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Abstract
A novel and unconventional of pre-concentration method and extraction of selected HMW-PAHs (higher molecular weight 
polycyclic aromatic hydrocarbons) from water samples have been developed. The novel approach benefits from the high 
attraction between HMW-PAHs and the modified magnetic nanoparticles. In this work, milligrams of magnetic nanoparticles 
are initially added to the aqueous solution and dispersed in all parts of the solution by shaking. To collect the nanoparticles, 
a neodymium magnet is placed on the outer surface of the container, followed by discarding the solution. The analyte in the 
collected solid phase is then released into 1-butanol followed by gas chromatography–mass spectrometry Optimization of 
the experiment parameters has guided to a Gas chromatography–mass spectrometric method of detection with acceptable 
analytical figures of merit. The LOD (limits of detection) ranged from 0.010 (Benzo(b) fluoranthene) to 0.08 (Benzo(k) 
fluoranthene) µg/L. The relative standard deviations (RSD) at medium calibration concentrations differ from 3.12 (Benzo(b)
fluoranthene) to 6.31% (Benzo(a)pyrene). The R% (analytical recoveries) from tap water samples of the three regulated 
HMW-PAHs from six locations in Baghdad city range from 63.88 (Benzo(k)fluoranthene) to 91.01 (Benzo(a)pyrene). The 
entire method of extraction uses lower than 150 μL of organic-based solvents(butanol) for each sample, which marks it a 
friendly method to the environment. The small extracting solution volume makes the modified nanoparticle a relatively in-
expensive extraction procedure.
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1 Introduction

The PAHs (polycyclic aromatic hydrocarbons) are global 
pollutants in the environmental system [1]. There are two 
sources of PAHs: natural (such as volcanos and fires in the 
forest) or anthropogenic (such as traffic). Incomplete Com-
bustion of carbon-based matter at elevated temperature and 

with a considerably low level of  O2 will release several more 
minor compounds such as free radicals.

Free radicals can be chemically bounded with other 
organic particles to produce two to three PAH rings which 
can undergo further chemical reactions to produce Higher 
molecular weight PAHs (HMW-PAHs) (Fig. 1) [2–4].

HMW-PAHs are compounds of significant importance 
for public health. HMW-PAHs consider one of the leading 
causes of cancer and mutagenicity. EPA (environmental 
protection agency) has previously reported the mutagenic 
effect of these compounds from data collected from animal 
bioassays [5–9].

Methods development for the analysis of HMW-PAHs is 
considered one of the essential aspects of the environment 
[10–13]. SPE (solid phase extraction) has been widely used 
for miner HMW-PAHs concentration detection. SPE can be 
linked with GC–MS, HPLC, and GC-FID, but unfortunate 
that HMW-PAHs analysis with SPE is not the ideal tech-
nique, and the reason is that HMW-PAHs will adsorb on 
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the surface of the wall vessels of the extraction glassware. 
Hence, HMW-PAHs are not willing for multi-process extrac-
tion such as solid-phase extraction and L–L (liquid–liquid) 
extraction because this technique uses a large volume of 
organic solvents harming the environment [14–18].

Methods with low solvent volume must be developed to 
protect the environmental system.

The typical method for PAH analysis and sample prepa-
ration tracks the sequence of sample collection, PAH chro-
matographic analysis, and extraction. With the systematic 
approaches to pre-concentrate and extract PAH, the ideal 
methods are based on SPE (solid-phase extraction), which 
is usually used for sample preparation in the quantification 
of PAHs, mainly in drinking water [7]. The technique has 
also found application in determining PAH content in tar.

A packed glass column with activated silica gel and 
alumina was used for eluting the fractionated PAHs [8]. 
Otherwise, the procedure uses benzene or methanol as 
the eluting solvents and Sephadex as the stationary phase 
[10]. Though adsorption methods in low-efficiency and 
classical glass columns are imprecise, tedious, inaccurate, 
and time-consuming, they spend large volumes of organic 
solvents [12].

Present examples of effective adsorbent materials 
include fluorocarbon polymer sorbents (FPS), octadecyl-
silica (ODS), multi-walled carbon nanotubes (MCN), and 
graphite fibers.

The standard analysis is usually performed via high-
performance liquid chromatography (HPLC) with either 
fluorescence detection or absorption [15].

The purposes of this article were, therefore, set to syn-
thesize modified nanoparticles as a sorbent for extrac-
tion of HMWT-PAHs from water samples coupled with 

Fig. 1  Example of HMW-PAHs

Fig. 2  Summaries the whole purpose of the article
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GC–MS for the analysis of the HMW-PAHs [19–21]. Fig-
ure 2 summaries the whole purpose of the article.

2  Experimental Part

2.1  Chemicals

All chemical compounds were in high purity and was pur-
chased from Sigma-Aldrich and Acros Organics. All HMW-
PAHs used without further purification and an extreme cau-
tion during handling were taken because these compounds 
known to be toxic Chemicals.

2.2  Solid‑Phase Extraction (SPE)

Solid phase extraction columns with capacity of three mL 
and has reverse stationary phase were used: type 5 ×  102 mg 
LC18(Supelco inc.). A polypropylene type of cartridge was 
made that has wide entrance for the sample and narrow exit. 
The sorbent were conditioned with five mL alcohol (metha-
nol) at 4.0 mL  min−1 followed by 4 ml nano pure-water for 
equilibration at 4.0 mL  min−1).

A blank solution with volume of ten mL was spiked with 
50 mg  L−1 HMW-PAHs followed by loading into the extrac-
tion column as 2 ml  min−1. A four ml of 25% (volume/vol-
ume) methanol were used to remove the lipophilic interfer-
ences at 3.0 mL  min−1 [22].

The extraction column then vacuums assisted during for 
15 min followed by elution using 4 × 1.5 mL of elution sol-
vent at 0.9 mL  min−1. Then the eluted solvent was collected 
into vials and analysed by GC–MS.

2.3  Synthesis of  Fe3O4–SiO2–Humic Acid

The preparation of  Fe3O4–SiO2 nanoparticles function-
alized with humic acid was First started with embedding 
 SiO2 on the surface of  Fe3O4 using the method that devel-
oped by Stöber, which include mixing of 115 mL of 0.4 (M) 
 Na2O3Si·9H2O were mixed with 0.4 g of  Fe3O4 nanoparticle 
suspension, followed by heating up the solution to reach 
85 °C under flow of nitrogen and maintain the pH value at 
6.5 using drops of Hydro-chloric acid with 1 M. The precipi-
tate was collected after mixing for 3 h followed by washing 
with double-distilled water then alcoholic solvent (ethanol), 
then drying at 70 °C. The resulting  Fe3O4–SiO2 (1.3 g) was 
suspended and added to a solution of humic acid followed 
by heating to 85 °C for 10 h. under flow of  N2 flow. Both 
 Fe3O4 nanoparticles and humic acid was chemically bonded.

2.4  GC–MS Analysis

A ٍSHIMADZU GCMS model QP2020NC with mass selec-
tive detector equipped with a capillarycolumn (30 m, 
0.25 mm i.d. DB-5MS, 0.25-μm flm thickness). The samples 
injector temperature was set to 280 °C in the pulsed splitless 
mode. The transfer line and ion source, temperatures were 
250 150 °C, respectively. Carrier gas was helium with 
1 mL  min−1 flow rate of. The oven temperature was as fol-
lows: 90 °C, 3 min hold, ramp to 200 °C at 25 °C/min with-
out any further holding time then ramp to 280. Quantifcation 
of the selected PAH compounds was performed by SIM 
(selected ion monitoring) mode.

Fig. 3  The X-ray diffraction pattern of the  Fe2O3 NParticles (A), coated derivatives of  SiO2 (B) and  Fe3O4/SiO2/humic acid NParticles (C)
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3  Results and Discussion

3.1  Characterization of  Fe3O4–SiO2–Humic Acid NPs

The synthesized of  Fe3O4–SiO2–humic acid NPs were 
analyzed via X ray diffraction technique for the exami-
nation of the structural pattern (Fig. 3). The pattern of 
the X-RD of the NParticles were studied with Buker-
D8-advance XR diffractometry using radiation of Ka 
Copper (λ = 1.5507A°) and the scanning of the samples 
were 10°–80° (2θ). The pattern obtained illustrate that 

the NParticles has a  Fe3O4–SiO2–humic acid NPartilces 
structure. the Fig.  2C shows the occurrence of sharp 
peaks belong to  Fe3O4 NParticless which are seen in the 
Fig. 2 panel A with (Δ) symbol. The broad (20–25°) peak 
is representing the occurrence of  SiO2 (has  symbol) as 
compared with Fig. 3 (B panel). the (∇) peak (43.4°) was 
belong to humic acid in the core shell structure > 

The Fe-SEM images (Fig. 4) suggest the presence of 
 Fe3O4/SiO2/humic acid NParticles with wide range of shape 
cluster and size. This can be explained by the creation of 
structures that has consider to be non-homogenous which 
rising from careful shielding of  Fe3O4 NParticless with 
humic acid and  SiO2.

3.2  AFOM with Extraction of Higher Molecular 
Weight PAHs by Applied the Solid Phase 
Extraction

The summarization of AFOM using SPE-GC–MS. were 
shown in Table 1 All linear dynamic ranges (LDR) were 
created on average measurements of six concentrations of 
PAHs. Figure 5 show GC–MS chromatogram for the three 
selected PAHs. The measurements average of nine were 
prepared from aliquots of 3 collected from 3 complete 
experimental trials. No highest levels of concentration 
of the calibration Curves trials were done. The 1OSB/m 
represent the smallest linear concentrations related to the 
limit of detection, where SB represent the SD (standard/

Fig. 4  FE-SEM images of formation of  Fe3O4–SiO2–humic acid core/
shell

Table 1  Summarizes the 
AFOM gotten using SPE-GC–
MS

PAH LOD LOQ R2 RSD Retention time Percentage of 
extraction

Recovery

µg/L µg/L – % mn %E R%

Benzo(b)fluoranthene 0.21 0.70 0.9965 4.56 16.2 94.31 89.72
Benzo(k)fluoranthene 0.96 1.81 0.9980 6.01 15.21 95.42 83.43
Benzo(a)pyrene 0.89 1.33 0.9941 7.78 13.89 93.98 85.01

Fig. 5  GC–MS chromatogram 
for the three selected PAHs
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deviation) of 16 of blank measurements and slope of the 
calibration curve represented by “m”. The good correlation 
coefficients (R) show a linearity in relations in all situations. 
3SB/m represent the way of calculating LODs were ranged 
from 0.21 (Benzo(b)fluoranthene to 0.96 ng/mL (Benzo(k)
fluoranthene). LODs are above the max. contaminant level 
of controlled PAHs which make this method not perfect for 
the quantitative monitoring of PAHs. Testing the extraction 
efficiency. RSD value show good precision readings of con-
centration level of ppt.

3.3  Validation of the Method of Extraction of HMW 
PAHs by Applying the Synthesized  Fe3O4–SiO2–
Humic Acid Core/Shell NParticles

Validation of the proposed method of extraction procedure 
was examined by some of the analytical figures of merits 
such as LOD (limit of detection), LOQ (limit of quantifica-
tion, linearity, accuracy, precision, and selectivity. Table 2 
show that the data obtained with signal to noise equal to 
three and ten were used in calculating the limit of detection 
and quantitation, respectively. The LODs were in the range 
from 0.01 to 0.06 µg/L.

The plotted calibration cure was done using the analytical 
signal of different concentrations of solutions with an “n” 
value equal to 6. Excellent linearity with  R2 (square correla-
tion coefficient) more than or equal to 0.9971.

The method accuracy was evaluated by spiking water 
samples with the different analyte (at 350 ng/L) with 6 rep-
licates; the deviation that was obtained from the result was 
less than 8%.

The method repeatability was examined by analysis 
of 350 ng/L of standard solution for each analyte. The 
obtained relative standard deviation of less than or equal to 
6.31% therefore, the obtained RSD results show acceptable 
repeatability.

The selectivity of the method was obtained by performing 
the method, and it was found that there is variation in the 
analytical signal with less than 8%. This confirms the stabil-
ity of the sample at different environment.

The whole above process was done by applying the syn-
thesized NParticles with the selected HMW-PAHs. It mixed 
1 mg of the NPartilces with 4 mL of a 4 μg/mL HMW-PAH 

solution. Followed by solution shaking for 8 min and then 
applying the magnetic field for 40 s.

The absence of fluorescence signal in the PAH solu-
tion spectrum of the supernatant is evidence of extraction 
because PAH was adsorbed onto the humic acid (hydro-
phobic surface of modified NParticles). The release of the 
selected PAHs was tested with several solvents (-n-hexane, 
butane, methanol, and butanol). It was found that butanol 
has astrong binding affinity for PAHs, so PAHs will pre-
ferred leaving the surface of nanoparticles rather than 
binding to nanoparticles. With the highest release value of 
around 89% for all PAHs, a minimum of 150 µl of butanol 
was used for the releasing process.

Table 3 shows that A wide range of detection limits val-
ues of the selected PAHs have been reported with a wide 
range of concentration levels. The detection limits values 
of current work are considerably lower than those in many 
previous studies by around two orders of magnitude.

Even though a straightforward LOD comparison to 
those indexed in the literature with different instruments 
is complex as different instrumental setups for mathemati-
cal and experimental achieves have been used for their 
calculation, LOD compares favorably. This comparison 
becomes applicable primarily if one deliberates the small 
 H2O volume on 3 mm scale.

To the extent of our literature search, there are no 
methods efficient enough to detect these levels of PAH 
in 3 ml of  H2O samples. This aspect makes this method 
suitable for regular analysis of several examples, as the 
small sample volume facilitates real-time sample extrac-
tion. The whole procedure of extraction consumes less 
than 150 µL of solvents for each sample, which makes it 

Table 2  AFOM using the 
nanoparticle GC–MS analysis

PAH LOD LOQ R2 RSD Retention time Percentage of 
extraction

Recovery

µg/L µg/L – % min %E R%

Benzo(b)fluoranthene 0.01 0.07 0.9989 3.12 16.2 95.44 90.31
Benzo(k)fluoranthene 0.08 0.30 0.9971 4.54 15.21 97.56 87.44
Benzo(a)pyrene 0.06 0.19 0.9981 6.31 13.89 98.01 88.28

Table 3  Shows the quantification of PAHs in different analysis tech-
niques

Analytical method LOD
µg/L

Recovery%

HPLC-UV19 1.2–2.1 No data
HPLC-Fluorescence detection 21 0.45–0.61 No data
HPLC-radioisotope  counting21 0.1–0.3 10–15
GC-MS18 5–50 52–81
GC-FID17 8–81 27–71
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environmentally friendly. The small extracting solutions 
volume to the overall analysis cost makes SPNE a reason-
ably low-priced extraction approach.

3.4  Method Greenness Assessment

The method greenness was evaluated by NEMI ( National 
Environmental Methods Index). GAC (Green analytical 
chemistry) is the term that drags the attention of any ana-
lytical chemist to keep in mind environmental safety and 
Health matters during any given experimental work. The 
term greenness of any analytical experiments and procedures 
is a group of parameters that classify ad complicated and not 
easily determined quantitatively.

Numerous methods for Green analytical chemistry met-
rics have been established. The first described approach is 
NEMI, which is a metric system constructed on an easy-to-
read pictogram, separated into four sections, representing 
reagents that are persistent, generation of waste bio accu-
mulative or toxic, whether the conditions are corrosive, and 
whether reagents are hazardous).

The greenness of the suggested method representing in 
Fig. 6 and show an acceptable score of 65, which consider 
a good score and conder as acceptable. Color code; yellow, 
red, and green signifying medium, high and low influence 
on the environment, respectively.

3.5  PAH Determination in Tap Water in Baghdad 
city‑Iraq

The possibility to screen HMW-PAHs in tap/water was 
examined with unknown water matrix samples. Every 
water sample was gathered at a special location inside the 
city Baghdad-Iraq (Fig. 7 show the sampling location) and 
scanned in three times. Spiking of microliter volumes of 
selected HMW-PAHs standard solutions with Volumes 
(ml) of tap water to deliver final concentrations at regulated 
HMW-PAHs concentration. Nanoextraction-GC–MS analy-
sis was carried out. Table 4 outlines the regular recoveries 
with the standard deviations for the 6 experienced samples. 
Evaluation to generally recoveries in Table 4 shows no 
effects on the recoveries from the matrix composition of the 
unknown tap water samples.

Fig. 6  Pictogram that shows the green profile of the method

Fig. 7  Baghdad city sampling locations

Table 4  Recoveries of selected 
PAHs from drinking water 
samples in Baghdad city

Location Benzo(b)fluoranthene Benzo(k)fluoranthene Benzo(a)pyrene

Recovery% RSD% Recovery% RSD% Recovery% RSD%

1 77.81 ± 9.1 6.7 87.19 ± 9.3 8.3 91.01 ± 8.1 5.6
2 69.91 ± 10.3 8.9 63.88 ± 10.3 6.4 82.33 ± 3.4 7.3
3 88.10 ± 11.2 10.1 78.22 ± 11.2 8.9 82.11 ± 6.7 6.9
4 79.91 ± 7.9 11.2 71.82 ± 12.3 3.9 89.32 ± 2.3 3.8
5 81.02 ± 8.1 6.7 74.99 ± 9.01 4.2 77.71 ± 10.4 8.2
6 73.31 ± 12.1 5.9 76.98 ± 8.9 5.4 78.45 ± 8.1 8.1
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