EVALUATION OF POLLUTION LOADING INTO MSIMBAZI RIVER BY

RAPID ASSESSMENT AND DIRECT MEASUREMENT METHODS

JLH.Y. Katima', H.O. Mbele, and J. W. Ntalikwa
Department of Chemical and Process Engineering, University of Dar es Salaam,
P.0O. Box 35131 Dar es Salaam

his paper assesses the suitability of Rapid Assessment (RA) methodology as a tool

Jor making an environmental pollution inventory in data poor situation. The RA

method was applied to estimate Biological Oxygen Demand (BOD), nitrogen and
phosphorous loading into the Msimbazi River in Dar es salaam, Tanzania. The Direct
Measurement (DM) was done to validate the results obtained from RA. The methodology is
based on estimating waste loads from function variables such as production rate,
population, etc. and pollution intensities from domestic, industry and agricultural sources.
The incorporation of penetration factors for waste loads reduction refines the assessment
procedure. The RA results show that domestic source releases 7600, 390 and 3200
tons/year of BODs, Phosphorous and Nitrogen respectively. Industrial activities in the
area release BODs loading of 2500 tons/year and it was found that Tanzania Breweries
Ltd (TBL) and Murza oil Processing Industries were major contributors of BOD; waste.
Agriculture seemed to have less contribution with insignificant discharge of BODs, 3 and
14 tons/year of Phosphorous and Nitrogen, respectively. The results from DM were
significantly different from those obtained using RA. For example at the point of discharge
the difference observed was 23, 67 and 72%. This suggests that not all pollutants produced
by a given anthropogenic activity reaches a water body as part of it undergoes natural
decay or is entrapped by soils. These necessited inclusions of Penetration Factors (PFs)
which reduced the gap between the two methods to 4, 13 and 8% for BODs, phosphorous
and nitrogen, respectively.
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INTRODUCTION

Nutrients such as nitrates and phosphates are
unwanted in water bodies as they cause rapid
growth of aquatic plants which in turn may have
three significant adverse impacts on the aquatic
life, namely they may restrict the penetration of
sunlight into a water body and thus affect
photosynthesis, they may restrict atmospheric
oxygen to dissolve and when they die they may
cause depletion of oxygen during their
decomposition. Therefore, nutrients flow into a
water body should be controlled in order to
conserve the well being of aquatic ecosystem.
Inevitably, the first step of controlling the nutrients
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loading is to establish the source and amount of
nutrients being generated within the catchment
area of the water body in question. This can be
done by making direct measurement. However,
direct measurement is expensive and time
consuming in sampling and analysis and for some
paramelers expensive equipment may be required.
Besides, since the dynamics of anthropogenic
activities keep changing with time, continuous
measurement is essential which again is costly and
time consuming. For example the costs of
determining  chemical  oxygen  demand
(COD),BODs, Ortho P, total P, NO;-N, NH;-N,
and Organic N are 12,500, 15,000, 9,000, 9,000,
10,500, 9,500, and 10,000 Tanzanian shillings
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(CEAR) per anmple pen frind respuctively (€ hempicnl
and - Provess  Pnglieeriog (C101) Chemieal
Labowatory P'rice List, T0077098), Apint lrom costs
enired there In wne jesie ol envirommental
pollution dus do e chemicnls used  dunng
mnilysin, Tor exmmple dischmrging of mercury
during COD determinition, alhoughy it expeeied
that mercury-contmiming solutions should ot be
dischirged  directly imo sewers without  pre
rentment, evidence show thist this is not the case,
Nevertheless, the DM method is the best methaod
thist may give realist pollution loading into s water
by,

Use of models s being, sdvocsted 1o overcome
wome of the deficiencies of direct measurements,
The rapid wssessment method aims al culablishing
mathemutical models that can be used with
renionnble necuraey 1o estimate the amount of
nutrients generated in a particular catchment area,
The method is based on the documented, snd often
extennive experience of the nature and quantitics
of pollutants generated from each kind of source,
RA needs only information like production rate,
fertiliser application ete,

The advantages of rapid assessment approach are:

1) Convenience of use, which makes it possible
o conduel, integrated source inventories of
pollution sources in highly complex situations,

b) ‘The possibility of estimating conveniently the
effectiveness of alternative control schemes in
terms  of their polluting load reduction
polential,

LITERARTURE REVIEW

Management  and effective  control  of  the
environmental pollution must be based on the best
available knowledge of the sources that produce it
and the quantities that arc emitted (World Health

avallable information, nsk estirnates regading
pruibslie haalth ol thie expiremmneanal i geawera), can
b inviside ol any addeaguate contro) sheatayy devyvysed

Wherever there are envirommental problesns, an
nventory on the type of pollutem and waste
source, ncluding thew location and  crnissson
levels s necessary amd inponam. Very detasled
and precise invemones can be very resmsrce
intensive and involve sophisticated sonitorng, and
data processing systems. Hence the budgetary and
personnel requirements for such programs are
often beyond the scope of many agencies in
developing countries,

In 1982 WHO published a procedure entitled
Rapid Ansessment (RA) of sources of Air, Water
and Land pollution. The procedure has been found
particularly uscful in developing countries hike
Tanzania because 1t uses  limited  available
information to make reasonable estimation of
pollution load.

This study follows the same RA methodology used
by WHO publication (WHO, 1982 and 19%9) that
was further improved by Scheren (1995).The
quantitics of cffluent loads released into the
cnvironmenl from urban areas or any industrial or
other activity depend, in the general case, on a
numbcr of parameters. Thus, as in the case of
cffluents, the load E of pollutant j could be
cxpressed as:

LEj~f (Source type, Unit of activity, Source size,
Process or design particularities, source age and
technology sophistication, Source maintenance
and aperating practices, type and quality of raw
material used, type, design and age of the control
systems employed, and ambient conditions).

Most RA procedures can be generalised by the
following formula:

Waste load = Function Variable* Pollution Intensiry

Organisation (WHO), 1989). Utilising the (1)
Table 1: Function variables and pollution factors for the principle pollution sources
_Pollution source Function variable Pollution factor
Industries Production Waste production per unit product
Domestic Population number Waste production per person
Agriculture Agrochemical/fertiliser use Runoff and leaching per unit agrochemical/fertiliser
used
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Table 1: Sampling points
Sampling Poim

Descriplion

I Reterence pomnt 1w located ot Vingungut area belore the dumpsite

2 At Vingungutis Dunpwite, Vingunguti slaughterhouse and Vingunguti ward

i At the discharpge pont ol Vingungut oxidation ponds amd Vingunguti Ward

4 Around Sukita in B ward

5* Al Ubungo [aiver which collects wastes from Ubungo Ward

0* A strcam taking water from Mabibo oxidation ponds which discharges into Ubungo River

7* A stream kg discharges trom Kigogo Ward

R Discharge (rom Jangwant and Hala Ward

9 Discharge from Magomem Ward

10* At Sinza River which also collects wastewater from Manzese, Mwananyarmala, Tandale and

Kinindoni Ward

11 Final discharge pomt it also include waste from 11 and Upanga Ward

* These sample points were on tributaries and not along Msimbazi River

Where:

Pollution Intensity = Amount of waste produced
per unit of a certain function variable. Pollution
Intensities are obtained from studies of similar
cases.

Examples of function variable are  Annual
production, Population number, Area of cultivated
and non-cultivated land, cte. The Sizes of
functional variables need to be gathered through
field surveys, ctc.

A RA mecthod for an environmental pollution
inventory is based on applied inventory methods,
Estimating waste loads from functional variables
sec Table 1 and pollution intensitics. The
incorporation of penetration factors for rivers,
wetlands and treatment  plants  refines  the
assessment procedure and provides information on
the current and potential abatement of total waste
loads.

The pollutant undergoes natural purification,
abstraction, etc. and finally it does not wholly

reach o water body, This being the case equation |
will overestimate the pollution load. This calls for
incorporation of penetration factors.

Penetration factors: Wasle loads calculated
before are those generated at different pollution
sources which are higher than the loads eventually
discharged into lakes or rivers, The dilference in
loading can be expressed by one or more
penetration factor cach with a value between | and
(.

Soil binding characteristics of nitrates and
phosphates

Soils are capable of reducmg BOD, suspended
solids (SS), ammonium-N and phosphorus in
sewage. Result from several studies have shown
that immobilisation of P i soil occurs through
adsorption, chenucal  precipitation,  bacterial
action, plant and algal uptake (Drizo etal,, 1999),
Of these, adsorption plays the greatest role, The
adsorption capacity ol soil depends upon chemical
and physical properties of the matenals. Phosphate

Table 2: Pollution loading as calculated by DM and RA (without P'F) method

Sampling  BODS, vy  BODS. vy Difl Pty
Point (DM) (RA) (DOM)
I 1123162 1119590 -0.3% 60.98
2 9827.07 1I841.00 120.5%  74.00
4 11231.62 13467.90 +19,9% KS.06
R 12284 .58 15730.45 +28. 1% 0236
9 15441 48 15979.58 +1.5% LUK
1 16379.74 2106800 1 2K.6% 1459

Py 1T N,y N, Uy Inir
(RA) (M) (RA)

(0. TR A0 0% WAL a8 AIARET A,
KR.RO 16 3% 244700 1247 0d + V7 R
140.87 104 5% 207 67188 (AR
25085 IR A% 1662 7) 401925 LT 0%
174.31 193 7%, 10RE.06 143021 IR
d42.48 L2003% 173035 nld4 10 12830,
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even at low solution concentrations can be
specifically adsorbed (covalently bonded) to the
surfaces of soil minerals especially those with Al -
OH and Fe - OH groups on their surface. Most
soils have a large capacity to retain P. Even large
additions of P will be mostly retained by soils
provided there is adequate contact with the soil
(Drizo et al., 1999).

Therefore given much time for water to be in
contact with water or rather waste water the
nutrients are expected to move from water to soil
or vice versa depending on their concentration
gradient. The experiment to determine the
maximum nutrients (P and N) adsorption capacity
has been done and their results were used to
determine the penetration factor due to soil
binding characteristic.

Incorporation of PF modified Equation (1) to read

Waste load = Function Variable* Pollution—
(2)

Mtitu (2000) found out that the values of pollution
loads (BOD, NO';, and PO™ ;) obtained from Rapid
Assessment method were higher compared to
those obtained from direct measurement when
natural-punification effect (refernng to as
penetration factor) was not considered. The author
further managed to include natural-purification
effect for BOD, and the data obtained were
reasonably comparable. For NO: the values
obtained from both DM and RA methods without
considering purification effect are also comparable
within reasonable limits. This suggests that there
was no apparent natural-purification effect in river
for Nitrate. But for PO™"; Mtitu (2000) observed a

— Intensity * PenetrationFactor(s)

difference of 80% between the values obtained
from RA and DM methods, suggesting that not all
PO™, released by a particular source reaches the
water body.

This research effort has focused on establishing the
natural-purification or penetration factors for NO;5’
and POy particularly the soil binding effects.

MATERIAL AND METHODS

Methods of Quantification of Pollution Loads:
Rapid Assessment

Identification of pollution sources was done in the
study area by physically visiting the area and
holding discussions with residents of the area. The
data (i.e. function variables) were obtained from
(a) production records of industries discharging
wastewater in the Msimbazi River (b) Population
census record (1988) and (c) Dar es Salaam Water
and Sewage Authority (DAWASA).

The yearly waste loads calculated in the RA
technique are general loads from the different
pollution sources.

Experimental Procedure

Experiments were designed so as to get the values
that can be compared to the RA values. Eleven
sampling points were chosen in such a way that the
values for each parameter could be obtained for
both RA and DM. The choice of the sampling
point was made based on target human activities in
the catchment that may lead to pollution loading.
In other words the sampling points were not
equally spaced. Sample point 1 was on the

Table 3: Pollution loading as calculated by DM and RA (with PF) method

Sampling BOD3, vy BODS, vy Diff. P, Uy P, Uy DifT. N, Uy N, Uy Diff.
Point (DM) (RA  with (DM) (RA (DM) (RA
PF) with PF) with PF)

" 11231.62 11231.62 0 6098 6078 0 303248 303248 0

9827.67 11173.69  -13.7% 7466  75.09 0.5% 244799 231450 +5.5%
4 1123162 1199475  -6.8% 8566  90.17 -5.3% 211337 151811 +28.2%
8 12284.58 13303.81 -8.3% 9236  103.83 -12.4% 1662.73 1460.41 +12.2%
9 1544348 13250.52 +14.2% 8998 8564 +4.8% 1088.66 1186.67 -9.0%
1 16379.74  16984.00  -3.7% 1459 126.40 +134% 173635 1869.79 7.7%

*This is taken as reference point
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upstream of the river whereas sample 11 was on
the downstream. Table 1 summarises the
characteristics of the sampling points.

The DM method comprises of sampling at selected
/various points of the area to be studied and the
analysis is done in the laboratory for target
pollutants e.g. BODs, P, N, pH, etc. Direct
measurement is always done to validate the RA
method (Zander, 1997, Scherem, 1995, Mtitu,
2000, Katima and Mtitu, 2002). One sample per
day per sampling point was taken for analysis.

Experiments were carried out in two phases. Phase
one was aimed at getting the values of pollution
parameter that would be compared with RA
values. The experiments included: Determination
of NHi;-N, NO;-N, NO;-N and Organic-N
(summation of these gave the total nitrogen N);
Determination of Ortho-phosphorus and total
Phosphorus; Determination of COD which was
used to determine BODs. Phase two aimed at
establishing soil-binding characteristics for

RESULTS AND DISCUSSIONS

Rapid Assessment Method

Pollution loads by RA were calculated at each
selected point using equation (1). The total
pollution load discharged at each point is basically
a mass balance at that particular point i.e. it is the
summation of the contribution of different sources,
see equation (3). The RA values of pollution load
were evaluated first without considering
penetration factors and then with penetration
factors. The pollution loading results from the RA
(without PF) are shown in Table 2.

Total load = Point pollution + Previous point
pollution (3)

Direct Measurement

Target pollutants (i.e. BODs, N and P) were
measured directly and then used to compute the
total pollution loading of at each point. Figure 1
shows the variation of BODs along the river on
different days. It can be seen that the BODs was

—e—Sample 1

—a— Sample 2

Sample 3

BODS5 concentration

—+— Sample 4
—%—Sample 5
—e—Sample 6

Sampling Points

Figure 1: BOD5 concentration measured along Msimbazi River by the DM

method

nutrients: Phosphorus adsorption and adsorption of
NH4-N, NO;-N, NO;-N and Organic-N onto soil.
Standard methods (American Public Health
Association (1971)) have been used.

not constant. For example it varied from about
20.0 mg/L to about 180 mg/l on sampling point 1.
The observed variations may be attributed to
weather conditions and the human activities taking
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Figure 2: Total-P concentration measured along Msimbazi River

by the DM method

place in the catchment on that particular day. For
example on rainy days the concentration of BODs
in river could either go up or down depending on
the intensity of precipitation. Normally, rain
flushes the pollutants from the catchment into the
river stream which may result in an increase in
pollutant concentration. However if the
precipitation is significant the dilution effect
outweighs the flushing effect and thus the
pollutant concentrations goes down (Vighi et al
1991).

From Figure 1 it can be seen that, although the
BODs concentration did not show a consistent
picture (as it was going up and down as one moves
from sampling point 1 to sampling point 11, on
average the BODS concentration is higher than the
recommended discharge concentration i.e. 30
mg/L (WHO, 1989). However, on average, the
BODS concentration is increasing from sampling
point 1 to sampling point 11 (it varies from 67
mg/l on sampling point 1 to about 110 mg/l at
sampling point 11). This should be expected,
because as one moves from sampling point 1 to 11,
apart from the river receiving pollutants from the
previous sampling point, it also receives pollutants
from the nearby catchment area.

Figure 2 shows the variation of total phosphorous
concentration along the river as determined using
the DM method. It can be seen that, for all
samples, the concentration at sampling point 11 is
much higher than observed at the other points.
This may be attributed to the contribution from
TBL which discharges effluents with relatively
high concentrations of total-P which ranges
between 0.4 to 1 mg/l. It should be noted that the

accepted total-P concentration is 0.3 mg/l (WHO,
1989). On the rainy days the observed level was
higher than those observed on dry days. This may
be attributed to the reason outlined above.

Figure 3 shows the wvariation of Total-N
concentration along the river. It can be seen that
the Total-N concentration decreases as you move
downstream. This is expected especially if there no
new sources of NO;3™ as more tributaries join the
Msimbazi river dilution will take place and hence
low Total-N concentration. WHO, [1991] reported
that as the river flows increases the NOy~ along the
river decreases.

Total pollution loading of the target pollutants as
estimated by the DM method is as shown in Table
2.

Comparing pollution loading by RA (without
PF) and DM methods

Table 2 compares the results obtained from DM

- 2500 1—
E 2000 »}l R &2 :
5 A\ : | [+—Ssmpiet
£ s , —— |—=—Sample 2
] h - o Sample 3
£ 000 —AA AN - Sample 4
é: v \ * / V ' | Sample §
= 500 — —=— Sample 6
2 ETRr S . el

Doo 1

2 3 4 5 6 7 8 8 10N
Sampling Peints

Figure 3: Total-N concentration measured along
Msimbazi River by the DM method
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and RA (without PF) method. It can be seen that
there are discrepancies in almost all sampling
points. In this study, RA method, generally it has
overestimated the pollution loading. This suggests
that not all the pollutants discharged at a particular
source reach the river. This brings the concept of
penetration factors (PF). This concept recognises
the fact that, there are often natural purification
processes and soil binding which reduce the
amount of the pollution load reaching the water
body. Lemmens et al (1998) estimated the values
of PF due to natural decay of BODs. These values
were adopted in this study. However, there are no
reported values for soil binding characteristics for
P and N. This study established the probable
binding characteristics of the soils in the Msimbazi
river catchment.

Soil binding characteristic

The time taken for water to travel from the
discharging point to the river mouth is assumed
long enough for the liquid to be in equilibrium
with the soil. Therefore the results obtained afler
shaking wastewater of known concentrations of P
and N with soil have been used to calculate
binding charactenistic of soil with nutrients. This
was simply taken to be equal to the final
concentration to initial concentration of the
pollutant in water after equilibrating the water
containing the target pollutant with the soil.
Figures 4 and 5 show PF for phosphorous and

nitrogen (total), respectively. For detailed
calculations of PF refer to Mbele (2002).
o R JE—
| = 1
| 808 | —-

Q
- <06 —

5

g4

§ 02—

e o , : ; :

0 1 2 3 4 5

L Initial concentration [mg/l]

Figure 4: Penetration factors due to P-soil
binding characteristic

The results show that the amount of pollutants
bound onto soil depends on the concentrations of
that particular pollutant in water in a given time.
This is attributed to the fact that the diffusion of
pollutant through water onto the soil surface
follows a normal mass transfer equation as shown
in equation (4). That is to say the penetration
factor for pollutants due to binding characteristic
of the soil depends on the concentration of the
particular pollutant in a water body.

L Ke(C-C*¥) 4)

or

0841 — & e e
06 {—————
04+ ——

02— —

Penetration Factor [-]

Initial Concentration [mg/l]

Figure 5: Penetration factors due to N-soil
binding characteristic

Comparing pollution loading by RA (with PF)
and DM methods

Table 3: compares the results of RA (with PF) and
DM methods. It can be seen from Table 3 that with
the inclusion of PFs the estimated results using RA
are close to those obtained from the DM method
(compare the differences in Tables 2 and 3). The
penctration factors considered in this report are the
results of the self-purification potential of rivers
and streams for BOD reduction and adsorption
process, which has been used to develop the
binding characteristics of soil in the river bank for
Phosphorus and Nitrogen.

CONCLUSIONS

It can be concluded that, the RA (with PF) method
gives reasonable estimates of pollution loads in the
absence of sophisticated and expensive monitoring
cquipment. Within + 10 % RA may be used to
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provide reliable data based on which
environmental management strategies may be
drawn. The procedure requires minimum data,
time and other resources for investigation and
provides a general overview of the magnitude of
water pollution in a given region or country. Both
RA and DM methods declare anthropogenic
activities taking place in the catchment area to be
the potential sources of pollution of Msimbazi
River. RA method gives rough estimations of
pollution loads. Penetration factors have refined
the data to the reasonable agreement to the values
for DM within + 15%. Nevertheless, the results
show that the concentrations of target pollutants
i.e. BODS5, N and P are above those permissible
under the Tanzania Temporary Standards.

RECOMMENDATIONS

e The results show that domestic pollution into
Msimbazi River is a serious problem. Priority
should be given to the reduction of waste load
of the source in order to improve the water
quality of the river.

e Since the accuracy of the RA model will
depend on the data used for validation, it is
therefore recommended that the data on
pollutants concentration and river flow should
be studied for longer periods to cover all
seasons.

e More studies should be done to refine the
penetration factor(s) and to include such
factors as effect of phosphorous found in
sediment.

e To reduce the time needed for data analysis it
is recommended that a RA software should be
developed.

o The emission factors for pollution and waste
load estimation, as applied in the RA method,
are derived from models developed in more
developed countries. There is a need to study
emission factors or pollution indices which
will take into account local circumstances.
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ABBREVIATIONS AND SYMBOLS

BODs Five day biochemical oxygen demand, mg/l
C Concentration, mg/l

DM  Direct Measurement

Kc  Mass Transfer Coefficient

PF Penetration Factor

RA  Rapid Assessment

N Nitrogen

Na Number of moles

P Phosphorous
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