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Polycyclic  Aromatic  Hydrocarbons  (PAHs)  levels  in four  commonly  consumed  smoked  fish  species  from
markets  in  Southern  Nigeria  were  assessed  to  evaluate  possible  human  health  risks  associated  with
consumption.  Varying  levels  of  PAH  congeners  were  observed  in  the  fish  tissues  with  the  highest  total
concentration  of PAHs  in  Scomber  scombrus.  High  concentrations  of  benzo(a)pyrene  was  observed  in
Clarias  gariepinus  and  Ethmalosa  fimbriata  with  values  above  the  guideline  value of  0.05  mg/kg.  The  Dietary
Daily  Intake  (DDI)  value  for total  PAHs  (

∑
PAHs)  was  highest  for  S. scombrus  while  the  DDI  value  for

the  total carcinogenic  PAHs  (
∑

CPAHs)  was  highest  for E. fimbriata.  Carcinogenic  human  health  risk
AH
moked fish
uman health risk
isk indices

assessment  using  carcinogenic  toxic  equivalents  (TEQ),  indicated  that consumption  of  E.  fimbriata  has  a
higher  potential  to  cause  carcinogenic  risks.  TEQ  values  for all the  fish  species  were  however,  below  the
estimated  screening  value  (SV)  of  3.556  mg/kg,  while  the estimated  cumulative  excess  cancer  risk  (ECR)
for E.  fimbriata  and  C.  gariepinus  and  PAH4  index  for all the  assessed  fish  species  exceeded  threshold
values  indicating  potential  carcinogenic  risk  from  consumption.

© 2016  The  Author(s).  Published  by Elsevier  Ireland  Ltd.  This  is an  open  access  article  under  the CC  BY
. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are an important
roup of compounds of major environmental concern. There are
everal possible sources of PAHs in the environment, anthropogenic
ctivities are, however, considered major sources of PAHs in the
nvironment. Among the anthropogenic sources, petrogenic and
yrolytic sources are considered to be the most important. More
han 100 PAHs have been characterized, 16 of which were clas-
ified by United States Environmental Protection Agency (USEPA)
s priority pollutants because of their toxicity [1]. PAHs has been
eported to be highly mutagenic and carcinogenic in humans [2].

Dietary exposures are the major source of human exposure to
AHs [3]. PAHs are found in food as a result of food processing tech-
iques like curing, drying, smoking, roasting, grilling, barbecuing
nd refining. These food processing steps are known to generate
nd increase the level of PAHs in the food [4]. One significant food

ource of PAHs is smoked fish [5]. In developing countries, smoked
sh is a common source of protein in most diets, smoke not only
ives the fish special taste and aroma, it also improves preservation
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due to its dehydrating and bactericidal properties [5,6]. However,
smoke especially wood smoke contains PAHs, many of which are
carcinogenic [3]. In developing countries, smoking is the most com-
mon  method employed in preserving fish. In Nigeria, smoked fish
products constitute about 61% of the total 194,000 m t of dry fish
produced [6]. Smoked fish products are the most available form
of fish product for consumption [6], which could be attributed to
the fact that most of the fishing communities have limited access
to electricity to preserve their fish products [6]. This has however
increased the risk of PAHs contamination through consumption.
Food Safety is of growing concern globally and PAHs residues if
present in smoked fish above recommended levels could pose seri-
ous public health concerns [7]. Previous studies have shown the
presence of PAHs in smoked fish [3,8,5,6], however, studies on
human health risk associated with consuming smoked fish are
rather scanty [9], especially for reported studies from Nigeria.

The objective of this study was, therefore, to determine the
concentration of PAHs in four locally available and commonly
consumed smoked fish species (Clarias gariepinus,  Ethmalosa fimbri-
ata, Tilapia zilli, and Scomber scombrus) from markets in Southern,
Nigeria, in order to assess possible human health risks associated

with consumption.
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. Materials and methods

.1. Sample collection

Samples of Clarias gariepinus,  Tilapia zilli, Ethmalosa fimbriata,
nd Scomber scombrus, were randomly collected from three major
arkets (Oreogbeni (6◦21′ 0.09′′N and 5◦ 39′ 32.67′′E), New Benin

6◦23′ 59.96′′N and 5◦ 36′ 67.37′′E) and Santana market (6◦17′

4.6′′N and 5◦ 38′ 8.9′′E) in Southern, Nigeria (Fig. 1).
The selected markets are major sources of smoked fish for most

arkets in Southern Nigeria. Samples were wrapped in aluminum
oil, packed in labeled polythene bags and transported to the lab-
ratory for analysis. Samples were collected every month for four
onths (June–September).

.2. Extraction and analysis

Extraction of PAHs was carried out based on the method
escribed by [10]. 10 g of the homogenized fish sample was  thor-
ughly mixed with anhydrous Na2SO4 to dehydrate the sample.
0 ml  of the extraction solvent (di-chloromethane) was  added to
he sample. Samples were covered with aluminum foil to prevent
vaporation and sonicated to separate supernatants of extracts.
xtracts were concentrated using an evaporator. Extracts were then
leaned up using a chromatographic column, moderately packed
t the bottom with 1 cm glass wool. 2 g of silica gel and 1 cm of
nhydrous Na2SO4 was added to the column while the column
as pre-eluted with 20 ml  dichloromethane. Extracts were then

oncentrated and collected in 2 ml  vials.

.2.1. Chromatographic analysis
The cleaned up extracts were analysed for naphtha-

ene, acenaphthylene, benzo[b]fluoranthene, phenanthrene,
ibenzo[a,h]anthracene, chrysene, benzo[a]pyrene, acenaphthene,
enzo[k]fluoranthene, fluorene, pyrene, benzo[a]anthracene,
nthracene, fluoranthene, indeno[1,2,3-cd]pyrene, and
enzo[g,h,i]perylene. Corresponding results were obtained using
as chromatography (GC, Hewlett-Packard HP-5890 Series II with
ame ionization detection (GC-FID)). The GC was programmed
s follows: initial temperature of 60 ◦C for 2 min  and ramped at
5 ◦C/min to 300 ◦C for 5 min  and allowed to stay for 15 min  giving

 total of run time of 22 mins. A 2 �L volume splitless injection
ode was used and the injection port temperature was set at

50 ◦C, while 300 ◦C was maintained for the injection port of the
ID detector. A standard mixture of 17 priority PAHs (Naphtha-
ene, Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene,
nthracene, Fluoranthene, Pyrene, Benzo(a)anthracene, Chrysene,
enzo(k)fluoranthene, Benzo(a)pyrene, Benzo(b)fluoranthene,

ndeno(1,2,3) perylene, Dibenzo(a,h)anthracene and Benzo(g,h,i)
erylene) was obtained and used for the analysis. Compounds
ere identified by comparing the retention time of standards with

hat obtained from the extracts and individual analysis of PAHs
ere used for quantitation.

Naphthalene, Acenaphthylene, Acenaphthene, Fluo-
ene, Phenanthrene, Anthracene, Fluoranthene, Pyrene
ere the assessed non-carcinogenic PAHs, while

enzo(a)anthracene, Chrysene, Benzo(k)fluoranthene,
enzo(a)pyrene, Benzo(b)fluoranthene, Indeno(1,2,3) pery-

ene, Dibenzo(a,h)anthracene and Benzo(g,h,i) perylene) were the
ssessed carcinogenic PAHs [1].

.3. Human health risk estimations
.3.1. Regulatory limits and guidelines
The toxicological risk associated with PAH concentrations in

moked fish was assessed through comparison of the observed con-
ports 4 (2017) 55–61

centrations with regulatory limits and guidelines. Concentration
of PAHs in the smoked fish species were assessed for individual
PAH concentrations, total PAH concentrations (sum of all the
assessed PAH congeners) and total carcinogenic PAHs (sum of
the carcinogenic PAHs [1], namely Benzo(a)anthracene, Chrysene,
Benzo(k)fluoranthene, Benzo(a)pyrene, Benzo(b)fluoranthene,
Indeno(1,2,3) perylene, Dibenzo(a,h)anthracene). Concentrations
of Benzo(a)pyrene (B(a)P), which has been accepted as a marker
for the occurrence and effect of carcinogenic PAHs in smoked
foods as specified in the European Commission Regulation(EC) No
1881/2006,was compared with the maximum acceptable level of
0.005 mg/kg [11] for benzo[�]pyrene in smoked fish.

2.3.2. Potential human health risk from consumption of smoked
fish

To assess human health risks from exposure to PAHs through
consumption of smoked fish (dietary intake), human intake
models were applied. The Dietary Daily Intake (DDI) concentra-
tions of PAH’s from consumption of contaminated smoke fish
species were assessed. Carcinogenic risks were also assessed
by evaluating the carcinogenic potencies of individual PAH
concentrations(B (A) Pteq), the Carcinogenic toxic equivalents
(TEQs) and the Excess Cancer Risk Index. Values used for param-
eterization of the human intake models is presented in Table 1.

2.3.2.1. The dietary daily intake (DDI). The Dietary Daily Intake
(DDI) of PAH’s in the smoke fish species was  assessed for adult pop-
ulation using Eq. (1) [18]. The daily intake of PAHs from smoked
fish was evaluated by multiplying the respective PAH concentra-
tion in each fish sample by the fish ingestion rate (IFR) of an average
weight adult (70 kg) from Nigeria. The consumption rated for fish in
Nigeria for an average adult population was obtained from data of
the Food Agriculture Organization (FAO) 2014 [19], on Fishery and
aquaculture statistics. Evaluation of Dietary Daily Intake (DDI) was
calculated for individual PAH congers, the sum of the 16 PAHs ana-
lyzed (Total PAHs) and also for the sum of those PAHs considered
possible human carcinogens (Total Carcinogenic PAHs).

The Dietary Daily Intake (DDI) = Ci × IFR (1)

2.3.2.2. Carcinogenic risk assessment of PAHs in smoked fish. Cancer
risk due to dietary exposure to PAHs in smoked fish was assessed
using the PAH4 index, Individual PAH carcinogenic potencies, the
carcinogenic toxic equivalents (TEQs) and the excess cancer risk
index.

The PAH4 index was assessed in this study based on the of
review by the Contaminants in the Food Chain (CONTAM) Panel, in
2008 relating to occurrence and toxicity of PAHs in food, which con-
cluded that PAH4 is a more suitable indicators of PAHs in Food [20].
PAH4 was evaluated using Eq. (2), as the sum of four different poly-
cyclic aromatic hydrocarbons, namely benzo[a]anthracene (B[a]A),
chrysene (Chr), benzo[b]fluoranthene (B[b]FL), and benzo[a]pyrene
(B[a]P). The estimated PAH4 index of each fish species was then
compared with the maximum permissible level to determine the
occurrence and effect of carcinogenic PAHs in the smoked fish sam-
ples. The maximum permissible level of 0.03 mg/kg for the sum of
PAH4 in smoked fishery products as recommended by the Euro-
pean Union (EU) Commission Regulation, No 1327/2014 in 2014
[11], as regards maximum levels of polycyclic aromatic hydrocar-
bons (PAHs) in traditionally smoked fish and fishery products was
applied.

PAH4 Index (PAH4) =
∑

(B[a]A + Chr + B[b]FL + B[a]P) (2)
The Carcinogenic potencies of individual PAHs B(A)Pteq was
evaluated by multiplying the PAH concentration in the sample by
the individual toxicity equivalency factor (TEF) (Eq. (3)) [12]. The
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Fig. 1. Map  of Study area showing the major markets.

Table 1
Human Intake Model Parameters.

Parameters Unit Value Reference

Concentration of each congener (Ci) mg/kg Table 2 Table 2
Fish ingestion rate (IFR) Kg/capita/day 0.0548 [19]
Toxicity equivalence factor (TEFi) No Unit [12] [12]
Carcinogenic potency of Benzo[a]Pyrene (Q) mg  kg−1 d− 7.3 mg/kg/d [13]
Exposure Duration (ED) years 30 [14]
Adult body weight (BW) kg 70 [15]
average life span (ATn) days 8760 [16]
Concentration of Benzo(a)anthracene (B[a]A) mg/kg Table 2 Table 2
Concentration of Chrysene (Chr) mg/kg Table 2 Table 2
Concentration of Benzo(a)pyrene (B[a]P) mg/kg Table 2 Table 2
Maximum acceptable risk level (RL) dimensionless 10−5 [17]
Oral Slope Factor (SF) mg/kg/day [1] [1]
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Reference Dose (RfD) mg/kg/d

EF is an estimate of the relative toxicity of individual PAH frac-
ion compared to benzo(a)pyrene. Toxic equivalency factors have
een applied as a useful tool for the regulation of compounds with

 common mechanism of actions (e.g PAHs).The TEFs developed by
isbet and LaGoy [12] was applied (Table 3) and these values were
sed to calculate PAH as benzo[a]pyrene equivalents for a standard
dult with 70 kg body weight.

arcinogenic potencies of individual PAHs(B(A)Pteq)  = Ci × TEFi(3)

The carcinogenic toxic equivalents (TEQs) was  then obtained by
umming the carcinogenic potencies of individual PAHs (B(A)Pteq)
13] (Eq. (4)).

arcinogenictoxicequivalents(TEQs) =
∑

B(A)Pteq (4)

The evaluated TEQ value was compared with a Screening value
o assess the health risks of PAHs to humans from fish consump-
ion. The screening value (SV) is the threshold concentration of
hemicals in edible tissue that is of potential public health concern
21,22]. The screening value was calculated using Eq. (5) [21,22].
creening Value (SV) −
[(
RL/SF

)
XBW

]

IFR
(5)
Table 3 [1]

The excess cancer risk induced by dietary exposure to PAHs via
smoked fish consumption was assessed using Eq. (6) [23].

Excess Cancer Risk (ECR) =
∑
Q X B (A) Pteq X IFR X ED

(BW X ATn)
(6)

2.4. Statistical analysis

Data analysis were performed using Microsoft Excel 7.0 pro-
gram. Multiple bar graphs were used for the pictorial description of
assessment endpoints. Individual PAHs, Total PAHs (

∑
PAHs) and

total carcinogenic PAHs (
∑

CPAHs) concentrations were summa-
rized separately for each fish species using descriptive statistics
(means, range, standard deviation, standard error). Statistical dif-
ferences between individual PAH concentrations, low and high
molecular weight PAHs, ring types, dietary daily intake (DDI),
and carcinogenic potencies of individual PAH concentrations
(B(A)Pteq), between the species were performed using Analysis of
variance (ANOVA) at 0.05 level of significance.

3. Results and discussion

3.1. Concentration of PAHs in smoked fish
The mean concentrations of individual PAH congeners in the
smoked fish species samples from the various markets in Southern
Nigeria is presented in Table 2. The total concentrations (mg/kg)
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Table  2
Mean concentration (mg/kg) of PAH on smoked fish species from markets in Southern, Nigeria.

PAH (mg/kg) CODE Clarias gariepinus Tilapia zilli Ethmalosa fimbriata Scomber scombrus

MEAN SD MEAN SD MEAN SD MEAN SD

* Naphthalene NaP 0.056 0.11 0.315 0.38 0.003 0.00 1.171 0.318
*  Acenaphthylene AcPY 0.044 0.02 0.000 0.00 0.058 0.03 0.489 0.371
*  Acenaphthene AcP 0.055 0.06 0.052 0.03 0.032 0.04 0.535 0.635
*  Fluorene Flu 0.013 0.01 0.000 0.00 0.019 0.02 0.420 0.393
*  Phenanthrene Phe 0.045 0.03 0.069 0.05 0.067 0.03 0.100 0.091
*  Anthracene Ant 0.029 0.03 0.215 0.25 0.039 0.03 0.306 0.345
*  Fluoranthene FL 0.012 0.01 0.030 0.06 0.008 0.01 0.176 0.157
*  Pyrene Pyr 0.015 0.03 0.048 0.07 0.001 0.00 0.187 0.149
***  Benzo(a)anthracene BaA 0.012 0.02 0.001 0.00 0.000 0.00 0.076 0.067
***  Chrysene Chr 0.135 0.27 0.220 0.38 0.047 0.09 0.078 0.073
**  Benzo(k)fluoranthene BkFL 0.000 0.00 0.000 0.00 0.000 0.00 0.040 0.060
***  Benzo(a)pyrene BaP 0.204 0.20 0.000 0.00 0.288 0.23 0.007 0.013
***  Benzo(b)fluoranthene BbFL 0.095 0.09 0.000 0.00 0.132 0.11 0.000 0.00
**  Indeno(1,2,3)pyrene Ind 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00
**  Dibenzo(a,h)anthracene DBA 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00
**  Benzo(g,h,i,)perylene BP 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00

Total  PAH
∑

PAH 0.715 0.34 0.951 0.76 0.694 0.36 3.585 0.80

Total  Carcinogenic PAH
∑

CPAHs 0.446 0.23 0.222 0.38 0.467 0.28 0.201 0.13

*
*
*
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 Non-Carcinogenic PAHs.
* Carcinogenic PAHs.
** Carcinogenic PAH and PAH used to derive the PAH4 Index.

f PAHs were 0.715, 0.951, 0.694, and 3.585 in C. gariepinus,  T. zilli,
. fimbriata, and S. scombrus respectively. The high values of PAHs
bserved in the smoked fish samples might be attributed to the
moking process during preparation and preservation. The basic
rocess of fish smoking in Nigeria is by heating the fish over par-
ially burning wood. This process generates wood smoke which
ives the fish special taste and aroma, however, most PAHs in
moked foods, especially fish, comes from wood smoke [8] and
ood smoke has been reported to contain a large number of

AHs [24]. The total carcinogenic PAH concentrations (mg/kg) were
.446, 0.222, 0.467, and 0.201 in C. gariepinus,  T. zilli, E. fimbriata,
nd S. scombrus respectively (Table 2).

Total mean concentrations of PAHs was highest in S. scombrus
Table 2), with mean concentrations of individual PAHs ranging
rom 0 to 1.172 mg/kg. Similar results of higher concentrations

ere reported for S. scombrus by [25]; in a study of PAHs concen-
ration in six species of smoked fish from in Western Nigeria. Mean
oncentrations (mg/kg) of PAH congeners in the other fish species
anged from 0 to 0.204 (C. gariepinus), 0–0.315 (T. zilli), and 0–0.288
E. fimbriata). PAH concentrations between the fish species were
ignificantly different (p < 0.05, F = 4.26).The differences observed
n PAHs concentration between the species could be attributed to
ifferences in fat and moisture compositions of each species along-
ide the nature of the skin cover [26]. Results from this study is
imilar to studies by Igwe et al. [25], Yusuf et al. [27] and Silva
t al. [6], who reported varying concentrations of PAHs in differ-
nt species of smoked fish in Nigeria. Total PAH in smoked fish
pecies observed in this study was also compared with PAH in
moked fish observed from other parts of Nigeria [6,25,28,27] and
ther countries [29,30,5]. It was observed that concentrations in
his study were above these reported concentrations. This may  be
ttributed to the increased use of the traditional smoking method
n the preparation and preservation of fish. Several studies have
hown that smoking fish using traditional methods, increases the
mount of PAH formed in smoked fishes [6,27]. Naphthalene was
he most dominant congener in T. zilli, and S. scombrus, making up
3.3%, and 32.7% of the total PAH residues respectively (Table 2),
hile Benzo(b)fluoranthene was the most dominant congener in C.
ariepinus and E. fimbriata comprising 28.5% and 41.5% respectively
Table 2).

The total carcinogenic PAH concentrations were highest in E.
mbriata (0.467 mg/kg), although concentrations were not signif-
icantly different (p > 0.05, F = 0.42) between the species. This high
concentrations observed in these species may  possibly be linked
to the type of smoking process used during the preparation of this
fish species. Pyrolysis of polycyclic aromatic hydrocarbon residues
leads to the formation of additional higher molecular weight
polycyclic aromatic hydrocarbons and, consequently increases the
polycyclic aromatic hydrocarbon concentration in the samples [31].
E. fimbriata is usually prepared using an intense smoking process
that involves the direct exposure to hot smoke from burning wood
fire a process that takes place for about 2–5 days [32]. The high con-
centration of total carcinogenic PAHs in E. fimbriata is, therefore, a
course for concern.

Benzo(a)pyrene concentrations were observed to be highest in
C. gariepinus and E. fimbriata with mean concentrations of 0.10 and
0.13 mg/kg respectively. Observed concentrations were higher than
the maximum acceptable level (0.005 mg/kg), for benzo[�]pyrene
in smoked fish [33] which calls for serious health concern. Con-
siderable attention has been drawn to B(a)P residues in foods
because of its possible carcinogenicity to humans [34,35]. How-
ever, Benzo(a)pyrene concentrations were only observed in 6% of
all the assessed smoked fish sample.

3.2. Human health risk assessment of PAH in smoked fish

3.2.1. Dietary daily intake (DDI) of PAH’s from consumption of
smoked fish

In Nigeria, there is a high rate of consumption of fishes and
smoked fish products are the most ready form of fish product for
consumption [36]. Therefore, using the concept of DDI to assess
the health risk of toxicants is imperative. The concept of DDI to
assess health risks from toxicants is usually applied because of
differences in fish consumption rates [37]. Table 3 summarizes
the dietary daily intake (DDI) of PAH’s in the analysed smoke fish
samples for an adult (70 kg) population in southern Nigeria. DDI
values (mg/day) estimated from individual PAH concentrations in
smoked fish ranged from 0 to 0.0112 (C. gariepinus), 0–0.0173 (T.
zilli), 0–0.0158 (E. fimbriata,),  and. 0–0.0642 (S. scombrus) (Table 3).

Differences in DDI values between the fish species were statistically
significant (p < 0.05, F = 4.26). The DDIs (mg/day) of Benzo(a)pyrene,
which is one of the most potent animal carcinogen were 0.005 and
0.007 for C. gariepinus and E. fimbriata respectively. Benzo(a)pyrene
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Table  3
Estimated Dietary daily intake (DDI), Carcinogenic potencies (B(A)Pteq), and Excess cancer risk (ECR) of PAHs in smoked fish species from markets in Southern, Nigeria.

PAH RfD TEF Clarias gariepinus Tilapia zilli Ethmalosa fimbriata Scomber scombrus

DDI B(A)Pteq ECR DDI B(A)Pteq ECR DDI B(A)Pteq ECR DDI B(A)Pteq ECR

(mg/day) (mg/kg) (mg/kg) (mg/day) (mg/kg) (mg/kg) (mg/day) (mg/kg) (mg/kg) (mg/day) (mg/kg) (mg/kg)

* NaP 0.02 0.001 3.05E-03 5.57E-05 1.09E-09 1.73E-02 3.15E-04 6.17E-09 1.62E-04 2.96E-06 5.79E-11 6.42E-02 1.17E-03 2.29E-08
*  AcPY NA 0.001 2.41E-03 4.41E-05 8.62E-10 0.00E + 00 0.00E + 00 0.00E + 00 3.16E-03 5.76E-05 1.13E-09 2.68E-02 4.89E-04 9.56E-09
*  AcP 0.06 0.001 3.03E-03 5.53E-05 1.08E-09 2.84E-03 5.18E-05 1.01E-09 1.77E-03 3.23E-05 6.32E-10 2.93E-02 5.35E-04 1.05E-08
*  Flu 0.04 0.001 7.37E-04 1.35E-05 2.63E-10 0.00E + 00 0.00E + 00 0.00E + 00 1.04E-03 1.90E-05 3.72E-10 2.30E-02 4.20E-04 8.23E-09
*  Phe NA 0.001 2.46E-03 4.48E-05 8.77E-10 3.78E-03 6.90E-05 1.35E-09 3.68E-03 6.72E-05 1.31E-09 5.47E-03 9.98E-05 1.95E-09
*  Ant 0.3 0.01 1.57E-03 2.87E-04 5.61E-09 1.18E-02 2.15E-03 4.21E-08 2.15E-03 3.91E-04 7.66E-09 1.68E-02 3.06E-03 5.99E-08
*  FL 0.04 0.001 6.48E-04 1.18E-05 2.31E-10 1.66E-03 3.03E-05 5.92E-10 4.35E-04 7.94E-06 1.55E-10 9.67E-03 1.76E-04 3.45E-09
*  Pyr 0.03 0.001 8.13E-04 1.48E-05 2.90E-10 2.63E-03 4.80E-05 9.39E-10 7.86E-05 1.43E-06 2.81E-11 1.02E-02 1.87E-04 3.65E-09
***  BaA NA 0.1 6.50E-04 1.19E-03 2.32E-08 6.85E-05 1.25E-04 2.45E-09 0.00E + 00 0.00E + 00 0.00E + 00 4.18E-03 7.63E-03 1.49E-07
***  Chr NA 0.01 7.43E-03 1.35E-03 2.65E-08 1.21E-02 2.20E-03 4.31E-08 2.57E-03 4.69E-04 9.17E-09 4.27E-03 7.78E-04 1.52E-08
**  BkFL NA 0.1 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 2.19E-03 3.99E-03 7.82E-08
***  BbFL NA 1 1.12E-02 2.04E-01 3.99E-06 0.00E + 00 0.00E + 00 0.00E + 00 1.58E-02 2.88E-01 5.63E-06 3.68E-04 6.72E-03 1.32E-07
***  BaP NA 0.1 5.20E-03 9.48E-03 1.86E-07 0.00E + 00 0.00E + 00 0.00E + 00 7.24E-03 1.32E-02 2.58E-07 0.00E + 00 0.00E + 00 0.00E + 00
**  Ind NA 0.1 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00
**  DBA NA 5 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00
**  BP NA 0.01 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00
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EF values for the PAHs was  adopted from [12].
 Non-Carcinogenic PAHs.
* Carcinogenic PAHs.
** Carcinogenic PAH and PAH used to derive the PAH4 Index.

as not detected in T. zilli and E. fimbriata. The DDI for E. fimbriata
as again highest.

The estimated DDI (mg/day) values for total PAHs (
∑

PAHs) in
he assessed smoked fish were 0.039, 0.052, 0.038, 0.195 for C.
ariepinus, T. zilli, E. fimbriata and. S. scombrus respectively (Table 4),
hile the DDI (mg/kg) for the total carcinogenic PAHs were 0.025,

.012, 0.026 and 0.011 for C. gariepinus, T. zilli, E. fimbriata and.
. scombrus respectively (Table 4). The DDI value for total PAHs∑

PAHs) was  highest for S. scombrus while the DDI value for the
otal carcinogenic PAHs (

∑
CPAHs) was highest for E. fimbriata. The

esults indicate that the consumption of S. scombrus in preference
o the other fish species will result in higher risk of exposure to
AHs while the consumption of E. fimbriata will result in higher
isk of exposure to carcinogenic PAHs.

A comparison with other studies showed that the observed
DI values for

∑
CPAHs and

∑
PAHs through the consumption of

hese fish species were higher than reported studies from Ghana
37] with DDI values of 201 ng/d and 7548 ng/d for

∑
CPAHs and

PAHs respectively. DDI values for
∑

PAHss in the fish species
ere also higher than reported studies from Spain with DDI val-

es of 626–712 ng/d [38], India with DDI values of 1.77–10.7 ng/kg
w/day [39] and Kuwait with DDI values of 231 ng/d [40]. Higher
DI values observed in this study could be attributed to the rel-
tively higher concentrations of PAHs in the smoked fish species
ssessed in this study.

The higher values obtained in this study may  also be attributed
o the higher use of the traditional method for processing and pre-
erving these fish which might have invariably caused an increase
n PAH concentrations in these fish species. Fish vendors in Nigeria
sually re-smoke fish continuously until they are sold in the market

n order to increase the shelf life of the fish [6], since preservation
sing electricity is usually not feasible. The DDI’s for individual PAH
oncentrations were also compared to the available reference dose
1] to determine long-term risk from exposure to PAHs residues
hrough the consumption of smoked fish. The observed DDI val-
es were however, generally below the reference dose for all the
moked fish species assessed.
.2.2. Carcinogenic risk assessment of PAHs in smoked fish
The estimated PAH4, individual PAH carcinogenic potencies,

arcinogenic toxic equivalents, screening value and excess cancer
isk are presented in Tables 3 and 4.
3.2.2.1. PAH4. The values of PAH4 observed in smoked fish species
were 0.45, 0.22, 0.26, 0.47, 0.16 mg/kg for C. gariepinus, T. zilli, E.
fimbriata, and S. scombrus respectively (Table 4). These observed
values were above the recommended limits (0.03 mg/kg) set by the
European Union [20], for PAHs in smoked fish and smoked fishery
products. The result, therefore, implies that consumption of these
fish species could pose potential health effects to humans.

This result is similar with PAH4 values reported by Iwegbue et al.
[41] for C. gariepinus (0.255 mg/kg), E. fimbriata (0.185 mg/kg) and
S. scombrus (0.0151 mg/kg), however PAH4 values from this study
were slightly higher. This can be attributed to the relatively higher
concentrations of PAHs observed in these smoked fish species.

3.2.2.2. Individual PAH carcinogenic potencies (B (A) Pteq). Indi-
vidual PAH carcinogenic potencies varied among the smoked
fish species assessed, differences in B (A) Pteq values between
the species were however not statistically different (p > 0.05,
F = 0.57). Benzo(b)fluoranthene had the highest carcinogenic
potency (mg/kg) in C. gariepinus (0.20) and E. fimbriata (0.29),
Chrysene in T. zilli (0.002), and Benzo(a)anthracene in S. scom-
brus (0.008) (Table 3). These values were higher than what was
observed for smoked fish species from Western Nigeria [27].
Individual PAH carcinogenic potencies in the assessed smoked
fish samples were also below the maximum acceptable level of
0.005 mg/kg for benzo[�]pyrene in smoked fish [33]. However
values for Benzo(b)fluoranthene were observed to be above the
maximum acceptable level except in T. zilli (Table 3).

3.2.2.3. Carcinogenic toxic equivalents (TEQ) of PAHs in the smoked
fish. The TEQ approach was  implemented to directly assess the car-
cinogenicity of PAH contamination of the smoked fish species [42].
The carcinogenic toxic equivalents (TEQ) of PAHs in the fish species
were 0.22, 0.005. 0.30, 0.03 mg/kg in C. gariepinus,  T. zilli, E. fimbri-
ata, and S. scombrus respectively (Table 4). The result indicates that
E. fimbriata has a higher potential to cause carcinogenic risks from
consumption than the other species even when the total mean con-
centrations of PAHs was  lowest compared to the other species. This
can be attributed to the way  E. fimbriata is processed. E. fimbriata,

also known as Bonga fish is usually prepared by smoke-drying for
2–5 days over very high fire from burning wood. The longer the
firing process the longer the fish will keep, hence very high tem-
perature is employed in the smoking process [32]. Wood smoke
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Table  4
Estimated Carcinogenic Risk Indices of PAHs in smoked fish species from markets in Southern, Nigeria.

Carcinogenic Risk Index Clarias gariepinus Tilapia zilli Ethmalosa fimbriata Scomber scombrus∑
DDI (mg/kg) 0.03917 0.0521011 0.038051079 0.196471657∑
DDI for Carcinogenic PAH (mg/kg) 0.02445 0.0121382 0.025582025 0.011002397
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TEQ  0.21643 

PAH4  (mg/kg) 0.446 

SV  3.556 

ontains a large number of PAHs [8] whose formation is basically
ependent on temperature. The temperature of smoke is important
ecause the amount of PAHs formed during pyrolysis increase as
he smoking temperature increases [2]. High-temperature smok-
ng increases PAH concentrations to high levels and may  contain

 large variety of PAHs, including the most carcinogenic ones [2].
EQ values reported in this study were higher than values reported
y Yusuf et al., [27], for PAH in smoked fish from Western Nigeria,
specially for Catfish. Furthermore, the observed TEQ values for the
ssesses smoked fish values were also higher than values reported
y Iwegbue et al. [41] for C. gariepinus (0.06 mg/kg),  E. fimbri-
ta (0.0057 mg/kg) and S. scombrus (0.00258 mg/kg) collected from
arkets in Nigeria.

.2.2.4. Screening value of PAHs in the smoked fish. The screening
alue (SV) was evaluated to assess the health risks of PAHs to
umans from consuming these four fish species. This value is the
hreshold concentration of a chemical in edible tissues that is of
otential public health concern [21,22]. An estimated screening
alue (SV) of 3.556 mg/kg was obtained. Results showed that the
EQ values for all the fish species were below the SV of 3.556 mg/kg
Table 4). Results from this study, were not consistent with the
eport of Ikue et al. [43], in a study of PAH contaminants in
hrysichthys nigrodidatatu in Rivers State, Nigeria, who  reported
alculated TEQ values above estimated screening values, indicating
otential health effects. Nozar et al. [44] also reported higher TEQ
alues when compared to calculated SV values for PAH in seafood
fish, crab, and bivalve) in Iran at a consumption rate of 55.1 g/d.
owever, results from this study agrees with reported studies of
AH concentrations in fish (feral finfish) from Hong-Kong market
21], and PAHs in the common eel (Anguilla anguilla) from River
iber, Italy [45] were the estimated TEQ values were lower than
he SV.

.2.2.5. Excess cancer risk and PAH4 index of PAHs in the smoked
sh. The excess cancer risk (ECR) of an adult population with an
verage weight of 70 kg caused by dietary exposure to PAHs was
valuated. The estimated ECR resulting from lifetime exposure to
AHs through fish consumption were compared to the acceptable
uideline value of 10−6 set by USEPA [46]. USEPA stipulates that a
evel of risk where there is a lifetime cancer risk of one in a million
ECR = 10−6) over a 70 year lifetime period, is considered accept-
ble, while an instance where there is an additional lifetime cancer
isk of one in ten thousand or greater (ECR = 10−4), is considered
erious [54].

In this study, the ECR values for all the assed PAH congeners
n all the fish species were lower than the USEPA threshold value
10−6) (Table 3). However, cumulative excess cancer risk for E. fim-
riata (0.00000591 mg/kg) and C. gariepinus (0.00000424 mg/kg)
xceeded the USEPA’s acceptable cancer risk level of 10−6 having
igher cancer estimates than the other smoked fish species. This

ndicates that consumption of E. fimbriata and C. gariepinus in pref-

rence to the other species of fish could result in potential cancer
isk.

Similar studies in India [39] and Ghana [37] have reported esti-
ated excess cancer risk from consumption of fish above the USEPA

[

0.0049918 0.302145 0.025260718
0.222 0.467 0.161
3.556 3.556 3.556

guideline values. In addition, similar studies on excess cancer risk
from consumption of other foods has also been reported above the
guideline values [47,48]

4. Conclusion

Priority polycyclic aromatic hydrocarbon (PAH) were detected
in four species of smoked fish obtained from major markets in
Southern Nigeria. Varying levels of PAH congeners were observed
in the smoked fish species with the highest total concentration of
PAH in S. scombrus. The high concentration of benzo(a)pyrene in C.
gariepinus and E. fimbriata above the guideline value of 0.05 mg/kg
calls for serious health concern. Furthermore, the observed values
of PAH4 and the cumulative ECR for E. fimbriata and C. gariepinus
above the recommended values is also a cause of worry. The study,
therefore, deduces that there are substantial exposure and possible
carcinogenic human health risk from consumption of smoked fish
species from Southern Nigeria. Education of fish mongers and ven-
dors on safer processing and preserving alternatives is imperative.
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29] S. Basak, F. Gülgün, F. Ş engör, K. Telli, The detection of potential carcinogenic
PAH using HPLC procedure in two different smoked fish, case study:
istanbul/Turkey, Turkish J. Fish. Aquat. Sci. 10 (2010) 351–355.

30] A. Ongwech, G.W. Nyakairu, J. Mbabazi, J. Kwetegyeka, M.  Masette, Polycyclic

aromatic hydrocarbons in smoked Lates niloticus from selected markets, Gulu
District, Uganda, Afr. J. Pure Appl. Chem. 7 (4) (2013) 164–172, http://dx.doi.
org/10.5897/AJPAC2013.0492.

31] M.D. Guillén, P. Sopelana, M.A. Partearroyo, Food as a source of polycyclic
aromatic carcinogens, Rev. Environ. Health 12 (1997) 133–146.

[

ports 4 (2017) 55–61 61

32] U. Beck, S.E. During, Developmental aspects of village based fish processing
methods in Sierra Leone, West Africa, in: Paper Presented at the Workshop
Cured Fish Production in the Tropics GTZ − University of the Philippines,
Manila, 14–15 April, 1986, 1986.

33] European Commission (EC), Commission recommendation on the further
investigation into the levels of polycyclic aromatic hydrocarbons in certain
foods. Notified under document number C (2005/256) (2005/108/EC), Off. J.
Eur. Union 314 (2005) 4–9.

34] World Health Organisation (WHO), Environmental Health Criteria 202,
Selected Non-heterocyclic PAHs, 1998, Geneva.

35] L. Rey-Salgueiro, M.S. Garcia-Falcón, B. Soto-Gonzalez, J. Simal-Gándara, The
occurrence of polycyclic aromatic hydrocarbons and their hydroxylated
metabolites in infant foods, Food Chem. 115 (2009) 814–819.

36] E.O. Adeparusi, A.I. Ajibefun, E.O. Akeremale, Smoke-curing of fish by artisanal
fisher folks in Ilaje Ondo State, Nigeria, ASSET Series A 3 (2003) 101–109.

37] B.A.M. Bandowe, M.  Bigalke, L. Boamah, E. Nyarko, F.K. Saalia, W.  Wilcke,
Polycyclic aromatic compounds (PAHs and oxygenated PAHs) and trace
metals in fish species from Ghana (West Africa): Bioaccumulation and health
risk  assessment, Environ. Int. 65 (2014) 135–146.

38] G. Falco, A. Bocio, J.M. Llobet, J.L. Domingo, Health risks of dietary intake of
environmental pollutants by elite sportsmen and sportswomen, Food Chem.
Toxicol. 43 (2005) 1713–1721.

39] V. Dhananjayan, S. Muralidharan, Polycyclic aromatic hydrocarbons in various
species of fishes from Mumbai harbour, India, and their dietary intake
concentration to human, Int. J. Oceanogr. (2012), http://dx.doi.org/10.1155/
2012/645178.

40] T. Saeed, S. Al-Yakoob, H. Al-Hashash, M.  Al-Bahlow, Preliminary exposure
assessment for Kuwaiti consumers to polycyclic aromatic hydrocarbons in
seafood, Environ. Int. 21 (3) (1995) 255–263.

41] C.M.A. Iwegbue, G. Obi, E. Aganbi, J.E. Ogala, O.O. Omo-Irabor, B.S. Martincigh,
Concentrations and health risk assessment of polycyclic aromatic
hydrocarbons in Soils of an urban environment in the Niger Delta, Nigeria,
Toxicol. Environ. Health Sci. 8 (3) (2016) 221–233.

42] D.K. Essumang, D.K. Dodoo, J.K. Adjei, Effect of smoke generation sources and
smoke curing duration on the levels of polycyclic aromatic hydrocarbon
(PAH) in different suites of fish, Food Chem. Toxicol. 58 (2013) 86–94.

43] G.S. Ikue, M.O. Monanu, C.L. Onuah, Bioaccumulation of polycyclic aromatic
hydrocarbons in tissues (Gills and muscles) of (Catfish) Chrysichthys
nigrodidatatus from crude oil polluted water of ogoniland, river state, Nigeria,
J.  Appl. Life Sci. Int. 6 (3) (2016) 1–6.

44] S. Nozar, M.  Laili, R.I. Wan, P.Z. Mohamad, Residual concentration of PAHs in
seafood from hormozgan province, Iran: human health risk assessment for
urban population, Int. J. Environ. Sci. Dev. 4 (2013) 4.

45] L. Patrolecco, N. Ademollo, S. Capri, R. Pagnotta, S. Polesello, Occurrence of
priority hazardous PAHs in water, suspended particulate matter, sediment
and  common eels (Anguilla anguilla) in the urban stretch of the River Tiber
(Italy), Chemosphere 81 (2010) 1386–1392, http://dx.doi.org/10.1016/j.
chemosphere.2010.09.027.

46] US Environmental Protection Agency (USEPA), Integrated Risk Information
System: Benzo[a]pyrene (BaP) (CASRN 50-32-8), U.S. Environmental
Protection Agency, 2001, Available from: http://www.epa.gov/iris/subst/
0136.htm.

47] E.K. Ossai, G.O. Tesi, A. Rotu, R. Iniaghe, Concentrations and health risk
assessment of polycyclic aromatic hydrocarbons (PAHS) in roasted plantain
and plantain chips sold in Warri, Delta State, J. Adv. Sci. Res. Appl. (2014)
6304–6408.

48] K. Varun Kasaraneni, Vinka Oyanedel-Craver, Polycyclic aromatic
hydrocarbon contamination in soils of san mateo ixtatán, Guatemala:
1–9, 2016.
54] Nie Jing, Jing Shi, Xiaoli Duan, Beibei Wang, Nan Huang, Xiuge Zhao, Health

risk  assessment of dietary exposure to polycyclic aromatic hydrocarbons in
Taiyuan, China, J. Environ. Sci. 26 (2013) 432–439.

dx.doi.org/10.1016/j.gexplo.2014.11.002
dx.doi.org/10.1016/j.gexplo.2014.11.002
dx.doi.org/10.1016/j.gexplo.2014.11.002
dx.doi.org/10.1016/j.gexplo.2014.11.002
dx.doi.org/10.1016/j.gexplo.2014.11.002
dx.doi.org/10.1016/j.gexplo.2014.11.002
dx.doi.org/10.1016/j.gexplo.2014.11.002
dx.doi.org/10.1016/j.gexplo.2014.11.002
dx.doi.org/10.1016/j.gexplo.2014.11.002
dx.doi.org/10.1016/j.gexplo.2014.11.002
dx.doi.org/10.1016/j.gexplo.2014.11.002
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0075
dx.doi.org/10.1007/s11356-014-2505-8
dx.doi.org/10.1007/s11356-014-2505-8
dx.doi.org/10.1007/s11356-014-2505-8
dx.doi.org/10.1007/s11356-014-2505-8
dx.doi.org/10.1007/s11356-014-2505-8
dx.doi.org/10.1007/s11356-014-2505-8
dx.doi.org/10.1007/s11356-014-2505-8
dx.doi.org/10.1007/s11356-014-2505-8
dx.doi.org/10.1007/s11356-014-2505-8
dx.doi.org/10.1007/s11356-014-2505-8
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0085
dx.doi.org/10.1007/s10661-007-9983-9989
dx.doi.org/10.1007/s10661-007-9983-9989
dx.doi.org/10.1007/s10661-007-9983-9989
dx.doi.org/10.1007/s10661-007-9983-9989
dx.doi.org/10.1007/s10661-007-9983-9989
dx.doi.org/10.1007/s10661-007-9983-9989
dx.doi.org/10.1007/s10661-007-9983-9989
dx.doi.org/10.1007/s10661-007-9983-9989
dx.doi.org/10.1007/s10661-007-9983-9989
dx.doi.org/10.1007/s10661-007-9983-9989
http://www.fao.org/3/a-i5716t.pdf
http://www.fao.org/3/a-i5716t.pdf
http://www.fao.org/3/a-i5716t.pdf
http://www.fao.org/3/a-i5716t.pdf
http://www.fao.org/3/a-i5716t.pdf
http://www.fao.org/3/a-i5716t.pdf
http://www.fao.org/3/a-i5716t.pdf
http://www.fao.org/3/a-i5716t.pdf
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0100
dx.doi.org/10.1016/j.Chemosphere.2006.06.008
dx.doi.org/10.1016/j.Chemosphere.2006.06.008
dx.doi.org/10.1016/j.Chemosphere.2006.06.008
dx.doi.org/10.1016/j.Chemosphere.2006.06.008
dx.doi.org/10.1016/j.Chemosphere.2006.06.008
dx.doi.org/10.1016/j.Chemosphere.2006.06.008
dx.doi.org/10.1016/j.Chemosphere.2006.06.008
dx.doi.org/10.1016/j.Chemosphere.2006.06.008
dx.doi.org/10.1016/j.Chemosphere.2006.06.008
dx.doi.org/10.1016/j.Chemosphere.2006.06.008
dx.doi.org/10.1016/j.Chemosphere.2006.06.008
dx.doi.org/10.1100/2012/156378
dx.doi.org/10.1100/2012/156378
dx.doi.org/10.1100/2012/156378
dx.doi.org/10.1100/2012/156378
dx.doi.org/10.1100/2012/156378
dx.doi.org/10.1100/2012/156378
dx.doi.org/10.1100/2012/156378
dx.doi.org/10.1100/2012/156378
dx.doi.org/10.1016/j.scitotenv.2010.08.008
dx.doi.org/10.1016/j.scitotenv.2010.08.008
dx.doi.org/10.1016/j.scitotenv.2010.08.008
dx.doi.org/10.1016/j.scitotenv.2010.08.008
dx.doi.org/10.1016/j.scitotenv.2010.08.008
dx.doi.org/10.1016/j.scitotenv.2010.08.008
dx.doi.org/10.1016/j.scitotenv.2010.08.008
dx.doi.org/10.1016/j.scitotenv.2010.08.008
dx.doi.org/10.1016/j.scitotenv.2010.08.008
dx.doi.org/10.1016/j.scitotenv.2010.08.008
dx.doi.org/10.1016/j.scitotenv.2010.08.008
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0135
dx.doi.org/10.5897/AJEST2013.1545
dx.doi.org/10.5897/AJEST2013.1545
dx.doi.org/10.5897/AJEST2013.1545
dx.doi.org/10.5897/AJEST2013.1545
dx.doi.org/10.5897/AJEST2013.1545
dx.doi.org/10.5897/AJEST2013.1545
dx.doi.org/10.5897/AJEST2013.1545
dx.doi.org/10.5897/AJEST2013.1545
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0145
dx.doi.org/10.5897/AJPAC2013.0492
dx.doi.org/10.5897/AJPAC2013.0492
dx.doi.org/10.5897/AJPAC2013.0492
dx.doi.org/10.5897/AJPAC2013.0492
dx.doi.org/10.5897/AJPAC2013.0492
dx.doi.org/10.5897/AJPAC2013.0492
dx.doi.org/10.5897/AJPAC2013.0492
dx.doi.org/10.5897/AJPAC2013.0492
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0190
dx.doi.org/10.1155/2012/645178
dx.doi.org/10.1155/2012/645178
dx.doi.org/10.1155/2012/645178
dx.doi.org/10.1155/2012/645178
dx.doi.org/10.1155/2012/645178
dx.doi.org/10.1155/2012/645178
dx.doi.org/10.1155/2012/645178
dx.doi.org/10.1155/2012/645178
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0205
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0215
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0220
dx.doi.org/10.1016/j.chemosphere.2010.09.027
dx.doi.org/10.1016/j.chemosphere.2010.09.027
dx.doi.org/10.1016/j.chemosphere.2010.09.027
dx.doi.org/10.1016/j.chemosphere.2010.09.027
dx.doi.org/10.1016/j.chemosphere.2010.09.027
dx.doi.org/10.1016/j.chemosphere.2010.09.027
dx.doi.org/10.1016/j.chemosphere.2010.09.027
dx.doi.org/10.1016/j.chemosphere.2010.09.027
dx.doi.org/10.1016/j.chemosphere.2010.09.027
dx.doi.org/10.1016/j.chemosphere.2010.09.027
dx.doi.org/10.1016/j.chemosphere.2010.09.027
http://www.epa.gov/iris/subst/0136.htm
http://www.epa.gov/iris/subst/0136.htm
http://www.epa.gov/iris/subst/0136.htm
http://www.epa.gov/iris/subst/0136.htm
http://www.epa.gov/iris/subst/0136.htm
http://www.epa.gov/iris/subst/0136.htm
http://www.epa.gov/iris/subst/0136.htm
http://www.epa.gov/iris/subst/0136.htm
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245
http://refhub.elsevier.com/S2214-7500(16)30110-X/sbref0245

	Human health risk assessment of polycyclic aromatic hydrocarbons (PAHs) in smoked fish species from markets in Southern Ni...
	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 Extraction and analysis
	2.2.1 Chromatographic analysis

	2.3 Human health risk estimations
	2.3.1 Regulatory limits and guidelines
	2.3.2 Potential human health risk from consumption of smoked fish
	2.3.2.1 The dietary daily intake (DDI)
	2.3.2.2 Carcinogenic risk assessment of PAHs in smoked fish


	2.4 Statistical analysis

	3 Results and discussion
	3.1 Concentration of PAHs in smoked fish
	3.2 Human health risk assessment of PAH in smoked fish
	3.2.1 Dietary daily intake (DDI) of PAH’s from consumption of smoked fish
	3.2.2 Carcinogenic risk assessment of PAHs in smoked fish
	3.2.2.1 PAH4
	3.2.2.2 Individual PAH carcinogenic potencies (B(A)Pteq)
	3.2.2.3 Carcinogenic toxic equivalents (TEQ) of PAHs in the smoked fish
	3.2.2.4 Screening value of PAHs in the smoked fish
	3.2.2.5 Excess cancer risk and PAH4 index of PAHs in the smoked fish



	4 Conclusion
	References


