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A LIBRARY REPORT ON THE ANALYSIS OF
PESTICIDES SUBJECT TO INVESTIGATION
FOR THE EUROPEAN COMMUNITIES
COMMISSION

M. TERRENI, E. BENFENATI*, V. PISTOTTI and R. FANELLI
Istituto di Ricerche Farmacologiche “Mario Negri”, Via Eritrea 62, 20157 Milano, Italy

(Received, 10 September 1993; in final form, 12 December 1993)

A recent Report from the Commission of the European Communities indicated a list of eleven pesticides (benazolin,
bromofenoxim, ethofumesate, fenamiphos, maneb, metham-sodium, oxydemetonmethyl, phenmedipham, trichlor-
fon, trichloroacetic acid, ziram) to be studied on an analytical point of view because of their widespread use in
Europe, but which lack of suitable analytical procedures for water samples at the required limit of detection (0.1

ug/.

The present study presents the results of a library search, and indicates the principal procedures presented in
the literature for these pesticides. Useful techniques appeared for some compounds, but for others more studies are
still needed.

KEYWORDS: Pesticides, library search, GC, HPLC, mass spectrometry, water.

INTRODUCTION

Recently the European Communities Commission published a Report on “Pesticides in
ground and drinking waters™' thatindicated the need to study better the analytical procedures
for 11 pesticides that are widely used in Europe. These are: benazolin, bromofenoxim,
ethofumesate, fenamiphos, maneb, metham-sodium, oxydemetonmethyl, phenmedipham,
trichlorfon, trichloroacetic acid (TCA), ziram (Figure 1). Our Institute was asked to study
the matter in collaboration with six other European laboratories.

Starting our task on the development of suitable analytical procedures, we considered the
studies present in the literature. A computerized search was conducted through Chemical
Abstracts on-line from 1967 to 1992 (upgrading is in progress). To obtain a wider informa-
tion base, the search was not limited to the analysis of water samples.
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Figure 1 Chemical structures of the 11 pesticides considered in the library search.

COMPUTER SEARCH

The search was conducted using the Chemical Abstracts (the American Chemical Society
bibliographic database) on-line version through the European host computer Data-Star. We
extended the search back to 1967 using the Chemical Abstract Service (CAS) registry
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number for each compound plus the free text words “gas chromatography” (GC), “liquid
chromatography” (HPLC) and “mass spectrometry” (MS). We applied all possible syn-
onyms plus truncations.

RESULTS

All the papers dealing with GC and HPL.C methods and these 11 compounds were considered
(277 papers). No reports were found for bromofenoxim and a few of the references for the
other pesticides were not pertinent (TCA, for example, is sometimes used in the mobile
phases of HPLC methods). Table 1 shows an overview of the 11 pesticides and their
references, divided according to the chromatographic methods GC and HPLC. Studies
dealing with water analyses have also been listed. GC and HPLC techniques are summarized
in Tables 2 and 3. MS detection, when coupled with these chromatographic techniques, was
considered with particular attention.

We then considered the results for each compound with particular attention to the
analytical method(s) applied. Some references had to be overlooked because of the difficulty
of obtaining the original paper or a translation of the text.

Ethofumesate

There were five reports, three dealing with HPLC analysis and two with GC. Two considered
water analysis, one by GC-MS? and the other by HPLC®. Legrand et al.” measured this and
37 other pesticides in French surface and ground waters at or below 100 ng/1 and reported
their recovery results with liquid-liquid extraction (LLE) (always more than 80%).

GC analysis: in the above study’ a moving needle injector was used with a DB5 30m
capillary column and a MS detector in the selected ion monitoring (SIM) mode employing

Tablel Results of a library search on chromatographic methods for the pesticides
considered. The number of reports are indicated. Main references for water analysis

are reported.

Compound Total  GC HPLC TLC  water®
Ethofumesate 5 2 3 - 2%3
Trichlorfon 86 7 14 4 579
Fenamiphos 21 14 7 - 74
Oxydemetonmethyl 22 17 3 2 -
Bromofenoxim - - - - -
Benazolin 1 1 - - -
Maneb 13 8 6 - -
Metham sodium 9 1 8 - 2578
Metham acid 1 - 1 - -
Ziram 13 5 8 . 19
Phenmedipham 30 8 21 1 7871
Trichloroacetic ac. 77 44 6 - 11778




{(68) SINS?

[Ax[eoIO[yd0UOM ‘(£ 8) “8) (68 °L8) ISEAO (L8 ‘98 ‘8L)
[Azuaqolonyeiuad (06) IS aamsod ;[D "19p uorsstard emsed ‘0€ds :Arenides ssaptpds PIIBIROROIOILL],
1(8L) IpyrueOIONYIP *(88 L8 '8L) @D (88 ‘98 ‘8L) :paxoed 1(s8 ‘p8) 2ouds peay
(06 ‘88 (68 ‘98) AL
JueyISWOZRIP
*(ZL) 3pupAyue snase 4(z) :uoneziuof [q (p) AId H(TL) AdN {(7L) 1dH :Kre[nided $(zL) ssapidspnds ureydipowuayy
(§9) 101AO '0£4S 4(59) 1onypds
podai ou uodazou ($9) a1 :Areqpdes ‘(9) aoeds peay ureayz
wodai ou uodar ou yodai ou wodas ou uoda1 ou P8 WA
(99) sis do ‘(95) Surdden
uodarou wodas ou £(96) AdN pue L :Krefndes Teoareyd CIN[POS WHIIN
(€6) -paxyoed
uodas ou wodasou ‘(€6) Add *(z§) add {zs) sns do (€S ‘76) aoeds-peoy qRUBl
:Arerndes
(1) swepis
(ourure Ayporp)| K1owip *(1¢) :uonezuol g {(19) AdN (1§) 19a ‘Are[ndes 1(1§) ssapydsprds ugjozeudg
(1Aq1souess-7)
uwodal ou uodai ou uodal ou wodaiou uodal ou wxoudjowosg
(11) 15p 2anedau £(07) 13p Aranonpuod {(11) 101AQ
‘(6¥) [Apaoe osonyyin aantsod pasped :[D an&[onoaps pire (dd ‘0€dS ‘pSHS -Areqpded (1 AIeuIuojouRpAX)
H(€£T) WIS *(9%) () AL (p) 101 A0 ‘poyord ssapydspnds
‘UOTEZIUOL [
:(11) 19p 2amesou {91) 15p Ananonpuod st *11) 101AO
uodai ou 2ansod pasind aukjonoa|a pue (d:d ¥5aS ‘0¢ds Arejpdes 1(Sp) mds soydrumeua
‘(0%) 19p den wot 1D {(T¥) AdN H(€1) :paxoed
*(9%) :uonezIuol [g (St) AL Pwe aDd
{(07) add
pue 13p A1anonpuco t(g1) :paxoed
(1) WIS ut 2anesou snA[onsafa (p1) :Arejpides rermyo
4(L7) uonelAps aanisod paspnd D “61) A4 pue add «z1 8) s4dS $(01) Twmjod uo
(92 *67) uone[Ayiaoe (PT12°6 L) WIS W 1UORI3IIP Iqnop :a10qeSom pue ssau[ds pjod ‘104 uopIo[IUY,
samsod :uonezIuol [ H(L1'eD) add (11 '01) 101AQ
Y(81) o4 (T1) ddN ‘pSAS ‘0gAS -Arefjided
H91 'S ALL () a1d
. (7) s9q :Areypded
uodai ou '(7) IS :uoneziuol [g ) did {(b) 10IAQ :poyord 4(7) 3fp3su Butaom ayesoumjomy
(J21) "auQq CRI) SW-D9 (Ja1) 20133521 (331) umngo) (323) a0p3{uy punodumo))

‘sisATeue D) SULISPISUOD Yoreas AreIql] © Jo sinsay Z 3{qel

TT0Z AJenuer 8T Z¥:0T : I Papeo juwod



{(€6) '[0d outum

uodar ou uwodaiou ‘(6) uonoeas 103 *(Z6) 2@3ueyoxa uor
1sod-3duadsaton AN pue xred uot ‘(16) aseyd PRBIPINCOIO[YILL],
Jniqow ut xajdwiod uox
:aseyd pasiaaal
‘(sL) ‘(L) uononponut
(9L) SW-dS1 "19P [EIMWIYI0[9[3 pmbiy 10011p “(£L)
uodaz ou (69) SW-"S3p PIRY *(19) "19p dmawosonyy uonnfe uatpesd '(19) 81D ureydipauruagy
-uonoeal [0 15od :aseyd pastoaas
{(89) AN
+(£9) UWN{020IoT
(L9 :aseyd reuuou
(99) xa[dwoo 1eqod {(£9) SW-ureaq o—u_ﬁa.n *19p uorsstw2 ewseyd 4(L9) UUIN{OS0IOTW UTeIIZ
() vonejApow (¥S) AN ‘(rS) 8149
:aseyd pesioa
(z9) 33p Je[Y0 e wodai ou {29 AN *(z9) aseyd [eusou PRE RN
4(19) "19p dLnWoION]y (09) s1uadeas ared uor
() uoneAypow uodasz ou 1(86) 19p Keire apoIp AN ‘(66 ‘LS) aseyd anqow
(S AN Tefppom ((¥6) 1A umpos wsIp
:aseyd pasianax
{(S6) 19p uone
{(pg) uone[Ayow uodal ou ‘1091s0d {($6) AN (p§) sseyd pasianal qauepy
uodaou uodas ou uodai ou uodai ou uyjozeudyg
uodai ou uodai ou uodar ou uodaiou WIXOUdJOWoI g
£(05) 19p Antanonpuod
yodarou vodai ou snkjonasp Y(1€ ‘0g) @seyd pasIona AQRuu0jIwmIpAxo
(Lp) souaosasonpj
wodai ou ‘(bv) SIWN-dSL uonoear 'j0d 1s0d-A N (1) aseyd pasioaas soqdmeud j
(1) AN
*(8€) SW-SW (LE) ALL 4(z¢) oseyd [eutiou
wodai ou (9¢€ ‘s€) SW-dSL *(p£) uopaea (1€ ‘0€) aseqd pasiaaax UOLIOIILLY,
(Z€) uonoenxa (0o 1sod j09150d-A N H(EE) AN
£(g) 2ouassasonyy
yodai ou uodai ou ) AN (9 ‘s ‘g) aseyd pasiaas eRWnoysd
(J32) ‘ZeApap[0d 31d (PRI SW-O'1dH (‘J24) 101332 (J31) uumjod punodumo)

‘sisAfeue ) JJH Suuopisuod yoreas Areiqry e Jo SINSOY € IqeL

TT0Z AJenuer 8T Z¥:0T : I Papeo juwod



10: 42 18 January 2011

Downl oaded At:

36 M. TERRENI et al.

electron impact (EI) ionisation. Other authors® employed packed columns with a flame
ionization detector (FID).

HPLC analysis: reversed phase columns were used, with a UV or fluorescence detector™*®,

Trichlorfon

We found 86 reports, 71 using GC and 14 HPLC, and five of them considered water
analysis’”. No extraction (lower than 5%) was obtained when LLE was used with methylene
chloride’, but recovery was more than 80% by SPE using XAD-4 resin®.

GC analysis: a major problem in the GC analysis of trichlorfon is its thermal instability,
particularly in the injection port. Different injection methods have been tried: hot and cold
splitless (PTV) and on-column injections, using a SE54 capillary column'®, Other capillary
columns were used: SE30 and OV101"! or megabore SPB5*'?; nine different kinds of packed
column have been tested”. A chiral capillary column containing modified cyclodextrin as
stationary phase was employed to separate the two enantiomers', This study used the FID
as did Saxton*. Other detectors were used in trichlorfon analysis: thermoionic detectors
(TID)‘S““, nitrogen-phosphorus detector (NPD)”, flame photometric detector (FPD)”'”,
electron-capture detector (ECD)'® and in some cases double detection, FPD with ECD" or
electrolytic conductivity detector with FPD”.

Twelve reports were found on GC-MS analysis, mainly with EI ionisation and in
SIM™*?'"* but one study used chemical ionization (CI) with SIM by pulsed positive/nega-
tive detection, for confirmation purposes''. GC analysis was also carried out after acetyla-
tion™?® and silylation®’. Vilceanu et al.”® studied the kinetics of acetylation and a 4:1 ratio
between acetic anhydride and pyridine proved to be the best to attain complete derivatization
of trichlorfon after 50 min at room temperature, avoiding the formation of by-products.

HPLC analysis: Both reversed and normal phases were tested”®; UV detection was used
directly® or after post-column reaction®, while Gluckman et al.”’ used reverse phase
narrow-bore columns with on line TID. Seven studies used mass spectrometry coupled with
HPLC, and some with a TSP interface,” also after a post-column extraction system™.
Betowski et al. analyzed trichlorfon and other organophosphorus pesticides by HPLC-MS
and HPLC-MS/MS™,

Fenamiphos

We found 21 reports concerning this pesticide, 14 in GC and seven in HPLC; seven were

on water analysis®*, Di Corcia et al. obtained 95% recovery by SPE with Carbopack B

from groundwater at 0.1 ppb using an HPLC-UV analytical system, and their LOD was 0.01
41

ppb .
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GCanalysis:  Splitinjection was commonly used*’, with different capillary columns, SE30,
SES54 and OV101'"*, Prinsloo et al. analyzed fenamiphos on nine different packed col-
umns”. Various detectors were used for GC analysis. Ripley et al. worked with Ni-ECD
and NP-TID detectors*’; NPD was suitably applied in water analysis*’; FPD and electrolytic
conductivity detectors'® were also applied. Three reports were found concerning GC-MS
analysis'"***, one of these for water analysis, using an ion trap detector in the Cl mode®.
Cl pulsed positive/negative SIM detection'' and EI ionization were reported* but not for
water analysis.

HPLC analysis: A reversed phase column was successfully used by Di Corcia et al.*’
employing an UV detector. Various post column photolysis reaction detectors—fluorimet-
ric, electrochemical and conductivity—are reported*>*’. Two reports were found on the use
of HPLC-MS, and a TSP interface was utilized for water analysis of fenamiphos*,

Oxydemeton-methyl

22 papers were found; of these 17 on GC and three on HPLC, but not one concerning water
analysis of oxydemeton-methyl. We found one article where oxydemeton-methyl was
analyzed by TLC*.

GCanalysis: Split and splitless injection were mainly used*'' with SE54, SE30 and OV101
capillary columns. FID, employing an OV101 packed column’, FPD and electrolytic
conductivity detectors™ are reported, and three used GC-MS analysis. El ionization was the
most frequent*®, also in SIM? while one study reported CI pulsed positive/negative detection
in SIM for oxydemeton-methyl, trichlorfon, fenamiphos and other organophosphorus pes-
ticides''. Greenhalgh et al.* trifluoroacethylated oxydemeton-methyl and others compounds
containing the sulfoxide moiety before GC analysis.

HPLC analysis: Reversed-phase was used®*’' and the electrolytic conductivity detector
was employed by Dolan et al.”.

Benazolin

Only one report was found on the analysis of this pesticide’’ and it was performed by GC
in split injection and using a DB-1 capillary column. Derivatization was necessary with
(2-cyanoethyl)dimethyl(diethylamino)silane and the kinetics of the reaction was studied. At
room temperature reaction was complete within minutes and the derivatization product was
stable for more than 36 hours. NPD and MS were used.
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Maneb

We found 13 reports, 8 on GC and 6 on HPLC analysis (one considered both the techniques),
but no papers were found on water analysis.

GC analysis: GC analysis of maneb and other dithiocarbamates is currently based on
carbon disulfide determination by acidic hydrolysis and headspace GC analysis****, McGhie
et al.” analyzed maneb by carbon disulfide determination using a packed column with 4%
QF1 plus 1% OV17 or with SE30, and a FPD, while Jongen et al.* used a CpSil8 capillary
column with the ECD.

HPLC analysis: Maneb and other dithiocarbamates were analyzed using reversed-phase
HPLC (RP18) after derivatization with methyl iodide using an UV detector™*. Methylation
was performed on the free dithiocarbamic acid, obtained from dithiocarbamate pesticide
with EDTA, using methyl iodide in the transfer phase reaction. Post-column reaction
detection was also used™’.

Metham sodium salt

Nine reports were found on the analysis of metham sodium salt. One report was on GC
analysis, but only of methyl isothiocyanate formed from this pesticide®, while the others
dealt with HPLC analysis. In two cases water was analyzed®* ", Mullins ef al.”” analyzed
metham sodium and the related methyl isothiocyanate in pond water and sewage effluent
using direct injection with an automatic loop; recovery was more than 92%.

HPLC analysis: Some authors have used a micellar mobile phase’™ or transition metal
salts as ion pair reagents®. Different detector have been employed beside UV, particularly
the diode array detector® and fluorometric detection after post-column photolysis®'. No
reports were found on HPL.C-MS.

Metham acid
One report was found on the analysis of this pesticide. Moriyasu et al.* analyzed aliphatic

amines by HPLC after conversion to dithiocarbamate chelates of Ni(II), Pd(II) and Hg(II).
A Lichrosorb Si 100 column and UV detection were used.

Ziram

We found 13 reports, five on GC and eight on HPL.C analysis. Only one article was on water
analysis®.
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GC analysis:  As for other dithiocarbamate pesticides, GC analysis is based on determina-
tion of carbon disulfide by headspace injector™. Krupcik et al. analyzed ziram and other
dithiocarbamic metal complexes of Zn(II) and Ni(II) as intact product using a glass capillary
column and SE30 and OV 101 as stationary phase, with a FID*. They discuss the synthesis
and MS analysis (with the direct inlet system) of these dithiocarbamic complexes.

HPLC analysis: Reversed phase was commonly used for ziram and other dithiocarbamates
(metham sodium salt and maneb were analized with this technique) after derivatization with
methyl iodide and employing the UV detector™, while other authors analyzed ziram and
other zinc dithiocarbamates after conversion to the corresponding cobalt (I1I) complexes®.
Tbrahim et al.®’ used both reversed and normal phase microcolumns for HPLC analysis with
plasma emission detection using a glass frit nebulizer interface. One paper was found on
HPLC-MS analysis of ziram in water, and a particle beam interface was used®.

Phenmedipham

Thirty reports were found on the analysis of phenmedipham, eight by GC and 21 by HPLC.
Seven studies dealth with water analysis®”'. Agostiano et al.”* analyzed phenmedipham by
HPTLC with quantification by fluorescence densitometer, and obtained 94% recovery after
extraction with Tenax resin from water at 1 pg/l. Crathorne et al.” used XAD-2 resin and
HPLC with UV diode array detector, and off-line MS and MS/MS identification was
obtained by field desorption and fast atom bombardment.

GC analysis: The main problem for GC analysis of this and other carbamate pesticides is
their decomposition into the corresponding isocyanate. Saxton* published the GC analysis
of phenmedipham by injection at 150°C, using a packed column with 5% OV 101 and FID,
but he did not specify whether this decomposition occurred. Stan et al.”” analyzed this
pesticide, and other carbamates, after derivatization with trifluoroacetyl anhydride, to obtain
the corresponding phenol ester. They used split-splitess injection and a capillary column
coated with HP1 stationary phase, with MS by EI ionization in positive ion recording and
NPD as the detection modes.

HPLCanalysis: Reversed-phase was commonly adopted®, either using a gradient elution”
or working in direct liquid introduction™. Normally UV detection was used directly®® or after
post-column photolysis for fluorometric determination®, but Von Nehring et al. employed
an electrochemical detector””. Six reports were on HPLC and MS analysis of
phenmedipham®”*"*’® (one with field desorption mass spectrometry, but not coupled with

HPLC®).

Trichloroacetic acid (TCA)

We found 77 reports, but many were not pertinent, because TCA is frequently used as ion
pair reagent or as precipitating agent for proteins. However, 44 papers were found for GC
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and six for HPLC analysis of this pesticide, including 11 on water analysis” . Ozawa et
al.” studied recovery from water, using Dowex 1-X8 and Dowex VGR resins, at different
NaCl concentrations in the eluent and, using the second resin, they obtained 99% recovery
with 1.5 molar NaCl in the eluent, from natural water at 10 ug/l. TCA was also analyzed as
a by-product of humic acid in chlorinated waters**®,

GC analysis: Head-space injection is widely used, but chloroform deriving from TCA
thermal decomposition is analyzed by this technique, using a ECD*®. For intact TCA
splitless injection is currently used’****’ and columns packed with 10% Carbowax 20* or
Supelco GP® phases, or capillary columns®"*, with SE30 or OV351 as phases. ECD™*"*®
and FID** were the most frequent, but the plasma emission detector was used for water
analysis by GC with a procedure of precolumn trap enrichement®,

Three reports were found on the use of mass spectrometry coupled with G
Interestingly, Braun® analyzed TCA as the methy! ester obtained by treatment with diazo-
methane, by GC-MS Cl-positive SIM technique, considering TCA as resulting from per-
chloroethylene metabolism. As in the latter case, TCA is frequently analyzed as the methyl
ester obtained by simple treatment with diazomethane®®, but C;-C; aliphatic
monochloroalkyl esters®, pentafluorobenzylation®’ and derivatization with difluoroanilide™
have also been considered.

77.80.90
C .

HPLC analysis: Reversed phase was widely employed, using iron(II}-1 10-phenanthroline
complex as mobile phase additive’’ or ion pair and ion exchange phases, compared by
Stevens ef al.’*; an amino column was also used®. The UV detector was the most widely
used in HPLC analysis of TCA. Tsuchiya et al.** used fluorescence detection after reaction
with 4-bromoethyl-7-acetoxycoumarin.

CONCLUSIONS

We present the results of a library search based on a Chemical Abstracts report. For some
pesticides we found methods that successfully analyzed water samples at the required limit
of detection. Various GC or HPLC methods were found, that can probably be adapted to
water sample analysis. For a few of the pesticides considered analysis will require more
extensive study.
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