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Table 1. The anticholinergic pesticides confirmation rates in the enzyme inhibition positive (EIP) samples.

Anticholinergic pesticides confirmation rate

Year No. of EIP samples HPLC + GC/MS HPLC + GC/MS + TLC
2009 136 108 (79.4%) 128 (94.1%)
2010 132 110 (83.3%) 128 (97.0%)
2011 139 103 (74.1%) 126 (90.7%)
2012 147 130 (88.4%) 145 (98.6%)
Total 554 451 (81.3% £ 6.1%) 527 (95.1% + 3.5%)
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Fig. 1. The frequency distribution of number of pesticides detected in 554 EIP-samples.

#2. TEIEHER, ZRREEW W B TR, -
Table 2. The pesticides and their titers in the EIP samples.

Year No. of EIP samples Average number of pesticides per sample Average titer per sample (mg L)
2009 136 2.74 1.65

2010 132 3.64 2.15

2011 139 3.09 1.81

2012 147 3.75 2.04

Total 554 3.30 +£0.47 1.91+0.23

R EITIRE: - TEMEAR, 2S8R @E R 2.33-2.97  BEAERRE £ 0.29) o ] T2
4.11 FE (UFE 2 HEE Ry 3.24-4.65 > fEMERE By HIBEA, ZEEER R 315 mg L' (UE  #iFE
+0.62) S RIEREA, 22547 (UFEY 52.81-347mgL’ fEMEME R +028mgL")
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3. WBEEEAT TEMEEA, B UORENGEA, CRg T 61 TE, -
Table 3. The pesticides and their titers in the tolerance-violation (TV) vs. non-violation (NV) EIP samples.

Year No. of samples Average number of pesticides per sample  Average titer per sample (mg L)
TVEIP
2009 54 (39.7%) 3.24 2.81
2010 78 (59.1%) 4.45 3.25
2011 59 (42.5%) 4.12 3.09
2012 68 (46.3%) 4.65 3.47
Total 259 (46.9% + 8.6%) 4.11+0.62 3.15+0.28
NVEIP
2009 82 (60.3%) 2.41 0.88
2010 54 (41.0%) 2.46 0.56
2011 80 (57.6%) 2.33 0.86
2012 79 (53.7%) 2.97 0.81
Total 295 (53.1% = 8.6%) 2.544+0.29 0.78 £0.15
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Table 4. Detected frequencies of pesticides in the EIP samples classified by the purpose of application.

Classes of pesticide

Year Total detected frequency Insecticide Fungicide Other
2009 373 256 (68.6%) 117 (31.4%) 0(0.0%)
2010 480 310 (64.6%) 166 (34.6%) 4 (0.8%)
2011 429 284 (66.2%) 122 (28.4%) 23 (5.4%)
2012 551 379 (68.8%) 151 (27.4%) 21 (3.8%)
Total 1,833 1,229 (67.1% + 2%) 556 (30.3% + 3.2%) 48 (2.6% +2.5%)

#s. TEEEEA, o IR BRI U -

Table 5. Detected frequencies of insecticides in the EIP samples, classified by their chemical natures.

Year Detected frequency — Organic phosphorus Carbamate Synthetic pyrethrin Nicotine

2009 256 123 (48.1%) 56 (21.9%) 53 (20.7%) 24 (9.4%)

2010 310 140 (45.2%) 57 (18.4%) 54 (17.4%) 59 (19.0%)

2011 284 137 (48.2%) 41 (14.4%) 60 (21.1%) 46 (16.2%)

2012 379 184 (48.6%) 54 (14.3%) 69 (18.2%) 72 (19.0%)

Total 1,229 584 (47.5% + 1.6%) 208 (17.2% % 3.6%) 236 (19.4% = 1.8%) 201 (15.9% + 4.5%)
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Table 6. Detected frequencies of individual anticholinergic insecticides in the EIP samples.

Detected frequency

Pesticide 2009 (n=136) 2010 (n=132)

2011 (n=139) 2012 (n = 147) Total (n = 554)

Chlorpyrifos 50 (36.8%) 76 (57.6%)

Profenofos 48 (35.3%) 29 (22.0%)
Carbofuran 30 (22.1%) 26 (19.7%)
Methomyl 17 (12.5%) 13 (9.8%)
Oxamyl 0 (0.0%) 6 (4.5%)
Acephate 8 (5.9%) 9 (6.8%)
Methamidophos 11 (8.1%) 6 (4.5%)
Ethion 4(2.9%) 5(3.8%)
Phosmet 0(0.0%) 4 (3.0%)
Carbaryl 1(0.7%) 5(3.8%)

74 (53.2%)
22 (15.8%)
21 (15.1%)

95 (64.6%)
33 (22.4%)
31 (21.1%)

295 (53.3% + 11.8%)
132 (23.8% = 8.2%)
108 (19.5% + 3.1%)

9 (6.5%) 13 (8.8%) 52 (9.4% % 2.5%)
6 (4.3%) 19 (12.9%) 31 (5.6% = 5.4%)
7 (5.0%) 6 (4.1%) 30 (5.4% = 1.2%)
8 (5.8%) 0 (0.0%) 25 (4.5% = 3.4%)
2 (1.4%) 11 (7.5%) 22 (4.0% = 2.6%)
8 (5.8%) 0 (0.0%) 12 (2.2% + 2.8%)
0 (0.0%) 4(2.7%) 10 (1.8% + 1.7%)
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7. TREEHEERER TBEE (EP), K TEMS (TVEIP), B fa R ELE -
Table 7. Ten farmers’ associations produced vegetables and fruit with highest EIP detection counts in 2009-2012.

Detected frequency (EIP)

Detected frequency (TVEIP)

Association Detected vegetables 2009 2010 2011 2012 Total 2009 2010 2011 2012 Total
#1 Small leaf vegetables 12 11 6 9 38 (6.9%) 5 7 1 2 15 (5.8%)
#2 Small leaf vegetables 10 12 10 5 37 (6.7%) 4 7 4 1 16 (6.2%)
#3 Small leaf vegetables 10 10 7 6 33 (6.0%) 4 7 1 2 14 (5.4%)
#4 Small leaf vegetables 8 2 10 11 31 (5.6%) 5 2 3 5 15 (5.8%)
#5 Small leaf vegetables 7 10 3 9 29 (5.2%) 2 6 0 2 10 (3.9%)
#6 Bud of cabbage 2 5 8 5 20 (3.6%) 0 2 5 2 9(3.5%)
#7 Small leaf vegetables 1 3 7 6 17 (3.1%) 4 5 2 0 11 (4.2%)
#8 Egg plant 6 2 5 4 17 (3.1%) 1 2 4 2 9 (3.5%)
#9 Beans and Shallot 5 6 6 0 17 (3.1%) 0 0 3 3 6 (2.3%)
#10 Small leaf vegetables 9 3 0 3 15 (2.7%) 0 2 0 1 3 (1.2%)
Total 254 (45.8%) 108 (41.7%)
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Fig. 2. The correlation of EIP-samples and TVEIP-samples in ten most high frequency residues detected farmers’

associations.
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Fig. 3. The anticholinergic insecticides residues patterns of ten most high frequency residues detected farmers’ as-

sociations.
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4. TSR AR I -

Fig. 4. The geographic locations of ten most high frequency residues detected farmers’ associations.
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° FQPA. 1996. Public law 104-170-AUG. 3, 1996.
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The Study of Pesticide Residues Control by the
Combination of AChE Screening and Chemical
Analysis: The Taipei Model
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Abstract

Cheng, E. Y., Y. B. Huang, M. Y. Chiang, Y. H. Hou, and C. C. Nien. 2015. The study of
pesticide residues control by the combination of AChE screening and chemical analysis:
The Taipei model. J. Taiwan Agric. Res. 64(1):53-63.

The pesticide residue problem on fruits and vegetables in the Taipei City wholesale market was
investigated by both Acetylcholinesterase inhibition screening and the regulatory chemical residue
analysis from 2009 to 2012. A total of 223,135 samples were screened and 554 samples were found
with more than 45% inhibition on AChE activity (the enzyme inhibition positive; EIP), i.e., an in-
dication of presences of neurotoxic pesticide residue, including organophosphate and/or carbamate.
In chemical analysis through GC/MS, HPLC, and TLC, 95.1% of the EIP-samples were confirmed
with the causing pesticide identities. In average, each EIP-sample contained 3.30 pesticides with an
insecticide to fungicide ratio of 2 : 1, and a combined pesticide titer of 1.91 mg L. Among the EIP-
samples, 259 (46.9%) samples violated the tolerance regulation (TV) with average of 4.11 pesticides
and combined titer of 3.15 mg L' for each TVEIP-sample. Since the practice of mixing several pesti-
cides in spray has been confirmed in this study, the attention is then focused on the Common Mecha-
nism Group (CMG) problem or the cumulative toxicity. The combined frequency of organophosphate
and carbamate presence in 554 EIP-samples was 792 and the average was 1.41 per sample. Thus, the
CMG problem is obvious in these neurotoxic anticholinergic pesticides. The safety judgment by the
individual organophosphate and carbamate pesticide tolerance will underestimate the danger of their
combined residues. The highest frequencies detected for anticholinergic pesticides were chlorpyrifos
(53.3%), profenofos (23.8%), carbofuran (19.5%), etc. High residue risk vegetable and fruit produc-
tion farmer organizations were identified in the study, a total of 254 EIP-samples (45.9%) came from
only ten farmers’ associations. Among them, there were 108 tolerance violations (41.7%), the correla-
tion between the EIP cases and TVEIP cases in those ten farmers’ association is positive (R* = 0.752).
The pesticides mixing pattern are similar in these adjacent production organizations, and can be used
as a tool to trace the origin of residue contaminated farm products with unknown sources. The resi-
due analysis results of 2009-2012 were similar in all aspects with no significant differences between
years. The AChE/Chemical combined analysis for pesticide residues control has been a regular prac-
tice in Taipei City since 1985. Its purpose is to intercept by rapid enzyme toxicity test. The residues
contaminated vegetables and fruits before it have been sold to consumers. From 2009 to 2012, a total
of 37,278 kg of residues contaminated vegetables and fruits were taken off from the market and de-
stroyed to protect the consumers.

Key words: Pesticide, Residues, Fruits and Vegetables, Acetylcholinesterase.
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