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SPME GC/MS determination of organochlorine pesticides in water samples

Headspace solid phase microextraction (HS-SPME) in combination with gas chromatography and mass-spectrometry
(GC/MS) was studied for analysis of water samples. The organochlorine pesticides (OCPs), p,p’-DDT, p,p’-DDD, and
p.p’-DDE were collected and analyzed by GC/MS. To select of effective fiber coatings four types of SPME fibers were
examined and compared. The parameters effecting the efficiency of HS-SPME such as extraction and pre-incubation
time and extraction temperature, effect of solvent nature, ionic strength were studied to obtain optimal parameters.
The method was developed using spiked water samples in a concentration range 10 - 500 ng/L. The calibration curve
was linear over the studied concentration range with r>0.9925. The detection limits varied from 1.57 to 2.08 ng/L. An
authentic water samples from contaminated lake with OCPs were analyzed by developed method.
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Onpesesienne XJIOPOPraHM4YecKUX NecTHUUAOB B Boge MeTogoM TOMI/T'X/MC

bea msydena tBepmodasHas mukposkcrpakimms (TOMD) B coueraHmu C ra3oBoil xpomarorpadueil ¢ macc-
cnekTpoMeTpraeckuM nerexkruposanneM (I’ X/MC) aist ananu3a Boasl. beutn 0TOOpaHbI M IPOAHATU3UPOBAHBI XJIOPOPIa-
nudeckue nectuipant (XOID), takue, kak p,p-A0T, p,p-JA1 u p,p-A3 meromom I'X/MC. s Bbibopa s¢ddekTrBHOrO
COpPOLIMOHHOTO MOKPBITHSI OBUIN M3y4YeHbI M CpaBHEHBI YeThipe Bra BojokoH TAOMD. Beutn n3yueHsl mapamMeTpsbl, BIIH-
sromue Ha d¢dexruBHOCTs TOMD, Takue, Kak BpeMs SKCTPaKIUH U IPEHHKYOAIHH, TeMIIepaTypa 3KCTPaKIUH, dPdexT
HPHPOJIBI PACTBOPHUTENSI, NOHHAS CHJIA, JUIS TIOJIyIEHHUSI ONTUMAIIBHBIX TTapaMeTpoB. MeTox ObUT pa3paboTaH ¢ HCIOIb30-
BaHMEM 3arps3HEHHBIX 00pa3IloB BOJIBI B HHTEpBase KoHueHTpawu 1 - 500 ar/n. [pagynpoBoyHas 3aBUCUMOCTD JTMHEHA
B M3y4aeMOM HUHTepBalie KoHieHTpauun ¢ 1>0,9925. TIpenen obnapysxeHus Bapbupyercst ot 1,57 mo 2,08 ur/n. Pazpabo-
TaHHAs METO/IMKa OblIa anpoOMpoOBaHa Ha PeaIbHBIX 00pa3Lax Bobl ¢ o3epa 3arps3HeHHbIx XOI1.

KuroueBnie cioBa: TBepaoda3Hasi MUKPOIKCTPAKIIHS, Ta30Bast XpoMaTorpadusi, Macc-CeKTPOMETPHS, XJIOpOpra-
HHYECKHE MEeCTHIU/IBL.

E. Caitnayxanyier, b.H. Kenecos, JI. Kapicen, /1.X. KambicOaeB
K®PMDI/TX/MC apiciMeH X10popraHuKaJIbIK NeCTHIHATEPI Cy1a aHBIKTAY

Karts! ¢a3zans! mukposkcrpaknusiver (KOMD) yitnecken macc-criekrpomeTpii razasl xpomarorpadus (IX/MC)
omici ¢y aHanmm3i ymriH 3eprrenni. Xmopopranukanslk nectanuarep (XOID), p,p-AAT, p,p-A4J xone p,p-A02 I'X/
MC onicimen anamu3neHal. D¢QeKkTHBTI COpOLUAIBIK KanTaMaHbl TaHaay MakcaTbiMeH KOMD TepT Typii TaImbFbl
3epTTenai xaHe canblCThIpbuLabl. KOMD sddexTuBrinirine acep eTeTiH mapamerplriep, SKCTPAKIHS KIHE MPEHHKY-
Garyst yakpIThl, SKCTPAKIHUS TeMIepaTypackl, epiTKill TaOUFAaTBIHBIH aCepi, MOHIBIK KYII, ONTUMAIbI TapaMeTpiep
TaHJAIyBl YIIIiH 3epTTeii. Ofic JlacTanFaH cy yiurizepiMer 1 - 500 HI/1 KOHIEHTpaUsIap HHTEPBAIBIH A KACAIIBL.
I'pamyupii TOyenIiTiK 3epTTENETIH KOHIEHTPAIUSIIap HHTEPBAIBIHIA CBI3BIKTHI JkoHE 10,9925, Anbikray meri 1,57-
ner 2,08 Hr/n apansirbiHaa 6omazpl. O3ipaenre oaic XOI1 nacranra MIBIHAKEI Cy YITUIEpiHIE CHIHAIIBL.

Tyiiin ce31ep: KarThl (azaibl MUKPOIKCTPAKLIHSL, Ta3/ibl XpoMaTorpadus, Macc-ClieKTpOMETPHs, XJIOPOPraHUKAJIBIK

MECTUIIITED.
Introduction these OCPs were piled up in various storage facilities
[1] which today may be more or less destroyed [1].
Organochlorine pesticides (OCPs), were widely Today OCPs are banned according to the Stockholm
used worldwide in past century and large amounts of Convention [2] due to their very persistent and
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bioaccumulating nature. They fall into the group
of so-called vPvB compounds as referred to the
European chemicals regulation system REACH [3].

OCP have significant influence on both the
environment and the human health [4]. Thus, when
introduced into the body, the majority of OCPs is
transported by the bloodstream and accumulates in
the fatty tissues, liver, spleen, heart, brain, kidneys,
adrenal glands, and lungs [4].

Despite the fact that the use of OCPs in general
was banned as early as in the 1970’s, they are,
due to their high persistence, still found in many
environmental samples including both soil and
water as well as in biological samples [5].

Apparently aquatic systems may be directly
involved in the distribution of OCPs in the
environment. Thus, OCPs are still be found in many
water bodies [6].

Previous studies [5,6] reported findings of DDT
in water, water plants, invertebrates, fish tissue, and
sediments in more than 1/3 of all surveyed water
reservoirs in Kazakhstan. Thus, Nurzhanova et.al.
[1,7] reported the identification of p,p’-DDE in
lake samples located 100 m from storehouses in the
village of Beskainar in Talgar rayon (Almaty oblast,
Kazakhstan) with an average concentration of 114
ug/L. In this context it is also worthwhile to note that
Jensen et. al. [8] reported elevated of OCPs levels not
only in environmental samples but also in blood lipids
of children, in the Aral Sea region in Kazakhstan. The
concentrations were found to be up to 20 times above
maximum allowable concentration.

Analyses of OCPs in aqueous samples typically
involve extraction of the compounds [9], which is often
hampered by strong interaction between the OCPs and
particulate matter and dissolved organic material.

The analyses of trace amounts of organic
contaminants in environmental samples with
complex matrix may thus require time consuming
extraction and pre-concentration procedures, which
is often the limiting step of the overall analytical
method [10]. This disadvantages may, however,
be overcame by applying a one-step extraction
technique based on solid-phase microextraction
(SPME) [11]. Thus, SPME can help overstep more
traditional sample preparation procedures. Studies
have shown that SPME apparently is well suited for
the analyses of pesticides residues [12].

The application of SPME for the analysis of
OCPs in water has been reported by several groups
[12-15]. The majority of the studies applied a
direct immersion of the SPME fiber into water.

Other studies [16,17] applied microwave extraction
technique in combination with SPME. Headspace
SPME (HSSPME) for analysis of OCPs in various
environments has successfully been applied by
Lambropoulou and others [9,18].

In the present paper we describe an application
of headspace solid-phase microextraction applying
gas chromatography with mass spectrometry as
detection system (HS-SPME/GC-MS) for the
analysis of p,p -DDT and its metabolites p,p -DDE
and p,p -DDD in water samples.

Experimental

Reagents and materials

OCPs standards (100 pg/ml) were obtained from
“Lezart” (Almaty, Kazakhstan). A standard working
solution was prepared in 2-propanol containing
p.p-DDE, p,p’-DDD, and p,p’-DDT, all in
concentrations of 1 mg/L. Solvents were analytical
reagent grade and stored at 4°C.Working solutions
of pesticides were prepared daily by appropriate
dilutions with double-distilled water. Eight OCPs
standard solutions in 2-propanol containing 0.1,
1.0, 3.0; 5.0; 10; 30 and 50 mg/L were prepared,
respectively. Eventual stock solution 0f0.1, 0.5, 10,
30, 50, 100, 300 and 500ng/L, respectively, were
prepared by dilution in water.

Four types of SPME fibers, i.e., 100 pum
poly(dimethylsiloxane) (PDMS), 65-um PDMS/
divinylbenzene (PDMS/DVB), 85um carboxen/
poly(dimethylsiloxane) (CAR/PDMS), and 85-um
divinylbenzene/carboxen/poly(dimethylsiloxane)
(DVB/CAR/PDMS) were obtained from Supelco
(Bellefonte, PA, USA). All fibers were conditioned
in the hot injector port of the gas chromatograph at
240 —280 °C for 0.5 to 1 h prior to use in accordance
with the recommendations of the manufacturer.

Sample preparation

Artificial water samples were prepared by spiking
appropriate volumes of double-distilled water with
10 uL of the above mentioned DDT/DDE/DDD
stock solution in 2-propanol for optimization of the
SPME process. The use of 2-propanol as the solvent
of choice for the stock solution was due to the
relatively high solubility of the compounds under
investigation in this solvent compared to other polar
solvents such as, e.g., ethanol and acetonitrile.

GC-MS conditions
Gas chromatography-mass spectrometry analy-
ses of p,p -DDT and its metabolites were performed
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using a 6890/5973N (Agilent technologies, USA)
system equipped with a 30 m x 0.25 mm DB-1
capillary column with a 0.25 pm film thickness
(Agilent, USA) and split/splitless inlet working
in splitless mode at 250°C. Temperature program:
from 40°C (3 min) to 160°C using a 20°C min
' ramp followed by a 3°C min' ramp to 275°C.
Total run time was 48.33 min. Helium (grade “A”,
Orenburg-Techgas, Orenburg, Russia) was used as
carrier gas with a constant flow rate of 1 mL min-
!. The mass spectrometric detection was performed
using selected ion monitoring (SIM) mode using
ions at m/z 235 (p,p’-DDD, and p,p’-DDT), 246
(p,p -DDE) (dwell time = 50 ms).

The gas chromatograph was equipped with
a Combi-PAL autosampler (CTC Analytics AG,
Switzerland) with a 32-position tray, agitator, SPME
fiber holder and a conditioning station.
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Automated headspace SPME procedure

Automated HS SPME extractions applied the
Combi-PAL autosampler using 20 mL sealed vials.
In each vial, ImL of standard solution in double-
distilled water and 0.35 g NaCl were mixed. SPME
was conducted at 95°C for 60 min at an agitation rate
of 500 rpm. Analytes were thermally desorbed from
the SPME fiber in the GC inlet at 240 °C for 5 min.

Results and discussion

Selection of SPME fiber

To select the most optimal fiber for the HS-
SPME analysis of the three OCPs, we studied four
different types of fiber coatings including PDMS,
PDMS/DVB,CAR/PDMS and DVB/CAR/PDMS
(see experimental section for details).

Fig. 1 illustrates the effect of SPME fibers on the
efficiency of OCPs.

PDMS/DVB
PDMS

EX55 CAR/PDMS
E= DVB/CAR/PDMS

L

2

V.

p,p'-DDD p,p-DDE

Figure 1 — Extraction efficiency (60 min)of p,p-DDE, p,p-DDD, and p,p-DDT respectively by four different SPME fibers

Application of the CAR/PDMS and DVB/
CAR/PDMS fiber coatings showed general low
extraction efficiency for the 3 compounds being
investigated. It is obvious (figure 1) that the PDMS
fiber displays the highest extraction efficiency for
the 3 compounds, especially pronounced for DDE
whereas the efficiency of PDMS and PDMS/DVB
are comparable in the cases of DDT and DDD.
This maybe explained by the high hydrophobicity
of these fiber coatings and, consequently, higher
affinity for hydrophobic compounds. On this
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background, the PDMS fiber coating was chosen for
further experiments.

Optimization of extraction temperature

Increase of extraction temperature can significantly
increase the efficiency of SPME of analytes from
the water due to the increased vapor pressure of the
substances, especially for semi-volatiles.

To study the effect of temperature on the
extraction efficiency of DDT/DDD/DDE, extraction
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temperatures 65, 75, 85 and 95 °C were investigated.
Increased temperature leads, as expected, to
an increase in the response of all three compounds
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(figure 2). Obviously, extraction temperature of 95°C
is the maximum allowed for the analysis of aqueous
samples, which is thus chosen for further experiments.
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Figure 2 — Extraction efficiency of DDT, DDD and DDE as function of extraction temperature

Optimization of extraction and pre-incubation
time

In order to transfer an analyte to the headspace,
it is necessary to heat the sample before extraction.
In the present case the OCPs studied exhibit
low solubility and volatility, so heating prior to
extraction obviously enhance analyte transfer
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between liquid and gaseous phases. To determine
the optimal pre-incubation time, water samples
containing OCPs in a concentrations of 100 ng/L
were analyzed using extraction times of 0; 5;
10;15; 20; 25 and 30 min. Figure 3 illustrates the
pre-incubation time profiles of OCPs using the
100-pm PDMS fiber. The pre-incubation time of 5
min was selected as optimal.

—a—p,p'-DDT
—e—p,p'-DDD
—4—p p'-DDE
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25—_ ./'/—‘\.—.7,/-

Incubation Time, min

Figure 3 — The pre-incubation time profiles
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Increasing extraction time typically leads to an
increasing response of analytes, and consequently,
to reducing detection limits. However, the increase
of extraction time can also lead to a proportional
increase of quantitative determination of error due
to the limited capacity of the polymer coating [11].

To determine the optimal extraction time, water
samples containing OCPs in a concentration of 100
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ng/L were analyzed using extraction times of 5, 10,
15, 20, 25, 30, 40 and 60 min. Figure 4 illustrates the
extraction time profiles of OCPs using the 100-pm
PDMS fiber at the extraction temperature of 95 °C.
The equilibrium in the system is reached after 60
min. The long equilibration time for OCPs can be
explained by their low water solubilities and high
Kow values [11].
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Figure 4 — The SPME extraction time profiles for OCPs with a 100-um PDMS fiber

Therefore, an extraction time of 60 min was
selected to analysis of OCPs water samples.

Effect of addition of an organic solvent and water

Due to the fact that the 3 compounds studied are
all very soluble in organic solvents, such as hexane,
ethyl ether, methanol, and acetone whereas the water
solubility is very low, a small amounts of organic
solvent, not more 20 % [14] apparently is necessary
to produce the homogeneous water samples to be
analyzed. However, it is not recommended to use
PDMS fibers with non-polar organic solvents such
as hexane, dichloromethane and diethyl ether to
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avoid swelling of fiber coatings. Consequently
these solvents a priori were excluded. Further,
we needed a solvent that is freely miscible with
water. It should also be taken into account that the
increase of temperature will promote vaporization
of the organic solvent. To study the effect of polar
organic solvents, we studied 2-propanol, ethanol
and acetonitrile, respectively.

Figure 5 illustrates the effect of solvent nature
on GC-MS response of DDT, DDD and DDE,
respectively, compared to that applying pure water.
It is immediately disclosed (figure 5) that 2-propanol
apparently should be the solvent of choice for these
studies.
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Figure 5 — Effect of solvent nature to response of DDT, DDD and DDE, added to the water sample to be analyzed

Effect of ionic strength

Increase of ionic strength of a water sample
typically provides an increased efficiency of SPME
[2] due a so-called salting out effect. lonic strength
was adjusted by adding exact amount of NaCl:
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0.05; 0.10; 0.15; 0.25 and 0.35 g to 1 mL sample
containing analytes in concentration of 100 ng/L.
All experiments were performed in duplicate
and the results were compared to control samples
without salt. The pH value of the samples was close
to 7.
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—e—p,p'-DDD
—4—p p-DDE

. . R
0,00 0,05 0,10
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Figure 6 — Salting out effect for DDT, DDD and DDE, respectively

adding 0.35 g NaCl to the single samples prior to
extraction and subsequent analysis.

Not surprisingly we find that salting out
significantly influences the GC-MS responses
(figure 6). Hence, further analyses were applying
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Calibration Curves

For quantitative determination of OCPs,
calibration plots were obtained over the concentration
range of 10 — 500 ng/L (for p,p’-DDT) and 5 —
500 ng/L(p,p-DDD and p,p’-DDE), respectively.
Calibration plots have close to perfect linearity
(concentration vs. peak area with correlation

Table 1 — Data from calibration curves

coefficients, R* = 0.9925 (p,p -DDT), 0.9964 (p,p -
DDD) and 0.994 (p,p’-DDE), respectively. The
detection limits were calculated using US EPA
40CFR136 protocol and varied from 1.57 to 2.08
ng/L. The precisions were ranged between 0.03 and
0.06, which is satisfactory for determining OCPs in
water samples. The recoveries of OCPs except the
p,.p’-DDE showed a satisfactory recovery (table 1).

Pesticides Linear range, ng/L R? LOD, ng/L RSD., % (n=3) |Recovery, %
p.p’-DDT 10 - 500 0.9925 1.57 7.37 71
p.p’-DDE 10— 500 0.994 1.7 10.9 45
p,p’-DDD 10— 500 0.9964 2.08 7.74 64

Analysis of authentic samples

Authentic samples were obtained from a lake
and a stream located in the close vicinity of a for-
mer storehouse of pesticides in village Beskainar
(Talgar district, Almaty oblast). A small stream falls
into lake from the spring through the storehouse.
The lake is located at position 43°13°19.78” N, 77°
6°39.83”E at a height of 1471 m above the sea level
and storehouse is located at position 43°13°16.31”
N, 77° 6°50.55” E at a height of 1487 m.

All real samples were prepared according to the
above mentioned procedure and analyzed by SPME/
GC/MS. p,p’-DDE, p,p’-DDD, and p,p -DDT were
found in all samples. The highest concentration
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