Off-line SPE and GC-MSD ion trap fοr monitoring pesticides in aquatic systems
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ABSTRACT


Α rapid method for the analysis at trace levels of 96 target analytes

in aquatic systems has been developed. The analyte list includes pesticide parent compounds from a variety of chemical and biological classes αηd some of their ma jor metabolites and degradation products. Analytes were extracted from 1L filtered water samples by of f-line solid phase extraction (SPE) οn three tandem Cl8 Sep-Pak cartridges. The sorbed analytes eluted with ethyl acetate weτe determined by gas chromatography-ion trap mass spectrometry (GC-ITMS), the mass spectrometer operated in the electron impact (ΕΙ) ionization mode. The mean recoveries at the 0.5 ppb fortification level for the two thirds of the analytes ranged from 75 tο 120% the recoveries of less than one third of the analytes ranged from 50 to 75% and the recoveries of the 10 relatively most polar analytes ranged from 12 to 509.

The limit of detection (LOD) for 69 analytes was 0.01 ppb οr better; the LOD f οr 18 analytes was 0.05 ppb or better; for captan, carbofenothion, decamethrin, demeton-S-methyl sulphone, fensulfothio,, deisopropylatrazine and metamitron the LOD was 0.1 ppb and for chloridazon and tetradifon 0.5 ppb. The analyte identification process following each chromatographic run was completed in less than two min. Identifications were made at S/Ν>3. Quantificatification of the majority of the analytes was made at the base mass. The system was evaluated for monitoring pesticides in surf ace and ground water samples of Macedonia, Greece:

INTRODUCTION

The occurrence of pesticides and their conversion products in aquatic

Systems is of major concern world-wide. Pesticide monitoring studies ίn the Axios River basin  indicated that with respect to surface and ground water quality about 120 pesticides including also some of their major concersion products are of main environmental concern in this area (1&2). Ιn these studies analyses were made using GC in association with selective detection systems (NPD, FPD, ECD and MSD) and HPLC-DAD (3). Α rapid system f or the reliable identification and determination at trace levels of most of the GC-amenable compounds of interest is described here.

EXPERIMENTAL SECTION

Α Τracker/Μagnum iοn trap mass spectrometer (ITMS) (Finnigan ΜΑΤ) associated with a Varian (Varian Instruments) , Model 3300, gas chromatograph was used. The system was controlled by the Magnum (Finnigan ΜΑΤ) data system operated οn an ΙΒΜ compatible computer. Details about the operating conditions of the GC-ITMS system, sample preparation and analyte identification and quantification procedures are given in Reference (4).

RESULTS AND DISCUSSION

Α wide chemical range of 96 compounds (triazines, chloracetanilides, phenylureas, dinitro-anilines, organophosphorus, pyrethroids, organochlorines and miscellaneous other chemical classes) including also some of their major metabolites and degradation products comprised the target analyte list of this project. The list of the analytes of interest is presented in Table 1.

The mean recoveries at the 0.5 ppb level for the majority of the analytes (60 compounds) extracted by SPE ranged from 75 to 120%. The respective recoveries of 26 analytes ranged from 50 to 75%. The latter group contains the most lipophilic compounds among the target analytes such as the organochlorines and the pyrethroids. For these compound despite of their high (1000 ml) breakthrough volumes, relatively low recovery values were also recorded when water samples were analysed by οn-line SPE-HPLC-DAD system utilising PRP-1 cartridges (5).

The mean recoveries of the relatively polar analytes (chloridazon, fenpropimorph, deethylatrazine (G-30), isofenphos, metamitron, molinate and monocrotophos) ranged from 30 to 50%, while the respective recoveries of the most polar analytes including demeton-S-methyl sulphone, dimethoate and deisopropylatrazine were 18.4, 24.1 and 12.2%, respectively. The low recoveries of the polar analytes were obviously due to the fact that the sample volume exceeded by far their respective breakthrough volumes (5).

The precision of the SPE system, expressed by the Relative Standard Deviation (R.S.D.) of the mean recoveries values derived from the analysis of triplicate samples fortified at 0.5 ppb, f or the majority of the analytes was better than 109 (Table 1). The R.S.D. values of chloridazon, decamethrin, demeton-S-methyl sulphone, fenpropimorph, metamitron and molinate ranged from 14 to 18%. These analytes, except for decamethrin, are among the most polar compounds included in the target analyte list, their recoveries being 50%, and the feasibility of GC analysis marginal.

Ιn order to evaluate the SPE system, the recoveries of analytes when 1 L fortified samples at 0.5 ppb extracted by liquid-liquid partition (LLP) with dichloromethane were also determined. The profile of the % mean recovery values was approximately the same by both extraction methods while the extraction precision, expressed by the respective R.S.D. values, was slightly better with SPE than LLP (Table 1). The mean recoveries of the polar analytes, except for monocrotophos, as expected, were higher when samples were extracted by LLP while the recovery of molinate was approximately the same by both LLP and SPE (Table 1). Apparently, the most significant parameter in reduced recovery values of the thiocarbamate herbicide, molinate, is its relatively high vapour pressure and as a result a substantial amount is lost during concentration of either the dichloromethane or ethyl acetate extract. Therefore, 

for the extraction of the target analytes from water samples a SPE technique was selected as being as efficient, more precise, more environmentally friendly, less dangerous to the analyst and much faster than the conventional lίquid-liquid partition (LLP) method. However, water extracts derived by LLP were significantly cleaner than the respective extracts derived by SPE.

The LOD fοr more than the two thirds ( 65 compounds) of the analytes of interest was better than 0.01 while among these compounds 53 analytes could be detected at less than 5 ρρt level. For 19 analytes (chlorpyrifos-ethyl, chlorothalonil, desmetryn, dimethoate, endosulfan Ι &ΙΙ,

endosulfan sulfate, endrin. ethion, fenvalerate ΙΙ, flutriafol, heptachlor epoxide, 1inuron, monocrotophos, paraoxon. paraoxon-methyl, pyrazophos, quinalphos and triazophos) the LOD was set at 0.05 ppb. For captan, carbofenothion, decamethrin, demeton-S-methyl sulphone, fensulfothion, deisopropylatrazine (G-28) and metamitron the LOD was set at 0.1 ppb while for chloridazon and tetradifon the 0.5 ppb level.

The LOD values reported in Table 1 are comparable and in some cases they are even better than those reported by Mattern et al (1991) for 20 pesticides extracted from surf ace waters by SPE on XAD-2/XAD-7 resins and analysed by CG/ITMS operated in the chemical ionisation mode (CI). However, Mattern et a1. (1991) defined LODs at S/Ν>5 whereas ίn this work the finger print information of the ΕΙ spectra allowed reliable identifications based on  full mass spectra scans at S/Ν>3. The lower sensitivity attained at the ΕΙ mode due to more fragmentation of the analytes is compensated by the increased confirmatory structural information of the ΕΙ mass spectrum.

The system operated in the auto-search/auto-integration mode was evaluated with the analysis of field surf ace and ground waters collected from the Axios River basin. Ιn Figure 1 are shown sample data from the analysis of a samples collected from the Axios River at the Greek/FYROM boarder in June, 1994. Molinate, a-BHC and b-BHC were found at 0.017, 0.070 and 0.010 ppb level, respectively. Ιn Figure 2 are shown data from the analysis of a soil water sample taken from 160 cm depth of a corn field located in the same area. Ιn this sample, deethylatrazine (G-30), atrazine, carbofuran and lindane at 0.216, 0.230, 0.146 and 0.535 ppb level, respectively, were determined.

CONCLUSIONS


Α GC-ΙΤΜS system operated in the ΕΙ mode and associated with off​-line 

SPE of field water samples can be used routinely in pesticide analysis at the low ρρt level.

The inherent increased sensitivity of the ion trap MS a1lοws the use of the analyte full scan

mass spectra reliable identification even at the low levels detection and/or determination.
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Table 1. Retention times (min), quantification masses, % mean recoveries and respective R.S.D. values and LODs of the target analytes.

	Pesticide
Reten.
Quant.
% Mean
& Mean
LOD

	

Time
Mass
Recoverya
Recoverya
ppb

	

(min)
(m/z)
(R.S.D.)
(R.S.D.)

	



LLP
SPE

	alachlor
23.19
160
92 (10)
94 (3)
0.005

	aldrin
25.26
66
37 (4)
59 (5)
0.01

	ametryne
23.45
227
78 (13)
65 (8)
0.01

	atrazine
20.26
200
97 (1)
93 (9)
0.005

	azinphos-ethyl
37.45
132 (90%)
99 (1)
78 (4)
0.01

	azinphos-methyl
36:11
132 (70%)
109 (2)
94 (2)
0.01

	α-BHC
19.26
181
69 (12)
67 (8)
0.005

	b-BHC
20.18
183
84 (9)
86 (3)
0.005

	γ-BHC
20.40
181
74 (8)
82 (7)
0.005

	d-BHC
21.44
181
90 (9)
89 (2)
0.01

	cadusafos
19.08
159
85 (8)
82 (4)
0.01

	captan
27.33
79
105 (16)
87 (3)
0.1

	carbofenothion
32.25
157
75 (14)
51 (6)
0:1

	carbοfuran
20.11
164
106 (1)
112 (5)
0.005

	chlorfenvinphos
27.18
267
79 (8)
92 (2)
0.005

	chioridazon
32.48
77
40 (32)
34 (18)
0.5

	chlorobenzilate
31.03
139 (95%)
108 (3)
94 (3)
0:005

	chloropropylate
31.02
251
87 (9)
90 (2)
0.005

	chlorothalonil
21.14
Ζ66
95 (6)
90 (3)
0.05

	chlorpyrifos-ethyl
25.19
197 (70%)
87 (9)
75 (5)
0.05

	chlorpyrifos-methyl      23:02
286
84 (4)
79 (4)
0.005

	chlorthiophos
31.28
269
74 (11)
54 (10)
0.01

	coumaphos
39.36
362
106 (5)
86 (9)
0.01

	cyanofos
20.52
109
77 (7)
80 (7)
0.005

	o,p-DDE
28.21
246
66 (4)
59 (6)
0.005

	pp,-DDE
29.43
246
71 (4)
57 (8)
0.005

	DDD
31.2
235
83 (11)
72 (1)
0.01

	DDT
32.45
235
103 (5)
72 (5)
0.005

	decamethrin
52.0
181
92 (8)
52 (18)
0.1

	demeton-S-methyl
24.14
169
102 (21)
18 (15)
0.1

sulfone

	desmetryn
22.43
213
95 (11)
76 (10)
0.05

	dialifos
37.55
208
89 (12)
88 (3)
0.01

	diazinon
21.06
179
85 (8)
86 (3)
0.005

	dicofοl
26.01
139
105 (5)
55 (9)
0.01

	dieldrin
29.50
79
95 (10)
89 (1)
0.01

	dimethoate
20.00
125 (50%)
88 (4)
24 (7)
0.05

	endosulfan Ι
28.45
195 (90%)
76 (12)
99 (2)
0.05

	endosulfan ΙΙ
31.06
195
97 (5)
92 (3)
0.05

	endosulfan sulfate
32.38
272
112 (6)
89 (5)
0.05

	endrin
30.42
81
84 (9)
94 (1)
0.05

	ethion
       31.25     231
       89 (1)
       76 (6)
       0.05

	ethofumesate
       24.43     207
        93 (1)
       85 (5)
       0.005

	
fenitrothion
24.29
125
96 (10)
88 (5)
0.01

	
fenpropimorph
25.41
128
67 (22)
21 (12)
0.01

	
fensulfothion
31.08
293
82 (8)
74 (7)
0.1

	
fenvalerate Ι
47.00
125
100 (7)
55 (10)
0.01

	
fenvalerate ΙΙ
48.16
125
98 (1)
56 (10)
0.05

	
fluometuron
18.00
72
84 (10)
84 (3)
0.005

	
flutriafοl
29.04
123
109 (1)
75 (4)
0.05

	
formothion
22.21
93
80 (11)
62 (1)
0.01

	
G-28
18.25
173
21 (9j
12 (4)
0.1

	
G-30
18.38
172
65 (4)
31 (6j
0.01

	
heptachlor
23.41
100
43 (9)
66 (3)
0.01

	
heptachlor epoxide
27.10
81 (85%)
78 (11)
85 (2)
0.05

	
isofenphos
27.10
58
77 (13)
44 (10)
0.01

	
linuron
24.49
61
94 (11)
95 (5)
0.05

	
malathion
24.58
125 (95%)
113 (5)
99 (2)
0.01

	
malaoxon
23.15
127
111 (8j
120 (5)
0.01

	
metamitron
30.14
104
59 (3)
20 (14)
0.1

	
metalaxyl
23.42
206
102 (7)
98 (2)
0.005

	
methacrifos
15.19
125
62 (4)
59 (6)
0.01

	
methidathion
28.10
145
100 (2)
85 (3)
0.005

	
methoxychlor
34.54
227
126 (4)
82 (7)
0.01

	
metolachlor
25.15
162
94 (2)
80 (8)
0.005

	
metobromuτon
22.26
61
98 (9)
88 (2)
0.01

	
mevinphos
13.41-
127
68 (5)
71 (2)
0.0005


(cis/trans)
13:46





	
molinate
16.18
126 (95%)
48 (12)
48 (18)
0.005

	
monocrotophos
19.07
127
11 (13)
32 (8)
0.05

	
monolinuron
20.22
61
86 (10)
78 (3)
0.005

	
parathion
25.37
109
94 (9)
91 (6)
0.01

	
parathion-methyl
23.15
109
89 (10j
97 (3)
0.003

	
paraoxon
23:59
109
82 (9)
93 (4)
0.05

	
paraoxon-methyl
21.32
109
76 (14)
89 (6j
0.05

	
pendimethalin
26.49
252
97 (4)
72 (2)
0.005

	
cis-permethrin
39.17
183
100 (3)
53 (9)
0.005

	
trans-permethrin
39.37
183
105 (7)
67 (4)
0.005

	
phenthoate
27:31
274
86 (10)
78 4)
0.01

	
phosalone
36.00
182
89 (10)
93 (3)
0.01

	
phosmet
34.29
160
95 (5)
99 (5)
0.005

	
pirimifos-ethyl
26.21
168 (80%)
83 (6)
73 (5)
0.005

	
pirimifos-methyl
24.26
276 (90%)
74 (11)
78 (5)
0.01

	
procymidone
27.39
96
84 (11)
86 (7)
0.005

	
prometryne
23.59
184
100 (4)
73 (6)
0.001

	
ρrοpach1οr
17.35
120
80 (1)
73 (4)
0.005

	
propanil
22.50
161
101 (5)
83 (8)
0.01

	prothoate
23.02
115
78 (10)
76 (4)
0:01

	pyrazophos
37.22
221
88 (8)
88 (1)
0:05

	
quinalphos
27.35
146
89 (4j
79 (2)
0.05

	
simazine
20.14
201
72 (11)
87 (1)
0.005

	terbumeton
              20.36     210                 79 (17)
  77 (8)
      0.01

	
terbuthylazine
       20.56     214
            93 (4)              75 (8)
      0.005

	
terbutryne
       24.33     226
            83 (5)              71 (9)
      0.01

	
tetrachlorvinphos           28.25     109 (90%)      93 (7)              114 (3)
      0.005

	
tetradifon
       35.43     75
            91 (2)               82 (1)
      0.5

	
triazophos
       31.59     161
            89 (7)               93 (4)
      0.05

	
trifluraline
       18.44     306
            52 (16)             69 (2)
      0.005


α/. Mean recoveries weτe determined at 0.5 ppb fοrtification level.

[image: image1.jpg]



[image: image2.jpg]Auto Integration Spectrum Match

e g G2
Ll R
b Tk

Tigure 2. Samph data from the anslysts by GCITMS of 3 soil water sample
collected from a comn fleld.




