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Abstract Direct injection (DI) and solid phase extraction (SPE) methods for the simultaneous determination

of pendimethalin (PDM) and dinoseb (DNS) in environmental water have been optimized using the ultra

performance liquid chromatography–tandem mass spectrometry (UPLC–MS/MS) method. The limits of

quantification (LOQs) of PDM and DNS were 0.01 µg/L using the DI method and 0.0001-0.0002 µg/L using

the SPE method. The precision by SPE UPLC-MS/MS was less than 11 % for intra-day and inter–day analyses.

When the proposed SPE method was used to analyze two analytes in environmental water, PDM was detected

in a concentration range of 0.0002-0.011 µg/L in 31 samples of the 114 surface water samples, and DNS was

detected in a concentration range of 0.0005-0.045 µg/L in 17 samples of the 114 surface water samples analyzed.

When the DI method was used to analyze target compounds in the same samples, the detected concentrations

of the two analytes were within 21% in samples with concentrations above 0.01 µg/L. The DI UPLC–MS/

MS method can thus be used for the routine monitoring of PDM and DNS in environmental water, and the

SPE LC–MS/MS method can be used for the determination of the ultra-trace PDM and DNS residues in

environmental water.

Key words: pendimethalin, dinoseb, ultra performance liquid chromatography–tandem mass spectrometry, direct

injection, environmental water 

1. Introduction

Pendimethalin (PDM, N-(1-ethylpropyl)-2,6-dinitro-

3,4-xylidene) and dinoseb (DNS, 2-sec-butyl-4,6-

dinitrophenol) (Table 1) are used as selective herbicides

both before the sprouting of weed seeds and early

postemergence to control most annual grasses and

certain broadleaf weeds. Pendimethalin is slightly

toxic if ingested, inhaled, or absorbed through the

skin and is a mild skin irritant. DNS is a highly to

extremely toxic compound, and is classified as a

possible human carcinogen.1

PDM and DNS are expected to biodegrade slowly,

adsorb into soil and have low volatility, low mobility,
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and low water solubility, and thereby present a high

persistence in soil and sediments.1-3 Therefore, it is

thought that these pesticides may exist in very trace

amounts in surface water and drinking water. 

PDM and DNS are considered potential surface

and drinking water pollutants. The US EPA set a

maximum drinking water contaminant level of 7.0 µg/

L for DNS,4 while the WHO proposed a guideline

value of 20 µg/L for PDM in drinking water.5 A

European Union directive (98/83/EC) set a maximum

admissible concentration at 0.1 µg/L for each individual

pesticide and 0.5 µg/L for total pesticides in drinking

water.6 Germany set a quality target concentration of

0.27 µg/L for PDM in surface water for aquatic life,7

and Canada and Netherlands, respectively, set quality

target concentrations of 0.05 µg/L and 0.03 µg/L for

DNS in surface water for aquatic life.7 Monitoring,

in this context, therefore requires sensitive analytical

Table 1. Structure, molecular weight, precursor ion, product ions, fragment voltage, and collision energies of PDM, PDM-d5
and DNS

Full name Structure CAS No
Molecular

formula

Molecular 

weight

Ion

 mode

Precursor 

ion (m/z) 
Product ions (m/z)

Fragment 

voltage 

(V)

Collision 

energy 

(eV)

PDM 40487-42-1 C13H19N3O4 281.31 Positive
282

[M+H]+

*212 [M+H-C(C2H5)2]
+

194 [M+H- OHCH(C2H5)2]
+

91[C6H3 NH2]
+

50

1

15

25

PDM-d5 1219803-39-0 C13H14D5N3O4 286.34 Positive
287

[M+H]+

*213[M+H--CD(C2D2H3)2]
+

194[M+H- OHCD(C2D2H3)2]
+

91[C6H3 NH2]
+

50

3

13

19

DNS 88-85-7 C10H12N2O5 240.21 Negative
239

 [M-H]-

* 193 [M-H-C3H10]
-

163 [M-H- C4H12O]-

134 [M-H - C4H9O3]
-

80

23

33

33

*Quantification ion

Table 2. Comparison of analytical methods for determining of PDM and DNS in environmental water

Ref Analyte Matrix
Sample

 preparation
Measurement

Detection limit (µg/L)

LOD LOQ

8 PDM Water SPE (C 18) GC-ECD 0.08 -

10 PDM SW SPE GC-ECD 0.008 -

11 PDM SW SPE GC-ECD 0.02 0.06

13 PDM
Environmental 

water samples
LLE GC-NPD 20 -

18 PDM Water SPE GC-MS/MS - 0.013-0.022

19 PDM DW SPE(C18) GC-MS - 0.01

20 PDM SW SPE GC-MS 0.02 -

21 PDM Water SPE GC-MS - -

23 DNS DW Derivatization GC-MS 0.005 -

26 PDM SW SPE (C18) HPLC 0.5 -

29 DNS DW SPE HPLC - -

31 DNS WW SPE LC-MS/MS 5.0 -

This Study

PDM

DNS
SW and DW Direct LC-MS/MS

0.003

0.003

0.01

0.01

PDM

DNS
SW and DW SPE (MCX) LC-MS/MS

0.00003

0.00007

0.0001

0.0002

SW=Surface water; DW=Drinking water; WW= Wastewater; SPE=solid-phase extraction; LLE=liquid-liquid extraction
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methods with substantially lower detection limits

than required by the guideline values or target

concentrations established by various nations.

A wide range of analytical methodologies has been

developed to monitor for PDM or DNS in foods and

environmental samples. Most of these procedures

are based on determining PDM and DNS by gas

chromatography techniques coupled to either an

electron–capture detector,8-11 a nitrogen phosphorous

detector,12,13 a flame ionization detector,14 or a mass

spectrometry detector (GC–MS),15-23 or high

performance liquid chromatography (HPLC).24-30 Some

of these methods were applied in environmental

water,8,10,11,13,18-21,23,26,29,31 as described in Table 2.

The detection limits of these analytical methods 8,18-20

are 0.01–0.08 µg/L, which has been found to be

sufficiently sensitive to measure the water quality

target concentration (0.1 µg/L) for PDM in drinking

water as established by the EU. Otherwise, these

analytical methods have been limited for determining

PDM in water and no method has met the detection

limit for the water quality target concentration

(0.03 µg/L) for DNS in surface water as established

by the Netherlands. GC–MS has been widely used in

various matrices due to its high sensitivity and

selectivity, but requires more purification and

concentration, and especially derivatization for DNS

Tandem mass spectrometry (MS/MS) has been

developed to monitor DNS in foods and environmental

samples.30-32 The methodology31 was to measure DNS

concentrations in waste water in view of a photocatalytic

degradation assay, and this method did not meet the

quality target concentration for DNS in surface water

as established by the Netherlands. In addition, no

LC–MS/MS method has been published to quantify

PDM until now. 

The simultaneous monitoring of PDM and DNS in

surface water may require a different analytical method

than the methods published until now because of

such different physical and chemical characteristics

such as the former being basic and the latter acidic.

The objective of this study was to develop a rapid

and simple direct injection (DI) UPLC–MS/MS

method, and an ultra-sensitive UPLC–MS/MS method

after SPE extraction of PDM and DNS from surface.

This study focused on optimizing the parameters of

UPLC–MS/MS, and the simultaneous extraction of

PDM and DNS in water. Three types of SPE cartridges

were tested and compared in terms of their extraction

efficiencies and matrix effects. The developed methods

were applied in the analysis of 114 surface water

samples. 

2. Experimental

2.1. Materials

PDM (99 %) and DNS (99 %) were purchased from

Sigma-Aldrich (St. Louis, MO, USA). PDM–d5 (99 %)

(internal standard) was purchased from Toronto

Research Chemicals Inc. (North York, ON, Canada).

Analytical grade KOH and HCl (Sigma and Aldrich,

St. Louis, MO, USA) were used as reagents and

methanol and acetone (E. Merck, Darmstadt, Germany)

were used as solvents. The pure water used in this

study was purified by a Milli–Q–Reagent–Grade water

system (ZD 20) and had a resistivity of over 17 MW.

Several cartridges were purchased from Waters

(Milford, MA, USA). A hydrophilic–lipophilic balance

(HLB) cartridge (200 mg, 6.0 mL), mixed-mode cation

exchange (MCX) cartridge (150 mg, 6.0 mL), and

Sep–Pak C18 (360 mg, 6.0 mL) were evaluated to

determine PDM and DNS. The cartridges were initially

conditioned according to manufacturer instructions, in

order to remove contaminants and to stabilize the

solid phase. Conditioning was carried out with

methanol and pure water.

2.2. Water sampling

Surface water samples were collected without

headspace in 1.0 L dark glass bottles containing 100 μL

of 6.0 M HCl from 114 basins in the Han, Nakdong,

Gum, and Youngsan rivers. The sampling sites were

selected to uniformly represent all streams of the

rivers. 

2.3. Extraction procedure

2.3.1. DI Procedure

A pH modifier with a volume of 10.0 μL (10 mM
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HCl) and 25.0 μL of the internal standard (0.1 mg/L)

were added to 1.0 mL of a sample. The solutions

were passed through 0.20 µm PTFE syringe filters

from Advantec (Tokyo, Japan). A 20.0 µL aliquot of

the solution was injected into the UPLC–MS/MS

system. 

2.3.2. SPE procedure

The method was developed and optimized using

ultra-pure water spiked with working standard solution

to produce concentrations of 50.0 ng/L for two

analytes in the spiked sample. The efficiency of the

SPE cartridges to extract the compounds from water

was tested. For the optimum pH–value of the water

sample, cartridges were preconditioned with 5.0 mL

of methanol, and then with ultra-pure water (3 × 5 mL)

with a pH–value of 1, 2, 3, 4, 5, 6, 7, 8, or 9

depending on the pH–value of the water sample that

is subsequently applied to the column. The water

samples were then drained into the cartridges for 50

min after the pH was adjusted with 1.0 M HCl or 1.0

M KOH. After being loaded, the cartridges were

cleaned with 1.0 mL ultra-pure water and dried

under vacuum for 5 min, and were then eluted to 20

mL test tubes from the sorbents with 6.0 mL of

methanol at a flow rate of 1.0 mL/min. The eluants

were dried under a nitrogen stream at room temperature.

The solution was dissolved with 100 µL of water

and 50.0 µL methanol and a 10.0 µL aliquot of the

solution was injected into the UPLC–MS/MS system.

For the real sample analysis, a MCX cartridge was

preconditioned with 5.0 mL of methanol, and then

with ultra-pure water (3 × 5 mL). The water samples

were then drained into the cartridges for 50 min after

the pH was adjusted to 3.0, after which 1.0 M HCl

and 25.0 ng of PDM–d5 were added. After being

loaded, the cartridges were cleaned with 1.0 mL

ultra–pure water and dried under vacuum for 5 min,

and were then eluted to 20 mL test tubes from the

sorbents with 6.0 mL of methanol at a flow rate of

1.0 mL/min. The eluants were dried under a nitrogen

stream at room temperature. The solution was dissolved

with 100 µL of water and 50.0 µL methanol, and a

10.0 µL aliquot of the solution was then injected into

the LC–MS/MS system. 

The developed method was verified by checking

detection limits, recoveries, precision, and accuracy

directly or in 0.5 L surface water and drinking water

filtered through pre–combusted Whatman glass

microfiber GF/F filters (0.7 µm) followed by Advantec

membrane filters (0.45 µm) and spiked with various

concentrations of the target compounds. 

2.4. UPLC-MS/MS

The ultra–performance liquid chromatography

was an Agilent 1200 series (Agilent, Santa Clara,

CA, USA) equipped with a binary pump, on–line

vacuum degassing system, and autosampler. Analytes

were separated using a 50 × 2.1 mm Eclipse Plus–

C18 column with a 1.8 µm pore size (Agilent, Santa

Clara, CA, USA). A binary gradient with a flow rate

of 0.2 mL/min was used. Mobile phase A contained

0.05 % formic acid in water, while mobile phase B

was acetonitrile. The gradient was as follows: B =

20 % at first, increased to 50 % by 3.0 min, increased to

90 % by 4.5 min, increased to 100 % by 6.0 min, and

held for 0.5 min. All of the compounds eluted within

10 min. 

MS/MS detection was performed on an Agilent

6460 series Triple Quadruple instrument (Agilent,

Santa Clara, CA, USA). The mass spectrometer was

operated with electrospray ionization in the positive

ion mode (ESI +) and negative ion mode (ESI −)

alternating between the modes. Capillary voltage

was set to 4.0 kV. The source temperature was

120 °C and the desolvation temperature was 350 °C.

Nitrogen was used as a desolvation gas (flow 600 L/

h). Detection was performed in a multiple reaction

monitoring (MRM) mode. Fragment voltage and

collision energy were optimized for PDM and DNS,

respectively (Table 1). 

2.5. Calibration and quantification 

The calibration curves of PDM and DNS for direct

injection were established by adding 10.0 pg – 1.0

ng of PDM and DNS in standard solution (0.001 or

0.01 mg/L in methanol) and 0.25 ng of PDM–d5

internal standard solution (0.01 mg/L in methanol) to
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1.0 mL pure water. The solution was directly injected in

the UPLC–MS/MS system.

The calibration curves of PDM and DNS for the

SPE were established by adding 50.0 pg – 50 ng of

PDM and DNS in standard solution (0.001 – 1.0 mg/L

in methanol) and 2.5 ng of PDM–d5 internal standard

solution (0.1 mg/L in methanol) to 0.5 L pure water.

The solutions were extracted with the established

SPE method and the extract was injected in the

UPLC–MS/MS system. 

Ions selected for quantification and confirmation

are presented in Table 1. The ratio of the peak area of

the standard to that of the internal standard was used

in the quantification of the compound.

3. Results and Discussion

3.1. UPLC-MS/MS optimization

The positive electrospray ionization MRM mode

alternating between the modes was applied to test

mass spectrometric performance for PDM and the

negative electrospray ionization MRM mode was

applied to test mass spectrometric performance for

DNS. Acquisition parameters were optimized for each

compound (0.1 mg/L with 10.0 µL injection volume),

with the best response observed simultaneously in the

positive and negative electrospray ionization MRM

modes by monitoring the reaction m/z 282 > 212 for

PDM, 287 > 213 for PDM-d5 (IS), and 239 > 193

for DNS. Table 1 shows MRM transition and individual

cone voltage, as well as collision energy voltages

applied for the analytes. Precursor ions of [M+H]+

and fragment ions, formed by the loss of [C5H10]

from the PDM [M+H]+ ion, and precursor ions of

[M-H]− and fragment ions, formed by the loss of

[C3H10] from the DNS [M-H]−, were characteristic.

3.2. Optimization of the mobile phase

In this study, a series of preliminary experiments

were performed testing different mobile phases in

order to achieve good peak shape and high sensitivity.

To achieve the optimum resolution with the interference

peaks and maximum sensitivity, four different types

of mobile phases were evaluated: formic acid, acetic

acid, ammonium formate, and ammonium acetate. 

The sensitivity of the peaks was improved after the

addition of formic acid to water as the aqueous

phase. In particular, it was observed that the sensitivity

was doubled when the concentration of formic acid

was decreased from 0.5 to 0.05 % for PDM detected

in the ESI + mode. On the contrary, DNS sensitivity

was quadrupled when the concentration of formic

acid was increased from 0.005 to 0.05 % for DNS

detected in the ESI – mode. Therefore, 0.05 % formic

acid was finally chosen as the binary component for

the mobile phase in this study. For the LC separation

of the analytes, the use of the non-polar stationary

phase was found to be efficient. 

The retention times of DNS, PDM, and PDM-d5

were 5.441, 5.994, and 5.998 min, respectively, and

all of the compounds were analyzed within 7 min.

3.3. Optimization of SPE method

Since PDM and DNS may be present in surface

and drinking water at trace levels, preconcentration

using an appropriate sorbent can be a necessary step

in sample preparation. In this study, three types of

cartridges were selected for evaluating the extraction

efficiency of the analytes. Methanol was chosen as a

common eluting solvent for evaluating the SPE

performance. Acceptable reproducibility on Sep–Pak

C18 (117 ± 26.5 % for PDM and 94.6 ± 22.7 % for

DNS) were observed for PDM and DNS and

improved reproducibility and recoveries (109 ± 15.8 %

for PDM and 92.2 ± 11.3 % for DNS) were observed

on HLB. Waters Oasis MCX copolymer cartridges,

which have the property of retaining acidic and basic

compounds, generated the best recovery and

reproducibility (100 ± 2.94 % for PDM and 105 ±

3.76 % for DNS). Considering recoveries and

reproducibilities, MCX was selected for further SPE

method development. 

The pH–value of the water sample that will result

in the highest recovery for the tested analyte was

optimized. The selected pH–values were: 1, 2, 3, 4,

5, 6, 7, 8, and 9. The results showed that extraction

recovery was optimized at a pH of 2–3 for PDM and

at a pH of 3–4 for DNS. Accordingly, pH 3 was
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chosen as the best pH value for simultaneously

determining PDM and DNS.

3.4. Method validation

3.4.1. DI method

In the DI method, the sample preparation was

limited to a filtration step to eliminate the particulate

matter present in the samples and the internal standard

at 2.5 μg/L. Regarding the filtration step, water samples

were passed through 0.45 µm membrane filters.

Due to the very low levels of PDM and DNS that

may be present in natural water, a pre-concentration

procedure as solid phase extraction10,11,18–21,26,29,31 is

necessary in order to obtain the desired levels of

analytical sensitivity. As awareness of the development

of more sensitive analytical instrument continues to

grow, the direct injection of samples has begun to be

looked at as a way to improve inefficient laboratory

Fig. 1. Comparison of LC-MS/MS chromatograms of PDM by DI and SPE.
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procedures for environmental analysis. This method

has clear advantages compared to procedures combining

concentration and extraction, such as no sample

manipulation, smaller sample volume requirements,

and an increase in the number of samples that can be

processed per unit of time. In addition, this method

can be done under severe problems of high interference,

short column life time, and ion suppression. All of

which further should be improved in order to acquire

good quality analytical data.

These developed UPLC–MS/MS conditions were

applied to the DI method to detect PDM and DNS in

water. Fig. 1 and Fig. 2 show the UPLC–MS/MS

chromatograms of the spiked sample and real sample

having the concentration of LOQ. No interfering

peak was present close to the retention time of PDM

in the chromatograms of Fig. 1 when the selected

ions were used. Peaks in the chromatogram of the

Fig. 2. Comparison of LC-MS/MS chromatograms of DNS by DI and SPE.
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selected confirmation ions obtained by DI at levels

under 0.03 µg/L of DNS (Fig. 2) were not symmetrical,

possibly due to overlap with impurity peaks. Otherwise,

no interfering peak was present close to the retention

time of DNS in the chromatogram of the quantification

ion (Fig. 2). For exact quantification, the DI–UPLC–

MS/MS method is recommended to detect DNS

above 0.03 µg/L in surface water.

The LODs and LOQs were determined as the

sample concentration producing a peak height 3 and

10 times that of the baseline noise, respectively. The

LOQs were subsequently verified using surface

water matrix spiked at 0.01 µg/L for PDM and DNS.

The LOD and LOQ of PDM and DNS were calculated

as 0.003 and 0.01 µg/L by the above defined method.

In comparison with other methods, the LOQ was far

lower than that with GC–ECD,8,11 GC–NPD,13

HPLC,26 and LC-MS/MS,31 and was similar to that

with GC–ECD,10 GC-MS,18–20 or GC-MS following

derivatization23 after extraction and concentration as

described in Table 2. The results showed that PDM

and DNS could be quantified at those concentrations

with acceptable precision and accuracy. As observed,

the LOQ of the proposed method was about 10 times

lower than the maximum level in drinking water

established by European legislation6 and about 3

times lower than the maximum level of DNS in

surface water established by the Netherlands.7 

Using the least-squares fit technique, an examination

of the typical standard curve was performed by

computing a regression line of peak area ratios for

analytes to the internal standard (PDM–d5) on the

concentration. This analysis demonstrated a linear

relationship with correlation coefficients of above

0.9996. Linear equations were y = 0.0089x + 0.0110

in the PDM concentration range of 0.01–1.0 µg/L

and y = 0.0043x – 0.0015 in the DNS concentration

range of 0.03–1.0 µg/L. The standard curve was

constructed by computing a regression line of peak

area ratios for analytes to the internal standard

(PDM–d5) on the concentration. Although PDM–d5

has different chemical properties from DNS, this did

not cause any problems with regard to the internal

standard.

Accuracy can be assessed by the relative % of the

concentration in real samples calculated from a

calibration curve constructed with the samples

spiked with standard solutions. Intra-day accuracy

was evaluated by five spiked samples at concentrations

of 0.05 and 0.25 µg/L for PDM and DNS, and inter-

day accuracy was determined by their recovery on

three different days. The accuracy was in the range

of 98.1–102 % and the precision of the assay was

less than 5 %.

3.4.2. SPE method

The sensitive determination of PDM and DNS

was obtained by high recoveries with MCX and high

ion formation by ESI–MS/MS. The LOD and LOQ

were defined as in the DI method. The LODs were

calculated as 0.00003 µg/L and 0.00007 µg/L for

PDM and DNS, and the LOQs were calculated as

0.0001 µg/L and 0.0002 µg/L for PDM and DNS,

respectively.

Using the least–squares fit technique, an examination

of the typical standard curve was performed by

computing a regression line of peak area ratios for

PDM and DNS to the internal standard (PDM–d5)

on the concentration. The linear equation was y =

24.53x–0.0473 for PDM and there was a linear

relationship with a correlation coefficient of 0.9994.

For DNS, the linear equation was y = 14.79x + 0.0845

and a linear relationship with a correlation coefficient of

0.9979 in the concentration range of LOQ–0.1 µg/L.

Accuracy can be assessed by the relative % of the

concentration in real samples calculated from a

calibration curve constructed after the extraction of

the samples spiked with standard solutions to the

spiked concentration. Intra-day accuracy was evaluated

by five spiked samples at concentrations of 0.0005

and 0.0025 µg/L for PDM and DNS, and inter–day

accuracy was determined by their recovery on five

different days. The accuracy was in the range of

96.4–105 % and the precision of the assay was less

than 11 % (Table 3). 

3.5. Real sample analysis

The present developed methods were applied to
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analyze the target compounds in 114 surface water

samples. When the SPE extraction method was used,

PDM was detected in a concentration range of

0.0002–0.011 μg/L in 31 of the 114 surface water

samples. DNS was detected in a concentration range

of 0.0005–0.045 µg/L in 17 of the 114 surface water

samples. 

When the same samples were analyzed by DI and

UPLC–MS/MS, PDM was detected in only one of

the 114 surface water samples and DNS was

detected in a concentration range of 0.012–0.045 µg/

L in 9 of the 114 samples. The detected samples

were in higher concentrations than the LOQ (0.01

µg/L) of PDM and DNS. The results of the DI and

SPE methods were compared as shown in Fig. 3.

The comparison of the DI method with the SPE

method for surface water demonstrated good agreement,

within a margin of 21 % in surface water samples. 

4. Conclusions

A UPLC-ESI-MS/MS method has been developed

for the determination of PDM and DNS in surface

water and drinking water. The major advantages of

the DI UPLC-ESI-MS/MS method are the following:

1) the method allows for determination of PDM and

DNS at trace levels lower than the maximum residue

values permitted for drinking water and surface

water by the EU and the Netherlands 2) the method

is very simple and rapid because of the lack of an

extracting procedure.

The second result obtained from this study was

with regard to the UPLC–MS/MS method that

followed clean-up and concentration with MCX. The

major advantages of the method are the following: 1)

the extraction method of these compounds from

water resulted in a high recovery with small variation 2)

much lower LOQs (0.0001 µg/L for PDM and

0.0002 µg/L for DNS) were obtained and the LOQs

were 150 times lower than the Netherlands guideline

values. The SPE UPLC-MS/MS method can be used

for the determination of the ultra-trace PDM and

DNS residues in environmental water.

Additionally, optimized extraction and instrumental

conditions demonstrated that routine analyses of

PDM and DNS residues in real surface samples can

Table 3. Intra and inter-day laboratory precision and accuracy results for the direct injection and SPE concentration methods
of pendimethalin in water (n=5)

Extraction 

method
Compound

Spiked

Conc.

(ng/L)

Intra-day measured value Inter-day measured value

Mean ± SD 

(ng/L)

Accuracy 

(%)

Precision 

(%)

Mean ± SD

 (ng/L)

Accuracy 

(%)

Precision 

(%)

Direct Injection

Pendimethalin
50.0 49.6 ± 2.41 99.2 4.86 51.1 ± 2.30 102 4.50

250 250 ± 10.0 100 4.00 249 ± 9.92 99.7 3.98

Dinoseb
50.0 50.6 ± 2.30 101 4.55 49.7 ± 2.37 99.5 4.76

250 254 ± 5.48 102 2.16 245 ± 8.81 98.1 3.59

SPE method

Pendimethalin
0.50 0.49 ± 0.04 98.0 8.54 0.50 ± 0.04 100 7.91

2.50 2.54 ± 0.17 102 6.68 2.47 ± 0.19 98.9 7.66

Dinoseb
0.50 0.50 ± 0.05 99.2 10.7 0.50 ± 0.05 101 10.8

2.50 2.42 ± 0.20 96.9 8.13 2.45 ± 0.23 98.1 9.28

Fig. 3. Comparison of the results of the DI method with the
results of the SPE method.
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be carried out sensitively. The developed methods

confirmed the existence of PDM and DNS residues

in real surface water, providing important tools for

evaluating residual herbicides having different

chemical properties in environmental water. The data

obtained from this method can also be used for the

accumulation of monitoring data and risk assessment. 

References

1. Extention Toxicology Network (EXTOXNET), Pesticide

Information Profile, Available online at http://extoxnet.

orst.edu/pips/ghindex.html.

2. P. W. M. Augustijn-Beckers, A. G. Hornsby, and R. D.

Wauchope, Rev. Environ. Contam. Toxicol., 137, 1-82

(1994).

3. C. MacBean, The Pesticide Manual 16 th (British Crop

Production Council, United Kingdom, 2012). Available

online at http://bcpcdata.com/_assets/files/PM16-supple-

mentary-BCPC.pdf.

4. USEPA (United States Environmental Protection Agency),

National primary drinking water regulations, EPA 822-

R-03-005 (Office of Water, Washington DC, 1998).

Available online at http://water.epa.gov/drink/contaminants/

#List.

5. WHO (World Health Organization), Pendimethalin in

drinking-water, Background document for preparation

of WHO Guidelines for drinking-water quality, (WHO,

Geneva, 2003). Available online at http://www.who.int/

water_sanitation_health/dwq/chemicals/pendimethalin.

pdf.

6. European Council, Drinking Water Guidelines, Council

Directive 98/83/EC on the quality of water intended for

human consumption, (European Council, Brussels, 1998).

Available online at http://eur-lex.europa.eu/legal content/

EN/TXT/?uri=CELEX:31998L0083.

7. UBA (Umweltbundesamt) ETOX, Information System

Ecotoxicology and Environmental Quality Targets database,

(Germany Umweltbundesamt, Sachsen  anhalt). Available

online at http://webetox.uba.de/webETOX/public/search/

ziel/open.do?language=en&language=de.

8. B. Zhang, X. Pan, L. Venne, S. Dunnum, S. T. McMurry,

G. P. Cobb, and T. A. Anderson, Talanta, 75, 1055-1060

(2008).

9. J. L. Tadeo, J. Castro, and C. Sánchez-Brunete, Int. J.

Environ. Anal. Chem., 84, 29-37 (2004).

10. V. I. Valsamaki, V. A. Sakkas, and T. A. Albanis, J. Sep.

Sci., 30, 1936-1946 (2007).

11. L. L. Freitas, E. S. Sant’Anna, E. A. Suchara, V. S. Benato,

and E. Carasek, Int. J. Environ. Anal. Chem., 92, 313-

323 (2012).

12. J. Engebretson, G. Hall, M. Hengel, and T. Shibamoto,

J. Agric. Food Chem., 49, 2198-2206 (2001).

13. N. L. Calvez, L. Bodineau, and J. C. Fischer, Int. J.

Environ. Anal. Chem., 82, 691-703 (2002).

14. M. J. Wells and L. Z. Yu, J. Chromatogr. A, 885, 237-

250 (2000).

15. M. Marković, S. Cupac, R. Durovic, J. Milinovic, and

P. Kljajic, Arch. Environ. Contam. Toxicol., 58, 341-351

(2010).

16. C. Goncalves, J. J. Carvalho, M. A. Azenha, and M. F.

Alpendurada, J. Chromatogr. A, 1110, 6-14 (2006).

17. C. Goncalves and M. F. Alpendurada, Talanta, 65,

1179-1189 (2005).

18. A. Penetra, V. Vale Cardoso, E. Ferreira, and M. J.

Benoliel, Water Sci., 62, 667-675 (2010).

19. M. C. Bruzzoniti, C. Sarzanini, G. Costantino, and M.

Fungi, Anal. Chim. Acta, 578, 241-249 (2006).

20. A. Tanabe, H. Mitobe, K. Kawata, and M. Sakai, J.

Chromatogr. A, 754, 159-168 (1996).

21. W. E. Johnson, N. J. Fendinger, and J. R. Plimmer,

Anal. Chem., 63, 1510-1513 (1991).

22. A. Ranz and E. Lankmayr, J. Biochem. Biophys.

Methods, 69, 3-14 (2006).

23. J. Nolte, B. Grass, F. Heimlich, and D. Klockow, Fresen.

J. Anal. Chem., 357, 763-767 (1997).

24. L. Bartolomé, J. Lezamiz, N. Etxebarria, O. Zuloaga

and J. A. Jönsson, J. Sep. Sci., 30, 2144-2152 (2007).

25. J. Shah, M. R. Jan, F. U. Shehzad and B. Ara, Environ.

Monit. Assess., 175, 103-108 (2011).

26. P. Cabras, M. Melis, L. Spanedda, and C. Tuberoso, J.

Chromatogr., 585, 164-167 (1991). 

27. K. P. Prousalis, C. K. Kaltsonoudis, and T. Tsegenidis,

Int. J. Environ. Anal. Chem., 86, 33-43 (2006).

28. G. Fernandez-Salinero, M. E. Silva-Vargas, M. E. Leon-

Gonzalez, L.V. Pérez-Arribas, and L. M. Polo-Díez, J.

Chromatogr. A, 839, 227-232 (1999).

29. P. R. Loconto, J. Liq. Chrom., 14, 1297-1314 (1991).



204 Hyun-Hee Lim, Tae-Jin Park, Soo-Hyung Lee, and Ho-Sang Shin

Analytical Science & Technology

30. M. C. Jecklin, G. Gamez, D. Touboul, and R. Zenobi,

Rapid Commun. Mass Spectrom., 22, 2791-2798 (2008).

31. G. Perchet, G. Merlina, J. C. Revel, M. Hafidi, C.

Richard, and E. Pinelli, J. Hazard. Mater., 166, 284-290

(2009).

32. K. Takahashi, R. Ishii, S. Nemoto, and R. Matsuda, J.

Food Hyg. Soc. Japan, 54, 1-6 (2013).


