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"have not been able to accourt for this dissolved oxygen

©

ABSTRACT °

The Re eer Rlver suffers chronic low dlssol&éd oxyg;ﬁ

kggéls during perlods ot wlnter ice covers This problem has

been_evtdent'xor sevqral.years. However, previous studleg
: B : . J.

depletion in terms 61 known manvmgde inputs or exlstlﬁé

readily rilodegradable Qﬁturaf~orgun1cs. Aﬁfgxp;rlméntal'

»

progrem was designed to uése%s the possible nature and tre
.o . ‘ 3

approximate bounds of oxygen demand; due to natural organic.

runoff ir.the Red Deer RlVeﬁ'system. Samples from a site on

the Blindman River, a tributary of %he Red Deer Fiver, were

used in this ¥mﬁesflgaflon. The water contained no

‘significent quentities of men-made input, i1t was'higﬁ‘ln

&

organic carbon and it was highly éoloured .due to muskeg

4 ;7

~“leachinge The gstudy involved the use of'an‘electro}yflc,j

"respirometer on. stream water samples whfch wereﬂdqncpntratgd'

by vacuum evaporation.

Carbon and nitrogen budgets in conjunction with the

meesured oxygen demand at 20°C ,and at tempe ratures

h . o

approaching winter, under jce, conditions, lnhicdfe that

slﬁhiflcant $hiochemical oxygen demand is origlﬁﬁtlng wltﬁ
. ] : £

natural organic runoff .and can be.obéervgg at low

temperatures. Also,y the role of nitrificatlon appears to be

qulte slgnlflcant ln the measured oxygen upfake. H%wever,

: I :
due'to thre preSence of aquatic humic substances, whkich are

L . . . 31" . .
carable of scavenging various nitrogenous'compoundé{»dn‘ .

accurate assessment of the degree oftnltrlficatlon'ias not
: e ey : a

iv
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obtained. An application of the results of this

investigation in coﬂjunction with an evaluation of the

relative flow data of the Blindman River and similar

s

tributaries In this area, prpvide an estimate of the
contribution of naturel organic runoff to the observed

oxygen- demand - in the Red Dcer Ri#er.

\
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L. Inrnopucrigu

Within a river system the degree of "éelf-purlflcation"
and the presence of aquatic life 1s highty dependent upon
the dissolved oxygen (DU ) concentration. Dissolved oxygen 1s
thereforglreéa?ded as-one of the mos£ important paraéeters
“in assesslhg river water qpality.~The dissolved oxygen‘level
depen&s on the relatiopshlp of the rates of oxygen supély,
through atmospheric reaeration and photosynthésis and the
oxyg;n dqmend,vprim&rlly through respiratione.

In copen river waters the dissolved oxygen cbncentration
is readily ﬁgintalned at acceptable levels, assuming
‘reasonablé control over the degree of man-made organic
‘lo?dihgohﬂowever, in northern climates.'the period of winter
ice -.cover greatly, if not entirely reduces the oppbrtu&ity
for réaeration and photosynthesise. The problem is coﬁpounded
durltg +his perlod due té reduced flow rgtes. Thérefore, if
the oxygen demand rates are sufficiently high and the river -
is Iofg,'fhe d1seolved~oxygen concentration will eventually
fall to undesirable levels. Such instances have been
observed 1in pristine river stretches and in stretches
‘affected by municipal and industrial wastes (Mosevléh} 1947;
Drachev, 19625 unthoédoa, 1970);

Dissolved oxygennunde? ice cover has been a subject of
concern’ to a number of investigators (Drachev, 1962;
Cameron, 196#; Gordon, 1970; Landine, 1970; Bouthlllier and

N

Simpeon, - 1272; Chapman, 1972; and Baker et al, 1575 and

<



1¢77). This continuous.procese of DO depletion throughout
moet”ot the period of ice cofer is yet not enfirely-
-understocodes The need for a greater uhdgrstandlng is requlired
to obtﬁln better ﬁ;thods of predlctlngWDO‘leveisiunder ice
condil tions due to lncreased‘dévelqpment In northern regions
and a greater congern for the state of our environmente.

Ihe Red Deer River Svstem

The RedvDeer River rises in the Rocky Mountains 1in
Alterta and drains into tre Sou¥h Saskatchewan River near
fhe Albert;—Saskafchewan border. The channél ped is
primarily gravel except Ln,;hg lower reaches where it is ‘
sands, Ir the Red Deef River gasln (Figure I-l), the water is
relntiveiy clear and the river maintains its mountain stream
characteristics‘as far as Red Deer. The'winter flow rates
heve teen less than 3 m3/s. Thgs portion of the river and
its tributaries flow through lﬁrée portions sf muskeg and
cultiyated arease. Tpese tributaries paé account for as'mubh
‘as 30% of the.wiﬁ¥er flow in the Red Deer River.

Tre Red Deer River in central Albgrta has been
intéﬁslvely studied for several f;ars to assess %hé ebility
of the rivér to meet tre demands of speculated mﬁnicipal and
incdustrial growth in and atound the city of Red Deer. The
prlmgry problem 1s the chronically low dissolved QXygén
levels (lgséjtban S mg/l) whlqh occur during winter ice

cCover.

The ﬁrobtem of low dissolved oxygen concentrations
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béldﬁ the city of Red Deer during winter ice qpver has been
evident for eeveraf years. The most obvious contributing .
fa;tag to Froduge this sltuatlon js the amount of'oxygén.
demanding materials feleused te the river by thew;afy of Fed
Deer uné éther municléalifles. Another comtributing faptof::::>
.may be the ampunt of naturally occurring oxygen demanding
materials within the river Ejstem.-

In the winter of 1969;70 Alberta anlronment.found tﬁet
the dlésolvéd'oxygen régchéd a low of 0.7‘mg/1; 155 Km
doqutream‘from the'clty‘of Red Deer, which is the largest
source of 9nn-made organic 1o;d1ng in the Red Deer Rlver
sysfem. Studies conducted 1n the winter of 1973 by Alberta
Eﬁvironngpt ( Red Déer River Flow Regulation Plenning
Stuqgqles, 1€75) show tﬁat, at most, only 32% of the oxygen
consumed in the Red Deer River'ffgm thé’confluepcé of the
Raven River (805 km upst;eam from Red Deer) to Drumheller
(4% km dowﬁstfeam from Red‘Deér) éan be‘attributed to tﬁé
piological stabilization of waste discharged from thé Red
Dee;‘Sewage Treatmeht Plant. |

Durlng the winter of 1870 71 Bouthillier and Simpson

(1€72) reported findlngs of a traverse of 130 km of river,
1nc1udlng 48 km upstfgam of the city of Red Deers The
upstream flow, which experiencés no man-made organic

1oad1ng; had chemléal oxygen demand (COD) values as high as

16 mg/l and on the average, had a total organic carbon (TOCi‘



value of S mg/l.xgnd‘a.biochemlcal oxygen demund'(BODsy;q)
of 1 me/l.'At the qlty of Red Deer the DO level was 8 mg/l
(this is unusually low since fhe saturation value 1022?0 at
. 0°C and at an elévatioavof 670.6 m is 13.5 mg/l) which

‘ .
indicated a 1.3 mg/l depletion of dissolved oxygen in the 48
km stretch igme;?;ﬁely upstream of ked Deers Tris ngtural
dxygen demand 1mp§sed gre;ter constrqlnts upon the Red Deer
Sewage Treafment Plant to maintain degirable levelé of
dispolved‘oxygen’in the Red Deer‘River.'

‘Figurés 1-2 and I-3 show data obtained b& Bouthilliier
and SimpEon“(19725 in the viﬁtef ot 1970-71 on river flow,
dissolved ;xygen and blochemicalvoxygen demande

Baker et ale (1975 and 1977) performed intensive
studies or the orggnié water quality and mierbbtul ecqlogy
of the ked Deer Rlver pbasine These studies showed that
organlc matter 1s relatively abuncent in these waters wlth
seasonai variations (TOC concentrations of 24 mg/l were

. \ D
common 1n gome trlbutarles). The organic matter inputs to
thg ctream are pr;marily due to leachate from vegetation
titter'and muskeg solls. Removal pathways of organic matterf
from the gtream include deposition ( through processes of
precipltatlon, adsqrption, absorption, etce ), biol§g1cal and
chemical degradatlon as well as g{reﬁﬁ outwashs The
t;ibutarles examined generally had higher ‘levels of organic
matter,.were more highly coloured and durlng winter: 1ce

covery hed much lower DO levels than‘the Red Deer River.

Baker et ale (1975) analyeed for speclfic organic
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compounds and.compound classes (Table I-1). Fatty acidsy
gm&no acids, h&drocarbonSJAnd phenolics were not found_in
csufficlient quantity to explain the pbser?ed biochemical
bxygen demand on the basis of any plauslblé oxidation’

g

stolchiometrys On the other hand the levels of total organic
. ‘

-

carbop,‘rumlcvénd fulvic ecids &pd tannins and lignlqé we;e
f cufficient magnitude to suggesflthat bpiologlcal oxldatlonv
of some portion of the organic matter represented by these
,par%mefers could explain observed piochemical oxygen demand.s
Humic and fdlvic acids were more. abundant than tannins and
~lignins, probably due to the fect that thereyls a ‘greater

absolute quantity of humic substances on~the land surface.

(F977)ﬂindicatejthat greater than_99% ot the pucteria ln the
Red Deer kiver are sessile and attached t; submer ged
?urfaées and sedlmenf particlese. The biological degf&datlon
of fhe diéédlved orggnlcs has been attrlbuted to these
organiemse. Thigisupports earlier speculatiqn (Bouthllllef
end Simpson, 1972) that the'&bserved oxygen depletion was
caused 6& attaéhed microbial popuiations on the river bed
exerting a benthié oxyéen demande. :

. . In order to meintain & high level of water quality it

igs necessary that sufficient dissolved oxygen is available
U for +h€ larg;'sésslle bacterial population to metaboiizé'tﬁe
diesnlwed.organic matter. During periods of open water the
tbqjlevel lg-sufflclent to satlsfy the needs of the 508541; 

‘pulatione H0wever, during ice covor, the sesslle

.
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. .
TkBLE I-1. Data Sum%;z; of Some Compound Classes Found in the Red N
Deer ‘River Basin (Baker et al, 1975) . .

Compound Class

Summary of Analysis
(Date of Analysis)

v

Fatty Acids -total fatfy acids = 6 to 28 pg/1
(May and June, 1975) (C18'C27’ saturated and unsaturated)

-free fatty acids and fatty acid esters
contributed equally tovtgta1

~unsaturated fatty acids were about 1% of total
Amino Acids _free amino acids = 0.8 to 23.1 pg/1
(June'74 - June'75) combined, amino acids = 1.9 to 142 pg/1
-free aman'acids accounted for only about 15%
of the total amino acids
i ' -highest values occurred in the Spriné
Hydrocarbons -total normal alkanes = 0.12 pg/1v(Red Deer
(N.A.) River) -and 0.27 pg/1 (Medicine River) (C15=Cqq)
_ 12 731
: -isoprenoid, cyclic and branched hydrocarbahs
oo were less abundant '
&&ggeno1ics -2 to 17 pg/1 (most were above the standard

(June - Sept., 1975) level for phenolics, 5 pg/1)

-rivers that were high in organics were high
in phenolics .

T0C -average = 8'mg/1
(July, 1975)

Humic and Fulvic Acids | -average = 4 mg/1 (90% of which was fulvic acid)
(July, 1975) ;

Tannins and Lignins -average

0.4 -mg/1
(July, 1975) o L




population requires more oxygen than the stream can supply,

.

primﬁrlly due to the fact th5t~1ce cover precludes normal

.

exchange of oxyggh'xtom the atmospheree.
§nu§£ﬁi££ Solutions to the DO Problenm

v‘Desplte the fact that the DO problem of the Red Deer
River has been well documented, ‘the major cause has n;t yEt
been defined. The solutions to the low dissolved oxygen
proklem appear to be llmited:“rﬁe 1owgring of hpnicipal @n&
1ndustr1§1'waste loadings has béen‘proposed-however, ther; 
is a‘practlca§jend technoloélcal 1limit to which this can be
ﬁ;hlevéd3 Consliderlng, also, that this is not a ma jor
causative féctor, incr%asfng treafmentAefficiency gay not‘be
the answers

'Qtrer suggesfed solutions 1n¢lude fléw regulation t;'7
increase fiows during the critical perlod and ;tream
reseration schemese.
jectives ' ‘ o , °

Tﬁe'objéctlves of-thlsllnvgsfigatioq;were‘to assess.and

comﬁare the role of bloﬁhemlédl oxygen dg@and in.fhe
dissclved oxygen buéget of:¥he Red bgefvﬁiver‘systém wiih;n
replons'nét subJectég:toiﬁen-m?de orggﬁiévioﬁdlng, dﬁb}ﬂg'
éericds,of open wa;gr‘ﬁﬁd ice qover. In order to canfy ouf
this 19Vest1gat;éh; two mAJér fugiprs;haVe fo:be'conslderéd.

Flrst,"éa%ller.studies'(ﬁéker'gi'#Lﬁ;tLSiS;'1977) could
not explein the observed‘oxﬁgen géﬁdﬁd"ln féfms of the
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potential oxldafion»reqﬁirements'qt known blodeg@adable

organic cempounds foﬁﬁd in the nafuru1:9rgan1c ruroff. This
i;ft thevgenérall& more feslsféﬁt humic and 11g51h~tike ;
substances.as'the ﬁbst plauBlblé-Causativé factor. If'w;é:t

deemed necessary to design an»experlméntnl-proceduréito

determire if SIgniticaht blocheﬁiéal qugen demana could be

" attributed to this compound cless because at normal river

water concentrations the BOD can only be'measnred'at a
limited sensitivity using the standard B0D test (APHA,

1575 ).

'

._Sgcond, thevstandafd_BOD test which is carried out over

5 days 2t 20°C ( APHA, 1975) does not confirm the‘bosslbliify -

of significant oxygen demand at wa ter températures
A J

abproachlng freezing. Therefobe, it was also necessary to

design the experiment to determine i1f the natural organic

‘matter in the water does exert a measurable blochemical

oxygeﬁ démand at g tempe rature approaching thé»&infer,'gnder
icey, condition.

Tt is experlmental program was a laboratory
investigation ﬁtillzlrgvrlvefiwater samples with only

limited field investigations. The reproduction of a rivef

M

environment within the confines of a»laborntory may be an

impossible task. However, in the true river situation the

=

LB _ = v ~ IR
proceésfes) of interest may not be readily observed, due to

masking by éeveral othér Qracesses. Thié'may not be the case:

in a controlled systems: The 1nformat10nuobtained from the

'laborafoéy investlgatiOn could‘theh be used in future
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'stndies to ascsess the true river situ&tlon through careful

" deslgn and organization of an extemsive field 1nvestlgatlon.'



II. LITERATURE REVIEY

Self-purification

The naturatl ablllty of a river to recover from a . (
ratural or man-que pollution load 1n the course of time, is
termed self—purlficatlon (Klein, 1857). Selfvpurlflcutlon 18
dependent to a large extent on biologicdl‘:gactlons brought -
abcut by fherﬁbtlvlfles (oxidatlon‘of.orgﬁﬁic compoﬁndé) of
mlproorganlsﬁs‘(especially bactefla{ﬂunder aerobic
conditions. If conditions bebdﬁe:anéétoblc, the oxidation of

organic/jizgggndﬁ/;gﬁld result in obnoxious end products'and'

muny”fbrns of aquatic 11 fe woufd be eliminatede.

.
v

Tte ra te ot self-puriflcutlon depends heavlly on the
emount of, orgunic matter to be stabllized and its ' ?
éhdfacterlstlcs. MQKInney (1956) pointed out that organic
.compou?ds~??ntglning o hlgh p;opo;tion of o;yggn; éuch.as
carbohydrefée, arévﬁofehedslly stabllzed %ﬁan thése
:pﬁmpounds wifh'abl§wér propﬁrtioh, such as,f;fe ahd‘gils;

Self;purlflcatlon is a“complicated;pfdcess arnd each
fivor hdsjlfs own capagity fdr pgrbficétion which can only
be eascesséd after an ext?nslve cheml#al{‘physlcal;

hyorolegical end blologic&l surveye

" The dissolved oxygen bﬁdget is of primeary importance to

1

the health of a river. The substraite cbnsumbtlon rate and
ﬁetﬁbél&c efficiency of thre cbmpiete flveriblocenosis :

;hdébends most. heavily on the oxygen concentration ln“tho

12
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'
Y

water (Wuhrmann, 18972)., W%We musty, however, keep in mind -that
certaln ofguc!c_and 1nqrgadlc toxicants can affect

metaboll;c‘acti?ityvdqulte the 5resence‘of diesolved

oXyRene: A chain-of.eéoioglcal reactlone'can occur in the

river by a varlance in the dissolved oxygen cqncentrafion,

the extent of which depends on the duration and.magnitude of

the changes (eepgclaliy tteir minimal)e ©

A riﬁﬁr'e dissolved oxygen concentrafion ig controlled
by four major processes (Engineerlng Methddologyiior River

and Stream Reaeration, 1871):

£

1. Cxygen demand due tobresplratlon by planktonic and
benthic crgpﬁismé, and chbmlcglvoxldatioa;: ' 4

2. nygeh.excﬂange us a result of quosphefic reaératlon.
é. Phéfosynthetic productlon of OXYgens
4- nygenvcontribution fron»érouﬁd wafer, suffape funéff
and storage.

In fre titsf case,_oxygeh consumotion by reéplrﬁtlon
(generally,afffiSuted.@;gily té mlgﬁootganisms)-1é_expressed
as plochemical'oxygén deugnd?(?éﬁ);'Réepiration can te

represented in. the followina way:

CeHy20s + 603 ———> 6COz + 6Bp0 + ENERGYeasscessaassanss(l)

thre rate ot ;hiqh ls't;mperaiure dependente

The.uptake of ijéeh th?ough ch;mical.b£idutionvhas
generally teen dgsfssed”fé be 1hsbgﬁif1c§nt in'ri?ey
systéms.: h

0
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The geecand ﬁrgcesé is the primary natural oiygenating
mechanisme The rate of oxygenatlon is highly dependenk on
temperature and stream turbulences. Under sbpe:eaturatéd
condi tlons ttre ox?gen transfer may‘gg to the at;osphere;
Table II-1 chows the ;ifect 61 temperature on oxygen
solubility.

The photosynthetic production of oxygen is ffe process
bv which cartohydfates are syntheslized from carbon dioxide
and water with tﬂe subsequent rel?ase of oxygene. This can be
represented as:?

A chlorophyll
LIGHT FNERGY + GHzO + 6C02—"““"—*C6H1206 + 602..00...0..(2)

Thg rate cf cxyaen production depends on the depth and
dnratidn ot light penetrathn and stream tomperqture-

The fourth process, the oxygen contribution due to
grdﬁnd water, surface runoff and storage, ilsg a gsite
dependent contribution which can increase oOr decrease stream
diesolved oxygene

The general forn for the cxygen balance equation in a
natural stream has been developgd from {he,classical works
of Stréeter and Phelps (i925). The Streete;thglps equatlions

are based on only two ma jaor processes; (1) BCD and oxygen

‘remoyalafhéough‘oxldation of orgnnlc matter and, (2) oxygen
replacement 1hrough reaeratlon at the surface. Taklng the

yothenﬁpOEslblo processes mentloned above and nxpandlng upon“

[

fheﬁ, the dlssqlbed cxyeen protile along a etream can be

his



TABLE I1-1. Dissolved oxygen caturation values in fresh water
exposed to dry air .containing 20.90% oxygen under
a total pressure of 760.mm of mercury (adapted
from Metcalf and Eddy, Inc., 1979). :

Temperature, °C Dissolved Oxygen, mg/T1
0 14.62
1 14.23
2 13.84
3 13.48
4 13.13
5 12.80
6 12.48
. 7 12.17
8 11.87
9 11.59
10 11.33
11 11.08
12 10.83
13 10.60
14 10.37
15 .10.15
16 9.95
17 9.74
18 g.54
19 9.35
20 9.17
21 - 8.99
22 8.83
23 3.68
24 - - - 853
25 T U8.38 0 ¢
26 8.22
27 8.07.
28 7.92
29 7077 -
30 . -7

.63,
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represented by equation (3) (Englneering Methodology for

River and Stream .Reaeration, 1971):

% - DL%;-E-- U2 4k (C-C) # P aK L - KN+ A S (3)
where

A = rate of accrual of O; from dralinage, ground water, etc.

(ppm/day)

C = DO concentration (pgm) ‘

Cg= caturation value of LC (pgm) )

DL= turbulent diffuslon (dispersion) coefficient (ft2/day)
Ka= aeration constant (l1/day)

KC= instrean carbonaceous oxlduthnzcong?gpt (1/day) :
_Kn= {nstream nltrogenpus oxldetion conetant (1/day)

P = Dhofosyntheth production rate (ppm/day)l

S = bep*hal'demand rate (ppm/day)

U = mean stream veiﬁébty (ffﬁday) R

t = time (day)

'% = &15t°?°ef°‘?9é’?“?,?*fe°mvfff?, )

L =  carbonaceous BOD (pgnm)
La=uglfo;;ifa{é'bf;ééa}tiaﬁ'of~qarboﬁacb6u8"EbD (pbm/dhy)"

= nitrééeﬁgugdééﬁ (Epﬁs

Na?’ﬁnlform rate of add¥flon ot hitrogenous EOD (ppm/day)
L and N are given hy the_solﬁtions-toi J,1‘ 1: T
8L=DL%)2(7L-U“%-KL+La .................. R (4)
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and
aN 3°N N
3 DL %7 - U % KnN + Na ...................................... (5)

Equation (3) 1s for general non steady-state conditions
and can be ginplified for many stream conditions.

The applic&*lgn of this equaticn for predicting DC
profiles 1n rivers during ice cover would certalinly te more
difficult tran during open water perlods. This is due to the
dlffléultieé.in assesélng, developing and carrying out
laboratory and field.technlques to obtain valwues forvthe
parametérs. Tﬁo low tempetﬁfureg}_plgh~oxygen sgturatlon
Values,_lée'covgr, licited atﬁésphéric,reaeratlon,-lack of

local inflow and low reactlion rates are all different from

»
trose normally.encountéredfdurlné»6#65 iaferﬂpqridds.\

. .. PR . s - W

-Landine'(1970) developed a model to pqsdlct +he

~

.dquolved oxygen prcille durlng ‘ice. cover ln a 342 7 kf

) stretch of ‘the Soufh SaskatchexTn'River 1n‘Saskatchelang-He_

o
8

"dccompllshed thls by essentlalLy ﬁodlfying the standard

eaquation to agply to'low.tehperature,.undér ice conditions.
He concluded that any copgortunity for]reaeratlon, as in open

water reaches and at welrs was very beneficial in the 'oxygen

- economy of streame under winter ice conditions. This agrees

with investigations 1in the UeSeSeRe which-have shown that

théwlow;dbesotved oxygen levels irn the wfhfef'a}e due to thé
ice cover -hict'prevents atmospheric reaeration (Drachev,

1964).
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Biochemicel Oxvgen Dewand (BOD)
Bicchemical oxygen demand 1is commonly defined as the
smourt of oxygen used by microorganisms while metabolizing

or steblizing organic matter ur.der aerobic condlflons

il

(Sewyer and MNcCarty, l978). Wuhrﬁann (1572) statéd that the
®
piochemical removal of a compound from the environment
;nvolves i1ts enfrnnge into the food chalﬂ. The fate of these
compounds may be eithér a permanent loss from tge sysetem due:
to ;xidation in tﬁe energy me tabolism or a change in
dictrirution and chemical composition through the production
" of piomasee Thls~pr6céss ofborganic mattér removql is
priﬁ&fity ?tf;ibUE;d.fo bué*eria;

A number of factors can readily Lftect‘the BOD érotlle
inva.stream o QcKin;ey (1962) stated that'chanées within an
aquat1¢ evviropmenf Qay change the metabolic rates of
micfoprganisms and therefore cause a wide variation in

: “

resultse. Some of the more impdrtant factors are;

temperature, pH, the type and concentration of compounds in

—~

'

_fhé ctream; type of.blqmass! biomass dlsfributdon,
bicmagss-water contact time,.oxygen'tension, and flow rate
(Wuhrmann, 1272).

Tre blochemical oxygen demand exerted éan be divided
into fwo:separate procesSes;'the carbonaceous ‘and
nitrcocgenous oxygen demande Thése proceéseé generally occur
at d{fferen% rates and may or may not occur simultaneously.

First order kinetics has been most widely used to

degcribe the retationship for a BOD reaction. However, the



’

B&b reaction rate 1is gxtreﬁel& coﬁplex? since 1t ig
dependent upon several parameters, which may vary from
system tozsystem. Therefore, it is difficult to a;sign a
particuler kinetic expression which best describes the
couree of t;e reaction. First order klnétlcs appear to fit,
reaconably well, the course of a "simple".BOD reacthn,
whlcﬁ ifr attributed only to ;he,carbonaceous demanda (1st
stage of a BCD reaction). The occurrence of nitrlfiéation
can meke the task of determining reaction rates ertuglly
imposeiblé (Young, 1973). N

Tre oxldation of carbonaceous matter (organic carbon
ratter) is cafried out by ﬁeferétrophic bacteria. These

orgenisms require organic compocunds as a source of carbon as

well &s a source of energy. They utilize such substances as

carbectydrates and amino acids in addition to irorganic salts

to kuild up treir protoplaSm‘(Kleln, 1557 ).
Nitrification which brlhgs aebout a nitrogenous oxygen

demandy, 1s a two stage oxidation process: (1) the oxidation
P

of ammonie to nitrite; and (2) the cxidation of nltrite to,

nitrate. This process 13 carried out by a special groupbof
autotrophic bacteria. Autotrophs obtain thelir carbon source
from simple compounds such as COz, HCO3 and CO3, and derive

°

energy by the oxidation of such coampounds as ammonia, sul fur

compounds, ferrous compounds and hxdrpgqq.(xlef%;fj9§i5g

¢

The carbonaceous and'nltrogenqus oxygen demand profiles

" ~in‘a streem can be detevrmined hy the use of equations (4 .

Tam

and (5). ¥n general; most studies have lndlcated

Co

. tha.‘t the RS

3 . M e

¥
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carbonaceous component plays a moré sxgnlfléant role 1n
oxygen Ceplgtlog Qf a-stfeaﬁ..wézernak ‘and: Gannon (1968) and
'Cbﬁééhalferflg§8)wg;gé;iy a;;§qsf;uted.vhaf mgﬁy huve ff'i:*

. suspected-—that nltrlf;catlon cdn‘bg-g fé#y important
meckarism in the réméQQl pfuéiQQSi;éd76¥Y3én‘f;$m‘s;féQESp;
‘Actually,’a»geqeralizntion should.not be”ﬁa&e;vsghég‘the
relatiorship betweeﬁ,‘and fhe {mportance of, thg

carbonaceous and n;tfoéenéusjééﬁbghéﬁtéwihf;féifeah;dféi'

o . . ca
Coav .. o = e

entigely dependent.ﬁpdn'thé stre&m:envlfoﬁMéh&..i
‘Nifrffication ishdlscussed separateli‘iﬁ the next section
due to 1its poteﬁtiul importance in river systems.

DPrachev (1962) noted that oxidation~of,9rganic matter
took placevquite intensively In a UeSeSeke rivgr durlng‘iée
cover end that organlsmé capable of growth at low
’femperetures increased progressively towgﬁd th;vlower
reactes of the river. Simitlar oﬁservutlons were no1ed,by‘
Gordon (1270) in an.Alaskan river during winter ice cover.
Gordon @entioned that probléms arise when the biochemical

oxygen caemand of municipal and industrial wastes ere added

to the natural requirement for diesolved oxygen. He examined

. ® :
- the effect of added organic and irorganic nutrients and

e

temporature and found little metabolic activity in a closed

Zstuflonary river water system (BOD bottle). but rapld and

Con ~

”*--~s“" xtensive activlfy when certain organlc nutrlents werex_Lﬂlﬁi?

added- S W

- T T SN TR e

Studies conducted by Ingraham and Stokes (1°59) on

psychrophilic bacterli (which are considered to be ‘r?;
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ublqultous in nafufe) lndlgated that at iq;v¥empérafureé,
th;se'drganisma‘w;re capablé\of most bidchemlcﬁl activltles
obggfﬁe& &t‘ﬁtéher tempe ratures, but at a considerably.
nequced_raté. Slmilarily, Pras;d and Joneé;fi974)hﬁoted'thht
degfadation of varlous organic compounds by psychrophil!c

bacteria at 20°C and 2°C indicated that thebe organisms play

an important role ln the stablizatlon of obganlc wastes in

L SR UL -V -

‘“bioldgical treatment eystems at both temperatures.~ﬂowever;

.ufheir actlvity vas greatly reduced at’ 2 C. A'good wdhklnq

R T .U\w.., ~<~

definifion of psychrophiles 'as glven by Ingraham and Stokes

-

(ISSC)¢ They etated that, psychrophiles are bacteria‘that

'"grOu appreciably and abunduntly at 0¢ C wlthlé 2 weeks".

Gordor (1270), based ‘on earller studies, points out that

psychrophiles are present in river@systems in sufficient
. RN

quantities to play an importnntirole in organlic matter

cyclinge.

'

In attemptiné to assésé the degree of HOD in a river
one should be aware of the dynamic naturé of a river dystems
The me%hod used to detérmineithe BOD should be carefully
examlped in order to assess the rellability of the'results
obtairede. The most widely uéed me thod is the standard boftLq

BCDsjyz2a test (APHA. 1975). This ciosed, stationary method of

;asseesing the BOD in a stream ha: been serlously questloned

';¢9?ﬁ§gygrql;ygqrsg.Thlsftkgf'QLpng‘jg@ﬁ”ofhers~Afe'dfscusseg;

“in the final section of this literature reviews .-  ;f ’
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Nitrificatlop
:Nitflticatlon le of great potential significance to the
qlssolveaié#yéen bala;ce of efféams.:Muny etfeam o;yqen
balance'gfpdies ﬁ§§§jbten hiééiy}dﬁéé¥lonub1e because
.nltrlficaf1Qn-h§e‘ﬁéeﬁ}1gnor§d as a ¢é6xygehafing factaor in
:a‘sfieamlandlérfaéfa'&éﬁXyéinpftﬁgiﬁpd rnt; cohetantt
distorting facter in BOD determlnatlons (Blain':1969).
H;a. The procees of nitrification’ (biolégical oxidation of -
1norgan1; nifroé;nsAlgucé;;ied out 1n an’ aquﬁtlc environmeﬂt
-be3°Ut°*f°p§¥¢j§§91¢f;‘ bglgng}ng to the family.of
 Nltrobacteracé&e;>Thetpr;nclpal génera'iﬁ thls~f&mlty2aée~‘-
Nitrosomonae and Nltfﬁhhéfef'uﬁléh‘ane.widei& alékfihﬁtedlin
na ture and carry out tge following oxidation re@ct}ohs:

: Nitrosomonas
NHQ+ + 105 02 . LQB"' + NCZ—+ Hzo-~¢¢'0¢¢.-¢ooccc(6)

..

Nitrobacter L S
N02—+ .S 02 g"N‘= 3—0-onocnoco-ncnoonoclooioonht‘.(7)~

There are Iintermediates in the oxidation of ammonla to
nitrite however, they are converted rapldly and there is
very little accumulation.

These oxidation reactions derl?e energy which islﬁsed
'by the,b;bteria for carben diaoxide Iixﬁtlon for growth and
cell eyntheels. Through dlrect measurement experlments the
followlng nlircvenoue oxygenidemand (NOD) was obeerved

(Wezernak and,Cannbn, 1967): - Ce e
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7

'y

NCD = 3.22(NE3-N »NQz==N) # 1 1T(NO; =N+ ﬁogfiui;;.g‘..;.(é)w

B

Wezernak and Gannon (1967) .suggested that the 16tlowina

. reaction was occurring: =~ o ' ’

5CO, + NH3. + 2H0 —— [CsByNOZ] + 502 ecaesesscscsscsssesl€)

Thgy»{ndléafed that the ogygéﬁ é;ﬁé;;¥ed in this process \\—
‘ﬁﬁéf’be‘SUEtfaEle& f¥§mAthé thépré{ieaIAamouht“fequl}éd: ;>;r o
.(equgtlone (€) and (7)), ;

The oxy@en reéul;e&ént of QVe;i4‘mg o; oxygen per
milligram.ci ammonlé nltrogen:pxldlzed to nitrate nitrogen
‘(equation (8)) indicates the 1mportancﬁ of lnéluding
nitrification in jhe dissclved oxygen balance, even when
'smal} qugptlf!és.of amnonia nitrogen are bresent.
;;ﬁ;{;i;;céfiqﬁ-g;sf;féSénﬁed‘maj6rqproblems.;bitﬁﬁﬁ:”
"ﬁ.mea%;beme;g,dﬁd;inféfpfé%qfi§h>éfﬂﬁﬁﬁéﬂeaié;1 6}%gen.demand

tdéta;“Iﬁ fhe'ﬁasf.1f'whé sssumed to occur atter;the,-{
carbonaceocueg oxygen dgmapd; Hoﬁever, severaljlnvestlgatofs
found that nitriftication oifén occurs simultaneously with
carbonacecus oxlda¥1on. It wae then realized that many

S

errors could be caused if nitrlfléation wage not cantrolled.
A number of afti;les on nqthcdngf nitrlficatlon~contr61”"
have been publlshéd. Fot.example, anldftiéléxﬁ;'fdung (1973)
describes chemical lethodé iér:nitrlficatlon~cdﬁtrol wﬁlcﬁ

are véyj simple and effective. Young and Baumann (1976)

-sta{e& {hat?nitnlflcatlon control should be used as a

)



standard practlce 1n BOD measurements conducted by any :

methecd end/or that supplemental nitrogen data should be

pdefermlned to provide ‘a meaqure of ‘the’ impact of nltroéenpue
oxygen AGéand. |

Severel modele have beep deveipped to predlcf
:.?;tr}giggf;pnuin'éfree@s}'ﬁo&e;e;;ﬁost'&nvesjlgeforé (for -
example: Straﬁfop and McCuptyy 1866753 Wezernak and Gannoq,"
1968; e nd Courchaine, 1968). developed their models assumlng
thef thre nltplfying bacteria were suspended in the water
cqlumn. I+ was pointed out by Stratton and McCarty (1q67)
and leter emphasized by Finstein et ale. (1978) that
nitrlficatlon due to'non—plankfonic kétatienqry'ﬁeldt{ve.to
streamflow, attached to streambed or sediments) organisms
meay bepweryflmportanf@ That is to say'wnitriflcation may be
quite a signlficapt factor 1n the benthlc oxygen demand.

-

‘Therefore, the 1ocatlon of)fhe nitrlfylng bacterla,~
”plankfonic (in ;ucpenslon)'o; non-— planktonic; determines.the
type ot sfream mode U that vould be epproprlate- Stgﬁies
conducted by Mstulewleh and Finstein (1278) lndlcatea that
in tte Passeicleveb, nitrifying bacteria were ceveral fold
more abundant lp both-a mineral‘stream bed and in an orgqnlc

ocze stream bed than 1n the water columne

The nltrogen palance .in :astreams 1is very complex. It 1s

affected nct only by nltriflcation but also denltrlficatlon,'

szfixnjlon, ammonlflcatlon ana,lmmobllization. Figure II- -1

.

ie a schematic dlagram'lndicating the major %fanéforpagiéﬁs .

of nitrogen in a water-sediment system'(Van'Kessely 1977)y
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EXTERNAL SOJURCES

N\ - : ATMOSPHERE

Lietane T e . \ ‘ L \
PHYTOPLANKTA_~; LT NH g N R ,
-8 ANIMAL R : 4 R
RESIDUES . 1 f

/ //_/////////"2

~ FIGURE II-1. “Major transfermations of nitrogen in a water-sediment

‘ - system. (1) Nitrification; (2) denitrificatien; .. .
(3) Ny-fixation; (4) ammonification; (5) immobilization
(adapted from Van Kessel, 1977). L :
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. in figldustudles, of the NH‘*'fo[NOé;’sequence does not

-~ -caplogcur. in
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These processes, in turn, are dependent on other variables

w

such es temperdture,;DO and pH ( Sharma and Ahlert, 1976).

" Matulewich and Finstein (1978) irdicated that the absence,

prove the absence of nitrification, since this could be »,/"'<
. J ; it

pointed out that denitrific ony

anserobic condi tons” (as opposed to nitrification which

T . ! .t
en. eeroblic env
o

.

ironment) occurs in the sediment and
the anaerob&c“mlcb62bﬁéé"6¥”pAf%léieé'iﬁ‘i
suspenéiono . ' e

Nitrifiqdﬁlpn”ocpgpsubest»ut:highvtgmpéfatdres4'Thé;f
- optimum temperature fof,growth of nitrifying bacteria

ss

Abﬁé&fs to be in the_rdnée of;28-36°C~(Shaquhand AhLerf,

1976)« It has been found. that qsw?emberqtures:décrease_the'g
mefabotlc;rﬁtes‘of‘the:nltrlfylﬁg bacteria decéease'rqpidly

© Wy
¥

. I » . . _ - . o B ,
and 1t ie expected that at temperatures below 4 C little or

no growth of nltﬁlfy{ng b;cterin occurs (Buswel{ gi aley
19543 Painter, 19705 Van Kessel, 1977). Studies conducted by
Van Kesselk(1977)‘indlcated that at 4°C, ﬁenltrlficatfcn
océdrred after a prolonged lag perlo& whergas,nltrlflcatlon
di¢ not ?ccur'sighlfﬂcantlf in the seélment'of a

wa ter-sediment system. However, there has been some

evidence, from studies conducted on the North Saskatchewan

River and in thils investigation, to suggest that a

significant amount of nitrification can occur in streams




27

Qétow’4°c.

_'Humic substances, tannipsv;nd ilgnlns are complex
naturatl oégpnlg épyéoﬁﬁ&élfo which the yellowiéh‘brown
colburyﬂqundfl; maqy natural waters is attrlbutgd- Jumic
subs tances are‘eynfhéslzed from giant resydﬁes whereas |
tannins end lignins are synthesized by plants and are ma jor
conétifuents of most plants. All of'these‘compdunds are
ubiqlufouslsolL constituents and can enter the natural
aguatig_envlronment from the breakdown:of aqua;lc-qunts.
Tge; have beenystgéféa moétly Qlth‘respgé*lto soils,.
Héw;ver{ it seemsliéibé generelly agreed that_fheir physlcal
 ;n& cbémi¢a1 probeftlés ere qof signlflcantly changed in the
aéu;£ic system;‘The exact chemical structures of these’
cénpounds have not’yet been deciphered, in spite of
1n+erratlc;al study for more than 100 yeare. Tbrough>
comparisons of thq blodegradabl}ity of'thesi compounds with
otrter orgenlc compoqﬁds, %ﬁey are.consgderédito‘be'
reiatively rés}stant to blbiogical décgy.

Tanring are cénsidered‘to.be polymers of ggllic acid’
lirked to glucoese reslidues or ﬁélymers coﬁtainingt at least
'1n,part, flavonold nuclei (Baker g1 gl., 1975)erLtgnin is
easentielly a phenylpropane §olymer &Tjh the definite
presence of allphaklc h&droxyl and carbonyl groups (Hurst

and Berges, 1967)s. The actual chemical sfrugture of these

compounds are unknown{ they are generally described in terms
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o
of extraction procedures. These compounds are considered

highly resistant to biological degradaflon compared to ﬁost
biologically synthesized compoungs. Studies conducted by
Sorensen (1962) 1ndlcate that cseveral bacteria are capable
of decomposing lignin however. this occurs very slowly when
corpared with most polysacchﬁrldes. Several investigators
have suggested that trhe carboxyl derivatives obteired during
L4

lignin decomposition may play an 1mportadf role. in humus
(humic substancee) formation (Sorensen, 1962; Hurst and
Burges, 1267; and GJgsslng, 1976).

fhe distribution of teannins and lignine in the aquatic
environment ﬁas not been well dpcumented. Studlies conducted
by Telang et gal. (1975) and Baker et al. (1975) indicated -
tanrnir and tignin concentratléns of 10-735 pg/l in Marmoi
Creek and 100-1700 peg/l in the Red Deer River dralnagé
kasin, respectively." q

Furic substances (alco cailed humues) are categorized
into {hree groupe of compouqu based on éxtraction
procedures: (1) humic acid, the fraction soluble in an
alkeline solution but.lneq}uble in acidic solutions; (2)
fulvic acid, Eoiuble in acidic and alﬁallne'solutlon; and
(3) bumin, insoluble in acldic and alkalkne solutions. Most

of the literature concentrates on the humic and fulvic acid-

' o ‘ ‘
fractione, since they appear to tie moét*abud§§h€g[
Humue is synthesized through a prdceés called
bhumi fication, which 18 not entlréyy unJerstqggn

Carbotydrates, proteins, tannins and lignins are‘consldeied

o
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to be the most important starting materials.!n thie process
(GJessjng, 1976 )¢ Humus is not a definable orgaﬁic comﬁound.
H;;é;er, it haa been.descri;ed ;s be!ﬁg made. up 6f highly
“cothplex prenolic poliﬁgrspgnd is of:hlgﬁuﬁolecﬂla;%Qeigﬁ{
(anywheré féomkg Ie; hugdred to severAl thousand) (Hurst and
Burgesy 1976). Flaig (19275) describes humus as a‘dynaﬁlc
system which continually changes as its constituents
decompose - and are forﬁed anew. Several factors, suéh as
climpte and soll condltions affect thia diverse prbcess; As
irn the case of tannins and lignins, humus ls considered to
be highly resistant to biCFngP&d&tiOﬂc Gjessing (1976)
indiceted that the standard BODg,2g test is not a usefﬁl
method of characterizing aquatic humus since this method
glves low and‘variable results (le: Humus coloured water
conféining 6;3 mg/l of organic carbon has a BODs,2g in the
range of 1 ﬁg-Ozll).

Several me thods have 'been investigated for tre

cheracterization of humic substances. These include

o

o

elementary and functional group anal?sls, UV, visible and Ik
spectroscopy, thermal analysis, gas chromatography-mess
spec trecphotometry (GC~MS), gel chrémafography and a
relatively new techrique using high pressure liguid
chrometography (HPLC).

Despite +he géographic location in which humus is
formed, the}e appears towbe similarities in each fraction
with respect to their chemical and physical properties.

Permangenate oxidation products of humus from various soil



30

samples were examined by Khan and Schnitzer (1872) and ttey

4

_concluded that. the skeletal structure of each fraction was

essentially similar and that the chemical structures ﬁf
humic and fulvic acide were more b}ogely rgpated to
one—anofher“tha; to humine

The type of compounds detorﬁlned from‘;xamination of
each fraction of humus {is dependednt upon the method of
purlfic;tion.'lt appears thet the compounds idéntlfied in
aquatic humus are the same gé soil h;mus, althugh the
relative compositions may be dltferent (Gjessingy 1376). The
prlma:y glements-ln humus are carbon, hydrogen and oxygen
and the maJof tuhéfﬁdndl grouﬁs are carboxyly, hydroxyf and
carbteryl groups (Rashid and King, 1967). Schniteer (1572)
Andicetes that the carbon‘content of humic acids range from
50-60%, oxygen content froﬁ 30-35%, hydrogen and nitrogen
from 4-6% and 2-6%, respectively. He also pointéd out that

fulvic aéid% have lower carbon content, 40-50%, and hiagher

oxyger. content, 44-50%, than humic acids. According to other

"puhlished data, "hLumus is8 composed of 45-63% carbon,

3-¢% hydragen., and OfS—S% nitrogen (Gjersing, 19705-
GJcseing (1976) stutes~that.aqﬁatlc humué generally has a
lower carbon and nitrogen content but a higher coﬁtent of
hydrogen (on the ayerahg 43%, 1e1l% and'S.S%.‘respectively).
It is gener;lly accepted that humic substances are
‘capgble of scavengling several 6ompounds aﬁd elementse. For

examplé, there have been iIndications that humic acids can

irreversibly absorb ammonie, nitrite and amino aclds under



oxidetive conditions (Sorensen, 1962; Steelink, 19633 and
Rashid and King, 1969)« Also, iron is aéways found to be
combined with aéuutic humuse. The way id'vhlch humus binds or
combines w{th th;éé~etemeﬁté"ahd'compOuﬁds(hasuyet to be .
determined. Schnitzer (1972) points out thaf it ras been
postulated that fulvic acid, has at least in part, o
polymer;c, spon;e-lik; étructure of phénblic and carboxylic
acids, and this structure can absorb inorganic and organié
compounds of proper molécular dimensions on {its outer
surface and lnternal.volds}

It hee been shown that the colour of ‘humus wqtér can be
correlated to other chemical paraméters and elemerts. There
is a close relatlonship between color and chemical oxygen
demand (COD), petween color and arganlc carbony aqd betweeﬁ
colour and iron (Gjessing, 1976); It ig also ijnteresting to
point out that G jessing (1976)y based on his earlier
{nvestigetions, observed that the higher the colour (or
carbon content), the lower the organic nitrogenes

The concentration cf humlic substances in naturai wafers
varies both géographically and seasonally. Pvakaéh et alt.
(1975) indicgted fﬁat the vglues normally range from less
tten 1 mg/l to 20 mg/l,.buf in some dystrophic bog lakeé and
ponds very hjgh concentrations way be detectede. Baker gi ale
(1975) reported values of 0.9‘to‘9;5 mg/l of humic and
fulvic acids in the Red Deer Riv€r basin, Y0% of which was .

1nvtbe form of fulvic acidsa.



I1be Meosurement of Bilochemicol Oxygen Demand (BOP)
In order to reliably mgaéure”the biochemical oxygen
demand in a water system Ligkq,wstfegm‘or Itﬂatmgnﬁ,pnédéééjllw

e B it @ @ FTR E R B i R @ R LN AN BN ]

it muéé ﬁe';égilz;ﬁ tﬂa£qt;§m;éféod.;mployed mu;t<be.éapablé
of meesuring the cumulative é&fect_oj the»foliowing
parameters‘QEesent; the population and species pi
microorganrisms, thé type of substrate, the concentratloﬁs of

substrate and lhterferihg substances and, the physical

characteristics of the water system examined. It must -be

<
‘

stressed that a BOD test is only an lndlcator of the extent
ard rate of blo-avqi}gbility of organic material present in
the water and not. . a method of gquantifying organic

corcentrations (Clark, 1974).
.. Tre most widely used method of measuring the Bdg is tre ~
standard bottle, BODgy2pg test (APHA, 1975;.and Sa:yer and
McCearty, 1978). This method generélly involves incubating e
samplé with a pr;determlﬁed dissolved oxygen (DO) level for
5 days at 20°C in the dark and theg measuring the fgmainL#g
DO« The sample is either dllyted or undiLgked-(dépendlng on
the amount of oxygen that is exﬁected to be utillzed)f
contalné a microbial seed (if the sample does not contalin
sulitable mlcroplal hopulation)#‘and contains essential -
nutrients for the microorganlsms. Corrections fo¢ filutlon .
end microbial seed are teken into account in the amount of

v : ‘
oxyeen utiliéed. The prin;lpif 6£ thLS'BdD test 1s sound.
However, there are severél limlfatlonq_assoclatgd with this
technigue, namely the pretrentment cf the sampie. the static.

.

L4
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nature of the test. and the arbitrarlly chosen 5 day

\

;dura?ion of the test. Gaudy (1972) dlecusses, at 1ength, the

[s \

{}1pitatlons ot thla test metho¢ and the incorrect~
\ T '"'"q'»-'. ey, S Sl e w b P . ", “

assumptlons which have been wmade 1n the interpretatlon on‘“”

the dct%. The precision of this technique is considered to
\ .

. be abont 120 percent (Clark, 1974).

A R . \ . S -

There are several simple refinements that'c§n be“mdaeh

- to {he st;nda;d ‘BOD test. It is not necesé;fyfto mensﬁrq BOD
’only 1n terms of 5 aays or to obtaln Just ane. value on the‘
BOD curvee. Clark (1974)4§01nts”out %hat by set*lng up
severci cimultaneous standard BOD tests and analyzlng them -
at par{icﬁlur lnte;vuls over. a chosen number of deys“one'can‘
obtain a cleafer picture of the rate and‘exteanof. |
biochemical oxygen demande Further reflnements‘are of fered

s

- by confinuoug or semi continuous monltoring systemse These
can reange from inserting a s;lf—st}rring DO’probe,ln a.
sfaﬁdard BOD bottle to the varipus typeé of redpirometer=s.
Fespirometric techniques have been gaining in
popularity cver the years and 1t has often been suggested
that ;hese @ethods might be used in the place of the
étgndérd bottle teste. Resplrometgga_éﬁg dovices wh. ich
moni tor oxygen uptake within a system, contalning ah excess
supply of oxygen, by the application of manomefrlc
techriques. One of the critical requirements for a
resplrometer is the qbllity to absorb the carbon dioxide gas

genereted through biological respfratlon. There are sevefal

designs of resplrometérs\most of which are based on the
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_Montgomery (1967) dlscusses many of these methods in hisv

¢

"Wafbufé" design{.However. electr01yt1c respirometers bave'

lbeen eaining 10 pOpularlty over the past 1 Tyearsge

L

.review paper or resplrometrlc technlques. Tuffey (1974)V

1nd1cated that'"Warburg"bneéﬁfﬁbqefry wa's poor- for. . .

application in low }evel BOD studies and inappropriate ftor

‘nitrification studies 6n stream~watérs (due to alkali

1nhib1tibn.wﬁich:ls‘cértalnly‘relatedfto sample size)

however, qulte Appfoprlate for high level carbonaceous BOD

AL

studies. h i e e
The electrolytic resplrometer was developed by Clark

(1060) and the final form of the apparatus was described by

~ Young et &1 (1965)., A sllghtly modified versionvof this

system is'represénted'ln Flgure I1I-4. The electrolytic

respirometer continuously and automutiéally'malntains the

-oxygén rregsure within the 1 li+re reaction vessel byi

supplying the sample with oxygen produced'from the

eleétrolysis of water in a weak electrolyte. The current

, p@sélng through the electrolysis cell is proportional to the

.

oxygen consumed by the sample and may be continuously
moni teorede. Carbbn dioxide is absorbed by a kOngeservolr

fitted to the neck of the reaction vessel. When 1t¢ pressure

in thé”apparﬁtus talls,’ owing to oxyeen uptakey the level of
. the electrolyte changes and an a«.ce. circuit is broken. This

cause=s current to pass through the platinum electrodes

resulting in the generation of oxygen. Oxygen generation

ceases when the oxygen pressure ics restored to its original
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value.
Intenslve studies have been done by Young end Baumann

(1072) orn the implementation of the electrolytic

'respirometer. They stated that an electrolytlc resplrometer

ffrhrqifdéq'p more direct and continuous measure of BOD than -

tt.e standard boftle test or othe} résplromef@r.methods. This
does not 1mp1& that it is more accurate, since there are no
étqﬁd@r@s to compare w&th.“The‘grePtest advantages of such a
‘syster are that larger and more repreéenf&tlversamptes can
be arelyzed (and therefore a large amount of sample is
ravallﬁbie for further analysis at the end of a run) and that
the éOD precision appeafs io be greater than other me thods.

. ) ' ~
One of the major sources of error in the electrotytic
respirometer me thod, is attributed t0o barometric pressure
changes. A burometr;c pressure increase results in a
rositive error, however, this error can be corrected when
the results from a btank afe token 'into account. A decrease
in barometric pressure reterds the cell operation, which
results in a negative érrbr. Corrections fpr a pressure
decrease can be "estimated" through calculations. Another
source of eréor‘may be due to pogsible effects of the high
dissolved oxygen concentratlons in the sample (since the

veggel 1f purged with relatively pure oxygen)e. High

‘"dissolved oxygen levels may have an effect on .the

a

. microorganisms and fheée'%qy be the possiblility of

dlssolved oxygen reacting with other compounds in solutione.

v

In general, the advantages of reSplrometric methods

I3
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over>tﬁe stand@rdhhotfle teét are; that the conditions of

na ture may be slnulated'ﬁofé closely in a respiromefer tran
in e BOD botf(e, that a more’6f iesé continuoue.neaéuremenf
of oxygen uptake may‘be obtaiped, that the effect of various.
fectors on. the oxygen uptake may be conveniently sfgd{ed and
uthaf-often'use;ul informatlon,cgq be obtained in léss‘than "
five dayEA(Montéomery, 1967). , ) ‘..  >: R

BOD results used in conjunction with tatal ofg#nic

carpon (TOC) results cancgive a descrlptlve_profile of a
stream or any othgr water system in férms of speciiic‘.
.concentratlons‘of organics, the rate at which these organics
decompose and thedeygen,requirgd for stablization and.the
port;on of organic materlial whlcﬁ will remain inert. It is
evident, that with the developyent of more précisé me thods
fox measurlqg BOD and a greater uncerétdnding of thé précess‘
wlil leed to better utilization of BCD informatior in water

guality studies.



III. EXPERINENTAL DESIGN
< .

Four potential sample slteé in the Red Déer River besin
were chosén based on earlier 1nvest1gationsv(8uker et al,
1975; and Red Deer Rilver flow'Regulathn Planning Studies,
"197%)e These sites iofé‘examlned iﬁ thg spring of 1978Af0
‘déférmine their TOC concentrations (TABLE ITI-1). A saﬁpting
site on” tre Blindman River near Bla;kfalds‘at Fighway 2A
(Figures.I-1 and III-1) was cho%en for this investigation
based or fhevrelaYIVely hlgh f0C 1ey;i ;nd accessibllity.

Tre Blindman River, ;lthough it is contiuent to tpe Red
Deer KRiver downstream of the city of Red Deer, is
repffsgntatl;g.of té9 ma jor trlbufaries upstream ot Red
Teere. Itfis 130 km 1oﬁg“ahd drains en area of 1787 km?<
 (Kellerhals et al, 1972). The major vegetative communLtleg
of fbis drainage area consists of grassland with aspen
groves, asﬁen parklaﬁd'apd poreal-cordilleran spruce forest
transi¥lonw(Bak;r et al, 1977)e A considerable portion éf
the s0il in this area is muskeg ard much of the land is
cultivatec.

The Blindman River hes a long term mean annual
discterge of 3.3 m3/s. The channel bed.lg shallow gravel
over modera?eliy erodible shale. The water has a
characterisflc yellowishfﬁfown coloﬁr due to muskeg
leacring.

Greab samplee’(SO litres) were collected approximately

twice a month from July, 1978 to January, 1979. The

N

37
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TABLE ITI-1. Total organic carbon (TOC) measurements at four
. ' potential sampling sites: May 3%, 1978.

/ -

Site TOC, mg/1 .

Blindman River near Bentley 16.8
at highway #51

Blindman River near Blackfalds 19.2
at highway #2A

Red Deer River west of . ' 7.1
Innisfail at highway #54

Medicine River at highway #54 15.6

FIGURE ITI-1. Samp]ing site on the B1indman River near
B]ackfa]ds,{December, 1978.

.
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temporature'and>degree‘of’1ce cover were noted on each .

. - . . e
visite Flow rstes were obtained frém Water Sufvey of Canade
" based on a flow monitoring stﬁthn Just downstream from the
site (Filgure III-=2). The samples were ﬁeld at 4°C prior to
treatoent and/or analysis.

In order to assess the oxygen demand associated with:
?atufai orgaric constituentsl;n the Blindman River it Is
necessary to_perforp a pass balaﬁce on the major -~
corstituents éf the bilochemical oxygen demand "reaction,.
Howévpr, the BODgy320 normally occurring-wljh;n these streams
are of the order éf 1 mg/l, which suggests that the érganlé
carbon utilized is very low (1-2 mg/l was anticipated).
-These two.factofs play an ;mportanf role in the experimental
design because: (1) +the rellgbility of the results obtained
using the Standard BOD test or reespirometric methods could
be seriously questioned when working at such lqw levels; and
(2) the ob jective of performing a mass bglunce to confirm
thf nature of the oxygen demand is limi ted to the
sensitivity and reproduélbllity ot fhe TOC procedure (1-2
mg/l)e Sample concentration, to increase the orgenic matter
cencéntratlon. was considered to be a viable solution +to
overcome the limitations. Also, in order.to assess the
klnetléé of the biochemical oxygeﬁ demapd a coﬁtinuouély
monitored.electrolytic resplrometgr was employed for the BOD

studies.
¢



i

4

_FIGURE III-2. Flow monitoring station downstream from the

sampling site. - ; '

40
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The major parameters measured in this investigation

were pH, total ulkdllnlty, total organic carbon (TOC), =
inorganlc carboﬁ (IC)y nitrite nlabogén, nitrate nitfogen,
ammonia ni trogen and total kJelddhi nitrogen (TKN). These
rFarameters were méasured within 24 ﬁouré of‘snmple
collection, at the end of the céncenffufion,procedure, at
the end cof aqlgleQ;rolytic resplrome ter run apd,
occaéionally, séhg of the hurameters‘wene measwwred during a
run; Samples were also ah?lyzed Sy high pressure liquld
chrometography (BEPLC) in order to acsess its potential &S an
1nv€stigetlve toolt in aguatic t.umus étud1e§. |
%ample concentratlop was accomplished using & rotary’
evapora%of (Buchi Rotbvdpor—R) at a tempériture~not
exceeding 50°C..It.$ook approxivaf@ly 6 ﬁégs to concentrate
a sanple 7-8 tlmes (by'volume) to Sbtaln approxi@afely’the-4

N

litres used in each run. The concentrdfe.Qas’flltered

s

thrcugt acid washed, 0.45 M wdlliporevﬁembrane filfers and

then stqred_at 4.C. When enough.dqﬂ ed sample wasg

cbtained for one run, the chemlcul nﬁk@agﬁers were measured.
s a7 5.,‘ . ‘

‘The concentrations of the,me jor dlssolved constxtuent§

before ard after concentration were then examined. to -

v o o - .
evaluate the overall sample change through the concentration
steps. This alse allowed the calculation of a concentr- tion
factor fcr each individual, component of 1nteéesty in
addition to the overall volume concentration factors

3 .. . —-‘

» Concentration by freeze drying was inttially conslidered

but was found to be Impractical for the quantitles of sample
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required. The obvious major limitation to the concentratlion

method used would be the loss of volatile orgapic materials

and dissolved guées. Structural ctanges of the dissolved’

orgaernic compounds (such as humic and lignin-like materials)
\ . : .
were judged to be minimal at temperatures below S50 Ce.

An alteration of the relative conceﬁtraflons of the

comporents 1in solution and/or an increase or decrease of

N

absolute parameter concentrations through the conqsntratlon
t

procedure may have serious implications on BOD exe{tlon. For

example, the inorganic ion concentration would increase

a
through #he ccncentration procedure, potentially causing

intibition or stimulation of microorgdanisms. It wes

<

therefore necessary to examine the effect of concentration
on BCD exertione. This was déne by performing standard bottle

BOLg,20 tests (APHAa, 1976) using =& primary effluent seed on

a sample concentrated by factors 0f 2.0, 5.0 and 6.3 to

7]

compare with an unconcentrated sample. Also, in order to
1nveétigafe the effect of concentration on the rate of
cxygen’uptake, ) soml—conﬁlnuouély moniltored standard bottle
BEOD test was performed bn a concentrated and unconcentrated
samptv/cont;lnlng a primary effluent seeds Thies was
accomplished by inserting self-stirring DO probes (YSI model
5720) into tte BOD bottles until ell available DO was
utllizedl

An electrolytic resplfometér was consfﬁered aé_the best
aethod.for this type of an 1nvest1gatlo?. An electrolytic

resepirometer can continously monitor the oxygen demand, it
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can be reedily modified for sampte analysis during an
experiment and 1t can use more representative sample silzes.
The electrolytic respirometer used was the A.R.Fs Products
Incey Model FR 101 equipped with a modifled reaction vessel
(Flgures III-3 and I1I-4). The reaction vessel was ¥
redesigrned to allow small aliquots to be removed for
anélysis during sample runs, as well as to allow the
insertion of standardized mineral cores coated with
xicrobial sllme) cultivated In the Blindman River. g

Tte electrolytic respirometer oxygen demand experiments
were set up uéing four 1.3 iitre reactors, three sample
reactors and one control reactqr containing distilled water
plus seed. It was necessary to provide a seed Iin these
experiments since therevare very few organisms in suspens ion
in the ;1ver water column, most are sessile (Baker»gi aly
1977)« The seed was provided by two methods. In the first
binstance, in an attempt to roughly reprcduce the river
situation, e microbial slime seed was obtained by placing
lgneous rock drill cores (3.2 cm diameter x 2 c¢cm thick) in a
rack or the bed of the Blindmar Rivé?JE;? 1 to 2 weeks. Two
of these cores were then placed in each rea;torlpy means of
a centrel ground glaés Joint. Inside the reactor, the cores
were supported on a glass rack over top of a magnetic stir
bar (Figuréélll—S); Due to problems encountered with- the use
of the seed cores, an injection of settled primary effluent

wae ucsed as another method of providing a microbiel seed.

Each respirometer run was carried out In the dark at a



FIGURE TII-3.

Electrolytic Respirometer
(A.R.F. Products Inc., Model ER 101)
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- FIGURE 111-4.
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LEVEL OXYGEN ELECTRODE
SWITCH i\
ELECTRODE | . HYDROGEN ELECTRODE
L il ELECTROLYSIS CELL
ELECTROLYTE JINAY Bt
0, g Ho
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@;*J
== —— PRESSURE TIGHT %
co, 0, SAMPLING POINTS
GLASS FIBER /
WICK T POTASSIUM
SAMPLE HYDROXIDE SOLUTION
% GROUND GLASS JOINT -4/\ '[
FOR CORE INSERTION REACTION VESSEL
KGLASS TUBING RACK = 2
FGR SEED CORES e ) STIRRING

~

Modified electrolytic respirometer reaction cell.

(* modifications made to the original design by Young
et al, 1965).



. . 1

FIGURE III-5. The seed cores, glass rack and magnetic stir bar
which were placed at the bottom of the electrolytic
respirometer reaction vessel. v
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controlled temperature of elther 20°C or 4°Q for over 200

P

hourse. During fhe course of.a ruh. at- 10 mti sample was -
extracted from one of the two ‘septa mounted on the reactor
while an e¢qual volume of distilled water was inj;cted in ttre
second septum.“Thgﬁixtructed sampye wag filtered -tkhrough an
acid washed, 0.45 pn Millipore filter and analysed for
nitrite and nitrate. At the end of the run}vthe samples wefe
filtered and all of the parameters were measurede. For the
rur.&é utilizing seed cores the biomass was eastimated by
air-drying the cores, weighing, weshing, air=drying and
ﬁ reweighing. This was done to provl&eya c?nfrol cseed
corfecfion in terms of BOD per mass of blomass gince slime

e “

conslistency, between cores, could not be contrallade.

-

k)

The electrolytic respirometer runs were primarily
performed on untreated concentreted samples, although one

run was performed, at OOC, on a concentrated scample
\\ i

cortaining a nitfrifying Jintibitor (5 mg/l of 9

—Thio sggL/Egstman Kodek) 1in an attempt to measure

cnly the carbonaceous oxygen demand. Also, a run was

\

perfcrmed, at both 20°C and 4CC, on an unconcentrated sample
in order to establish the need for sample concentratipn.
Field 1?ve5tlgatlons were limited to comparing the
parameters measured in fresh unconcentrated samples from
eaéh sampling trip. However, on one occassion the parameters
measurec from fresh unconcentrated camples obtained frbm the

site were also compered‘ylth samples obtained (2 hr later)

6.4 km downstream, near the mouth of the river (Figure
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ITI-€¢).

Analyticpl Methodg

All concentrated samples were firgt filtered fhrough
acld wasted, (0«45 B Millipore membrane fllters prior to any
apalysls- This was dore to.remove rfuspended 1norgan1¢
precipitate and blomaés 2o that only dlfsolved parametérs
would be measured. Also, all dilutions anq solutions were
prepared using pﬁrlfied water from a Milti-kO and Mllll—Q
purification system (Millipore Coe )e

The fOC and IC were anaiyzed by the combustion infrared
‘method S50S ( APHA, 1975)‘uslng a Beckman model 21SA Total:
Carbon Analyzer, and a Beckmnﬁ model 865 Infrared Analyzer.'
The maximum deflection of the chgrﬁ‘fecorder wvas set at
100 mg/i carbon gor a 26 Fy sample injection. All

4

concentrated samples were appropriately diluted beforé
anatycis. TOC was measured by acidifylng the sample to pH 2\
with 5C0% FCl and purglng.wgth nitroggn gas gust prior to
1njec116p. All‘samples were frozen if they were hof analyzed
the same day. Prior to analysis 20, 50, 80 a;d 100 me/l
, t . p
carkbor standards‘were rune The precision of this method
approectes 1 +to 2%vor 1 to 2 mg/l carbon, which ever is
gr€éater. |

Ihé'pH of each sample was measured with a glass
combination electrode and a Hach portable pH meter which was

standerdized with pH 4.0 and pH 9.0 buffers. Following each

pH mecsurement,bthe total alkalinity was determined. This



FIGURE 11I-6.

L} i
Mouth of the Blindman River, 6.4 km downstream
from the sampling site. .
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R . fg; 71:,".' .i i ‘ : 5‘0

wae measured by titration of a 50 or 100 ml sample ’

A

(dependimg on the suspected level of’aiﬁ@llnlty) with 0.02N

\ : B+ N
sulfuric acid to a pH 4.5 endpoint accordigng % method 403
N e e T R R it

.

*
ot

(APHA, 1975). The endpoin; was detected using-«thefglass

electrode and pH meter.

retrically measuring the reddish purple azo dye prod
the reaction of nitrite with sulfanilamide (4-amino-

amide—benzenesulfonlc,dcld) in a highly acidic solution

which is then coupled with N—l—(naphthyl)°ethyleﬁediamlne/

4

dihydrochloride (according to method 420 APHA, 1%975). "
Nitrite was measured the same day the sample was obtained
using a 50 ml (filtered) s;@ple. Fach sample was reac ted .
with 1 al of su}fanllamide solution (2-8 min) followed by 1
ml of 1—N-(naphthy1)‘ethylenedlamlne dihydrochloride
solutien (10 ﬁin - 2 hr)e. The absorbance was measured )
throughdavl cm path length at a waveleng{p of 543 nm>/ﬁsing
a Spectronic 20- Nitrite nitroggz concentration wes o

de termined frqg a calibrafion curve ((0=-100 pg/l itrite

s

nlitrogen) which was checked daily using fres stancard

nitrite solutions. . /p/d\\‘
’

Nitrete analysis was perfofmed with a modified version
of the cedmium-copper reduction method of Stricklend and
Parsons (1972), In this method nitrate is reduced
quantitively to nitrite. The cadmium=<copper column was

prepered using a 50 ml buret one third filled with granular .

purified cadmium (Fister Scientific Co.) pretreated with a

r:
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solution of copper sulfate. The column'was'then rinsed ®nd

. ’ kY
‘stored under dllute‘ammonium chloride. 50 ml of sample (with
1.5 ml cdilute ammonium Ehfo;lde) was passed through the
cotum; twice at about 2 ml/min, with 10 ml being collec ted
for pitrlt;-anulysis and measured‘as {n the above met;od
with epprropriate reagent volume adjustments. Samples were
filtered and enalyzed £he same day they were ottalned.
Column efficiency wae checked atter ever& few samples using
stonda;d nitrate solutions. The reduction efficiency was’
mainteined at 80-100%. Nitrate nitrogen concentretion was
éetermlned fh@q the hitrite‘nltrogen calibration curve
(O—iOO pgll‘nitrate<nitrogen) which was checked dall&hind
apprcp;iate corre;tlons were made fo; column e;ficlency,
initial nitrite and dilution.

Ihe emmonia nitrogen analysis was done.acidlmetrlcally
in accordance wlth method 418A £ B (APHA, 14Y75). Analysis
was done on fresh 500 ml sAmples which were buffered at pH
C.5 with a borate buffer. A dechlorlnatlﬂg’dgent ( sodium
ersernite) was also added to the solution. The samples were
then dis+*illed into a boric acid indicatirg solution '
(;urple) whléh.turned green upon absorption: of gmmonié. The
" amount of ;mmonlg absorbed was determined.by a back
titratlon with 0.02N sulfuric acid (to a purple endpoint)
éno epplication of the necessary blank correctione..

Total Kjeldahl Nitrogen (orgenlic nitrogen) was analyzed

by the digestion, distillation procedure using titrimetric

detection in accordance with method 421 (APHA, 1075).
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L

Samples which cdﬁld not be analyzed immediately  were
preserved with 0.8 ml/l of sulfuric acld. Sin ammonia
levels were very low, ammonia removal prior:to analysis was
deemed 8nnecessary. 50 ml of a sulfuric acid=-potassium
-sultate digestion reagent (containing a mercury catalyst)

wae added to 500 ml of filtered sample and then ¢1gested

(about 4 rours)e. The digested sample was cooled, diluted

with abcut 300 ml of ammonia free water and then the pH was
ad justed to above 7 with 50 ml of sodium hydroxide-sodium

thiosulfate reagent. This solution was then distilled into a

‘\ .
rorlc acid.indicating solution and back titrated, as in the
ammonia anslysis. A blank was carried through all of the
e

steps dally and the necessary correction was applied to the
resulte.

Dissolved oxygen was measured with a polarographic
probe (YSI model 5720 or 5750) and a YSI model 54kC
dissolved oxy-en me’ T |

HPLC ‘*“as oniy recently been studied as a poterntial
techrigue for the investigation of humic substences. A
starn: 1d method has not been c:vised usilng the HPLC, so this
inve stigation was based on on. set of crudely chosen
chr matogrephic parameters de termined to give a reproducible
chr martogram with tgg river samples. The HPELC work done in
thie investlgufioh';nvélvcd chromatogram comparisons between
concentrated and uncor . entrated river samples before and

after each rune A chromatogram of a fulvic acid standard weas

alsc compered with a concentrated river samples The standard
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wee prepared by dissolving technical grade Humic acid
(Aldrich Chemical Co. Inc.) in an ;1kal1ne solutl&n' then

\ .
acidifying to pH 2 and filtering ( the final”TdC was about 40

] , } o |

mg/1l)e In the preparation of the standard, the "humic acid"
preph;ed by Aldric; Ch~mical Co. was actualty assessed té-be
"humus" (a ﬁfmblnatva of humic aci&, fulvic acid and
hqmln). A large fraction of this materiallwas insotluble in
KOH and upon acid treetment, a sm;ll amount of precipitation
occurréa leaving behind a highly coloured solution,
gresumably fulvic acid,

Thelchromntograms were obfuined us;ng model 6000A
pumpg, e model 660 solvent progremer and a ; Bondpak Cy g
column (3.9 mm dia. x 30 ¢cm length),’all prodﬁced by Waters
Asacclates ;nc-, with a Vafi—Chrom‘UV—VIS de tector, produced
by Varian. The pumps were run at a p}essur; of about 1000

Fsi using an acetonitrile/water solvent gsyatem. All samples

were analysed at a wavelength of 254 nm.




IV. RESULTS
Physical and Chemical Properties of The Blindpan River

The physical and chemical propertlies of the Bllndmad
River over.the duration df the sampling program are
Frrecented in Table IV-1,

The river flow rate rose from a low of less than 0.1
m3/s‘in the summer to 1.2 m3/s in Octobeé.-The~flow rate was
seen to decrease as ice cover was established. The first
conplete ice qo&er occurred between November 10 and 23 and
byVJenu;ry;4, 1879 the ice cover was approxlmafel&'60 cm
thick. |

The pH was rolntlvély constant near 8.3 until it ;egan
drcpping to less than 7.8 during cold:;gt;r»temperatufes and

X T .
during ice covere. Total alkalinity initially dropped from
summer to early fall as flow increesed buf}subsequently rose
es ice ccver became establishede. Thggg ch&hgesdare likely

B . ,,_)}) ) B

. ey
s tha .
due to increased bicarbonate conéﬁptgptlons_and are

reesonably well reflecteq in th&#fcav%lues.

H Throughoﬁt the saméllng perlod“the total organzc carbon
corcentration reméine& relatiwel§ Zonstant (at 16 mg/l)e.
Likewise, TKN and nlfrlfg levels remained relatively
conetant at 893.and 2 pg/l-N ;e§pecf1ve1yr althoﬁég hitrogen
analysis was done only 1n_fhé l;tér ﬁa}j of the sémpllng
period. The TKN was fouﬁd~fo range f%Om Se2 to 6.7% oOf the 
IOC:wlth a mean value of 5.9%. Nitrate ievels increased

dra&ﬁtlcally from 9 pg/l-N in October to 142 pg/1l-N in

"Jenuary. Based on the me thod used for ammonia nitrogen
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anelyelsy which haes a sensitivity to 50 pg/l-N, no ammonia
nitrogen was found in the samples suSJected to nitrogen

. %

analysise.

Dissolved oxygen valuee measured on site in December
and Jenuary were 7.9 and 4.1 mg/l respectively. Trese values
are well below saturation at ambient water temperatures for
-this time of the year.

A comparison of.the prysical and chemical properties of
the Bliﬁdman River et tae chosen sampling site and 6.4 km
downetream (near the moutt of the river), on December 14,

are also shown in Table IV~1. The travel time for a slug of

water to flow this 6.4 km etretch was estimated (assuming

~

corstant flow) at about 4 hours. However, it was observed
that the flow at the downstream site was substantially
(greater than the upstream sites Along this stretch the mostl
signiticert changes occurred in TKN.»nitrlfa.nlfrogen and
dissclved oxygen. TKN decreesed by 100 pe/ =N and nltr;te
ihcreased by 26 pg(l—N. The dissolved oxygen increased from
743 to 45 mg/le There was also a slight crange in the
8055,20 (using & primary effluent seed), which was seen to
décﬁease‘by 04 ma/l (2.2 to 1.8 mg/l, average of three
tests ) and a corfesponding decrease.ln TOC of 1| mg/l,

» | . | _
however, considering the analytical me thods used and the

. o~
erratic nature of the standard BOD test at low k

concentrations, these decreases are not‘consldered very
significant, The IC was also seen to decrease however, this

decrease may also be questionakble considering the



ingignificant change observed in total alkal'inity.
—_
Corcentration Procedure '

Figure IV-1 dllustrates ttre relatlonghlp between
samples of varying concentration (based on volume reduction)
and thelr exerted BOD ( standard BOD test over 4.5 days at 20°
C using & primery effluent seed)s The two curves represent
the actual'BOD measured and the-ﬁg; valQés normalized back
to the criginal sample concentration by dividing through by
the vblume reduc tion factcer (each data point represents the
aver&ge of three tests). It is seen that a concentration
factor of 2 causeé the greatest effect on BOD éxerflon wlth
higher concentration factors heving a lesser effeét.
Corresponding to this is the observation that no precipltate
occurred cocver the lncugatlon period .in the sample
corncentrated 2x; but an inorganic precipitate d%d occur at
the higher ccncentration fﬁcfors.

The effect of concentration (8.3X, basedfon liguid
volume reduction) on the. rate of DO uptake is 1llustrated in
Figure 1IV-2. The lag times are not shown in this figure,
however, if was noted that the concentrated samgle had a
ehorter lag time than the unconcentrated sample (15 hours
vergus 375 hours)s From Figure IV;Z, 1t is séen that-tﬂ;
oxygen upt#ké occurs Iin one continuous stage in the
concentrated sample, wherees it occurs in two distinct

stages (séparated by about a 15 hour lag phase) in the

unconcentrated cample.
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FIGURE IV-1.
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The overall sgmple chaﬁge, with respect to the major
dissolved constituents, through the concentratidn step are
shown in Table IV—2.‘Included in this table is the mean
yalue end the standerd error ofvesflmate of the mean value
of eech component loss and the sample concentration factor.
Losses in IC, total qlkalinity end TKN were quite large
however, losses in TOC were minimal (average of 6.}%?. In
some cases thre was a net lncfeuse in TOC however, these

values weére rejected on the basis of suspected contemination

such es, contaminated glassware and adsorption of volatile

|
/

organics from the laboratory environment prior to analysis.
The lack cf precision of the TOC test can also be
qu;stlonGC, however, it was corslidered that it would be more
appropriate to report a more cqnservative loss by rejecting

these values Indicating a net increase. During the

t

N

corncentretion procedure much inorganic preciplitate occurred
,which may acccocunt for the roughly equivalent losses in IC

and totel alkalinitye.

-

1he effect of concentration on nitrite nitrogen (NO%-N)

and nitrate nitrogen (NO3-N) are shown in Teble I1V-3.
>

Nitrite nitrogen wae entirely removed in the concentration
procedure¢ however, nitrete nltrogen behaved erraticallye.
Sarples onfuinlng low levels of nitrate nitrogen incréased
upor céncentratlon where as samples coﬁtaining high nitrate
nitrogen decrearede. !

The effect of concentration on pH is shown in Table

iV-4, The pH of samples before and after concentration did
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not change by more than 0.2 units for all samples collected

up until mrid October. The pre-concentration pH values of
AN
samples collected in the lste fall and early winter were

slightly lower with a mean of 7.6 versus R.2 for the summer

and early fall samples. Upon concentration, the lower pH
9

values climbed to a mean of R.1.

Electrolytic Kespirometer Experjments

Du?lng the course‘ot the conceﬁtfated sample runs an
inorgenic preeipltate formede. The ﬁass of this precipitate
was mreasured gravimetrically. This mass compared very weil
with £he loss of»ulkalinity‘as qalclum carbonate and is
cshown in Table IV-5S. During a run the precibltate settled on
the seed cores thus potentially smofheriné the organisams and
aleo making 1% virtually impossible fo obtain an accurate
neecure of blomass. Therefore, it Qas necessary to assume
that ell 4 reactors contained the samevamount of blomass. To
avcelid these problgms, a prlhary effluent was adopted as a
seed to replace the seed cores.

The results from the serles of oxygen ﬁemand \
experiments at‘20°C on concentrated samples are sgown in
Table IV—-¢ ( the data.and oxygen demaad plots for each run
are shown in the Appendix, Tables AI-A7 and Figures Al=A7).
Thé mean and standard error of estlmate-for the mean of the
actua*grecorded values are provldei; As well, these

g . -

gtatisflcs are provided f.r each parameter after being

normalized_back to the original sample concentration on the
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TABLE IV-3. Effect of concentration on nitrite and nitrate.
Before Concentrationx* After Concentration*
Sample Date NOz pg/1 NOzpg/1 NO, pg/1 NO; ug/1
' as N as N as N as N
Oct. 31° 0.5 8.6 0.0 28.3
Nov. 10 2.0 1.9 0.0 10.5
Nov. 23 2.2 24.9 0.0 1.0
Dec. 14 2.0 . 74.0 0.0 2.1
* sample concentration factors are given in Table Iv-2
TABLE IV-4. Effect of concentration on pH.
Sample Date pH before pH after

hefore ice formation

July 13
July 24
Aug., 3
‘Aug. 23
Sept. 1

concentration

toncentration

[eclecocliesiNe)

wNw-Pw

[eeNooRocNoelo0)
DO WM

Mean

during ice formation

Oct. 22
Oct. 31
Nov. 10

Nov. 23

Dec. 4

®
YW

o9}

no

NN NN
~NUroo

[eeNecNecooRoe)
w =N — O

Mean

[0}

he
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TABLE IV-5. Alkalinity loss and the mass of inorganic
precipitate at the end of the electrolytic
respirometer runs.

Sample Date Reactor # Inorganic ppt. Alkalinity loss
. mg/1 mg/1 as CaCOs
July 13- 1 206 . 194
2 276 186
3 362 232
July 24 2 227 382
3 290 274
Aug. 5 1 292 320
' 2 s 282 / 306
3 356, 386
Aug. 23 1 , 238 250
2 244 264
3 " 260 264
Sept. 1 1 144 178
2 199 212
3 234 268
Mean ) 258 265 !
Standard error ' 15.7 17.6

of mean estimate >
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basls of each mass balence concentration factor (from Table
IV=-2)s In the case of EOD, the volume r?d ction
concentration factor (which is almost equivalent to the TOC
concentration factor) was used fér normalization. The
nitrite end nitrate normalization was done on the basis of
the TEN concentration factor (this 1is bﬁsed on thre
aseumption thaf TKN, loss is converted to nitrite and
nitrate). Trhe net. IC lose was calculated by the q1fferenc;
of IC loss, meaéured by'cbmbustlon, and the alkalinity loss
a8 inorganic carbon (which 1s rough1y equivalenf to the
carbon mass in the precipitate). IC loss wa; qulte high and
consistent Qheﬁ thé prim;ry effluent seed was uséd. However,
when seed corés;were used the IC loss was extrgmely

inconsietent, in fact in a few instances an IC cain was

ébserved. This was possibly due to soluble inorganic carbon

~3

from the cores so these values were not in:Luded in Tabl
IV-6e Two TOC results were also excluded from Table IV=-6
eince a net increase df TOC was oPbserved in these cases
desplte significant oxygen demand qxe*ted. The net increase
in TOC is poseibly dué'tq coqfamlnatlon or annlyt;cnt'érfofs
anc since no plauslblé alternate explanaflon could be
de?@rmineg these results were re jectede. The nitrite and ;
"trate creatlon levels represent the maximun value;
observeds. The largest increase 1in niﬁrlte and nitrate was
cbserved midway through the run. The levels of ritrite and
nitrate then decreesed by an average of 79.1'Pg/1—N and 33.6

pEg/1-N respectively by t‘e end of the run, thus suggesting a
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sink for nitr}te and nitrate during the run. Recsults for
nitrite and ﬁltrate were monitored only at the end of the.
run for the October 31 sanples aﬁd show;d no change in
nitrite and a n;f decrease In nitrate. These results were

-

excluded from Teble IV-G-

Thé’tvd sets of data obtalned using seed cores and
primary effluent seed were comhbhined in Table IV—6, A Hin
tgsf (Guttman et al, 1871) indicated that reither of the

mean values for BOD and TOC for the two methods of ceeding
A ’ '

were significantly different at the 5% significance level.

“

Similarily, tre "t" test iIndicated that reither of the mean
values for BCL and TCC for each reactor in each run weTe

gignificantly diftereht at the }0%‘slgﬁT11carce level,

\

A,.typical set of o$§gen demand curves at 20°C for 3

reactors ueing a concentrated sample and seeded tlank are
. t )
shown Iin Figure IV-3, gyﬂ
Figures IV-4 and IV-S cshow the resulte of an analyeis
dcne on two runs (Jul& 123 and Navember “10) tc assess how
well the kinetlc course of the BOD reaction conforms with

" f£irst order reaction kinetics, which ise éxpressed as

(Metcalf and Eddy, 1979): -

okt _ _
= kL

d t

where Lt ig the amount of BCD remaining at time, t. The

equation can be integratéd as:
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FIGURE IV-3. Typical oxygen demand progression at 20°C on
concentrated river water (July 13, 1978).
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FIGURE IV-4. Biochemical oxygen demand remaining versus time: a

test for 1st order kinetics of -the rate of oxygen
uptake jn a 20°C concentrated sample electrolytic
respirogeter run, July 13, 1978. -
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test for 1st order kinetics of the rate of oxygen
uptake in a 20°C concentrated sample electrolytic
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log L, ’; = -Kt |

log L£= log L - Kt

where I is the amount of BCD at t=0 (ultimate BCD).

Fliguree IV-4 and IV-5 are plots cf log Lt ve t where

) . ' ‘ ) 7
L is the normallized (with respect to the licuid volume
:

reduction) BOD value at the end of the run and y is thé

normalized ECD value at time +t.

)

Tre raw data apd oxygen demand plot for the 20°C;run
using a concentratéd é;mple'wlth S‘mg/l of 1~A11y1—21hlohrea
(ATU) (a nitriftying inhibitor) are shown 1n,fhg Afpendlx,
Table AR and Flgure AB@ Tre meangmeasuréd BOL (ueing seed
coress was 1043 mg/l (23.0, 8.8 and i.2 mg/1l for reactars i,
2 ané 3 r?egectlyely) with a standard erro; of mean estimate
of 647, or 1.3 mg/l and O.S,%yespectively, after

. | _ ,
normalizatione. Tge observéd TOC removal. was 1;1 ma/l for
bofh reactore 1 and” 2 (takiné intc account tﬁe 2¢1 mg/l of
é;rbon added lnvtg; form of ;TU). Reactor 3 indicated a net
incdrease 1in fCC. Pn germe of the original concentration, the

T ,
TOC removel wag 0.2 mg/l for reactors 1 and 2. No

N

precipltate ua5~obéérved in this run. Net gains were

-

3bserved in IC.and TEN (desplte taking into account the 1.2

~

mg/l-N added in the form of ATU),. A-nqt'loss wae observed in

-
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7t -

nitrate (which was measured only at the end of the run) and
nitrite remeined unchanged except in reector 1, wglch showed
an 1ncreaée of 12? pg/l—N (or 237 pg/l-N in terms of the
origiral concentration).

Th e unconcentfated, 20°C sample run (Append;x Ay, Table
A9 and Fiéure A9) had ébséx:ved BODL's of 20.2 mg/l For
réactor 1 and.0.8 mg/l for reactor 2 (reactor 3

b 3

malfunctione®). The corre=sponding TOC removals were ~0.3,
0.3 ard 1.5 mg/l for renctoré 1, 2 and 3. No precipitate was
observed in this run and the observed IC loss was 5.9 mg/ le
Unforturately, a nitrogen balance wa% not done on this
cample rune. 7

The'reéults and statistlcal'Enulyses”trqﬁwthgwser;es of
oxygen demand runs at 4°C are shown in T?ble IVv=7 ( the raw
date and oxygen demand plots are shown in the Appendix,
Tables A10 And All and Figures Al10 and All). Ag ir‘the‘20ic
runs, sfatlsfics are prévgded for each paramefer after beiﬁg
normalized back to the original se:nle concentration on the
beceis of each mass balance concentration factor ( from Table
»IVf2). All test results obfained at 4°C used ttre primary
effluent segd. In the case of the November 23 sample.
nitrite concen{raﬁion reached 9~méx1mum midway tbhrough the:

ruh,and decreased towards the end of the run. Nitrate -

concentration values were roughly equivalent midway through
¥

.

the run ard at the end of the rune. For- the becember 14

sample, nitrogen analysis was done only at the beginning and

~
end of the rune.



o

72

A t&picnl set otvoxygen demand curves at 4°c for 3
reactors uslng concentrated sample and seeded blank are
shbwn 1£‘Figure IV-6e.

Thé unconcen%rated, 4°Cvsample run (Appendix, Table, A12

end Figure A12) showed very erratic oxygen exertioun; 48.2

N )
N\ .
'mg/1 for reactor 1; 8.4 mg/l for reactor 2 and; 0 mg/l for

reactor é. The average TOC'é were 0.2, 0.3 and 0.6 mg/l for
reactors 1, 2 and 3 respectively. fhe average IC loss fog
the 3 reactors was 18;4 mg/ls. Nitrogen gpalysls showed an
average TEN loss of Oe.1 wmg/l=-N, o nitrite creation cf 23
pg/l—N in reector 1 and 0 pg/l-N in reucfors 2 and 3, and
showed en ;yerage decrease in Aitrate of‘11.9 pg/i—N..
Nitrogen dnalysls was'berformed oniy at the begining and‘end
of the rune

Anelysis of the blanks (confrol samples), before and
after each run, indicated a negligable change in TOC from

2 .

tr.e start to the finish of a run. The observed levels of

crganic carbon in tke blanke (about 2 mg/l) approachec the

sensltivity'of the carbon analyzere.

t

The chromatograms,obtﬁined from this analysis repfesenfq
a measure of only th?se componentse in solution that can
absorb 11ght‘a¥ a wavelengthfof 254nm. Tbe;bfore, it is not
a measuré of the total’orgaﬁlps present.‘

Chromatcgramg for the‘fulvic acid standard and a-

concentrated ‘sample are shown in Figures 1V-7 and IV-8.

«
-
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FIGURE IV-6. Typical oxygen demand progression at 4°C on concentrated

¢

river water (November 23, 1978).
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These chrcmatograms were run using a linear solvent gradient

a
of 100% acetonitrile to 100% water over 20 minutes. Both

atandard and sample were run at a pH of 2. Due to the
difficulty in maintaining pressure and a consistent solvent

gradient, reproducibility of the chnrnomatograms were poor

from one injection to anothere. ¥ : N

Figure IV—Q, glves examples of the éhrOmdtograms

obtained for a distilled water blank@ﬁunconcen‘rated river
SR y

) O =
water, concentrated river water before a run and
' n

concentrated river water after a rune Thesé chroma tograme
were obtained using Qslng 1:1 acetonltrile/w&ferﬂSolvent
éystem,anq all tﬁg saméles were run-atAa pH off2- Compared
with tlre chromatograms'obfained us%ng ttre solvent‘gradlent.
tne feproduclbllity of each of thesé>chromatograms was
eXceilent.

Tte chromatograms obtained using the 1:1 2 ‘

acetonitrile/water solvent system indicated two ma jor peaks.

These peaksbhad retention times of 3 and 4 minutes. The twod
.

- ~
peaks were evident in all samples except for the tlank which

only had the*onevpguk at'44m;nuﬁes. A comparison of the peak
- . % ‘

areas>of the firet peek 1n.eaéh sample are“shown in Table
Iv- 8.,The peak areas were determlned using the helght—widt
o ’ o

iaf 1/4 height) triangulatlon method and ere expresse

o,

(i

L \,\ . »¢_\ -
1n‘§enmb' f the orlginal concentration based on the TOC .
S i , .
corcentratlon factors . E v N
3 hid f )
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FULVIC /ACID

¥ sample vojd: 15 ul
detector: 254 nm, 0.1 AUFS
packing: uBondpack Cig
flow rate: 0.6 ml/min.

l 1 ] ] | I ! | 1 | i
0 2 - 4 6 8 1o 12 14 16 I8 20 22
MINUTES
FIGURE IV-7. A linear solvent gradient c¢hromatogram of a fulvic acid
' standard using HPLC. (solvent gradient: 100% acetonitrile
\to, 100% water over 20 min.)

CONCENTRATED
SAMPLE

sample vol: 10 ul’ .
detector: 254 nm, 0.05 QUFS
packing: uBondpack Cg
flow rate: 0.6 ml/min.

0 2 a4 6 8 10 12 4
- ‘ MINUTES . :
FIGURE IV-8. A Tlinear solvent gradient chromatogram of concentrated
' river sample using HPLC. (solvent .gradient: 100%
acetonitrile to 100% water over 20 min.)
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sample wol: 10 pl sample vol: 10 wl

detector: 254 nm - detector: 254 nm
0.02 AUFS _ v 0.02 AUFS

‘ ,,\"/‘J |
e |
0 2 4y 6 0 2 4V 6
MIN, . MIN
' Distilled Water . River Sample, original conc.
)
sample vol: 5 ul sample vol: 5 ul
detector: 254 nm detector: 254 nm
0.05 AUFS X 0.05 AUFS
[ I b - l . [ l‘ ] A J
0 2 4 . 6 ' 0 2 4 6
<MIN. MIN.
Concentrated river sample _ Concentrated river samp]e
-before E.R. experiment- -after E.R. experiment-

FIGURE IV-9.- Chromatograms of distilled water, dpconcentrated «
: river sample and concentrated river samples before and
after an electrolytic respirometer (E.R.) experiment.
(solvent: 1:1 acetonitrile/water, pack1ng uBondpack Cig,
flow rate: 0.6 m1/m1n )
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TABLE IV-8. Peak areas, normalized to the original concentration
and adjusted to an equivalent injection vo]ume and
detector absorbance range.

Peak areas - TOC Normalized and adjusted

Sample Date of unconc. conc. - peak areas of concentrated
samples factor samples:
Before After
E.R.run* E.R.run*
July 13 k\\\:‘ 7.03 1.03 1.03
‘ 7.03 0.99 0.96
’ : 7.65 1.10 1.36
v 7.65 > 1.18 1.29
Aug. 5 1.16 7.38 0.93 1.04
0.99 7.38 1.05 1.07
: 6:65 0.99 1.10
6.65 1.06 0.95
7.62 0.97 1.02
_ 7.62 1.05 1.01
Aug. 23 0.80 9.07 1.03 0.84
1.01 9.07 - 1.04 0.78
\ 9.0@- - 1.05 0.99
9.0 1.04 1.00
‘ 8.26 0.73 0.81
8.26 0.75 0.85
8.34 0.81 0.87
. 8.34 0.78 . 0.87
' Mean '2§%91 : ' - 0.98 \ o 0.99
" Standard error ‘0.05 , - 0.03 .0.04
of estimate of s

mean

* electroiytic respirometer experiment



V. DISCUSSION

Frysicel and Chemical Properties of the Blindmap Piver

The deérease in flow of the Blindman R;ver during the
winter months is attribdteq to two major factors: (1) the
decreese in ground water flow due to a decreasé in
inflltrathn and; (2) the involvement of a 1u;qe amount of
river water in ice foqmatlon.-Becausé ice formﬁt!on involves
essentially pnly pure wa ter and low ground vaterrflow

sﬁggests decreased dilution, these factors can be conslidered

“ésbthé cause of the increased levels of alkalinity and IC
, _ 3

durirg the perliod of lce formation. From November 10 to
January 4 alkalinity and IC approximately doubled in .

concentration. This is consistent with the observed liguid

. water depth dgcréase bybapproximately the same factor (from

1-1.5 . .' 0-4—0;9 m) during tre Same pegpiod. The slight
v -~ . J ) . '
decreese in pH during ice 'cover is probably attributed to

the increese in bicarbonate concentrations (which is roughly

equal to the alkalinity and IC levels expressed as

.vbicarbonagz)ér -

Pespite the changes ‘in flo!r alk@llnlty and pH from

"July to Jenuary, the corgenic carbon and brgﬁnlc ni trogen (as

repreéented by TEKN éince ammonia cﬁncentrutions were
negligible) concentratloﬁs were relatively canstantr The
orgagic nitroéen to brgdnlc carbonVratio observed (ﬁbout 6%J
is é;nslstenf with that expected fo; hupic substancgé-

Figures reported by Gjessing (1876 ) on the major elemental

cortent of'humlc substances ( 43~63% carbon and 0.5-5%

A
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nitrogen) indica te thﬁf-the nitrogen to carbon ratio would
'be 0;8 to 11%. However, Gjessing pointed out that, based on
hies experience in Norway, aquat;c hum(is has lower carbon and
nitrogen levels as compared wltﬁ spil humus and exhibit a
nitrogen to carbon ratio of about 3%. The value obtained for
the Blindman River was above this figure but well within the
overall range. For thé'saké of comparison, the'nitrqgen to
cufbon ratio for pfofein ig on- the average 29%, well abo;e
the value obtaineq‘jOf this investigation.

Tr.e observed lncfease'imjnltrate from October J1 to
Jaruary 4‘¢annot be assessed.without further fileld
lnvesfigaflons;

The iow level of dlsébl#ed’oxygen observed Qb January 4
(4-i'mg/1) is-typical'of:streamé in this area _during this
thé'of'year. Such {o$;levéls may ha&e serlou;}impllgatione
on the process of éelf-purification further downgtream.

ngh;{Obierveé decrease 1$»TKN and increase in nitrate in
the 3\4 &m stretch between the slte'at Bllndman ‘River near

Elackfalds and the site near the mouth of the rlver,

v

S

suggestsﬁgﬁe occurrence of nitrification.,. Also, the slight

JQchegse in BOD and TOC ‘along this stretch sugges*s that
)'“ . -

biol¢§ica1 utlllzatio .of organic carbon is occuprlng.~
M

Howeﬁégu
& VS

<

it should be Fb{llzed that the BOD and TOC values
25, x
‘v M

are. approachlng the sensitlvity of the analytlcal methods.-

The degree to which ?}{cification and carbonaceous

. bleloglcal cxldation is ocgurrlng along this stretch cannot
be essessed without 'a more ng¥g%gh investigation. Factors

+ ’ ¢



such as, the fate of the parameters (in the water column)
being investigated, ground water (which increasqé the river
flow, dilution and the chemical content) and others shoqld

all be taken into accounte.

)

The increase 1ln dissolved oxygen in this 6.4 km stréxch
. \ .
ig attributed to a few sections of open water aloQg this

R
stretck. This agrees with Lendine's (1970) observation that

any oppdrtunity for rearation 1s extremely beneficlgl in thre
. B N ’\ -
- ) A
oxygen economy in streams undaf winter ice conditions.
\f/ i

T-e fiéld lnvesfikutlons, though minimat, wéfe

\

considered Valugble in order to obtain a feel for the

behaviour and complexity of the true systeme

L
-~

Concentration Procedure : o
. y \
The’Study‘conducted orn the éfgect of the concentation

procedure on éOD indicated that the normalized BODs for
sconcentrated samples were lower than the BODs for the’
R N _ :
unconcentratqed sample ( Figure IV-1)e This may be attributed
§ ' o :
to elther the loss of readily degradable and/or.volatile
. \ ‘ ) .

organice in the concentration step or the development of
'inhibitory condi tions at.biiher concenfrations

(rerticularily tke Increase of inorganic ions, pflncipally

bicarbonate)s The relatively small avéfage loss of organic

® -

carbon (6.1%), in the conéenfﬁhflon process, &s indicated.in.
Table IV-2, tends to suggest that the second hypothesis may =

be most 1lmportant in the tase of the sample concentrated by

[

a factor of 2 (in which no precipltateioccurred). However,



&~

‘(thus suggeétlng‘thaf)the fate is dependent upon

B2

7 . R .
i . .

~this observed loss of TOC may slgnlticantly account for the

case of the normalized BOD concentrqtions'of the more highly
corcentrated samples. At the higher.concéntratlon levéls,
where precipitation of carbonate Qccutréd, tge effect.qf
1nh1bit1cn and/or thg éftect of the lass of TOC was judged
to ge accebtﬁble f§r this etddy.

The evalpafioﬁ of the effect of concentration on the"
rate.of DO uptake by séml—contihuously monitoring the DO in
a standard.bottl;ﬁBOD test CFlgure\iV~2), iggigatéﬁ'a
decreacse in iag time and an‘lncrease in the rate of oxyggn
uptake. The decrease in lag ‘time may be due to an increase
in the pcoctential for orgqnism to.substrate contact in the
concentrgted sumpte. However, assumptions were made with
respéct t0o the second obséryntipn. It was assumed that the

A

two stages observed in the'unconcentrated_sample were the
" ' B
carbonaceous and nitrogenous stagee respectively, and that
~N . .
. E .

the nitrogenous stage was not yef‘reache&fln the
- " * ‘

N

u

|

conéentrated semgle in thls‘tlme periode If this .is the

case, then it can be .conclyged that the carbonaceous oxygen

. demand rate is much more rapid in the concentrated sapple

< : B

(by mbout a factor of 3) than in the unconcentrated sample

»

P ZREN

», CoL . ’
concentration). However, without performing a nitrogen
: ® ) ] ' .

balance on these samples or controlling nitrification, one

cannot be sure 1f the carbonaeceous and nifrogenous oxygen

"demands are occurr;ng concurrently or 1f the nitroéenous

vﬁ?jéen demand 1s occurring at all. Therefore, the result of

/A , ' v ’ ' .
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by . . A
\ . this test with respect to the rate of oxygen uptake i=s
;nconclusive.

It should be noted, that the BOD at the end of 4.5 days

(1C& trours) of the unconcentrated samples in Figures IV-1

and IV-2 were JQS and 8 mg/1, respectively. This differen;e
is due to the sensitivity of. thls BOD test to mixlng. The

samples monitored contlnuouely required vigorous mixing at

n

the time of each DO measurement. in order to obtein a

reliable result.

S

The concentration factor and comppnént;loss da ta in‘

T . le IV- -2 indicated good agreement between the losses of IC
7

.

and alkalinlty. These Iosses are attrlbu%ed tO'thp o T

precipltution of calg}um carbqnatd gwihe‘concentratloh

2=all : O L
ccurred‘ln TKN,y. which is

Tlof ihe nitrogenous organic
X : . C—
| .

o N
co#%ontratlon process wus mlnimal and may

‘ TG, e = T )
 be attribuﬁiﬁ o &‘e'loss>of volatlle organlc/compounds
a - . / , A

and/oc adsorption of some compounds onto the- precipitate and
Ve /
‘ glassware. Tre increase 1n TOC, observed in éome ceses, were
: . ) . - J

!
i

attribufed to contamination of the glasswaqé and/or

i . -/ t .
absonption of volatile organlcs from the Vhbobatory
envlronnenf whlle preparlng the sample for analysis and.most
likely due to the diftlculty in obtalnlng peagent grnde

water, having a TOC below 2 mg/l,—for dllutlon. The increase
¥ o
_1n pH of the winter and 1ate fall samples upon concentratxon

was probably due. to the loss of .carbon dioxlde. Tho'tate ot

-

. . . . ’ . ' 4
¢ f - .
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nltrltezand nitrate in the céncentratlon process is an
unanswe red questions However, the possibilities appear to be
denitrification and/or some form of chemical binding py the
‘ . i )
aguatic humic substances’

The concentfatiop ptbcedure was a‘very important aspect
in trls‘lnvestlgqtlon, since it was necessary fo obtain
measurable parameter chaﬁges using the eqplpment ;vahlable.
It was found tHat sample concentration was accepteble for
this studye. Thé Justification for relatlné each ma jor
p&rameter 1p the concentrated sample back to the original
samplevconcentration was based on thé test conﬁucted;on.BOD
as A Iupctlon of concentration.

!

Elst.JLJ.let Respirometer Experipents

L3

v

The stafed,objectlves'of the experimental progrem were

to ettempt to determire 1f significant blochemical oxygen

v

A ¥
demard could be demonstrated on the natural organic matter

in the river sydtem and if found codld i't be demonstrated at
low temperature conditions-
The first obJectiVe was achieved as 1nd1catediln fablo

‘IV—é and Flgure IV=-3. The data 1nd1cﬁted a mean, gormailzed,
plateau oxygen demand value of 3.0 * 0.4 mg/l ot 20°C. These
., oxygen 6émand vélues werelposslbly under-estimated since n6
corr;ctlcn wasg taken into account for the apparent
inhibition and/or the loss of potentially biodegradable
‘orgnnics dﬁf{ng the céncentration process. The oxygen demand

time progression w&s consistent with that expected’of a



&5

' <«

. _J
substrate limited biochemical oxygen demand experimente. The

correspondihg‘o;gAnic carbon removal for the BOD exerted was
© }
1.1 + 0.2 mé/l. Since the degree of oxidation and relative
biodegradabik}ty of the organic mattgr in the sample was
ur known , it‘:ns nof‘posglbbe to éropoee a stoichiometry for
the mess of biochemical oxygen demand per unit mass of
o;ganic carbone. However,.byecomparlng thé BOD/TOC ratio

- |
(based on the originel TOC presenf'iﬁ golutlon) of untreated

3

domesitic sewage,‘about 14 (Metcalt and Eddy, 1979), and tre
corcentrated river samples, ;bout 0.2 (TOC values.obtalned
from Appendix A, Tables AI—A75, gives an 1ndication of the
res{;tancs of the orgenic carbon present in the river
samples to biochemical oxidations ’ . B

Ry comparing the ratio of observed oxygen demand to TOC
loss i fte sample vith‘the theoretlical ratios of certain
organic compounds, anothe; pgfspective on the'nature of the
organlic ﬁatterfpresent in the sample can bevobta;ned. Since
'all organic cbrb;n analyslé gus’gerformed on membrane
filfered samples, organic carbon coqverted to new cell mass
(along Qith the evotlution of carpon di fide) is considered
as orgaric carbon ioss. For the concentrated river samples,
the mean ratio o¥ BOD to TCC removalAvqs-é.7. Thls may be
compared with +the theoretical total oxyg;n demand to organic
cerbon ;atlos (assuning complete oxidation to carbon dioxide
and weter) ranging from 2.67 for glucosé, 4466 for gthanol
and S.33 fcor methaﬂe. The actual ratios f&b these pure

compounds would be lower due to the diversion of some

»
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organic matter to new cell mass. This then suggests that the

organic matter respons;ble for BOD in the river water
samplgg may have beenr present in aypartlally oxidized state
rather th;n.belng highly reduced. -

'Also, by comparing the sh@pes ot.thé oxygen demand

curves obtained for a river sample, Figure IV-3, with that

‘
t

of a typical electrolytic reqplrometer run using. glucose—-—.
glutamic acid (a "simple'" BOD reaction), Flgure V-1, it may
suggest frat the compounds responsible for the oxygen demand

in the river samples afe being generated during the course
» . .

5

of the yyh from fhe breakdown of Largeq, more resistant

A
s i ’

compgggds. This may also give an indication of the
v .’AY" -~ -

concurrert occurrence of nltrégenous and carbonacous - oxygen
[
demands .

At the end of a fun there'wﬁs an observed IC loss (when

e

the primary effluent was used) after taklng into macc¢ount ‘the
precipitete mass (Table IV-6). This loss can be atﬂﬁ%?uted
in part to carbon dioxide loss in the system hcwever, this

would be vefy minore Another possibility to account ftor the

e

logs would be through the utilization of 1nobgan1c carbon as
a carbon gource by autotrophic bacteria during the process
R 3

cf nitrification. The occurrencé'of nitrification was
I

observed (Table IV-6) by the decrease in TKN and increase in
nitrite an&%nlfrate. The ac tual ni trogenous oxygen demand
(NOD). contribution can be estimeted using the relationship

proposed by Wezernak and Gannon (1268), equation II-&.

The estimated NOD from the data collected for a

-
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FIGURE V-1. BOD "reaction" curves of glucose/glutamic acid (150 mg/1)
: using the electrolytic respirometer. (20°C)

>
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o e ‘ : o 2 -
nitrogen balance in Teble IV-6 is based on the assumption
. PR o o \ i

Sad 3

thet the TEN Toss during ‘the rum is all cénverted to nitrate

‘except for the measured increase in nitrite..{The measured

‘o

- ' fom ' o L . . n H i
n%3rf€§j§s subtracted from the nitrite to nitrate 'conversion

;xierm). The validity of t@ls-assumption;ls dependent upon the

poseibility of TKN 1638‘f0;Pfééiplfation and assimilatidn,

- ! o o) &
gsirce thte measurement of final ammonia showé% that no "TKN
9. ) .

-

hed been left in this form. Theretforey, on this basis the

calculated normalized EOD»ls.O.S'mgll §}317% of the observed

a4 L
oxygen demand, at 20°C.'The6retlcally, it should be possible
o i o
to confirm this NOD value by performing a NOD calculation

based or the observed increaces fﬂ nitrate and nitrite.
- 13

However, samples collected approximately half way through

the runs éxhlbited higﬁer nitrate values than those obtained
o : T 5 . K.‘
at thLe end of »*the rune. This then suggests a sink for nitrate

-
g

and/?r-nltfite within the systeme. Therafore,‘by'u51Qg'the

raximum observed -values of nitrite and nitrate cqéhted -
. 3 v Qo ' N . -

iduring 2 run in the NOD calcﬁlation, 1f’ﬁould}n6f be

represenfatlve of the total oxidative conversion of orgaric

nitrogen +to fﬁbse inorgenic compoundse The?BnLyIWay&thls

could be done is by knowirg the degiee and rate at which

these compounds are dlsappearing. There are twoz
possiblilities which may account for the disgppeardhce of

?

nitrate and/or nitrite. One possibility is denitrification
which may occur within poSelble'anaeroblc”micrbgon@s around
reh ; N possilibtle _ : re

the inorganic precipitate. Another possibility 1éjthat

ammonia And'nltrlte'mcy'havé been scavenged by theé humic

RN



subétancgs in soluiron. The latter, is pfobably.the”most
sléniflcant chntributing faétor tokthe‘decrease in these
nitrogenous.COMpouﬁde since it has been reacily observed and
documentedﬂby sevetal‘éther lnvestigatqrs (Sorensen, 1362;
Steelink, 1963; and Rashid mnd King, 1969).

Thére was a gslgnificant di?ference in the IC 1osées
retween the runs using a diffeéént method of seeding. This‘
dl fference was probably;due fo the release of inorganic
carborr from the seed cores during a frun, thus increasing the
IC:levels ih these runs. However, there was an insignificant
difference (at the 5% level) between the TOC removal and .BOD
results using seed cores a.d the primery effluénf seeq,
whlch‘suggests that the bacterial cultures in both cases

e ‘ t ‘ . _
behaveq similarily in their response to the spé;trafe. This
observation is consistent ;1fh Gordon's (1970)[hypdthésis
regarding proteolytic bacteria I% the Ch?na River. Alaska,
at 1o§ 1gmpefﬁtu£es. He suggested that proteolyslé wes one’
of the ma jor metabolic activities of the bacteria in the
Ch;na River at low temperatures and he indicated that theré
were probanly similar bacteria in sewage tré&thent esys tems
operating at low temperaturese.

Figures IV-4 and IV=+S indiceted that the kinetic course
of the BOD reaction of the concentrated river sample does
not confgrm with first order kinetics (1ndica+;d by the
nen;llne;rlty of the.data polnts).’First'order kinetics has

been used to describe "simple" BOD reactions sdch as,‘the

glucose-glutamic acid systemy, €hown in figure V—-1. However,

'



' » - L - \ g0
5 \ S, L el o :
these river samples do not represent ﬂngple" BOD reactions,
' T N - _ o )
gé demonstra ted by the ?hdpe of the oxygen demand gcurves.

’

.fhé ﬁbsslble,sigultaneoﬁs‘oc urrence of.nltrogenous and .

e, . . EQ

. [ . ! . . " = [¥e - . . L
carbonaceous oxlidation .and the possible sequentlial breakdown -
. S s ERTR S

of humug"regultlng in the generatloﬁ“of more.beddlty~
5. ;,# B Lt .

,oxidizeble organics during the run compllcateg“fhe,xlnetiés

b - . .
2 -

of the reaction and makes a glnetlc study extremely BT
difficulte. T . h

3

The results bbtalnéd‘ffom a run using a concenrtrated
sample at 20°C with allyl thiourea (ATU )y indicated a lower

(by SG%)_aVerage oxygen demand than those samples without

ATU. 1he scatter in the results were however, quite larze,
_ S g Ll

B ot
“ Lo

scithe s}gnlficance of the few reeulfs are queéiioﬁable. The .
TOC loss in this run was also substantially lower (by 81%)
then the oiherv20°c'goncéntfaféd‘rﬁns. No- substantive. |
informatiﬁﬁ régﬁrding'nitriflcatioﬁfcouldibe optdiﬁed.irom
thé_érr;£ic data. Tké 1nére€se 1n TKN §uggests'a possible

'analyflcal éfroélégd ?ﬁg@efore, offérs no clue‘to the
’occurrepce'of nifrification. However, if the decrease\ln
oxygé@ demand'wgs duegentipeiy to the lnhibltton of
nitrification the loss of TOC wogl&-be consistent with the
other 20°C runé;:yhlcp was not the casee The fact that n;
indrsanic precipifate occurfedjln this run, possibly due to
fhev;a*lon coﬁplexatlon capability of ATU (principally with
cﬁléium) ma'y acconﬁt, in pqﬁt, for the low BOD and TOC

: [

removal by maintaining .inhibitory high concentrations of

kinora:nlc ma terial, -The observed increase in IC is not.



surprlslng since seed cores were used 1in this~fun.

Considering the observed inconsistency of the results In

o1

ttle run, several more samples would have to be run in order

I
tc obtalin more conclusive resultse.
As expected, the unconcentrated 20°C sample run

exhibited erratic TOC removal and BOD resultss. This 19

coneletenf vlth Gjeseling's (1976) observatlons with respec

t

to BOD measurements on'huﬁic gsubstances. Durlng the course

of ttis run, no inorganic precipitate occurred due to the
‘ . o /*

relatively low IC levels in solution. However, the observed

net loss of IC was probably due to the loss of carbon

dioxide and through utilizetion by autotrophlic bac*erla.sThe

results obtained ffomv

the peremeters of lnté est must be presgent in larger
guantities in order for them to be reliably Qggltored.

The second objective of this 1nvestiéatlon wa €
satisfiled with the data provided in Table }V-7 and Figure
IV-4. These date indicate that a measurable plochemica}
oxygen demand could be measured for the natural organic
matter at a temperature approachlng the winter, under lcé,
condition.

Tre 4°C concentrated sample experiments 1ndicated an
apparent plateau BOD of 1.1 & 0.2 mg/l (normalized mean)

with & corresponding organic carbon remo:al of 0.4 £ 0.1

is run tend to support the fact thet

mg/l (normalized meqn)- Both, the oxygen demand exerted and

tte TOC removed, at this temperature, was about 63% lower .
. \

than that'observed at 20°C. This is attributed to a decrease



! \ . ' ' g 2.
14 ’ ) . \
in .the metabolic rates of microorganlsms;

+ The NOD estimated for the low témperqture‘experiments,

using the same assumptione as uséd'for the 20°C experiments

!
Y

indlcﬁted a value of 0«4 mg/l or 36% of the observed oxygern
demands This indicates that the relative importance of the
estimated NOD at 4°C for explaining the observed oxygen

.

demand 1is consldérably grea ter than at 20°C. Once again, the.

.

degree of nitrification occurring based &n TKN loss may be
qu;stionnble since this logs may be due to preclpitation
and/cr eassifiiletion. However, t1he occurrence of
nitrificaetion can be confirmed by the observed increase in
nitrate. Sipllafily,‘fhe IC loss caq'be attributed, in part,

‘to tre proceses of nitrification théough IC utilization by
- autotrophic bacteriae. Altpough pacsed on s small amount of

datay¢ the flnéingé suggest that the nl trogenous oxygen
; i )

demand stould not be overlooked in evaluating thé winter

-

dissolved oxygen depletion probleme.

The unconcentrated 4°C sample run indicated erratic
oxyger demand results, however, tge TOC removal was
consistent with fhé 4"& concentrated runse. The TKN removal
wae also consistent with tre 4°cC cbncentratgd runs despite
the fact that no éreclpltaflon of carbonafe éccurred. THis
may suggest that TKN removal through'preclpltntlbn may bé

v , - v
minimel. The occurrence of nltflflcatlon was also irndicated

in this run by the loss of TKN, increase 1in nitrite and loss

of inorganlc carbon.



Tt e HPLC ;nalysls was perfqrmed‘on éiear. acidified
semples whlch; with nesﬁect to hﬁmds;';ould contain
pflmnril; the fulflc écld fraéttén. Since, acc;rding to

Baker et ol (1975), ;ﬁe totnl.humlé.and fulvic a¢id content

of the Red Deer River basin is 90% fulvic acid, it wast most

Figures IV-~7 and I&—S ind ' ¥ed that, under slﬁllar
conditions, there was no retatlonshlp.bet;een the standard
solution and the coﬁcentrdted sample. Thls.yould suggest
‘that a standard solution should have peen pfépgred froﬁ fhg
humlc_substancelioﬁnd,in tbe geoggﬁpﬁlc‘aréa-in whlch t he

. o
investigetion was teking blace. The chromatograms do,

however, indiceate the‘complexity of the molecule(s) that was

(were) being dealt withe

The chrﬁmatégrams obtained_ﬁsiné 1:1 aceténltrile—wa:i:.
indicated no degrﬁ&atlon ofﬂthe uv absorbing matérial' O AN
through the course 6f aﬁfuﬁ@ or in the cqncentr&floﬂ
Frocess, slncé'chfomatqgrama for all three,tyﬁes of éamﬁlés
had eimilar peek areas (after nor@aglzatlon). Slnce»there
waE ;n obser?eq orgaplc carbdnlloss in éaéh of the runsy
tﬁis test suggests’tguf.tbe matérial whlch hqd.undergone
degfadation did not 1nvoive‘thé compoéents wh#ch absﬁfg at

254nm. ‘ ' s

Tre consistency between the pebk areas of the g

unconcentrated sample and corresponding normalized

concentrated sample indicated that minimal loss of this UV



»
]

absorbing componenf occurred. during théﬁconééntratlon‘
prgceaé.:This is coneistent with the minimal ioas of ToC
observed In the concéntrntion.précess;
¥itkout a reliable standard and further chemical

: : /
anaiysls, the UV absdtblng component canan be determlned.
-Hoﬁever, thg utilization of HPLC appears toAhnvg potgnfial
in ctarecterization 6f}shcﬁ complex systems as uquaflc
humué. This‘method of analysis for‘ﬁugic substancbsvwou}d\be

best utilized in conjunction with other methods, unless a

" guitatle standard can be obtained.



. Vt. SUIMARY AND CONCLUSIONS

Slgnitlcant hlochemlcal oxygen demand ot concehtrated
prlstlne_rlv;r samnples, Irom the Blindman River, were,
demonstrated at both 20°C and 4°C in an electro}ytlc
fespirometer and is attributed to natufgl or;ﬁnlc\hpnpffo'
Thlé oxygen demand could be related Séck-toﬂthe'orlglnal
rlver'inten concentrgtion. A‘c;rbbn'buld£ce ?ertormed~Pn
thesélsﬁmpiés 1ndicafed that carbon losses (tﬁroggh
mefabolic actlvlty) were lower at 4;C-than.a{ 20°C; A
nitrogen balance indicated tbe occurrence of nitrification
and the possibllitles of denitrificatlon, ang chenmical

. \
\ .

1nd1ng of some nltrogenous components by the aguatic humlic

substences at both temperatures. Bowever, theArelative'

importance of nltri\lpation to the oxygen demand W&S greatér“‘

sf‘4°c then 'at.‘20°C. - e
The ﬁay in vhlch hlgh'preséuré llqu.d‘ch§Omdtdgf§phy
(HPLC) was used in this 1nvest1gation ‘gave very llttle
infbrmation regardlng fhe deg;adation of natural organlc
“shbsfahcgs 1ﬁ watere. However,bfrom the work that was done,‘

recommendations can be made with respect to further work in

this aréa‘using HPLCe

\ ~

Without an extehslve field investigation it-was
1111cu1t to assess the signltlca ce of the medsured

?blocremical oxygen demand of the B 1ndman Rlver with respect

to the oxygen bud et of th

eer River. However, by
= »

evalueting the rélatl#e'tlow'data of the Blindman River and

similar tributaries upstream of Red Deer (Figure I-1) the

as

%(
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Red Deer River at Red Deer, with slénitlcantly'lower

‘low temperature oxygen demand.

‘ | . . ' S : g6 ,
-plausible bounds t6,the oxygen demand effe'cts can be }
. . . - .
conéiqefed. ’ — * . ‘}FA. S N

o -
v
. ..

The four tributaries udsfieam'of the City of Red .Deer,

éﬁown ir Figure I-1 comprise appnpxlhatély 30% of the low,

wintér”flow of the Red Deer River at Red Deer, which is a

greater contribution than duiinz the summer months
A{Historical Stream Flow Summary ~ Alberta to 1973). The
. . , . N ¢

Blindman River, during thits sampling period, was estimated

to céntribute as much as 6% of “the total winter flow of the
) [ . . ’ .

o

contributions (3 to 0.1%) ip tﬁ;_summeg.’Thecfour‘
tributarleg'upstrenm of Red Deer exhiblt high organic

lpaglngsislmila? to thésé Toundiiﬁ the Blindman Rivers. Sinée‘
élénific&;f,biochemlcai oxygenﬁdemandscﬁn_se dg@onstratéd on
naturel 6réan1§.run6ff ( humic and llgnlhflikg substanckétin .}If
ga}tlcular) atb2Q°C aﬁd at’témﬁeratu;és‘nbprp&chlnnginter;

‘ S » ' X : | :
under‘lce,°c6nditions, It is plguslblgvthat ndtural_organlé St

rdrofivcduld cause 'the océurrence;of a few mg/l of DO

dépletion during ice cover in reaches orfthé Ked Deer River

not gub jected to man made pollution. It_also appeap§ that R

>

nitﬁbéenQUS“ongen demand may play a slgnificant role in the -

o

. The flqdjngs,oiﬂfﬁls‘inﬁestigatlon_vith respecf to the

. 3

ﬁfiroggn balance suggest’s that a field lnveétigﬁtlon mey
recsult in‘lnqorreét findings .concerning nitrification if all .

faétoqs~ane.not taken into account. Two important fac tors
which shculd be agsesse@farptthe'poésibke bbcufrences of
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denitrification and probably more lmportant{fin streams'hlgh

. *

in aguatic humus, losses of nltroéenous components.through
fhe bindirg capabilities of humic éubstances. Probably the
best method of sssessing the degree of nitrificatian would
be, to rerform electroi}tic‘respirometer BOD teste on
samples with and without a nitrifying 1nh1b;tor.

1t ¥he widter digsolved oxygen problem in the Red Deer
River upsfream of Red Deer is correctly attributed to
nat;ral organic loading then 1ncredséd wagste water treatment
to réduce-pollutant 1oad1ng,‘would not be, a feasigle
solution to the éroblem. Flow regulation appearé to be the
beet 1oné term ractiqgl solutlén'to this prublemy,.
partfcularilf’igﬂi;rge incfeaseslln municipal and»industrlal

growth 1is anticipated in the near future.



VII. RECOMMENDATIONS

1. Since an increase in the sensitivity of the
electrclytic respirometer techﬁiqﬁe is desira;%e, it is
recommended that n‘plexiglass sleeve be placed within the
electrqutlc cell, as cdemonstrated by Yi?ng‘and Baumann

v (G :
(1972). | | o

2 Since changes in organic anbon levels are so
small, +the implementation of a more sensitlive method of
organ&c carbon analysis.QUCh as, photochgmlcal oxidation
(Pcirier and Woeod, 1978), 1= recéhmended.

e It is recommended that eample copcentration be
actjieved through freeze drying, to minimize chemical
alterations. Another method of 1pcreaslng the abéolute mass
ot peramefers within the reactor without modil fying the
csemplee! reke-up, may be echieved by 1ncréaslngbthe sample
volume (10-20 litres), thus eliminating the sample

g ,
concentration step. However, the behavior of an eteétrolytlc
respircmeter has not yet been demonstrated for such large
cample volumes.

4, A close monitoring of pltrlte, nltrate\and ammonia
nitrogenr is reccmmended %hréughout the course ot a run, to

7 '
give further 1nformat{on regarding the behav&or or fate ot
these compounds iﬂ a sample high in humic substancgs-
Spiking the samples with various concentrations of nitrite,
nifrate and ammonia nitrogen and monltoring theilr b;havior

during a run should also be carried oute Several runs should

also be conducted using a nitrifying inhibitor which does

98



not interfere with- the chemical make—-up of the samplee. Theré
is the possibility that some inhibitors may become bound to
the aquatic humus and become lneffectivé,‘thla shduld be

invecetigatedes It is recommended that the degree of

ritrification be assessed by performing runs with and

witrout a nitrifying inhibitore.

Ce It is recommended that sample seeding be achieved

through the use of a seed solution cultured frem the seaslile

3

f

organisms fouhd at the bottom of the river, to ensure that
no new parameters are introduced.

€. Colour (based on a platinum-cobalt stendard) is

another parameter. which may give further insight into the

bliological degradation of humus. Gjessing (18976) pointed‘out
that there 1ls a close correlation between colour and organic

carbone It must however be reallzed that colour of aquatic
G

f -

humuse can be étjecfed by UV fadlatlon, pHy, mineratl
adsorpfimﬁ gnd o{her fhctoré utbné with bicdegrada tione.

T Since huhlc and lién{n-llke sgbstancés appear to be
the most plauslblé cauéative factor for the observed oxfgen
demarnc, certein components of the compounds should be
efamlned with respect to biodegradation, In the litérature
thepe haﬁ been some indication that a bacferialicultpre-has
bgen isolated whiéhuls capasye of'degrading phenol;c'
cormpounds (many of which are componenté of humic

1

aquatic humus be analyzed with reséect to epecifilc

substances). It is .recommended that a samplgrcontalnlng

.

degradation;édmponents of humus, before and after each rune

7

"
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The agquetic humus in the éamples could be degraded using
) LY

.AlgallnefCuo’oxldation (Hall #nd Lee, 1974) and’speélfic

‘ .
compoundse such as, resorcinol and catechol could.be
quantitatively measured using HPLC. This could be done on an
ﬁPLC by comparing the degraded sample wi&h.standurd
solutione of reeorcinol and catechol, using an anion
"exchange column, An eluent gradient of about 0.02M to 6.0N
aof ammoniuﬁ acetate over a particular flm; period and
‘de¥écfing ét a wavélength of 254nme.

Ke As & final recommendation, it is felt that an
intensiQe study should b; conducted on the benthic oxygen
deéend wi;hin this river gystem in ordér to assess its
slgnlficance with respect to thélwinter dissolved oxygen

deficite.
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TABLE A1 Data from the electrolytic respirometer experiment
at 20°C on concentrated river sample: July 13, 1978.

River Sample - Original Concentration.

pH Tot. Alk. T0C . IC. NO, NO3 TKN
mg/1 . mg/1 mg/1 pg/1 Hg/1 mg/1
as CaC0y - as C as C as N as N as N

8.3 204 17.0 50.0 - - -

20° Electrolytic Respirometer Experiment
(conc. factor* = 6,93, 6.93, 7.60 for R1, R2 and R3 respectively)

112

Time Reactor pH Tot. ATK. TOC Ic - NO, NO3 TKN
hours mg/ 1 mg/1  mg/1  ug/1  pug/} mg/1
as CaCO4 as C as C as N as N as N
0 1 8.3 864 118.0 200.2 - - @
2 8.2 836 119.6 206.8 - -
3 8.2 958 -130.0 223.3 - -
200 1 8.9 670 108.0 123.5 - -
2 8.8 650 112.0 126.0 - -
3 8.8 726 127.4 140.1 - -
* with respect to liquid volume reduction
(=] ‘ s y - D S y - 'Y A A
(-] 2 L A 2 v v Lo v
241 o—o R +
& — ——A R 2
+———+ R 3 .
Xo oo #+X  BLANK
3 T
4.

TIME, HOURS

FIGURE Al? Oxygen demand curves of conceﬁtrateq river sample at

20°C, July 13, 197/8.
’ ’

T -1 T — )
108 140 176 210 246 200 -



FIGURE A2.

- TABLE A2. Data from the electrolytic reépiroméier experiment
: at 20°C on concentrated river sample: July 24, 1978.
. oo . .
River Samnle - Oriaginal Concentration
pH Tot. Alk. TNC IC ‘ - N0, “NO; TKN
ma/1 ma/ 1 ma/1 pg/l pa/l mg/ 1
as CaCo, as C as C as N as N as N
8.4 202 17.0 44 .0 = - -
20°C E]ectro]vt1c Resoirometer Exneriment
+ {conc. factor* = 7.60, 7.88, 7.80 for R1, R2, and R3 resoect1ve1v)
Time Reactor pH Tot. Alk. TNC IC NO, NO, TKN
hours t mq/1 ma/1  ma/1  ug/ pa/l mq/ 1
as CaCO, as C as C as N as N as M
0 1 8.3 986 110.0 211.5 - - -
2 8.4 &1120 122.0 244.0 - - -
3 8.3 1130 124.0 265.0 - - -
210 1 - - - - - - -
: 2 8.5 738 .118.0 211.0 - - -
3 8.5 856 118.0 216.0 - - -
* with respect to liquid volume reduction
[ =) A A - A y e y -
o S \ & v v A g A v »
8 1
o '“
-~ =
\ N N
S -
B .
Cigs 4
el g 4
- o
ok | T T L { 1 L 1
0 -1 70 108 140 f’ 178 210 245 »200
TIME, HOURS

113

Oxygen demand curves of concentrated r1ver samp]e at“z'

20°C, July 24,

1978.
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TABLE A3. Data from the electrolytic resp1rometer exneriment
. at 20°C on concentrated river samnle: Aug. 5, 1978.

River Sample - Oriainal Concehtration

pH Tot. Alk. TOC IC MO, NOS TKN

mg/ 1 mg/ mg/ 1 pg/ 1 pug/1 ~ mg/l

. as CaC0y asC as C as N as N as N
8.3 205 16.0 " 42.0 - - -

‘ 20°C Electrolytic Respirometer Experiment
(conc. factor* = 7.78, 7.26, 7.82 for R1, R2, and R3 respectively)

Time Reactor pH Tot. Alk. T0C IC NO, NOS TKM
hours mag/ 1 mg/ 1 mg/1  ug/l ug/1 ma/ 1
as CaCO; as C as C as N as N as N
0 1 8.2 1180 118.0 285.0 - - -
2 8.1 1118 ‘106.4  245.0 - - -
3 8.2 1232 122.0  255.0° - - -
215 1 9.0 860 122.0 180.0 - - -
2 8.9 812 118.0 168.0 - - -
3 9.0 846 122.0 188.0 - - -
* with respect to liquid volume reduction
[=] L- L i & & J - L.
.0 v v T v ™ o
.8'* o= R 1~ - e I
| Henreest BLANKe o0
[~ -
o gs”- 1
' D.?‘- T4
a4 T
__.+,,__+..+.....++----—+-.----+u+
O‘: — L] 1 L) T ‘ T 1
o 35 70 108 140 175 210 245 280
‘TIME, HOURS '

FIGURE A3 Oxygen demand curves of concentrated river. samp1e at
o e 20 -C, Aug,r 1978. - . _

&
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TA

BLE A4. Data from the electrolytic respirometer experiment at
20°C on concentrated river sample: Aug. 23, 1978.

River Sample - Original Concentration

oH  fot. Alk. Toc | IC NO, NOF TKN
mg/ 1 ma/ 1 ma/ 1 ug/1 g/l ma/ 1
as CaCO4 as C as C as N //’EE N as N

8.

2 180 14.0 45.8 - [\’ - -

20°C Electrolytic Respirometer Experiment
(conc. factor* = 8.46, 7.55, 7.67 for R1, R2, and R3 respectivelv)

Time Reactor noH Tot. Alk.- T0OC IC NO,” NO, TKN
hours mg/1  mg/l mg/ 1 ug/1 ug/1 ma/ 1
as CaC0; as C as C as N as N as M
0 1 8.0 1080 127.0 225.0 - - -
2 8.0 1042 115.6 187.0 - - -
3 8.1 1056 116.8 235.5 - - -
239.3 1 8.6 - 830 116.8 178.0 - - -
2 8.6 778 97.2 161.5 - - -
3 8.6 792 99.0 156.0 - - -
- *owith respect .to liquid volume reduction
g — At
o v
84 o—o@ R 1 +
fereceeid  BLANK
s_l <
SR +
.8 4
g.‘
o ’ §
e L] ] L] L 1 A | L]
® % 70 1a8 140 -173 210 248 280
TIME, HOURS :

 FIGURE A4. Oxygen demand curves of cbncentrated river sample at

20°C, Aug. 23, 1978.
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116
- TABLE A 5. Data from the electrolytic respirometer experiment at 20°C
on concentrated river sample: Seot. 1, 1978.
[
River Sample - Nriginal Concentration
pH  Tot. Alk.  TnC Ic NOZ NOS TKN
, mg/1 mg/ 1| ma/1 pa/l ug/1. mg/1
as CaC0, as C as C as N as N as N
8.3+ 182 15.0

41.8 - - - -

20°C Electrolytic Respirometer Experiment

(conc. factor* = 7.08, 7.79, 8.21 for R1, R2, and R3 respectively) , “*
Time Reactor pH Tot. Alk. TOC IC NO, 'NOQ TKN
hours - mq/ 1 ma/1T . ma/) ua/1 ua/l mg/ 1
as CaCO; as C as C as M as N as N
0 1 8.1 1032 105.2 215.0 - - -
2 8.2 1082 110.2  237.5 - - -
3, 8.2 1222 120.3  268.0 - - -
200 1 8.7 854 © 99.0 180.0 - - -
2. 8.6 870 110.2  192.5 - - -
. 3 8.6 954 116.0  187.5 - - -
* with resbect to liquid volume reduction |
8 — + —
84 o—o R +
| 44— Rr2
#eeereeed BLANK
3" D=
—’ -1 -
;é &
. O -
§N
o TR (iaa 4
e L} | T T T L4 T ’
o 36 70 108 140 175 210 245 280 et
Oxygen deand. curves of ‘concentrated river sample at . Y

 FIGURE A5,

20°C, Sept.1,.1978. . . . .70 ?

toraT
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TABLE A6. Data from the electrolytic respirometer exper1ment at -
‘ 20°C on concentrated river sample: Oct. 31, 1978.

Riven Samn]e.- 0r1q1na1 Concentration

pH  Tot. ATk. - TOC.. ' IC. V'ND" d‘f:"NO CE TN

Cmg/Te - ome/1 mg/1 - qu/} - opg/loc 0 ma/t
as CaCO; ° as-C - .Zas C. . -as.N " as N\ . as N

7.8 228 140 543 C 0.5 .86  0.92

20°C Electrolytic Respirometer Experiment
(conc. factor*= 7.63 for.R1,-R2, and R3)

Time Reactor pH  Tot. Alk: TOC ;,Icﬂifvj noa. NS - A.fTKN B
hours, o mg/1 - 'ma/] ma/1 uQ/T ~u0/1 mg/
, as ‘CaC05 as C as C as as M as N
0 1,2,3 8.1 1128 110.0 194.5 0 28.3 5.01
247 1 8.7 . 598 107.8 156.0 0 3.9 3.73
2 8.7 862 106.4  163.5 0 19.5 4.86
3,5 8.9 860 106.0  140.5 0 1.3 5.06
* with -respect to liquid volume reduction , *
S —t + —— ¢
8'1 o——86 R 1 +
A— R 2
+———+ R 3
Xenveras X BLANK ;]
3- b
- 8-\ o
P (} ‘
= .
g & g
2 s
-a ,_,»..,,ss 7o 108 140 ws (20 248 280 v

”’f*uéFIGURE A6 Oxygen demand curves of COncentrated river samp]e at R
. “ - . .,uzooc OCt 31 1978 i, ) ' R S
.n : S L -



" TABLE A7.

Data from the electrolytic respirometer experiment at

‘*;‘> FIGURE A7.

20 Nov 10, 1978

an oy ": .
A v

20°C on concentrated river sample: Nov. 10, 1978.
' River Sample - -Original Concentration ‘
pH - Tot. Alk. Toc - IC-. NO;  NOj TKN -
Seeooomg/lo o mg/] mg/1 Hg/1 pa/l mg/1-
.. as CaCO, - as €~ = as. C =~ ~as N~ as N as N
. 7.8 225 .. .. 12.8 - 39.2 2 1.9 0.66
- ZOGC'Eléétrolytic Resoinometer'Exneriment"
( conc. factdr* = 7.65 for R1, R2, and R3)
w;-Timewo Reaqtona"pH«~uTOt:-A1k}:‘TOC L IC - N0 nlMO‘ TKN
oL : ras “Ca€0y. .. as C, ~as € as N ~as N as N
Sy o102, 300802 0 1094 16 274.0 O D5  0.66
134.5 1 - - " - R 82 . - 40.4 -
P . PN 2 ~.-_ - - - _ _ 82 42.6 -
R -3 - - - ' - 83- ©38.3 -
260 1 9.0 778 102.4 162.5 3.5 0 4.51
2 9.0 . 790 104.2 163.6 3.0 19.3 4.59
3 8.9 790 103.6 164.0 3.0 10.3 5.22
* with resdect to liquid vo1umé reduction
8 + —t + + + ¢
84 o——o Rr 3 =
N . R
+———+ R 2 -
Xovannnn X BLANK
g.. .4&‘
-
gz- -
8-' ‘ -
= L ')4-,-)4"'X“.‘W'X"'K“'V'_““,«"“ )
X e — — % _
LIS B 1os 140 ,",1,75.-" 210 245 280 - .
. TINE. E-DLRS . Sl
4

Oxygen demand curves of concentrated river samp]e at

Ik
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@

TABLE A8. Data from the electrolytic respirometer experiment at 20°C
on concentrated river sample with ATU added: Oct. 22, 1978.

~ River Sample - Original Concentration

pPH  Tot. Alk. 70 - IC NOS NO; TKN
.mq/1 . - mg/1 mg/1 Hg/1 ug/1 mq/1

as CaC0; = 7 as as C as N as N . as N

7.4 223 165 . 480 - - 0.85

,.VZOfC Electrolytic Respirometer Experiment

(conc. factor* = 7.71 for R1, R2, and R3)

- Time Reactor pH  Tot. Alk. T0C . IC NOz -7 NOy - = TKN * -
- hours - omg/1 -mg/1. mg/] pa/t . pa/l . ma/71 .
o as CaC0; “as C as C-  as N as N as N -
S0 71,2,37 8.0 1110 115.4 - "184.0 © 5. 113.3 : 4.56-
175 1 8.8 1112 114.3 2240 132 77.7 5.88
2 . 8.8 1096" 114.3  223.5 5 . 87.5 4.84
3 8.8 7

1090 -~ -120.0- -201.5 5 . 66.0 5.0

Uk with resbéct‘tb'iiquid'vo1ume reduction

T

1+ + { - + —+
8- "O——@ R 1 -+
A& R 2?2
-t R 3
b SEEER RN X BLANK
Q- +.
J 5 4
d 81 -l
4
24 :
Q T

+ T T T —~ ’
0 88 70 106 140 178 210 246 260

TIME, HOURS

- FIGURE A8. Oxygen demand curves of concentrated river sample at
_,7,ﬁ20°C,with 5 mg/1 ATU added, Oct. 22, 1978.
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"TABLE A9. Data froh the electrolytic respirometer exoeriment at
I .20°C on unconcentrated river sample: 0Oct.- 4, 1978.

P

River SémpTe'? Oriéinal Canentratﬁon B

pH  Tot. Alk. ¢ . 1cC NOS L N0p T TN
‘ mg/1 mg/1- . oma/1. opa/lo o g/l mg/l
. as CaC0, as C - as C as N~ as M as N
C7a7 e 175 36.5 - o . —
h. ‘ f -20°C. E]ectro1yt1c Reso1rometer Exper1ment e
J' (conc factor = 1.00 * for: BL, R2; and- R3) o ‘

Time Reactor pH Tot. Alk. TOC ~ IC NOy - NOJ TKN
. hours SR co o omg/1 0 ma/l mg/ 1 ua/1 « ug/l. . mg/1 -
SRR ... 7.7 as.CaChy  as Cooras € ooas N as N ooas Neo
0 1,2,3. 7.7 179 17.5 36.5 - - -

238.8 1 -~ 8.7. . 180 17.8 - 29.4. - - -
2 . 8.6 - 180 17.2 27.8 - > - -
3 - 8.6 180 16.0 34.6 - - -

g4 +——————t +
}L_
R -
" 4
4
4
T T T T
0 36 70 140 178 = 210 245 280

TITEi %KMJ?S

.FIGURE A9 ‘Oxygen demand curves of unconcentrated r1ver samp]e at
20°C, Oct 4, 1978,



‘ FIGURE A10. Oxygen demand curves. of concentrated river samp]e at
o 4¢C, Nov. 23, 1978. :
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TABLE A10. Data from the electrolytic respirometer exoeriment at’
. 4°C on concentrated river sample: Nov. 23, 1978.
"River Samnle - Original Concentration N
oH  Tot. Alk. - -TNC IC .. NO7 S NOy - TRN
o oma/1 e ma/d e emgy/ ) T g/l T a/T o mg/ T e e
- as €aC0, as C as C cas- Mo as N T as N
7.5 | 299 - 17.4 72.0 2.2 24.9 . | 0}95 :
4 C Electro]yt1c Resprrometer Exoerament ‘
S -l ¢onc. factor* = 7.36 for R1, R2, and R3)
Time Reactor pH Tot. Alk. TOC  IC- NO; NOZ TKN
hours o ma/1 ma/ 1 mg/ 1 ua/l pa/1 mg/ 1
. . as CaC0; ~as C  as C  as N as N~ as N
2 1,2,3 . 8.1 1274 - 117.2  310.5 0 1 - 4.95
145.7 1 - - - - - 9 “73.0 -
: 2 - <Lt .l . 4. 89.0 .- -
. 3 - - - - 6 63.0 -
. 263.8 1 9.0 11018 113.6  222.0 3 77 .6 5.16
2 8.9 1044 115:0 228.0 1 87.3  5.30
3 - 9.1 1028 116.6 217.5 3 71.0 5.20
* with respect to 1jquid vo]uﬁé %eddctioh '
o I ' R e ) L‘b . 5
©oT . v v ) v L g ™ T
‘ g4 o—=o r'i. 4
: A——a. R 2 .
- 4————+ R I ,
v’ x"',““_").(- BLRNK
7}‘, . _j Q4 ’ - . JP
D S %
‘g. —
§ d
gﬂ -+
a4 o a® R ¢
===
N OERES Woerooorona e e oo Hewe X ;
° Baad . h | | ;| l.“\ /“
‘ . © 140 178 210 246 200 . 7 -
TIME, HR. T T
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TABLE All. Data from the- e]ectro]yt1c resn1rometer exner1ment at .
-4°C on concentrated r1ver(samp1e Dec. 14, 1978.
RivervSamp1e - ﬂr1qnhaT Concentrationi
"oH - Tot. Alk.  TOC - IC  NOf NOj TKN
: - mg/1 . - mg/1l - mg/1 . pa/l o - ug/i mg/1
as CaCO, as. C . as ¢ -, as N\ ~as M. 0 as N
7.7 318 15,0 785 2 74.0 . 1.0
4°C Electrolytic Resoirometer Experiment -
( éonc: factor* = 7.53 for R1, R2 and R3)
‘Time Reactor pH Tot. Alk. TOC IC NOS  NO; TKN
hours : ma/1 ma/ 1 ma/1 cpa/l pa)l ma/ 1
' ' as CaC0, as C "as C as N as N as N
0 1,2,3 - 8.3 1424 112.0 321.0 0 2.1 5.36
261.5 1 9.9 1140 111.0 261.0 N 418.4 4.78
2 . 8.9 1048 . 106.1- - 248.9 1 417.4  4.56
3 9. 0 - 1124 114. O 256.2 0 428.6 _4.92
N P o
,* w1th respect t0.11qu1d v01ume reduct1on T e e e
-3 "t + +
81 & —9 rR1 i A
: H——""t R 3 .
~ ] Xeeee-seX  BLANK
g4 S +
-
4

O e T T =T -
o 5 70 108 140 176 210 245 280
"TITEL *xnu?s~

FIGURE Al1l. Oxygen demand curves of concentrated river samp]e at
. 4°C, Dec. 14, 1978.
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TABLE Al2. Data from the\e]ectro]yticvrespirometer experiment at
4°C on unconcentrated river sample: Jan. 4, 1979.

River Sample - Original Concentration

pH  Tot. Alk.  TOC IC N0~ NOS TN
mg/1 : mg/1 mg/1 ug/1 Hg/1 ug/1
~as CaC0s . as C - as C as N . as N as N

7.3 389 S 15.0 90.3" 2 - 142.0 0.4 -

4°C Electrolytic Respirometer Experiment
(conc. factor #71.00 for:R1,R2 and R3)

Time  Reactor pH Tot. Alk. T0C IC NO, ~ NO; TKN
hours mg/1 - - mqg/1 mg/1 ug/l ug/l ma/1
as CaChy; as'C as C as M as’N as N
0 1,23 7.3 389 . 15.0 9.3 2 142.0 0.84
225 1 8.3 230 14.8 56.0 23 . .132.7 .0.64 N
‘ 2 8.1 = 250, .  .'14.7: " "60.8" 0 146.9 0.73
- '3 - BL2° 226 -~ '18.4 . 61.6 0 110.6 0.74
8 + —+ + - — .
ol o o ' 4
8] 2 R e
v Rg . o
------- B

...........

T ~T — T T
0 - 1 70 108 140 175 210 . 248 280

TIME, HOURS

FIGURE A1l2. Oxygeh deméhd curves of unconcentrated rijver sample at
4%C, Jan. 4, 1979.



