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Detection of chloropyridinyl neonicotinoid insecticide metabolite 6-chloro-
nicotinic acid in the urine : Six cases with subacute nicotinic symptoms
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——Summary: (Jpn J Clin Toxicol 2011 ; 24 : 222-230)
Neonicotinoid is a recently developed insecticide with worldwide use that has been increasing. It

acts as a nicotinic acetylcholine receptor agonist. Chloropyridinyl neonicotinoid is a subgroup of neoni-
cotinoid, and are commercially available as imidacloprid, nitenpyram, acetamiprid, and thiacloprid. The
maximum residue limits of acetamiprid for fruits and tea leaves are high in Japan, e.g. 5 ppm for grapes
and 30 ppm for tea leaves. 6-chloronicotinic acid (6 CNA) is a common metabolite in animals after ex-
posure to chloropyridinyl neonicotinoids, but has not yet been detected in human urine. ‘Spot’ urine
samples on the first visit and after were collected from eleven patients 6-52 years-old, who visited X-
clinic from August to December in 2008, within 24 hours after symptom onset with unknown origin.
Urinary 6 CNA was detected in six out of the eleven patients (IC positive group) , by ion chromatogra-
phy and identified in twenty specimens of these six patients by liquid chromatography-mass spectro-
metry (LC/MS), maximum 84.8 yg/L from the first visit to the 20th visit. The sensitivity of ion chro-
matography for LC/MS was 45%, and the specificity was 100%. The IC positive group showed
headache, general fatigue, finger tremor, and short time memory disturbance in 100%, fever (>
37.0C) , cough, palpitation, chest pain, stomachache, myalgia/muscle spasm/muscle weakness in 83%,
heart rate abnormality (sinus tachycardia, sinus bradycardia, or intermittent WPW syndrome) in 83%,
high domestic fruits intake (>500 g/day) in 83%, high tea beverage intake (>500 mL/day) in 66%.
Five patients who were not among the IC positive group showed<80%, <40%, 60%, 60%, 20%, respec-
tively. The patients gradually recovered through supportive therapy and the restriction of fruits and tea
intake within several days to two months. In conclusion, urinary 6-chloronicotinic acid, a common me-
tabolite of chloropyridinyl neonicotinoid insecticide, was detected for the first time, from six patients
with subacute nicotinic symptoms.
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Table 1 Comparison of the maximum residue limits (MRLs) of
acetamiprid and imidacloprid in Japan, the US and the EU

acetamiprid imidacloprid
Japan us EU Japan US EU
old new*
apple 5 2 1 0.1 0.5 0.5 0.5
Asian pear 5 2 1 0.1 0.7 0.6 0.5
peach 5 2 1.2 0.1 0.5 3 0.5
table grape 5 5 0.2 0.01** |3 1 1
strawberry 5 3 0.6 0.01** |0.5 0.5 0.5
tomato 5 2 0.2 0.1 2 1 0.5
dried tea leaves | 50 30 50 0.7 |10 0.05**
1

* new MRL for acetamiprid in Japan is effective from Feb. 2011

** lower than detection limit
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Fig. 2 A typical mass spectrum at tR = 11.763 min (top), two selected ion chromatograms

(upper and middle of bottom), and a

total ion chromatogram (lower of bottom) of a

urine sample of Case 1 on the fourth day of illness by reversed-phase liquid chroma-
tography-mass spectrometry (LC/MS) in positive ion mode

Methanol (A) and 0.1% formic acid (B) were used a

s eluents with a flow rate of 1mL/min. The gradient

started from 5% A, increased to 40% A in 2 min, and further increased to 95% A in 13 min linearly. Elec-
trospray ionization was used for ionization with a range of m/z from 100 to 500. The selected ions were
set at m/z = 158 (upper of bottom) and at m/z= 160 (middle of bottom). The mass spectrum shows the
pseudo molecular ions (m/z = 158 and 160) with a relative abundance of 3 to 1
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Table 2 Time course of detection of 6-chloronicotinic acid (6 CNA) and the maximum 6 CNA concentrations

(ug/L) in the urine samples of eleven cases

: maximum
case the day of illness 6 CNA
# agesex|1 2 3 4 5 6 7 8 9 10 11 12 13 14 20 26 36 43 | (ug/L)
1 3 F |- + +H + + ++ ++ - - 12
2 2 F |+ ++ - - = ++ 59.1
3 6 F |+ — ++ 16.2
4 45 F |++ — 7.5
5 17 M|+ ++ 45.1
6 9 F |+ + + + ++ 84.8

> means 6 CNA was not detected by LC/MS or by IC
+ :means 6 CNA was detected by LC/MS but not by IC

++ : means 6 CNA was detected by LC/MS and by IC

Detection limits of 6 CNA by LC/MS and by ion chromatography (IC) are 2 ug/L and 40 ug/L, respectively

Table 3 The relationship between the 6 CNA concentrations determined by LC/MS and by

ion chromatography

LC/MS (n=27)

positive, 22 ug/LL. negative, <2 ug/L

jonchromatography positive, 240 ug/L
(n=27) negative, <40 ug/L

9 0
11 7

The sensitivity of ion chromatography for LC/MS was 45%, and the specificity was 100%
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Table 4 Comparison of subjective symptoms, clinical findings, electrocardiogram
findings, and food/beverage intake between the three groups

group IC positive IC negative chronic
onset of the symptoms <?4 hs <24 hs >24 hs
number of cases 6 5 22
6 CNA positive by ion chromatography 6 0] 1#
age (mean*=8D) 22.2+15.0 32.6%16.2 40.1%+20.1
sex (M/F) 1/5 1/4 9/13
subjective symptoms
headache G*** 3 13
general fatigue B*** 3 17*
palpitation e 1 10
chest pain 4x* 0 10
stomachache 4x* 1 4
myalgia 3 1 8
throat pain 3 2 6
nausea 2 2 10
sleep disturbance 2 1 12
shoulder stiffness 1 3 12
constipation 0 2 8
clinical findings
finger tremor G*** 4* 12
short time memory disturbance G*** 2 13
JCS 1-1 G*** 2 13
fever (>37.0C) B 1 7
cough b** 1 10
muscle weakness/spasm 3 2 12
skin eruption 0 2 8
electrocardiogram abnormality B*** o** 10
rhythm e 3* 5
ST change 3 0 7
long QT 1 2 2
food and bevarage
tea (>600 mL/day) 4* 1 13
fruits (>500 g/day) Hx* 3* 17*
vegetable(salad/soup/juice) 2 R 6

* means more than 60%, ** means more than 80%, and *** means 100%
# 8 CNA of chronic group were analyzed by ion chromatography only on the

first visit
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