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BOD:COD Ratio as an Indicator for Pollutants Leaching
from Landfill

Aik Heng Lee and Hamid Nikraz

Abstract—The relationship of BOD to COD of leachate from
a mature landfill site are investigated over a period of six years
to determine the indicator to be used for prediction of leachate
characteristic generating from landfill site. Results of the
investigation reveal that BOD:COD ratio is a good indicator of
degradation of organic matter in landfill. It can be used as an
indicator for degradation of organic matter that differentiate
the acetogenic phase from methanogenic phase in this landfill

Index Terms—BOD:COD ratio, landfill leachate, waste
decomposition.

I. INTRODUCTION

Leachate is the percolation liquid that drains through the
waste in the landfill that varies widely depend on landfill
content and climatic condition [1]-[9]. In landfill leachate,
many chemicals may be represented as organic matters,
inorganic matters and xenobiotic organic compounds.

Organic matters are usually quantified as BOD
(Biochemical Oxygen Demand) and COD (Chemical
Oxygen Demand) while inorganic matters are mainly
quantified as sulfate, chloride, ammonium, heavy metals and
others.

The organic matters are organic molecules of varied origin
and composition in leachate that are measured in terms of
BOD and COD.

Both BOD and COD are commonly used to measure
organic matter content in leachate with some reporting BOD
and COD values of 20 to 57,000 mg/L and 140 to 15200
mg/L respectively [5]-[8]. It is anticipated that BOD and
COD value decrease over time most likely attribute to a
combination of reduction of organic pollutants that are
leaching in the landfill.

The purpose of this study is to determine the use of
BOD:COD ratio as an indicator to characterize pollutant
leaching from landfill.

II. MATERIAL AND METHOD

The leachate data used in this study is obtained from the
performance results of a landfill site at Toronto over a period
of 6 (six) years spread from 2004 to 2009. The leachate
composition is typical of a mature landfill. The landfill is
deposited with wastes of solid, non-hazardous, industrial,
commercial and institutional waste from municipalities and
business.
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The characteristics of leachate are evaluated in terms of
BOD, COD, TKN (Total Kjeldahl Nitrogen), ammonia,
nitrite and nitrate. Other parameters such as calcium, chloride,
iron, magnesium, sodium sulfate and xenobiotic organic
compounds such as phenols are also evaluated.

III. RESULTS AND DISCUSSION

Duration of waste placement in landfill determines the
extent of microbial activity that affect the quality of leachate.
As BOD is predominantly a biochemical parameter, it
generally reflects biodegradability of organic matter in
leachate thus making BOD:COD ratio a good indicator of the
proportion of biochemically degradable organic matter to
total organic matter. Thus BOD:COD ratio is typically a
measurement used to describe the organic composition in the
leachate and it appears to be a good representation of waste
stabilization transiting from early acetogenic phase to mature
methanogenic phase in landfill. Due to variability of waste
placement, it is useful to determine the relationship of
BOD:COD ratio and leachate quality generating from the
landfill.

Fig. 1 depicts the ratio of BOD:COD spread over the six
years in the landfill studied.
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Fig. 1. Ratio of BOD:COD Over 6 Years Duration
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Fig. 2. pH of Leachate Versus BOD:COD Ratio

Fig. 2 depicts the correlations of pH to BOD:COD of
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leachate with an equation of pH = 6.579 + 1.861 BOD:COD.
The 1’ value show 40% of the total variation about the
BOD:COD mean is explained by the regression line. The
confidence interval for the slope shows that with 95%
confidence the data value for the slope line somewhere
between 6.085 and 7.092.

Fig. 3 depicts the alkalinity to BOD:COD of leachate with
an equation of Alkalinity = 2539 — 562.1 BOD:COD. The r*
value of 1% is obtained and the 95% confident interval lies
between 2214 and 2863.
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Fig. 3. Alkalinity of Leachate Versus BOD:COD Ratio

Fig. 4 shows the hardness to BOD:COD of leachate with
an equation of Hardness = 775.1 + 1212 BOD:COD. The r°
value of 17% is obtained and the 95% confident interval lies
between 615.2 and 934.9.
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Fig. 4. Hardness of Leachate Versus BOD:COD Ratio

Fig. 5 illustrates the conductivity to BOD:COD leachate
with an equation of Conductivity = 6890 + 3850 BOD:COD.
The r* value of 1% is obtained and the 95% confident interval
lies between 4190 and 9189.
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Fig. 5. Conductivity of Leachate Versus BOD:COD Ratio

The correlation of total suspended solids to BOD:COD of
leachate is depicted in Fig. 6 with an equation Total
Suspended Solids = 50.04 + 72.24 BOD:COD. The r* value
of 1% and the 95% confident interval lies between 2.23 and
97.84.
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Fig. 6. Total Suspended Solid of Leachate Versus BOD:COD Ratio

Fig. 7 depicts BOD to BOD:COD of leachate with an
equation BOD = 152 + 2120 BOD:COD. The r* value of
51% is obtained and the 95% confidence interval lies
between — 275.4 and — 29.7 mg/I.

The correlation of COD and DOC to BOD:COD of
leachate are depicted in Fig. 8 and Fig. 9 with equations of
COD =481.3 + 2505 BOD:COD and DOC =207.2 + 541.6
BOD:COD. The 1’ value of 25% and 13% with the 95%
confidence interval spreads between 223.2 and 739.4 mg/l
and 125.9 and 288.4 mg/I respectively.
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Fig. 7. BOD of Leachate Versus BOD:COD Ratio
g 2000 |

vuu o

-1000

-zoo0
-0.1 o.1 0.3 o5 o.7 o9
ROD-COD Ratio

Fig. 8. COD of Leachate Versus BOD:COD Ratio
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Fig. 9. DOC of Leachate Versus BOD:COD Ratio

Fig. 10 depicts the correlation of Sulphate to BOD:COD of
leachate with an equation of Sulphate = 37.51 + 220.8
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BOD:COD. The 1* value of 11% is obtained and the 95%
confident interval spread from 0.66 to 74.36 mg/1.

Fig. 11 depicts to correlation of chloride to BOD:COD
ratio of leachate with an equation of Chloride = 683.2 —
130.6 BOD:COD. The r* value of 1% is obtained and the
95% confident interval spread between 593.6 and 772.9 mg/1.
Negative correlation achieved reveals that there is an inverse
relationship of lower chloride value at higher BOD:COD
ratio.

The correlation of ammonia to BOD:COD of leachate is
depicted in Fig. 12 with an equation of Ammonia = 250.6 —
117.2 BOD:COD. The r* value of 4% is obtained and the
95% confident interval lied somewhere between 216.2 and
283.0 mg/l.
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Fig. 10. Sulphate of Leachate Versus BOD:COD Ratio
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Fig. 12. Ammonia of Leachate Versus BOD:COD Ratio

Fig. 13 depicts the correlation of calcium to BOD:COD
ratio of leachate with an equation of Calcium = 138.7 + 413
BOD:COD. The r* value of 21% is obtained and the 95%
confidence interval spreads between 91.5 and 186.0 mg/I.

Fig. 14 illustrates the correlation of magnesium to
BOD:COD of leachate with an equation of Magnesium =
102.5 + 42.13 BOD:COD. The r* value obtained is 3% and
the 95% confident interval lies between 87.5 and 117.4 mg/1.

Fig. 15 depicts the correlation of sodium to BOD:COD
ratio of leachate with an equation of Sodium = 635.8 — 156

BOD:COD. The r* value of 1% is obtained and the 95%
confident interval lies between 544.1 and 727.8 mg/l.
Negative correlation reveals that there is an inverse
relationship of lower sodium at higher BOD:COD.
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Fig. 14. Magnesium of Leachate Versus BOD:COD Ratio
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Fig. 16 Illustrates the correlation of iron to BOD:COD
ratio of leachate with an equation of Iron = 7.143 + 9.807
BOD:COD. The 1* value of 1% is obtained and the 95%
confident interval spread between — 2.896 and 17.181 mg/I.

The correlations of Nitrate and Nitrite to BOD:COD ratio
of leachate are depicts in Fig. 17 and Fig. 18 with equation of
Nitrate = 1.216 + 0.6509 BOD:COD and Nitrite = 1.301 +
0.5375 BOD:COD of 2% and 2% with the 95% confident
intervals spreads between 0.954 and 1.478 mg/l and 1.061
and 1.541 mg/I respectively.

Fig. 19 shows the correlation of TKN to BOD:COD ratio

of leachate with an equation of TKN = 328.5 — 152.4
BOD:COD. The 1* value of 4% is obtained and the 95%
confident interval spreads between 281.5 and 375.5 mg/I.
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Fig. 16. Iron of Leachate Versus BOD:COD Ratio
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Fig. 17. Nitrate of Leachate Versus BOD:COD Ratio
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Fig. 18. Nitrite of Leachate Versus BOD:COD Ratio
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Fig. 19. TKN of Leachate Versus BOD:COD Ratio
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Fig. 20 depicts the correlation of phenol to BOD:COD
ratio of leachate with an equation of Phenol = 65.89 + 787.7
BOD:COD. The 1* value of 43% is obtained and the 95%
confident interval spreads between 12.03 and 119.73 mg/1.
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Fig. 20. Phenols of Leachate Versus BOD:COD Ratio

From the data evaluation as illustrated in Fig. 2 —Fig. 20,
all physical properties (r°<0.4); all organic matters (1*<0.51);
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all inorganic matters (r’<0.21) and xenobiotic organic
compounds of phenol (1°<0.43) reveals that quality of
leachate correlates well to waste age expressed in terms of
BOD:COD ratio. This can be explained that microbial
degradation depends greatly on the composition of both
organic and inorganic constituents in the waste experiencing
different exposure of acetogenic and methanogenic phases.

IV. CONCLUSION

It is concluded that BOD:COD ratio is a good indicator for
degrees of both biological and chemical decompositions that
are taken place in the landfill and can be taken as an indicator
of degradation of organic matter in landfill. It can be
provided as useful information for the design and
management of landfill leachate that made prediction more
realistic for future trends.
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