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ABSTRACT

The Seybouse Wadi is one of the most importantr watgses in Algeria, extending over a length o5 Z2n and
irrigating some of the most fertile land. This wadpplies drinking water to more than 1.5 millioeople (66% of
the wadi water), water for industry (8%, suppliedrore than 71 factories) and irrigation water (25%s vast
drainage basin (6500 km?) is the site of major haraetivities (including chemical and heavy indusagricultural

and household activities). A multitude of by-praduof these activities are rejected into the wadlithout

pretreatment. Most of this waste material is ofiagjtural and domestic origin and is highly chargadnutrient
salts and organic matter. The aim of this study wasarry out a physicochemical characterisatiortlué waters of
the Seybouse Wadi, to evaluate their impact orethéronment. The analyses focused on the varididely to

characterise these waters: suspended matter, B®Dlogical oxygen demand over five days), disstlexygen
content, COD (chemical oxygen demand), pH, temperaklectrical conductivity and nitrate contente\bund
that the wastewater was highly contaminated, aiad tie use of this water for irrigation might hagevironmental
repercussions.
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INTRODUCTION

Water is the most important raw material on the@lafor humans, animals, plants and micro-orgasigkmost all
the vital phenomena of the biosphere are linkethéoavailability of water. Water thus not only piges us with
unique and essential spaces, a means of transmbra &ector of energy: it is also an essential comapt of all
types of production [1].

Development, both past and present, the recomnmiendabf the WHO (which highlights the need for erisal
access to water) and the effects of climate chdnaye made water a rare and precious commodity.ridlde a
large developing country with natural resourcethaform of green forests, a 1200 km-long coashénorth, and
vast expanses of the Sahara desert in the soutiisdthas with spa towns, historical and archaécdbgites,
inhabited natural parks and reserves and extengiter supplies capable of meeting the needs ointiebitants,
agriculture and industry [2].

Most of the water resources come from wadis, lakesngs and underground watercourses. The Rivdrdaese is

one of the most important water resources in Algeiti is the third largest river in the country terms of its
volumetric flow rate, and has abundant plant andnahspecies. The Seybouse wadi is also considareital
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source of water in North-East Algeria, but is faedgth severe pollution problems, which have beenficmed by
scientific studies and cannot be ignored; thesblpros are the result of the large amounts of udrahindustrial
waste released into this wadi on a daily basis [2].

The waters of the Seybouse wadi are polluted vatid sand liquid industrial waste, and this pollutiposes a threat
to agricultural crops. In particular, polluted wateom the drainage basin is used to irrigate adpucal land during
the spring, summer and autumn, creating dangdrartan health and the environment [3].

Flat-leaf parsley Retroselium crispuinis a culinary and medicinal herb. It has dryimgtenuating, appetite-
stimulating, cleaning, diuretic and hepatic proiesttAs a medicinal herb, it is used principally floe treatment of
obstructions of the lungs, liver, spleen, kidneyd bladder, jaundice, cachexia, large and smatiestoand oliguria.
Parsley leaves reduce inflammation and facilitabeind healing and are thus applied to wounds obuardepths
and to bruises, after crushing between the fingensy are also applied to the breasts to releasenttk of women

who have recently given birth, and are used tolveshbot swellings and bruising of the eyes, in ioatar. Fresh

leaves spread on the water of ponds or fountamalap rumoured to be beneficial to sick fish.

Numerous studies across the world have shown aadngf wastewater on agriculture [4, 5].

The waters of the various wadis in Algeria are usedrrigation, potentially leading to the peneioa of pollutants
into the water table, at various levels.

We report here a physicochemical analysis of theergaof the Seybouse wadi in the Annaba regior) wiview to
determining the extent of pollution and its impact the biochemical quality of a medicinal plaRefroselinum
crispum flat parsley) following irrigation.

EXPERIMENTAL SECTION

Study environment

The Seybouse drainage basin is part of the nordieme Tell region of Algeria. This region extendglie region of
Constantine in the west and the border betweenridlged Tunisia in the east. The western Tell negionsists of a
chain of mountains.

The Seybouse drainage basin is located in the reatit of Algeria and covers a total area of 686X838,
corresponding to about 0.288% of the total arealgéria. It extends from 6°48’ W to 7°59’ E and ind35°53’ S to
36°57' N

The Seybouse drainage basin includes seven eadgarian provinces (wilayahs): the whole of Guelara parts
of Annaba, El-Tarf, Oum El-Baouaghi, Skikda, Soukrds and Constantine. It covers 68 settlementsf 3thich
are entirely encompassed by the drainage basin,iramhddes an estimated population of more than &,28)
inhabitants [6].

The sites sampled

The three sites from which wastewater samples w@ltected are located in the settlement of SideBalWe chose
to take samples from the maritime (or lower) pdrth®e Seybouse wadi, close to the mouth of therride
sampling stations were located more than 500 m ftansea, at the Sidi Salem road bridge on route 44

At its mouth, the Seybouse wadi discharges largeusuts of toxic waste into the sea. More than 4.Kianicubic
metres of wastewater contaminated with diverse ad@mroducts, including industrial oils, are diached daily
into this wadi[7].

Samples were taken with wide-necked bottles, iroragsly aseptic conditions, to prevent any accient
contamination during manipulation. The glass fladksigned for water sampling were first washed ear@fully
rinsed, to eliminate all traces of detergent, timetine time of sampling, the flask was first rinseith the water to be
analyzed, then a sample was collected manualligeasurface, from a zone agitated by the curremfitdent, in
which there was little risk of sedimentation; fiyalonce completely filled, the flasks were hermelly sealed and
covered with aluminium foil, to provide a doublefaction against possible contamination.

Industrial wastewater is rapidly modified by theafise micro-organisms it contains. We minimised|itkedihood

of changes between sampling and analysis by cérédibelling the flasks, storing them at a tempearatof 4°C and
transporting them to the laboratory for analysigl@same day.
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Irrigation with water from the Seybouse wadi

Plant material

Samples were irrigated with water from the Seybowsaei, and are referred to as 'treated sample®&y Tvere
compared with control samples irrigated with tagiera

Thetrial

The experiment was carried out on two plots, eath &an area of 100 m2. Each plot was divided inkossibplots.
The six treated subplots were irrigated with wdtem the Seybouse wadi. The other (control) sulspleere
irrigated with tap water.

Plant sampling

Samples were collected from plants at least 30 d#gs sowing, at two developmental stages: theleab stage
and the seven- to eight-leaf stage. The sampléscoedl were placed in sterile plastic bags, hunbare stored in
a cool box, at 4°C, until transport and analysis.

Statistical analysis
We obtained descriptive statistics for each paranaftthe biochemical metabolites studied.

Descriptive statistics
We used Statistica version 8 software to deterrttirevarious statistics considered, including theameninimum,
maximum and standard deviation [8].

Analysis of variance (ANOVA)

Analysis of variance (ANOVA) is generally the bégie of analysis for comparing data of this tygeests the null
hypothesis that the means of several samples amnal €&b: H=H=...[y). In other words, it assesses the
homogeneity of the samples, based on their mearrsaRANOVA can be used to assess the effects oboseveral
factors on the data studied and to compare tespleamvith a control. Its use is subject to sevemalditions: the
samples must be random and independent, the databmmormally distributed and the variances mastdual.

In practical terms, ANOVA is used to determine wieetthe variability observed in the data is duelydio chance
or whether there are significant differences betwsamples. Significant differences between treatsneme
identified by repeated-measures ANOVA, which capédormed with statistical software, such as Mibitersion
14 [8].

RESULTSAND DISCUSSION

Analyses of physicochemical parameters

Temperature (T)

During the study period, the waters of the Seybowseli had a mean temperature of 27.4°C, a maximum
temperature of 29.2°C and a minimum temperatu266€. These values correspond to the summer pariddare
entirely within the normal range for this seasohe hir temperatures measured at the Seybouse veadiclose to
the usual temperature of 30°C this for this seasoshown inFigurel.

Figure 1. Temperatur e of the waters of the Seybouse wadi
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Hydrogen Potential (pH)

As shown in Figure 2,the mean pH values for thedtsampling sites for the Seybouse wadi ranged 6&® to
6.76. The pH values of water discharged by ther nvere thus within the international norms forgation water
(pH 6.5-8.5).
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Figure 2. pH of the water s of the Seybouse wadi
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Electrical conductivity (EC)
The mean electrical conductivity (EC) of the watssted for the three sampling sites ranged bet@é2a and 2490

nS/cm as shown in Figure3. The EC of the river watethese sites was higher than the French nort000
pnS/em. According to Gaujous|9], high EC valueseaefhigh levels of mineralisation and an abundaricalts.

Figure 3. EC values of the sampled water
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Suspended organic matter (SOM)
As shown in Figure 4, the SOM levels recorded lier samples tested ranged from 300 to 500 mg/l.€Tlee®ls are

very much higher than international norms, whiah fared at 60 mgl/l.

The SOM content reflects the various sources ofathei and the industrial activities taking placeidg the course
of the study.

Figure 4. SOM content of theriver water tested
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Biological oxygen demand (BODs)
The principal parameters of quality routinely sediio obtain an indirect estimate of the total aigdoad of water

samples are biological oxygen demand for a fiveqoayod (BODR), which provides an assessment of the amount
of biodegradable organic matter present in the nated chemical oxygen demand (COD).

As shown in Figure 5, the mean B@ialues were 39 mg/l for site 1, 41 mg/| for sitarl 42 mg/| for site 3.

Chemical oxygen demand (COD)
Chemical oxygen demand is the amount of oxygenuwuoesd by the matter in the water that can be chdiyica

oxidised. It reflects the content of the water émnts of most organic compounds and oxidisable rainsalts
(sulphides, chlorides, etc.).

The mean COD values obtained at the three sites batween 148 mg/l and 150 mg/l (Figure 6). Thedees are
higher than the international norm, which is 100/Inighis high COD may be accounted for by the csddion of
industrial residues, which contain various inorgasompounds.
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Figure 5. BODs valuesfor the waters of the wadi
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Figure 6.COD valuesfor thewater samples studied
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Nitrate (NOg)
Ammonia is unstable and is oxidised to nitrites &nen to nitrates unless oxidants are limitingwihich case
ammonia accumulation may be observed.

The mean nitrate concentrations recorded at tlee thites were from 8.126 to 17 mg/l as shown inrféd.

The nitrate contents of the samples tested wer@abtile international norm, which is 25-50 mg/l, gibsy due to
dilution with other sources of water, such as rfiaofl washing water [10].

Figure7. Nitrate levelsin the water samples studied
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Dissolved oxygen (O,)
Dissolved oxygen (§) is very important because it may modify the sti#tseveral mineral salts and condition the

degradation of organic matter and the life of aiguahimals. The dissolved oxygen content of natwaters is
determined principally by the respiration of livingganisms, photosynthetic activity, the oxidatéiord degradation
of pollutants and exchanges between the air andi#ter. Dissolved oxygen levels varied considerdigiyveen the
sites: taking into account all the samples coligcthe values ranged between 3.5 and 4.1 mg/l. eThakies
indicate that the waters of the wadi are slighthgler oxygenated (Figure 8). The dissolved oxygertentration is
an important indicator that provides informatioroabthe state of the wadi and it favours the groeftthe micro-
organisms responsible for breaking down organidenalin general, low dissolved oxygen concentraifavour the
development of pathogenic microbes. In all cadas,axygen contents observed may decrease further the
degradation of organic matter and the multipliaatid aerobic micro-organisms have been primed.
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Figure 8. Dissolved oxygen concentrationsin the water s of the Seybouse
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Statistical analysis

Descriptive statistics

We calculated the following elementary statistios édach of the variables studied, for each stagéewélopment:
arithmetic mean (M), standard deviation (SD), maxim(Max) and minimum (Min). The results of thistitacal
description are presented in table 1. Mean chlofbpd concentrations, for both developmental stagesre
between 8.95 and 10.26 pg/g FW. Mean values farophyll b concentration were between 3.19 and Bgg
FW. For chlorophylls a and b, mean concentratiomsewbetween 16.14 and 52.52 pg/g FW. However, total
carbohydrate concentrations were of the order 8f(3to 484.05 ug/g FW.

Table 1. Statistical description of the biochemical species determined for each stage of development

Stage N M ean Min Max Standard deviation (SD)

Stage 1 6 8.95500 | 6.17000Q 12.99000 2.427408
Chlorophyll a 10.26000| 6.900000 15.500Q0 3.862999
Stage 2 6 24.97833| 23.65000 25.990Q0 0.794768
Chlorophyll a 25.28500| 23.60000 26.800Q0 1.179318
Stage 1 6 3.186667| 1.780000 4.7000Q0 1.312428
Chlorophyll b 3.733333| 1.350000 6.4600Q0 2.008160
Stage 2 6 27.02167| 23.45000 30.320Q0 2.701358
Chlorophyll b 28.61500| 23.60000 32.330Q0 3.132620
Stage 1 6 13.62000| 10.52000 17.380Q0 2.685018
Chlorophylls a and b 16.14167| 11.37000 21.970Q0 4.380427
Stage 2 6 52.25500| 48.91000 56.96000 3.206847
Chlorophylls a and b 53.89000| 49.24000 56.07000 2.748440
Stage 1 6 56.8850 | 50.0000[ 69.660( 7.17797

Total carbohydrates 143.0533| 115.6600 169.0000 22.06053
Stage 2 6 484.0517| 308.6600 610.00Q0 109.3924
Total carbohydrates 541.9700| 393.5000 649.66Q00 107.5785
Stage 1 6 30.34833| 26.31000 33.550Q0 3.161369
Total protein 35.58833| 30.27000 40.120Q0 3.705560
Stage 2 6 | 23.16667| 13.03000 30.96000 6.546170
Total protein 23.10000| 14.93000 31.580Q0 6.592053
Stage 1 6 3.670000| 1.51000Q 5.8700Q0 1.966652
Proline 4.643333| 2.500000 7.0600Q0 2.134054
Stage 2 6 7.38167 | 5.32000{ 9.3300(¢ 1.459197
Proline 13.04333| 10.46000 17.720Q0 2.769597

Analysis of variance

The mean chlorophyll a concentration in the conptahts was 4.70 pg/g FW at stage 1 and 25.9 p/@fFstage
2. The leaves of plants treated or irrigated wittexr from the Seybouse wadi contained slightly natrerophyll a
(26.80 pg/g FW). Chlorophyll b concentrations waiso higher for treated than for control plantsg aimilar
results were obtained when chlorophylls a and bewewnsidered together as shown in table 2. Theehigh
concentrations of chlorophyll may reflect the leabeing a site not only of photosynthesis, but afsother types
of metabolism. According to Rawls [11] high chlohyti concentrations may reflect high concentratiohsnetallic
elements in polluted water, resulting in a stimolaof photosynthesis.
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Table 2. The effect of chlorophyll on the biochemical quality of the plant

Chlorophyll a concentration at stage 1
Source | DL SC CM F P Significance
Factor 1 5.4 5.4
Error 10 103.0 | 10.3] 0.52 | 0.487 NS
Total 11 | 108.4
Chlorophyll a concentration at stage 2
Source | DL SC CM F P Significance
Factor 1 3.9 3.9
Error 22 | 2030.3] 92.3 0.04| 0.839 NS
Total 23 | 2034.2
Chlorophyll b concentration at stage 1

Source | DL SC CM F P Significance
Factor 1 5 5
Error 34 3427 101| 0.05| 0.831 NS

Total 35 3432
Chlorophyll b concentration at stage 2

Source | DL SC CM F P Significance
Factor 1 11 11
Error 46 5716 124| 008 | 0.772 NS

Total 47 5727
Chlorophyllsa and b, concentration at stage 1

Source | DL SC CM F P Significance
Factor 1 24 24
Error 58 5868 101 023 0631 NS

Total 59 5892
Chlorophyllsa and b, concentration at stage 2

Source | DL SC CM F P Significance
Factor 1 31 31
Error 70 | 19816 283| 0.11| 0.741 NS

Total 71 | 19847

As shown in table 3, total carbohydrate concemtnatiwere also higher in treated than in controhtglaindeed,
carbohydrates are synthesized by photosynthesighwhvolves the electron-trapping molecules chidrgl a,
chlorophyll b and carotenoids, which capture thergy of light, transforming it into chemical energyhich is then
used for the synthesis of organic molecules.

Table 3. The effect of carbohydrate on the biochemical quality of the plant

Total carbohydrate concentration at stage 1

Source | DL SC CM F P Significance
Factor 1 3296 3296
Error 82 94252 1149| 2.87 | 0.094 NS

Total 83 97549
Total carbohydrate concentration at stage 2

Source | DL SC CM F P Significance
Factor 1 2339 2339
Error 94 | 2227744| 23699 0.1 | 0.754 NS

Total 95 | 2230083

Protein levels were lower at stage 2 than at stadéean protein concentrations were 35.19 pg/g Bk\tife treated
plants and 29.93 pg/g FW for the control plantghat first stage of development as shown in tabléut,the
opposite pattern was observed at the second sfatmelopment considered. Our results for prot@incentration
are consistent with those of Amerhein [12], whoomtgpd that wastewater may contain compounds thabiin
shikimic acid, leading to a blockade of protein thysis and a decrease in the amount of carbonirntdre
shikimic acid pathway.

The statistical analysis confirmed that there waggaificant difference in protein concentratioriveeen the control
and treated plants, at both stages of plant dexreop considered.
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Table4. The effect of protein on the biochemical quality of the plant

Protein concentration at stage 1

Source | DL SC CM F P Significance
Factor 1 848.6 | 848.6
Error 28 | 2223.1| 79.4| 10.69| 0.003 *

Total 29 | 3071.7
Protein concentration at stage 2

Source | DL SC CM F P Significance
Factor 1 846.9 | 846.9
Error 34 | 2446.9| 72.0| 11.77| 0.002 *

Total 35 | 3293.8

The proline concentrations recorded were lowenint| plants than in treated plants as shownhieta. Proline is
an amino acid that accumulates in plants in whiwh metabolic balance has been disturbed by unfalér
environmental conditions. The proline concentratiway differ between plants and between biotopes.

As reported for other compounds, such as glutaghamd phytol, the proline concentration may chahtfee plant
is subjected to stress (climatic factors, pollutidndeed, for this and other reasons, prolinegead bioindicator of
pollution.

Table5. The effect of proline on the biochemical quality of the plant

Proline concentration at stage 1

Source | DL SC CM F P Significance
Factor 1 0.67 0.67
Error 10 55.01 550( 0.12 | 0.734 NS

Total 11 | 55.68
Proline concentration at stage 2

Source | DL SC CM F P Significance
Factor 1 96.16 | 96.16
Error 10 | 49.00| 4.90| 19.63| 0.001 *

Total 11 | 145.16

An ANOVA for two controlled factors revealed a sifigant treatment effect for only two biochemicaktabolites
protein and proline.

CONCLUSION

The results of this analysis of the physicochempralperties of the waters of the Seybouse wadh@aAnnaba
region of eastern Algeria indicate that these vgatewntain large amounts of organic matter and cb&mi
compounds, some exceeding the reference thresh®lus.pH and temperature values recorded were within
acceptable norms, whereas dissolved oxygen levete Yower than the accepted norms. Biodegradalganar
matter content, as evaluated by calculating BGIbd COD, was variable and slightly exceeded themmended
thresholds. This evaluation of the degree of plogdiemical pollution indicates that, for the parametmeasured
(particularly BOR, COD and SOM), the waters of the Seybouse wadibmarlassified in the low to medium
concentration category, as defined by Metcalf & ¥EHB].

We observed higher levels of total chlorophyll,uddé carbohydrates and proline in the leaves optaets irrigated
with river water than in the control plants, attbstages of development. Our results indicatettt@plants studied
may be considered to have developed a biochemieahamism of adaptation to irrigation with pollutedter.
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