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ABSTRACT

EFFECTS OF Ni(II) ON BOD EXERTION - MODELLING OF THE BOD CURVE

YUCEL, Gamze
M.S.in Environmental Sciences
Supervisor: Asst.Prof.Dr. 01kO YETIS
September 1992, ,114 pages.

In this study, the toxic effect of Ni(II) on BOD was eva-
luated and the BOD exertion in the presence of Ni(II) was mo-
delled. To this purpose, different concentrations of Ni(II)
(1.0, 2.0, 3.0, 4.0, 5.0 and 10.0 mg/L) were added to a synt-
hetic wastewater sample, and the daily BOD exertions were me-
asured for a period of 20 days. As it was expected; a gradual
decrease was observed in the BOD values with increasing Ni(II)

concentration.

The experimental data was utilized for the simu1atfon of
BOD exertion in the presence of various Ni(II) concentration
and the BOD exertion model proposed by Swamee and Ojha was fo-
und to be satisfactory. A commonly used modelling approach,
Thomas method,was also applied to the data; however, the re-

sults are unsatisfactory in the presence of Ni(II).



Experimental results indicated that, Ni(II) is toxic to BOD
and the degree of toxicity depends on the level of Ni(II) in the

wastewater.

Key Words: BOD, modelling, effect of Ni(II), BOD parameters,

heavy metals, BOD exertion curve

Science Code: 615.02.01
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Ni(II)’NIN BOI OZERINE ETKILERI~-BOI EGRISI MODELLEMESI

YUCEL, Gamze
Yﬁksek Lisans Tezi, Cevre Bilimleri Ana Bilim Dals
Tez Ybneticisi: Yrd. Dog. Dr. UlkU YETIS

Ey1lal 1992, 114 sayfa

Bu calismada, Ni(II) nin BOl (zerindeki toksik etkileri
arastiriimis, Ni(II) igceren atiksularda BOl’nin degisimi g&éz

lenmistir.

Bu amagla, degisik Ni(II) konsantrasyonlarini (1.0, 2.0,
3.0, 4.0, 5.0 ve 10.0 mg/L) 1ig¢eren sentetik atiksuyun 20 gin
sliresince BOI degerleri 8lg¢Ulmlus, yapilan literatir arastirma-
larindan da beklendigi Uzere, artan Ni(II) konsantrasyonu 1ile

birlikte BOI degerlerinde azalma gbzlenmistir.



Ayrica, deneyler sonucunda elde edilen veriler degisik
Ni(II) konsantrasyonlarinda, BOD egrisi modelleme c¢alismalars
amaciyla kullaniimis ve Swamee ve Ojha modeli dile beklenilen
sonuglar alinirken, kullanimit yaygin bir mpde? olan Thomas me-

todu ile beklenilen sonuclar alinamamistir.

- §
Anahtar 8&zclUkler: BOI, modelleme, N{EEI) nin etkisi, BOI pa-

N . .
rametreleri, agir metdller, BOL e§?131

[ g EERE 3]

Bilim Dalir Sayisal Kodu: 615.02.01
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NOMENCLATURE

K reaction rate constant(according to base e), day-?
k" reaction rate constant(according to base 10), day-1
t time, day

L ultimate BOD, mg/L .

Lt amount of the first stage BOD remaining in the water at

time t, mg/L

y amount of BOD exerted at time t, mg/L
Ye BOD exerted at time tc, mg/L
Yo constant related to the size of inocula and the

microbial activities in the system

L EERE R

a total carbonaceous BOD, mg/L

b initial DO concentration, mg/L

n order of reaction

Mc rate exponent for carbonaceous stage
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mL slope of the BOD exertion curve

wp L plateau BOD, mg/L

Mc a slope of the BOD exertion curve prior to occurence of
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tp time at which plateau starts, h-1

tclL time at the end of plateau, h-i

McL rate exponent |

Mcb rate exponent

S = S(t) stationary random process accounting for the noise in
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CHAPTER I
INTRODUCTION

The biochemical oxygen demand (BOD) is usually defined as
the amount of oxygen utilized by bacteria during the oxidation
of organic material contained in a wastewater sample (Benefi-
eld and Randall, 1980). This test is based on the premise that
all the biodegredable organic material contained in the in the
wastewater sample will be oxidized to COz and Hz20, using mole-
c;1éénoxygen as the electron acceptor. Therefore, it is a di-

rect measure of oxygen requirement and an indirect measure of

pollution biodegredable organic matter.

As various investigators reported, BOD test is widely used
to determine the pollutional strength of domestic and indust-
rial wastes in terms of the oxygen that they will require if
discharged into natural watercourses in which aerobic conditi-
ons exist (Sawyer and McCarty, 1985; Tchobanoglous, 1981; Ga-
udy and Gaudy, 1980).

BOD data have wide application in environmental enginee-
ring practice. It is an important criterion used in watertpo1—
Tution control where organic loading must be restricted to ma-
intain desired dissolved oxygen levels. The determination is
used in studies to measure the purification capacity of rece-
jving waters and serves regulatory authorities as a means of

checking on the quality of effluents.



BOD is also a parameter of great +importance in the design
and operation of biclogical wastewater treatment processes.
It is a factor in the choice of treatment method and 1is used
to determine thesize of certain units, particularly trickling
filters and activated sludge units. After treatment plants are
placedin operation, the BOD test is used to evaluate the effi-
ciency of various units. However, with the BOD test, only the
biodegredable organics are measured and the test does not have
stochiometric validity after the soluble organic matter pre-

sent in the solution has been used.

As mentioned by Tchobanoglous(1981) despite the wide spre-
ad use of the BOD test, it has a number of limitations. Since
this is a bioassay procedure, it is extremely 1important that
environmental conditions be suitable for the 1iving organisms
to function in an unhindered manner at all times (Sawyer and
McCarty, 1985). For example, the use of nonacclimated biologiQ
cal seed is probably the most common factor responsible for
erroneous BOD results. Acclimated seeds can be developed in
the laboratory by feeding the wastewater to be tested to an
aerated flask of settled sewage organisms over a period of ti-
me. If the waste has been discharged to a stream for a consi-
derable period of time, a water sample from the stream some
distance below the outfall will usually contain a population
of acc11mated{organisms. Settled effluent from a plant trea-

ting the some wastewater can also be used.

As another disadvantage of the BOD test; theoratically an
infinite amount of time is required for the complete biologi-
cal oxidation of the organic matter. But, for all practical

purposes, the reaction may be considered complete in 20 days.



However, 20 day period is too long to wait for results, in
most instances it has been found by experience that, a 1large
percentage of total BOD 1is exerted in 5 days; consequently the
test has been developed on the basis of a 5 days incubation

period.

In fact, the BOD test may run the risk of not reflecting
the true organic strength of the influent in the presence of
inhibitors such as heavy metals and toxic organics (Artan and
Orhon,1985). These metals which typically include nickel, c¢h-
romium, copper, mercury, cadmium and‘zinc are placed among to-
Xic materials that aré presently receiving considerable atten-
tjon.‘in the environmental engineering 1literature (Yetis,
198851

Although it is associated with such risks or disadvanta-
ges, BOD is T1ikely to remain in the future as an important wa-

ter quality indicator (Leduc et al., 1985).

In this work, the effects of Ni(II) as an inhibitor on BOD
exertion curve will be evaluated and modelling of the BOD cur-
ve in the presence of Ni(II) will be studied. It 1is known
that, most of the models used:to describe the 1laboratory BOD
progression curve are of the deterministic type. The conventi-
onal method, Thomas method is generally used for evaluation of
BOD parameters, k and L. As another approach, to describe the
entire exertion process, Swamee and Ojha(1991) proposed a ge-

neralized BOD exertion equation valid over all the phases.



In this study, the comparison of applicability of both
Thomas method and a model proposed by Swamee and Ojha 1in the

presence of Ni{(II) will be examined.



CHAPTER II
LITERATURE REVIEW

In this chapter, previous studies carried out until pre-
sent that has been done on the kinetics of BOD exertion and
modelling of the exertion curve will be reviewed. The effects
of heavy metals on BOD kineticé especially Ni(II) will be emp-
hasized.

[ LS

2.1. BOD Progression Curve

As mentioned, BOD is the amount of oxygen required by bac-
teria while stabilizing decomposable organic matter under ae-
robic conditions(Sawyer and McCarty, 1985). Since BOD reaction
fs closely related to a first order type of reaction, a plot
of the amount of organic. matter remaining versus time yields a
parabolic curve. Likewise, if a plot is made showing the amo-
unt of organic matter oxidized versus time, another parabolic
curve 1is obtained. Because oxygen 1is used in direct ratio to
the amount of organic matter oxidized in biochemical oxidati-
ons, a plot of oxygen used versus time should produce a para-
bolic type of curve also. A typicé] BOD curve has”séme charac-
teristics similar to those for the curve for organic matter
oxidized during the first 8-10 days. Following that, the BOD
curve decreases radically from the course. It would be expec-

ted to follow as a unimolecular or first order reaction.



A typical BOD progression curve was divided into five

nes for discussion by Benefield and Randall (1980). These

nes are illustrated in Figure 2.1.
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Figure 2.1.BOD Progression Curve

During the first stage; the lag and synthesis dip 1is due
to a combination of retarded oxidation as the organisms accli-

mate to the substrate and reduced oxygen utilization during

the high-synthesis phase. It should be noted that the BOD

bottle becomes cloudy on the second day, indicating a large

increase 1in microbial mass. Synthesis requires much less oxy-

gen per unit of substrate .utilized than does oxidation to car-

bondioxide. Synthesis and oxidation are given as:

Synthesis: CsHiz + 2.25 Q2 —> CsHINO2 + 2.5 H20

Oxidation: CsHi2 + 8 Oz —> 5 CO2 + 6 Hz20

Zo—



The second stage; as the mass of microorganisms became
large,the rate of synthesis decreases and the rate of oxygen
reaction increases. This causes a very rapid oxygen utilizati-
on in this phase. At the end of second phase, as substrate be-
comes limiting, the rate of okidation decreases. Reduced oxi-
dation rates at the end of this phase may also be due to the
fact that the more easily utilized materials have been assimi-

lated and only the more difficult materials remain.

In the third phase; during the second or third day the
microorganism concentration reaches a maximum and an oxidation
plateau is reached. The reason for the plateau or third phase
is not completely understood but it has been speculated that
ﬁ£ 1é”either due to changeover from external substrate to cel-
lular materials as a food source with a slight acclimation pe-

riod; or to the onset of rapid growth of predator organisms.

Fourth phase; the endbgenous phase occurs after the pla-
teau where cellular components are oxidized to provide energy

for l1ife-support functions.

During the fifth phase; at about 10 days, -organisms that
oxidize nitrogen compounds begin to predominate. The nitrif-
ying organisms are probably present throughout the test, but
because proteins are resistant to breakdown and much of the
nitrogen is tied up in the proteih, the nitrifiers do not pre-
dominate until nearly the end of the carbonaceous oxidation.
This causes a second hump in the curve called the "second-sta-

ge BOD" or “"nitrification”.



2.2. Kinetics of BOD Reactions

2.2.1. First Order Kinetics of BOD Reactions

The oxygen utilization in the BOD test is a’bio1ogica1 re-
action. For this reason, the 5acteria1 environmental conditi-
ons, the initial mass of organisms, acclimation of the bacte-
ria to the organics, and the food/microorgaisms ratio are 1im-
portant variables and possible sources of differences 1in re-
sults (Benefield and Randall, 1980). Biochemical reactions
usually involve a complex series of ‘intermediate reactions,
and it is impossible to provide an exact mathematically based,
theoratical explanation for the oxidation. This is also valid
for the BOD test. Nevertheless, it is generally assumed that
BéD E;moval approximates first order kinetics; that is, the
rate of BOD removal (rate of oxidation of organic matter) is
directly propertional to the amount of BOD remaining at any
time. Mathematically, the expression for the time progression

is expressed as:

dlt
— = - k'Lt (2.1)
dt

where;

t : time

Lt : amount ofrthe first stage BOD remaining in the water at

time t.
k" : reaction rate constant

This equation can be integrated as:

In Ljt = =K t

o



4

— = e-k't 10-kt (2.2)

where;

L or BOD 1is the BOD remaining at time t=0 (ultimate BOD)
k" is the reaction rate constant.

The relation between k" and k is as follows:

K = ' (2.3)
2.303

The amount of BOD remaining at any time t;
Lt = L(10-kt) (2.4)

and y, the amount of BOD that has been exerted at any time t.
y =L~ Lt = L(1~-10"kt) (2.5)

This relationship is shown in Figure 2.2.

L gesmm o m e e crrc c e mmm———————— - .
“

BOD exerted fron
Otot

80D remoining
at time t

Time ¢

Figure 2.2. Formulation of the First Stage BOD Curve



2.2.2.8econd Order Kinetics of BOD Reaction

One such alternative model that has received considerable
attention is the second order model proposed by Woodward
(1953). This model describes the rate of disapperance of orga-
nic matter as being proportional to the square of concentrati-

on of remaining organic matter, or

gL
- — = kL2 | - (2.6)

By integration and substitution of (L-y) for L gives:
LZkt

y = (2.7)
1+LKkt

where all the values are the same as those described in secti-
on 2.2 except the rate constant k which dis 1in terms of

(mg/L)-1.day" 1.
2.2.3. Comparison of First and.Second Order Kinetics

As various 1investigators (Streeter and Phe1ps,}1909; The-
riault, 1927; Benefield and Randall, 1980; Metcalf and Eddy,
1979; Hewit at al., 1978) reported; in most cases, the BOD
progression curve has been succesfully modeled using the
first order kinetics. Thé first order model is extensively
used by practising environmental engineers. Because 1t most

often gives satisfactory results and mathematical formulation

10



for first order kinetics is very simple. As it was strengthe-
ned by the studies of Berkin (1980), the first order relati-
onship provides an acceptable model for the biological oxida-
tion of complex substrates at least in the range of normal

crude sewage samples.

Evaluation of the second order model has produced conflic~
ting results. Certain investigators have found that the second
order equation fits BOD data as well as the first order (Wood-
ward, 19583; Young and Clark, 1965), or that it gives a better
fit than the first order (Butts and Kothandaraman, 1970). Sto-
nes (1981) also confirmed that the rate of oxidation of carbo-
naceous matter in domestic sewage during the first stage was
péépé?tional to both its unsatisfied BOD and the residual DO
concentration; and that the process therefore conformed to a

second order Kinetics.

dy
— = k(a-y) (b-y) (2.8)
dt

where;

a :total carbonaceous BOD

b :initial concentration of DO

Marske and Polkowski (1972) observed that, the second or-
der model becomes more adequate as the first ordef reaction
rate constant, k, value increases. This can be explained by
the fact that as the first order k value increases, the resul-
ting curve approaches a second order curve. It seems that when
the first order k is in the region of 0.15 to 0.20 day-' the

data are described equally well by both models. However, when
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the first order k becomes greater than 0.20 day-!'! the second
order model describes the data more accurately than the first
order model. This suggests that an estimator who uses a first
order k of 0.20 day-1' or greater is underestimating the actual
rate of the reaction. Therefofe the use of the first order mo-

del should be limited to k values of 0.20 day-! or 1less.

Hartmann and Wilderer (1969) studies on the differentiati-
on of zero, first, second and third order of kinetics. They
reported that, it is possible to describe the whole process by
one mathematical formula. The process is composed of a set of
single reactions, with each of them under the proper lcad va-
lues being the rate limiting one. At low load values, the se-

Sty

cond order reaction is the best approach.
2.2.4. A Multiorder Approach to BOD Kinetics

Such conflicting reports given in Section 2.2.3 suggest
that, if the first and second order equations do not adequa-
tely describe BOD kinetics, then perhaps some other order ki-

netic equation could be superior to both (Hewitt et al1.,1978).

If n is defined as the order of the reaction, then a gene-

ralized form of equation (2.1) would be:

dL
- —— = kLn (2.9)
dt

Upon integration and introduction of y this equation becomes
y = L=-[(n=1)k+L(1-n) J1/(1-n) (2.10)
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This equation is valid for any reaction order except the first

where 1/(1-n) is meaningless.

The general trend observed is that, as n becomes larger, L
also becomes larger. This is hot a completely new observation,
as other investigators (Young and Clark, 1965) observed that
the second order L was approximately equal to 1.25 times the
first order L. Hewit et al.,(1978) found out that, second or-
der L values ranged from 1.23 to 1.25 times the first order
values averaging 1.39, which is reasonably in a good agreement
with the findings of Young and Clark (1965). According to the
studies of Hewitt et al.,(1978) two approaches employed to ob-
serve which order might be considered convenient for BOD kine-
t{és;mwhether from the standpoint of rate eguations ability to
closely fit the data points or its ability +to predict Tlater
BOD values from early BOD measurements, 12 of 21 samples exhi-
bited increasingly better performance as the order of the BOD
eqguation increased from 1 to 4. Thus, although 5 samples best
followed 1.5 order kinetics, two first order kinetics, and one
each others 2.5 and 3, general trend was for better performan-

ce by the higher order equations.

Unfortunately, this trend:towards better performance in
both fitting data and predicting final BOD values from early
measurements is achieved at least in part through increasingly
larger calculated ultimate BOD values, so that as n proceeds
from 1 to 4, the L values are more than doubled. Examination
of the oxygen uptake curves suggests that these L values for
higher ordered reactions are unrealistically high, and use of
these equations to take advantage of their generally better

performance must be weighed against the probability that the
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ultimate BOD values calculated from their use do not represent

actual environmental levels.
2.3. Methods for the Estimatiqn of BOD Parameters(k and L)

Benefield and Randall (1980) reported that, - the rate at
which organic materials oxidized 1is dependent upon several
factors, such as temperature, nutrients, biological population
etc., and it is reflected by magnitude of the reaction rate
constant k. To obtain more complete information on the extent
and the rate of decomposition,'the constéhts L and kK must be
determined. The sighificance 6f k in de?ermining cause of the

BOD reaction is illustrated in Figure 2.3.
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Figure 2.3.Effect of Reaction Rate Constant on BOD

(For a Given L Value)
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The rate of biochemical reaction, or rate constant k, can be

evaluated in a number of ways:

THE LEAST SQUARE METHOD: This method can be used for first

and second order reactions.
— = k" (L-y) (2.11)

In this equation both k" and L are unknown. If it is assum-
med that, dy/dt represents the value of the slope of the curve
to be fitted through all the data points for a given k™ and L
v;1Qé: then because of experimental error, the two sides of
Equation (2.11) will not be equal but will differ by an amount
R. Rewriting Equation (2.11) in terms of R for the general ca-

se yields:
dy
R = k'(L-y) - — (2.12)
dt
Simplifying and using the notation y" for dy/dt gives
R=k'L - k"y - y" (2.13)

Substituting "a” for k"L and "-b" for k" gives

R=a+by_y' (2-14)
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If the sum of the squares of the residuals R to be a minimum,

the following equations must hold:

dsR? dr
= 52R — = 0
da da
(2.15)
dxR? dr
—— = I2R — = 0
db db

EPE]

If the indicated operations in equation (2.15) are carried
out using the value of the residual R defined by equation

(2.14), the following set of equations result:

na + by - Iy" = 0 N (2.16)
asy + bSy? - Tyy“= 0 o (2.17)
- where;
n : number of data points
k! : -b(base e)
L : -a/b
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THOMAS METHOD: This method is based on the similarity of two

series functions.

t k2/3
(—)1/3 = (KL)-1/3 +

y - BLV/3

t (2.18)

According to equation (2.18), when (t/y) versus t was plotted
a line with a intercept of, (kL)-'/3 and with a slope of
k273 /6L1/73 1is obtained (Figure 2.4).

13
(t/y)

Figure 2.4. t versus (t/y)'/3 Transformation of Data

MOMENTS METHOD: This method 1is based on taking moments of the
determined values above the vertical coordinate axis of BOD
“versus time curve. A similar curve is computed which yields he
value of L. These curves given in Figure 2.5 can be applied

only to a specified time sequence of observation which must be
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selected in advance.These curves can only be used for 1, 2, 3,

14, 5, 6, 7 day BOD vaues or an exact multiple of these days.

03044

43.80 3

{

Ey/L 7 Sy/Sty
Ly/S1y
gy/L
o 0.284 11.80
3
- K =

Figure 2.5. Moments Method Calculation Chart

SLOPE METHOD: This method assumes a 11near relationship betwe-
en the rate of BOD exertion and the BOD itself.
dy
—— = k(L-y) (2.19)
dt

By applying least square method;
R = k(L-y)-dy/dt o (2.20)J
substituting for "a" for kL and (a - b) for k;
R = a+by-y'

SRZ = S(atby-y )2
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2 normal equations,

na+bZy-sy“= 0
aZy+be2—Zyy”= 0

n is the number of data.

Yn+1 = Yn-1

t ne+1— tn-1

By solving above two normal equations k and L can be calcula~
teq.
Berkiin (1974) compared the k values, calculated using the
method of moments given by Moore et al. (1950), and the new
equations given by the author which provide the convenience
of calculating the k values directly from daily BOD data (See
Appendix B). The results obtained from his studies have indi-
cated that the method of moments is a reliable method, it gi-
ves better estimates than the other equations. Because a sa-
tisfactory‘1inearsh1p between first order parameters and ob-
tained from methods of moments and second order parameters

using crude sewage data.

Marske and Polkowski (1972) studied to obtain concrete
evidence on the quality of the methods used to estimate k and
L. They concluded that methods of moments of ~estimating the
first order BOD parameters, k and L, is the best method when

the estimator does not have access to a digital computer.The
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Thomas Slope Method consistently underestimates the k con-

stant and consiquently overestimates the ultimate BOD.
2.4.Effects of Heavy Metals on BOD

As it is khown, one of the functions of BOD 1is to evaluate
the efficiency of various treatment plants. On the other hand,
many municipal treatment plants receive wastewaters containing
heavy metals due to the increasing trend towards combining mu-
nicipal and industrial wastes. These‘metaTS which include nic-
kel, chromium, copper and zinc are placed among toxic materi-
als that are presently receiving considerable attention in the
environmental engineering literature.

Heavy metals are often in soluble form in wastewaters. The
soluble forms of heavy metals are considered most toxic as to-
xicity and availability to biological systems 1increase with
the 1increasing solubilities(Sujarittanonta and Sherrard,
1981). The general effect of heavy metals on biological reac-

tions can be seen from Figure 2.5.

INCREASING DECREADING
SYIMULATION 1__STIRULATION | TOXICITY

1 !

el  OPTIMUN CONGCENTRATION

\ CROSEOVER '

REAGTION RATE " COMCENTRATION
WITHOUT WETAL

Rais of biclogicol recstion ———e

Y]

[}
Matal  Conceniralion

Figure 2.6. General Effects of Heavy Metals on Biological Re-

actions (McCarty, 1964)
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At Tow concentrations of heavy metals, an increase in biologi-
cal reaction rate is observed. That means, low concentrations
of heavy metals stimulate the biological reactions. However,
increased concentrations of the heavy metal cause in decrease
in stimulation , and then a point is reached at which the sti-
mu]atfon disappears. Beyond this point, the rate of biological
reaction is less than the no-metal condition case. Finally, at
relatively high concentrations, bacterial activity approaches

the zero.

As various investigators (McCarty, 1964; Bagby and Sher-
rard, 1981; Chang et al., 1986; Lamb and To11efson, 1973; Ku-
gg]mgn'and McCaEty, 1964) reported, microorganisms usually ha-
ve tﬁe ability to adapt some extent to 1inhibitory quantities
of toxic materials during long term exposure. This adoptation
is called acclimation and the extent of adoptation is change-
able(McCarty, 1964). In some cases, the activity of microorga-
nisms after acclimation may approach that obtained in the ab-

sence of toxic material; but in other cases it may not.

Although some researchers have investigated the effects of
some inorganic metal compounds on BOD, no effort has been made
to study the effect on the growth of bacteria comperatively.
Baker (1971) showed that, even very small concentrations of
HgClz can effect the values using the standard dilution tech-
nique. Dawson and Jenkins (1959) studied the effécis of Cu,

Ni, Zn, Cd and Cr on BOD using Warburg apparatus.
Berkiin (1980) studied the effects of inorganic metal toxi-
city on BOD. He found that, when inorganic chemicals were used

in smaller concentrations, microorganisms acclimated themselves
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to the medium, and after initial lag, oxygen uptake started.-
Higher BOD was observed when lower concentrations of metal
compound was used. And these differences remained unchanged
throughout the 5 days period. Berkin concluded that, treshold
concentrations. the inorganic chemicals found different than
the other researchers (Barth et al., 1965; Baker, 1971; Malo—
ney et al., 1959; Dermott et al., 1963). These differences may

be caused by one or more of the following factors:

1. Type of BOD measurement technique used
2. Composition of media
3. Characteristics of media

4. Species strain type and number of microorganisms in the seed.

Mowatt (1976) investigated the relation between heavy me-
tal concentration and quality of suspended solids (SS) while
dealing with the effects of heavy metals on BOD test and ob-
served that the toxic concentration often seemed to be related
to the quantity of S8S. This i1s logical in view of the fact
that in bacteria, one would expect that the toxicity of a gi-
ven substance is a function of the biomass affected. It should
be taken into account that metal ions not only affect the bac-
teria by inactivation of their:- enzyme systems or in other
ways, but also can react with chemicals in solution and solids
in suspension or be removed by simple adsorption on the solids
thus Towering the effective concentration of the metals in so-

Tutions.

As Mowatt (1976) also reported, a more important limitati-

on of the BOD method is that the essential minerals in the di-
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lution water effect the solubilities of many metals, ' precipi-
ating them out of solution to some extent and thereby redu-
cing the actual amount of ionized metal present to produce to-

xic effects.
2.4.1. Effect of Ni(II) on BOD

A very Tlimited number of studies have been done on the ef-
fect of Ni on BOD. As mentioned earlier, evaluation of plant
performance with BOD experiments suffers a major drawback. For
example, if one considers the toxicity of heavy metals to the
microorganisms in the BOD bottle, then the observed readings
will be sum of the effects on the BOD test itself and effects
og thg actual plant performance. Percent reductions observed
in overall removal were 1 and 3 ¥ for 5 and 10 mg/L of Ni(II)
doses respectively. However the{r run with 2.5 mg/L Ni(Il1) was
notable as the percent reduction achieved in this run was gre-
ater than the 5 and 10 mg/L runs. They observed a 5 % reducti-
on in overall BOD removal efficiency for the 2.5 mg/L run. On
the basis of these observations, they concluded that the maxi-
mum level of Ni:which will not»produce a detectable effect on
treatment efficiency is greater than 1 mg/L and less than 2.5
mg/L. Mc Dermott et al. (1965), also concluded that 'hetero
trophic organisms could tolerate without reduced efficiency a
continuous dose of 1 mg/L. Thus a Ni concentration of 1 mg/L
is the treshold 1imit. Contrary tb the findings of Mc Dermott
et al., (1965), Research Comittee (1950) reported +that; con-
centration of 6 mg/L Ni has a treshold effect where 10 mg/L

has a very prohounced effeact.
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Gokcay and Hatipoglu (1984) showed that the measured BOD
may increase with the increasing dilution 1in the BOD bott-
le, and the reason for this effect was speculated as the pre-
sence of toxic heavy metals in an effluent which was diluted
in the BOD bottle with the accomponying lessening in their to-

xic effect or microorganisms.

Artan and Orhon (1985) studied the impact of inhibition on
the BOD kinetics by selecting Ni and Cd as 1inhibitors and
concluded that, BOD test may be used as an instrument to as-
sess the impact of inhibitors on biochemical reactions. The
effect of several factors such as nickel concentration, the
organic content, the dilution rate may be evaluated using the
s%and;rd test procedure. The mathematical interpretation of
inhibitory actions is simplified when 1ncorpbrated into BOD
kinetics, due to low substrate concentrations. The approach
may be used to define a constant, k, characterizing inhibition
effects. In contrast to these findings, Yetis (1988) found
that, microorganisms will be adopted to Ni(II) 1if sufficient
acclimatization period is allowed. The author studﬁed the ef-
fects of Ni(II) on the completely mixed activated sludge pro-
cess, at concentrations of 5.0, 10.0 and 25.0 mg/L respecti-

vely.

The variable effects of 5.0 mg/L Ni(II) on the performance
of the activated sludge unit with‘the changing dilution rates
was attributed to the heterogenous nature of the activated
sludge. It was reasoned that, the selection imposed on the va-
rious species of organisms by the presence of Ni(II) or chan-
ging dilution rates may have led to the suppression or the
overgrowth of certain species which in turn affected changes

in the bijokinetic constants of the system. It 1is also found

24



that, Ni(II) concentration of 25.0 mg/L was completely toxicv
to the activated sludge process and that the treshold concen-
tration of Ni(II) is higher than 10.0 mg/L. The fact that a
continuous culture system could be maintained at this state
remains unexplained. Thus, one can expect to have the microor-
ganisms to be adapted to Ni(II) within the BOD bottle. If this
is the case, than the BOD exerted at fifth day might be the
actual second or third day BOD of that wastewater. That is to
say that, the BOD exerted at certain day might correspond to

the actual fifth day BOD exertion.

Lt

2.5. Modelling of the BOD Exertion Curve

As discussed in previous sections the BOD progression cur-
ve has been succesfully modelled using the first order kine-
tics. Most of these models which describe the Tlaboratory BOD
progression curve are of the deterministic type. However, BOD
progression is not a simple process and it may not be possible
to describe it adequately with deterministic models. According
to Leduc et al., (1985) the process shows random fluctuations
due to variability in the chemical and the biochemical compo-
sition of complex organic wastes and also due to the presence
of heterogenous cultures of bacteria. Moreover, uncertainity
in the measurements arising from fnstrumentation no%se, samp-
1ing, analytical and data transmission techniques and errors

are additive factors.
So, Leduc et al., (1985) developed a stochastic model as
an alternative to deterministic models, that account for mea-

surement of uncertainity and natural variability of the comp-
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lex composition of the waste and the heterogenous bio]ogicé]
populations involved. It is assumed that the process is driven
by an input noise, this assumption being based on the fact
that the BOD process is inherently subject to randomness and

uncertainity.

Assuming that uncertainity appears in the form of 1in-ad-
ditive random disturbance, then equation (2.22) can be writ-
ten.

dL
= -kL + S (2.22)

dt
where;
S = 8(t) is a stationary random process accounting for the

noise in the process.

Leduc et al., (1985) reported that, this model 1is gene-

rally applicable to any first order kinetics for BOD.

Maoyu (1990) proposed an autocatalitic model for the oxi-
dation of carbonaceous matter. The effects of 1inoculum size
and microbial activities on the kinetics of BOD where also ta-

ken into account by that model.

During the biochemical oxidatfon of carbonaceous organic
matter, microorganisms play the role of catalyst, and by uti-
1izing the energy evolved during the process, microorganisms
continuously reproduce new ones which again catalyze the oxi-
dation of organic matter. Therefore the biochemical oxidation

of organic matter can be regarded as an autocatalytic reaction.
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Maoyu (1990) assumed that the number pf microorganisms repro-
duced is proportional to the amount of organic matter oxidi-
zed, in addition, 1is proportional to both its unsatisfied BOD
and the residual concentratiqn of DO and proposed an autoca-

talytic kinetics model:

dy

— = ks (a-y)(b-y)(y+ye) ~ (2.23)

dt
where;
a : total carbonaceous BOD

- BOD'satisfied after time t

b : initial concentration of DO
Yo : constant related to the size of inocula and the

microbial activities in the system

ki, k2, ks: velocity coefficients

This equation means that, the rate of oxidation of carbo-
naceous matter is proportional to its unsatisfied BOD, the re-
sidual concentration of DO and the quantity of microorganisms
with given activities, which equals the addition of the quan-

tity of the inocula (yo) and ‘the reproduced gquantity (y).

Maoyu (1990) concluded that: the autocatalytic kinetic mo-
del can satisfactorily explain the problem of 1ag‘ period 1in
BOD test. If the size of inocula and/or the microbial activi-
ties increase adeguately so that yo is large enough to make
(b-y)(y+yo) become constant, the autocatalytic kinetics model
can be expressed as first order kinetics and if the size of
the inocula and/or microbial activities 1increase greatly so

0
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that yo is very large as compared with a autocatalytic kine-

tics can be converted into second order kinetics.

Since the BOD kinetics models describe a particular phase
or stage only, and lack in general applicability over the en-
tire exertion process, Swamee and Ojha (1991) proposed a gene-

ralized BOD exertion equation valid over all the phases.

During the carbonaceous phase for an acclimated seed with
moderate temperature substrate, the BOD exertion starts initi-
ally, showing an increasing rate kinetics for a very short du-
ration(perhaps in hours). For such a case the BOD curve can be
modelled as;

M A

y=L[(te/t)me/n+i]-n (2.24)

where;
me :exponent for the carbonecaous stage
tc :apperant time of reaching the first stage BOD

n :transition exponent given by;

n = -1.4427 Inyc/L
yc :BOD exerted at time te

Thus all the parameters of equation (2.24) can be evé]uated,
if BOD exertion data are available for a sufficientTy long
time. He reported that, during the lag phase, equation (2.24)

can be expanded as;

y=L[(to/t)m1/n + (tc/t)me/n + 1]...... ..(2.25)
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where m. is the slope of the BOD exertion curve (on double Tloga-

rithmic plot) for the time t<tL (lag time).

The equation for two stage BOD exertion curve with a pla-

teau in the carbonaceous stage is given as:
y = wpl [(tp/tu)mca/n(t/t)"/m + (tp/t)"ca’/m + 1]-7 +
(1-wp )L[(te/tecL )®ecp/ N (ter/t)mcL/P + (te/t)mcp/n + 1]-n
+ (wn=1)L % [(tn/ts)mp/"(ts/t)ms/n + (tn/t)mn/n + 1]-n
(2.26)
where;

wplL : the plateau BOD

mca : the slope of BOD exertion curve prior to the occurance
of plateau

tp : the time at which the plateau starts

tec1 : the time of the end of the plateau

me1 : the corresponding exponent

meb : the slope of the BOD curve

As mentioned before, a generalized BOD equation proposed
that model involving the log phase, plateau and the second
stage can be converted to special forms with the exceptions of

particular phases or stages.
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CHAPTER III
SCOPE AND PURPOSE

As reviewed, the BOD test may run the risk of not reflec-
ting the true organic strength of the influent in the presence
of heavy metals. However, acclimitization might take place du-
ring the exertion. If this is the case, then it might be pos-
sible to predict the actual BODs value for the wastewater con-~

taining heavy metals at relatively low concentrations.

Thus, the purpose is to ihvestigate the effects of Ni(II)

and to model BOD exertion in the presence of Ni(II).

To this purpose, two sets of experiments were conducted by
adding 1.0, 2.0, 3.0, 4.0, 5.0 and 10.0 mg/L Ni(II) to the
synthetic wastewater and BOD exertions were measured daily for
a perijod of 20 days. The éxperimenta] data obtained was utili-
zed for the simulation of BOD exertion in the presence of va-
rious Ni(II) concentrations. A commonly used deterministic mo-
del, namely, Thomas method and a model proposed by Swamee and
Ojha (1991) were applied to investigate the effects of Ni(II)

on BOD exertion and on BOD parameters, k and L.



CHAPTER IV
MATERIALS AND METHODS

To assess the effect of Ni(II) on BOD kinetics, 20 days BOD
experiments were conducted. To ascertain the effect of diffe-
rent Ni(II) concentrations, two series of tests were carried
out by adding 1.0, 2.0, 3.0, 4.0, 5.0 and 10.0, mg/L, of
Ni(fi)wgo synthetic wastewater. The method given in "Standart
Methods for the Examination of Water and Wastewater"” (See Ap-
pendix A) was applied for BOD determination. Experiments were
carried out with a synthetic wastewater with the contituents
given in Table 4.1. During the experiments, all the variables

were kept constant except for Ni(II) concentrations.

4.1. Materials Used
4,1.1. Preperation of Synthetic.Wastewater

Throughout the experiments, synthetic wastewater with
known metal concentrations were uséd as wastewater sample. The

basic constituents and the concentrations in the wastewater

are shown in Table 4.1.



Table 4.1. Composition of Synthetic Wastewater

Constituents Concentration(mg/L)
Proteose pepton 55.94
NacC1l 18.65
Naz 804 44.60
Kz HPO4 44,60
MgClz .6Hz20 - 3.70
FeClz .2Hz20 3.70
CaClz .2Hz20 3.70
Mn80a4 57x10-3

' h Hz MoO4 31x10-3
NaOH 8x10-3
ZnS04 46x10-3
CoS04 49x10-3
CuSO4 76x10-3

Proteose pepton (Oxoid) was the sole source of organic
carbon and organic nitrogen. The concentration of the pepton
in the synthetic medium was adjusted as 55.94 mg/L. This pep-
ton concentration corresponded to a protein concentration of
29.76 mg/L. Such a low organic content was delibaretly adjus-
ted in order to minimize the dilution in BOD. Phosphate salts
were added to the medium to provide phosphorus as well as to
maintain pH stable at 7.0. The quantities of nitrogen and
phosphorus were adjusted to allow carbon growth 1imiting. A1l
the other nutrients were added in sufficient quantities to sa-

tisfy the growth requirements of the bacteria.
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In preparing synthetic wastewater, firstly, 0.3 g of pro-
teose pepton and 0.1 g of NaCl were dissolved 1in 500 m1 of
distilled water to prepare pepton solution, then, Solution A,

B, C were prepared according to compositions given below:

SOLUTION A:
MNS04 .H20 68.83 mg/L
MoOs3 30.00 mg/L
NaOH(0.05N) 8.35 mg/L
ZnS04 .6H20 37.89 mg/L
CaClz2 .6Hz20 80.78 mg/L
Cus80s .5H20 81.70 mg/L

SOLUTION B:

KH2 POa 25x103mg/L
Naz S04 25x108mg/L
SOLUTION C:

MgClz2 .6H20 10x10 mg/L
FeClz .4H20 12.21x10%8mg/L

CaClz .2Hz0 10x102mg/L

Having the proteose pepton so1ﬁt10n, and so]utiéns A, B
and C in hand, synthetic wastewater was prepared by adding 300
ml of proteose pepton solution, 3,25 ml of 6.25 ml of Solution
B and 1.3 m1 of Solution C to 3217.5 ml1 of tap water. The re-
sulting composition of the synthetic wastewater s

Table 4.1.

given 1in
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4.1.2. Preperation of Nickel Stock Solution

Nickel stock solution with a concentration of 10 g/L was
prepared by utilizing the salt of NiClz2H20. The desired con-
centration of Ni(II) was maintained by adding required amount

of Ni(II) stock solution into synthetic medium.
4.1.3. Dilution Water

A wide variety of waters have been used for BOD work. Tho-
rough long experience it has developed that; a synthetic dilu-
tion water prepared from distilled or demineralized water is
best for BOD testing, because most of the variab]es'11ke mic~
roo;gaHQSm population, mineral content etc. can be kept under
control (Sawyer and McCarty, 1985). Thus throughout this
study, distilled water saturated with oxygen was utilized.
Aeration was éupp]ied for two days to ensure that the distil-

I

led water is saturated with oxygen.

In Winkler BOD determination, it is essential to have su-
itably diluted samples so that adequate nutrients and oxygen
will be available during the incubation period (Tchobanoglous,

1981).

In the Titerature, it is advised to set three different
dilutions. However, when the strenéth of a waste 1s‘khown with
some assurance two dilutions may be sufficient. Hence, throug-
hout this study, in the first set of experiments two dilution
ratios, namely, 1/25 and 1/50 dilotion were applied. Since sa-
tisfactory results were obtained from the lower dilution ra-

tio, 1/25 dilution ratio was applied in this study.
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4.2. Seeding

The dilution water should always be "seeded" with wastewa-
ter or other material to ensurelan uniform population of orga-
nism in various dilutions and tb provide an opportunity for
any organic matter present in the dilution watef blanks to be
exposed to the same type of organisms as those in the wastewa-
ter.

Experience has shown that, domestic wastewater provides
about as well balanced a population of mixed organisms as
anything, and usually 2 ml of wastewater per liter of dilution
water is sufficient. In this study, settled domestic sewage
obtained from Middle East Technical University Treatment plant
ent;ahé; has been utilized. t Sewage samples were stored at

20°C for 36 hours and 2 ml of this wastewater was added to

each liter of dilution water.

The dilution water containing the seeding material will
contain organic matter and that addition of the diluting water
to the sample will increase the amount of oxidizable organic
matter, therefore, a correction must be applied. This is achi-
eved by using blank values. Blanks serve as the reference va-
Tue from which all calculations:of BOD are made. To have sta-
tistical reliability two blanks were analyzed for each concen-

tration of Ni(II).

Thorough, the experiments BOD bottles were equipped with
water seal to prevent entering of air during the 1incubation
period and they are cleaned to be free of organic matter. This
cleaning is accomplished by two rinses with tap water and a

final rinse with distilled water.
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Finally, blanks and the diluted samples were incubated for
20 days in the dark at 20 C. DO values of 1incubated samples
and the blanks were determined using the azide modification of

the iodometric method. (See Appendix A).

4.3, Calculation of BOD

Volume of the bottle

BOD (mg/L) = (DPOn~- DO;)

Volume of the sample

where:

‘e St

DO : Dissolved oxygen value found in the blank,mg/L

DOs : Dissolved oxygen value found in the diluted samples,mg/L
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CHAPTER V
RESULTS AND DISCUSSION
5.1. Experimental Results

In order to examine the BOD exertion'curve'under the ef- i
fect of heavy metals, laboratory BOD bottle test have beén
performed. Ni(II) was selected as the toxicant or heavy metal
and standard 2 days BOD experiments were run for various con-

+ ‘rt

centrations of Ni(II).

vVarying amounts of Ni(II), namely, 1.0, 2.0, 3.0, 4.0,
5.0 and 10.0 mg/L were added to the synthetic wastewater and
two different sets of experiments were conducted with this

wastewater.

To obtain baseline data, BOD of synthetic wastewater with-

out nickel was also determined for each set of experiment.

In order to decide on the dilution ratio to be employed in
BOD tests, initially two different ratios, namely, 1/50 and
1/25 were tried. The results reveé]ed that, the dilution rate
of 1/25 is enough for getting BOD readings and there is no ne-

ed for higher dilutions rates.



5.1.1. First Sets of Experiments

In the first set of experiments, BOD values for the Ni(II)
concentrations of 1.0, 2.0, 3.0, 4.0, 5.0 and 10.0 mg/L were
determined daily for a period 6f 20 days. The resu]ts\obtained
from this study are presented in Table 5.1 (See also Appendix
C), and the percent effects of Ni(II) on the exerted BOD are
tabulated in Table 5.2. The values presented in this table are
the arithmetic averages of the measurements obtained from pa-

rallel experiments.
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Table 5.1. Effect of Ni(II) (mg/L) on BOD Exertion

Days 0.0 1.0 2.0 3.0 4.0 5.0 10.0
0 0 0 0 1.25 0 0 0
1 5 2.50 2.50 0 0 0 0
2 5 2.50 7.50 0 2.50 0 0
3 5 5 12.50 6.25 5 21.25 15
4 10 5 45 6.25 11.75  7.50°
5 10 6.25 7.50 7.50 5 10 10
6 12.50 2.50 7.50 18.75 2.50 11.75 8.75
7 12,50 10 15 7.50 7.50 16.25 12.50
s 10 5 16 5 7.50
9 12.50 5 14.75 2.50 10 5 5
10 15 10 20.13 3.75 15 11.25 13.75
11 22.5 11.25 15 11.25
12 10 7.50 22.5 18.75 0 17.50 12.50
13 35% 7.50 5 15 12.50
14 11.25 17.50 15
15 10 8.75 7.50 7.50 18.75 15
16 47.50* 7.50 7.50 5 18.75  12.50
17 5 15.05 13.75 7.50 20 15
18 24.93 13.75 18.75 15
19 12.50 10 7.50 11.25 12.50
20 - 20 15 21.25 11.25 7.50 20  17.50

¥ : Due to the experimental errors (Bubbles were seen during the

observations)
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Table 5.2. Effect of Ni(II) on Mean BOD Values{mg/L)

Days Percent Effect of Ni(II) on BOD Exertion

0.0 1.0 2.0 3.0 4.0 5.0 10.0
1 50 50 100 100 100 100
2 50 150 100 50 100 100
3 0 250 125 0 425 300
4 50 300 37.5 - 112.5 25
5 37.5 25 25 50 0 (0]
6 g 80 490 150 80 10 30
7 | | 20 120 40 40 130 0
8 50 160 50 25 nda* nda*
9 60 164 80 20 60 60
10 33 134 75 0 25 8
12 25 225 - 100 175 125
13 79 nda* nda* 86 57 64
15 12.5 nda* nda* 25 187 0
16 84 nda* 76 89 61 74
20 25 225 44 62.5 0 13

* : no data available

As it can be seen from Table 5.2, addition of 2.0 mg/L
Ni(II) to the synthetic wastewater caused an increase 1in BOD
exertion for all the days except first, fifth and sixth dayé.
At this Ni(II) concentration, BODzo of the wastewater dincrea-
sed to 21.25 mg/L, although it was 20 mg/L in the absence of

Ni{II). However, the difference between these two values
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are not so high and they can be easily accepted as equal.

According to the findings of Berkin (1980), as heavy metal
concentration is increased, BOD_exertion will be decreased; or
higher BOD values would be observed in the absence of heavy
metals. Similarly, Morgan and Lackey (1958) also reported
that, the heavy metal toxicity 1is usually evidenced by an inc-
rease in BOD with increasing dilution. Parallel to these fin-
dings, in this set of data, a]théugh a gradual decrease in BOD
with gradual increase in Ni(II) concentration was not obser-
ved, there was a decreasing trend in BOD exertion in the pre-
sence of Ni(II) with the exception of 2.0 mg/L Ni(II). At this
Ni({I) goncentration (Figure 5.12) ultimate BOD exertion was
much higher than those of other concentrations. On the other
side, the addition of 5.0 mg/L Ni(II) into the synthetic medi-
um did not cause any change on BOD20 and the addition of 10.0
mg/L Ni(II) caused a slight decrease in BOD2o. The BODz¢ 1in
the presence of 10 mg/L Ni(II) decreased to 17.5 mg/L from the
earlier 20 mg/L. Another observation was that addition of 1.0,
3.0 and 4.0 mg/L Ni(II) concentrations decreased the BODzo
exertion gradually, as was expected (Table 5.1).

Since the results obtained from this set of experiments
were somehow cotradictory, it was essential to repeat the ex-
periments and to prove the va]idity'of the data obtained. To
this purpose, a second set of experiments were run fof the sa-
me Ni(II) concentrations and great care was taken for holding
all environmental parameters constant. To minimize the experi-
mental errors, synthetic wastewater to be utilized 1in second
set of experiment prepared as a large batch and this batch of
wastewater was utilized for all the BOD bottles by simply var-

ying the guantity of Ni(II) in the bottles.
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5.1.2. Second Set of Experiments

In this set of experiments, since it was aimed to use the
same batch of synthetic wastewater and to obtain data for all
Ni(II) concentrations at once, it was 1impossible to measure
BOD exertion for all the days; thus, only fifth and twentieth
day BOD exertions were measured. The whole data obtained from
this set of experiments are given in Table 5.3 as a summary

(See also Appendix D) and the percent effect of Ni(II) on BOD

exertion is presented in Table 5.4.

Table 5.3. Effect of Ni(II)(mg/L) on BOD Exertion

Days 0.0 1.0 2.0 3.0 4.0 5.0 10.0
0 0 2.5 2.5 0 0 0 0

5 38.3 25 25 20 15 21.25 22.5
20 97.5 22.5 27.5 32.5 22.5 17.5 17.5
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Table 5.4. Effect of Ni(II) on Mean BOD Exertion

Days Percent Effect of Ni(II) on BOD Exertion
1.0 2.0 3.0 4.0 5.0 10.0
0 0 0 0 0 0 )
5 35 35 48 61 45 42

20 77 72 67 77 82 82

As it was expected, in these experiments, a gradual decre-

ase in the measured BODs and BODzo was observed, when Ni(II)

concentration was increased from 0.0 mg/L to 10.0 mg/L.

As can be seen from Table 5.4 that, even the highest con-
centration of Ni(II) applied in this set of experiment, na-

mely, 10.0 mg/L did not complietely inhibit the oxygen uptaKé

but caused delay in BOD. The supression of BODzo with 10.0 .

mg/L Ni(II) was about 82 % whereas the supression was about
42% for fifth day BOD. Similarly, for the lowest concentration
tested, the percentage effect of Ni(II) on fifth day BOD was
about 35 %, whereas it is about 77 % for twentieth day BOD.
Thus, it is not wrong to generalize that the fifth day BOD
exertion is about 50 % of the twentieth day BOD eke}tion for
all the Ni(II) concentrations tested (Table 5.4). This obser-
vation might be speculated as the validity of the same rate\

expression for all Ni(II) concentrations.

Along this study, for the evaluation and discussion of ex-

perimental results, a combination of data from these two sets
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of experiments were used. To obtain more reliable and reprodu-
cable results, some of the extreme data points were not consi-
dered in this data evaluation. The resulting data set which
will be used in modelling studies are presented in Appendix E.
Table 5.5 is a summary table which tabulates the refined data

from Appendix E.

Table 5.5, Effect of Ni(II) on BODs, BODi1g and BQODzo

Ni(II)(mg/L) conc. BODs BOD1o BODzo
0.0 10 15 50
| 1.0 5 10 15
2.0 7.5 20 25
3.0 20 12.5% 36
4.0 5 15 22.5
5.0 10 12.5 20
10.0 10 13.75 17.5

¥ : Eleventh day measurement

As it is seen from this table, BODs and BODio were not se-
riously effected by the presence of Ni(II). There was only
slight decreases in BODs and BODio with an increase in Ni(II)
concentrations. On the other hand, the net effects of these
Ni(II) concentrations on BODzo were considerable (Figure 5.1
5.3). For example, the same BODs values obtained with no-nic-
kel case and wastewater containing 5.0 and 10.0 mg/L Ni(II)
concentrations (See Figure 5.1). During the examination of
BODi1o values also, higher BOD value in the presence of 1.0

mg/L (13.75 mg/L) was observed compared to 1.0 mg/L Ni(II)
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concentration which has BODi1o reading of 10.0 mg/L (See Figure
5.2).
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Figure 5.1. Effects of Ni(II) on BODs
However, Figure 5.3 shows that, there is a gradual decre-
ase of BOD values with the increasing Ni(II) concentrations,

with the exceptions of 1.0 and 3.0 mg/L Ni(II) concentrations.
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This means, if the 1nconsisten¢y of the BODzo values measured
by the addition of 1.0 and 3.0 mg/L Ni(II) is attributed to
the experimental errors and inconsistent nature of the BOD ex-
periment, other results obtained for ultimate BOD are as ex-

pected and confirmed by the studies of Berkin (1980).
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Figure 5.2. Effects of Ni(II) on BODio
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Figure 5.4 shows the effect of Ni(II) on BODzo, in the ca-

se of 1.0 and 3.0 mg/L data were not considered.
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_Figure 5.4. Effect of Ni{II) on BODzo by omitting 1.0 and 3.0
mg/L Ni(II) data
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5.2. Modelling of the BOD Curve

In order to quantify the effect of Ni(II) on BOD data and
to test the validity of the model proposed by Swamee and thé
(1991), the data presented in Appendix E and discussed in pre-

vious section were utilized.

The following sections are for the applicability of this
model for BOD exertion in the presence of Ni(II). To this pur-
pose, Swamee and Ojha’s model was applied and the model para-
meters were determined for each Ni(II) concentration conside-
red.

‘0

5.2.1. Applicability of the Model to the NoQNicke1 Case

Swamee and Ojha’s model proposed for the carbonaceous BOD

exertion of the wastewaters without any toxicant 1is:
y = L [(te/t)mc/n+ 1]-n (5.1)

As can be seen from equation (5.1), log y‘ versus log ¢t
should yield a straight 1ine if this m&de1 represents the da-
ta. The validity of this model. for the synthetic wastewater
considered (without Ni(II)) was tested by plotting BOD exerti-

I "

on "y" against time "t" on a logarithmic paper (Figure 5.5).

As it can be seen from Figure 5.5 and the corre]ati%n co~-
efficient obtained, the fitness of the 0.0 mg/L data to the
model proposed is acceptable. A straight line with a slope of
0.703 * 0.2 and with an intercept of 0.517 * 0.15 was fitted

with a correlation coefficient of 0.80 to no Ni(II) BOD exer-
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tion data. Considering the nature of the Winkler BOD determi-
nation and the accuracy that can be obtained by this test, one
can easily conclude that, the BOD exertion model proposed by
Swamee and Ojha (1991) can be applied to data obtained in the
absence of any toxicant. In other words; that is to prove the
validity of this model for the synthetic wastewater utilized
throughout this study. Rate exponent for the carbonaceous sta-

ge was found as 0.703 1/day from the slope of the straight 1i-

ne obtained.
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Figure 5.5. BOD Exertion in the Absence of Ni(II) k
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5.2.2. Applicability of Model to Wastewaters Bearing 1.0 mg/L

Ni(II) Concentration
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Correlation Coefficient 1:0.77

Figure 56.6. BOD Exertion in the Presence of 1.0 mg/L Ni(II) 1in

the Wastewater
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The BOD exertion model proposed by Swamee and Ojha (1991)

for the wastewaters containing any toxicant is:
y=L[(tL/t)mL/n 4+ (te/t)me/n + 1]

In this model, there is an additional term for the 1inclu-
sion of the lag phase which is expected to take place 1in the
presence of the toxicant. In this expression m. 1is the rate
exponent for the lag period whereas me¢ is the rate exponent
for the next phase or the phase after lag period. Therefore,
it is normal to expect to have two straight lines with diffe-
rent slopes in log y versus log t plot in the presence of
Ni(II).

In order to test the yalidity of this model for the waste-
water bearing Ni(II) at a concentration of 1.0 mg/L, the data
presented in Table E2 were utilized and Figure 5.6 was plot-
ted. As can be seen from this figure, there is no lag phase 1in
BOD exertion; microorganisms suddenly starts to oxidize the
organic matter and continue to oxidizing the organic matter
with the same rate exponent. Thus, there can be obtained a
single straight 1ine from log y versus log t plot with a s]ope'
of 0.516 * 0.16 and with an intercept of 0.333 % 0.11. The
correlation coefficient obtained 1is 0.77. Since the magnitude
of the correlation coefficient measures how well the data fits
the model, the applicability of thé model to the wastewater
containing 1.0 mg/L Ni(II) is debatable. However considering
the experimental errors which are not easy to prevent in Wink-
ler BOD determination. It is not wrong to consider this value
as acceptable. From the slope of the line, reaction rate came

out to be 0.516 1/day which is less than that of no nickel ca-

52



se, namely, 0.703 1/day. This was contradictory to the Tfin-
dings of Yetis (1988), who concluded that, Ni(II) at a concen-
tration of 1 mg/L was stimulatory to the microbial activity 1in
the BOD bottle. Considering this observation, at this Ni(II)
concentration an increase in biological reaction rate could be

expected, which is not observed in this study.

5.2.3. Applicability of Model to Wastewaters Bearing 2.0 mg/L

Ni(II) Concentration

From Figure 5.7 it is obvious that, there is no lag in BOD
exertion; BOD exertion starts immediately, and goes on follo-
wing the same rate expression. Thus, there is a single 1line
fiﬁfed‘ho the log y versus log t data with a high correlation
cooficient, 0.86. A comparison between 1.0 and 2.0 mg(L cases
reveals that, the correlation obtained in 2.0 mg/L case 1is
much better than 1.0 mg/L case. The slope of the straightvline
is 0.617 * 0.14 and the intercept of it is 0.599 * 0.1. From
this straight line, rate exponent, me¢ was found as 0.617 1/-
day, which means that, 2 mg/L Ni(II) is 1inhibitory to the mic-
robial activity in the BOD bottle. The percentage decrease in

the rate exponent is about 12% with respect to no-Ni(II) case.
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5.2.4. Applicability of Model to Wastewaters Bearing 3.0 mg/L

Ni(II) Conhcentration

As in the cases of 1.0 and 2.0 mg/L Ni(II), lag phase al-
so, could not be observed in the presence of 3.0 mg/L Ni(II)
in the wastewater. So, a single 1ine with a slope of 0.306 %
0.18 and with an intercept of 0.854 t+ 0.18 was plotted. As it
can be easily seen from Figure 5.8 considerable deviations of
the data from the best fit 1ine shows a very bad correlation,
0.47. A very 1low rate cohstant, me , compared to 0.0, 1.0 qnd
2.0 mg/L Ni(II) cases was calculated which is 0.306 1/day. Ho-
wever, these unsatisfactory results may be partly attributed
to experimental errors mentioned in Section 5.1.2.

5.2.5. Applicability of Model to Wastewaters Bearing 4.0 mg/L

Ni(II) Concentration

During the experiments run with the 4 mg/L Ni(II) concen-
tration, BOD exertion started 1nit1a11y and showed an in&rea—
sing rate kinetics. Thus, as 1in other cases, one straight 1line
with one slope was obtained (Figure 5.9). The reaction rate me,
namely, 0.913 1/day shows that, 4 mg/L Ni(II) is inhibitory to
the microbial activity in the BOD bottle. This 1is c¢onfirmed by
the findings of Yetis (1988), such that, higher reaction rate
was found than that of no-Ni(II) case,which is 0.703 t1/day. A
comparison with the other Ni(II) concentrations, 0.0, 1.0,
2.0, and 3.0 mg/L reveals that the correlation obtained in 4.0

mg/L is the best one obtained.
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5.2.6. Applicability of Model to Wastewaters Bearing 5.0 mg/L

Ni(II) Concentration
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Figure 5.10. BOD Exertion in the Presence of 5.0 mg/L Ni(II) in

the Wastewater
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Figure 5.10 obviously shows the deviations of the data
from the best fit line with a correlation coefficient of 0.44,
This means a model proposed by Swamee and Ojha (1991} can not
be applied to wastewaters bearing 5.0 mg/L Ni(II) concentrati-
ons. Rate exponent is found ito be 0.239 t1/day, which shows 66%

decrease from the rate exponent of no Ni(II) case.

5.2.7. Applicability of Model to Wastewaters Bearing 10.0 mg/L

Ni(II) Concentration

From Figure 5.11. it is obvious that, there is no 1lag in
BOD exertion; BOD exertion starts immediately, and goes on
following the same rate expression. Thus, there 1is a single
lin; f{éted to the log y versus log t data with a high corre-
lation cooficient, which is 0.86. A comparison with other
Ni(II) concentrations considered reveals that, the correlation
obtained in 10.0 mg/L case is much better than 1.0, 3.0, 5.0
mg/L cases. The slope of the straight line is 0.353 * 0.04 and
the intercept of it is 0.73$ + 0.06. From this straight Tline,
rate exponent, me was found as 0.353 1/day, which means that,

10 mg/L Ni(II) 1is inhibitory to the microbial activity in the
BOD bottle.
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5.3. Evaluation of BOD Exertion For Various Ni(II) Concentra-

tions
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Figure 5.12. BOD Exertion Curves of Different Ni(IIf Concen-

trations



As mentioned before, the BOD values may have the risk of
not reflecting the true strength of the influent in the pre-
sence of heavy metals as is indicated 1in Figure 5.12, which
shows the resulting BOD exertion curves obtained throughout
this study. The BOD exertion curves indicated in this figure
are the drawings of the equations presented 1in Figures (5.5
5.11). As is obvious from Figure 5.12, 1.0 mg/L and 3.0 mg/L
Ni(II) data did not satisfy our expectations, such that, the
ultimate BOD value of 1.0 mg/L Ni(II) concentration is lower
than that of 10.0 mg/L and ultimate BOD of 3.0 mg/L is Tlower
than that of 5.0 mg/L. The reason for these two exceptional
BOD data can be attributed to the experimental errors. Throug-
hout the experimental study, measurements for 1.0 and 3.0 mg/L
Ni(fi) concentrations were conducted together within the same
set of experiment, which might be performed with a relatively

low organic strength wastewater by experimental error.

5.4. Thomas Method for the Estimation of BOD Parameters,
k and L

In this study, k and L values were also calculated using
Thomas method to compare ultimate BOD values obtained by this
method and from Swamee and Ojha’s (1991) model. In fact, the
purpose in this approach was to compare the models rather than

the numerical results obtained.

In order to test the validity of the Thomas method for the
wastewater without Ni(II) and to calculate the parameters K
and L, the data presented in Table E1 was used. A straight 1i-
ne with a siope of 0.02 % 0.23, with an intercept of 0.609 =&

0.01 was fitted to t versus (t/y)'/3 transformation of data
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{Figure 5.13). However, the correlation coefficient of thi

fit was a quite low value, namely, 0.47. From the equation

]

of

this 1ine, reaction rate, k, and ultimate BOD, L, estimated as

0.1976 1/day and 22.45 mg/L respectively.
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0.00 .-1TfillITIIllTlTiTI]T.TTIlFTlIlIIIIIer‘l;]
0.00 5.00 10.00 15.00 20.00

t(day)

y = 0.02t + 0.609

Correlation Coefficient: 0.47

Figure 5.13. t versus (t/y)'/3 Transformation of Data in the

Absence of Ni(II)
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Similarly, for 1.0 mg/L Ni(II) concentration, a straight
Tine with a slope of 0.031 % 0.26 and with an intercept of
0.739 * 0.01 was fitted to the data presented in Table E2 (Fi-

ultimate BOD was found as 9.92 mg/L.
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0.00 5.00 10.00 15.00 20.00

t(day)

y = 0.031t + 0.739

Correlation Coefficient: 0.61
/F_J -

Figure 5.14. t Versus (t/y)'/3 Transformation of Data for the

Wastewaters Bearing 1.0 mg/L Ni(II) Concentration
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For 2.0 mg/L Ni(II containing wastewater, similar straight
line with a slope of 0.025 £ 0.18 and intercept of 0.553 %

0.008 was fitted with a correlation coefficient of 0.70(Figu~

. re 5.15). From the—equation of this 1ine, k was calculated as
0.273 1/day and L was calculated as 21.557 mg/L.
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0.00 5.00 10.00 15.00 20.00

t(day)

y = 0.025t + 0.553

Correlation Coefficient: 0.70

Figure 5.15. t Versus (t/y)'/® Transformation of Data for the

Wastewaters Bearing 2.0 mg/L Ni(II) Concentration
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For the wastewater bearing 3.0 mg/L Ni(II), the data given
in Table E4 was used, and a straight 1line with a slope of
0.0345 * 0.12, with an intercept of 0.45 £ 0.006 and with a
coefficient of correlation 0.77 was drawn (Figure 5.16). From
this fit k and L were calculated as 0.46 1/day and 23.88 mg/1

respectively.
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t{day)

y = 0.0345t + 0.45

Correlation Coefficient: 0.77

Figure 5.16. t Versus (t/y)'/3 Transformation of Data for the

Wastewaters Bearing 3.0 mg/L Ni(II) Concentration
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Simitlarly, for 4.0 mg/L Ni(II) ‘concentration a straight
line with a slope of 0.028 * 0.29 and with an intercept of
0.605 *+ 0.02 was fitted to the data presented in Table E5 (Fi-
gure 5.17). Reaction rate was calculated as 0.281 1/day and

ultimate BOD was found as 16.04 mg/L.
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t(day)

y = 0.028t + 0.605

Correlation Coefficient: 0.53

Figure 5.17. t Versus (t/y)'/3 Transformation of Data for the

Wastewaters Bearing 4.0 mg/L Ni(II) Concentratioh
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A straight 1ine having the slope of 0.32 + 0.167 and in-
tercept of 0.47 * 0.007 was fitted for wastewater bearing 5.0
mg/L Ni(II) concentration according to data presented in Table
E6 (Figure 5.18). From the equation of the line, k and L were

calculated 0.405 1/day and 23.71 mg/L, respectively.
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y = 0.032t + 0.47

Correlation Coefficient: 0.756

Figure 5.18. t Versus (t/y)'/3 Transformation of Data for the

Wastewaters Bearing 5.0 mg/L Ni(II) Concentration

68 )



Finally, for the wastewaters containing 10.0 mg/L Ni(II)
concentration using the data given in Table E7, a straight 1i-
ne with a slope of 0.036 * 0.16, with an intercept of 0.486 ¢+
0.002 and with a correlation coefficient of 0.81 was obtained.

Reaction rate, k was found as 0.443 1/day and ultimate BOD as

19.643 mg/L (Figure 5.19).
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Figure 5.19. t Versus (t/y)'/3 Transformation of Data for the

Wastewaters Bearing 10.0 mg/L Ni(II) Concentration
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Assessment of the above evaluations on the validity of
Thomas method for the BOD exertion in the presence of Ni(II)
have indicated that; Thomas method does not give us satisfac-
tory results for the prediction of k and L as expected. This
is obvious for the correlation coefficients obtained from each
Ni(II) concentrations. As it was discussed in previous parag-
raphs, the correlation coefficients for the Thomas method 1is
never above 0.81. That is a relatively low value. Furthermore,
it is expected to have decreasing BOD ultimate values with
increasing heavy metal concentration. However, as it 1is pre-~
sented in Table 5.6, there are fluctuations in L values with
increasing Ni{(II) concentrations. Thus, it 1is possible to
conclude that, Thomas method 1is not so satisfactory in predic-

ting the BOD parameters for the wastewaters bearing Ni(II).

When the Thomas method is examined from the point of view
of the reaction rate constant, k, very interesting but confu-
sing results are obtained. As can be seen from Figure 5.20,
reaction rate constant obtained by Thomas 'method, 1increase
with increasing Ni(II) concentrations. However, this 1is con-
tradictory to our experimental‘findings (Figure 5.21). Nor-
mally, it is expected to have a decrease in k with dincreasing
Ni(II) concentrations as in the. case of Swamee and Ojha (1991)
model. The following section is for the comperative evaluation
of these two models and their effectiveness in prediction of

BOD exertion in the presence of Ni(II).
5.5. Comparison of Swamee and Ojha Model and Thomas Method

From the application of Swamee and Ojha model to experi-

mental results obtained in this study, the reaction rate con-
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stant, mc was evaluated for each Ni(II) concentration. Figure
5.21 is a plot which shows th change in me with Ni(II) c¢on-
centration. The reaction rate constant is 0.702 1/day for 0.0
mg/L Ni(II) concentration; and it gradually decreases to about
0.28 1/day for a Ni(II) concentration of 4.0 mg/L. Beyond this
Ni(II) concentration, the reaction rate constant is almost

steady and it is about 0.24 1/day for 10.0 mg/L.

Contradictory to this findings, from the application of
Thomas method, increasing reaction rates were observed with

increasing Ni(II) concentration.

Since it is impossible to give reliable results only ac-
cor&ing'to the correlation coefficients and to strengthen the
above discussions on the comparison of validities of both Swa-
mee and Ojha model and Thomas method, the deviations of the
calculated L values from the observed BOD measurements were
plotted (see Appendix F).

Table 5.6 summarizes the BOD parameters calculated by both

Swamee and Ojha model and Thomas method.
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Table 5.6. Comparison of BOD Parameters Calculated by

Thomas Method and Swamee and Ojha’s Model

Ni(II) conc. L{mg/L) L{mg/L) me k

(mg/L) From model From Thomas met. (1/day) (1/day)
0.00 26.98 22.45 0.702 0.198
1.00 10.12 9.92 0.516 0.248
2.00 25.30 21.60 0.617 0.273
3.00 18.80 23.88 0.306 0.460
4.00 21.51 16.04 0.913 0.281
5.0 19.15 23.71 0.239 0.405

" 10.0 15.54 19.64 0.353  0.443
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CHAPTER VI
_ CONCLUSION

In this study, the effect of Ni(II) on BOD exertion and
the modelling of the BOD exertion curve 1in the presence of
Ni(If) was evaluated. Different levels of Ni(II), namely, 1.0,
2.0, 3.0, 4.0, 5.0 and 10.0 mg/L were dosed into synthetic
wastewater and daily BOD of each Ni(II) concentration was me-
asured for a period of 20 days.

Based on the results obtained in this study, the following

conclusibons can be drawn:

1. In BOD determinations, microorganisms in BOD bottle, do not

get acclimitized to Ni(II) at the concentrations tested.

2. Ni(II) 1is toxic to BOD and the degree of toxicity depends

on the level of Ni(II) in the wastewater.

3. In this study, it was aimed, the comparison of Thomas met-
hod and the model proposed by Swgmee and Ojha for the BOD
exertion in the presence of Ni(Ii) and this study revealed
that, the BOD exertion in the presence of Ni(II) can be desc-
ribed by a new model proposed by Swamee and Ojha mgch‘more sa-

tisfactorily.



4, Fifth day BOD exertion is about 50% of the twentieth day
BOD exertion for all Ni(II) concentrations tested. This may be
concluded as the validity of the same rate expression for all

Ni(II) concentrations.

5. Although it is expected top have a lag phase 1in BOD exertion
in the presence of Ni(II), BOD exertion started immediately

and continue by following the same rate expression.

6. From the application of Swamee and Ojha’S model to experi-
mental results; decreasing reaction rate constants, mec with
increasing Ni(II) concentrations were observed. Contradictory
to this, by Thomas method, increasing reaction rates were ob-

served with increasing Ni(II) concentrations.
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CHAPTER VII
RECOMMENDATIONS

Recommendations for further research on the subject can be

summarized as:

1. Research on the effects of heavy metals on BOD exertion ki-

netics should be completed for heavy metals other than Ni(II).

2..Thé(effect of NI(II) for concentrations more than 10.0 mg/L
on the BOD exertion kinetics should be studied to have better

insight about the stimulation caused by Ni(II).

3. Effect of suspended solid concentration on the‘ effect of

Ni(II) on BOD exertion should be studied.

4. The combined effects of Ni(II) and other heavy metals sho-

uld be 1investigated.

5. Other methods used to determine BOD parameters, k and L
such as moment method, least square method etc., should also
be used in the evaluation of k and L in order to make more re-

liable comparison.
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APPENDICES



APPENDIX A
BIOCHEMICAL OXYGEN DEMAND DETERMINATION BY WINKLER METHOD
APPARATUS

a.Incubation bottles, 256-300 ml capacity, with ground—-glass
stoppers: Bottles should be cleaned with a good detergent and
thorougly rinsed and draine before use. As a precaution agai-
nist drawing air into the dilution bottle during incubation, a
wa£erAgea1 is recommended. Satisfactory water seals are obta-
ined by inverting the bottles in a water bath or adding water

to the flared mouth of special BOD bottles.

b. Air incubator or water bath, thermostatically controlied at
20°C = 1C: A1l 1light should be excluded to prevent formation
of DO by algea in the sampie.

L

REAGENTS

a. Distilled water: Water used for solutions and for prepara-
tion of dilution water must be of the highest quality, distil-
led from a block tin or,a]J-g1ass.st111; it must contain 1less
than 0.01 mg/L copper and be free of chlorine, chloramines,

caustic alkalinity, organhic material or acids.

b. Phosphate buffer solution: Dissolve 8.5 g potassium dihyd-

rogen phosphate, KH2POs4, 21.75 g dipotassium hydrogen phospha-
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te; KH2POs, 33.4 g disodium hydrogen phosphateheptahydrate;
NazHPQO4 .7H20, and 1.7 g ,ammonium chloride, NH4Cl1, in about
500 ml1 distilled water and dilute to 1 1iter. The pH of this
buffer should be 7.2 without further adjustment. Discard the
reagent if there 1is any sign of biological growth in the stock

bottle.

c. Magnesium sulfate solution: Dissolve 22.5 g MgS804.7H20 1in

distilled water and d{1ute to 1 liter.

d. Calcium chloride solution: Dissolve 22.5 g anhydrous

CaClz in distilled water and dilute to 1 l1iter.

+ g

e. Ferric chloride solution: Dissolve 0.25 g FeCls.6H20 in

distilled water and dilute to 1 Titer.

f. Acid and alkali so]uﬁ%bns, 1N: For neutralization of waste

samples which are either caustic or acidic.

g. Sodium sulfite solution, 0.025N: Dissolve 1.575 g anhydrous
NazS804 1in 1,000 ml distiiled water. This solution is not stab-

e and should be prepared daily.

h. Seeding: The purpose of seeding is to introduce 1into the
sample a biological population capab1e of oxidizing the orga-
nic matter in the wastewater. Where such microorganisms are
already present, as in domestic sewage or unchlorinated efflu-
ents and surface waters,“éeeding is unnecessary and should not

be employed.
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When there is reason to believe that the sample contains
very few organisms the dilution should be seeded. The standard
seed material is settled domestic sewage which has been stored
at 20C for 24-36 hr. The standard seed concentration is 1-2 ml
per liter of dilution water.

Some samples-for example, certain 1industrial wastes-may
require seeding because of low microbial population, but they
contain organic compounds which are not readily amenable to
oxidation by domestic sewage seed. For evaluating the effect
of such a waste in a treatment system, more meaningful results
may sometimes be realized by the use of specialized seed mate-
rial containing organisms adapted to the use of the organic
compounds present. Such adapted seed is best obtained from the
eff{ueng of a biological treatment process receiving the waste
in question, or from thé receiving water below the point of
discharge if the waste is not being treated. When these sour-
ces are not available, adapted seed may be developed 1in the
laboratory by continuoﬁs]y aerating a large sample of water
and feeding it with small daily increments of the particular
waste, together with{soi] or domestic sewage, until a satis-
factory microbial population has developed. The special c¢ir-
cumstances which ca]]‘fo} the use of adapted seed may also re-
guire use of a seed concentration higher than the standard 1-2
ml/L. The kind and amount. of seed required for such special-
purpose studies must be decided on the basis of prior experi-
ence with the particﬁ1ar'ﬁaste and purpose for which the de-
termination is being performed.

Adapted seed has also been used when attempting to estima-
te the effect of a waste on the receiving water. However, re-
fer to the introducéion to this method 1in this connection

(Section 219.1).
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PROCEDURE

1. Preparation of Di]utiqq Water: Before use, store the dis-
tilled water in cotton-plugged bottles long enough to permit
it to become saturated with DO; or, if such storage is not
practical, saturate‘the water by shaking the partially filled
bottle or by aerating with a supply of clean compressed air.
The distilled water should be at 201100..

Place the desired volume of distilled water 1in suitable
bottle and add 1 ml each of phosphate buffer, magnesium sulfa-
te, calcium chloride and ferric chloride solutions for each
liter of water. If dilution water is to be stored in the incu-
bator,.add the phosphate‘ﬁuffer Jjust prior to using the dilu-
tioa wé;er.

2. Seeding: If the dilution water is seeded, it should be used
the same day it is pfébared.

3. Dilution Technique: Make several dilutions of the prepared
sample so as to obtain the required depletions. The following
dilutions are suggested:0.1-1.0% for strong trade wastes, 1-5%
for raw and settled sewage, 5-25% for oxidized effluents, and
25-100% for polluted rivers.

(1) carefully siphon standard dilution water, seeded if neces-
sary, into a graduated cylinder:of 1,000-2,000 ml1 capacity,
filling the cylinder half full without the entrainment of air.
Add the quantity of. .carefully mixed sample to make the desired
dilution and di1utelto'the appropr{ate level with dilutin wa-
ter. Mix well with a plunger type mixing rod, avoiding entra-
inment of air. Siphon the mixed dilution into two BOD bottles,
one for incubation and the other for determination of 1initial
DO in the mixture; sﬁopqer tightly and incubate for 5 days at

20C. The BOD bottles should be water-sealed by inversion in a
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tray of water in the incubator or by use of a special water-
seal bottle. Prepare succeeding dilutions of lower concentra-
tion in the same manner or by adding di]utioﬁ water to the
unused potrtion of preceeding dilution.

(i1i) The dilution téchnique may‘be greatly simplified when sui-
table amounts of samplr are measured directly into bottles of
known capacity with a ldrge-tip volumetric pipet and the bott-
le is filled with sufficient dilution water that the stopper
would be inserted without leaving air bubbles. Dilutions gre-
ater than 1:100 should Be made by diluting the waste in a vo-
lumetric flask before it is added to the 1incubation bottles
for final dilution.

4, Determination of DO: If the sample represents 1% or more of
theh1oﬁgst BOD di]utfén, determine DO on the undiluted samp-
le. This determination is .usually omitted on sewage and settled
effluents known to have DO content of practically zero. With
samples having an immediate oxygen demand, a calculated initi-
al DO should be used, in.as much as a demand represents a load
on the receiving water.

5. Incubation: Incubate the blank dilution water and the dilu-
ted samples for 5 days in the dark at 20C. Then determine the
DO in the incubated samples and the blank, using the azide mo-
dification of the jodometric method or a membrane electrode.
Unless the electron membrane is used, the alum flocculation
method is recommended:for incubated sampies of muds, and the
copper su1fate—su1féﬁic~acid method for activated sludges. In.
special cases, other modifications may be necessary. Those di-
Tutions showing a residual DO of at least 1mg/L and a depleti-
on of at least 2mg/L should be considered the most reliable.

6. Seed Correction:ylf the dilution water 1is seeded, determine’

the oxygen depletion of the seed by setting up a separate se-
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ries of seed d11ution§"and selecting those resu]ting in 40-70
% oxygen depletions-in 5 days. One of these dep1etions is then
used to calculate the correction due to the small amount of
seed in the dilution water. Do not use seeded blank for seed
correction because the 5‘day seeded dilution water blank is
subject to erratic oxidation due to the very high dilution of
seed, which is not_charaqteristic of the seeded sample.

6. Precision and accuracy: There is no standard against which
the accuracy of the BOD test can be measured. To obtain preci-
sion data, a glucose-glutamic acid mixture was analyzed by 34
laboratories, with éach laboratory using its own seed materi-
al. The geometric mean of all results was 184 mg/L and the
standard deviation of that mean was * 31 mg/L. The precision
obtéiné& by a single analyst in his own laboratory was %11

mg/L at a BOD of 218 .mg/L.
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APPENDIX B
BOD EXEF(TION MQDEL PROPOSED BY BERKUN (1974)
Thr following equations obtained from the first order equ-

ations can be used for the calculation of k values. Ultimate

BOD values can also be calculated from these equations.

C = Z1"yj
Ci1 = y1 + 2y2 + . e + Nnyn

Y2 =y ys — yz Yn =~ Yn-1
Cz = n - = - ocoocliooo =

Y1 . ‘Y1 Y1
y2 — yi 2(ys - yz)
C3 = (1 + 2+ 3 +,....+n) - =
Y1 Y1
(n=1)(yn = yn-1)
Y1

C Cz - e~nk
C1 Cz - ne-nk
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C1Cz2—~ CCs3

e"l’\k— -
Ci—- nC
1 Ci - nC
k = In{ — ]
n CiCz - CCs
zy
L =
n - Xe-kt
where;
y : observed BOD wvalues
n : number of observations
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APPENDIX C

RESULTS OF FIRST SET OF EXPERIMENTS



g Ll g L1 0c 0c S L g°¢t 0L 6G¢'ic¢ Geg 1le Gl G 0S 0¢
A G'ct ol g°¢c¢l S L g L G'cl (0]} Gt 61
St Gl G L1 0c g 2t gi 9¢ gL ¢Ee g1
Sl Gt 0c oc S L g°¢cl Gl 9t L"¥1 g S L
g'clt G2t g L1 0c¢ ] ot g'cl S L S L G Ly gt
Gl Gi S L1 0¢ G L S° L 01 ot Gi
g'¢lt S L1 (314 Gl g-2t 01 vi
g 2t G'21 0c ot g S°L g L gt 1o 2
g"2l g2l Gi 0¢ 0 O¢c §°LL Gl°ge G2 te S L S L ol gt
ol G ¢l G 11 g 2t g ¢t Ol G&GL°¢g¢ gc-te . (R
gzl St - 01 §°¢2t gl g S'¢2 le Gg'6l o1l ot Gt ot
S G S L G'¢ ol g°¢ g°¢ 8! S 1L 1°] G A 6
g L S S gt 91 S S ol 8
ot Gt S° Lt Gl S L gL STL gl . 23 S Ol ol g ¢l L
ST L 01 Ol A G°¢ 0 9°L1 S L S L : §°'¢2. §°¢- G'ch S
- 0L ot ' ot - 01 g S L gL ST L gL S L g 01 G
0t g gzt " 0L . .87 L g gtk gt S S. -0} 14
g1 Gl ) ge GTLE g S L g . §°¢2l A g S g €
: 0 ) 4 ‘0 0 G 2 0 0 gL S L G'¢ A S A
0 0 0 0 0 0 0 §'¢ S§'¢ §'¢ g 2 ] 3
o 0 0 0 0 §°¢ 0 0 0 0 0 0 0
II I II I “OuooS II I II I II I
*ouoo *ouoD (II)LN *OUO0D *ouUoD *ouoD oseo (Aep)

(II)IN L/Buwol  (II)IN L/Bwg /8wy (II)'N L/Bug (II)LN L/Bwg (II)LN L/Bwi (II)LN-OU suii

squawLJadxy 40 188 1SJitd JO s3inssy 10 siqgel

92



APPENDIX D

RESULTS OF SECOND SET OF EXPERIMENTS
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APPENDIX E
COMBINATION.QF FIRST AND SECOND SETS OF

EXPERIMENTS DATA



Table E1. Combination of First and Second Sets of Experiments

Data(no-nickel case)

Time (day) BOD value (mg/L)
0 0
; 5

o , 5
o 5
4 | 10
5 . 10
5 12.5
7 12.5
9 12.5
10 | 15
12 2 10
13 . 35
15 10
16 o 47.5
20 | | 50
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Table E2. BOD Exertion of the Wastewater Bearing 1.0 mg/L
Ni(II) Concentration

(Combination of First and Second Sets of Experiments)

Time (day) BOD value (mg/L)

o 0

1 2.5

2 2.5
3 5
4 5
5 5

" 6 2.5
7 10
8 5
N 5
10 10

12 7.5

13 7.5
15 10
16 10

17 7.8
19 - 5
20 15




Table E3. BOD Exertion of the Wastewater Bearing 2.0 mg/L

‘.Ni(II) Concentraticn

(Combination of Fi?gt and Second Sets of Experiment s)
Time(déi) BOD value(mg/L)
0 0
1 2.5
2 7.5
3 12.5
4 15
‘ _ 5 7.5
" 6 7.5
7 15
8 16
9 13
10 20
11 . 21.25
12 ... v 21.25
17 . cr 15
18 23.75
20 ' 3 25
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Table E4. BOD Exertion of the Wastewater Bearing 3.0 mg/L
Ni(Il) Conhcentration

(Combination of First and Second Sets of Experiments)

Time(day) BOD value(mg/L)

0 0
: 0
5 0

3 7.5,

4 7.5
5 20
6 20

- - 12.5
2 20

14 ' 12.5

16 12.5
17 TS
18 15

19 12.5
20 ' 36
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Table E5. BOD Exertion. of the Wastewater Bearing 4.0 mg/L
Ni(II) Cbﬁbentration

(Combination of First and Second Sets of Experiments)

Time(da;) o BOD value(mg/L)

0 ) 0
1 0

2 2.5
3 5
5 5

7 7.5

8 7.5
' b 9 10
10 15

20 w ¥ 22.5
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Table E6. BOD Exertion of the Wastewater Bearing 5.0 mg/L
Ni(II) Concentration

(Combination of First and Second Sets of Experiments)

Time(day) . BOD value(mg/L)

-
o

2 0
3 21.25
4 12.5
5 10
6 12.5

o 7 X 17.5
9 7.5
10 12.5
11 17.5
12 20
13 - 20
14 o 20
15 20
16 20
17 - 3 20
18 L 20

20 20

3]



Table E7. BOD Exertion of the Wastewater Bearing 10.0 mg/L

Ni(II) Concentration

(Combination of First and Second Sets of Experiments)

Tw‘me(day')__ N BOD value(mg/L)
0 0
1 0
2 0
4 7.5
5 10
6 10
7 12.5
10 13.75
11 12.5
12 12.5
13 12.5
14 o 15
15 A 15
16 : 12.5
17 e 15
18 5 15
19 - : 12.5

20 ‘ 17.5
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APPENDIX F
COMPARISON OF OBSERVED BOD EXERTION WITH THOMAS METHOD

AND THE SWAMEE AND OJHA MODEL
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y = 0.210269x + 15.3458

Correlation Coefficient:10.68

Figure F.1. Observed BOD Values vs Predicted BOD Values
by Thomas Method (for 0.0 mg/L Ni(II).........
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Predicted BOD Values (Model)
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Figure F.2. Observed BOD Values vs Predicted BOD Values
by Swamee and Ojha Model(for 0.0 mg/L Ni(II))
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Predicted BOD Values (Thomas Method)
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Figure F.3. Observed BOD values vs Predicted BOD values
by Thomas Meéthod (for 1.0 mg/L Ni(II))
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Figure F.4. Observed BOD Values vs Predicted BOD Values
by Swamee and Ojha Model(for 1.0 mg/L Ni(II))
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Predicted BOD Values (Thomas Method)
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Figure F.5. Observed BOD Values vs Predicted BOD Values
by Thomas Method (for 2.0 mg/L Ni(II))
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Predicted BOD Values (Model)
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Figure F.6. Observed BOD Values vs Predicted BOD values
by Swamee and Ojha Model(for 2.0 mg/L Ni(II))
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by Thomas Method (for 3.0 mg/L Ni(II))
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Predicted BOD Values (Model)
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Figure F.8. Observed BOD Values vs Predicted BOD ValQes

by Swamee and Ojha Model(for 3.0 mg/L Ni(II))
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Predicted BOD Values (Thomas Model)
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Figure F.7. Observed BOD Values vs Predicted BOD Values
by Thomas Method (for 4.0 mg/L Ni(II))
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by Swamee and Ojha Model(for 4.0 mg/L Ni(II))
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Figure F.12.0bserved BOD Values vs Predicted BOD Values
by Swamee and Ojha Model(for 5.0 mg/L Ni(II))
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Figure F.13.0bserved BOD Values vs Predicted BOD Values
by Thomas Method (for 10.0 mg/L Ni(II))
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