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Spatial analysis of heavy metals in septic tank
sewage

Hector H. Oyem?!* and Ifeanyi M. Oyem?

Heavy metals get to humans through food, water, air, and industrial activities.
They arrive at septic tanks through the excretory products of man and
undergo anaerobic bioremediation. Effluent and sludge sewage in both
chambers of the tank contains various amounts of trace metals. The research
analyses the spatial distribution of heavy metals in the effluent and sludge
components of the septic tank during bioremediation. Effluent and sludge
samples were randomly collected from three study locations in southern
Nigeria, and composite samples were made for each of these study locations.
Nine trace metals were analysed using standard methods by the American
Public Health Association (APHA) for water and wastewater examination. Fe,
Mn, Zn, Cu, and Cr were the most abundant. Effluent heavy metals
concentrations were higher in the inlet chamber. There were strong positive
correlation (r = 0.90, 0.99, and 0.99) between the effluent and sludge
samples. P-values obtained from the ANOVA at a 0.05 significance level
confirmed the correlation values. Multivariate charts and regression analysis
gave R?-values in the range of 0.3045 — 0.3724 in the study with a mean value
of 0.33. In conclusion, the effluent and sludge samples were strongly
correlated and all the metal types analysed were also present in the sludge in
similar proportions. The sludge contained significant levels of trace metals
with dire implications for the environment.
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1. Introduction

Septic tanks are anaerobic bio-digesters where K

human sewage is treated by acid- and methane- herosd ’—| [ﬁ&
forming microorganisms 1. Remediation of heavy ol ] e

metals in the sewage of septic tank systems is pH-

sensitive 3.  Reports indicate that bio- @
precipitation of trace metals onto cell surfaces
through microbial mechanisms is favoured by U o
acidic conditions 2411, Contemporary septic tank
systems consist of two chambers: the raw and the
semi-treated (outlet) chambers; also known as the
inlet and outlet chambers. The components of the
septic tank include effluent, suspended solids,
and sludge.

Sludge is the semi-solid component of sewage
which contains about 57.0 % water 2. The
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Figure 1. Schematic material balance diagram
representing the pathways by which heavy metals get
into man and enter the septic tank system. It also shows

precipitation of solvated and insoluble chemicals
leads to the production of sludge 12-15. Contents of
sludge include  proteins, carbohydrates,
pathogens and heavy metals 3.
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the layout of the septic tank bioremediation system and
the partitioning of the sewage into effluent and sludge
in the two chambers.

Heavy metals are elements with comparatively
high densities often above 5 g/cm?3 16-20, Examples
include arsenic, cadmium, chromium, lead,
manganese, mercury, iron, and vanadium. These
metals are present in the environment arising from
natural and human-related activities 2122, They
exist in all the components of the environment: air,
surface and groundwater, and soil. From where
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they pass through plants and arrive at man
through the food chain 1523, including through air
and water pollution. In this paper and for the
purpose of clarity, we use the terms: heavy
metals, trace metals, and dense metals
interchangeably as one is synonymous with the
other.

Again, man receives these metal pollutants
through uptake by plants from the soil, irrigation
water and airborne pollutants 2425, Thereby,
effectively becoming a bio-accumulator of these
pollutants from his environment. The body
attempts to remove these pollutants by excretory
processes; eventually arriving at the septic tank
where they undergo bio-remediation (Figure 1).

Before now, studies relating to septic tank
systems are usually and understandably focused
on methanogenesis with an emphasis on energy
generation from biogas.?6-%0, Others have
focussed on characterizing heavy metals in water
and wastewater effluent samples and comparing
their concentrations with various guideline
values.?231-34_ Until now, we have hardly found
reports in the literature on studies of heavy metals
in septic tank sewage systems where their
concentrations and spatial distribution were
studied.

In a recent study, we reported the role of in situ pH
in the bioremediation process of heavy metals in
effluents of septic tank systems, 35 and observed
that the inherent pH of the system was not
optimum to achieve effective bioremediation of
heavy metals from the effluent. In this present
study, which is a follow-up on the former, the
principles of material balance is adopted to
monitor the distribution of trace metals within the
system, with particular emphasis on the effluent
and sludge phases of the inlet chamber (raw
sewage) of the septic tank to understand the
spatial distribution of heavy metals in the sewage

digester as a consequence of microbial
remediation.

2. Materials and Methods

2.1 Sample area

Sewage samples for analysis were taken from
different septic tanks in three locations of Edo and
Delta States: Agbor (Location A), Benin (Location
B) and Sapele (Location C) in the Niger Delta
region of Nigeria (Figure. 2), these make up the
study area. The soil type is characteristic of
reddish-yellow ferrosols 36-3°, for the Agbor and
Benin sample areas except for Sapele which has
the yellow-white soil of the Delta region being
further south of the Niger-Delta region. In this
study area, Benin City is the most metropolitan
with a projected current population of 1.8m, 4% and
a land area of 1,204 sqg. kilometres, having a
population density of 1495.0/sq. kilometres.*!
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Agbor has a population of 162,594, 4° and a land
area of 436 sq. kilometres. Sapele has a projected
population of 240,000 spread across 580 sq.
kilometres with a population density of 413.6/sq.
kilometres 4042,
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Figure 2. Map of the study area showing the three study
locations A, B and C representing Agbor, Benin City and
Sapele, Nigeria. (Source: Delta State Ministry of Lands
and Survey, Asaba)

2.2 Sample collection

Sewage samples were collected in 1 L plastic
bottles under aseptic conditions from septic tanks
in the three sample locations of Agbor, Benin City,
and Sapele in Edo and Delta States, Nigeria. Five
sites were randomly sampled per location from
each of the three sample locations. Samples were
put in ice-packed coolers and then transported to
the laboratory where a total of three composite
samples were made for analyses according to the
study locations.

These composite samples were labelled as
samples A, B, and C respectively. Notably, all the
septic tanks were essentially similar in design
apart from the difference in the number of persons
per household served per septic tank and the
socio-cultural differences of the users. In all, a
household is comprised of between 5 to 8
individuals. Each septic tank experienced a
retention time of 4 — 6 hours daily when
households would be away at school, work or
sundry businesses.

2.3 pH determination

An aliquot of 1 mL of the raw chambers’ separate
effluent and sludge samples was obtained from
each of the composite samples and putina 10 mL
sterilized beaker and then serially diluted to a final
volume of 1000 mL with deionized water 43. The
pH of the samples was measured from the
supernatant portion using a multi-parameter water
guality portable meter, Hanna (HI 9828) by Keison
Products, the United Kingdom, earlier
standardized with distilled-deionized water.
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2.4 Heavy metal analysis

Sewage samples were acidified with 1 mL
concentrated solution of trioxonitrate (1V) acid per
100 mL of sample and then autoclaved for a
period of 1 hr to solubilize the content. Heavy
metal ions were analysed in triplicates together
with a blank containing only distilled-deionized
water. The methods were consistent with the
Standard Methods for the Examination of Water
and Wastewater 44, 45, Sample heavy metal ions
concentrations were obtained using a Solar
Unicam atomic absorption spectrophotometer
(AAS) model 969 AA manufactured by Vitech
International BV, the Netherlands, previously
calibrated. The mean values from three replicate

Full paper

readings of each heavy metal ion were obtained,
from which their standard deviations were
similarly calculated.

3. Results and Discussion

3.1 Hydrogen ion concentration (pH) of
septic tank effluent and sludge samples

The hydrogen ion concentration of the effluent
and sludge samples are presented in Table la
and 1b. The results showed a pH range from 6.4
to 7.7.

Table 1a. The pH of septic tank effluent samples of the inlet (raw) and outlet (semi-treated) chambers

in the three locations.

Location

A C
Septic tank chamber Inlet Outlet Inlet Outlet Inlet Outlet
pH 7.7 7.3 6.9 7.3 6.5 6.7

(Oyem and Oyem, 2022)

Table 1b. pH of the septic tank sludge samples of the inlet (raw) and outlet (semi-treated) chambers in

the locations.

Location

A B C
Septic tank chamber Inlet Outlet Inlet Outlet Inlet Outlet
pH 6.5 6.6 6.4 6.8 6.5 7.1

A comparison of the pH values of the effluent and
sludge samples showed that the sludge
component was slightly more acidic. This would
favour the binding of heavy metal ions with
microbes in the system 35. The place of pH in the
spatial distribution of heavy metals is significant in
the septic tank system. In this paper, more focus
is placed on the inlet chamber of the septic tank
as we monitor the distribution dynamics of these
heavy metals between the effluent and sludge
components of this chamber of the septic tank
where essentially sewage is held while microbes
degrade organic matter. The idea is to study as
well as understand the distribution of these metals
between the effluent and sludge phases of the
inlet chamber and use the balance in
concentrations in the inlet and outlet chambers to
evaluate the proportions accruing in the sludge.

Results in Table la showed that effluent pH
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conditions were basically above the neutral point
(apart from location C) with averages of 7.5, 7.1,
and 6.6 in locations A, B, and C in that order. In
Table 1b results implied that the sludge samples
tended towards the neutral pH mark of 7.0.
Further analyses of the pH values of the sludge
samples indicated that pH conditions varied
randomly with the sludge component of the septic
tank, even though acidity decreased in the
following order: location A > location B > location
C; with mean pH values of 6.5, 6.6, and 6.8
respectively.

3.2 Heavy metals in Effluent and Sludge
samples of the inlet (raw) chamber sewage

The heavy metals profiles of effluent and sludge
sewage samples were analysed for Cr, Cu, Fe,
Mn, Ni, Pb, and V. The results are shown in Table
2 and 3.
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Table 2. Effluent concentrations (mg/L) of heavy metals in both chambers of the sewage digesters in

the study area.

Septic Tank Effluent Samples

Location A Location B Location C
S/No.  Metal ion Inlet(mg/L) Outlet Inlet Outlet Inlet Outlet
(Analyte) (mglL) (mglL) (mglL) (mglL) (mglL)
1. Fe 2.03+0.2 0.87 £0.02 9.41+0.01 7.52 +£0.02 8.77 £ 0.02 6.04 £ 0.02
2. Mn 0.42+0.02 0.33+0.02 0.14+0.02 0.10+£0.10 0.034 £ 0.002 0.05 £0.02
3. Zn 0.50 0.1 0.28 £0.04  0.37 +£0.02 0.18 +0.02 0.15 +0.02 0.47 +0.02
4. Cu 0.20 £0.1 0.16 £0.02  0.26 £0.02 0.17 £0.02 0.072 £0.002 0.063 £0.002
5. Cr 0.64 £0.02 0.51+0.01 0.08 +0.02 0.047 £0.002 0.045 +0.002 0.019 +0.001
6. Cd 0.44 £0.02 0.35 +£0.04 BDL BDL 0.031 £0.001 BDL
7. Ni BDL BDL 0.056 +0.002 0.031 +0.002 0.027 +£0.002 0.011 +0.001
8. Pb 0.83 £0.02 0.75+£0.02 0.062 £0.002 0.015+0.002 0.093 £0.002 0.058 £0.001
9. V BDL BDL 0.044 +0.002 0.029 +0.002 0.02 +0.01 0.006 +0.005
*BDL = Below detection limit 35,
Table 3. Sludge concentrations (mg/kg) of heavy metals in both chambers of the sewage digesters in
the study area.
Septic Tank Sludge Samples
Metal ion Location A Location B Location C
S/No.  (Analyte) Inlet (mg/kg) Outlet Inlet (mg/kg) Outlet Inlet (mg/kg) Outlet
(mg/kg) (mg/kg) (mg/kg)
1. Fe 1201 0.1 574.0 £2.26 3391 +£1.13 1026+2 618.4+0.2 556.4+0.2
2. Mn 30.4 £0.2 12.1 0.1 17.3 £0.23 15.0+2.0 38.7+0.2 33.4+0.2
3. Zn 90.6 0.2 42.8 £0.1 33.9+0.47 22.4+0.2 59.0£2.0 51.1+0.1
4. Cu 10.4 0.4 4.78 £0.01 9.45 +£0.02 12.8+0.1 13.50.2 17.2+0.1
5. Cr 1.35 +£0.02 1.24 £0.02 1.47 £0.02 0.64+0.02 2.62+0.01 1.04+0.02
6. Cd BDL BDL 1.10 £0.10 0.48+0.02 3.44+0.02 2.80+0.10
7. Ni 0.95 +0.20 0.32 +0.02 0.81 +0.02 0.57+0.02 1.64+0.02 1.20+0.10
8. Pb 0.77 £0.02 0.58 £0.02 1.62 £0.02 1.26x0.02 2.67+0.63 2.10+0.10
9. \% 0.86 +0.02 0.24 +0.02 0.77£0.02 0.52+0.02 1.52+0.02 1.14+0.02

*BDL = Below detection limit

Iron

Table 2 shows that iron (Fe) had the highest
relative abundance of all the heavy metals
analysed. Its average concentration value is 6.74
mg/L. Iron concentration ranged from (2.03 £ 0.20
—9.41 £ 0.01 mg/L) (Table 2). Fe was highest in
location B at 7.52 — 9.41 mg/L for the raw effluent
chamber. Between the inlet and outlet chambers
of the septic tank, the variations in the
concentrations of heavy metal analytes indicate
the extent (efficiency) of the remediation process
in the system. The magnitude of this difference
accounts for the amount of the metals which have
been precipitated out and deposited as sludge.

CaJoST, 2023, 2, 193-203

Heavy metal ion contents of the sludge samples
in both the inlet and outlet chambers are displayed
in Table 3 showing the concentrations of the
individual analytes expressed in mg/kg. In location
B, which had the highest Fe concentration in the
effluent, 1.89 mg/L was the difference recorded,
while 2.73, and 1.16 mg/L were the values for
locations C and A respectively.

Iron was the most abundant metal in the effluent
and sludge component of all the dense metals
studied in the three locations. It accounted for
about 90.0, 98.1, and 83.4 per cent of the inlet
chamber sludge heavy metals contents in the
study. Fe was highest in location B and least in
location C. This spatial Fe distribution tallies with
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the geogenic description of the sample areas
given in the previous section (Section 1.2.1
above). That is, both Agbor and Benin (locations
A and B) were comprised of ferrite soil types 25;
whereas, the soil in location C as has already
been mentioned was yellow-white characteristic
of delta regions. It is not surprising that location C
recorded the least Fe composition in the study.

Zinc

Zinc values were between 0.15 — 0.50 mg/L in the
raw chamber effluent with an average of 0.34
mg/L. It was between 0.18 — 0.47 mg/L in the
outlet chamber, averaging 0.31 mg/L. The
balance in the concentrations of Zn in both
chambers is again deposited as sludge.

Zinc is next in the magnitude of its concentration
in the sludge component of the study area after
iron. It was highest in the inlet chamber sludge
sample in location A, posting a concentration of
90.60 mg/kg, and the least value of 33.9 mg/kg in
location B's inlet chamber. These results are in
line with reports by several researchers who noted

that sludge was a rich deposit of toxic metals 46~
48

Manganese

Manganese values in the effluent of the raw
chamber for all the study locations are 0.42, 0.14,
and 0.03 mg/L respectively in Table 2. It was
highest in location A with a value of 0.42 mgl/L.
The mean value of manganese calculated for the
raw chamber was 0.20 mg/L, and 0.16 mg/L in the
outlet chamber. An average value of 0.04 mg/L is
the balance in the concentrations of Zn in the
effluents of these chambers. This translates to the
amount of manganese removed during treatment
at the time of the study.

Manganese is highest in the inlet chamber sludge
samples of location C at 38.7 mg/kg. It ranged
from a value of 17.30 mg/kg in the inlet chamber
in location B to 38.7 mg/kg in the inlet chamber in
location C in the order of magnitude.

Lead

Lead ranged from 0.062 — 0.830 mg/L in the
effluent samples of the inlet chamber. Lead was
next to Fe in the abundance in the study area. Its
values varied from 0.015 — 0.750 mg/L in the
semi-treated chamber in the study area.

A mean value of 0.33 mg/L was recorded in the
effluent for Pb in the raw chambers in the study.
While an average value of 0.28 mg/L was
obtained in the outlet chamber in Table 2. This
translates to 0.05 mg/L being the net value of Pb
precipitated out of the effluent of the raw chamber.

The sludge sample lead concentrations were
significantly high in all the sample locations. 2.34
mg/kg was the highest reported Pb in the study for
the inlet chamber sludge samples, and this was
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obtained in location C (Sapele area). Meanwhile,
the figures of Pb in the raw chamber sludge
samples in the study location B and A is 1.62 and
0.77 mg/kg. That is, an average of 1.58 mg/kg Pb
was contributed to the sludge in the inlet
chambers in the study area.

Copper

Copper had the highest concentration in the
effluent samples of the inlet chamber in location B
posting a value of 0.26 mg/L, above the 0.20, and
0.07 mg/L obtained in the other two locations (A
and C) respectively. Cu was similarly observed in
concentrations of 0.16, 0.17, and 0.06 mg/L in the
outlet chamber effluent samples in the study area.
A value of 0.18 mg/L was calculated as the
average value of Cu in the inlet chambers in the
study. Meanwhile, 0.13 mg/L was obtained as the
mean for Cu in all the effluent samples of the
outlet chamber in this study.

The sludge sample in the inlet chambers had Cu
levels of 10.4, 9.45, and 13.5 mg/kg for the three
study locations in alphabetical order.

Chromium

Analysis of the data for chromium showed that
chromium (Cr) concentration was 0.64 mg/L,
0.084, and 0.045 mg/L in the inlet chamber
effluent samples in locations A, B and C
respectively. Whereas, the values were 0.51,
0.047, and 0.019 mg/L respectively in locations A,
B, and C in the outlet chamber effluent samples.
These account for 0.130, 0.037, and 0.026 mg/L,
as the differences in Cr values in both chambers.
Similarly, these values represent the levels of Cr
considered to be present in the sludge of the inlet
chamber of the septic tank. A mean value of 0.07
mg/L of Cr was considered to have been
deposited in the sludge in the inlet chamber of the
study area.

Total chromium had the following values in the
inlet chamber: 1.35, 1.47, and 2.62 mg/kg for
locations A, B, and C.

Cadmium

Cadmium was observed to be below the limit of
detection (BDL) in several places in locations B
and C. It recorded values of 0.44 mg/L, below the
detection limit in location B, and 0.03 mg/L
respectively in effluents of the inlet chamber. It
was 0.35, BDL, and BDL respectively in the outlet
chamber.

The following values of cadmium were reported in
the inlet chambers of the three locations, as below
the detection limit (BDL), 1.10, and 3.44 mg/kg of
three locations (A, B, C) in that order.

Nickel
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Nickel (Ni) was BDL in the inlet chamber effluent
samples in location A. Effluent samples Ni values
in the raw chamber were 0.06 and 0.03 mg/L in
locatons B and C. Outlet effluent Ni
concentrations in locations A, B, and C was BDL,
0.03, and 0.01 mg/L. This implies that 0.03 and
0.02 mg/L of Ni were the mean values in both
chamber effluents.

In the inlet chambers’ sludge samples from all the
study locations, Ni concentrations were reported
as 0.95 mg/kg in location A, 0.81 mg/kg in location
B, and 1.64 mg/kg in location C. Ni concentration
was highest in location C at 1.64 mg/kg and least
at 0.81 mg/L in location B of all the three sample
locations.

Vanadium

The least abundant heavy metal in the study was
vanadium. Although it was not detected in location

H. H. Oyem and I. M. Oyem

A, values of 0.04 and 0.02 mg/L were however
recorded in locations B and C.

Vanadium concentrations of 0.86, 0.77 and 1.52
mg/kg were observed in the raw sludge samples
in locations A, B, and C.

From the foregoing, it is apparent that a dynamic
correlation exists between the concentrations of
dense metals in the septic tank effluent and
sludge components. This dynamic relationship
accounts for the distribution of these metals in the
system — inlet (effluent and sludge) and the outlet
chamber effluent. In the outlet chamber,
percolation is high if hydraulic conductivity is
similarly high depending on the soil texture.
Therefore, sludge and other materials in this
chamber would be expected to gradually seep
away.

3.3 Correlational Analysis of trace metals in effluent and sludge samples

Table 4. Results of A) the correlational, B) two-tail analysis of variance (ANOVA) with p-value at 0.05 level of
significance computed for the effluent and sludge samples heavy metals concentrations in location A using
Statistical Package for the Social Sciences (SPSS) software.

A) Correlational analysis

Effluent Conc. (mg/L)

Sludge Conc. (mg/kg)

Effluent Conc. (mg/L) 1

0.896541259

Sludge Conc. (mg/kg) 0.896541259

1

Significance F P-value

B) ANOVA

df SS MS
Regression 1 1007326
Residual 7 245900.2 35128.6
Total 8 1253226

1007326 28.67538 0.001058547

Table 5. Results of A) the correlational, B) two-tail analysis of variance (ANOVA) with p-value at 0.05 level of
significance computed for the effluent and sludge samples heavy metals concentrations in location B using
Statistical Package for the Social Sciences (SPSS) software.

A) Correlational analysis

Effluent Conc. (mg/L)

Sludge Conc. (mg/kg)

Effluent Conc. (mg/L) 1

0.999558439

Sludge Conc. (mg/kg)  0.999558439 1
B) ANOVA
df SS MS F Significance F  P-value
Regression 1  10163249.92 10163249.92 7921.173678 5.95413E-12
Residual 7 8981.339427 1283.04849
Total 8 10172231.26

CaJoST, 2023, 2, 193-203
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Table 6. Results of A) the correlational, B) two-tail analysis of variance (ANOVA) with p-value at 0.05 level of
significance computed for the effluent and sludge samples heavy metals concentrations in location C using
Statistical Package for the Social Sciences (SPSS) software.

A) Correlational analysis

Effluent Conc. (mg/L)

Sludge Conc. (mg/kg)

Effluent Conc. (mg/L) 1

0.995763396

Sludge Conc. (mg/kg) 0.995763396

1

B) ANOVA

df SS MS

F Significance F  P-value

Regression 1 323812.0623 323812.0623

820.8871846 1.62297E-08  1.62297E-08

2761.261813 394.4659733
326573.3241

Residual 7
Total 8

Tables 4, 5 and 6 display the results of the
correlation and analysis of variance (ANOVA) at a
0.05 significance level for trace metal
concentrations in both the effluent and sludge
samples from septic tanks in the study area.
Correlation data reveal a high degree of
relationship between the effluent heavy metal
concentrations and the concentrations in the
sludge component. The implication is that there
was a dynamic interface between the effluent and
sludge phases of the system. This further
demonstrates that metallic ions were indeed
precipitated out of the effluent, and cascaded
down to the bottom of the tank where they
accumulated in sludge. The correlation values
were high in all the sample locations with values
of r = 0.89, r = 0.99, and r = 0.99 respectively
recorded for location A, B, and C in that order.

A two-tailed analysis of variance (ANOVA)
computation (Table 4B, 5B, and 6B respectively)

proved that both the effluent and sludge data were
independently exclusive of each. It tells us that
these two data sets have means that are
statistically different from each other even though
they are highly correlated.

The p-values (in green) obtained in this study
(Tables 4b, 5b, and 6b) correspond with the F-
significance values also in Table 4b, 5b, and 6b)
illustrating in numerical terms the significance of
the Pearson's correlation r-values earlier reported
above. P-values test the significance of the
correlation between a set of variables. In this
study, p-values were resolved at a 0.05 level of
significance. And all p-values obtained in Tables
4b, 5b, and 6b were relatively lower than the 0.05
significant value. Therefore, we conclude that the
correlation between the effluent and sludge heavy
metal concentrations was highly significant.

3.4 Regression Analysis and R-square values of effluent/sludge proportions
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Figure 3. Multivariate chart of heavy metals types (x-axis) vs concentration of heavy metals in sludge y-axis (left)

with orange colour and concentration of heavy metals

in the effluent (right) with blue colour; the dotted lines

(orange and blue represent lines of best fit). Inset (right) is the regression equation and the R-square values;
underneath is the chart legend. All coordinates indicated by error bars. (A) Location A (Agbor), (B) Location B
(Benin City), (C) Location C (Sapele).

Regression analysis of data from the trace metals
concentrations for the effluent and sludge were
determined and the result is presented in Figures
3a, 3b, and 3c representing the different sample
locations A, B, and C consecutively. These results
further show a relationship between the effluent
and sludge concentrations in the septic tanks in
this study. This is further exemplified in the values
of the correlation analysis obtained in the previous
section 1.3.2. (Tables 4a, 5a, and 6a). Correlation
analysis typically identifies the relationship
between two variables in a study. This analysis
was considered necessary because of the
difference in the concentration units of the effluent
and sludge samples.

In each of the charts above, the R-square values
were relatively constant. R-square statistically
speaking is a measure of the proportion of the
variation between two sets of variables. These R-
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square constants had a range of values between
0.3045 — 0.3724 in the study, with a mean value
of 0.33 determined from the individually pooled R-
square values for each of the study locations. The
R-square values for the variations in the effluent
and sludge heavy metal concentrations are
essentially similar. Also, from the multivariate
charts in Figures 3a, 3b, and 3c, we can tell that
there is a higher proportion of heavy metals yet in
the effluent than in the sludge samples. The
similarity in the R-square values is considered an
indication of the connection between the heavy
metal concentration of the effluent and the sludge
samples.

4. Conclusion

Heavy metals' spatial distribution in the effluent
and sludge components of septic tank systems
was studied to understand and account for the
distribution of the heavy metals within the system.
Findings confirm that these metals were indeed
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bio-precipitated out of the effluent component of
the raw chamber during the process of pH-
controlled microbial remediation. From where
they gradually cascaded under the influence of
gravity onto the bottom of the tanks as a
component of sludge. Results also showed that
sludge samples in the anaerobic bioreactors
contained a high concentration of various trace
metals. A dynamic relationship was established
between the dense metals in both phases of the
inlet chamber in the septic tanks. R-square values
recorded in the study showed that at a given pH
condition, the variations in the concentrations of
the heavy metals in the effluent and sludge
components of a septic tank system are
approximately constant. The trace metal
concentrations in both phases of the septic tank
system were strongly correlated. All the heavy
metals analysed in the effluent were similarly
observed in the sludge, albeit, at lower
concentrations. Thereby demonstrating that
these heavy metals emanated from the effluent
component of the system. There was always a
higher proportion of heavy metals present in the
inlet chamber than there is in the outlet chamber.
Nonetheless, the inlet chamber sludge contained
significant  proportions of heavy metal
concentrations with serious implications on the
environment in respect of groundwater and
landfills contamination.
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