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Abstract

BACKGROUND: Experimental data were used to study the impact of pH and organic matter on soil pollution indices, with the
view to express them as a function of the above two variables.

RESULTS: Data were from an experiment performed in a greenhouse using 12 wastewater and sludge treatment combinations
in four replications, using Lactuca sative var Longifolia as a test plant. The experimental data were analyzed by means of linear
multiple regression analysis, and the equations found were considered as revised forms for the calculation of pollution indices,
which could be used as a tool for the assessment of the level of soil pollution by heavy metals.

CONCLUSION: Tentative critical levels of the pollution indices were established on the basis of the reference revised Index PLIn.
However, additional work is necessary, such as calibration of the revised indices on the basis of percentage crop yield loss,

towards a more accurate assessment of the heavy metal soil pollution levels.
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INTRODUCTION

The industrial and technological progress which has taken place
during the last 50years, has undoubtedly contributed to the
economic advancement of modern societies as well as to their
well-being. Yet, at the same time it has also created a multitude
of problems related to human health risk and their quality of life.
The byproducts of anthropogenic activities on a global level have
contributed large quantities of toxic heavy metals, which have
accumulated in soils, in surface and underground waters, and in
the atmosphere’ leading to toxic effects on humans, plants and
animals.

The sources of heavy metals in soils are natural and anthro-
pogenic. According to Kabata Pendias,? the natural sources include
elements inherited directly from the lithosphere (lithogenic ele-
ments). Also there are the pedogenic elements, which are of litho-
spheric origin, but their concentration and distribution in soil lay-
ers and in soil particles are changed due to pedogenic processes.
The anthropogenic elements are those which are deposited into
the soils as a direct or indirect result of human activities. The nat-
ural sources include rock weathering, mineral breakdown, plant
remains (debris), irrigation water, atmospheric deposits, seawater,
while the anthropogenic sources include wastewaters, biosolids,
metallurgical operations, smelters, mine tailings, fertilizers, agricul-
tural chemicals, pesticides.?

The heavy metals originating from the above sources, accumu-
late in the soil over time, and as a result polluted soils are formed.
This accumulation has a very strong impact on the environment. It
does not only affect human beings, animals and plants, but also

soil organisms,* affecting especially their activities, as well vari-
ous soil processes dependent on the soil microorganisms, such as
breakdown of organic matter, nitrification, denitrification, nitrogen
fixation of legumes, mineralization of organic matter and the biotic
processes.” Due to the extensive distribution of heavy metals in
the terrestrial environment,’ and consequently due to soil pollu-
tion covering so many sites globally,? this problem has become an
importantissue, as it is directly related to human health risk and to
environmental quality.

Regarding the soil, toxic metals have accumulated and polluted
many areas in the world. In a survey conducted by various orga-
nizations cited by He etal.® universally there are 107 sites pol-
luted by >50% with heavy metals, being distributed as follows:
USA 10° sites polluted by >70%, European Union by 37%, Aus-
tralia by >60%, while China has an area equal to 10° km? polluted
by >80% with heavy metals. In an extensive survey conducted
recently in the European Union by the LUCAS top soil survey it
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has been reported that 6.24% of the agricultural land correspond-
ing to 1.37 x 10° km? was found to be polluted to various degrees
with As, Cd,Cr, Hg, and Pb, and this area needs local remediation
action.” In England and Wales an area of about 4 x 10® km? has
been reported to be contaminated with heavy metals.® In Greece,
anthropogenic agents impact has been reported by Kelepertzis® in
relation to accumulation of Cu, Zn, Cd and Pb in the Argolida Plain.
Similar anthropogenic impact of heavy metals has been reported
by Nicolson et al.'® and Luo et al."" for the agricultural soils of China,
due to anthropogenic pollution.

It has been stated, that the soil heavy metal content is increasing
globally and in certain cases the pollution may become severe due
mainly to anthropogenic impact.'” On the other hand, extensive
integration of treated wastewater in the planning of crop irrigation
has contributed to the distribution of heavy metals, along with the
organic matter, to soil.”?

The soil, being in close contact with the heavy metal sources,
supplies the plant root system with these metals, and via plant
uptake depending on the transfer factors (TF)'? the metals enter
into the food chain. The latter takes place in the context of the food
production capacity of soils.

Efforts have been made to clarify the effect of two soil factors,
i.e. pH and organic matter (OM) on the behavior of the metals,
which at high concentrations may become extremely toxic, affect-
ing adversely, the biotic system and its parameters. Their harmful
effects are characterized by creating serious health problems.’>'4
These problems become more acute and serious due to the met-
als being extensively distributed, covering both biotic and abiotic
environments. Furthermore, soil pollution with metals becomes
more problematic due to the fact that the metals are widely dis-
tributed, they present strong latency, they are non-degradable and
remediated with difficulty, and the pollution caused by them is
very complex.'>® The mobility and plant availability of heavy met-
alsis strongly related to their toxicity. It is controlled by various fac-
tors and mechanisms such as adsorption, desorption, which play
a very important role.” Also, fixation is another significant factor
affecting the mobility and availability of heavy metals in the soil.
However, the factors which play a very important role are the pH,
organic matter, and the oxidation reduction potential.'” Bartlett
etal.'® pointed out that pH is the principal factor governing the
concentration of plant available metals. Also calcium carbonate
seems to have a decisive role in the mobility of heavy metals.'?
It has been noted that the soil organic matter is statistically sig-
nificantly related in terms of the metal availability to plants. Soil
pollution can be effectively understood if quantitative information
about these factors can be assessed. Generally, the assessment of
soil pollution from heavy metals may be accomplished in the fol-
lowing ways:®

e by sampling soil of a representative area and by soil analysis;

e by the use of commonly preferred methods for the calculation
of the widely adopted Hakanson potential ecological risk;

e by calculating the Nemero comprehensive index (NCI);

e by the environmental factors;

e by means of a pollution index.

Heavy metal pollution of soils is a global issue, and combating
it needs systematic, effective, joint action. Critical metal levels in
agricultural soils must be established for the quantitative evalu-
ation of pollution such as those mentioned in Table 1 which are
used successfully in Finland.

Standards must be established by interdisciplinary cooperation
based on research work. It is also necessary that the methods used

Table 1. Threshold values, lower and higher guideline values
(mg kg—1 )20
Lower Higher

Threshold guideline guideline
Metal value value value
Antimony (Sb) p 2.0 10(t) 50(e)
Arsenic (As) p 5.0 50(e) 100(e)
Mercury (Hg) 0.5 2.0(e) 5(e)
Cadmium (Cd) 1.0 10(e) 20(e)
Cobalt (Co) p 20.0 100(e) 250(e)
Chromium (Cr) 100.0 200(e) 300(e)
Copper (Cu) 100.0 150(e) 200(e)
Lead (Pb) 60.0 200(e) 750(e)
Nickel (Ni) 50.0 100(e) 150(e)
Zinc (Zn) 200.0 250(e) 400(e)
Vanadium (V) 100.0 150(e) 250(e)
(e) Ecological risk or health risk; (t) if the risk of ground water con-
tamination is higher than normal in concentrations below the lower
guideline value the substances are marked with the letter (p).

to determine the extractable forms of metals are well known. Also
it is important to know whether the metal values are ‘total’ or
‘extractable’. The latter form of metals is considered the available
form to plants. The guidelines must be classified into lower and
higher recommendation levels indicating the need for action if
exceeded.” Higher concentration levels are defined by major land
uses. The ‘threshold’ values are equally applied to all sites and indi-
cate the need for further assessment. In cases where the back-
ground concentration is higher than the ‘threshold’ value, back-
ground values are considered as assessment of the ‘threshold".
If the ‘guideline value’ is exceeded, then, the contaminated area
presents ‘ecological health risk’.”

Regarding a more detailed and accurate assessment of soil
pollution, various mathematical models have been suggested
which can assess the level of pollution based on the heavy metal
accumulation in the soil. Some of the most important ones are as
follows:

a Geo-accumulation Index: this index is used to evaluate and
compare current and past soil contamination using as a ref-
erence value the earth-crust metal concentration. The Igeo
equation being: Igeo = log,[C,/1.5Bn]' where C,, is the con-
centration of the element in a soil sample (mg kg™) and B,, the
geochemical element background concentration.

b The contamination factor: calculated by means of a relation
described by Hakanson.??

¢ Enrichment factor: based on the standardization of a tested
element against a reference one, i.e. of a metal characterized
by low occurrence variability such as Al Zn, Fe, etc, and the
equation used to calculate this factor is based on an equation
suggested by Buat-Menard??

d The Nemerow comprehensive index: this is considered a use-
ful index for the evaluation of soil quality. It takes into account
extreme values and also it considers weighted multifactors. It
reflects the degree of soil pollution by heavy metals. Its mathe-
matical expression is: Py = [((max Pi)? + (ave Pi)2)/2]"2; where
Py is Nemerow’s pollution index, (max Pi) is the maximum sin-
gle pollution index among the pollutants, (ave Pi) is the average
mean of single pollution indices among all the pollutants, and
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Pi the single factor pollution index which is the rate of the mea-
sured concentration of heavy metals to the standard value of
the pollutants.?*

e The Pollution Load Index, (PLI)?> with a critical value <1 suggest-
ing lack of pollution, while >1 means the existence of pollution.
Thus PLIindex has been used as a reference index for the follow-
ing indices.

f Elemetal pollution idex.?

g Heavy metal load."?

h Total concentration factor (TCF)."

The advantages of the methods e, f, g and h are that they
are simple and easy to apply, and the results obtained by them
reflect the contribution of each element involved in the pollution.
These methods yield indices which can be used in the context of
a computer program and the data needed is only the analytical
results for the soil heavy metals.

Heavy metal soil pollution has been studied by a number of
workers relatively satisfactorily.” A number of publications have
appeared in recent years in international literature, and specifically
in relation to pollution indices'? for the evaluation of the soil heavy
metal pollution level.26-28 This has been progress, as the establish-
ment of pollution indices constituted the first step towards fight-
ing the serious problem of pollution. Unfortunately, there has not
been any further development, especially with regard to the effect
of soil factors on the function of the pollution indices. Soil fac-
tors, such as pH, OM, clay content, oxidation potential and in gen-
eral any other factor affecting the level of the soil heavy metals,
are expected to affect the pollution indices and the assessment
of polluted soil as indicated by the pollution indices. This effect is
very important as the indications of pollution indices are directly
affected by these factors. The aspect of the metals relation to the
above factors such as to the pH and organic matter affecting metal
pollution indices under the effect of soil pollution has not been
studied so far, in spite of its importance. Quite often in the liter-
ature, reference is made to the effect of pH and organic matter
on soil heavy metals without relating quantitatively their effect on
soil pollution indices. It is considered that the information on this
aspectis not sufficiently available, though it is highly significant, as
the pH and OM may change dramatically the value of these pollu-
tion indices and lead to unexpected results of the pollution level
assessment. The present work deals exclusively with the effect of
pH and OM on the pollution indices and this is the novel con-
tribution to science. The conclusions which will be extracted are
expected to more effectively describe heavy metal soil pollution.

Methodology of work
Unpublished data of Ntazala,?® obtained from her experiment of
Completely Randomized Block design with seven biosolid and
five wastewater treatment combinations in four replications, i.e.
(i) Control (C), (ii) 20% TMWW +80% C (iii) 40% TMWW +60%
C, (iv) 60% TMWW +40% C, (v) 80% TMWW +20% C, (vi) 100%
TMWW +0% C, (vii) 22.6 g/pot biosolid, (viii) 45.2 g/pot biosolid,
(ix) 67.7 g/pot biosolid, (x) 90.3 g/pot biosolid, (xi) 112.9 g/pot
biosolid and (xii) 100% TMWW +112.9 g/pot biosolid. The soil anal-
ysis data under the effect of these treatments have been used as
basic experimental evidence for the present work. The investiga-
tion under consideration was conducted under greenhouse con-
ditions, the plants having been grown in pots.

The basic aim of the experiment was the study and quantitative
expression of the soil pollution level by means of pollution indices.
Also it was intended to determine critical levels for these indices

to be used effectively in actual routine practice. It must be under-
lined at this point that up to now the pollution indices have been
expressed only as a function of the heavy metal concentration of
the soil. The present experiment additionally aimed at investigat-
ing the relationship of the pollution indices to the pH and OM, with
a view to accumulating more experimental information and rele-
vant knowledge that could help to accomplish more accurate and
effective assessment of the soil pollution level due to the accu-
mulation of heavy metals in the soil via wastewater and sludge
(biosolid) reuse. The reason for focusing our interest on the pH and
OM will be explained below.

During previous research work with wastewater reuse and
sludge conducted by the scientific team of School of Technology
and Sciences of the Hellenic Open University, some attention
had been focused on the relation of pH and OM to soil heavy
metals. In most cases it was found that both of these parame-
ters were negatively and statistically significantly related to the
metals. In the mean time the scientific team was also working
with pollution indices. Consequently it was thought that since
the pH and OM affect strongly the heavy metal level in the soil,
they must also affect pollution indices, which are dependent on
the soil heavy metals. Therefore, these findings led us to study
the effect of pH and OM on the pollution indices. We also found
that other researchers have also studied the relation of pH and
OM to soil heavy metals and that their results were in agreement
with ours.30-33 So, this has been for us an additional impetus that
lead us to the further study of the pH and OM relationship with
pollution indices.

In addition, the results and conclusions obtained regarding the
relationship of pollution indices with pH and organic matter were
also based on the following research work: (i) relevant publications
of our scientific research team,'? (ii) 3 years experimental research
work by Papaioannou®* dealing with the determination of critical
values of the pollution indices' and (iii) experience gained dur-
ing the last 5 years dealing with the problem of soil heavy metal
pollution assessment by means of pollution indices. The unpub-
lished data mentioned above was statistically processed by means
of SPSS ver. 24 and the following results were obtained.

RESULTS

The analytical data of soil heavy metal concentrations obtained
during the experimental procedure under the above mentioned
treatments, is given in Table 2. It can be seen that the highest
concentrations are those of Mn followed by Pb, Cu and Zn, while
the concentration of all the other metals is <1 mgkg™'.

The present work was based on the following two basic
procedures:

e expressing each pollution index as a function of pH or OM,
respectively by means of simple regression analysis; and

e expressing each pollution index as a function of both pH and
OM by means of linear multiple regression analysis.

The above procedure was necessitated in order first to find out
whether the relationship of the pollution indices with pH or with
OM is statistically significant or not, and second, in the affirmative
case, the indices could be expressed as a function of both of the
above variables by means of simple linear multiple regression.

Running simple regression analysis, it was found that the pol-
lution indices PLI, EPI, HLM and TCF were statistically significantly
related to pH and OM (Figs 1 and 2, respectively).
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Table 2. Heavy metal concentration of the experimental soil

Zn Mn Cu Cr cd Co Ni Pb
pH  OM(%)  (mgkg™")  (mgkg™")  (mgkg™')  (mgkg™)  (mgkg™")  (mgkg™")  (gkg™")  (mgkg™)

5.96 1.24 1.80 50.17 2.84 0.03 0.04 0.13 0.36 7.96
5.87 132 1.83 47.09 2.22 0.02 0.04 0.12 0.39 6.84
5.95 1.44 3.55 46.96 222 0.02 0.04 0.12 0.44 10.60
5.84 141 1.58 45.20 237 0.02 0.05 0.1 0.41 7.09
564 1.42 1.98 46.60 2.46 0.02 0.04 0.12 0.38 6.89
5.70 1.38 2.28 48.93 2.76 0.03 0.05 0.12 0.41 7.65
5.60 142 237 49.25 2.38 0.04 0.05 0.13 0.43 791
5.59 1.56 1.98 49.15 2.46 0.03 0.04 0.13 0.44 7.63
5.60 1.40 3.04 47.86 2.34 0.03 0.04 0.12 0.43 8.42
5.61 142 224 49.71 2.75 0.03 0.04 0.13 0.41 7.92
537 1.55 1.86 4513 2.52 0.04 0.04 0.12 0.46 7.32
5.81 1.40 1.39 48.90 2.68 0.03 0.05 0.12 0.0.38 7.03
Standard 0.176 0.086 0.610 1.707 0.212 0.007 0.003 0.006 0.031 1.019

deviation
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% 1200 [=4
10,00
800 =
8,00 -
o
T T T T T T 50 T T T T T T
$.00 520 540 580 580 800 620 500 520 540 580 580 6.00 820
pH pH

Figure 1. Regression between pollution indices and soil pH.

In Fig.1, it is seen that all the studied indices are nega- alsoeachone ofits corresponding parameters is highly statistically
tively linearly and statistically significantly related to soil pH  significant (P < 0.000). These results led to the second step of the
(P < 0.000). hypothesis: The pollution indices studied, could be expressed as

Similarly, in Fig.2 it is seen that the above indices are also  a function of both pH and OM in the form of a linear multiple
negatively, linearly, and significantly related to the OM, (P < 0.000).  regression equation (Table 3).

Furthermore, careful study of the data of Table 3 which shows Based on the above results, each pollution index was in turn
the regression equations of the pollution indices as a function of  expressed as a function of both pH and OM by means of linear
pH and OM reveals that not only the ANOVA of the regression, but  multiple regression analysis, and the new indices which were

__________________________________________________________________________________________________________|}
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Figure 2. Relation between pollution indices and soil organic matter (OM).

Table 3. Regression equations expressing the pollution indices as a function of pH or of organic matter (OM)
Parameter Regression ANOVA

Equation Relationship (predictors) Signif. coefficient R signif.

PLI = —0.479(pH) + 3.626 Linear —0.479(pH) 0.000 0.622 0.000
Con +3.626 0.000

PLI = —0.471(0OM) + 1.601 Linear —0.471(0M) 0.000 0.581 0.000
Con +1.601 0.000

EPI = —0.204(pH) + 1.552 Linear —0.204(pH) 0.000 0.598 0.000
Con +1.552 0.000

EPI = —-0.218(0OM) + 0.757 Linear —0.218(0M) 0.000 0.606 0.000
Con +0.757 0.000

HML = —-7.911(pH) + 56.249 Linear —7.911(pH) 0.000 0.532 0.000
Con +56.249 0.000

HML = —10.937(0OM) + 27.725 Linear —10.937(0M) 0.000 0.698 0.000
Con +27.725 0.000

TCF = —1.293(pH) + 9.191 Linear —1.293(pH) 0.000 0.532 0.000
Con +9.191 0.000

TCF = —1.787(0OM) + 4.530 Linear —1.787(0M) 0.000 0.698 0.000
Con +4.530 0.000

found (PLIn, EPIn, HMLn, and TCFn) are the revised form of the
older ones (PLI, EPI,HML, and TCF)'? (Table 4).

To further test the revised indices (PLIn, EPIn, HMLn, TCFn) they
were compared with their original counterparts (PLI, EPI, HML
and TCF)."? The relevant results are given in Table 5. As shown
in this table the results of the correlation were highly statistically
significant (P = 0.000).

To further strengthen the results of the present work, a regres-
sion analysis and a paired t-test was run between the data of the
revised pollution indices and the reference index PLIn, the relevant
results being shown in Table 6.

Study of Table 6 reveals that both the regression analysis and the
paired t-test between these pollution indices were statistically sig-
nificant, a fact that showed that the condition of high significance
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Table 4. Equations of linear multiple regression analysis expressing the revised pollution indices PLIn, EPIn, HMLn and TCFn as a function of pH and
OM of soil
Parameters Regression ANOVA
Multiple regression equation Relationship (predictors) Signif. coefficient R signific.
PLIn =-0.411(pH) — 0.392(0OM) + 3.847 Linear —0.411(pH) 0.000 0.783 0.000
—0.392(0M) 0.000
Con +3.847 0.000
EPIn = —0.172(pH) — 0.185(0M) + 1.657 Linear —0.172(pH) 0.000 0.999 0.000
—0.185(0M) 0.000
Con +1.657 0.000
HMLn = —6.232(pH) — 9.745(0M) + 61.763 Linear —6.232(pH) 0.000 0.810 0.000
—9.745(0M) 0.000
Con +61.763 0.000
TCFn = —1.018(pH) — 1.592(0OM) + 10.092 Linear —1.018(pH) 0.000 0.810 0.000
—1.592(0M) 0.000
Con +10.092 0.000
(OM)-organic matter, Con = constant. n = this subscript denotes that the pollution index is the revised one being expressed as a function of pH and
OM.
Table 5. Relationship of the revised multiple linear regression equations PLIn, EPIn, HMINn and TCFn with their original counterparts PLI, EPI, HML
and TCF
Parameters Correlation ANOVA
Equation Relationship (predictors) Signif. coefficient R signific.
PLIn =0.613(PLI) + 0.336 Linear 0.613(PLI) 0.000 0.783 0.000
Con +0.336 0.000
EPIn = 0.614(EPI) + 0.146 Linear 0.614(EPI) 0.000 0.782 0.000
Con +0.146 0.000
HMLn = 0.675(HML) + 3.664 Linear 0.675(HML) 0.000 0.810 0.000
Con +3.664 0.000
TCFn = 0.657(TCF) + 0.607 Linear 0.657(TCF) 0.000 0.810 0.000
Con +0.607 0.000

Table 6. (a) Regression analysis between the revised multiple regression equations EPIn, HMLn and TCFn with the revised reference regression
equation PLIn and (b) paired t-test between the revised indices EPIn, HMLn, TCF, and PLIn, respectively

Regression Degrees of
Regression equation coefficient R Significance Relationship freedom

I. Regression analysis
EPIn = 0.443 X PLIn — 0.027 0.998 0.000 Linear 55
HMLn = 19.604 x PLIn — 6.351 0.980 0.000 Linear 55
TCFn =2.034 X PLIn + 1.539 0.981 0.000 Linear 55
Il. Paired sample t-tests
PLIn vs EPIn t=48.703 0.000 - 55
PLIn vs HMLn t=27.397 0.000 - 55
PLIn vs TCFn t=116.822 0.000 - 55
set at the beginning of this work was fully justified, and that the DISCUSSION

original hypothesis was correct, i.e. the revised pollution indices  The role of pH in the behavior of heavy metals in soil has been

expressed as a function of pH and OM and based on the statisti-
cal significance seem to be equally effective in assessing the soil
pollution level with heavy metals and consequently they could
be used in the assessment of the level of soil pollution. There-
fore, there no differences regarding their effectiveness and the
results so obtained by these indices are not expected to differ
significantly.

mentioned in the previous section. Furthermore the experimental
results of this work have shown that the factors pH and OM play an
important role in determining the values of the pollution indices.
These factors seem to affect significantly the pollution indices, a
fact that reflects the extent of accuracy of these indices. According
to the experimental results obtained, pH and OM at high levels
can even give negative values of pollution indices, meaning that
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the soil is not polluted. Consequently, it was concluded that the
pH has a dominant role not only in the mobility and availability of
heavy metals in the soil, but also on the level of soil pollution as it
affects the final value of the pollution indices. A similar conclusion
was drawn regarding the organic matter with its relation to the
soil heavy metals, playing an important role in controlling their
levels in soil.>*=37 Many other workers have shown that both pH
and OM play an important role in regulating the bioavailable
level of heavy metals in soil.3°-33 Thus, the present experimental
data, showed that the pollution indices are statistically significantly
associated with the pH and OM and this finding has led our team
to work with more detailed interest and with scrutiny in relation
to understanding the role of organic matter in the more accurate
assessment of the soil pollution level.

According to Stevenson and Cole,3® organic matter forms com-
plexes with metals and as a result affects significantly their level in
the soil. The formation of complexes is due to the fact that the met-
als are polyvalent and consequently, they act as linkages between
humic substances and clay minerals. Therefore, they can alter the
aggregate structure and the soil properties. It has thus been sup-
ported by the above workers that the ameliorating effects on toxic
metals are due to the role of organic matter which can act as a
buffer. The fact that the organic matter plays an important role in
controlling the soil metals, has also led to the use of organic micro-
bial biomass as a means of assessing the level of soil contamination
with heavy metals,*® which is being considered as an indicator of
the level of soil contamination.*

Low metal contamination of soil favors significantly the micro-
bial biomass, while acute contamination may have opposite
results. Obviously, the low metal levels contribute to the increase
of the microbial biomass due to their less toxic effect and to the
fact that some metals at low concentration may affect favorably
the growth of microorganisms.

The relation of heavy metals to organic matter has been exam-
ined carefully with the view to being used as the determining
factor of the soil metal assessment. According to the experimen-
tal evidence obtained, organic matter is very closely related to the
availability and mobility of the soil heavy metals. This relation-
ship is generally negative, but occasionally it may also be positive,
as well. It depends on the degree of dissociation of the organic
complex.® Due to the binding effect of organic matter on the
heavy metals, the latter has been used successfully as a means of
amelioration of heavy metal polluted soils.*!

The relation of pH and organic matter to pollution indices
The indices are considered a useful tool for the assessment
of soil pollution with heavy metals. So far, these indices have
been expressed only as a function of the soil heavy metal
concentration.'24243

The statistical processing of the unpublished data during the
present work showed that there is a strong negative relation
between soil heavy metals, pH and organic matter. The idea of the
above statistical processing aimed at statistically testing these rela-
tionships, and in an affirmative case the intention was to express
it as a function of OM* and pH. The experimental evidence, based
on unpublished data for the relationship between metal availabil-
ity and pH and OM, showed that these two variables are dominant
factors controlling the availability of heavy metals in the soil.””44
Therefore, these relationships between the pollution indices and
the OM and pH have been used as a basis for the expression of
pollution indices PLI, EPI, HML, and TCF as a function of these
variables. It must be mentioned that both the values of the pH

and OM as shown in Table 2 are the result of the effect of the
applied treatments as reported in this table. Therefore they are
not due to original pH or OM treatment applied by the researcher.
That is why the values of pH and OM are relatively low but strong
enough to give statistically significant results and to contribute to
the establishment of the mathematical models by means of mul-
tiple linear regression analysis. The relevant relationships attained
are reported in Table 4. The new pollution indices, so obtained, are
considered ‘revised ones’. And they could tentatively be used in
actual practice as a helpful tool in assessing the level of heavy met-
als soil pollution. They have been tested as to their statistical signif-
icance of their regression, as well as for their separate parameters
(predictors) of each equation (Table 4). To further strengthen their
significance, these indices were correlated with the data given by
the calculation of PLI, which originally was used as a reference
index.'? Also, a regression analysis was run in order to find the
relationship of these three revised indices EPIn, HMLn, and TCFn
with their corresponding original counterpart indices. It was found
that they were highly significantly related with the latter reference
index (Table 5). Finally, the regression analysis was run between
each revised index, i.e. EPIn, HMLn, TCFn with the revised refer-
ence index PLIn, respectively, and a paired t-test of the above three
indices with the reference index PLIn, was conducted, which gave
similarly statistically highly significant results (P = 0.000) reported
in Table 6 suggesting the strong relationship of the revised indices
with the reference index PLIn.

The above results showed that the revised indices could proba-
bly be used as a tool for assessing the soil pollution level.

At this point it is necessary to explain why the above indices
could give, with increase of pH and OM, negative values. It is
necessary to understand why this negativity could happen. As
is shown in Table 4 where the equations of the new revised
indices are reported, all the parameters, with the exception of
the constants, are negative, while the constants are positive. This
means that at higher values of pH and OM high negative products
are attained and their algebraic sum with the constant can exceed
the latter, and consequently the value of the corresponding index
will be negative. The question which arises here is: what does a
negative index value mean? The answer is that given the negative
effect of both pH and OM on the values of indices, it is logical to
expect that the toxic effects of heavy metals in the soil is being
inactivated by either precipitation, organic complex formation,
adsorption, fixation by the clay minerals. Consequently, such a
negative index reflects lack of pollution as the toxic effects of heavy
metals are supposedly inactivated by the high pH and OM. In fact,
this explanation is in line with results of the relevant research work
which has been conducted universally during the last 20-30 years.

Part of this research has already been mentioned in the intro-
duction to this paper. However, to further support the negative
relation of pH and OM with the soil heavy metals it is considered
necessary to give additional experimental evidence on this nega-
tive relation to completely document the explanation given above
about the negative values of the indices and their meaning in rela-
tion to soil pollution level. Thus, according to the information of
the scientific literature the relation of pH and of OM is negative and
highly statistically significant.** The soil has great capacity to bind
heavy metals on hydroxides, oxides, carbonates and phosphate
precipitations under changing pH, and this binding increases with
the increase of pH under alkaline conditions. Some oxides, such
as those of Fe and Mn play an important role in the adsorption of
metals which are adsorbed more strongly on the surfaces of these
metals. For example, Pb is adsorbed 40 times more strongly on Mn
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oxides than on Fe-oxides.* On the other hand, under acidic condi-
tions, the organic matter constitutes the main absorbing medium
due to its high chemical affinity with the ions of the metals such
as Ni.* Some metals, under the effect of neutral or basic pH, can
form on the surface of the soil minerals layered double hydroxides
(LDH).*® The formation of these LDH, according to Peltier et al.,*
constitutes the pathway to Ni fixation. Also, CaCO, plays an impor-
tant role in the adsorption of Ni due to the formation of a com-
plex compound with the calcium carbonate.>® pH seems to be the
main controlling factor of Ni adsorption in oxic soils. Thus, it has
been reported that low pH increases the availability of Ni, while the
increase of pH decreases the level of the DTPA extractable Ni.?°

Another factor related to the mobility and availability of metals,
and hence to soil pollution, is the extent of adsorption. pH has
an important role in the solubility and availability of metals. For
example the Cr adsorption on oxides of Al and Fe is favored by the
high pH.'® Thus the chromic ions remain immobilized in the soil
ata pH 7.2 due to precipitation and adsorption. The adsorption of
Cr is affected by the high pH.>" On the other hand, in an acidic
environment Cr is characterized by considerable mobility.? The
adsorption of Crincreases with therise of pH and with the increase
of OM, with a negative effect on its availability and pollution level
of soil.

Furthermore, the bioavailability of metals seems to be strongly
affected by the pH, such as that of Co, which is also affected by the
OM.* Regarding the solubility of metals, pH also plays an impor-
tant role as in the case of Zn, whose solubility decreases by 100
times for each increase of pH by one pH-scale unit.>® Decrease of
pH immobilizes the solubility of Zn and consequently increases
its availability to plants, and hence intensifies its participation in

1,10 4

PLIn
8

PLI

1750

1500 4

1250

HMLn

10,00 +

5,00 -

T T T T T T T
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soil pollution. Also, increase of pH with liming decreases consid-
erably the bioavailability of Zn and its effect on soil pollution. In
well aerated soils and at pH < 5.5, the availability of Mn is highly
favored. Among the factors which affect the availability of metals,
pH seems to have a dominant position, followed by organic mat-
ter. Consequently the uptake of some metals such as Mn is strongly
controlled by the organic matter.>* pH is also related to the solu-
bility of As in water. Its maximum bioavailability is at a pH <5.5 at
which its maximum plant uptake occurs. Also, the binding capacity
of soil for heavy metals increases with the increase of pH with the
exception of As, Mo, Se, V, and Cr. With increase of pH, maximum
mobility of Se occurs, while with decrease of the clay level in soil
the mobility of Se increases.>>* As happens with many other met-
als, the adsorption of Se in soil is favored by low or by very high pH
and decreases between pH 2.5 and 10.0.>7

In addition, pH may play an important role in the interactions
of As with the nanoparticles of soil because pH can affect the
electrical load of the sorbent.”® Maximum adsorption of As(lll)
takes place at pH 9, while for As(V) it is at pH varying between
4 and 5. Also pH is a factor which determines the distribution of
Cu in soils, whose mobility increases with the decrease of pH and
decreases with the increase of pH.>®

Based on the above extensive scientific experimental evidence,
it is easily understood why the pollution indices attain negative
values under the effect of increasing levels of pH and OM. And
as this effect is highly statistically significant, it is logical to infer
that the soil pollution decreases in the presence of high pH and
organic matter, and therefore it is justified to conclude that a
soil with negative pollution index is not polluted with heavy
metals.
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Figure 3. Relationship between the revised pollution indices and their original counterparts.

wileyonlinelibrary.com/jctb

© 2018 Society of Chemical Industry

J Chem Technol Biotechnol (2018)



pH and organic matter impact on soil pollution indices

@)
SCli

WWW.50Ci.org

Critical levels of the revised pollution indices

The critical levels of the revised indices, denoting lack of soil pollu-
tion, have been calculated on the basis of the regression equation
associating each revised index (EPIn, HMLn and TCFn) as depen-
dent variables with the reference index (PLIn), respectively, as
independent variable, whose critical level is <1 denoting lack of
pollution. Using the regression equations of Table 5, represent-
ing the relationships between the revised indices and their orig-
inal counterparts depicted in Fig.3, the critical levels for each
revised index below which there is lack of soil pollution, were cal-
culated as follows: PLIn =0-1, EPIn = 0-0.394, HMLn = 0-12.73,
and TCF =0-2.471.

It must be underlined here that these critical values are tentative
for the time being, as they have to be calibrated on the basis of
percentage loss of plant yields so as to be more accurate in the
assessment of soil pollution level.

CONCLUSIONS

Based on the above presentation, the following were shown:

(@) According to the experimental data obtained from the present
investigation, it was shown that there is a statistically signif-
icant relationship between the pollution indices and the soil
factors pH and organic matter (OM). Consequently, the pollu-
tion indices: studied, i.e. Pollution Load Index (PLI), Elemental
Pollution Index (EPI), Heavy Metal Load (HML), and Total Con-
centration Factor (TCF), which were previously expressed as
a function only of soil heavy metal concentration, have been
revised and expressed as a function of pH and OM by means
of linear multiple regression analysis. This result was based on
the fact that both the pH and OM were statistically and signifi-
cantly related to the level of immobilization and to adsorption
of the soil heavy metals, a fact that is directly associated with
the soil pollution level and hence with the pollution indices.

(b) This above revision of the studied pollution indices, was neces-
sitated by the urgent need to attain more realistic and actual
assessment of the soil pollution level under the effect of
wastewater and sludge reuse and of course under the influ-
ence of pH and OM, which indeed have a statistically signif-
icant impact on the soil heavy metals, provided that these
revised indices will also be calibrated on the basis of the per-
centage yield loss of crops.

(c) However, more research work is necessary which will include
the study of additional factors that affect the soil metals,
such as clay content of soil, and oxidation reduction potential,
towards accomplishing more realistic indices that will accu-
rately assess the level of soil pollution.

The above soil factors have a very strong effect on the final value
of the pollution indices, a fact that so far has been ignored, and
consequently the assessment of heavy metal soil pollution level
which is based on the pollution indices may be considered in many
cases questionable, since the latter are determined as a simple
function of only heavy metals. According to the results of this work,
the inclusion in the expression of the indices as a function of pH
and OM, and possibly of other soil factors, may cause dramatic
quantitative changes of the pollution indices values.
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