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Abstract This study was carried out to estimate the

potential toxicity of 8 Polycyclic Aromatic Hydrocarbons

(PAHs) and 5 organochlorine pesticides (OCPs) in sedi-

ments in the Ebro River Basin (20 sampling points)

according to different methodologies. Detection limit (DL)

concentrations were used for compounds reported below

the DL (worst-case scenario). The majority of PAH con-

centrations were found to be below their method detection

limit. DL concentrations for OCPs were above the thresh-

old values set by one guideline. In such cases, no toxicity

assessment was carried out. It should be noted that no

sediment is expected to cause adverse effects on the ben-

thic species living in these sediments according to the

methodologies applied.

Keywords Sediment � Polycyclic aromatic

hydrocarbons � Organochlorine pesticides � Bioavailability

Freshwater sediments are an important source of pollution

due to its capability of trapping hazardous and persistent

substances such as heavy metals, organic compounds,

Polycyclic Aromatic Hydrocarbons (PAHs) and organo-

chlorine pesticides (OCPs) among others (McGrath et al.

2002; U.S.EPA. 2003a, b, c; Zhang et al. 2004; Wang et al.

2008; Hung et al. 2010). Sediment Quality Guidelines

(SQGs) provide concentrations that protect organisms from

adverse effects that these substances may cause on them

(Di Toro et al. 2000; Di Toro and Mcgrath 2000;

MacDonald et al. 2000; Wong et al. 2000; U.S.EPA.

2003a, b, c; Vidal and Bay 2005).

The approaches used to develop SQGs mainly include

both theoretical and empirical models. Empirical models

are based on empirical observations of associations

between chemical concentrations in whole sediments and

measures of biological effects. Thus, total concentrations

are linked empirically to an adverse effect in sediment-

dwelling organisms. Consensus-based Threshold Effect

Concentration (TEC) and Probable Effect Concentration

(PEC) are derived from empirical measures (MacDonald

et al. 2000). These guidelines have been successfully

applied by Tang et al. (2007) and Hu et al. (2010) to

evaluate the occurrence of DDT in China.

On the other hand, theoretical models are represented by

the Equilibrium partitioning (EqP) approach. EPA0s Equi-

librium Sediment Benchmarks for PAHs mixtures are

based on the Equilibrium partitioning (EpP) approach. This

approach determines bioavailable concentrations rather

than total concentrations in order to predict toxicity in the

sediments. These guidelines expressed on an organic car-

bon-based basis have been used to assess the bioavail-

ability of these hazardous substances in sediments in

several studies (McGrath et al. 2002; Martinez-Llado et al.

2007; Ololade 2010; Hung et al. 2010). Finally, EPA0s
ESBs guidelines for eldrin and dieldrin are also based on

the EqP approach. These two guidelines are intended to

provide a concentration in sediment based on both the

chemical’s organic carbon–water partition coefficient

(KOC) and the Final Chronic Value (FCV) that provides

protection to benthic organisms in freshwater (U.S.EPA.

2003b, c).

The Ebro Hydrographical Confederation (CHE), which

is the organization in charge of the management of the

Ebro River Basin, has been analyzing the concentrations of
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PAHs and OCPs in sediments from the Ebro River Basin

since 1992. Although some studies related to these sedi-

ments such as the determination of PAH and OCP con-

centrations in sediment and fish (Lacorte et al. 2006) or

multivariate analysis (Navarro-Ortega et al. 2010) have

been carried out, this is the first study that compares and

analyzes the main existing SQGs in order to predict the

toxicity of PAHs and OCPs in those sediments. As

Directive 2008/105/CE does not include any threshold

value not to be exceeded, this work aims to fulfill this lack

of regulation. As a consequence, this study is expected to

give a further step to the methodology currently being used

at the Ebro Hydrographical Confederation and provide

more reliable results in order to evaluate the quality of

sediments from the Ebro River Basin.

Therefore, the aim of this study was to assess the

potential toxicity of hazardous substances such as PAHs

and OCPs in sediments from the Ebro River Basin (20

sampling points). This assess was conducted according to

different guidelines, both theoretical and empirical (con-

sensus-based TEC and PEC, EPA0s Equilibrium Sediment

Benchmarks for PAHs mixtures and EPA0s Equilibrium

Sediment Benchmarks for endrin and dieldrin). This work

also aimed to evaluate which of the methodologies used is

best to predict the potential toxicity of the PAHs and OCPs

considered in this study.

Materials and Methods

PAH and OCP concentrations were determined in the CHE

laboratories according to standard methods. All data related

with PAH and OCP concentrations were obtained from

www.chebro.es. Organic carbon analyses were performed

by wet oxidation (Walkley-Black titration method). The

carbon present in the sediment was oxidized with potas-

sium dichromate (a known excess) in concentrated sulfuric

acid in the presence of silver sulfate. Ferrous ammo-

nium sulfate was used to titrate this dichromate excess

(Hernandez et al. 2008). Sampling point locations are

showed in Table 1. A map of the sampling points is rep-

resented in Fig. 1.

Consensus-based guidelines provide each substance

with two concentrations: TEC below which, no harmful

effects on sediment-dwelling organisms are expected to

occur and PEC above which, harmful effects on sediment-

dwelling organisms are expected to occur frequently

(MacDonald et al. 2000). The numerical values of these

two guidelines expressed in ug/kg dw (dry weight) are

included in Table 2.

EPA0s Equilibrium Sediment Benchmarks for PAHs

mixtures (see Table 2) are calculated as the sum of all

concentrations of each PAH (dry weight concentrations for

each PAH must be converted to lg PAH/g organic carbon

by dividing by the organic carbon fraction (fOC) where

fOC = %TOC/100) divided by their FCV concentration for

each specific PAH in sediment (COC,PAHi,FCVi, lg/g organic

carbon). This sum is named as the Equilibrium Partitioning

Sediment Benchmark Toxic Unit (
P

ESBTUFCV). Values

of
P

ESBTUFCV \ 1 would indicate that sediments are

acceptable for the protection of benthic organisms. This

guideline requires the determination of 33 PAHs concen-

trations but it can be used in case just 13 PAHs concen-

trations are measured by multiplying the calculated
P

ESBTUFCV,8 (number 8 stands for 8 measured PAHs) by

a factor of 11.5 (U.S.EPA. 2003a). As this study only took

into account 8 out of those 13 PAHs, results obtained

should be interpreted with caution.

EPA0s Equilibrium Sediment Benchmarks (endrin and

dieldrin) are derived from the FCV that already exists in

water-only exposures and the chemical’s organic carbon–

water partition coefficient (KOC). They represent the con-

centration in sediment (normalized to organic carbon)

below which, adverse effects are not expected to occur

(U.S.EPA. 2003b, c). ESBs for freshwater sediments

according to this guideline are included in Table 2.

Concentrations were calculated assuming detection limit

(DL) concentrations where real concentrations were under

DL concentrations (worst-case scenario). Therefore, if all

guidelines criteria were met in this case, we would be able

to certify that real concentrations (obviously below DL)

would, with no doubt, meet these criteria. However,

method detection limit values for OCPs were above the

Table 1 SP codes and locations

Sediment Location

SP-1 Gallego River at Jabarrella

SP-2 Ebro River at Presa de Pina

SP-3 Ebro River at Asco

SP-4 Segre River at Torres de Segre

SP-5.1 and SP-5.2 Cinca River at Monzon

SP-6 Arga River at Puente la Reina

SP-7.1 and SP-7.2 Ebro River at Miranda

SP-8 Zadorra River at Vitoria Trespuentes

SP-9 Ebro River at Tortosa

SP-10 Araquil River at Alsasua

SP-11 Ebro River at Conchas de Haro

SP-12 Ebro River at Logroño-Barea

SP-13 Ega River at Arinzano

SP-14 Gallego River at Villuanueva

SP-15 Huerva River at Zaragoza

SP-16 Jalon River at Grisen

SP-17 Najerilla River at Najera

SP-18 Zadorra River at Salvatierra
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Fig. 1 Map of sampling points

Table 2 Different SQGs for the substances used in this study and COC,PAHi,FCVi values

Substance Consensus-based

TEC

Consensus-based

PEC

EPA0s ESBs for

PAHs mixtures

EPA0s ESBs for

endrin and dieldrin

COC,PAHi,FCVi

ug/kg dw ug/kg dw TU lg/gOC lg/gOC

Benzo(a)pyrene 150 1450 NA NA 965

Benzo(b)fluoranthene NG NG NA NA 979

Benzo(ghi)perylene NG NG NA NA 1095

Benzo(k)fluoranthene NG NG NA NA 981

Indeno(1,2,3-cd)pyrene NG NG NA NA 1115

Fluoranthene 423 2230 NA NA 707

Naphthalene 176 561 NA NA 385

Anthracene 57.2 845 NA NA 594

Total PAHs 1610 22800 \1 NA NA

Endrin 2.22 207 NA 5.4 NA

Dieldrin 1.90 61.8 NA 12 NA

Total DDT 4.16 572 NA NA NA

Aldrin 2.00 80 NA NA NA

Benzene hexachloride 3 120 NA NA NA

These latter values represent the FCV concentration for each specific PAH in sediment (lg/gOC)

NG, no guideline, NA, not applicable; Consensus-based TEC and Consensus-based PEC values are from MacDonald et al. (2000) except values

for Aldrin and benzene hexachloride which are from Persaud et al. (1993). EPA0s ESBs for PAHs mixtures values and COC,PAHi,FCVi values are

from U.S.EPA (2003a) and EPA0s ESBs for endrin and dildrin values are from U.S.EPA (2003b) and U.S.EPA (2003c)
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threshold values set by consensus-based TEC guideline.

Values reported in those cases are generally not used to

carry out a bioavailability assessment because of the

uncertainties that appear when DL concentrations are

higher than the guideline itself (Long et al. 2006). There-

fore, TEC guideline was not applied in such cases.

Results and Discussion

Table 3 outlines the results obtained in all sediment sam-

ples assuming DL concentrations where real concentrations

were under DL as discussed previously. It also includes the

results obtained in the determination of organic carbon

(expressed as TOC%) by Walkley-Black titration method.

TOC% presented the higher value in sediment SP-8

(7.33%) and the lower value in sediment SP-11 (0.81%).

This relatively high organic carbon content in sediment

SP-8 could be explained by means of the human activity

related to the city of Vitoria, located next to the sampling

point. Benzo(b)fluoranthene in sediment SP-6 (122 lg/

kg dw) and fluoranthene in sediment SP-6 (131 lg/kg dw)

represented the higher PAH concentrations found in all

samples. Nevertheless, all sampling points showed con-

centrations below the threshold concentration set by TEC

guideline for both individual and total PAHs.

As can be noticed from Table 4, total PAHs ranges

found in our study assuming DL concentrations for values

reported under DL concentrations (80–516 lg/kg dw) were

in line with total PAHs ranges found on different studies all

over the world which were found to range from 127 lg/

kg dw (Tonghui River of Beijing, China) up to 1,590 lg/

kg dw (Danshui River in Taiwan).

No sediment presented OCP concentrations above the

method detection limit with the exception of DDT in sed-

iments SP-5.1 and SP-9. These DDT values were higher

than those reported by different studies around the world

(Table 4). No toxicity assessment was carried out when DT

concentrations for OCPs were above the threshold values

set by TEC guideline, as discussed previously.

Total DDT concentration in sediments SP-5.1 and SP-9

were found to range between the concentrations set by TEC

and PEC guidelines. Therefore, adverse effects on the

benthic fauna might or might not occur, indicating a clear

uncertainty in order to predict toxicity on the sediments

studied. Although the use of DDT for agricultural purposes

was banned several years ago, these remaining concentra-

tions found in sediments from the adjacent areas highlight

the low degradability of DDT. The presence of DDT in

sediment SP-5.1 (Cinca River at Monzon) might be due to

the presence of a pesticide manufacturer that operated in

the area for several years (the company ceased trading in

2008). Moreover, in comparison with values reported by

Lacorte et al. (2006) on a previous study, total DDT con-

centration has decreased 4.1% in sediment SP-9 from 2002

to 2009.

Data shown in Table 3 are used as well to determine

whether or not PEC criteria are met in the sediments

studies. In this case, all sediments present concentrations

below PEC in all substances according to the values out-

lined in Table 2. As a consequence, no sediment is

expected to cause any adverse effect in the benthic

organisms.

Results obtained from EPA0s ESBs for endrin and

dieldrin are shown in Fig. 2. As endrin and dieldrin con-

centrations were assumed as their DL concentration

(10 lg/kg dw), their values are the same for each sediment

sample. Organic carbon-based concentrations found on

sediments SP-1 and SP-2 were the higher ones (1.000 lg/

gOC and 1.075 lg/gOC, respectively). Nevertheless, all 11

sediments studied had very low endrin and dieldrin carbon-

based concentrations with regard to the threshold values

given by the methodology. It is noticeable that threshold

values of 5.4 and 12 lg/gOC are never exceeded. Therefore,

no adverse effect is expected to occur due to the presence

of both endrin and dieldrin in the benthic organisms that

inhabit in the sediments studied.
Table 4 Total PAHs and total DDT ranges (both expressed in lg/kg

dw) found on previous studies

Location Total PAHs Total DDT References

Tonghui River of

Beijing, China

127–928

(16 PAHs)

0.11–3.78 Zhang et al.

(2004)

Ebro River Basin,

Spain

\DL-407

(8 PAHs)

4.76–241 Lacorte

et al.

(2006)

Yangtze River, China – 0.79–35.61 Tang et al.

(2007)

Danshui River

in Taiwan

175–1,590

(46 PAHs)

– Hung et al.

(2010)

Freshwater sediments,

Ebro River Basin,

Spain

80–516

(8 PAHs)

15-231 Present

study
Fig. 2 Results obtained in application of EPA0s ESBs for endrin and

dieldrin in lg/gOC
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Finally, data obtained for EPA0s ESB for PAHs mixtures

are outlined in Table 3. It can be seen that TU are below 1

in all sediments both by ESBTUFCV,8 and ESBTUFCV,8

(911.5) . The higher ESBTUFCV,8 values were found in

sediments SP-5.1 and SP-11 (0.334 and 0.299 TU). This

low TU values obtained suggest that all sediments are

acceptable for the protection of benthic organisms.

Conclusions

For PAH methodologies, these conclusions can be

extracted:

• Both consensus-based and EPA0s ESB for PAHs

mixtures guidelines lead to comparable results in the

sediments studied.

• Due to the low PAH concentrations found in all

sediments, theoretical and empirical models are suit-

able for determining the potential toxicity of PAHs in

the sediments studied.

For OCP methodologies, this conclusion can be

extracted:

• Consensus-based PEC seems to be a reliable guideline

in order to protect benthic organisms from any harmful

effect. On the other hand, EPA0s ESBs guidelines for

eldrin and eldrin take into account organic carbon

present in the sediment and thus, reliably predict eldrin

and dieldrin bioavailability in this study.

Method detection limit concentrations for OCPs should

be improved in order to be able to apply TEC guideline to

assess OCP toxicity in sediments from the Ebro River

Basin. Besides, it should be pointed out that no sediment is

expected to cause adverse effects on the benthic species

living in these sediments according to the methodologies

applied. As Directive 2008/105/CE does not include any

threshold value or bioavailable concentrations neither for

PAHs nor OCPs, and accounts only for the no variation of

their concentrations along time, this study has been proved

to better understand and to estimate the quality of the

sediments of the Ebro River Basin.
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