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Abstract

This work consists under investigation of the dffeicthe spreading of the mud of the sewage treattme
plant of the city of Beni Mellal in Morocco on tleecumulation of certain elements metal traces (b,

Ni, Zn and Cd) in a market gardening: the radislpfanus sativus). The results show that the mud
contribution involves an increase in the accumaratf the metal elements traces in radish. Thiseame
informs about the risks caused in the long runhgydpreading of this waste. In addition, the acdatimun

of the metal elements traces by radish is infludrimethe mud concentration (0, 10, 20, 30, 40 @#b)5
This effect is variable according to metal, of thed amount brought and the plant species.

Keywords: metal sewage treatment plant, mud, radish, elesrieates, accumulation.

1. Introduction:
The spreading of muds of sewage treatment plantsasfe waters in agriculture is in net increasedhast
decades. These muds can be used to improve tiyferftthe grounds and the production of the ardis
[1]. This practice is one of the ways of organic waet®ycling. However, it must be conditioned by the
composition of muds. Indeed, besides the nausadus,omuds can contain pathogenic micropolluants an
toxic elements, in particular of the metal elemeimtxes[2]. These elements, no biodegradable, can
accumulate in the grounds and, under certain dondit migrate in the major horizoft 4] and be thus at
the base of a risk of contamination of the watbles These elements metal traces can be absobytite
plants cultivated on the grounds amended by muds ke transferred along the trophic chains, thus
constituting a risk of contamination of the mi&n 6]. In order to minimize these risks, of the standard
relating to the spreading of muds the limiting emis of metal elements traces in this waste and the
grounds likely fix to receive these spreadjip

The behavior of the metal elements tracdbdrsystem ground-plant is controlled by the natumre the
physicochemical characteristics of the grounds #wedmuds used as well as species and variety of the
plants. These characteristics are responsiblentochemical shape of the elements traces, thug ladile
either to increase or to decrease their availghilith the plantg8, 9.

We followed accumulation, by radish, of thetal elements traces (Pb, Cu, Zn and Cd) contdmed
mud coming from the system of treatment of wastiekgaof this city.
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2. Experimental
2.1 Sation of study
It is the sewage treatment plant of waste watensi B&ellal (Morocco). It is dimensioned in order to
provide an effluent than 40 mg/l of DBO and 30 nof/suspended matter.
It understands works of pretreatment, interfdethe biological treatments of water and muds.

2.2 Material used

2.2.1 Ground

In the experimentation one used as substrate tiwtypes of different nature, the table below resenats the
physico-chemical characteristics of the two grounds

Table 1: Physico-chemical characteristics of the two grounds

Ground of Madmora Ground of Béni Mellal
Sandy ground, containing fine sand 66.6%ground isohumic with fine clay limong
to slightly basic pH (7.53). It containssand spreader texture containing 38.8%
sufficient organic matter (0.7%), offrom clay and 41,6% of silts and with
nitrogenized and cogitated compound aradkaline pH (7.81). Its content of organic
trace elements for the culturE0]. matter is average (2.22%).

In the two grounds the content of heavy magalswer than the standards of the ERC].

2.2.2 Muds
The mud used in the experimentation comes fromséveage treatment plant of waste waters of the city
from Beni Mellal (Morocco).

In addition, a taking away of 250 kg mud wasied out in the month of April 2010, then driedthvthe
free air, crushed and filtered using a sieve ofmaiger of 2 mm. Table 2 represents the physicoctemic
characteristics of mud.

Table2: Physico-chemical characteristics of mud.

Parameter Result * EEC normalizes
pH-water 6,57 -
Conductivity (us/cm) 6,01 -
Organic carbon (%) 22,56 -
Organic matter (%) 22,4 -
Nitrogenize total (%) 2,11 -
C/N 10,69 -
Cogitates total (%o) 1,16 -
Assimilable phosphorus (Olsen) (%0)| 1,66 -

EC (ns/kg) 5,8 -
Cadmium (ppm) 0 limit of detection 20
Zinc (ppm) 775 3000
Copper (ppm) 134 1000
Lead (ppm) 155 800
Nickel (ppm) 35 200

* Standards of the European Econonum@unity (86/278/CEE of June 12th, 1986).
The pH of mud is slightly acid, of 6.57. It conpesds to the new recommendations of the Superior

council of Public health of France (SCPHF), whielgquires pH > 6 to be used as amendment (Table 2).
These muds are rich in organic matter (22.4 % ehtlatter weight dry).
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The organic matter of an amendment is an agronpaniameter which is of a great importance in
agriculture, since it improves porosity and the powf retention of water of the grounf2]. It thus
supports the rooting of the crop plants, their waevision and in nutritive elements while bringia
source of food to the earthworms and the microuisgas usefu[13]. This mud contains high percentages
of compounds nitrogenized (2.11 %) and cogitated6(1%). Report C/N, ranging between 9 and 11,
indicates a good mineralization of the organic eraffhe contents zinc, copper, lead, cadmium aokkehi
are below standards of the EEC. However, raisectraleconductivity, about 6 us.¢mcould harm the
cultures sensitive to salts.

2.2.3 Vegetable material
We chose like vegetable material the plant of #tish (Raphanus sativus), it is a bi-annual vedetalthe
family of Brassicacées, cultivated for its flestypbcotyle and soup believed like vegetable.

2.3 Experimental protocol
2.3.1 Conditions of culture
On samples of two kilograms matter dry of grouriitered to 2 mm and put in plastic pots (20 cm dien
and 25 cm height), irrigated three times per weék woncentrations correspond to 0 (witness), 2350
and 100% out of waste water. For each amount aferttration tested, three repetitions were carrigd o

After watering, the seeds of the radish (Raphaatisus) were sown at a rate of 3 seeds per pot.
The experimentation was carried out under greerehémsthe period being spread out from May to July
2010. The irrigation is made in order to maintalre tground to 90 % of the capacity to the field.

During this work, the two bodies of isitks (sheet and root) collected each pot are washe

abundantly with distilled and dried water with 75 during 48 hours.

Fig.Glasshouse cultivation of radish.

2.3.2 Measured agronomic parameters
Harvest took place after two months of culture. glven parameters are six:

» Length of the sheets;

* Many sheets per plant;

* Number of the sheets deteriorated by plant;
» Diameter of the root of radish;

* Fresh weight of the root;

» Dry weight of the root.
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2.4 Method of analysis
The proportioning of the metal elements traceshin ¢ollected dry matter was carried out by ICP-AES
(Inductively coupled plasma atomic emission speciopy).

The apparatus used is a spectrometer of the YIpEIMA 2 JY at the national center of the sciemtifi
research and technique (C.N.R.S.T) in Morocco afteeralization of the samples according to thehoet
of [14]. Indeed, 2g of dry matter of the plant were cadim an oven with 450 °C during 4 hours. Ashes
were mineralized by water levels: 25 % HN&hd 75 % HCI, then brought back dry until discatmm of
the minéralisat on a sand bath. The dissolutiahefresidue was made with 10 ml of HCI to 5 % hairdy
15 minutes then filtered on Wattman paper 0.45 g solution obtained was adjusted to 20 ml byildt
water.

3. Results and discussions

3.1 Effects of the incorporation of mud on the ground

The study of the effect of the rate of the mud fpooated in the ground on the evolution of the pid a
electric conductivity led to the following results:

3.11pH
Figures 2 and 3 represent the effect of the ingatjun of mud on the pH of the two grounds Maanerd
Béni Mellal.
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Fig. 3: Effect of mud on the pH of the ground of Beni Nagll

The results show on the level of the two gasuwhich the pH of the substrate is alkaline (pfF)=and
decreases gradually with the increase in the muduamcompared to the witness (for the ground of
Maamora pH = 7.53 and for the ground of Béni Mailidl= 8.05).

Indeed, with a concentration of 10% the rdedrpH is about 7.66 for the ground from Maamord an
7.54 for the ground of Béni Mellal. It is also ndtihat the plant can more or less well be nourighvetipush
according to the pH of the substrate.
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3.1.2 Electric conductivity
The effect of mud on the conductivity of the groumds also studied. Figures 4 and 5 illustrate th@ d
obtained.
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Fig. 4: Influence mud contribution on the electric Condtitt of the ground of Madmora with 25°c.
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Fig. 5: Influence mud contribution on the electric Conduitst of the ground of Béni Mellal with 25°c.

It should be noted that the got results show @lidhe concentrations tested generate a prageess
increase in the salinity of the ground comparetthéowitness (0% of mud). The values measured ofetiet
of the ground of Madmora are of 7.02; 7.5; 8.2; &hd 9.26us.cﬁ1respectively for 10,20,30,40 and 50%
out of mud and on the level of the ground of Bérellsl are of 8.8; 9.2; 9.5; 10.2 and 10.5 ps‘cm
respectively for 10,20,30,40 and 50%.

The increase in the electric conductivity of tlieumds can be explained by the accumulation of the
biogenic salts in the parts amended by the grounds.

3.2 Effect of mud on the agronomic parameters of Radish

Table 3 represents the effect of mud on the var@@usnomic parameters studied after the cultuteartwo
grounds. The comparison of the various got resaitsals a significant growth of the diameter of thet of

the plant according to the concentration of mudsTitcrease can be due to the important assimilatfdhe
plant of the biogenic salts. Best results of thetigbution of mud on the diameter of the root c¢ fhlant one
obtained for the amount of 50% with a diameter ®fmim on the level of the ground of Madmora and 14
mm on the level of the ground of Béni Mellal. As wete as the number of sheets is influenced by the
contribution of mud: at the plants treated with20030,40 and 50% of mud. This number of sheetesari
between 4 and 5.33 on the level of the two grounds.

473



J. Mater. Environ. ci. 3 (3) (2012) 469-476 Ouihman et al.
ISSN: 2028-2508
CODEN: JMESCN

For the number of sheets deteriorated by plam, résults show that the contribution of mud
influences slightly on this number which variesvitn 2.33 and 3.12 while passing from 10 to 40% of
mud/ground of Madmora and 2.45 to 3.10 while pasiom 10 to 40% of mud/ground of Béni Mellal.

Nevertheless on the level of the ground of Maamtbiia influence is marked by a high number of
faded sheets which is about 4.64 sheets for thgntent with mud 50%, on the other hand on the leV/gie
ground of Beni Mellal it reaches 4.44 of faded sbee

Table 3Effects of mud on the agronomic parameters of haidishe two grounds.

GROUND OF MAAMORA GROUND OF BENI MELLAL

% of mud 0 | 10| 20 30 40 | 50 0 10 20 30 | 40 | 50

Diameter of the

root of the 11,7 | 125 | 13 14,2 | 153 | 16 12 13,2 | 135 | 135 | 138 | 14
radish (mm)

Many sheets pe

plant 4 | 466 | 4,66 5 5 5 4 4,66 5 5 |533| 5
Many sheets

deteriorated by | 1,33 | 2,33 | 2,33 | 2,66 | 3,12 | 4,64 1 2,45 3 3 3,10 | 444
plant

Fresh weight of

the root () 1,2 15 |15 1,6 1,66 3 1,1 1,33 1,35 2,1 2,2 2,7
Dry weight of

the root (g) 1,1 [ 1,25| 1,36 1.4 14 | 28 | 16 1,9 2.1 22 | 23| 31

N.B: We point out that the values mentioned are thensiethree repetitions.

The other studied agronomic parameter which idriggh weight of the root passes respectively
on the level of the ground of Madmora of 1.5 toaBgl 1.33 to 2,7g on the level of the ground of Béni
Mellal while going from 10% to 50%.

For the dry weight it reaches the maximum with 504th a value of 2,8g for the ground of
Maémora and 3,19 for the ground of Béni Mellal.

3.3 Effect of mud on the bio-accumulation of heavy metalsin the bodies of radish
The contents of heavy metals in the bodies of hadligtivated on the two grounds and fertilized byds
are given in tables 4 and 5.

Table 4: Effect of the fertilization by muds on the accuatidn of heavy metals (mg/kg) in the bodies of
radish cultivated on the ground of Madmora.

copper Lead | Zinc Nickel Cadmium
0% 3,05 0,25 2,26 0,50 <LD
10% | 4,86 0,44 8,12 3,25 <LD
Break into leaf of the plant 20%68) 5,15 1,08 12,84 5,95 <LD
30% | 12,11 1,36 15,55 7,66 <LD
40% | 14,30 1,65 15,87 9,33 <LD
50% | 16,6 1,83 17,05 10,16 <LD
0% 3,56 0,46 3,41 1,46 <LD
10% | 5,02 0,62 9,21 4,02 <LD
Root of the plant 20% | 6,12 1,76 13,41 6,51 <LD
30% | 13,97 1,89 16,20 7,20 <LD
40% | 14,55 1,90 16,84 9,50 <LD
50% | 17,85 2,01 17,74 10,52 <LD
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Table 5: Effect of the fertilization by muds on the accuatidn of heavy metals
(mg/kg) in the bodies of radish cultivated on ¢gineund of Béni Mellal.

copper Lead | Zinc Nickel Cadmium
0% |55 1,23 2,55 1,54 <LD
10% | 5,66 2,20 2,69 2,08 <LD
Break into leaf of the plant 20P08 6,55 2,22 5,50 311 <LD
30% | 7,88 2,56 6,21 7,62 <LD
40% | 7,96 3,10 7,62 9,13 <LD
50% | 8,23 3,45 9,45 10,24 <LD
0% |6,13 2,66 3,13 2,60 <LD
10% | 7,06 3,13 3,66 3,21 <LD
Root of the plant 20% | 7,65 3,64 6,45 3,54 <LD
30% | 8,02 4,05 7,03 8,55 <LD
40% | 8,66 3,56 8,60 10,11 <LD
50% | 8,9 3,75 11,55 11,41 <LD

The results of the spectroscopic analysis by IESAof the two bodies of radish show that
Cadmium does not accumulate in the bodies of rathéhis explained by the complete lack of thisne¢nt
in the two grounds.

On the other hand the bio-accumulation of coppéhé root and the sheets of radish increases with
the mud amount brought. On the level of the groohifladmora and to 50% it reaches values higher than
the allowed standard which is 15mg/Kid]. However it is noted that copper accumulates nionedish
cultivated on ground of Madmora than on ground &fiBVellal. Indeed the use of a going mud amendment
from 10 to 50%, the copper concentration in the passes from 5.02 to 17.85 ppm for a culture edrout
on ground of Madmora and 7.06 to 8.9 on groundéfiB/ellal. This difference can be interpreted bg t
argillaceous structure of the ground which allowsi@portant adsorption of the metal elements traces
Moreover in the two grounds, the bio-accumulatiboapper is more important in the roots of the plan

With regard to lead, in the two soil tgpéhe contribution of mud intensifies its accurtiolain the
two bodies of radish, with a higher content in thet compared to the sheets for the two grounds. Th
maximum values of accumulated organic lead areirddawith waste water 50%, they are, respectivety f
the root and the sheet, about 2.01 and 1.83 ppgraamd from Maamora and 3.75 and 3.45 ppm on ground
of Béni Mellal. These values are higher than thensd standard which is of 1 ppitg].

Also the accumulation of nickel in theotivodies of the crop plant on the two groundslithal more
important as the contribution of mud is high. Dgrthe amendment with increasing percentages of rofids
about 10, 20, 30, 40 and 50%, the contents of hiokthe root are respectively 4.02, 6.51, 7.260%nd
10.52 ppm on ground of Madmora and 3.21, 3.54,,8681 and 11.41 ppm on ground of Béni Mellais It
thus noted that when the mud contents become higjla@r 30%, the concentration of nickel exceeds the
threshold of toxicity which is of 8 mg/kid.7]. The results show that Nickel accumulates prefgrabthe
root for the two grounds.

In addition the analysis of the table showat tine bio-accumulation of zinc varies accordinghe
body, of the mud contents and the type of substfatelture. Indeed for the two grounds, the contdrthe
bodies of radish zinc is all the more importanttfas mud contribution is high. The maximum values ar
reached with mud 50%, they are respectively forrtdw and sheet 17.74 and 17.05 ppm on ground from
Maéamora and 11.41 and 9.45 on ground of Béni Méllals the bio-accumulation of the metal element is
more important in the root and as higher on samthgtsate as on argillaceous substrate. Studieedarut
on the accumulation of the elements traces atdlma cultivated on ground amended by waste mudsestho
a strong accumulation of zinc, inducing disturbanoé synthesis of photosynthetic pigments causihg o
foliar deteriorations, also recorded in radis8].
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Conclusion

The spreading of muds of the sewage treatment pfamaste waters on the agricultural grounds seerbg

a way of interesting improvement of the outputstlodé cultures. However, this improvement can be
accompanied by an increase in the accumulatioheofrtetal elements traces by the cultures.

The mud contribution appears to have aecefbn the transfer of the metal elements traceartts
radish. This effect is variable according to matadl would be in keeping with its concentration indnand
its chemical form (exchangeable).

Moreover, the contents recorded in theucett of radish can exceed the standards recommeded
treatment of muds before their spreading on thecaltural grounds would be essential. But theselltes
were got in controlled conditions, the culturesevearried out in phase of vegetation.

Under these conditions, the metal elemématses are biodisponibles. It is thus very possibé a
culture of radish realized in full field would haledl to concentrations out of Cd, Cu, Ni, Zn anckex Pb
in the plant.
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