N

P§ N JOURNAL OF WATER AND LAND DEVELOPMENT

e-ISSN 2083-4535

POLSKA AKADEMIA NAUK

Polish Academy of Sciences (PAN)

www.czasopisma.pan.pl P N www.journals.pan.pl

.

Qs
< ITP-PIB

Institute of Technology and Life Sciences — National Research Institute (ITP - PIB)

JOURNAL OF WATER AND LAND DEVELOPMENT
DOL: 10.24425/jwld.2022.141555
2022, No. 54 (VII-IX): 59-67

Risk assessment of irrigation
with water contaminated by trace metals
on the soil-plant complex in the El Madher plain,
north-east Algeria

Farida Benfarhi =

, Mohamed Redha Menani

University of Batna 2, Faculty of Sciences, Department of Earth and Universal Sciences,
Water Resources Mobilisation and Management Laboratory (MGRE), 53, Route de Constantine, Fésdis, 05078, Batna, Algeria

RECEIVED 11.08.2021

ACCEPTED 20.12.2021

AVAILABLE ONLINE 28.09.2022

Abstract: Polluted water poses significant health risks when it is part of the water sources used for irrigation, leading to
the contamination of soil and plants by various pollutants. This work aims, firstly, to assess the degree of pollution of
Wadi El Gourzi water (Batna, Algeria), and then to verify the consequences on their use for the irrigation of market
garden plants for everyday consumption (lettuce, cilantro, parsley and spinach), both in the aerial part (stems and
leaves) and in the soil where they are grown. This study focuses on trace metals (Cr, Pb, Zn and Cd). Soil pollution was
assessed by calculating the soil pollution index (PI), while the uptake of these elements by plants was monitored by the
transfer factor (TF). The analyses of the Wadi El Gourzi water with the flame atomic absorption spectrophotometer
(FAAS) show a maximum abnormal concentration of Cr (17.37 mg-dm’3), Pb (0.71 mg~dm’3) and Cd (0.45 mg-dm’3).
For the analysis of the soils irrigated by these waters, the results of the PI show that the soils used for the cultivation of
parsley and lettuce are polluted by several metals (PI > 1). The concentrations of trace metals elements (TMEs) in the
sampled plants show a significant accumulation of Zn, Cd, Pb and Cr by the vegetables (coriander, parsley, spinach and
lettuce). These concentrations are above the permitted standards.

Keywords: agricultural soil, El Madher plain, irrigation wastewater, trace metals, vegetable crops, Wadi El Gourzi

INTRODUCTION

The use of wastewater in agriculture is a very old and widespread
practice worldwide [CHANG et al. 2002; WHO 1989]. More than
20 miIn ha in 50 countries are currently irrigated with treated or
raw wastewater [ScoTT et al. (eds.) 2004]. In Pakistan, 80% of the
urban community uses raw wastewater in agricultural production
and 26% of vegetable production is achieved through the reuse of
often raw wastewater [ScorT et al. (eds.) 2004]. In Morocco, most
cities are equipped with sewerage systems and the collected
wastewater is used for agricultural purposes [Bazza 2002].
Algeria has an essentially arid to semi-arid climate, with low
and irregular rainfall and very limited water resources [MRE
2001]. Population growth, the frequency of occurrence of
droughts, and economic growth have led to increased water

needs and increased pressure on conventional water resources
[MRE 2001]. This situation has led to searching for other non-
conventional resources such as the reuse of treated wastewater.
The El Madher plain located in the territory of the Wilaya of
Batna (Algeria) is an agropastoral area. The crops grown here are
generally market gardening (lettuce, carrots, etc.) or fodder crops
(oats, alfalfa, etc.) and cereals are the main crops (wheat, barley,
etc.). Like all agricultural areas in semi-arid regions, this plain is
exposed to the scarcity of rainfall, the annual average of which
does not exceed 400 mm. The problem which is seriously posed,
these last years is undoubtedly, the use of Wadi El Gourzi
contaminated water by industrial and domestic wastewater for the
irrigation of the cultures, knowing that the wastewater treatment
plant located at the outlet of the city is experiencing malfunctions
due to the fact that its purification capacities are largely exceeded.

© 2022. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)


mailto:ami.ben45@yahoo.com
https://orcid.org/0000-0002-6533-1615
https://orcid.org/0000-0001-7261-9417

www.czasopisma.pan.pl P
Y

N www journals.pan.pl

60  Risk assessment of irrigation with water contaminated by trace metals on the soil-plant complex in the EI Madher plain...

This use presents significant health and environmental risks,
such as soil and groundwater contamination [JEANNOT et al. 2001].
Indeed, the lettuce, coriander, parsley and spinach plots are
irrigated with contaminated water, as we noticed during our field
visits, following the nauseating odours felt in the surroundings. In
this region, several motor pumps are installed on the banks of the
Wadi El Gourzi, supplying the sprinklers fixed in these plots. The
agricultural production resulting from this irrigation is intended
for the needs of Batna, Djerma, El Madher and Fesdis. The use of
polluted water is considered by farmers as an alternative source of
water available all year round, free of charge, and even as a source
of nutrients essential for crop growth (good yields). However, this
practice is punished by Algerian law. Article 130 of the Water Law
enacted in 2005 states that “the use of raw wastewater for
irrigation is prohibited” and sanctions for this violation are also
mentioned in the same text [Goppen 2005]. Despite the fact
that public services have repeatedly sanctioned farmers who use
Wadi El Gourzi water, but they return to their practices each
time.

The Wadi El Gourzi, which is of particular interest to us in
this study, is a small but principal river that drains surface water
after raining periods and also industrial and domestic wastewater
city of Batna city towards the El Madher plain, where it spreads
over a vast area. Moreover, the wastewater treatment plant
installed at the city’s outlet has been overtaken by the city’s urban
expansion and neighbouring localities. It only ensures the
treatment of a part of these discharges. Added to this is the lack
or malfunctioning of specific treatment stations at the level of
most of the factories in the industrial zone, which further
contributes to the pollution of the Wadi’s water by dangerous
substances, particularly trace metal elements (TMEs).

The soils in the El Madher plain (Fesdis region) are calcisols
world data. They are composed of 48% clay, 43% silt and 9% sand
with high total limestone content. Land devoted to agriculture
occupies 2755 ha, representing 32.10% of the municipality’s total
area, forests cover more than 4041 ha and non-agricultural land
approximately 1784 ha. Of the 2755 ha of agricultural land,
2407 ha are considered useful; 32.4% of the agricultural land is
irrigated with groundwater (wells) and 67.6% with contaminated
water from Wadi El Gourzi. Some plots are irrigated with both
groundwater and contaminated water from the Wadi [TAMRABET
2011].

Domestic and industrial wastewater is rich in organic matter
and fertilising elements, but it also contains undesirable chemical
elements, particularly trace metals [CuANEY 1988]. These metals
and other non-biodegradable inorganic compounds accumulate
in the soil [MENCH et al. 2002] depending on biogeochemical
conditions. They pass into the soil solution and then can be taken
up by plants. They can then be incorporated into the food chain
when they exceed maximum allowable concentrations (MACs).
For example, cadmium, mercury and lead are toxic, even in small
concentrations, to plants, animals and humans. They accumulate
in the soil due to their long biological half-life [GOTHBERG et al.
2002]. The degree of trace metal contamination in the soil
depends on the physico-chemical properties (texture, percentage
of clay, pH and organic matter content, etc.), the load and type of
heavy metals present in the irrigation water and the time during
which the soil has been subjected to irrigation.

This study aims, first of all, to assess the degree of pollution
of the Wadi El Gourzi water, then to verify the consequences on

the use of this water for the irrigation of plants (parsley, spinach,
cilantro and lettuce) and to identify the interaction between the
soil and the concentration of metals in the crops. The
concentrations of metals (Cr, Pb, Cd and Zn) in soil, vegetables
and water of Wadi El Gourzi were compared with the safety
limits.

MATERIALS AND METHODS
DESCRIPTION OF THE STUDY SITE

The El Madher plain, is located 15 km north-east of Batna, about
450 km south-east of Algiers, between 35.5° and 35.7° N latitude
(Fig. 1). It is bounded to the east by the Djebel Bou Arif, to the
west by the Monts de Batna, and to the north communicates with
the Gadaine plain, an area of sebkhas. The two mountainous
massifs that limit the plain to the east and west (Djebel Bou Arif
and the Mounts of Batna) converge in the south to enclose the
basin drained by the Wadi El Madher. Numerous watercourses
with a temporary regime and coming from secondary catchment
areas are joined in the center of the plain by the Wadi El Madher,
which drains all the water towards the basin’s outlet. The Wadi El
Gourzi drains the surface water of the Batna basin towards the
Wadi El Madher, which is its natural extension. It drains
wastewater during the rainy season and also collects runoff from
the many sub-catchments. More than 35 industrial units are
concentrated in the industrial zone of Batna K’chida. These are
located upstream of Wadi El Gourzi. Among the many industries,
there is the textile production, a tannery, battery manufacturing,
gas bottle manufacturing, steel processing as well as various food
industries, a red meat slaughterhouse, a milk and by-products
unit. Most of these units have treatment units but which function
poorly or not at all, due to frequent breakdowns. In addition to
the washing stations connected to the city sewerage networks.

HYDROGEOLOGICAL CONTEXT OF THE EL MADHER PLAIN

The El Madher plain is characterised by a water table exploited by
numerous wells (over 300 wells). Its depth varies between
a maximum of 30 m near the limits of the plain and a minimum
of <5 m near the basin outlet at Merdja Mezouala. The aquifer
varies from free to semi-free, depending on the location. It is
made up of sand, gravel and pebbles packed in a clay matrix and
covers about 90 km?. These formations represent a filling of Mio-
Plio-Quaternary age and extend between the Cretaceous Moun-
tains of Batna and the Djebel Tafraout and Koudiat-Tfouda to the
north. The substratum of this aquifer is made up of Cenomanian
and Miocene marl and locally of Tortonian clay. This thick marl
formation, as a whole, limits perfectly the aquifer studied from
a hydraulic point of view over its entire extent. Similarly, it
constitutes the roof of the Cretaceous confined aquifer (Barre-
mian sandstone and Aptian limestone) [MEeNant 1991].

SITES D’ECHANTILLONNAGES

As part of this work, four rounds of sampling were carried out: in
February, April, June 2017 and January 2018.

To assess the quality of the Wadi El Gourziwater, samples
were taken at four different points:

© 2022. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)



www.czasopisma.pan.pl P

N www journals.pan.pl

POLSKA AKADEMIA NAUK

Farida Benfarhi, Mohamed Redha Menani 61

El Madher

Fig. 1. Study site and location of sampling stations in Wadi El Gourzi; E = wastewater, S+P = soil + plant; source: own

elaboration based on map on Google Earth

- EI - before the treatment plant where water is mixing of Wadi
El Gourzi water and water coming from industrial units dis-
charges;

- E2 - it is mixing point of Wadi Bouzourane water with that of
Wadi El Gourzi and the discharges are: domestic, industrial
and treated water of the station plant;

- E3 - in Fesdis, this site is characterised by the use of motor
pumps at the level of the Wadi for irrigation;

- E4 - in the basin outlet at Merdja Mezouala.

Concerning the soil sampling sites, as well as the crops
irrigated by the Wadi El Gourzi water, they were carried out in an
open field, in the middle of the vegetation and near Wadi El
Gourzi (same type of soil). The plant samples were taken with the
soil in which they were planted and randomly between the centre
of the field and the edges of the Wadi.

SAMPLING OF SAMPLES

At each site, water samples are taken from the middle of the
watercourse in polyethylene bottles, previously disinfected with
nitric acid and then with distilled water to avoid any contamina-
tion. Samples were stored at 4°C in the presence of 2.5 cm® of
pure nitric acid (65%) to avoid the absorption of the elements to
be analysed by the walls of the vials.

The choice of plant samples was mainly based on those
available and widely consumed by the population: spinach,
lettuce, parsley and coriander aerial parts (stem and leaf). The
crop samples were taken carefully by hand and also placed in
sterile bags at 4°C. 500 g of cultural soil sample was taken at
a depth of 15 cm around the root zone of each sampled plant and
then placed in sterile bags and stored at 4°C.

SAMPLE PROCESSING AND ANALYSIS METHOD

Mineralisation of Wadi El Gourzi water, soil and plants

The procedure for Wadi water mineralisation is as follows: take
100 cm® sample to be acidified with nitric acid (pH < 2); add
5 cm® hydrochloric acid; heat with a hot plate until the volume is
reduced to 15 cm® (without boiling). The sample is filtered
through a cellulose nitrate membrane (0.45 um). Finally the
filtrate is collected in a 100 cm® bottle.

The soil samples were dried in an oven at 40°C for at least
16 h. They were then crushed before being passed over a 2 mm
sieve. The part smaller than 2 mm was crushed with a porcelain
mortar to obtain a powder with a granulometry smaller than
250 pm. Mineralisation was carried out on 0.5 g of this powder
with 6 cm® of hydrochloric acid and 2 ¢cm® of nitric acid (aqua
regia). This step was carried out at 95°C for 75 min on a heating
block. The mineraliser was adjusted to 50 cm”.

The samples of the collected plants are washed with tap
water and then with distilled water, the different parts of the plant
(stems and leaves) were dried in an oven at a temperature of 105°C
for 24 h, the sample is crushed with a mortar to obtain a fine
powder. 1 g of dried plant material was introduced into a capsule
and placed in an oven at a temperature of 500°C for 5 h, after
cooling, the ashes were moistened with a few drops of distilled
water and then 5 cm® of hydrochloric acid was added, left in
contact for 10 min and filtered into 100 cm?® flasks.

Determination of trace metals

The determination of metallic trace elements present in Wadi El
Gourzi water, soil and plants was carried out on the mineralised
samples after dilution. Chromium, cadmium, lead and zinc were
determined by flame atomic spectrophotometer type SHIMAD-
ZU AA7000 at the mobilisation and water resources management
laboratory of Batna 2 University (Algeria). The working range is
of the order of ug-dm™. Before each analysis, the apparatus is
calibrated by certified standard solutions to trace the calibration
curve (precise standards of 1000 ppm). Each sample was analysed
in triplicate and an average value was obtained. The analyses were
carried out with wavelengths of 535 nm for Zn, 540 nm for Cr,
530 nm for Cd and 630 nm for Pb.

Electrical conductivity (EC), pH and temperature
were measured in situ with a multi-parameter probe type
CONSORT C 5010. Soil pH was measured using a WIW type
pH meter with a combined glass electrode on a soil/water
suspension after stirring for 2 h (5 g of sieved soil in 50 cm? of
demineralised water). Chemical oxygen demand (COD) was
determined by spectrophotometer with a wavelength of 420 nm
after oxidation with potassium dichromate. Biological oxygen
demand (BODs) was analysed by the OxiTop method [ISO 5815-
2:2003].
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RESULTS AND DISCUSSION

Concerning the chemical parameters pH, electrical conductivity
and organic matter, the results are shown in Table 1.

Table 1. Water characteristics of Wadi El Gourzi (irrigation
water)

Sampling site pH Conducti}flity £oP. cop
(mS-cm™) mg 0,-dm™

El 7.89-8.55 2.08-3.88 820 1277

E2 7.8-7.9 1.4-1.7 140 314

E3 7.2-7.6 1.8-2.1 180 460

E4 7.92-8.67 1.5-2.7 160 287

Source: own study.

The pH values vary between 7.2 and 8.67. The Wadi water is
characterised by pH values close to neutrality. This is probably
attributed either to the neutralisation of the industrial water
before discharge [HassoUNE et al. 2006]. The alkalinity reflects the
nature of the sediments dominated by a calcareous parent rock.
Similar results have been obtained by [KHELIF 2018; TAMRABET
2011] in this area. Thus, the values obtained in the present study
remain comparable to those reported by Laaziri et al. [2015] in
the Meknes-Tafilalet region and the Wadi Boumerzoug effluent
[KEDDARI et al. 2019]. In general, the Wadi El Gourzi effluent does
not have an adverse effect on crops that tolerate pH values
between 6.5 and 8.4 [NisBer, VERNEAUX 1970]. Electrical
conductivity values vary between 1.4 and 3.88 mS-cm™, these
high values are attributed to industrial and/or urban discharges
characterised by very high mineralisation (>1 mS-cm™).

The concentration of oxidisable matter (OM = 1/3COD +
2/3BOD:s) represents the parameter generally used indirectly to
describe the organic load of wastewater. Overall, for all sampling
sites, the BODs, COD and OM values show a decreasing gradient
from upstream to downstream flow, from 1277 to 287 mg O,-dm™
for COD, from 820 to 140 mg 0,-dm™ for BODs and from
972.33 to 197.33 mg O,-dm > for OM, which can be explained by
a self-cleaning process. The site E1 characterised by high BODs,
COD and OM values represents the raw effluent from industrial
water discharges. It is rich in organic matter (e.g. poultry
slaughterhouse). In general, all the sampling stations have BODs

and COD values higher than the Algerian discharge standard,
fixed at 40 and 120 mg O,-dm™ respectively [Décret exécutif
n° 93-160)].

CONCENTRATION OF HEAVY METALS IN IRRIGATION WATER

The concentrations of trace metals recorded in the irrigation
water of Wadi El Gourzi are listed in Table 2.

The contents vary in the range, from 0.002 to 17.37 mg-dm™
for Cr, from 0.01 to 0.71 mg-dm™ for Pb and from 0.15 to
3.06 mg-dm™ for Zn, while for Cd the contents are lower than
0.45 mg-dm™. The average concentrations of Cr, Pb, Zn and Cd
are respectively 2.88, 0.10, 1.06 and 0.056 mg-dm™. They are
similar to the concentrations of heavy metals in irrigation waters
of Titagarh, West Bengal, India [Gupta ef al. 2008]. The results
obtained reveal the following order of abundance: Cr > Zn > Pb >
Cd. The average concentrations of Cr, Pb and Cd are above the
WHO [1996] limits: 0.05 for Cr, 0.01 for Pb, 3 for Zn and 0.003
for Cd in mg-dm™,

In natural waters, heavy metals are found in different
chemical forms: free ions, complexes, particulate forms [IDLAFKIH
et al. 1995]. The form we determined concerns the total form. The
spatial variations of heavy metals in Wadi El Gourzi show the
symmetrical distribution of Cr, Cd and Zn (Fig. 2). A similar
evolution of the curves representing the evolution of the variable
concentrations of these ions from upstream to downstream; this
can be attributed to the water/sediment contact during the course
of the water flow along the Wadi and changes according to
environmental conditions depending on the case, there can be
precipitation, oxidation, complexation. Certain factors favour the
desorption of metals, such as a drop in pH, complexation by
organic or inorganic ligands (hydroxides). Station E3 is
characterised by relatively higher concentrations of dissolved
trace metals (Cr, Cd and Zn) than stations E1, E2 and E4. In
addition to the pollution of the Wadi, we note that station E3 is
close to an irrigated agricultural area, precisely with polluted
water. We believe that the surplus water used, after leaching from
the soil rich in heavy metals, returns to the Wadi and thus
contributes to the enrichment of the water of this station in these
elements. Concerning lead, the highest average content was
recorded at El1 site with 0.2 mg~dm’3 (Fig. 2). This can be
explained by the fact that it is placed before the water purification
plant (WWTP), where the effluents are loaded with industrial
waste (batteries, tanneries, metallurgy, etc.) without pre-treat-
ment.

Table 2. Content of trace metals elements (mg~dm’3) in Wadi El Gourzi water (irrigation water)

Content in
Metal February 2017 April 2017 June 2017 January 2018
E1 E2 E3 E4 E1 E2 E3 E4 E1 E2 E3 E1 E2 E3 E4
Cr 11.37 | 5.96 | 17.37 | 5.05 [ 0.19 | 0.19 | 0.17 | 0.15 | 0.01 | 0.002 | 0.003 | 1.39 | 2.21 | 0.06 | 0.19
Cd 0.003 | 0.004 | 0.01 | 0.01 | 0.01 | 0.005 | 0.004 [ 0.005 | 0.05 | 0.02 | 0.01 [ 0.01 | 0.18 | 0.45 | 0.10
Pb 0.01 0.01 0.02 0.05 0.07 0.01 0.01 0.10 0.01 0.01 0.02 0.71 0.16 0.16 0.16
Zn 268 | 241 | 3.06 [ 275 | 047 | 017 | 017 [ 0.19 [ 046 | 0.15 | 0.15 | 0.52 1.01 145 | 035

Explanation: values in bold represent values that exceed threshold limits.
Source: own study.
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Fig. 2. Spatial variations of metal concentrations in Wadi El Gourzi for
Cr, Cd, Pb and Zn; source: own study

For the temporal variations (Fig. 3), we found correlations
between the months characterised by heavy metals abundance
(Pb, Cd in January and Cr, Zn in January-February). The period
of high water (January-February) is due to rainfall, which
produces oxidising conditions and makes the dissolved form
appear in the water. However, during low water periods (July—
August), we note a decrease favouring the precipitation of heavy
metals in the sediments. According to the criteria adopted for the
global evaluation of water quality multi-usage grid (Adour-
Garonne Basin Agency), water quality is considered well if
Cd < 0.001, Pb < 0.05 and Zn < 0.5 mg-dm™ [NGaram 2011].
According to the values, of Cr, Pb, Zn and Cd of the Wadi El
Gourzi water can be classified at level 3, i.e. of poor quality. The
high level of heavy metals in Wadi El Gourzi is due to domestic
and industrial discharges.

CONCENTRATION OF HEAVY METALS IN AGRICULTURAL SOIL
IRRIGATED BY POLLUTED WATER FROM WADI EL GOURZI

The soil pH is a very important parameter in the evolution of the
concentration of heavy metals in the soil it influences several
precipitation / solubilisation reactions, adsorption / desorption on
soil solids and metals speciation, and thus the bioavailability
[BasicH, Stotzky 1977]. When the soil pH decreases by one unit
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the concentration of free metal elements increases twice in the
soil solution [SANDERS et al. 1986]. The pH values of agricultural
soils vary between 6.8 and 8.3 at the 0-15 cm surface horizons,
which is in line with the results reported by Tamraser [2011] and
KueLie [2018]. The recorded soil pH is almost neutral (slightly
alkaline), limiting the passage of heavy metals from the solid
phase to the soil solution and then to the plant [THOrRNTON 1996].
The increase in pH values is attributed to the calcareous nature of
the studied soils and following prolonged irrigation time with
wastewater [SCHIPPER et al. 1996].

In agricultural soils irrigated by Wadi El Gourzi water, the
concentration of heavy metals (mg-kg ™" dry soil) varied from 3.72
to 1038 for Cr, 70.8 to 262.62 for Zn, 0.06 to 31.93 for Cd and 7.34
to 31.06 for Pb. The results obtained in the following order of
abundance are: Cr > Zn > Pb > Cd. This is the same ranking as for
irrigation water by Wadi El Gourzi. The concentrations of Cr in
soils (spinach and parsley) and Cd in soils (parsley and lettuce)
shown in Table 3, exceed the permissible levels [KaBaTA-PENDIAS,
PenDIAS 1992].

The levels of Cr and Cd recorded in the studied soils are
close to those recorded in the irrigation water, which is a source
of contamination. In soils, cadmium is considered a mobile
element compared to other metals [BOURRELIER ef al. 1998]. In
general, apart from polluted irrigation water, the origin of Cd in
the soil is household waste containing batteries and other non-
degradable metals, fertilisers (phosphate) and recycling of lead
from batteries or paint production. Cr is more abundant in
neutral or basic soils than in acid soils. In the soils of our study
area (neutral to slightly alkaline), the Cr content of the parsley soil
is 1038 mgkg™. It is derived from its use in metallurgy and
tanning. Cr exists in the soil in the form of Cr’* and little Cr®*,
Cr’* is more easily absorbed than Cr®", the latter being more
water-soluble, bioavailable and potentially toxic [PicHARD et al.
2004]. According to LaNDREAU [1987] heavy metals present in
wastewater are generally fixed in the soil, but a small quantity
remains in solution in irrigation water.

POLLUTION INDEX (PI)

Several authors have introduced the PI to identify multi-
elemental contamination leading to increased metal toxicity; This
index is calculated as the average of the ratios of metal

b
) 0.30 —=—Cd ]
—e—Pb /
0.20
£
<
=]
E
0.10
0.00

: r : T )
February 2017 April 2017 June 2017 January 2018

Fig. 3. Temporal variations of metal concentrations in Wadi El Gourzi for: a) Cr, Zn, b) for Cd, Pb; source: own study
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Table 3. Trace metal content (mg-kg’l) and pollution index (PI) in soils

Value in
February 2017 April 2017 June 2017
Metal
soil under cultivation of
spinach parsley spinach parsley lettuce cilantro spinach lettuce cilantro
Cr 355.83 1038.00 22.50 28.00 38.40 22.00 391 3.72 4.30
Zn 262.62 250.13 99.00 130.05 153.12 182.16 72.60 70.80 75.11
Pb 9.81 31.06 11.22 7.34 14.70 12.40 12.01 13.07 13.42
Cd 0.85 26.12 0.26 0.14 0.06 0.20 1.03 31.93 2.40
PI 0.91 4.19 0.17 0.18 0.23 0.23 0.18 2.76 0.30

Explanations: PI = pollution index, values in bold represent values that exceed threshold limits.

Source: own study.

concentrations in soil samples to limit values [CHON et al. 1998].
A pollution index greater than the value of 1 means that soils are
considered to be contaminated by several metals and should be
treated; the pollution index in our case is then:

PI = (Pb/100 + Cd/3 + Zn/300 + Cr/150)/4 (1)
Among the soils studied, the pollution index is higher than
1 except in two plots, the lettuce and parsley soil. These two soils
are considered to be polluted by several metals. The variation
explains the difference between the pollution index values from
one soil to another in the frequency and duration of irrigation
and the number of years the land has been irrigated. Furthermore,
the fact that the level of pollution by one metal is not always the
same as another can be explained by the use of wells and
boreholes for irrigation in summer when the Wadi level
decreases. Another factor is the chemical composition of the
daily wastewater, which depends on whether or not the industries
and the treatment plant function. The capacity to assimilate heavy
metals varies according to the type of plants, which directly
influences the level of metallic elements in the soil.

ASSESSMENT OF METALLIC ELEMENTS IN VEGETATION

The concentration of heavy metals in plants reflects the
availability and transfer of metals from soil to plant. The
concentrations of heavy metals in the aerial parts (leaves + stems)

of plants (Tab. 4) collected in the Fesdis area were compared with
other heavy metal contents of plants obtained by researchers
worldwide.

Chromium is detected in the majority of plant samples with
very high concentrations ranging from 0.5 to 62.47 mgkg™
exceeding the SEPA [2005] standard 0.5 mgkg ™', higher than
those obtained in lettuce grown in the Gounti valley in Niamey,
Niger 1.81 to 3.73 mg-kg™' [Dan-Bapjo et al. 2013], lower than
those reported in vegetables 34.83 to 96.30 mgkg™" in Tatigarh,
India [Gupta et al. 2008]. According to McKenzie [1980], Cr in
basic soil will be more available to plants grown in acidic soil.

Cadmium is the most toxic metal as it accumulates
biologically and has a long half-life, the concentrations of this
metal in the plants sampled vary from 0.2 to 1.73 mgkg ™", higher
than the critical value 0.2 mgkg™' acc. to CSHPF [1996] and
Reéglement (CE) N 466/2001. These concentrations are similar to
those obtained in plants grown in the metal areas of Noyelles-
Godault and Auby in France, which reach 1.50 mg-kg™" [Douay,
STERCKEMAN 2002] and higher than Cd levels in market gardening
sites in Cocody, Ivory Coast 0.12-0.41 mg-kg™' [Kouaxou et al.
2005]. The use of contaminated water for irrigation and fertilisers
can increase Cd uptake in plant tissue [JACKSON, ALLOWAY 1991].

The lead concentrations detected in the plants tissues
studied ranged from 1.06 to 11.47 mgkg™", higher than the re-
gulatory guide values for heavy metals in aerial parts 0.1 mgkg™
[WHO 1989]. They are higher than the levels reported by

Table 4. Trace metal elements content (mg-kg™") in the aerial parts (leaves + stems) of plants grown in soils irrigated by polluted Wadi

El Gourzi water (Batna, Algeria)

Content in
Metal February 2017 April 2017 June 2017
spinach parsley spinach parsley cilantro lettuce spinach cilantro lettuce
Cr 62.47 - 24.50 14.00 14.50 16.00 1.52 0.50 0.50
Zn 283.07 256.16 95.62 138.90 86.32 60.15 33.10 18.58 32.21
Pb 1.63 6.54 7.80 8.26 11.47 5.96 1.06 2.47 2.47
cd 1.73 1.23 0.43 0.20 0.20 0.36 0.52 0.20 0.86

Explanation: values in bold represent values that exceed threshold limits.

Source: own study.
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AL-CHAARANI [2009] which are in the order of 0.055 to 3.0904
mgkg™'. The high levels of Pb in plants can be explained by the
relationship between irrigation water and atmospheric deposition.
The soil/plant transfer of Pb is less important than the direct
deposition on the aerial parts of dust [Apriano 2001].

Table 5. Transfer factor values

located in the upper part of the soil [SANDERs 1986]. The transfer
of TMEs from the soil does not follow a particular logic. It varies
from one species to another, depending of the mobility,
availability and total concentration of each element in the soil
[BARMAN et al. 2000].

Transfer factor in
Metal February 2017 April 2017 June 2017
spinach parsley spinach parsley cilantro lettuce spinach cilantro lettuce
Cr 0.17 nd 1.09 0.50 0.37 0.72 0.39 0.13 0.11
Zn 1.07 1.02 0.96 1.06 0.56 0.33 0.45 0.26 0.43
Pb 0.16 0.21 0.69 1.12 0.78 0.48 0.09 0.19 0.18
Cd 2.03 0.04 1.65 1.28 3.33 1.80 0.50 0.01 0.35
Explanation: nd = no data, values in bold represent values that exceed threshold limits.
Source: own study.
The two highest concentrations of zinc were found in CONCLUSIONS

parsley and spinach, above the SEPA [2005] regulatory value 100
mgkg™!, these levels are close to the Zn concentration in
vegetables in Titagar, West Bengal, India [GupTaA et al. 2008]. In
this study, the values of heavy metals were compared with the
regulatory guideline values published by [WHO 1989], the French
Higher Council of Public Health [CSHPF 1996], the European
Commission [EC 2001] and the Chinese Environmental Protec-
tion Agency [SEPA 2005], to determine the risk to human health
after consumption of these contaminated vegetables.

The Cd, Cr, and Pb contents in all analysed plants are above
the FAO/WHO maximum limit and the EC and SEPA limit
values. Concerning Zn, we note that two samples (spinach and
parsley) show concentrations exceeding the 100 mgkg™ limit
value set by SEPA. It is, therefore, necessary to prohibit the
marketing and consumption of these vegetables.

CALCULATION OF THE TRANSFER FACTOR (TF)

The transfer factor (TF) from the underground to the above-
ground parts can be used to assess the adsorption capacity of
heavy metals by plants [Liv et al. 2014]. The ratio of metal
element concentrations between the two levels (plant/soil - soil
where the plant is grown) can be written as follows:

TF = [HAleant/[H]\/ﬂsoil (2)

where: [HM] = heavy metal concentration (mg-kg’l).

According to SexaBlra et al [2011], TF values above the
value of 1 are classified as hyper-accumulative plant species for
heavy metals, namely spinach (Cd, Zn and Cr), parsley (Zn, Cd)
and cilantro, lettuce (Cd) - Table 5. Indeed, Cd and Zn are
transferred to the aerial parts more easily than Pb which remains
complex in the roots [GrReGEr 1999]. Cadmium and zinc are most
mobile in the same soil pH range of 5.5 to 6.0. Zinc in plants is
linearly related to its concentration in the soil because it is an
indispensable element for many cellular processes [Lout 1993].
On the other hand, the low availability of Pb and Cr due to the
high affinity of organic matter means that they are generally

The evaluation of the trace metals elements (TMEs) content in
the complex (water, soil, plant) shows that the vegetative part
seems to be in equilibrium with the concentrations recorded in
the water and the soil.

The concentrations of Pb and Cr in soils are higher than
their concentrations in plants. Indeed, as their solubility in the
soil is low, they can accumulate in the roots for Pb and be
deposited in the soil for Cr. The concentrations of Pb in plants are
correlated to those in the soil on which they grown, but they
depend on the organ (root, stem, leaf and fruit). For Cd, the
concentrations in the aerial parts of spinach and coriander are the
same as in the soils. The mobility of Cd will largely depend on the
pH. In general, Zn concentrations in soil are higher than in
plants, about 2.5 times higher for lettuce and coriander. There is
a linear relationship between the two Zn concentrations obtained
for plant and soil for spinach and parsley.

In conclusion, according to the limit values admitted in
human safety terms, the marketing and consumption of these
vegetables have to be prohibited.
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