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Laboratoire de Physique de la

Matière et Rayonnement,
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4Equipe de Géomatériaux et

Environnement, Laboratoire des
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ABSTRACT This paper describes a method for the multielement determi-

nation of Ti, V, Cr, Co, Ni, As, Rb, Sr, Ba, Th, and U in water from the Bour-

egreg River (Morocco) by use of inductively coupled plasma mass

spectrometry (ICP-MS). The distribution of trace elements in water samples

of the Bouregreg River and its tributaries was determined by measurements

at 10 sampling sites. The data obtained show that the spectrum of normal-

ized concentrations with regard to concentrations found at the reference sta-

tion (site AGL1) have rather identical forms for sites located downstream in

the river, wheres a certain dispersal was observed for sites situated upstream

in the river (BLH, KSK1 , KSK2, and AGL2). The concentrations of most ele-

ments are particularly low at the reference station (site AGL1). The elements

Co, As, and Rb show a maximum concentration at the site AGL2 situated

downstream of Aguelmous and close to a public discharge; this is explained

by an anthropogenic origin for the concentrations of these elements.

KEYWORDS bouregreg River, ICP-MS, multielement analysis trace elements

INTRODUCTION

During the past decades, most of the rivers of the world saw their quality

degrading. This degradation is due to urbanization, and industrial and agri-

cultural activities.

In this context, studies on the chemistry of rivers have attracted attention

for several years.[1–7] These studies follow natural processes as well as con-

tributions of human activities along rivers. The determination of the concen-

trations of elements can contribute to a better understanding of these

processes.

In Morocco, the region of Rabat is developing very quickly around the

cities of Rabat and Sale, near the estuary of the Bouregreg River.

Along the Bouregreg River, the draining of pollutants is found not

only near these two cities but also further upstream. Indeed, agricultural
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Faculté des Sciences, Kénitra,
Morocco. E-mail:
okhakam@yahoo.com

Spectroscopy Letters, 41:267–272, 2008
Copyright # Taylor & Francis Group, LLC
ISSN: 0038-7010 print/1532-2289 online
DOI: 10.1080/00387010802286528

267

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
2
:
5
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



development in the Mâaziz and Larbaâ Shoul

plains implies the use of chemical products

(fertilizing, pesticides, etc.). Featilizers and pesticides

are found directly in the main river or in one of

the tributaries. In addition to this agricultural waste,

there is domestic waste represented especially by

uncontrolled discharges situated in the immediate

vicinity of the river or sometimes directly in the river

stream, as is the case of the garbage dump of

the city Aguelmous, which is situated in on the

river bank.

The current work is dedicated to study the spatial

distribution of some trace elements in the water

samples taken at 10 sites along the Bouregreg River

by application of the ICP-MS technique. Discussion

is provided on the following elements: Ti, V, Mn,

Co, As, Rb, Sr, Ba, Th, and U.[8]

MATERIALS AND METHODS

Catchment Area

The Bouregreg River is one of the main streams of

Morocco. Its source is located in the Moroccan

Central Massif and flows toward the Atlantic coast

through the coastal Meseta. The Bouregreg River

Basin is located in the Moroccan Central Massif,

which consists mainly of Paleozoic formations.

Furthermore, the Central Moroccan Massif is charac-

terized by the presence of many plutonic Hercynian

granites covering a rather wide geographical area.

Those localized in the Bouregreg River Basin

correspond with the Ment, Oulmès, and Moulay

Bou Azza granites.

The 10 sampling sites were selected in order

to represent most of the main lithological heteroge-

neities and the distribution of the anthropogenic

activities along the Bouregreg basin.

Sample Preparation

Water samples were carried out and stored in

polyethylene bottles of 2000 mL initially washed with

concentrated HNO3 and rinsed 3 times with the

sample to be taken.

After filtration on cellulose nitrate filters of

porosity 0.22 lm and of diameter 47 mm, the water

was acidified with Normatom concentrated HNO3

(2 to 3 drops). The obtained solution represents the

mother solution intended for the analysis.

Water samples analysis was carried out by induc-

tively coupled plasma mass spectrometry (ICP-MS)

in the Pierre Sue Laboratory of the Saclay CEA Center

(Saclay, France).

ICP-MS Measurements

Samples were introduced as solutions. The filtered

and acidified water samples were directly analyzed.

From the mother solutions, several dilutions

(10, 100, and 1000) were prepared and analyzed.

Mass calibration of the apparatus is made with a

solution that represents a range of elements from

the light masses to the heavy masses.[9]

Aqueous CRM (SLRS-4 (River water reference

material for trace metals from the National Research

Council Canada) and NIST 1640 (natural fresh water

from the National Institute of Standards and

Technology, USA)) and blank samples were pre-

TABLE 1 Results Obtained by ICP-MS for NIST 1640 and SLRS4 (Certified Reference Material) (lg/L).

NIST 1640 SLRS4

Element ICP-MS Certified value ICP-MS Certified value

V 12.99�2.44 12.99�0.37 0.34�0.01 0.32�0.03

Mn 117.50�2.36 121.50�1.10 3.42�0.11 3.37�0.18

Co 20.03�2.66 20.28�0.31 0.042�0.01 0.033�0.06

As 24.90�1.86 26.67�0.41 0.62�0.02 0.68�0.06

Rb 2.04�1.96 2.00�0.02 — —

Sr 124.40�1.44 124.20�0.70 28.04�0.84 26.3�3.2

Ba 148.00�0.83 148.00�2.20 12.35�0.37 12.2�0.6

U — — 0.051�0.001 0.050�0.003

Values are means � SD of three determinations (n ¼ 3).
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pared in the same manner. All measurements were

carried out by a THERMO-ELEMENTAL X7 series

Inductively Coupled Plasma Mass Spectrometer pro-

vided by Thermo Scientific in Courtaboeuf, France.

The signal drift was monitored by adding internal

standards (1 ppb) to the samples and standard solu-

tions. Be, In, and Re were used because they cover

the whole mass range.

A mother multielement standard solution was pre-

pared by mixing four multielement standard solu-

tions (Jobin Yvon, SPEX) having concentration of

10.0 lg ml�1 for each element. Thus, this mother sol-

ution containing 100 ppb of all elements was used to

prepare a set of 0 to 4 ppb multielement standard for

ICP-MS analysis. Reagent blanks were prepared prior

to the corresponding samples. A standard solution

was analyzed periodically and at the end of the series

to check any drift during the run.

Some limitations occur in ICP-MS measurements

because of various interferences. The main one is

due to the recombination in the plasma of argon with

elements such as O, N, H coming from air or water

but also with major elements of the dissolved Matrix:

Cl, C, and so on. A Collision Cell Technology (CCT)

has been developed by ICPHMS engineers. It consists

in introducing a stable gas like He or H2, with kinetic

energy sufficient to break the ArMþ ions. Our device

was fitted with a CCT apparatus, allowing the deter-

mination of 56Fe (cancelling the 40Ar16O interference)

and of 75As (cancelling the 40Ar35Cl). However, other

interferences such as recombinations as oxides of

major elements and isobaric interferences still exist.

Particularly, it was not possible to determine 80Se,

due to the existence of high concentrations of Ca

(interference of 40Ar40Ca or recombinations such as
40Ca40Ca still may disturb the analysis).

RESULTS AND DISCUSSION

Prior to the analysis of unknown samples, the

ICP-MS method was validated by analyzing water

reference materials. SLRS-4 (River water reference

material for trace metals, distributed by the

National Research Council of Canada) and

NIST 1640 (distributed by the National Institute

of Standards and Technology, USA) were used.

During the course of the study, the control materi-

als were run every 5 samples to ensure analytical

accuracy.

Table 1 shows the results obtained by ICP-MS for

the two CRM used. Most of the values agree well

with the certified values.

In this articles, we present the results of the sampling

campaign carried out in winter 2004. The elements dis-

cussed are Ti, V, Mn, Co, As, Rb, Sr, Ba, Th, and U. Their

concentrations are measured with relative errors less

than 10%. These results are summarized in Table 2.

The results of Table 1 show that Mn, Co, As, and

Rb present a high concentration at the AGL2 site.

After strongly increase at the AGL2 site, the content

of Mn decreases along all others sites and stabilizes

from the MAZ1 site, whereas for Co, As, and Rb the

concentrations decrease at the KSK1 site before

increasing again at the KSK2 site and continue to

decrease progressively at the other sites before stabi-

lizing at LSH1. The concentration of Ti varies little

from AGL1 to AGL2 to reach the maximal value,

which is 73.7 lg=l at the KSK1 site. It can be

explained by the lithology of the catchement area,

which is more enriched in granitic rocks. For the

vanadium, it grows from uphill until the downstream

where it records its maximal level (1.4 lg=l). For Th

and U, they have the same behavior along the four

first sites with a remarkable increase in KSK1

(0,007 lg=L for Th and 1,00 lg=L for U); after

decrease of the concentrations of these two elements

at KSK2, one notes a stabilization of the concen-

tration of Th until the LSH1 site, which has a light

increase followed by a maximal value recorded

downstream (LHS2 site); whereas the concentration

of U continues to increase until it reaches the

maximal value at LSH2. A little variation for Sr is

mentioned, the concentrations of this element very

from uphill until its maximal value recorded at

MAZ1, then it decreases at MAZ2 before stabilizing

at the rest of the other sites (Figure 1). Concentra-

tions of Ba remain steady and vary little from one site

to the other before recording its maximal value at

LSH1.

In order to have a general view on the differences

between the stations and to discover possible enrich-

ments or depletions between elements, the concen-

trations of the elements are normalized to the

concentrations registered in the reference station

(AGL1 site) localized more upstream of the river

(Figure 1). The diagrams of concentrations normal-

ized to the reference station (AGL1 site) are repre-

sented in Figure 2.
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Several remarks are provided below.

. For most elements, all stations localized upstream

present higher concentrations than does the

reference site (AGL1) (ratio > 1),

. Ti, V, Mn, and Th present, at some stations

localized downstream (MAZ1, MAZ2, MAZ3,

LSH2, and LSH1), values below those recorded

more upstream at the reference station.

. One also notes that in the sites localized down-

stream (MAZ1, MAZ2, MAZ3, LSH2, and LSH1),

the set of diagrams, represented in Fig. 2, has

identical forms. On the other hand, one notes a

certain scattering of the diagrams in the sites

localized upstream (BLH, KSK1, KSK2, and

AGL2). The regularity of the diagrams downstream

could be explained by the localization of these

sites in plains where the altitudes decrease slowly

from the inside toward the Atlantic ocean, from

400m to a few score of meters, which makes the

sedimentation phenomenon more favored than at

the sites situated upstream where the strong slopes

dominate but the shelf areas with average slopes in

undulating relief step in for the characterization of

the part of the basin.

. However the diagrams are not flat (recall that if

the elements were in the same proportions in

the waters of every station of the basin of the

Bouregreg, the diagram would be flat). Consider-

able differences are notable, especially for Sr, V,

Co, As and U. These elements are enriched

systematically in relation to their neighbors, while

Ti, Mn, and Th are depleted.

CONCLUSION

In this work, we used the ICP-MS technique for

the determination of the concentrations of a range

of elements in the water samples collected at 10 sites

along the Bouregreg River. The analysis by ICP-MS

allows estimating the degree of pollution of the

Bouregreg River.

The diagrams of concentrations normalized to the

concentrations registered in the reference station

FIGURE 1 Location of the Bouregreg River basin in the Moroc-

can Central Massif and Sampling points.

FIGURE 2 Diagram of the concentrations normalized to the

reference site concentrations (AGL1) in the Bouregreg river water.
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(site AGL1) allowed us to pull the following

conclusions:

. For the most part of the elements, all the stations

present concentrations superior to that of the refer-

ence ( AGL1) site (ratio > 1),

. Ti, V, Mn, and Th present, in some stations localized

downstream (MAZ1, MAZ2, MAZ3, LSH2, and

LSH1), values below those registered upstream.

. In stations localized downstream (MAZ1, MAZ2,

MAZ3, LSH2, and LSH1), the diagram has rather

identical forms. On the other hand, a certain disper-

sal of diagram at the level of sites situated upstream

(BLH, KSK1, KSK2, and AGL2) is noticed.

However, diagrams are not flat, there are so

considerable differences, notably for Sr, V, Co, As,

and U. These elements are systematically enriched

with regard to their neighbors, whereas Ti, Mn, and

Th are depleted.

On the other hand, the concentrations of most of

the elements are particularly weak at the refer-

ence station (site AGL1). Some elements such as

Mn, Co, As, and Rb all present a maximum of con-

centration at the AGL2 site situated downstream to

Aguelmous and near a garbage dump, which

suggests an anthropogenic origin of concentra-

tions of these elements. Th and U have the same

behavior on the set of sites with a net increase

in the KSK1 site. A mainly natural origin is very

likely considering the granitic aspect of the region

of MENT crossing by the river.

For a better understanding of the studies of

pollution of this region, it would be necessary to

identify for every sample a wide palette of

elements to allow elaborating of a multielementary

‘‘signature.’’
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