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Problem and goals:

The current residue definition (RD) of prochloraz (sum) calls for the use of procedures involv-
ing a hydrolysis step to release the 2,4,6-trichlorophenol (TCP) moiety. This moiety is con-
tained in prochloraz as well as in several of its known metabolites. Analytical procedures in-
volving hydrolysis are typically cumbersome and in most cases the benefit from conducting
them does not justify the effort, thus very few laboratories employ them routinely. An alterna-
tive approach to, at least partly, fulfill the current residue definition would be the direct analy-
sis of available MRM-amenable TCP-containing metabolites. In a recent reasoned opinion
EFSA proposed a RD, which includes the parent and two MRM-amenable metabolites (BTS
44595 and BTS 44596). We aimed to study the analytical behavior of these two metabolites,
and of three additional TCP-containing metabolites (BTS 9608, BTS 40348 and TCP). The
occurrence of these metabolites and of prochloraz in real samples was also studied.

Brief description of observations and conclusions:

In GC-analysis the 4 studied prochloraz metabolites and prochloraz itself partly converted to
TCP. The GC-conversion rates were variable depending on various factors such as instru-
ment condition, matrix type and the presence/absence of analyte protectants. Prochloraz and
its metabolites can all be analyzed via LC-MS/MS, though BTS 9608 and free TCP require
ESI (neg) mode with the former showing poor detection sensitivity. Furthermore, in-source
fragmentation of certain metabolites to other metabolites was noticed in LC-MS/MS requiring
good LC-separation of the affected metabolites to avoid quantification errors.

Analysis of various real samples showed that parent prochloraz along with its metabolites
BTS 44595, BTS 44596 and BTS 40348 are the major among the studied components. BTS
9608 and free TCP were, if at all, only present at very low levels. Various options to deter-
mine prochloraz (sum) according to the current residue definition using the GC and LC re-
sults of individual TCP-containing prochloraz metabolites are discussed. Although TCP can
be very sensitively analyzed by GC-MS, TCP values derived from GC analysis should not be
summed up with any values for prochloraz and other metabolites (derived by LC-MS/MS) as
this will lead overestimations. Due to the uncertainty in the GC analysis for TCP and prochlo-
raz, GC-results should preferably only be used for screening purposes. LC-MS/MS results
are more reliable provided that certain metabolites are chromatographically well separated.
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Compound profile:

Prochloraz is a fungicide that is widely used in the production of various crops such as cere-
als, vegetables and mushrooms. It is also used post-harvest as a dip treatment against stor-
age or transit diseases of citrus fruit, mangos, papayas, pineapples and other tropical fruit.
MRLs are set in the Commission Regulation (EU) No 520/2011 of 25 May 2011 with the RD
being defined as follows: Prochloraz (sum of prochloraz and its metabolites containing the
2,4,6-trichlorophenol moiety expressed as prochloraz). Some information on prochloraz in-
cluding physicochemical properties and metabolites is shown in Table 1.

Table 1: Prochloraz and its main metabolites
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Experiments conducted and observations:

1. Analysis of prochloraz and its metabolites by GC-MS

When subjected to GC analysis prochloraz and its metabolites partly degrade to 2,4,6-
trichlorophenol (TCP). When injecting prochloraz metabolites the only identifiable peak ob-
tained corresponds to TCP. Prochloraz itself gives two peaks, one corresponding to prochlo-
raz and one to TCP. The shape of the chromatograms suggests that these degradations to
TCP mainly take place in the injector area.

Table 2 exemplarily shows the degradation rates observed in GC-MS (Cl-neg.) when inject-
ing standards in pure solvent and spiked QUEChERS cucumber extracts. Prochloraz and its
metabolites were separately spiked at a level of 0.1 to 1 mg/kg. The system was calibrated
using matrix-matched TCP standards in each case.

Table 2: Degradation rates of prochloraz and its metabolites to TCP in GC-MS (Cl-neg.) de-
pending on the composition of the solution (cucumber extract)

Exemplary conversion rates to TCP in GC-MS

Compound Cucumber extract

Injected No cleanup
Prochloraz 11 % 10 % 0% 20 %
BTS 40348 27 % 52 % 41 % 60 %
BTS 44595 67 % 103 % 63 % 97 %
BTS 44596 38 % 86 % 40 % 57 %
BTS 9608 53 % 99 % 6 % 30 %

Repetitive injections of standards in different matrices and different cleanup procedures re-
sulted in strongly fluctuating conversion rates to TCP. Overall exact quantification of prochlo-
raz and its metabolites by GC is difficult. In general decomposition was less pronounced in
presence of Analyte Protectants (APs). Based on these observations prochloraz and its me-
tabolites can be ranked as regards their decomposition tendency to TCP as follows:

BTS 44595 >> BTS 9608 / BTS 44596 / BTS 40348 >> Prochloraz

We have additionally checked whether quantitative conversion of prochloraz and its metabo-
lites to TCP can be achieved in GC as this would comprise an alternative procedure for the
analysis of prochloraz (sum). For this we have injected extracts cleaned up by dSPE using
PSA sorbent without acidifying to keep the pH high. However complete conversion could not
be achieved with prochloraz (parent) being most resistant.

Possible errors to avoid in practice when using GC for the analysis of prochloraz: Be-
ing unaware that in GC prochloraz and its metabolites convert to TCP leads to the assump-
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tion that the TCP signals obtained originate purely from TCP contained in the samples. This
may lead to erroneous approaches for determining prochloraz (sum), e.qg.:

a) Quantification of prochloraz and TCP via GC and calculation of prochloraz (sum). This
approach will lead to an underestimation of prochloraz (sum) as the GC-conversion of
the metabolites into TCP is typically not quantitative. Note: This approach could potential-
ly lead to correct results if the conversion rates of the various components to TCP were nearly
guantitative and reproducible. In principle one could try to modify the extracts in such a way
that conversion in the GC-injector is strongly promoted to become quasi quantitative. This as-
pect will have to be tested further at a later stage.

b) Quantification of prochloraz and TCP via GC and separate quantification of one or
more metabolites of prochloraz via LC-MS/MS. Then calculation of prochloraz (sum)
based on these results. This approach will most probably lead to overestimated results
of prochloraz (sum) as components decomposing to TPC in GC will be to some de-
gree counted double.

c) Quantification TCP only via GC and separate quantification of prochloraz or prochloraz
and one or more of its metabolites via LC-MS/MS. Then calculation of prochloraz
(sum) based on these results. As in b) this approach will most probably lead to overes-
timated results of prochloraz (sum).

d) 2,4,5-T and 2,4,5-TP degrade in the GC injection system to 2,4,5-TCP, which has a
similar retention time as 2,4,6-TCP and as the mass spectra are similar there is a po-
tential for misidentification.

2. Analysis of prochloraz and its metabolites by LC-MS/MS

Prochloraz, BTS 44595, 44596 and 40348 can be analyzed via in the ESI-neg. mode. BTS
9608 and 2,4,6-TCP, both having acidic groups, are analyzed in the ESI negative mode:

Table 3: LC-MS/MS mode required for prochloraz and its metabolites

ESI positive mode ESI negative mode
Sensitivity | Compound Sensitivity

Prochloraz Tk BTS 9608 ok
BTS 44595 ok 2,4,6-Trichlorophenol (TCP) *
BTS 44596 ok

BTS 40348 *kx

The analysis of the individual components is not straightforward due to the occurrence of in-
source fragmentation. A good chromatographic separation of the affected components and
the attention to retention times is necessary to avoid identification and quantification errors.

Figure 1 shows the in-source fragmentations observed using ABSciex API 5500. Prochloraz
and BTS 40348 did not show any in-source fragmentation. BTS 9608 and BTS 44596
showed in-source fragmentation to 2,4,6-trichlorophenol. For BTS 44595 an in-source frag-
mentation to BTS 40348 was observed.

In-source fragmentations may differ depending on the conditions in different sources or the
parameters set.
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BTS 44596 additionally showed a small impurity of BTS 44595 in the standard solution as
well as a tendency towards degradation to TCP in acetonitrile solutions (see more details
under “Stability”).

Figure 1: In-source fragmentations of prochloraz metabolites using ABSciex APl 5500
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Although BTS 44596 is measured in the ESI-pos. mode, it is important to check its in-source
fragmentation in the ESI-neg. mode to ensure that it will not co-elute with TCP or BTS 9608.

MRM-traces of The chromatograms to the left demonstrate the in-
BTS 44596 source fragmentation of BTS 44596 to TCP. Injection

of a fresh BTS 44596 solution resulted in a peak at

ESI positive the MRM-traces of TCP but at the retention time

mode m/z where BTS 44596 is expected rather than where TCP

353/308 is expected. This indicates an in-source

355/310 fragmentation of BTS 44596 to TCP. To ensure

353/70 correct detemination these two compounds they have

_ l|" _ | to be separated chromatographically.

This kind of in-scource fragmentations, where one

analyte of interest degrades to another but with these

MRM-traces of two analytes normally being measured under different
| 2,4,6-Trichlorphenol LC-MS/MS conditions (different mode and/or LC
) m/z conditions) are quite trickly and may remain
ESInegative 195/35 unnoticed especially when these compounds are not
mode 197/35 present in the same calibration mixtures and thus not
- 199/37 injected at the same time. Extracts of real samples

can, of course contain both substances
simultaneously.
Injection of the same BTS 44596 solution after one
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week showed an additional effect described under “stability”.

An in-source fragmentation to TCP was also observed for BTS 9608. Thus chromatographic
separation should be ensured for all three compounds (see Figure 2).

Figure 2: In-source fragmentation of BTS 9608 and BTS 44596 to TCP
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Interestingly the TCP-signals resulting from in-scource fragmentation of BTS 9608 and BTS
44596 were stronger than those obtained when injecting TCP itself at the same concentration

The in-scource fragmentation of BTS 44595 to BTS 40348 is demonstrated in Figure 3. Also
here chromatographic separation is crucial.

Figure 3: In-source fragmentation of BTS 9608 and BTS 44596 to TCP
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3. Further Interferences in LC-MS/MS

Other compounds, entailing a trichlorophenyl moiety may also interfere with 2,4,6-TCP.
Some known examples are 2,4,5-TP and 2,4,5-T, which show an in-source fragmentation to
2,4,5-trichlorophenol, which has the same transitions as 2,4,6-trichlorophenol.

Although not containing any TCP moiety Fluroxypyr and Triclopyr also experience in-source
fragmentation to products that give signals at the MRM-traces of 2,4,6-TCP. Also here a
chromatographic separation of these compounds from 2,4,6-TCP is obligatory (see Figure 4).

Figure 4. MRM traces of 2,4,6-TCP when injecting a Mix of BTS 9608, BTS 44596, 2,4,6-
trichlorophenol, Fluoroxypyr, Triclopyr, 2,4,5-T and 2,4,5-TP (all @ 0.1 pg/mL)
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Also here the signal of 2,4,6-TCP is smaller than the signals produced by other similarly con-
centrated compounds via in-source fragmentation (all @ 0.1 pg/mL).
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4. Stability in Solution

When injecting a 1-week old BTS 44596 solution (0.1 pg/mL in acetonitrile) an additional
peak showed up at the MRM-traces of TCP. The later eluting peak was due to the in-source
fragmentation of BTS 44596 to TCP as described earlier. The first eluting peak had the same
retention time as TCP itself indicating degradation of BTS 44596 to TCP in solution. BTS
44596 was stable when stored in acetonitrile containing 0.4% acetic acid. Stock and working
solutions of BTS 44596 in acetonitrile have thus to be acidified to prevent degradation. In
QUEChERS raw extracts (without PSA cleanup) no degradation was observed. Figure 5
demonstrates these aspects.

Figure 5: Signals obtained when injecting a freshly prepared and a 1- week old BTS 44596
solution. All measurements were done in the ESI neg. mode at the MRM traces of TCP
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Recovery experiments (QUEChERS):

Pesticide Matrix Type L:q\iﬁl I;ﬁ;il Median Mean [(3/?5 rech(J)r. ds (Z/;g (13(2;822?
2,4,6-TCP 0,01 0,1 97 96 11 20 95
GC Water containing 0,06 0,1 80 76 11 3 67
LC Fatty (ails) 0,01 0,1 96 97 3 10 100
LC Water containing 0,1 0,1 105 104 4 7 100
BTS 44595 0,01 0,1 80 83 14 24 83
LC Dry (cereals, dry pulses) 0,01 0,1 87 85 11 10 90
LC Fatty (oils) 0,01 0,1 77 75 7 10 70
LC Water containing 0,1 0,1 100 99 5 4 100
BTS 44596 0,01 0,1 93 91 10 20 100
LC Dry (cereals, dry pulses) 0,1 0,1 77 83 14 5 100
LC Fatty (oils) 0,01 0,1 91 90 8 9 100
LC Water containing 0,1 0,1 97 100 5 6 100
BTS 9608 0,01 0,1 98 99 8 12 100
LC Fatty (oils) 0,01 0,1 96 99 8 10 100
LC Water containing 0,1 0,1 102 3 2 100
Prochloraz 0,01 0,1 98 99 8 12 100
LC Acidic 0,01 0,2 100 99 9,7 268 99
LC Dry (cereals, dry pulses) 0,01 0,1 92 93 15,1 68 88
LC Dry (spices, herbs, tea) 0,01 0,1 100 99 84 13 100
LC Fatty, wet (oily fruits) 0,01 0,1 89 91 89 15 100
LC Sugar containing 0,01 0,1 101 103 8,9 79 95
LC Water containing 0,002 0,1 99 99 10,3 372 98
LC Water containing, extract rich 0,02 0,05 102 102 7,5 8 100

Data source: http://www.eurl-pesticides-datapool.eu go to “Validation Data”
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5. Analysis of real samples with prochloraz treatment history

Risk of false positive TCP results in LC-MS/MS

Real samples typically contain very little, if any, 2,4,6-trichlorophenol (TCP). As explained
earlier there is however great risk of false positive results of TCP both in GC-MS (due to deg-
radation of prochloraz and all its metabolites in the injector) and LC-MS/MS (due to degrada-
tion of BTS 44596 + BTS 9608 in the ion source).

In LC-MS/MS the risk of false positives is quite high since BTS 44596 is quite often contained
in samples with prochloraz treatment history and since the TCP signals generated upon in-
source fragmentation are quite intense. Good chromatographic separation and stable reten-
tion times are thus essential to avoid false positives of TCP.

[ 500 o1 MR (121 pacy 108 953007 000 4w Evqecied R 22 B 245 Tachlsipbesch YR o ampla 52 163 18 liale) of 206 T mk ol o 16 1 )
a :‘nl Lime 1a/mL
- ( Prochloraz 0.87
. R Peak of TCP from S e 0.036
| BTS 44596 595 :
o real RT | [ BTS 44596 0.14
of TCP
* | BTS 40348 not measured
w 4 BTS 9608 0.005
! fﬁﬁ:\»‘h‘; X
cl% 185 1W 18 20 205 -3:0 45 "0 b1 72‘33 WO M W M W e I M Im TCP nd *

*Note: If the in-source-fragmentation of BTS 44595 to TCP is erro-
neously taken as TCP it would be calculated to 0.075 mg/kg.

Calculation of prochloraz (sum) using different approaches

Different types of samples (mango, lime, papaya, champignons, pineapple, avocado, pome-
lo) with positive findings of prochloraz were analyzed by GC-MS (Cl-neg.) and LC-MS-MS.
The results obtained were compared and added up using different approaches to total pro-
chloraz (according to the existing residue definition), in order to demonstrate errors that may
be made in practice.

For GC-calibration separate matrix-matched standard solutions for prochloraz and TCP were
used in all cases. Please note that GC-results are associated with a higher uncertainty due to
the poor reproducibility of the conversion into TCP.

For calculations the respective molecular weight ratios of prochloraz and the metabolites
were used.
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Mango
LC-results (mg/kg) GC-results (mg/kg)
ponent as prochloraz component as prochloraz
Prochloraz 1.35 1.35 0.313 0.313
BTS 40348 0.071 0.095 - -
BTS 44595 0.004 0.005 - -
BTS 44596 0.030 0.032 - -
BTS 9608 n.g. <0.001 0 - -
TCP n.d. 0 0.372 0.710

n.d. = not detected; n.q.= not quantified

Calculation of prochloraz (sum) by different approaches — different approach, different result

Results considered in SUM calculation
Appro- Sum pro-
PP RENMES chloraz
ach
Pro- BTS BTS BTS BTS | 1cp (mg/kg)
chloraz 44595 44596 40348 9608
1 GC GC 1.02
2 GC LC LC LC LC GC 1.16
Best estimate for prochloraz (sum)
3 LC LC LC LC LC GC according to existing RD 2.19
4 LC LC LC LC LC LC Prochloraz (sum) according to 1.48

existing RD (involving Hydrolysis)

5 GC Prochloraz (sum) according to RD Not con-

proposed by EFSA ducted
Possible alternative RD (including
6 LC LC LC BTS 9608) 1.39
Possible alternative RD (including
7 LC LC LC LC BTS 9608) 1.48
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Lime

LC-results (mg/kg) GC-results (mg/kqg)
ponent as prochloraz component as prochloraz
Prochloraz 0.60 0.60 - -
BTS 40348 0.10 0.133
BTS 44595 0.005 0.006
BTS 44596 0.020 0.021
BTS 9608 n.g. <0.001 0
TCP n.g. (< 0.01) 0 0.215 0.410

n.d. = not detected; n.q.= not quantified

Calculation of prochloraz (sum) by different approaches — different approach, different result

Results considered in SUM calculation Sum

Appro- prochlo-
ach Pro- BTS BTS BTS BTS ol
chloraz | 44595 | 44506 | 40348 | 9608 | 'C© (mako)
1 GC GC 0.41
2 GC LC LC LC LC GC 0.57
Best estimate for prochloraz (sum)
3 LC LC LC LC LC GC according to existing RD 1.17
Prochloraz (sum) according to
4 LC LC LC LC LC LC existing RD (involving Hydrolysis) 0.76
Not
Prochloraz (sum) according to RD
5 GC proposed by EFSA con-
ducted
Possible alternative RD (including
6 LC LC LC BTS 9608) 0.63
Possible alternative RD (including
7 LC LC LC LC BTS 9608) 0.76
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Pineapple
LC-results (mg/kg) GC-results (mg/kg)
ponent as prochloraz component as prochloraz
Prochloraz 0.089 0.089 0.080 0.080
BTS 40348 0.010 0.013
BTS 44595 0.001 0.001
BTS 44596 0.003 0.003
BTS 9608 n.d. 0
TCP n.d. 0 0.017 0.032

n.d. = not detected; n.q.= not quantified

Calculation of prochloraz (sum) by different approaches — different approach, different result

Results considered in SUM calculation Sum
Remark prochlo-
raz
Pro- BTS BTS BTS BTS

1 GC GC 0.11

2 GC LC LC LC LC GC 0.13

3 LC LC LC LC LC GC 0.14
Best estimate for prochloraz

4 LC LC LC LC LC LC (sum) according to existing RD 0.11
Prochloraz (sum) according to =~ NoOt

5 GC  existing RD (involving Hydrol- = con-
ysis) ducted
Prochloraz (sum) according to

6 LC LC LC RD proposed by EFSA 0.09
Possible alternative RD (in-

7 LC LC LC LC cluding BTS 9608) 0.11
Possible alternative RD (in-
cluding BTS 9608)
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Compilation of results of real samples containing prochloraz and/or its metabolites

The following table shows a compilation of residue findings of prochloraz and its metabolites
in real samples.

Note: BTS 40348 was only recently introduced in the scope and was thus not monitored in
these samples.

Matrix Country of origin BTS 44595 BTS 44596 BTS 9608 Prochloraz
mg/kg mg/kg mg/kg mg/kg
Avocado South Africa n.d. 0.009 n.d. 2.8
Cauliflower France n.d. n.d. n.d. 0.006
Champignon Germany n.d. n.d. 0.001 0.004
Champignon Germany 0.004 n.d. 0.004 0.035
Champignon Germany 0.007 0.001 0.015 0.025
Champignon Germany 0.005 n.d. 0.013 0.088
Champignon Germany 0.003 n.d. 0.003 0.031
Champignon Germany n.d. n.d. 0.001 0.005
Champignon Germany 0.005 0.002 0.004 0.14
Champignon Hungary n.d. n.d. n.d. 0.003
Champignon Poland n.d. n.d. n.d. 0.003
Champignon Poland n.d. n.d. 0.002 0.027
Champignon Poland n.d. n.d. 0.003 n.n.
Champignon Poland n.d. n.d. n.d. 0.018
Champignon Poland n.d. n.d. 0.002 0.014
Champignon Poland n.d. n.d. 0.003 0.007
Champignon Poland 0.002 n.d. 0.007 0.012
Champignon Poland n.d. n.d. n.d. 0.004
Champignon Poland n.d. n.d. 0.001 0.005
Champignon Poland 0.002 n.d. 0.002 0.007
Champignon Poland n.d. n.d. 0.001 0.005
Champignon Poland 0.002 n.d. 0.004 0.01
Champignon Poland 0.004 n.d. 0.007 0.047
Champignon Poland 0.002 n.d. 0.002 0.005
Champignon Poland n.d. n.d. n.d. 0.008
Champignon Poland 0.003 n.d. 0.002 0.003
Champignon Poland n.d. n.d. 0.001 0.001
Champignon Poland 0.002 n.d. 0.002 0.053
Champignon Poland n.d. n.d. 0.004 0.011
Champignon Poland 0.004 n.d. 0.004 0.064
Champignon Poland n.d. n.d. 0.001 n.n.
Champignon Poland n.d. n.d. 0.009 0.044
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Matrix Country of origin BTS 44595 BTS 44596 BTS 9608 Prochloraz
mg/kg mg/kg mg/kg mg/kg
Champignon unknown 0.001 n.d. 0.001 0.012
Chili Thailand 0.023 0.021 0.002 0.011
Clementine Argentina 0.006 0.018 n.d. 0.02
Clementine Argentina n.d. n.d. 0.001 0.002
Cucumber Greece 0.003 n.d. n.d. n.n.
Cucumber Greece 0.002 n.d. n.d. n.n.
Fennel Italy n.d. n.d. n.d. 0.006
Garlic Spain n.d. n.d. 0.004 0.024
Garlic Spain n.d. n.d. n.d. 0.003
Ginger China n.d. n.d. n.d. 0.003
Lemon Spain 0.004 0.006 n.d. n.n.
Lemon Spain 0.004 0.004 n.d. n.n.
Lemon Spain 0.002 0.002 n.d. n.n.
Lemon Spain 0.053 0.28 0.001 24
Lemon Spain n.d. n.d. 0.002 0.05
Lemon Spain 0.001 0.004 n.d. n.n.
Lemon Spain 0.023 0.069 n.d. 2.3
Lemon Spain 0.005 0.005 n.d. 0.001
Lemon Spain 0.004 0.006 n.d. n.b.
Lemon Spain 0.14 0.032 n.d. 1.7
Lemon unknown 0.002 0.002 n.d. n.n.
Lime Brazil n.d. n.d. n.d. 0.003
Lime Brazil 0.006 0.03 0.002 0.52
Lime Brazil n.d. n.d. 0.002 0.037
Lime Brazil 0.036 0.14 0.005 0.87
Lime Brazil n.d. n.d. n.d. 0.006
Lime Brazil 0.007 0.015 n.d. 0.001
Lime Brazil 0.029 0.085 n.d. 14
Lime Brazil 0.002 0.004 n.d. 0.014
Lime unknown n.d. n.d. n.d. 0.004
Litchi South Africa n.d. n.d. n.d. 0.003
Lollo bianco unknown n.d. 0.005 n.d. 0.045
Mandarine Argentina n.d. n.d. n.d. 0.003
Mandarine Argentina 0.004 0.006 n.d. 0.006
Mango Brazil n.d. 0.032 n.d. 0.509
Mango Brazil n.d. n.d. n.d. 0.025
Mango Brazil n.d. 0.002 n.d. 0.059
Mango Brazil 0.001 0.006 n.d. 0.14
Mango Brazil 0.005 0.033 n.d. 3
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Matrix Country of origin BTS 44595 BTS 44596 BTS 9608 Prochloraz
mg/kg mg/kg mg/kg mg/kg
Mango Brazil n.d. 0.005 n.d. 0.13
Mango Dominican Re- 0.007 0.044 0.006 1.6
public
Mango Guinea 0.018 0.13 n.d. 1.7
Mango Israel 0.017 0.028 n.d. 0.75
Mango Israel 0.015 0.039 n.d. 0.7
Mango Mexico 0.001 0.006 n.d. 0.062
Mango Peru 0.003 0.054 n.d. 0.31
Mango Peru n.d. n.d. n.d. 0.69
Mango Peru 0.002 0.004 n.d. 0.061
Mango Peru 0.002 0.008 n.d. 0.25
Mango Peru 0.009 0.037 0.002 0.99
Mango Peru 0.003 0.03 n.d. 13
Mango Peru 0.004 0.025 n.d. 0.19
Mango Peru 0.11 0.01 n.d. 0.95
Mango Peru 0.004 0.036 n.d. 0.56
Mango Peru 0.002 0.004 n.d. 0.073
Mango Peru 0.003 0.018 n.d. 0.53
Mango Peru n.d. 0.005 n.d. 0.1
Mango Peru n.d. 0.015 n.d. 0.12
Mango Peru n.d. 0.006 n.d. 0.085
Mango Peru 0.007 0.045 n.b. 0.81
Mango unknown 0.014 0.058 n.d. 2
Mango unknown n.d. 0.004 n.d. 0.033
Passion fruit Colombia 0.004 n.d. n.d. 0.003
Passion fruit Colombia 0.002 n.d. n.d. n.n.
Melon Spain 0.017 0.078 0.007 0.021
Mint unknown 0.008 n.d. n.d. n.n.
Oyster mushroom Poland n.d. n.d. n.d. 0.001
Oyster mushroom unknown n.d. n.d. 0.002 n.n.
Papaya Brazil n.d. n.d. n.d. 0.003
Papaya Brazil 0.002 0.003 0.009 0.32
Papaya Brazil n.d. n.d. n.d. 0.031
Papaya Brazil n.d. n.d. n.d. 0.013
Papaya Brazil n.d. n.d. n.d. 0.003
Papaya Brazil n.d. n.d. n.d. 0.19
Papaya Brazil n.d. n.d. n.d. 0.12
Papaya Ecuador 0.004 0.015 0.016 0.35
Papaya Ecuador n.d. 0.005 0.017 0.55
Papaya Ghana n.d. 0.002 0.002 0.042
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Matrix Country of origin BTS 44595 BTS 44596 BTS 9608 Prochloraz
mg/kg mg/kg mg/kg mg/kg
Papaya unknown 0.002 0.015 0.005 0.48
Pineapple Costa Rica n.d. n.d. n.d. 0.034
Pineapple Costa Rica 0.002 n.d. 0.004 0.12
Pineapple Costa Rica n.d. 0.003 n.d. 0.13
Pineapple Costa Rica n.d. 0.001 n.d. 0.048
Pineapple Costa Rica n.d. 0.001 n.d. 0.004
Pineapple Costa Rica n.d. 0.001 n.d. 0.071
Pineapple Costa Rica n.d. 0.007 n.d. 0.068
Pineapple Ghana 0.006 0.022 0.005 0.96
Pineapple Ghana 0.003 0.007 0.002 0.35
Pineapple Ghana 0.005 0.017 n.d. 0.46
Pineapple Ghana 0.002 0.005 0.002 0.35
Pineapple Ghana 0.013 0.045 n.d. 2
Pineapple Ghana 0.007 0.033 n.d. 1.2
Pineapple Ghana 0.004 0.02 0.003 0.8
Pineapple Turkey n.d. 0.004 n.d. 0.12
Pineapple unknown 0.006 0.022 n.d. 1
Pomegranate Turkey 0.004 0.01 n.d. 0.007
Pomelo China n.d. n.d. n.d. 0.009
Pomelo China 0.001 0.001 n.d. 0.005
Pomelo China n.d. n.d. n.d. 0.001
Pomelo China n.d. n.d. n.d. 0.001
Pomelo China 0.013 0.01 n.d. 0.45
Pomelo China 0.002 0.003 n.d. 0.06
Pomelo China 0.002 0.001 n.d. 0.012
Pomelo China 0.011 0.016 n.d. 0.42
Pomelo China n.d. n.d. n.d. 0.028
Pomelo China n.d. n.d. n.d. 0.02
Pomelo China 0.018 0.06 n.d. 0.15
Pomelo China n.d. n.d. n.d. 0.057
Pomelo China 0.002 0.004 n.d. 0.066
Pomelo China n.d. n.d. n.d. 0.002
Pomelo China 0.006 0.028 n.d. 0.13
Pomelo China n.d. n.d. n.d. 0.001
Pomelo China n.d. n.d. n.d. 0.002
Pomelo China n.d. n.d. n.d. 0.023
Pomelo China n.d. n.d. n.d. 0.062
Pomelo China n.d. n.d. n.d. 0.04
Pomelo China 0.005 0.009 n.d. 0.085
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Matrix Country of origin BTS 44595 BTS 44596 BTS 9608 Prochloraz
mg/kg mg/kg mg/kg mg/kg
Pomelo China n.d. n.d. n.d. 0.021
Pomelo China 0.002 0.005 n.d. 0.049
Porcini Kosovo n.d. n.d. n.d. 0.005
Shallot France n.d. n.d. n.d. 0.006
Shiitake Germany n.d. n.d. n.d. 0.006
Sweet pepper Hungary n.d. n.d. 0.004 n.n.
Sweet pepper Hungary n.d. n.d. 0.002 n.n.
Tea China n.d. n.d. n.d. 0.02

6. Conclusions:

Prochloraz and all its studied metabolites are amenable to the QUEChERS method. Prochlo-
raz, BTS 44595, BTS 44596 and BTS 40348 can be analyzed via LC-MS/MS in the ESI-pos.
mode. 2,4,6-TCP and BTS 9608 need to be analysed in the ESI neg. mode. Provided that
certain prochloraz metabolites and other pesticides, which are known to undergo in-source
fragmentation and to interfere in analysis of other prochloraz metabolites, are chromato-
graphically well separated, LC-MS/MS is the simplest way to analyze prochloraz (sum). If in-
source fragmentation is not considered and chromatographic separation is not optimized
there is a high risk of false positive findings of 2,4,6-TCP. As BTS 9608 and 2,4,6-TCP are if
at all only present at low levels in real samples. Analysis in the ESI-negative mode may be
skipped.

Duing GC analysis prochloraz and its metabolites partly convert to TCP in the hot injector.
The reproducibility of this conversion varies depending on various factors. Analysis via GC is
thus tricky. GC results should not be added to any results obtained by LC to avoid redundan-
cies and overestimation of prochloraz (sum).

Analysis of real samples showed that BTS 40348 is, next to prochloraz, the main part of the
residue. The non-inclusion of BTS 40348 in the residue definition proposed by EFSA (sum of
prochloraz, BTS 44595 and BTS 44596 expressed as prochloraz) inevitably leads to a strong
deviation to the currently existing residue definition of total prochloraz (sum of prochloraz and
its metabolites containing the 2,4,6-trichlorophenol moiety expressed as prochloraz). This
aspect needs reconsideration.

BTS 44596 degrades to 2,4,6-TCP in pure acetonitrile. Acidification is necessary.
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S;EEQ;ES Eggr;?:-to In-source T~ Degradation in
TCPin GC fragmenta- DErEEEE) 17 QUECHhERS ex-
. ACN
tion tracts
Prochloraz v medium v not observed not observed not observed
. YES to
BTS 44595 v very high v BTS 40348 not observed not observed
. YES to TCP
BTS 44596 v high v YES to TCP (acidify ACN) not observed
BTS 40348 v high v not observed | not tested yet not tested yet
v
BTS 9608 (skip minor v YES to TCP not observed not observed
cleanup)
TCP 7/ - v not observed not observed not observed
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Appendix:
Materials:

Prochloraz (purity 99.0%) purchased from Dr. Ehrenstorfer (Cat #:C16290000)

BTS 44596 (Prochloraz desimidazole-formylamino) (purity 98.2%)
— friendly donation by BASF; also available at Dr. Ehrenstorfer

BTS 40348 (purity 99.6%) - friendly donation by BASF

BTS 44595 (Prochloraz desimidazole-amino) (purity 98.0%)
- friendly donation by BASF; also available at Dr. Ehrenstorfer

BTS 9608 (2,4,6-Trichlorophenoxyacetic acid) (purity 99.2%)
- friendly donation by BASF; also available at Dr. Ehrenstorfer

2,4,6-Trichlorophenol (purity 99.5%) purchased from Dr. Ehrenstorfer (Cat #:C17774600)

Instrumentation details:

GC-MS (Cl-neg.) method:

GC GC: Agilent Typ 6890N, Injector: Gerstel CIS 4
MS Agilent Typ 5973, run in Cl negative mode
m/z Prochloraz: 375.0, 377.0, 214.0
2,4,6-Trichlorophenol: 197.9, 199.7, 196.0
Column Agilent 19091J-433 HP-5 5% Phenyl Methyl Siloxane
Injection volume 3 pL, solvent vent mode
Initial - 50 0.8

Ramp 1 | 720.00 300 5.00
Ramp 2 720.00 320 10.00
Ramp 3 0.00 -

PTV-System:

Injection at 50 °C — split valve open — vent flow 40 mL/min
— keep for 0.5 min

at 0.5 min — close split valve

at 0.8 min — start heating

at 2 min — reopen split valve — split flow at 41.1 mL/min

at 6 min — activate gas saver mode — split flow 20 mL/min
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Oven program

Ramps °C/min Next °C Ho_Id
min
- 50

Initial 2.33
Ramp 1 | 30.00 220 0.00
Ramp 2 5.00 260 0.00

Ramp 3 | 20.00 280 15.00
Ramp 4 0.00 - -

Flow Helium 1.7 mL/min, constant flow
Transfer line 270 °C
Detector MSD-CI, source temperature 150 °C

LC-MS/MS method:

LC WATERS Acquity UPLC
MS/MS ABSCIEX API 5500 Q-Trap, run in ESI negative/ positive mode
MRMs Prochloraz 376/308, 376/266, 378/310 (ESI pos)
BTS 44595 325/282, 325/129, 327/284 (ESI pos)
BTS 44596 353/308, 353/70, 353/310 (ESI pos)
BTS 40348 282/86, 282/44, 284/86 (ESI pos)
BTS 9608 253/195, 253/35, 255/197, 257/199 (ESI neg)
2,4,6-Trichlorophenol 195/35, 197/35, 199/37 (ESI neq)
Column Acquity BEH C18, 2.1x100 mm, 1.7 um
Pre-column Acquity BEH C18, 2.1x5 mm, 1.7 um
Mobile Phase A: 0,01% acetic acid in purified water + 5% acetonitrile
B: 0,01% acetic acid in acetonitril
Gradient Mobile Phase A Mobile Phase B
min % %
0 80 20
4 70 30
7 10 90
8.5 10 90
8.6 80 20
13.5 80 20
Flow 0.4 mL min*
Injection volume 2 uL, partial loop with needle oveffill
Column temperature 40°C

EU Reference Laboratory for Pesticides Requiring Single Residue Methods

Page 21 of 21

CVUA Stuttgart, Schaflandstr. 3/2, 70736 Fellbach, Germany

EURL@cvuas.bwl.de



mailto:CRL@cvuas.bwl.de

