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ABSTRACT

Matrix components in the analysis of polycyclic aromatic hydrocarbons (PAHs) in fish require analytical methods with high
selectivity and sensitivity. A quick, easy, cheap, effective, rugged and safe (QuEChERS) sample treatment method was optimized
and applied, using HPLC-fluorescence for quantification of five low molecular weight PAHs: naphthalene (Nap), acenaphthene
(Ace), phenathrene (Phe), fluoranthene (Flu) and pyrene (Pyr) in muscle of carp fish. Important in this study was the testing of
different sorbents for clean-up in QuEChERS and comparison with Soxhlet extraction. Polymers and magnetite modified with
v-methacryloxypropyltrimethoxysilane (y-MPS) were equally as selective towards PAHs as primary secondary amine (PSA) and
multiwalled carbon nanotubes were the least selective. The concentration of PAHs in carp fish from Hartebeespoort Dam using
QuEChERS extraction method was comparable to Soxhlet extraction and ranged from 0.8-739 ug kg™ In this study, the minimum
concentration of PAHs in carp fish was 0.8 ug kg™ for fluoranthene and the maximum was 739 ug kg™ for Ace using QUEChERS
method. The study revealed that polymers and magnetite modified with y-MPS could be used as alternative clean-up sorbent in

QuEChERs and that the concentration of PAHs in carp fish in the dam are a source of concern.
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1. Introduction

PAHs are a large group of semi-volatile organic compounds
consisting of fused aromatic rings in linear, angular or clustered
arrangements.' They are lipophilic and have a high affinity for
organic matter.” They can also penetrate biological membranes,
making them bio-available, and bio-accumulate in fish and
other marine organisms through the food chain.*®

Excluding smokers and occupationally exposed populations,
most individuals are exposed to PAHs predominantly from di-
etary sources such as fish.” In 1995, PAHs were included to the list
of hazardous substance by the Agency for Toxic Substances and
Disease Registry (ATSDR) and the United States Environmental
Protection Agency (USEPA). USEPA has identified 16 unsub-
stituted PAHs as priority pollutants. Itis against this background
that their distribution in the environment as potential risks to
human health has been the focus of much attention."” PAHs are
an important concern due to their mutagenic and carcinogenic
properties to humans and animals." In light of these concerns,
evaluation of PAHs levels in fish muscle is an important objective
for environmental and health sciences.

Isolation of PAHs from biological matrices most often involves
complicated extraction and clean-up procedures to provide
extracts ready for the accurate analytical determination.”
Sample preparation processes, therefore, have a direct impact
on the accuracy, precision and quantification limits, and they are
often a limiting step for many analytical methods.” Considering
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low concentration levels of PAH residues in food matrices, the
determination of these residues often requires extensive sample
extraction from environmental samples and purification prior to
analysis. For complex matrices, an extraction and clean-up steps
is generally required." Techniques for PAH sample preparation
include Soxhlet extraction, microwave assisted extraction,®
ultrasonic extraction,'® pressurized fluid extraction,” pressur-
ized hot water extraction," supercritical fluid extraction,"” and
QuEChERS (Quick, Easy, Cheap, Effective, Rugged and
Safe).z"’zz

The QuEChERS extraction technique is known to utilize a min-
imal amount of solvent and it also uses less time. The QuEChERS
extraction method originally developed was introduced by
Anastassiades et al.” for extraction of a wide range of pesticides
in fruit and vegetables. This technique has been used for the
determination of a wide spectrum of analytes from different
matrices such as pesticides and metabolites from meat-based
baby food,” PAHs from tea,” simultaneously determination of
pesticide and PAHs in fresh herbs.”

Few studies have been done on the risk assessment of PAHs in
South African aqueous environmental compartments.**” Most
of the analyses of PAHs in the South African environment have
focused on sediment and soil samples.” ™ In this study, a
QuEChERS extraction method was developed and optimized
for the extraction of five PAHs: Nap (naphthalene), Ace
(acenaphthene), Phe (phenathrene), Flu (fluoranthene) and Pyr
(pyrene). These pollutants were extracted from carp fish from
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Hartebeespoort Dam (HPB) in Johannesburg West. The opti-
mized parameters were the extraction speed, extraction time,
volume of solvent, type of solvent, mass of salt (MgSO,), the
mass of fish used for extraction, mass of sorbent primary second-
ary amine (PSA). Other sorbents were also investigated for selec-
tivity of PAHs from carp fish. The optimized QuEChERS extrac-
tion method was then applied for the analysis of PAHSs in carp
fish samples.

2. Materials and Methods

2.1. Chemicals and Instrumentation

All PAHs used, namely naphthalene (99.9 %), acenapthene
(99.9 %), phenanthrene (99.9 %), fluoranthene (99.9 %) and
pyrene (99.9 %) were purchased from Sigma-Aldrich (Steinhein,
Germany). Acetone (99 %) was purchased from Fischer Scientific
(Loughborough, UK), while acetonitrile (99.9 %) was obtained
from Sigma-Aldrich (Steinheim, Germany). Hexane (99.5 %),
ethyl acetate (99 %) and dichloromethane (99.5 %) were pur-
chased from Fluka (Steinheim, Germany). Magnesium sulphate
was obtained from Sigma-Aldrich (Steinheim, Germany) and
sodium chloride analytical grade was obtained from Merck
KGaA (Darmstadt, Germany). For clean-up, 100 g of primary
secondary amine (PSA) bonded with silica was purchased from
Sulpeco (Bellefonte, USA). Methacryloxypropyltrimethoxy-
silane (y-MPS)-coated magnetite, molecularly imprinted poly-
mers (MIPs) and non-molecularly imprinted polymers (NIPs)
were synthesized in our laboratory.*®' Carbon nanotubes
(CNTs) were obtained readily synthesized from Mhlanga et al.*
All reagents were used without any further purification.
QuEChERS materials, Agilent SampliQ QuEChERS Kits were
purchased from Agilent Technologies (Santa Clara, CA, USA).

An HPLC-fluorescence was used for the quantification of
PAHs. HPLC system consisted of a Waters HPLC pump (Milford,
Massachusetts) connected to a fluorescence detector. The
pump’s flow rate was set at 1 mL min™'. The mobile phase used
was acetonitrile/water (80/20, v/v). This was connected to
RF-10AXL Shimadzu fluorescence detector (Kyoto, Japan) and
clarity software purchased from Prodohradska (Prague, Czech).
Excitation and emission wavelengths for HPLC-fluorescence
were set as follows: Nap (280 nm and 490 nm), Phe (225 nm and
460 nm), Pyr (333 nm and 390 nm), Ace (280 nm and 490 nm) and
Flu (290 nm and 320 nm). 100 uL syringes obtained from Supelco
Analytical (Pennsylvania, USA) were used for HPLC manual
injections in a 20 uL loop. The centrifuge used was an S-8 centri-
fuge obtained from Boeco (Hamburg, Germany). A 460 Elma
ultrasonic bath (Elma, Germany) was used for removal of
bubbles from mobile phase and for dissolving PAH standards.

2.2. Sampling Sites

Carp fish samples were obtained from local fishermen at
Hartbeespoort Dam (25.7475°S, 27.8669°E) in Gauteng Province.
Fish samples were keptin a cool box and transported to the labo-
ratory where they were frozen until analysis. Hartbeespoort
Dam was chosen because it receives water from Jukskei River
that passes through major industrial and residential areas to the
south of Johannesburg city. The biggest wastewater treatment
plant in the city also pumps its treated water in this river
upstream. Thus the river and in turn the dam are regarded as
one of the most polluted in the country.”

2.3. Preparation of Stock and Calibration Solutions
1000 mg L' stock solution of PAHs was prepared by dissolving
50 mg of PAHs in acetonitrile. The volume was diluted to the

50 mL mark with acetonitrile for HPLC-fluorescence analysis. A
10 mg L™ mixture stock solution was prepared from the 1000 mg
L™ by withdrawing 100 uL from the 1000 mg L™ into a 10 mL
volumetric flask, thereafter, the flask was filled to mark with
acetonitrile. The calibration standards were then prepared from
the mixture of PAHs in acetonitrile in the range 0of 0.01-0.1 mg L™
for HPLC-fluorescence analysis. The calibration curve gave a
good level of linearity with a correlation coefficient (R*) between
0.9585 and 1.000 (Table 1). The limit of detection of the PAHs in
fish samples ranged from 0.2-1.1 ug kg™

Table 1 HPLC-fluorescence calibration curve.

PAH R? Slope Intercept LOD/ug kg™
Nap 0.9585 35208 3972 0.2
Ace 0.9998 21062 3548.6 1.1
Phen 1.0000 7902 1843.3 1.1
Flu 1.0000 207219 131.9 0.2
Pyr 0.9954 3402 513.7 0.7

2.4. Sample Preparation and Optimization for the QUEChERS
Technique

The carp fish samples were eviscerated and filleted. Fish
muscles were homogenized using a mortar and stored in a foil
wrap and kept frozen until analysis. The QuEChERS extraction
method was done using the procedure reported by Ramalhosa
et al.® In brief, a 2.5 g of fish sample was weighed in a 25 mL
Teflon tube and spiked with 0.13 mg L™ of 10 mg L™ standard of
the five PAHs. The spiked sample was mixed and allowed to
stand for 30 min and then 10 mL of acetonitrile was added and
shaken vigorously for 1 min. This was followed by the addition
of 2 g of MgSO, and 0.5 g of NaCl salt into the tube, and the
mixture was shaken vigorously for 1 min and then centrifuged.
After centrifugation, 5.5 mL of sample was collected and 150 mg
PSA and 2 g of MgSO, was added for clean-up. The sample was
centrifuged for 5 min before filtering using a 0.45 um PTFE and
injected in the GC-FID for analysis. For optimization, parame-
ters that affected extraction, such as centrifugation time (10-30
min), centrifugation speed (3400-6000 rpm), type of solvent
(ethylacetate, acetone and acetonitrile), fish mass (0.5-2.5 g),
amount of salt (1.0-2.5 g) and volume of solvent (6-10 mL) were
investigated in that order and the experiments were done in
triplicate. As a clean-up sorbent, the same procedure as above
was followed but instead of PSA other sorbents were investi-
gated: molecular imprinted polymers (MIP), non-imprinted
polymers (NIP), »-MPS magnetite (MAG) and carbon nanotubes
(CNTs).

2.5. Soxhlet Extraction Procedure

Homogenized fish samples as described above were Soxhlet
extracted using method previously reported (US EPA, 1996C).
Fish samples (15 g) were weighed in triplicate and spiked
with different concentrations of PAHs ranging from 0.5, 1.0 and
1.5 ug g™ Spiked fish sample were placed in a Soxhlet thimble
and mixed with 15 g of MgSO, Fish samples were extracted
using 200 mL of dichloromethane/acetone (1/1, v/v) ratio for20 h
ata temperature of 35°C. After extraction, the solvent was evapo-
rated to 5 mL by a rotary evaporator and was made up to 10 mL
with hexane and then further evaporated under nitrogen to
2 mL. Extract was passed through a homogenized column
consisting of 3 g of silica and 2 g of Na,SO,which had been previ-
ously dried. Dichloromethane/hexane (2/8, v/v) was used to
elute the compounds from the column and solvent was evapo-
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rated to dryness under a gentle steam of nitrogen. A volume of
3 mL of acetonitrile was then added and 20 uL of extract was
injected into HPLC-fluorescence.

3. Results and Discussion

3.1. Optimization of the QuEChERS Method

The results obtained (Fig. 1a) when centrifugation time was
varied while keeping all other parameters constant. Since the
recoveries were almost independent of time (in the investigated
time range), the least time was selected as the optimum. This was
based on the economical motivation and 10 min was chosen as
the optimal time for centrifuge. The extraction process is gov-
erned by a mass transfer which is time-dependent.* Extraction
process in QUEChERS is generally regarded as fast. Ramalhosa
et al.® studied recovery of PAHs from fish sample using ultra-
sonic bath by increasing extraction time from 3 to 20 min, and
found 20 min to be optimum. Centrifuge time was also investi-

gated by Keegan et al.” and 10 min was found to give optimum
recovery. The optimum time of 10 min found in this study was
therefore consistent with other previous studies.

From the investigation of centrifuge speeds (Fig. 1b), there
was not much variation in recovery as the centrifuge speed was
increased from 3400 to 5000 rpm. Centrifuging allows the sol-
vent to be in contact with the sample, therefore making it to be
more effective in dissolution of analyte.” The centrifuge speed
can reduce the time needed for extraction.” Rodrigues et al.*®
applied centrifuge speed of 5000 rpm for the QUEChERS extrac-
tion of pesticides. Herrero et al.” and Lopes et al.*’ also used cen-
trifuge speeds of 5000 rpm. This shows that 5000 rpm is the most
commonly used. In this instance, as the speed was increased,
most of the PAHs were recovered at 5000 rpm. Initially, the
amount extracted increased with stirring speed as this enhanced
the movement of the PAHs from the sample to the solvent. How-
ever, at too high stirring speed, the extraction of PAHs decreased
because of generation of air bubbles. King et al.*' varied the
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Figure 1 Effect of (a) centrifuge time, (b) centrifuge speed, (c) solvent type, (d) mass of fish, (e) mass of salt, and (f) solvent volume. [Experimental con-
ditions: (a) 5000 rpm, 8 mL acetonitrile, 2.5 g of fish, 2 gMgSO,, 0.5 NaCl (b) 10 min, 8 mL acetonitrile, 2.5 g of fish, 2 g MgSO,, 0.5 NaCl (c) 10 min, 8 mL
of the solvent, 2.5 g of fish, 2 gMgSO,, 0.5 NaCl (d) 10 min, 8 mL acetonitrile, 2gMgSO,, 0.5 NaCl (e) 10 min, 8 mL acetonitrile, 2.5 g of fish, 0.5 NaCland

(f) 10 min, 2.5 g of fish, 2 g MgSO,, 0.5 NaCl].
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stirring speed (0 to 1225 rpm) in their analysis of PAHs and also
observed creation of air bubbles at over 800 rpm.

Acetonitrile and ethyl acetate have been widely used to extract
polar to non-polar analytes” and were tested together with
acetone (Fig. 1c). Solvent type is very important when the
QuEChERS method is developed. Pyr, Flu and Phe were better
extracted using acetonitrile. Those slight differences reflect the
type of intermolecular interaction that takes place between the
PAHs and extraction solvent. PAHs are non-polar with mostly
hydrophobicinteractions through pibonds being involved. This
may explain why acetonitrile, also with pi bonds and linear in
geometry, gave slightly better extractions. The structure of the
solvent should allow maximum interactions with the analytes,
besidesits polarity. Acetonitrile separates more easily from water
than other polar solvents used (acetone and ethyl acetate) in the
QuEChERS method in the presence of salts. This gives a good
phase separation which prevents interaction of polar matrix.”
Therefore, acetonitrile was chosen as the optimal solvent for
extraction.

The results on the optimization of fish mass revealed that there
was slight variation in the peak areas obtained (Fig. 1d). Overall,
1.0and 2.5 g gave slightly higher peak areas than 0.5 g. Homem et
al.* investigated the mass to solvent volume ratio and observed
that a ratio lower than 0.17 g mL™ gave very low recoveries. In
this study, solvent volume was kept at 10 mL and fish mass of 0.5,
1.0and 2.5 g were tested. This gave mass to solvent ratios of 0.05,
0.1 and 0.25, respectively. In this study, 2.5 g was used as opti-
mum fish mass as this mass gave a slightly higher peak area.

The results obtained when the mass of MgSO, was varied
during the extraction showed that there was an increase in
recovery of Nap, Ace and Phe with the use of 2 g of MgSO,
(Fig. 1e). Increase in salt allows greater phase separation but
high salt level can also affect the effectiveness of the extraction
system.” The right combination of quantity of salt used in phase
separationisimportantas it regulates the polarity of the mixture.
MgSO, removes a lot of water and the reaction is exothermic
which can improve the process of extraction.” Addition of salt
increases the temperature of the system, lowers activation
energy and also decreases the viscosity of the solvent thereby
increasing solvent matrix interaction.” The result shows that the
optimal mass of salt is 2 g as there is not much variation between
the 2 g mass and the 2.5 g mass of salt.

A decrease in the amount extracted was observed with
increase in volume of solvent (Fig. 1f). Decrease was more
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Figure 2 Different sorbents used for the QuUEChERS method.
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pronounced with 10 mL. However, it can be noted that from
recovery, 6 and 8 mL gave high recoveries. Homem et al.*
studied the effect of sample mass to solvent ratio on recovery.
Optimum ratio obtained was 0.17. In this study, the volumes
used gave sample mass to volume of 0.41, 0.31 and 0.25, respec-
tively. Closest mass to solvent volume obtained by Homem et
al* was 0.25 which was equivalent to 10 mL. Satisfactory recov-
ery was obtained for 10 mL volume which ranged from 95 to
104 % recovery as noted above, while for the 6 and 8 mL volume;
recovery of Flu was 130 % while in the 6 mL volume recovery of
Phe exceeded 120 %. Larger recoveries may be due to matrix
effect.” Thus 10 mL solvent volume was taken as optimum.

3.2. Comparison of Different Sorbents

The structures of the different sorbents are shown in Fig. 2 and
their recoveries in QUEChERS method are compared in Fig. 3.
After synthesis, the MIP and NIP were washed with distilled
water to remove the unreacted pre-polymerization reagents
before use. y-MPS-coated magnetite was washed with water
followed by methanol. Washing solutions were analyzed to
check for any impurities. The recovery of PAHs from different
sorbents showed that there was not much differences (Fig. 3).
The selectivities of the different sorbents was tested by extract-
ing unspiked samples (blank) of carp fish samples. Chromato-
grams (not presented) of extracts from various sorbents showed
that CNTs gave the least selectivity. y-MPS and polymer sorbents
(MIP and NIP) gave slightly cleaner chromatograms followed by
PSA. It should be noted that the MIP used were not specific for
PAHs, and therefore acted as ordinary sorbent like the NIP. In
this case, PSA was still taken as the best sorbent since recovery
and selectivity was not that different from other sorbents.
Generally, PSA is recommended for clean-up of sugars, organic
acids and polar pigments.

3.3. Comparison of Recoveries between QuEChERS and
Soxhlet Extraction Methods

Figure 4 shows the recoveries obtained for the QuUEChERS and
Soxhlet extraction methods at optimized conditions. As spiking
concentrations were increased, the peak areas increased in both
methods and recoveries obtained were independent of the
spiking concentration. However, at lower concentration, the
recoveries were higher than 100 % for some analytes (Nap,
Phe, Flu and Pyr) due to matrix effects. QuEChERS gave higher
recovery for all the five PAHs than Soxhlet extraction. This was
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Figure 3 Comparision of recoveries obtained for different sorbent in QUEChERS extraction method (1 = 3). [Experimental conditions: 2.5 g of fish,

10 mL acetonitrile, 2 g MgSO,, 0.5 g of NaCl and 5000 rpm].

expected as the latter has slow mass transfer and thus extraction
takes hours compared to few minutes with QuEChERS, besides
large amounts of solvents are consumed.

3.4. Application of QUEChERS Method and Comparison with
Soxhlet Exaction Method

A typical chromatogram of a spiked fish sample obtained
using HPLC-fluorescence is shown in Fig. 5. Table 2 shows the
concentration levels of PAHs obtained in carp fish samples taken
from Hartbeespoort Dam (HPB). Nap was not detected in all the
samples by both methods. This might be due to variation in the
possible sources of these compounds in the dam. Phe was
detected in highest concentration in both methods followed by

(a) 160
) EAce EPhe @Flu BPyr (3)
120 J%
>
3
3
g -
% .
40 =%
0

0.13 0.26

Concentration (mg kg?)

0.52

Ace, then Flu and Pyr. The results showed that there was no
statistical difference between the Soxhlet extraction as com-
pared to the QUEChERS method for the Ace and Flu (t_, < t.
(2.447)). However, significant difference was found between the
two methods for Phe and Pyr (Phe and Pyrt_, values of 7.132 and
5.808, respectively were both >t of 2.447 at 95 % confidence
interval). The explanation for this difference in the methods for
Phe and Pyr can be attributed to matrix effects in the samples
especially for Sohxlet extraction which is less selective compared
to QUEChERS method. A plot (not shown) of concentration of
PAHs against fish length for Pyr and Ace from Hartbeespoort
Dam gave positive correlations R*= 0.919 and R* = 0.773, respec-
tively. For other PAHs in fish samples, there was no positive

(b) 160

ENap BAce ©Phe EFlu EPyr (b)
120 -+

% Recovery

0.5

Concentration (mg kg?)

Figure 4 Recoveries of PAHs by (a) QuEChERS and (b) Soxhlet extraction (n = 3). [Experimental conditions: 2.5 g of fish, 10 mL acetonitrile, 2 g MgSO,,

0.5 g of NaCl and 5000 rpm].

Table 2 Concentration obtained from fish samples from Hartbeespoort dam in Gauteng using the QuEChERS and Soxhlet extraction methods (1 = 3).

Sample site Fishlength  Fish width PAHs concentration/ug kg™

fem fem Nap Ace Phe Flu Pyr
QuEChERS extraction method
HPB 1 21 7.0 nd 37.7 (4.1) 683.6 (0.9) 0.9 (13.2) 1.7 (3.9)
HPB 2 2.4 7.6 nd 403 (3.5) 739.0 (0.5) 47 (11.3) 1.5 (8.0)
HPB 3 24.5 8.6 nd 38.1(1.6) 717.2 (4.9) 3.7 (8.6) 1.7 (5.3)
HPB 4 35.5 12.5 nd 50.3 (0.5) 641.4 (1.2) 6.1 (10.5) 2.0 (2.2)
Soxhlet extraction method
HPB 1 21 7.0 nd 37.8 (0.6) 838.5 (1.0)) 1.9 (2.2) 5.2(0.1)
HPB 2 22.4 7.6 nd 43.2.(2.3) 890.0 (7.2) 9.4(0.2) 45 (0.4)
HPB 3 24.5 8.6 nd 46.3 (0.4) 908.5 (0.7) 6.1(0.1) 6.2 (1.0
HPB 4 355 12,5 nd 552 (2.4) 902.6 (3.8) 6.1 (1.1) 7.8 (41)

Note: nd = not detected, standard deviations are in brackets.
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Figure 5 Chromatogram of an unspiked fish sample obtained from QuEChERS extraction method using HPLC-fluorescence.

correlation. These diffferences could be due to factors such as
fish metabolism of the compounds, bioavailabilty of the com-
pounds from the water which affects the their bioconcentration.

4. Conclusions

The results indicated that polymeric sorbents and y-MPS-
coated magnetite can serve as good alternative to PSA as they
gave comparable recovery and selectivity for PAHs in fish.
QuEChERs method was found to be very efficient in extraction
PAHs in fish compared to Soxhlet extraction as it was faster
and gave better recoveries. The concentration of PAHs in fish
samples from Hartesbeesport Dam found using QuEChERS
method was comparable to Soxhlet extraction method though
for some PAHs, the latter gave slightly higher results. Results of
PAH concentration in fish samples from the dam indicate that
the dam is acting as a sink for pollution occurring upstream and
is a cause of concern. Further monitoring of substituted PAHs
and all 16 US EPA listed PAHs is recommended.
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