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Calculation of the concentration of organic matter
In anaerobic ponds using graphs

Facundo Cortes-Martinez, Francisco Luis Camporredondo-Reyes, Arturo Tadeo Espinoza-Fraire,
Rosa Angélica Zamora Rios

Abstract- A graphic criterion is presented to calculate the
concentration of organic matter in anaerobic ponds,
considering the design criteria established by the Comisién
Nacional del Agua in Mexico. A graph was generated where
temperatures from 15 to 20°C., were considered, and then an
example of application was carried out. It was observed that
the values calculated with graphs are similar to those indicated
with the traditional design method.
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I. INTRODUCTION

Stabilization ponds are used for wastewater treatment,
they mainly remove organic matter also known as
Biochemical Oxygen Demand (BOD) and Fecal Coliforms.
They require large areas of land [7]. Currently, there are
three—stabilization ponds: anaerobic, facultative and
maturation. In this work, only anaerobic ponds are
analyzed; they operate in the absence of dissolved oxygen
and stagnation times are reduced. An important
characteristic is that they must operate above 15°C, and the
maximum suggested depth is 5 meters [9]. This document
aims to determine a graph for the calculation of organic
matter in anaerobic ponds, considering the official design
criteria in Mexico.

II. BACKGROUND INFORMATION

Anaerobic ponds are natural wastewater treatment
systems commonly used in small communities due to their
low construction and operating costs. One of the factors that
most influences their efficiency is the microbial growth
caused by the climate of the region [1].

These ponds are more efficient in the removal of organic
matter than facultative ponds. The design of treatment
systems with ponds is like a tailor-made suit, i.e., depending
on the flow and concentration of pollutants [2].
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They are designed by fixing an organic load per unit
volume or through empirical expressions. In 1963, Vincent
proposed the following empirical expression under
conditions of complete mixing and water temperature of
20°C:

Sa
Se =

(g—Z)" *K*PR+1

n=4,8
K=6,0
Sa 'y Se= BOD in influent and effluent respectively

The investigation on the performance of a wastewater
treatment plant located in Iracema, Brazil by means of a
bathymetric study of facultative and anaerobic ponds
monitored the influent and effluent in three different
climatic seasons for a period of 3 months each. As a result,
they obtained sludge accumulations of 1.3% and 6.5% of
the volume of the ponds. The average BOD removal was
73.6% and the number of fecal coliforms in the effluent was
9.55%106/100 ml [6].

III. MATERIALS AND METHODS

For the design of the anaerobic ponds, we used the
calculation criterion applied by the Comision Nacional del
Agua [3]. Although this criterion considers 17 mathematical
expressions, only the equations involved in the elaboration
of the graph for the determination of organic matter will be
stated.

A. Design criteria for anaerobic ponds

BOD;s removed

% BODremoved = 2T + 20

(1)

BOD, = (100 — % BOD, o pmovea)BOD;
(2)

B. Graph for BOD calculation at anaerobic pond outflow

To obtain the BOD graphically, the two independent
variables must be taken: BODi and temperature. For this,
the expression (1) is substituted in the formula (2) of the
methodology, and the equation (3) is obtained.

BODe = BODi [1
(3)

Table 1 shows the results of expression (3) for each of the
conditions of temperature and BODI in the influent.

2T+20]
100
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Table 1. Temperatures and organic matter in the influent from 15 to 20 °C.

Temp. 15 16 17 18 19 20
DBOI DBOe DBOe DBOe DBOe DBOe DBOe
100 50 48 46 44 42 40
105 525 50.4 48.3 46.2 44.1 42
110 55 52.8 50.6 48.4 46.2 44
115 575 55.2 529 50.6 48.3 46
120 60 57.6 55.2 52.8 50.4 48
125 62.5 60 57.5 55 52:5 50
130 65 62.4 59.8 572 54.6 52
135 67.5 64.8 62.1 594 56.7 54
140 70 67.2 64.4 61.6 58.8 56
145 125 69.6 66.7 63.8 60.9 58
150 75 72 69 66 63 60
155 7 74.4 71.3 68.2 65.1 62
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Figure 1. Curves corresponding to equation (3) for temperatures between

Fig. 1 shows graphically Table 1 for temperature ranges
from 15 to 20°C.

IV. RESULTS AND DISCUSSION

With the following data to design an anaerobic pond:
Flow Q = 220 m3/d., BOD at the pond outlet = 320 mg/I.,
Average temperature = 15 °C.

A. Organic load

QiDBO;
1000

4)

B. Design volumetric load

=70.40 kg/day

A, = 20(T) — 100 = 200%* day

3

15 and 20 degrees Celsius in the elimination of organic matter.

D. Pond volume

LA—Q =352m3

(7

E. Anaerobic pond area

"o = 88 m?

z

®)

F. Hydraulic retention time
0, = % = 1.60 days

©)
G. BODS5 concentration

BOD, = (100 — %BOD, smopea) BOD; = 160 mg/L

(5) (10)

C. BOD removal

The concentration of organic matter in the influent is

%BODgeyovep = 50% located on the X axis, then intercepted on the curve with a
(6) temperature of 15 °C. The line is then plotted to the Y-axis
2 www.erpublication.org
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to obtain the BOD in the effluent. The result is 160 mg/l,

NNNN
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this result is shown in Fig. 2.
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Figure 2. Example of application to determine BOD in anaerobic pond effluent at temperatures of 15 to 20 degrees Celsius.

V. CONCLUSIONS

According to the proposed objective, a graph was
generated for the calculation of the concentration of organic
matter, the results compared with the traditional criterion
show similar numbers. It is recommended to use this
criterion to verify the results of the analytical method. A
characteristic of the use of these graphics is the ease and
speed of calculation. In the bibliographic search, no articles
were found for the calculation of organic matter with the
criteria presented in this manuscript.
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