.2.) was- followed in t1sting this group of 

sarnples. 

The inhibition percentage results of S. capricornutum 

with 100% (by volume) sample concentrations with or without 

the nutrient solution (PAAP) consi$ting of macrg and 

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

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

supported only from 5 ta 10% of the theoretieally expeeted 
o 

algae growth. The results of inhibitio~ pereentage are 

lower than that of the original sarnple by only 5%, which 

ois relatively small, and may be attributed to the presénce 

of high percentage of the dissolved hydrocarbons which 
Q 

inelude the most taxie components of oil,and are also the 

rnost soluble in water (Laws, 1981). 

The effects of dissolved hydrocarbons fal1 into two , 
general categories. The first category includes effect 
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associated with coating or smothering of an organism. The 

second category of taxie effects involves d~sruption of an 

organism metabolism due ta the ingestion of oil an4 the 

incorporation of hydrocarbons into lipid or the tissue in 

sufficient concentration to upset the normal functioning 

of the organism (Nelson - Smith, 1972) 

li 

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 ta 99.66%, i.e. the samples supported only 

approximately 1% up ta 10% of the thearetically expected 

algae grawth, and this is the same as shawn in section 

4.2.4., where the metals would not solely cause the 

observed toxicity. 

Ta:ple (C.B) shows that the lethal concentration , 

(LC 50) averaged 40, 36, and 2B.5% (by volume) for the 

three ,groups tested respectively. The difference between 
" , 

the lethal concentration in the original samp1es 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 ta adsorb and remove a 

portlon of the dissolved hydrocarbons in the tested 

samples. Figure 4.14 (a representative graph) shows 

the Jflation between samp1e concentrations tby volume) 
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and the algal cell densi ty as pe~centage of contr-ol in 

the form 0:( a histagram. As the sa~ple concentration 

decreases, the a1gal cell density approaches that ~n the 

control or even more. (Figures C.14 to C.26, see 

Appendl.x C) . 

1 
4.2.4./Microtox Bl.aassay: 

The toxicl.ty resu1tsl us~ng the marine bacter ium 

resembling Photobacterium phosphoreum as shawn in Table 

(C.9) and Figures 4.15 & C·27 - C.39. In thl.s toxl.city test, 

the quantity of light emitted by the bacteria five minutes 

" after inoculation l.nto the samples relative to the quantity 

of 1ight eml.tted b.y the bacteria ~mmediately after 

inoculation ~ntb the samples is considered to be a reflection 

of the toxicity of the,samples. 

The inhibition percent" of 100~ samp1e concentration 

(by volume) measured in the preliminary test showed an 

acutely tOXl.C effect for the bacterium resemb1ing 

Photobacterl.um phosphoreum. To estimate the lethal 
1 

concentrat~on(LC 50) and the concentration lethal to 20~, 

a series of samp1es concentratl.on were 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 

) 
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groups )~5pectively. The average Le 20 values are 29.3, 
~,~ n 

, 
32.5, and 26% by volume for ~he three groups re5pectively. 

li 
Figures 4.15 &/ C,.27 are provided in th e forro 0 f hi sto-

grams where the height of each l.ndividu.al h,istogram for 

any given sample is equal to the decrease in' l~ght 

intensity (emi tted by the hacter l.um resembll:ng Photo-

bacterium phosphoreum) as. percen tage 0 f control (which 
1 

i5 considered as the theore~ically expected light emission 

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

The results of Le -50 indicate that the emanated fluid 

was not/hi9hl~ toxic to the marine bacterium resem~ling 

Photobacterium phosRhoreum. AIso, the results of LC 50 

(~ capr i corn u tum) and LC 20 (Photobacterl. um phosphoreum) 

are in the same arder. This observation attributed to the 

fact that' the lower organisms are less sensitive ta the 

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

same compound exhibits varying degrees of toxicity for 

different species of the test organfsms. 

4.2.5. toxicity Results Using the Electrolytic 

Respiromet~r : 

The oxygen uptake by the bacteria, in the presence 0 f 

a growing solution containing aIl the salts required for 

their maintenqnce and reproduction, was measured every 
1 
1 

- 82 -

J 

( 

-\ 

f 
~ 
'h 
~~ 
~ , 
" 

l. 

1 
j 

1 f 1 

/ 



( 

( 

. ' 

( 

i '::"~ __ ~r_ 

/ 
/ 
/ 

l 

.J "~~j ':.: .~';,~ _ ;'r?i b~ 1. 

two hours for a 24 hour period. 

II 

i 
,.J 

The results are 

summar~zed in Table (C ',10). Tne cum~lat~ve oxygen uptake 

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

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

sy stem" con si s tin 9 of g as eou sand l iqu~ d phas es, and 

operating at constant temperature (20o C) and volume" any 

change i? the amount of gas can be gauged by the accompany-

ing change in pressure. The flasks hold~ng the tested 

o samples ~ere held at constant temperature (20 C) by 

immersion in a water bath, they were shaken at a known 

speed and ampl~tude to ag~tate the liquid surface in the 

/ 
flask. 

The cells grew using the oxygen dissolved in the 

" 
liquid, which causes oxygen from the gaseous phase to 

diffuse into the liquid. Aerobic mitabolism produces 

large amounts of carbon dioxide which escapes into the 
/ 

gas phas,e. 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 is electrolyt~cally 
1 

generated linto the reaction flasks. 

/ , , . 
The resufts indicates that growth in the control 

s 

flasks is higher than that on the other flasks holding 
1 
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the tested samples. These results correlate well with 

the BOO and COD or TOC results, and in fact the micro-

organisms present in the mixed culturd used as a seed 

could acclimate ta the nutrients present or added ta the 

5amples in growth and reproduction, but the di5s01ved 

hydrocarbons an~;or the complex organic coumpounds which 

are hardly degradable, present in the samples, limits the 

growth. Two of the 'tested sampleswere of an oxygen uptake 

of more than that at the control flask , which indicates 

ths ab11ity of this mixed bacteria culture to adapt to the 

emanating sludge fluid. There is no doubt from these 

results that sorne bacteria present iri the inoculum can 

metabo1ize petro1eum hydrocarbons, but no single bacterium 

can metabo11ze aIl different hydrocarbons in crude oi~ 

(EPA, 1972) . The amount of oxygen required ta complete1y 

. degrade petroleurn hydrocarbons (to CO
2 

and H
2

0) 15 

enormousj the oXldation of one/liter of crude ail would 

require aIl the oxygen in abou 320,000 liter of seawater .. 
(Ellis, 1973). 

" 
Another fact to be taken into account here, is that 

the oxygen demand of effluent samples reduces the available 

oxygen in the sarnple, thus causing an additional stress on 

living organisrns. 

- .. - .. -.-- -----~---



The oxygen stress can be noted by an increase in the 

,respiration rate to compensate for'the lower oxygen level. 

In-summary, oxygen upt~ke curves obtained from 

1 

samples inoculated with microorganism of indus-trial 

origin indicated a re1atively low toxic~ty in the 

emanated sludge flu~d. 

4.3. Variation of Toxicity with time: 

Two untre~d emanating sludge fluid samples were 

used ta study the variation of toxicity wit~ time, as weIl 

( as the variation of pH and chemical oxygen derna~d (COD) 

The results are summarized in tables (C.II, C.12 and 

C.13). 

Growth bioassays with S. capricornutum, using cell 

numbers as an index of growth with different sample 

concentrat4ons ranging from 100% to 6.2~% (by volume) 

J 

(F~g. 4.26 and 4.27) showed a rapid decreasing of the 

inhibition percentage with sample concentr.ations of 6.25%1 

12.5% and 25% (by volume) during the first 17 weeks of 

exposure to laboratory environmental conditions. The 

variation of lethal concentration (Le 50) with time was 

represented by a straight line as shown in Fig. (4~2 4 
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and 4.25). The regress~pn analysis ind~cates a degree of 

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

respect~vely) , 

The second parame ter whose variat~on was observed 

with t~me wa$ the pH value. The pH values varied from 

8.6 to 9.20 dur~ng the study (25 weeks). 
""" ' 

ThOis variation 

with t~me can be due to any or all of the follow~ng: 

~nteraction' of the aqueous solut:ton w:tth the minerals, 

hydrolys~s of the components of bitumen, ox:tdat~on of 

bitumen by iir,- transfer of CO
2 

atmosphere, and bacteriological 

between solution and 

proces ses (Burchfield 

and Hep1.er, 1979). Figures 4.28 and 4.24 show the 

variation of pH w~th time and this relat~cnship is repre-

sented by a straight line of slope (0.064 and 0.065 for 

samp1es 6 and 7 respectively) . 

The chemi,cal oxygen demand (COD) va,lues decreased by 

37%, during the period of the study. The decrease of 'COD 

may be attributed to the reasons ment~oned above (with pH 

variation) or may be caused by the evaporat~on of the 

volatile hydrocarbons (the evaporat:ton rate was observed 

to be equal to O. ~ ml/cm 2/day ), which :tncludes the most 

toxic components and also the most soluble in the samples 

(Laws, 1981). The relations of COD var~ation with time 

.are g~ven :tn figures 4. 30 and 4. 31 
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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 toxie to the fresh water, 

green algae Seienastrum capr~cornutum and less toxic to 

bath the marine. bacterium resembling PhQtobacter~um ... 
pho sphoreum ë;l.nd the mixed bact e r ia cul ture 0 f i nd ustr ia l 

origin. The.results also show that certain components are 

present in relatively high concentrat~ons. Thus, ~t would 

be appropriate to carefully con~ider the different components 

and factors characterizing all samples and thereby attemp1t ' 

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

5.1. E!!: 

The hi gh pH va lues observe d (~ 8.0) (Table C. 1) and 

-Z:', • 
the variatioN in the pH values between the samples, may !:;le 

due to any or aIl of the fOllowing: interaction of the 

aqueous solution with the mineraIs, hydrolysis of the 

components of bitumen, oxidation of b~tumen by a~r, trans-

fer of CO
2 

betw.,een so·lut~on and atmosphere and bacterio-

10gi cal pro cesses. These pH values may be partia11y due 

to the presence of COO , as several prev~ous investigators 

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

Strosher et' al, 1976) have sho'w.n that bitumen con tains 

compounds that will hydrolyze to carboxylates. 
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( 
The pH value plays an important role in determining 

the degree of toxicity of sorne components such as ammonia. 

It is weIl known that the molecular ~mmonia is toxie but 

that the ammonium ion is not and the rel~ionship between 

the two is pH dependent, 

1 
(Sawyer and McCarty, 1978). Although pH is relatively 

high, it falls within the range 5-9 (pH units) which is 

generally tolerated by organlsms. ln this study, pH 

lS not considered a factor directIy influencing the 

survival of the test organisms. 

5.2. Solids and Specifie Conductivity: 

In t~e analysis of total solids and suspended solids, 

an observed high dissolved solids content is noticed. 

Although the specifie conduetivity values fall within the 

~ range 0.05 - 1.5 m'mhos/cm (Table C.l), which generally 

characterizes potable water in U.S.A .• Thus it would not 

be expected that the overall lonie strength of the samples 

would have a direct effect on the toxicity observed. 
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. The re~atively high values of volatile solids, for 

all samples (Table C .1), point out the presence of a high 

organic content, but as mentioned before, the volatile 

solids are sometimes a misleading measurement because they 

may reflect a loss·of water of crystillization, a loss 6f 

volatile organic matter before combust~on, ~ncomplete 

oxidation of certain complex organics, and/or decomp~sition 

of mineraI salts during combustion. 

The suspended solids with the turbidity results fall 

within the harmful range ta aquatic organisms (Table C.l) . 

,The suspended solids can retard the photosynthetic proc~ss 

by preven ting 1 igh t pene tra tion , blanke t the ben th~c 

communities and also contribute ta the biochemical oxygen 

demand. c8t~ (1976) reported that there is no evidence that 

concentrations of suspended solids less than 25 mg/L have 

any harmful effect on fish and it should be possible to 

maintain go ad or moderate fish populations in water contain­

ing~p ta 80 mg/L suspended solids. 

5.3. Metals 

The analysis of heavy metals indicated that most of the' 

,metals (Cu, Cd, Mn, Ni, Pb, As, Zn and V) were below the ... ~ 

itoxic levels in public water supplies as recommended by the 

- 105 -
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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 l.S 0.3 mg/L (EPA, 1972). 

During Aigai bioassays tests using the green alga .ê...:.. 

capricornutum as a test organism, EDTA was added'as a 

chelating agent to complex iron and any other metals in 

a potent~lly tOXl.C 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 he insignificant as 

q' 
compared to the other sources of toxicity. However in the 

presence of organics, the toxicity of metals increases. 

( 
For exarnple, organic compounds of lead are much more toxie 

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

also affect the level of toxicity. For example, ehromi um 

is more tOXl.C in the hexavalent than in the trivalent 

state. Furthermore, heavy metals, even if present in 

sublethal concentrations, may react with other metals or 

componen ts synerg i stically or an tagoni stical1y {Wetzel, 1975>. 

5.4. BOO, COD, and TOC: 

The BOO results indicate the presence of toxie 

compounds and/or complex organie materials difficult to 

degrade by the microorganisms of industrial waste origin. 

( As mentioned hefore (see 2.2.) hydrocarbons are quite toxie 
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te aquatic mi croc rgani sms (especi ally th e low mo lecul ar 

weight hydrocarbons) and thi s coUTa expla~n the quanti tati ve 
If 

difference between BOO and both TOC and COD results. In 

,aIL samples (Table C.3), hl.gher dilutlons yield lower 

toxicity values (~ower inhibltion percentage), and th~s 

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 

to the dilution factors). (see Fl.g. 4.1 - 4.6.). 

2) Witp decreasing sample concentrat~on, the rate 

1;;, 
of reproductlon and growth of.ê...:. capricornutum -and the 

marine bacterium resembllng Photobacterium phosphoreum 

increased signl.ficantly (Tables C. 7, C.B and C.9) . 

The ratio TOC/COD (both are representative of the 

organic content of the samples). is equal ta 2.30 on the 

àverage for aIL samples, while the theoretical value 

should be 2,66 {l.n the case where aIL organic matter 

present is potasslum dichromate oXldlzab1e, TOC/COD = 

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

of organic compounds that are not accounted for ln el.ther 

BOO or COD tests. Certaln organic compounds, particular-

ly low molecular welght fatty acids, are not oXldized 
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( 
by dicromate unless a catalyst is present. Aromatic 

hydrocarbons and pyridines are not oxidized under any 

circumstances. 

As the organ~c content of the samples decreased the 

toxicity aiso decreased, as observed in the study of 

toxicity w~th tirne (see sec. 4.3.). The organ~c content 

1ike1y decreased e~ther by gradual decomposition and 

hydrolysis or by evaporation of the low rnolecul'ar 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 

( decreased due to the removal of a portion of dissolved 

organics by an average value of 30% for all sarnples. This 

result may be due to the presence of high hydrocarbon 

contents dissolved in the samples. The emanating slud~e 

fluid contained an average of 170 rng/L of organic carbon 

of which 70% was extractable organic material (Table C.4) 

Organic material may exist in the samples in several 

forms; as dissolved organic compounds, as dispersed or 

micellar material, as susp,ended: carbon par~1cles, and as 

material adsorbed on the surface of suspended inorganic 

particles. Dissoived organic compounds and dispersed 

organic material may be readily' ~xtracted from the sample~ 
\ 

( 
- 108 -
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with solvents such as benzène: compounds adsorbed on 

the surface of iporganie partieles are not readily extracted 

and c~rbon partiel es can not be extraetable from the samples ,. 

The f~~t that ove-r 70% of the organie carbon present in 

the saJples loS e~Ctraeta~le ~ndlocates el.ther that lot oeeurs 

as diss~lved organic compounds or dl.spersed organie 

material. 

5.5. Total Nitrogen and Ammonl.a: 

The total nitrogen and ammbnia results (Table C.S) 

indicated that the emanating fluid samples were high in 

ammonia content and low in nitrate and nitrlote content. 

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

tration "Jas observed to be toxie to the green alga S. 

capz::icornutum. The observed ammonia content i5 above the 

s~e 1imit for receiving water (1.0 mg/L) (Sawyer and 

Mc Cart y, 1978). 

The pr~sence of high ammonia and low nitrate and 

nitrites likely indicated that oxid ation of ammonia to 

.. nit~ate and nitrites l.5 not complete. ,Similarly other 

oxidiation processes may a1so not be complete. For 

example, hydroearbons which are hig~ly toxic may be 

oxidized ta less toxie compounds, eventually to carbon 

dioxide and water. 
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( 
The toxic action of ammonia depends on the H

T 
concentration 

(pH) . Carbon dioxide decreases the concentration'of the 

toxic NH
3 

by lowering the pH value. Arnmonla, as weIl, 

obs'erved to be toxie to Rainbow trout (i. e. 96 hour Le 50) 

at 0.41 rng!L of un-ionizëd ammonia (Hrudey et aIl, 1976). 

The high arnmonia content may be a direct source of 
i 

toxicity to ~ caprlcornutum, however, it is very di~ficult 

to conf~rm thlS conclusion because of the dlfficulty of 

isolatlng the arnmonia in the toxicity test ernployed. 

5.6. Phenols: 

Phenols in the ernanating fluid samples may originate 

from the hydroxy derivatives of benzene an~ its condensed -
1 

nuclei Phenols 6bserved at low concentrations far below 

the EPA estimated safe phenol concentration for receiving 

waters (0.1 mg!L), and this can be attributed to the 

acidic properties of phenols and the caustic extraction 

process utillzed by the present oil sands extraction plant. 

Thus it would not be expected that phenols would have a 

direct toxie effect on the toxicity indices used in this 

study (~ capricornutum and the bacterium resembling 

Photobacterium phosphoreum). Also, phenols appear to be 

less toxie towards lower àquatic microorganisms. These 
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( 
results were similar to those of Strosher'and Peak (1976) 

for tailing pond dike fiiter dra~nage and that of L~dwig ... 
(1983). 

5.7. Inorganic phosphorus: 

The ~norganic phosphorus results indicated that none 

of the samples conta~ned enough inorgan~c phesphorus te 
\ 

support the growth of S. capr~cornutum in the Algal Assay: .. 
Bottle test analysis. The inorgan~c phosphorus is 

, 
bel~eved to ~e a Iimiting nutrient ~n the tested samples. 

, 
.: 

( 

.. 
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Ca1eulation of the re-toxification time 

Introduction 

As men tioned in the introduction, this study focused 

on the flu~d emanating from the potential sludges produeed 

as a resul t 0 f the hot wa ter extraction proeesls, and as 

shown ~n the previous d~seussion,' the emanating fluids are 

high1y toxie to the fr'esh water green al9a §....:.. capricornutum 

with Le '50 range varying from 5- 33~ (v/v) and of an 

average value of 25.8% (v/v). These resul ts agree wi th 

that of Ludwig (1983) who concluded that the fresh tailing 

water and the emanated fluid arl'! highly tox~C to"§....:.. 

caprieornutum with Le 50 values of 24.5% and 29.5% (v/v) 

respectively. Ludwig (1983) also observed that the aged 

taill.ngs water was slightly toxic to the a1ga h 

caprl.comutum in the presence 'of added ,nutrients (i.e. 

'PAAP solution, see Appendi'x B) • 

The fo 110wing i5 a schema JiC drawing for the t~ilings 
pond which shows the non-toxl.C clear water surface layer 

and ,the sludge layer which is the source of the contami-

nated emanating flul.d. I t i5 required to calcula te the 

trme of re-toxifieation of the surface layer. 
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Caleulation of the time, recruired for sludge water 
1 

la er in an initiall on-toxie s ta te , to reach 

a taxie state 

The time requ~red for re-toxifieation (i. e. 50% 

inh~bition in alga1 growth) of; the surface water layer 

in the tailings ponds, due to the infl uence of the released 

fluid, (in the event that the surface water layer is 

initially rendered ~non-toxic" detox~f~ed) is dependent 

on at 1east two important factors, namely: 

1) the ini tial vol ume of the surf aee wa ter layer, 

2) the ~ate of sludge fluid released at any given 

time. 

~ AIl tests were conducted in the laboratory supernatant 

frê;l.ction (samples 8, and 9), collected a~ter centrifugation 

of terminal sludge samples (total solids concentration = 

30.6%) at 10,000 rpm over a 30 ml.nute period of Ume. Sùch , 
a sa,mple i9 considered to be equivalent to freshly 

rele~sed sludge fluid. Di st~lled wat,er was considered 

equivalent ta surface water in a"non-toxie" state. The 

toxicity,i.e. the percentage inhl.bition in algal growth 

of mixtures 0 f varying proportions 0 f 5 uperna tan t frac tian 
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disti lled wa ter wa,s subsequen tly de termined'.- The results 
, 

indicated that the supernatant fraction at a concentration 
1 

of only 14.8% by volume;bexhibited toxicity ~i.e. lnhibi ed 

.50% of algal growth). This means that the surface water 

layer (when initially "nan-toxie"-becomes taxie once the 

emanating fluid is incorporated l~ta the surface water 

layer, at a concentration af 14.8% by volume. 
~ ~ sr '-

Sampls calculation 

AS5umption: 

(1) the toxicity of the emanating sludge does not 

further decrease with time, exc~pt for the decrease 

occuring over ,an ini tlal 8 days period 0 f time. 

(2) Other sources of fluid lnput into the water layer 

(aside from the emanating sludge fluid) are not present. 

(3)' The P?tentially toxie influence of emanating 

sludge fluid on the deto~ified.water lay;r is the sarne 
, 

as that observed on dlstilled water. 

A typical example for the calculation of a predicted 

re-toxification time i5 provided below: 

- 115 -
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t 1) Assume initia 1 surface water layer volume = 

200 million Cubic feet (McF) 

, 
2) Date for de-toxification of surf ace layer 

(any arbitrary date) = J~nuary, l, 1984. 

3) Toxic concentration::' 14.8% (v/v) <measured) 

" ~ fOlume of SlUdgJ;rnitial 

l!lUld released ~urfaee 
volume 

of J 
layer water 

Volume of released sludge fluid fncorporated into 

sur aee water layer required to re-toxify. 

::. (toxic concentration) (initial volume of 
~~ 1 

~ surface water layer) 

= (14.8%) x 200 MCF 

:J 
= 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 cubie feet of sludge fluid. There-

fore: toxicity in the detoxified surface water layer would 

be exhibited after 28, months. 

r - 116 -
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In fact, ~ndicat~ons are that the released sludge fluid 

does decrease in toxie i ty wi,th time and henee, the t~me 

values g~ven by the above analysis represent the ~inimal 

times expected for re-toxification of the surface water 

'. 
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Conclusions 

This study was conducted in an effort to assess the 

tox~c~ty of fluid emanat~ng from potential sludges produced 

as a result of the "hot water extraction process" employed 

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

attempt was~made to 1dentify specifie sources which might 

be responsible for any toxicity observed in the emanating 

sludge flu~d. Conclusi-ons concerning the toxl.city of 

emanated sludge fluid are as follows: 

1) The emanated sludge fluid l.S hl.ghly toxic to the 

fresh water, green alga/ Selenastrum caprl.comutum and 

this resuit waS observed for aIl different potentiai 

sludges (both treated and untreated sludges), with 

extrapolated .average. LC 50 values for aIl samples of 

22.5\ (v/v) in the presence of added nutrients (i.e. 

PAAP) 

2) The emanated fluid i~ less toxie to the marine 

bacterium resembling Photobaeterium phosphoreum with an 

average lethal concentration Le 50 value of 85% (by vo-

Iume) 

~ .. .... -_ ........ --_.-------_ ... -_.---~--_.-._--_._---_. ----~ ..... 
------"-~--------"-- --



. , 
3) Oxygen uptake curves obtained from sàmples 

i~oculated with microorgan1sms of industrial origi~ also 

indicated a relatively lew toxicity in the emanated sludge 

fl uid (tr ea ted and un trea ted) . 

4) Metals vere not a significant source of toxicity 

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

samples with added EDTA (metal complexing agent) and samp1es 

-~ wi.thout EDTA, 1ndicated, that metals are not 501e1y accoun~ -------able for the high with respect to S. 

capricornutum. 

(~ 5) Ammonia content of the emanated fluid vas 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, ~ capricornutum. Also 

the presence of high ammonia content and low n~trites and 

nitrates indicate that the oxidation of ammonia to both 

nitrites and nitrates is not complete. S1milarly, otKer 

oxidation processes for sorne hydrocarbons, which may 

oxidize ultimately te carbon dioxide and water, may not be j 

complete. ,1 

6) The dissolved organ±cs are observed to be one of ! 
the main ~ources of the acute toxicity. After tpe activated 

J 



/ 
1 
T'~ 

" ; 

( 

( 

carbon treatment to remove a portion of dissolved organies, 

the tox~c~ty of aIl samples decreased by an average value 

of 30% from that of the original sarnples. The emanating 

sludge flu~d contained an average of 170 mg/L of organie 

Crrbon of which 70% was extractable organ~c mater~al 

(dissolved organ~c compounds and d'~spersed organ~c mater~al 

may be'rea1~lY extracted from samples w~th solvent su ch as 

benzene) 

7) ~he ino~ganic phosphorus'results ~nd~cated that 

nOne of the samples conta~ned enough inorganic phosphorus 
-. . 

to support the growth of the green alga S. eapr~carnutum. 

8) Toxicity was observed ta decrease by 25% during a 

25 week per~od of e~posure of the samples ta the environ-

mental conditions. 
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APPENDIX A 

This appendix presents a brief review of the "hot 

water extractLon process" and describes the ail sands 

content and formatLon. 

A.l - General: 

leum 

is blessed with enormous quantities of petro­

the ground - at least 2.15 Xl0
11 

CUb1C meters 

a, 1982), most of which are conta1ned in oi1 sands 

and heav 011 deposits. As Nicho11s and Luhning (1977) 

have pointed out, on1y apout è% of this is eovered by 1ess 

,than 46 meters of overburden and i5 therefore suitable for 

economic recovery 

bitumen reservoir 

by surface min~ng. 

78% 15 estimlted 

The majority of 

to oeeur 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 Athabasc~ 

depos1t in Northestern Alberta, whLch contains approximate-

11 
ly 1.4x1C eub'ie meters of bOitumen-in-p1aee. 

~ 
The Athabasca 

Deposit 1s also ~h~ on1y one currently under commercial 

'exploitation, by Suncor a~d Syncrude (page, 1974 and 

Jardian, 1974). The threr other oi1 sand deposits are 
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FIG. A. 1 Location of Ta ... Sand. d.poed;. in Alberta. 
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Wabasca, Cold Lake, and Peace RJ.ver (fig. A.I) .. The 

amount of bJ.tumen-in-p1ace at Wabasca is estJ.mated te be 

6xl0
9 

cubJ.c meters at Cold Lake 25xl0
9 

cubic meters and 

at Peace River 10xl0
9 

cubic meters. Table (A.l) 

summarJ.zes som~ properties of Alberta ail Sand. 

A.2 What are Oil Sands ? 

The ail sands ar~ composed of sand, bitumen and water. 

The bitumen and 

gr ains a f sand. 

water o(cur in the pore space among the 

There liS no direct contact between sand 

grains because of a thJ.n film of water whJ.ch surrounds them 

Table (A.l) 

Alberta 0J.1 Sand & FormatJ.on Properties (Nichol1s et al, 1977) 

Athabasca Cold Lake Wabasca Peace Ri ver 

Depth ( ft) 0-2000 1000-2000 250-1000 1000-2500 

Average 0J.1 1 

in Place 
(bbl/acre ft) 1500 1240 1100 1150 

Porosity % 30-40 30- 35 30-35 25-30 

Gravi ty -- -
(oA PI) 7-8 10-12 6 8.5 -9.0 

, 
-. 
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(Nagendran et al, 1980 and AOSTRA, 1980). The bitumen 

content ~s variable, averag~ng 12% wt. of the deposit. 

The bitumen, at the in-situ temperature of about 40 C, is 

a viscoussemi-s01id which is slightly heavier th an water. 

Water typica11y runs 3% ta 6% of the mixtuz;e, increasing 

as the b~tumen content decreases. The meneral content 

is relative1y constant ranging from 84% ta 86% (fig. A.2.) 

The origin of tar sand has long been a subJect of 

spec~1ation among geolog~sts. Tar sands have been 

cons~dered by some as locally generated "immature-ail". 

Others, such as Gallup (1974), have proposed that ~ome 

tar occurences are "sedimentary ail", that is surface see-

page ail reworked ~nto younger sediments. The modern 

concept, resulting from major advances ~n organ~c geoche-

mistry is that tar accumulations are crea~ed by water-

washing and bacterial degradation of fluid medium gravit y 

crude oil (Williams and Winters, 1969 and Bailey, et al, 

1973) . 

"-
The Athabasca ail sand is a dens~ sand with in-situ 

densities as hrgh'as 2.25 gm/cm 3
, which corresponds to a 

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

entirely quartz, are not cemented together. The sand has 
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grain to grain 
contact Surrounding water 

sheath containing the 
majority of fines in 
the sand layers ! 

FIG. 1\.2 T al" Sand Formation (H.-uday , 1975) 

" 

- 137 -

.. 

/ 

J 



f 

c ,9 . ' 

a uniform, fine to medium grain stze distribution, with 

les3 than 10% of material being silt and clay size 

(Rrudey, 1981). The in-situ density ls"'?greater than what 

can be obtain~d 1n the laboratory when disturbed samples 

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

because of the cons1derable interloc)(lng of "the sand 
~ 

grains, caused by its geologl.cal history .. 

A.3 The hot water extraction process: 

The hot water process for primary extraction of 

bitumen from Tar Sands conSl.sts of three major process 

steps out1ined schemat1cally l.n (f1g. A.3) (Hrudey, 197~) • 

A four th step, final extract10n, is useà to clean up the 

recovered bitumen for downstream processing. 

In the first step, conditioning, tar sand is 

mixed with water, and treated w1th open steam ta form a 

pulp of 70 to 85 wt.% solids. ~odium' hydroxide ïs added 

as required to ma1ntal.n a pH value ::on the range 80-85. 

Under these condit1ons, bl.tumen is' stripped from' the 

individual sand grains, and m1xed into pulp l.n the form 

of di scr~te dropl ets of a partic le s ize of the same order 

as that of the sand gral.ns. It turns out that the saroe 

proces s candi tions are al so ideal fior accomplishi ng 
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defiocuiatio: of the clay which ocC:U( )t~allY in the 

tar sand feed. Defloc~lation, or dispersion, means 

breaking down the na turally o~ur ing aggrega tes 0 f clay 

particles, produc~ng a slurry of ind~v~dual part~cles. 

Thus, during condit~oning, a large fraction (sorne 60-

80%) of th~cJ,:ay 
.~ 

be cornes well-d~ spers ed and mixed through-

ou t the pulp. 

J 
In the separation step, the cond~ tioned pulp is 

diluted further'iso that settling can take place. The 

bulk of _the sand (partl.cle sinze 744 pm J rapidly settles, 

and is withdrawn as sand tailings. Most of the b~tumen 

rapidly floats (settles upward) to form a coherent mass 

known as froth, which is ricovered by skimming the 

settling vessel. The medium through out these two 

settling processes t~kes place is called the middlings 

and consists primar ily of w~ter, wi_th suspended, fine 

mineraI and b i tumen parti c les. 

As feed fines content increase, more water must be 

used in the process- ta ma~ntain the middl~ viscosity 

within the operable range ,(Frederick, 1977). 

The third step of the hot water process is scavening. 

The feed fines content sets the proces5 water requirement, 

through the need to control middlings viscosity (which i5 
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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 m~ddlings to mainta~n separat~on 

cell mater1al balance. I fit i sne ces 5 a r y'V t 0 dos 0 , 

this stream of midd11ngs can be ~scavenged" for recovery 

of incremental amounts of bitumen. 

Air flotation i5 an effective scav~ng method and i5 

used by Great Canadian ail Sands Limited and Suncor. 

Final extraction, or froth clean up, is accomplished 

by centrifugation. Froth from primary extraction is 

dilut~d w1th naphtha. The diluted froth then is subjected 

to two-stage centr~fugation. Th~s process yields an oil .. 
product of essentially pure bitumen. Water and mineraI 

, 

removed from the froth constitute an additional tailing 

stream which must be disposed of. 

Finally, the hot water added ta the cond1tioning 

.. 
drum is discharged with sand and clay f~nes to produce 

the tailing stream. The stream and hot water can .dissolve 

variaus m1nerals present in the deposit. Several recent 

investigations (Moschopedis, et al, 1976 and Ali, 1977) 

have show~ that reaction of bitumen wtth steam or hot 

aqueous solution can be expected to lead to water soluble 

-( organics. 
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APP,ENDIX B 

The culture medium is prepared as follaws: add one mL 

of each stock solution (in 1 through 7 in the order g~ven 

be1ow) ta approximately 900 mL of distilled or de-ionized 

water, and then dilute to one liter. Adjust final medium 

pH to 7.5 .0.1 w~th 0.1 normal sodium hydrox~de or hydro-

chloric acid as appropriate. Immediately filter the 

adjusted medium through 0.45 micron membrane at a vacuum 

not ta exceed 380 mm mercury or at a pressure not to 

exceed 1/2 atmosphere. 

l)'Sodium n~trate stock solution: DissoLve 12.750 9 

.' 
NaN0 3 in 500 mL distilled water. 

é/~\ 
-, 

2) Magnesium chlor~de stock solution: Dissolve 6.082 

9 MgC12. 6H 2 0 in 500 mL distilled water. 

3) Calcium chlor~de stdck solution: Dissolve 2.205 9 

2H2 0 in 500 mL distilled water. 

4) Micronutrient stock solution: Dissolve in 500 mL 

distilled water: 

( 

-
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a) 92.760 mg H3 B03 

b) 207.690 mg Mn cl -
2 

4H
2

O 

c) 1. 635 mg Zn C 1
2 

d) 79.880 mg Fe C 13 6H
2

O 

e) 150.000 mg Na
2 

EDTA. 2Hf°"-" 

f) 0.714 COC1
2 

l F mg - UH 2O( / 
g) 3.630 mg,Na HO 4' 2H 0 

/ 

r ----/"" 
2 ; 

( 

h) 0.006 mg Cu C 1
2 - 2H 0, 

2 \, 

5) Magnesium sulfate stock solution: Dissolve 

7.350 9 Mg S04' 7H
2

0 in 500 mL distilled w~ter . 

6) Potassium phosphate stock solut~on: Dissolve 

0.522 9 K
2 

HP0 4 in 500 mL distilled water. 

, 7) Sodium bicarbonate stock solution: Dissolve 

7.50 9 Na HC0 3 in 500 mL distilled water. 

The final concentrations of macronutrie~ts as salts 

and elernental conentration mg/L in distilled or de-ionized 

. , 
waters are shawn ~n table (B.l) 

Final concentration of micronutrients as salt and 

elemental concentration micro g/L in disti11ed or de-

ionized ~ater are shown in table (B.2). 
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Table (B.I) Final concentration of macronutrients as salt 

and elemental concentration (mg!L) of distilled water 

in algal culture med~um. 

Compound Concen tra tion Element ~oncentration 

- mg!L mg(L 

~ 

\ 
Na N0

3 
25.5 N 4.20 

MgC 1
2 6H 20 12.164 Mg 2.904 

.. 
CaC/2. 2H 20 4.410 Ca 1. 202 

~ 

Mg s04 7H ° 2 
14.70 S \, 1. 911 

(. KZ HP0 4 
1.044 P 0.186 

NaHc0
3 

15.0 Na Il. 001 

K 0.469 

C 2.143 

1. 
1 

Stcrëge of culture medium: 

The culture medium must be stored in the dark at 

4 0 C ta avoid any (unknown) photo-chemica1 changes. .. 

-~ 

" 
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Table (B.2) Final concentration of micronutrients 

concentration as salts and elemental concentration 

(mg/L) ~n distilled water ~n algal culture medium 

compound Concen tra tion Element Concentration 

(mg/L) mg/L 
~ 

H3 B03 185.52 B 32.460 

Mn C 1
2 4ft 20 415.610 Mn 115.374 

" Zn C 1
2 

3.271 Zn 1.570 

CO C 1
2 6H 20 1.428 Co 0.354 

Cu C 1
2 2E 20 0.012 Cu 0.004 

Na Mo04 2H 20 7.,260 MO 2.878 

Fe C 13 6H 20 160.00 Fe 33.051 

Na EDTA 2H 20 300.'00 - -

B.2 Test Algae: 

The recommended test alga Selenastrum capricQrnutum 

Printz is a green algae (chlorophyceae) of the order 

chlorococcales. 'This algae was iso1ated from the River 

Nitelya, in the County of Akershus, Norway, by Olav M. 
! 

Skulberg, No~wegian Institute for Water Research, 1959. 
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Many green alg~~ such as Chloralla, Scenedesmus, and 

Ankistrodesmus occur in watè'rs of the most diversified 
( 

composition. Selenastrum helongs to this group of 

ubiqutous algae which have a wide tolerance towards 

environmental cond~tions (Rodhe, 1978). Selenastru'm 

capricornutum is characterized by its uni cellular habit in 

which the celis are ~n a non-mobile condition throughout 

the~r ent~re life cycle. These attributes allow these 

alga to be enumerated by the electron~c particie 

counter. 

Source of test alga: Availabl~ fram the Environmental 

P~otection Agency. Corvallis Env~ronmental Research 

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

Corvailis, Oregon 97330. 

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 sodi~m bicarbonate 

solution (Na, HC0 3 ). Repeat the centrifugat~on and decan­

tatiùn step and resuspend the cells in NaHC0
3 

prior to 

determining the initial cell concentration. 

- 146 -

'~ .. _._-:- ------- -' 



After. determinlng the initl.al algal cell counts 1 the 

following equation can be used to prepare the inoeulum: 

Final volume X Final concentration X volume of solution 

of inoeulum of l.noeulum in in test flask 

test flask (cell/ mL) 

\ 
\ 

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

= Q 

where Q is the lnltial stock culture suspension to be 
1 

added to th~ volumetrie flask bafore brlnging ~he solution 

c up to volume. This inoeulum solution should eontain a final 

concentration of 100.000 ! 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 = l'Jt ) x 0.'9261 +n ---

1000 

where 

N = actual algae CQunt J 

( n ... initial algae count 1 

1 
- 147 -
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b) Fertillty potential of/aIl samples was determlned 

the phosphorus and nltrOg~n concentratio~~ by uSlng 

the following relatio~shlPS: 

(fno.rganic phosphours) x 430 a fertillty potential due to 

phosphours alone (1) 

'[ ni,tr i tes nitrates] -t- ammonia x 38 

; fertility potential due te 

nitrogen alone ( 2) 

The smallest value obtained from the above relationships 

represents the fertility potentlal of the sample, or ln 

other words the limitlng nutrient. 

cl By uSlng the computer program operated on a 

Hewlett Packard 9830 A programmable calculator, the 

inhibition percentage was obtalned. 

d) The Le 50 (Lethal concentratlon) was estlmated 

by plotting test concen~ration versus inhibition percentage 

on a probits-log scale paper (EPA, 1978). 
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Table (C.l) Physical Analysis Results 

S ample Turbidity SP. T.S. 

No. 
pH 

JTU 
Conduct. 

mg/L 
mmoh/cm 

l 8.20 45 1.10 2252 

2 8.00 17 1.10 747 
1 

''--,\ l' 

, 
3 7.80 29 0.976 1538 

4 7.90 42 1.05 2168 

5 8.10 41 0.64 958 

11 7.80 13 0.65 3895 

12 7.80 42 1. 57 1053 

13 7.80 /" 53 0.580 3147 

14 7.50 28 1.10 737 

~, 

15 7.90 36 450 2603 

16 7.8 46 440 2462 

17 7.70 )41 450 3579 

18 8.00 42 . 610 3771 

19 7.70 65 680 9085 
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mg/L 

410 
, 

291 

. 
329.9 

394 

329 .2 

204 

340 

295 

240 

2,65 

207 

256 
-

285 

286 

. 
S • S • 

mg/L 

296.8 

98.5 

158.6 

303.2 

334.3 

34 

55 
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112 
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--

82 . 
198 

1 

1 

! 
.,.J 



Table (C.2) Quantitative analysis of dissolved components 

of sludge water samp1es (AlI these ana1ytical results 

are reported ~n term of mg!L) 

Sample 1 

Cu Fe cd Mn Ni 
No. 

4 

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 " 

, 

Il 0.036 1.234 <: 0.02 0.187 0.120 

12 0.054 1.029 <: 0.02 0.10 0.040 
~ 

CI:! 

13 0.20 3.851 40.02 0.304 0.080 

14 0.091 3.851 '0.02 0.20 0.120 

15 0.054 1.087 L. 0.02 0.125 0.120 

16 0.127 2.116 ":::'0.02 
-

0.22S 0.120 . . 
- --2-: -ssr- --17 0.109 L. 0.02- 0.25 0.12 

18 0.091 2.146 '-0.02 0.22 0.12 . 
0 

19 0.091 1.911 '- 0.02 0.612 0.12 

( 
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Table (C .. 2) Cont. Quantitative \t.analysis of disso1ved 

components of sludge water samples 

(ALI these ana1ytica1 results are reported ~n terms 

of mg/L) 

Sample No. Pb Zn As v 

1 « 0.1 0.062 < 0.02 < 0.02 

2 <- 0.1 0.1.17 <0.02 < 0.02 , . 1 

., 
~~ 

" " ... 

3 (' 0.1 0.137 < 0.02 <0.02 
r 

4 < 0.1 0.113 < 0.02 <0.02 

5 < 0.1 \ 0.084 < 0.02 <.0.02 

D 

Il < 0.1 O. 04 < 0.02 < 0.02 

12 < 0.1 0.061 < 0.02 < 0.02 
Q 

13 < 0.1 O. 107_ < 0.02 < 0.0 2 

, 
14 " < 0.1 0.041 < 0.02 < 0.02 

15 < 0.1 0.209 <0.02 <0.02 

1.6 <0.1 0.066 < 0.02 < 0.02 

17 <0.1 0.066 < o. 02 -<0.02 

18 -< 0.1 0.066 < o. 02 < 0,.02 

. 
·r 19 , <0 .1 0.11.2 < o. 02 <0.02 

< , , 
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Table (C.2) cont. Quantitative ana1ysis of dissolved 

components of sludge water samples (ALI these 

analytical resu1ts are reported in terms of mg/L ) 

Sample No. Na Ca Mg K 

-
l 196.0 9.50 8.70 13.0 

1 

2 173.0 7.50 7.70 11.04 

-
3 190 24.0 18.70 8.07 

li 183 10.0 11. 90 ,>~ 11. 03 
..., 

5 171 8.30 71. 0 12.01 

11 179 18.9 45.0 12 .06 

0 

12 162 30.0 15.0 13.05 

13 193 4'3. a 22.50 14.10 

14 151 11. 0 7.50 13.5 

15 185 15.5 9.-0,. 12.02 

16 '210 29.,0 8.50 11.90 

17 176 13 .50 11. 25 12.08 

18 189 17.50 10.5 14 .0 

19 215 45.0 15.0 14 .20 
, 
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Table (c. 3): Results of organic carbon content 

(al1 these results are reported l.n mg/L) 

r 

Sample 
To'cal inor-
ganic car-

BOO BOOu COD TOC 
bon 

No. 
n ,0 

1 38.39 230 - 390 162.50 73.12 ) 

2 25.75 210 357 52.30 < 2.0 

3 Z2.0 154 160 91.80, 36.72 

4 47.'0 180 216 129.40 58.23 
~ 

"" 

5 38.30 230 390 162.50 73.12 
/ 

?" /' 

11 50. a - 29lft 
, 

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 
u 

18 54.40 - 388 267.40 183.40 
.. 

19 52.90 - 400 250.0 168.70 

c 
- 153 't. 
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Table (C.4) Organic carbon content of,_sludge water 

samples (All results are reported ln mg/L) 

Sample OrJ..ginal Extractable ReS idua1 
Percentage 
extractabl e 

No. carbon carbon carbon carbon 

1 162.5 112.10 50.40 69 
.r , 

2 52.3 37.1 15.20 71 
., 

" . 
o 3 91.80 57.80 34.0 63 

c 

,4 129.40 88.0 41.4 68 

5 162.50 113.75 48.75 70 

( 
\ 

11 223.80 165.60 58.20 74 

12 281.90 200.0 81.90 71 

13 209. 30 150.70 5 B '.60 72 

141 
1 

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 , 
. 

(------ ly 
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Table (C.5) Chemical analysl.s results 

(aIl these results are reported l.n mg!L) 

( 

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

l 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 
ù 

5 45.0 28.0 0.03 \ / 0.02 0.02 
1 

Il. 

c 11 51.0 45.5 0.02 0.01 0.03 
. 

12 30.0 29.'0 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 41.0 35.7 0.04 0.02 0.03 
1 

16 , 34.0 32.2 0.03 0.01 0.04 . 
r , 

17 50.0 1 42.0 0.02 O. Dl 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 ~ capricornutum with different 

concentrations of samples as % of that in the control 

Sample 
No. 

Con. day-2 day-3 day-4 day-6 day-a 
1 

l 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 

i' 12.5 30 41 44 54 57 

3 100 11.6 2.2 0.4 0.6 0.6 
-

- ---- 50 12.6 2.7 0.6 1.0 1.0 ---- 25 16 9 5, 2S \ 35 

12.5 24 1 , ,16 11 78 70 
1 

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 

5'0 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 la 20 

12.5 40 23 17 55 , 56 
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Tabl e (C. 6) con t. Growth 0 f L caprino'rnutum wi th different 

concentration of samples as % of that in the control 

Sample Con. day-10 day-12 day-14 

No. 

l 100 1.3 1. . 7 1.9 

50 3.2 3.3 3.4 

25 2.9 35 37 

12.5 61 ! 67 71 
b' / 

, i..... __ 
3 100 1.0 1 .0 1.0 

" 
50 1.3 .,.. 1.4 1.5 

25 , 52 60 . 65 , , 

12 .5 $5 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 a . 7 0.7 

25 6.0 6.5 6.0 

12.5 23 25 25 

-, 

16 100 0.7 a .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 

, 
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Table (C. 7) Aigal Assay SottIe test resu1ts. for sludge 

water samples (original samp1es). 

Samp1e l nhibi t~ on' 1 
, 

no. 
100% 100' samp1e 100% sample 5o, sample 25\ sample 

s,amp .le +.lml EDTA + lml PAAP -\0 lml PAAP +lml PAAP 

l 99.25 90.27 ,', 99.39 98.32 62.66 
h " 

2 98. 3.l 98.25 97.36 92.4'L. 94.72 

3 92.75 99.52 99.28 79.71 45.83 

4 94.3l 98.89 94.97 92.45 73.50 

5 93.27 96.05 99.62 75 • .l2 76.72 
! 

-- -
11 99.60 99.49 99.19 98.84 99.20 - -~ .. " ~ . ,- - ,-
12 99.44 99.57 99.65 99.45 86.75 

13 98.4l 99.31 99.37 98.40 \, 86.59 

14 99.58 99.75 99.63 90.92 '67.63 
, 0-

15 99.45 99.64 99.63 98.67 89.04 

c 

li 99.61 99.73 99.66 98.36 96.85 
1 

17 99.69 99.75 99.77 98.93 98.67 
f 

~8.64 18 99.37 99.72 99.70 98.81 
1 

19 
, 

99.3S 99.66 99.62 98.67 96.15 

\'"' 

f 
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Table (C. 7) co nt . Algal Assay Bottle test resu1ts for 

sludge water (or1g1nal samples). 

Inh1bi t10n % 

Samp1e 
12.5% sample 6.25% samp1e 3.13\ samp1e 

Le.50 
no. 

+lml PAAP -+- lml PAAP + lml J?AAP 
(% by volume) 

1 32.51 12.31 0.00 26 
1 

2 17.94 5.06 0.00 i 23 - . 

3 31.23 11.00 0.00 27 

4 4.5--9 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 

11 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 

! 
.. 1 

.( 
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1 
Table (C.8) A1gal Assay Sott1e test resu1ts for sludge 

water samples offer pass1ng through activated carbon column. 

Inh1b1 tl.on % 
Samp1e 

no. 100% samp1e 100% sample 100% samp1e 50% samp1e 25% sample 

- +lml PAAP +1ml PAAP tlm1 PAAP +- Iml PAAF 
EPTA 

1 97.61 97.65 97.57 54.44 10.0 - (' 

2 97.78 ... 97.70 97.79 71.48 23.08 

1 1 
c l" 

, 
1 

3 99.15 99.08 97.34 66.69 36. ],6 

4 98.98 98.92 98.77 55.86 .,. 2.91 

5 99.05 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 99.56 98.65 26.94 

- . 
16 97.93 98.80 98.23 61.28 4.83 

Ci" 

17 98.86 99.050 98.82 64.54 31.35 

18 98.82 98.83 98.86 67.19 6.02 
(0 -~ -
19 98.58 97.68 98.72 74.07 59.21 

( 
, 
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1 
Table (C.B) cont. A1gal Assay Bottle test results for 

, 
sludge water samples after pass~ng through act~vated 

carbon column 

Sample 
Inhibition % Le 50% percentage of 

No. 12.5% sample 6.25% sample 3.13% sample 
(by 'volume) increase in 

01, l ml PAAP '" l ml PAAP ... 1 ml PAAP LC 50 

1 2.00 0.00 0.00 44 40 

2 0.00 0.00 0.00 37 37 

, 
1 

3 10.0 0.00 0.00' 31 ), 13 ) 

f 

4 0.00 0.00 b.oO 47 0.32 

\ 

5 0.00 0.00 0.00 30 -

<li 

11 6.85 0.00 0.00 24 50 

12 27.38 0.00 0.00 17 -
13 24.52 3.37 0.00 24 54 

l-l 

14 50.86 7.00 0.00 22 6.8 
0 

15 0.00 0.00 0.00 3°1. 0 71 
1 

16 0.00 0.00 0.00 42 55 

17 0.00 0.00 0.00 35 , 72 
1 

18 0.00 0.00 0.00 40 87 
• . 

19 12.02 , 0.00 0.00 23 61 1 
j 

~ ~f j 
( 

1 
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1 
Table (C.9) Microtox Toxicity Resu~ts 

. 
Sample 

l n h i b i t i 0 n % 

No. 
50% sample 25% sample 12.5% samp le 6.25% sample 

1 30.0 11.30 6.20 2.30 

2 27.70 9.0 11. 20 5.6 

. 
3 29,.30 l.4 .70 5.70 1. 90 

4 28.70 14.70 5.20 0.80 

5 30.0 12.60 8.0 4.20 
" 

(" 

, .. 
1'1 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 1 2.40 0.00 

17 36.30 20.90 5.90 0.90 

18 34.50 20.60 9.30 4.80 
'l 

19 35.70 20.10 7.60 2.20 

/ 

.C " 
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Table (C.9) cont. Microtox Toxicity Results 
1 

Samp1e fInhibi t 1.01"1. Le 20 LC 50 Th~ % difference between 
3.125% % by % by LC 50 AA BT and No. 
samp1e volume volume Microtox Te~hn.ique 

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 L 2.20 29.0 N.D. -

Il 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. -, 

17 0.00 28.0 64.40 85 

18 0.00 25.0 82.84 93 
1 ., 

19 0.00 25.40 73.20 88 

, , 

/ 
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Table (C.IO), oxygen uptake of the sludge water samples 

~n mg/L. 

Cumulatl.ve oxygen ln mg/L 
Samp1e 
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 
ti! 

, -, 

3 30.3 35.8 51. 9 62.1 72.9 85.5 

1 

4 41l.,,4 67.7 
~ 91. 9 102.4 119.0 130.3 

5 0.0 la 17 29 46 61 

, 
", 

11 0.0 0.0 8.7 11.0 22.6 37 

1 ; 
1,5 0.0 0.0 8.0 8.7 26 42 , 

~ 
" 

, 

19 0.0 0.0 6.0 10.0 21. 3 35 . 
- 1 

i 
" .!l- I 

... 

'''\ 
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Table (C.lO) cont. Oxygen uptàke of the sludge water sample 

l.n mg/L. 

Cumul a t~ ve oxygen uptake mg/L 
Sample 

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 2531 267 291 

1 " 
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 

1S , 49.2 ,\55 57 58 58 , 58 . 

19 45.2 48.1 49 49.2 49.2 49.2 
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Table (c.ll) 
(Sample # 6), 

Resul ts of toxici~< wi th Ume. 

.. 1 , 

Inhl.bltl.On % 

Time 
weeks 100% sample 100%samp1e 10O%sample 50\ sàmple 

tlml EDTA -\olmI PAAP 1o1m1 PAAP' 

1 94.09 97.74 99.33 99.29 

, 

3 90.93 99.16 99.37 97.73 

5 94.45 99.28 99.55 99.29 
~ 

7 99.43 99.71 99.67 99.70 

9 99.43 98.72 98.45 97.56 

11 98.18 98.89 98.26 98.72 
û 

" 

13 98.43 98.83 99.21 97.86 

-
15 99.33 ~)3SI. 67 99.63 98.46 

17 99.50 99.52 99.51 98.31 

19 99.21 99.42 98.92 56.21 
, 

21 97.30 97.81 98.02 86.30 

23 1 97.52 97.35 97.11 65.80 

25 97.10 98.32 97.21 65.60 

'1 

166 -

25% sample 
+lm1 PMP 

95. "91 

94.69 

97>.66 

99.49 

S3.42 

25.67 

38.09 

18.0 

'-----
0.00 

0.00 

0.00 

O. 00 

0.00 

r 
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1 / 

'Table (C.ll) cent. 

Samp'le # 6 

. 
r'-

'. Inhl.bl.tion % . 
Time 

! 

Week"s 12.5% sample 6.25% sample 3.13% samp1e 
EC 50% v/v 

+lml PAAP '\"lml PAAP +lnù PAAP' 

/ 1 39.03 21.08 0.00 15. a 

/ 3 31. 00 3.00 0.00 17.0 
'. 

5 47.33 2.50 0.00 13.0 
0 

~ 

7 51. 76 15.30 0.00 12.0' 
0 

9 3~.34 6.66 1.24 16.0 

11 0.00. ./ 0.00 0.00 27. a 
1 ( 

13 0.00 . 0.00 0.00 28 .. 0 

15 0.00 : 
/ 

0.00 0.00 31. a 

17 
"..".. 0.001 0.00 0.00 • 37. 00 

( 1 
1 

19 0.00 

1 
0.00 0.00 '" 41. 0 

21 0.00 0.00 0.00 41.0 

<:) 

23 . 0.00 0.00' ~ .. 
41. 0 

25 0.00 0.00 ,. 0.00 -- =--~~~ 
~ 
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Table (C. 12) 

-

Samp1e # 7: Results of tOXlClty with tlme. 

1 . 
Inhlbitlon % 

Time 
weeks 100%sample 10O%sample : 10O%samp1e 50% saml2.1e 25% sample 

- +lm1 EDTA +lml PAAP +lml PAAP .. lml PAAP 

1 
1 98.30 99.37 98.27 98.84 64.94 

3 90.13 1 99.41 99.48 99.23 76.27 

u 

5 95.40 99.78 99.72 99.68 81.58 . 

1 99.44 99.51 99.40 99.30 ;28.03 

J 

l 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 (9.59 93.73 11.14 

10.2 19 99.08 99.00 1 99.51 95.43 

1 / 
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 

, 
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Table (C.12) cont. 

Samp1e ~ 7 Resu1ts of tox~city w.l.th tl.me. 

I nhl.bl. tl.on % 

Time 
Weeks 12.5% samp1e 6.25% samp1e 3.13% sample 

+lml PAAP Hm1 PAAP +lm1 PAAP 

1 

l 44.88 0.00 0.00 

: , 
, 

3 45.00 2.0.99 " 0.00 , 
1 

5 
\ 

30.,,02 22.21 
( 

2.02 

7 5.00 
,. 

0.00 o. 00 -

9 26.09 18.06 1. 24 

Il 0.00 0.00 0.00 . 

(13 0.00 0.00 O. 00 

a 

15 0.00 O. 00 o. 00 

17 0.00 0.00 0.00 

19 0.00 0.00 0.00 

21 0.00 O. 00' 0.00 

23 0.00 0.00 0.00 

25 0.06 0.00 0.00 
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Tabl e (C. 13) The resu1 ts of COD'o f pli wi th time 

1 
1 -
1 

w~eks 
1 

1 

3 

5 

7 
. 

9 

11 

13 

15 

17 

19 ' 

21 

23 

25 -

--

~ 

Samp1e 

pH 

8.6 

8.8 

8.8 

9.0 

9.0 

9.10 

9.10 

9.10 

9.10 

9.20 

9.20 

9.20 

9.20 

; 
/ 

, 

/ 

# 6 Sample 

COD (mg/L) pH 

55'8 8 .8 

410 8 .90 

390 8 .90 

336 - 9.0 ! 
1 

332 9 .0 / 

308 9 . '1. 0 . 
302 9.10 

296 9.10 
, 

283 9.10 

. 
270 9. TG 

1 

266 9 • 20 

268 9.20 

260 9.20 

c 

170 

Il 

# 7 

COD mg/L 

403 

360 

330 

290 

288 

268 

266 

262 

260 
1 

t52 

/ 255 

1 
/ 258 

250 

, 
li 

1 ~J 
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