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ABSTRACT: Surface waters, especially natural rivers always act as receiving waters for various kinds of
organic contaminants from municipal and industrial wastewaters, agricultural activities, organic chemicals in
use, non-point source pollutions. Due to their toxicity, persistency and wide diffusion, polychlorinated
biphenyls (PCBs), pesticides, phthalates, polycyclic aromatic hydrocarbons (PAH) and their alkylated
homologues (Me-PAHs) are among the organic contaminants the most often monitored in the environment.
Determination of the contamination level is the crucial first step of environmental research. Field investigations
have clearly demonstrated their importance on various studies on the contamination levels, the origin, and
impact of contaminants in the aquatic ecosystems. The present paper is an effort on the field studies focusing
on persistent organic pollutants: PCBs, PAHs and Me-PAHs, phthalates and pesticides in Somme River water
located on Northern France. The sampling zone is characterized by fields of agriculture surrounding urbanized
and industrialized areas and constitutes a place embedded with strong fishing activities. However, the river
section of interest is also known for the high levels of PCB in sediments. The water were analyzed for 28
PCBs, 16 PAHs and 18 Me-PAHs, 6 phthalates and 28 pesticides with the aim to determine the dispersion

trend and the water quality of the sampled water.
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INTRODUCTION

Actually, organic contaminants are major
environmental concern due to their ubiquitous, their
persistence, long-range transportability and potentially
adverse effects on living organisms. River water acts
as receiving water for various kinds of organic
contaminants from municipal and industrial wastewaters
(Malve et al., 2003; Singh et al., 2004; Zhang et al.,
2004). For the ecosystem protection and to keep water
resources clean, it is important to identify the nature of
contaminants, their contamination levels as well as their
sources. Polycyclic aromatic hydrocarbons (PAHs) and
their alkylated homologues (Me-PAHs),
polychlorobiphenyls (PCBs), phthalates and pesticides
are the principal classes of organic contaminants in
aquatic ecosystem. In this context, twenty-three priority
substances and other priority pollutants (PPs) were
established by European Commission in the Water
Framework Directive 2008/105/EC (European
Commission, 2008).
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(i) Aromatic hydrocarbons including PAHs and Me-
PAHs are widely disseminated in the environment with
sources that can be both natural and anthropogenic
(Yunker, 2002; Wang, 2007; Mostert, 2010). They are
highly lipophilic compounds, ubiquitous in coastal,
estuarine and river water column, as well as sediments
in which they tend to accumulate (Cailleaud, 2007,
Chiou, 1998; Manodori, 2006, Gaspare, 2009; Ko, 1995;
Yunker, 2012; Netet al., 2014). High level of aromatic
hydrocarbons represents a serious threat to the
ecosystem functioning and human health via food
chain and water resources. Recent studies have indeed
reported that marine organisms are prone to
bioaccumulate these substances, particularly in lipid-
rich tissues (Neff, 2002; Francioni, 2005; Dugan, 2005).
Due to their toxic, carcinogenic and mutagenic effects
(Straif, 2005; IARC, 2010; U.S. Department of Health
and Human Services, 2011), sixteen PAHs have been
recommended as priority pollutants by the United
States Environmental Protection Agency (US EPA,
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2002). (ii) Another class of contaminant is represented
by the pesticides. It is known that pesticides used for
agriculture activities may lead to contamination of
surface and ground waters (Kaushik et al., 2010,
Navarro et al., 2010; Hancok et al., 2008). Pesticide
contamination of the aquatic environment as well as
their ecotoxicological effects for aquatic flora, and
human health has also been well documented (Wania
and Mackay 1999; Sanborn et al., 2007; Jurewicz and
Hanke, 2008; Huen et al., 2012). Runoff from urban
areas, return flow waters from agricultural fields, and
leaching are considered important inputs to pesticide
contamination of surface and groundwater. (iii) One
other group is characterized by polychlorobiphenyles
(PCBs). These compounds have been commonly used
as dielectric fluids or transformers and capacitors, in
paints, inks and pesticides until the hazard posed to
both the environment and human health by their use
became evident. They are extremely stable compounds
under environmental conditions (WHO, 1993). Due to
their toxicity, chronic persistence and bioaccumulation,
they have been banned or restricted, and some of them
have been included in the list of priority pollutants in
many countries. However, PCBs are still present in water
and sediment and continue to affect aquatic organisms
from the top of food chain (plankton, algae) to predator
organisms (fish, birds, marine mammals) and
consequently human health through the diet (Sun et
al., 2002). (iv) Nowadays, phthalates or phthalic acid
esters have become also a group of contaminants of
environmental concern. Large scales of phthalates
have been produced due to the wide variety of uses.
They are used in common household products,
cosmetics, detergents, flame retardants, plastics, inks,
adhesives and medical devices. Several million tons of
phthalates have been produced each year. Some
phthalates are suspected to act as endocrine disruptors
(Gomez-Hens and Aguilar-Caballos, 2003; Ghisari and
Bonefeld-Jorgensen, 2009; Lau et al., 2005). Phthalates
are currently listed as priority pollutants in many
countries due to their link to several human cancer
diseases (Kaneco et al., 2006). According to US EPA,
diethyl phthalate (DEP), dimethyl phthalate (DMP), di
(2-ethylhexyl) phthalate (DEHP), butyl benzyl phthalate
(BBP), di-n-butyl phthalate (DBP) and di-n-octyl
phthalate (DOP) should be considered Priority Toxic
Pollutants (US EPA, 1999). Their entry into the surface
water occurs directly from the production of plastic
materials and indirectly via volatile emissions and
leaching from their parent polymeric material (Stanley
et al., 2003, Petrovic et al., 2001; Gomez-Hens and
Aguilar-Caballos, 2003 and Kavlock et al., 2002).

The aim of the present study was to investigate the
concentration levels of these four classes of organic
contaminants in order to assess quality of river water
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from fourteen sampling sites of the Somme River in
Northern France. Samples were analyzed for 16 PAHs
and 18 Me-PAHs, 6 phthalates, 28 pesticides and 28
PCBs, using gas chromatography/mass spectrometry
(GC/MS). Results obtained from this multiresidue study
aim to fill the lack of data concerning water
contamination in this region.

MATERIALS & METHODS

Mixed standard solutions of PAHs and Me-PAHs
were purchased from Restek Corp (Bellefonte, PA,
USA). PCBs standard solution was obtained from
Accustandard, Inc. (New Haven, CT, USA). Phthalates
and pesticides standards were purchased from Sigma-
Aldrich (Saint-Louis, USA) and Restek (Bellefonte,
USA). Tetrachloronaphtalene (TCN), 2,3,3°,5,6-
tetrachlorobiphenyl (PCB112) and
octachloronaphtalene (OCN), used for PCB
quantification, were purchased from Dr Ehrenstorfer
(Augsburg, Germany) Deuterated internal standards
for PAHs and Me-PAHs (acenaphthene-d10 (A-d10),
naphtalene-d8 (N-d10), perylene-d12 (Per-d12),
phenanthrene-d10 (Phe-d10) and pyrene-d10 (Pyr-
d10)) were provided by LGC-Promochem (Middlesex,
UK). Benzyl benzoate and pentachloronitrobenzene
with a purity of 99% and 94% respectively were used
as internal standard for phthalates and pesticides, and
they were purchased from Sigma-Aldrich (Saint-Louis,
USA). HPLC-grade solvents (hexane, dichloromethane,
methanol and acetone) were purchased from Dislab
(France). No significant amount of targeted analytes
was showed in procedural blanks. Ultrapure water
(Milli-Q) was produced by a Millipore apparatus with
18.2 MQ/cmresistivity. Merck silica gel 60 (70-230 mesh
ASTM) activated at 450°C was heated at 120°C for 12h
prior to use. Glassware was systematically washed with
detergent (Decon, East Sussex, UK), rinsed with
ultrapure water and acetone and finally dried at 120°C
prior to use.

The sampling campaign was conducted on
October 2012 in Somme River (Picardie region in
northern France). The sampling was done from
downstream at Béthencourt-sur-Somme to Saint-
Quentin (Fig. 1). Water samples were collected from 11
sites of the Somme River from the first station at
Béthencourt-sur-Somme (Station 001103) to Gauchy
(station 116500). Two additional samplings were
performed in two ponds around Béthencourt-sur-
Somme with the aim to evaluate a potential
accumulation of contaminants. The sampling zone is
characterized by fields of agriculture surrounding
urbanized and industrialized areas (e.g. Saint-Quentin,
Ham) and constitutes a place embedded with strong
fishing activities. However, the river section of interest
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is also known for the high levels of PCBs in sediments
(Dumoulin et al., 2013). In this work, samples were
analyzed for 16 PAHs, 18 Me-PAHs, 6 phthalates, 28
pesticides and 28 PCBs including 12 dioxin-like PCBs
(dl-PCBs) and 7 PCBs indicators (PCBi) as following:

PAHSs (16 PAHS) : naphthalene (Na), acenaphtylene
(Ayl), acenaphtene (Aen), fluorene (F), anthracene
(An), fluoranthene (F1), benz[a]anthracene (BaA),
chrysene (Ch), benz[a]pyrene (BaP), phenanthrene
(Phe), benzo[b] fluoranthene (BbF),
benzo[k]fluoranthene (BkF), benzo[ghi]perylene
(Bghi), dibenzo[a,h]anthracene (DhA), indeno[1,2,3-
cd]pyrene (IP), pyrene (Py).

Me-PAHSs (18 Me-PAHS) : 1-methylnaphthalene (1M-

Na), 2-methylnaphthalene (2M-Na), 1,2-
dimethylnaphthalene (1,2DM-Na), 1,6-
dimethylnaphthalene (1,6DM-Na), 2,6-
dimethylnaphtalene (2,6DM-Na), 1-

methylphenanthrene (1M-Phe), 2-methylphenanthrene
(2M-Phe), 3-methylphenanthrene (3M-Phe), 9-
methylphenanthrene (9M-Phe), 2-methylanthracene
(2M-An), 1,7-dimethylphenanthrene (1,7DM-Phe),
retene, 1-methylfluoranthene (1M-F1), 3-
methylfluoranthene (3M-F1), 1-methylpyrene (1M-Py),
4-methylpyrene (4M-Py), 3-methylchrysene (3M-Ch),
6-methylchrysene (6M-Ch).

Phthalates (6 PAE): dimethyl phthalate (DMP), diethyl
phthalate (DEP), di-n-butyl phthalate (DBP),
butylbenzyl phthalate (BBP), di-2-ethylhexyl phthalate
ester (DEHP) and di-n-octyl phthalate (DNOP).
Pesticides: alpha-lindane, gamma-lindane, beta-
lindane, delta-lindane, heptachlor, aldrin, trans-
chlordane, cis-chlordane, 4,4’-DDE, endosulfan I,
dieldrin, endrin, 4,4’-DDD, endosulfan II, 4,4’-DDT,
endrin aldehyde, methoxychlor, endosulfan sulfate,
endrin ketone, chloroneb, chlorothalonil, DCPA methyl
ester, heptachlor epoxide (isomer A and B), trans-
nonachlor, chlorobenzilate, trans-permethrin and cis-
permetrin.

PCBs No.(28 PCBs) : 8, 18,28, 44, 52, 66,77, 81, 101,
105,114, 118,123, 126, 128, 138,153, 156, 157, 167, 169,
170, 180, 187, 189, 195,206 and 209.

Water sampling was performed using pre-cleaned
amber glass 2.5 L bottles that were immediately capped
with Teflon-lined lid. Samples were maintained at 4°C
before analysis. Back to the laboratory, samples were
rapidly filtered using 0.7 um Whatman glass microfiber
filters and extracted using liquid—liquid extraction (LLE)
technique. The applications of LLE in water and other
liquid matrixes have been widely accepted in standard
methods for various classes of organic contaminants
such as PAHs, pesticides, and PCBs analysis (USEPA,
1996; JISC, 2005; Boussahel et al., 2000; Barcélo, 1993;
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Fig. 1. Location of sampling sites in the Somme River in Picardie region, Northern France
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T90-120, AFNOR 1990; USEPA, 2008). Various solvent
can be used depending on the nature of interest
compounds. Dichloromethane (DCM) has been widely
adopted for the extraction of POPs whereas n-hexane
has often been used for PCB and PAHs extraction
(Turrio-Baldassarri et al., 2005; DIN EN ISO 17993). In
this study, in order to increase the extraction efficiency,
each water sample (1L) was spiked with internal
standards and then extracted four times with 60 mL of
n-hexane followed by four times with 60 mL of DCM.
The extracts were then pooled and dried using Na SO,
Finally, the extract was concentrated using a rotary
evaporator followed by a slight stream of nitrogen
before analysis. The recoveries of PAHs, Me-PAHs,
phthalates and PCBs using this protocol were estimated
at 71.3-106.2%, 68.2-115%, 72.1-107.6%, 72.5-112.0%
respectively.

The extracts were analyzed using a Varian 3900
gas chromatograph (GC) equipped with a deactivated
fused-silica guard column (5 m, 0.53 mm i.d.) and a
fused-silica capillary Phenomenex XLB (60 m length,
0.25 mm i.d., 0.25 um film thickness) and coupled with a
Varian lon Trap Saturn 2000 Mass Spectrometer (MS).
The carrier gas was helium, held at a constant flow rate
of 1 mL/min. Samples were injected in the splitless mode
at 280°C and the injector was purged with helium after
1 min. Each group of organic compounds was analyzed
separately. The transfer line and the ion trap were
respectively held at 280°C and 220°C. Each contaminant
was identified based on the retention time and the mass
spectrum from chromatogram of standard solutions
acquired in full scan mode. Quantification was then
performed in the single ion storage (SIS) mode for better
selectivity. Response factors were determined relative
to the deuterated internal standards response and to
standard mixtures. Deuterated standards were chosen
in order to better fit to the properties of each group of
contaminants.

RESULTS & DISCUSSIONS

As depicted on fig. 2, the total concentration of
the 16 PAHs (X16PAH) varies significantly along the
river section with a mean value of 284 ng/L. Two
subsurface maxima of concentration were recorded at
Fontaine-les-Clercs (station 3 - Z16PAHs = 513 ng/L)
and Artemps (station 5 - Z16PAHs = 831 ng/L). On the
other hand, the total concentration of 18 Me-PAHs
(£18Me-PAH) was also found to vary significantly from
75 ng/L at Dury (station 7) to 440 ng/L at Artemps
(station 5) with an average concentration of 185 ng/L.
A strong relationship can be found between the total
concentration evolution of =, PAHs and X ,Me-PAHs
(R-squared = 0.78, P < 0.01). In terms of the
compositional profiles (Fig. 3), the concentrations of

1162

low molecular weight PAHs (2-3 rings) were
significantly higher than high molecular weight PAHs.
Three-rings PAHs accounted for the most abundant
species with an average of 60 % of the total
concentration of PAHs (2 PAHs). No significant
traces of five and six ring-membered PAHs were
detected in the water samples. Concerning Me-PAHs,
two-ring species were predominant with an average
proportion of 79 % of £ Me-PAHs.

At this stage, some PAHs diagnostic ratios were
used as a tool for attempting to identify pollution
emission sources (Yunker et al., 2002). For example,
the anthracene/(anthracene+phenanthrene) ratio (Ant/
(Ant+Phe)) is commonly used to distinguish petrogenic
(< 0.1) from pyrogenic (> 0.1) origins, whereas the
fluoranthene/(fluoranthene+pyrene) ratio (FI/(F1+Py))
allows distinction between petrogenic (< 0.1), fossil
fuel combustion (0.4-0.5) and grass/wood/coal
combustion (> 0.5). Both these ratio have been widely
used to assess contamination sources in water samples
(Wang et al., 2009; Opuene et al., 2009; Tobiszewski et
al., 2010). In the case of the Somme river water, Ant/
(Ant+Phe) ratios support a pyrogenic origin with a
mean value of 0.46. The F1/(F1+Py) ratios corroborate
this hypothesis with a mean value of 0.55 attributable
to grass/wood/coal combustion. However, sites 1, 2
as well as the two ponds were not taken into account
for the determination of the F1/(F1+Py) ratios since no
significant trace of fluoranthene could be detected in
the corresponding water samples. This might be
explained by the fact that PAHs in water samples easily
undergo photolysis, which may alter values of
diagnostic ratios (Jacobs et al., 2008; Tobiszewski and
Namiesnik, 2012). Nevertheless, high proportions of
parent PAHs (¥ PAHs/E PAHs+X Me-PAHs
average value = 0.6) support combustion as the primary
PAHs source. Moreover, discrimination between
petrogenic and combustion sources was ensured using
specific ratios involving alkyl PAHs in the
phenanthrene/anthracene (Phe/Ant) series. With
petroleum/combustion transitions set at 0.4, the C;/
C,+C, (Phe/Ant) ratios determined in our samples
corroborate the combustion source with a mean value
of0.77.

Large variations of phthalates concentrations
(X phthalates) were observed, ranging from 6.93 ug/L
at Artemps (station 5) to 23.34 pg/Lat Pond 2 (station
13). DEHP was found to be the most abundant specie
with concentration ranging from 5.16 to 20.76 pg/L for
a mean value of 10.23 ug/L (accounting for 68 % of
mean X phthalates). No trace of benzyl butyl phthtalate
and di-octyl phthalate could be detected in the
samples, whereas low levels of hydrophilic phthalate
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Fig. 3. PAHs and Me-PAHs composition profiles in the Somme River water samples

(DMP) were recorded. No significant correlation could the low recorded levels of DMP can be linked to the
be found between phthalate species distribution. higher degradation rates of short chain phthalates
Detailed concentrations are presented in Table 1. The (Staplesetal., 1997).

relative high concentrations recorded for phthalates
can be explained by the fact that these compounds
have now become ubiquitous in water. DEHP and DBP
are the most frequently detected and in surface water,
wastewater and tap water with concentrations that can
easily reach a few dozen pg/L (Fromme et al., 2002;
Aparicio etal., 2007; Meng etal., 2011). In our case,

Among the 28 studied pesticides, only three were
detected and quantified at least one time in four
samples. Other compounds of interest were below the
limit of detection. Gamma-lindane and chloroneb were
detected in the four above-mentioned samples
corresponding to sites 2, 3, 5 and 11, with
concentrations respectively ranging from 177 to 281
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ng/L and from 90 to 131 ng/L. The alpha isomer of
lindane was only detected in sites 2 (89 ng/L) and 3
(355 ng/L) (Table 2). The sources can be attributed to
the nearby agricultural activities of sampling stations.
Somme River sediments are known to be highly
contaminated by PCBs. The Agence de I’Eau Artois-
Picardie (AEAP), which is a public institution of the
Ministry for Sustainable Development, has carried
out several studies on contamination of sediment of
the Somme River by PCBs since 1997. These
investigations have led to highlight three sites in the
Somme River particularly affected by PCBs
contamination of sediment: Fontaine-les-Clercs
(station 3), Séraucourt-le-Grand (station 4), and
Artemps (station 5), with concentrations of PCBi
higher than 200 pg/kg dw of sediment. No
accumulation of PCBs could be noticed downstream
watershed (AEAP, 2009; Dumoulin et al., 2013).
Besides, no data concerning contamination levels of
PCBs in the water column were indicated for these
study sites. The present study also aims to provide
additional information for these sampling sites with a
focus on the water column. Fig. 4 showed the total
concentrations (Z,,PCBs), dI-PCB and PCBi in surface
water of Somme River. Large variations of PCBs
concentrations were observed for selected sampling
sites. High concentrations of X, PCB were detected
at Artemps (201 ng/L), Pithon (246 ng/L) and Voyennes
(179 ng/L) (Fig. 4), whereas PCBs were present at non-
detectable levels for 6 stations (Castres, Séraucourt-
le-Grand, Tugny-et-Pont, Dury, Pond 1 and Pond 2).
No specific correlation could be found between
% PCB and both indicator and dioxin-like PCBs for
the seven concerned stations. PCBi were detected in
only four stations and accounted for a mean value of
61 % (ranging from 26 to 100 %). On the other hand,
dl-PCB, which are usually measured in biota, were
detected at non-negligible levels in six water samples
with concentrations ranging from 23 ng/L at Ham
(station 9) to 116 ng/L at Voyennes (station 10) with a
mean value of 60 ng/L. PCB77 was the dominant
dioxin-like congener with an average proportion of
78 %. These concentrations in the water column were
not correlated with value previously recorded in
sediment for the same sampling sites (Dumoulin et
al., 2013). This can be explained by low solubility of
PCBs in water by the non-significant remobilization
of PCBs from sediment to water column in the studied
river section. Moreover, dissolved PCBs in water
represent a small fraction of total PCB in the water
column due to their rapid association to organic
entities such as sediment, algae and protozoa
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(Brannon, 1993, Hargrave et al., 1992, Eganhouse and
Gossett, 1991 and Booij and van den Berg, 1994).
However, it is interesting to note that PCBs are
bioaccumulable compounds, which even at low
concentration in water can affect strongly the aquatic
organisms. Moreover, PCBs are extremely stable
compounds under environmental conditions (WHO,
1993). Even, their concentrations in surface water were
relatively low, it can contaminate underground water
which could be source of drinking water and can
impact consequently human health.

Numerous Water Quality Guidelines (i.e. European,
Canadian, USA, Australian...) for Marine and Fresh
Water Quality have been developed. The specific
guidances are corresponding to the type of effluent
(surface water, groundwater, freshwater) and to the
intended use of the water. Nevertheless, for certain
compounds, regulation of hazardous substances
(organic micro pollutants) was incomplete or even not
available in the literature in the past operation of
worldwide water policy (Kallis et al., 2001).
Progressively, revisions have been developed to
provide a tool for simplifying the reporting quality data.
The assessment of the water quality and the
contamination level evaluation of each studied site
were performed by referring to the environmental
quality standards (EQS) indicated through threshold
values (European Commission, 2008). For River water
quality, the threshold values are currently given for
PAHs, phthalates and pesticides. No threshold values
available for Me-PAHs. Concerning the PCB
contamination, actually, insufficient data allow to set
the threshold value. However, according to the circular
EU-WFD 2005/12 of 28 July 2005, the interim EQS of
PCBs for water inland surface, transitional and territorial
marine interior is set to 0.001 pg/L (INERIS, 2011).
Threshold values of EQS ofindividual PAH, phthalate
and pesticides, and contamination levels detected in
Somme River are presented in Table 3.

The results in Table 3 show the contamination level
of phthalates and pesticides under the maximum
allowance concentration (MAC) of EU-WFD.
However, the concentration of alpha-lindane and beta-
lindane exceed CWQG value (> 0.01 pg/L) for some
sampling points (at Fontaine-les-Clercs and Castres
for alpha-lindane, and at Fontaine-les-Clercs, Artemps,
Castres and Berthencourt-sur-Somme for beta-lindane).
For PAH, the concentration detected at Somme River
water do not exceed the MAC of EU-WFD.
Nevertheless, some measured points showed the value
higher than interim guideline set by CWQG for An, FI,
BaA and Py.
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Table 1. Individual phthalate concentrations in the 13 sampling sites of the Somme River

Phthalate concentrations (ug/L)
Stlzjt:on Corresponding City DMP DEP DBP BBP DEHP DOP X phthalates
1 Gauchy 008 535 292 - 13.30 21.65
2 Castres - 0.46 0.24 - 20.76 2146
3 Fontaine les Clercs 0.25 212 328 - 8.88 14.53
4 Séraucourt-le-Grand 0.20 - 3.77 - 7.46 1143
5 Artemps 002 0.26 043 - 6.22 6.93
6 Tugny-et-Pont 0.14 1.28 2.01 - 6.57 10.00
7 Dury 003 0.48 0.45 - 17.93 18.89
8 Pithon 013 492 297 - 5.16 13.18
9 Ham 0.10 3.01 3.86 - 5.86 12.83
10 Voyennes 0.15 3.62 1.98 - 6.84 12.59
11 Béthencourt/Somme 003 0.52 0.22 - 9.39 10.16
12 Pond 1 006 6.83 0.77 - 11.23 18.89
13 Pond 2 0.22 698 278 - 1336 23.34
* « - » : not detected « + » : value below the limit of quantification (<0.01 pg/L)
Table 2. Pesticides repartition in the surface water in Somme River
Pesticide concentrations (ng/L)
N° Station 1 2 3 4 5 6 17 8§ 9 10 11 12 13
Alpha-lindane - 89 355 - - - - - - - - - -
Gamma-lindane - 271 177 - 281 - - - - - 231 - -
Chloroneb - 90 131 - 117 - - - - - 103 - -
Y. gpesticides - 450 663 - 398 - - - - - 334 - -
* « - » :not detected
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Table 3. Threshold values of EQS of individual PAH, phthalate and pesticide (Canadian Environmental Quality
Guidelines, 2007; Directive n° 2013/39/UE of 12/08/13 modifying the directives 2000/60/CE and 2008/105/

CE), and contamination levels detected in Somme River

Compounds EU-WFD CWQG Somme River (A verage)
PAHs (ug/L)

Na 130%* 1.1* 0.011-0.048 (0.026)

Ayl 0.040-0.081 (0.057)

Aen 5.8% n.d. —0.066 (0.017)

F 0.12%* 3* n.d. —0.060 (0.011)

An 0.1%* 0.012* n.d. —0.044 (0.027)

Fl 0.12%* 0.04* n.d. —0.101 (0.032)

Ch Insufficient data n.d.—-0.138(0.011)

BaP 0.27%* 0.015% n.d.

Pn 0.4* 0.008-0.194 (0.047)

BbF 0.017** n.d.

BkF 0.017** n.d.

Bghi 0.0082%* n.d.

DhA

P Insufficient data n.d.

BaA 0.018%* n.d. —0.068 (0.006)

Py 0.025%* 0.021-0.123 (0.041)
Pesticides (ug/L)

Alpha-lindane 0.04 0.01 n.d.-0.355(0.029)

Gamma-lindane 0.04 0.01 n.d. - 0.281(0.064)

Beta-lindane 0.04 0.01 n.d.

Delta-lindane 0.04 0.01 n.d.

Heptachlor 0.0003 Insufficient data n.d.

Aldrin Insufficient data  Insufficient data n.d.

Trans-chlordane Insufficient data n.d.

Cis-chlordane Insufficient data n.d.

Endosulfan 1 0.01%** 0.02 n.d.

Dieldrin Insufficient data Insufficient data n.d.

Endrin Insufficient data  Insufficient data n.d.

Endosulfan II 0.01** 0.02 n.d.

44°-DDT Insufficient data  Insufficient data n.d.

Endrin aldehyde Insufficient data n.d.

Endosulfan sulfate 0.02 n.d.

Endrin ketone Insufficient data n.d.

Heptachlor  epoxide .

(isecI:mer - B*; 0.0004%* No objet n.d.

Chloroneb n.d. —0.094 (0.046)

Isodrine Insufficient data n.d.

P,p-DDT Insufficient data n.d.
Phthalates (ug/L)

DMP nd.— 025 (0.110)

DEP 16 nd. — 698 (3.001)

DBP 19 022 -7.58(2.404)

BBP n.d.

DNOP Insufficient data n.d.

DEHP Insufficient data 0.34—20.76 (9.591)

Eu-WFD: European Union Water Framework Directive
CWGQ: Canadian Water Quality Guidelines for the protection of Aquatic life

*Interim Guideline

**Maximum Allowance Concentration
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CONCLUSION

The extract water samples was analyzed for 16
PAHs and 18 Me-PAHs, 6 phthalates, 28 pesticides, 28
PCBs, using gas chromatography/mass spectrometry
(GC/MS) for the total of 96 targeted compounds. Each
contaminant was quantified to assess their
contamination levels in 13 sites of Somme River in
northern France. Recorded concentrations showed
significant contaminations of Somme River. Large
variation of concentration was observed from one
sampling site to others for the concentration level of
hydrocarbons. Hydrocarbons contaminations were
dominated by two rings and three rings respectively
for Me-PAHs with average of 72% and PAHs with
average of 75%. This work reported for the first time
the contamination level of phthalates in Somme River.
The same order of magnitude of phthalate
concentration was observed with fifteen sampling
stations in Somme River; the X phthalates varies from
7 to 23 pg/L. DEHP and DEP are phthalates the most
abundance in this River; their average represents
respectively around 63% for DEHP and 20% for DEP.
Among 28 targeted pesticides, only chloroneb, alpha-
lindane and beta-lindane were detected and quantified.
Moreover, their concentrations were relatively low
close to limited guidelines for drinking water which
limited the sum of pesticides at 500 ng/L. According to
the guideline values set by EU-WFD, Somme River
present the good quality respect to these five families
selected (PAHs, Me-PAHs, PCBs, phthalates and
pesticides). However, these contamination levels could
affect the aquatic life because they are frequently
detected at the values exceeded the guideline values
set by CWQG. It is interesting to note that Somme River
is a place where there is a breeding fish and local fishing
activities. The generally gap information could be a
major source uncertainty in evaluation of water quality
and so on the decision that the authorities could take.
Nevertheless, there is growing evidence that these
kinds of study are potentially important sources of
information which contribute to the quality evaluation
of the aquatic ecosystems and some decision of local
authority (i.e. fishing activities, breeding fish).

ACKNOWLEDGEMENT

The authors thank R. Descamps for their technical
assistance as well as Agence de I’Eau Artois-Picardie
for the financial and the technical support during the
sampling campaign.

REFERENCES

AFNOR, (1990). Dosage des pesticides organochlorés et
des polychlorobiphényls (PCB) Recueil de normes
frangaises, eaux méthodes d’essais. T90-120, 1985.

1167

Aparicio, I., Santos, J. L. and Alonso, E. (2007).
Simultaneous sonication-assisted extraction, and
determination by gas chromatography-mass spectrometry,
of di-(2-ethylhexyl)phthalate, nonylphenol, nonylphenol
ethoxylates and polychlorinated biphenyls in sludge from
wastewater treatment plants. Analytica Chimica Acta, 584,
455-461.

Barcélo, D. (1993). Environmental Protection Agency and
other methods for the determination of priority pesticides
and their degradation products in water. Journal of
Chromatography, 643, 117-143.

Baroudi, M., Bakkour, H., Halwani J., Taha, S., EI-Osmani
R. and Mouneimne, A. H. (2012). Determination of pesticide,
nitrates and nitrites level in groundwater of akkar plain in
north Lebanon. Journal of Applied Sciences Research, 8 (8),
4663-4667.

Bennett, B. G. (1983) (staff member of the United Nations
Environment Programme (UNEP)), Science of Total
Environment, 29, 101.

Booij, K. (1993). Distribution of hydrophobic contamination
between sediment, water and colloids in batch incubations.
Bulletin of Environmental Contamination and Toxicology,
50, 205-211.

Booij, K. and Van den Berg, C. (1994). Comparison of
techniques for the extraction of lipids and PCBs from benthic
invertebrates. Bulletin of Environmental
Contamination and Toxicology, 53, 71-76.

Boussahel, R., Bouland, S., Montiel, A. and Moussaoui, K.
M. (2000). Application de la microextraction en phase solide
avec capture d’électrons pour I’analyse des pesticides
organochlorés dans 1’eau. Spectra Analyse, 213, 27-29.

Brannon, J. M., Price, C. B., Reilly, Jr. F. J., Pennington, J.
C. and McFarland, V. A. (1993). Effects of sediment organic
carbon on distribution of radiolabeled fluoranthene and
PCBs among sediment, interstitial water, and biota. Bulletin
of Environmental Contamination and Toxicology, 51, 873-
880.

Brown, M. P., Werner, M. B., Sloan, R. J., Simpson, K. W.
(1985). Polychlorinated biphenyls in the Hudson GL,
Howell River. Environmental Science and Technology, 19,
656-661.

Cailleaud, K., Forget-Leray, J., Souissi, S., Hilde, D., Le
Menach, K. and Budzinski, H. (2007). Seasonal variations
of hydrophobic organic contaminant concentrations in the
water-column of the Seine Estuary and their transfert to a
planktonic species Eurytemora affinis (Calanoida,
copepoda). Part 1: PCBs and PAHs. Chemosphere, 70, 270-
280.

CEQQG, (2007). Canadian Environmental Quality Guidelines,
Canadian Water Quality Guidelines for the Protection of
Aquatic Life. Canadian Council of Ministers of the
Environment, 1999, updated 2001, 2002, 2003, 2005, 2006
and update 7.1, December 2007.

Chiou, C. T., McGroddy, S. E. and Kile, D. E. (1998).

Partition characteristics of polycyclic aromatic



Net, S. etal.

hydrocarbons on soils and sediment. Environment Science
and Technology, 32, 264-269.

Dugan, J. E., Ichikawa, G,, Stephenson, M., Crane, D. B.,
MccCall, J. and Regalado, K. (2005). Final report prepared
for Central Coast Regional Water Quality Control Board,
38p.

Dumoulin, D., Net, S. and Ouddane, B. (2013). Etude de la
contamination en PCB de la Somme riviére-Campagne 2012.
Repport published by Agence de I’Eau Artois-Picardie, http:/
/www.eauartois-picardie.fr/Etude-de-la-contamination-en-
PCB.html.

Eganhouse, R. P. and Gossett, R. W. (1991). Sources and
magnitude of bias associated with determination of
polychlorinated biphenyls in environmental samples.
Analytical Chemistry, 63, 2130-2137.

European Commission, (2008). European Parliament and
Council, Directive 2008/105/EC of the European Parliament
and of the Council of 16 December 2008 on environmental
quality standards in the field of water policy, amending and
subsequently repealing Council Directives 82/176/EEC, 83/
513/EC, 84/156/EEC, 84/491/EEC, 86/280/EEC and
amending Directive 2000/60/EC of the European Parliament
and of the Council. Official Journal of the European Union
L348 (2008), 84-97.

Francioni, E. F., Wagener, A. L. R., Scofield, A. L. and
Cavalier, B. (2005). Biomonitoring of polycyclic aromatic
hydrocarbon in Perna perna from Guanabara Bay, Brazil.
Environmental Forensics, 6, 361-370.

Fromme, H., Kiichler, T., Otto, T., Pilz, K., Miiller, J. and
Wenzel, A. (2002). Occurrence of phthalates and bisphenol
A and Fin the environment. Water Research, 36, 1429-
1438.

Gaspare, L., Machiwa, J. F., Mdachi, S. J. M., Streck, G.
and Brack, W. (2009). Polycyclic aromatic hydrocarbon
(PAH) contamination of surface sediments and oysters from
the inter-tidal areas of Dar es Salaam, Tanzania.
Environmental Pollution, 157 (1), 24-34.

Ghisari, M. and Bonefeld-Jorgensen, E. C. (2009). Effects
of plasticizers and their mixtures on estrogen receptor and
thyroid hormone functions. Toxicology Letters, 189 (1), 67-
77.

Gomez-Hens, A. and Aguilar-Caballos, M. (2003). Social
and economic interest in the control of phthalic acid esters.
Trends in Analytical Chemistry, 22, 847-857.

Hancock, T. C., Sandstrom, M. W., Vogel, J. R., Webb, R.
M. T., Randall Bayless, E. and Barbash, J. E. (2008).
Pesticide fate and transport throughout unsaturated zones
in five agricultural settings, USA. Journal of Environmental
Quality, 37(3), 1086-1100.

Hargrave, B. T., Harding, G. C., Vass, W. P., Erickson, P. E.,
Fowler, B. R. and Scott, V. (1992). Organochlorine pesticides
and polychlorinated biphenyls in the Arctic Ocean food

1168

web. Archives of Environmental Contamination
and Toxicology, 22(1), 41-54.

Fromme, H., Kuchler, T., Otto, T., Pilz, K., Muller, J. and
Wenzel. A. (2002). Occurrence of phthalates and bisphenol
A and Fin the environment. Water Research, 36, 1429-1438.

Huen, K., Bradman, A., Harley, K., Yousefi, P., Boyd Barr,
D., Eskenazi, B. and Holland, N. (2012). Organophosphate
pesticide levels in blood and urine of women and newborns
living in an agricultural community. Environmental Research,
117, 8-16.

IARC, (2010). Monographs on the evaluation of carcinogenic
risks to humans: some non-heterocyclic polycyclic aromatic
hydrocarbons and some related exposures, International
Agency for Research on Cancer, France.

INERIS, (2011). Données technico-économiques sur les
substances chimiques en France : Les polyChloroBiphenyles
(PCB), DRC-11-118962-11081A, 89 p. (http://rsde.ineris.fr/
or http://www.ineris.fr/substances/ft/).

Jacobs, L. E., Weavers, L. K. and Chin, Y. P. (2008). Direct
and indirect photolysis of polycyclic aromatic hydrocarbons
in nitrate-rich surface waters. Environmental Toxicology and
Chemistry, 27, 1643-1648.

JISC, (2005). Method for determination oftetra-through
octachlorodibenzo-p-dioxins, tetra-through octachlorodiben-
zofurans and dioxin-like polychlorinatedbiphenyls in
industrial water and waste water, JIS K 0312.

Jurewicz, J. and Hanke, W. (2008). Prenatal and childhood
exposure to pesticides and neurobehavioral development:
review of epidemiological studies. Int J Occup Med Environ
Health, 21 (2), 121-32.

Kaneco, S., Katsumata, H., Suzuki, T. and Ohta, K. (2006).
Titanium dioxide mediated photocatalytic degradation of
dibutyl phthalate in aqueous solution-kinetics, mineralization
and reaction mechanism. Chemical Engineering Journal, 125,
59-66.

Kaushik, H. R., Sharma, S., Jain, J. and Dawra, C. P. (2010).
Pesticide pollution of river ghaggar in Haryana India.
Environmental Monitoring and Assessment, 160 (1-4), 61-
9.

Kavlock, R., Boekelheide, K., Chapin, R., Cunningham, M.,
Faustman, E., Foster, P., Golub, M., Henderson, R., Hinberg,
1., Little, R., Seed, J., Shea, K., Tabacova, S., Tyl, R.,
Williams, P. and Zacharewski, T. (2002). NTP Center for
the evaluation of risks to human reproduction: phthalates
expert panel report on the reproductive and developmental
toxicity of di(2-ethylhexyl) phthalates.
Reproductive Toxicology, 16, 529-653.

Ko, F. C. and Baker, J. E. (1995). Partitioning of
hydrophobic organic contaminants to resuspended sediments
and plankton in the mesohaline Chesapeake Bay. Marine
Chemistry, 49, 171-188.



Int. J. Environ. Res., 8(4):1159-1170, Autumn 2014

Lau, T. K., Chu, W. and Graham, N. (2005). The degradation
of endocrine disruptor di-n-butyl phthalate by UV
irradiation: a photolysis and product study. Chemosphere,
60, 1045-1053.

Mailhot, G., Sarakha, M., Lavedrine, B., Caceres, J., Malato,
S. (2002). Fe(Ill)-solar light induced degradation of diethyl
phthalate (DEP) in aqueous solutions. Chemosphere, 49,
525-532.

Malve, O., Salo, S., Verta, M. and Forsius, J. (2003).
Modeling the Transport of PCDD/F Compounds in a
Contaminated River and the Possible Influence of
Restoration Dredging on Calculated Fluxes. Environmental
Science and Technology, 37, 3413-3421.

Manodori, L., Gambaro, A., Piazza, R., Ferrari, S., Stortini,
A. M., Moret, 1. and Capodaglio, G. (2006). PCBs and
PAHs in sea-surface microlayer and sub-surface water
samples of the Venice Lagoon (Italy). Marine Pollution
Bulletin, 52, 184-192.

Meng, J., Bu, J., Deng, C. and Zhang, X. (2011). Preparation
of polypyrrole-coated magnetic particles for micro solid-
phase extraction of phthalates in water by gas
chromatography-mass spectrometry analysis. Journal of
Chromatography A, 1218 (12), 1585-1591.

Mostert, M. M. R., Ayoko, G. A. and Kokot, S. (2010).
Application of chemometrics to analysis of soil pollutants.
Trends in Analytical Chemistry, 29, 430-435.

Navarro, A., Tauler, R., Lacorte, S. and barceld, D. (2010).
Occurrence and transport of pesticide and alkylphenols in
water samples along the ebro river basin. Journal of
Hydrology, 383 (1-2), 18-29.

Neff, J. M. (2002). Bioaccumulation in marine organisms -
effect of contaminants from oil well produced water,
Elsevier, The Netherlands, 452.

Net, S., Dumoulin, D., El-Osmani, R., Delcourt, V., Bigan,
M. and Ouddane, B. (2014). Experimental design approach
to the optimization of hydrocarbons extraction from the
sediment: Method development and application. Appl.
Geochem., 40, 126-134.

Ogunfowokan, A. O., Torto, N., Adenuga, A. A. and Okoh,
E. K. (2006). Survey of levels of phthalate ester plasticizers
in a sewage lagoon effluent and a receiving stream.
Environmental Monitoring and Assessment, 118, 457-480.

Opuene, K., Agbozu, 1. E. and Adegboro, O. O. (2009). A
critical appraisal of PAH indices as indicators of PAH source
and composition in Elelenwo Creek, southern Nigeria.
Environmentalist, 29, 47-55.

Petrovic, M., Eljarrat, E., Lopez, de Alda, M. and Barcelo,
D. (2001). Analysis and environmental levels of endocrine-
disrupting compounds in freshwater sediments. Trends in
Analytical Chemistry, 20, 637-648.

Sanborn, M., Kerr, K. J., Sanin, L. H., Cole, D. C.,
Bassil, K. L. and Vakil, C. (2007). Non-cancer health
effects of pesticides: Systematic review and implications
for family doctors. Canadian Family Physician, 53 (10),
1712-1720.

1169

Singh, K. P., Malik, A., Mohan, D. and Sinha, S. (2004).
Multivariate statistical techniques for the evaluation
of spatial and temporal variations in water quality of
Gomti River (India): A case study. Water Res., 38,
3980-3992.

Stanley, M. K., Robillard, K. A., Staples, C. A. and Staples,
C. A. (2003). (Ed) The Handbook of Environmental
ChemistryPart Q. Phthalate Esters, vol. 3 Springer, Berlin,

p- 1.

Staples, C. A., Peterson, D. R., T. F. Parkerton T. F. and
Adams, W. J. (1997). The environmental fate of phthalate
esters: A literature review. Chemosphere, 35, 667-749.

Straif, K., Baan, R., Grosse, Y., Secretan, B., El Ghissassi, F.
and Cogliano, V. (2005). On behalf of the WHO International
Agency for Research on Cancer Monograph Working Group.
Carcinogenicity of polycyclic aromatic hydrocarbons.
The Lancet Oncology, 6, 931-932.

Sun, C., Dong, Y., Xu, S., Yao, S., Dai, J., Han, S. and Wang,
L. (2002). Trace analysis of dissolved polychlorinated
organic compounds in the water of the Yangtse River (Nanjing,
China). Environmental Pollution, 117 (1), 9-14.

Tobiszewski, M. and Namiesnik, J. (2012). PAH diagnostic
ratios for the identification of pollution emission sources.
Environmental Pollution, 162, 110-119.

Tobiszewski, M., Tsakovski, S., Simeonov, V. and
Namiesnik, J. (2010). Surface water quality assessment by
the use of combination of multivariate statistical classification
and expert information. Chemosphere, 80, 740-746).

U.S.EPA, (2002). Environmental Protection Agency,
Environmental Protection Agency). Priority Pollutants.
<http://www.epa.gov/NE/npdes/permits/generic/
prioritypollutants.pdf> (accessed 01.06.12).

US EPA, (1999). Environmental Protection Agency,
Introduction to Water Policy Standards, Office of Water,
Washington, DC.

USEPA, (1996). Method 3510C, Separatory funnel liquid-
liquid extraction.

USEPA, (2008). Method 1668B, Chlorinated biphenyl
congeners in water, soil, sediment, biosolids and tissue by
HRGC/HRMS.

Wang, L., Yang, Z., Niu, J. and Wang, J. (2009).
Characterization, ecological risk assessment and source
diagnostics of polycyclic aromatic hydrocarbons in water
column of the Yellow River Delta, one of the most plenty
biodiversity zones in the World. Journal of Hazardous
Materials, 169, 460-465.

Wang, Z., Chen, J., Yang, P., Qiao, X. and Tian, F. (2007).
Polycyclic aromatic hydrocarbons in Dalian soils:
distribution and toxicity assessment. Journal of
Environmental Monitoring, 9(2), 199-204.

Wania, F. and Mackay, D. (1999). The evolution of mass
balance models persistent organic pollutant fate in the
environment. Environmental Pollution, 100 (1-3), 223-
240.



Contamination in the Somme River water

WHO, (1993). World Health Organization, Environmental
Health Criteria 140: Polychlorinated Biphenyls and
Terphenyls, Second edition, International Program on
Chemical Safety (IPCS), Geneva, p. 21.

Yunker, B., Perreault, A. and Lowe, C. J. (2012). Source
apportionment of elevated PAH concentrations in sediments
near deep marine outfalls in Esquimalt and Victoria, BC,
Canada: is coal from an 1891 shipwreck the source?
Organic Geochemistry, 46, 12-37.

Yunker, M. B., Macdonald, R. W., Vingarzan, R., Mitchell,
R. H., Goyette, D. and Sylvestre, S. (2002). PAHs in the
Fraser River basin: A critical appraisal of PAH ratios as
indicators of PAH source and composition.
Organic Geochemistry, 33 (4), 489-515.

Zhang, Z. L., Huang, J., Yu, G. and Hong, H. S. (2004).
Occurrence of PAHs, PCBs and organochlorine pesticides
in the Tonghui River of Beijing, China. Environmental
Pollution, 130, 249-261.

1170



