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Background 7

Perchlorate

ClO4 & ClOs°

Chlorate

> Concern because ClOx are competitive inhibitors of iodine uptake in the
thyroid.

> Can cause damage to red blood cells.

> Its presence in food a potential health concern for vulnerable groups,
particularly infants, pregnant women and people with thyroid dysfunction.
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Regulation (EU) 2020/685 ClO, 0.01-0.75 mg/kg

Mandatory maximum residue levels for

. Maximum level
Foodstulfs (') (mglkg)
chlorate and perchlorate =
9. Perchlorate
9.1. Fruits and vegetables 0,05
with the exception of:
— Cuarrbitaceae and kale 0,10
On 04.06.2020, the European Commission published Regulation (EU) 2020/749 amending — leaf vegetables and herbs 0,50
Annex Ill of Regulation (EC) No. 396/2005. According to this regulation, new maximum 92 Tea (Camellia sinensis), dried 0.75
residue levels for chlorate in food will apply starting from 28.06.2020 without transitional Herbal and fruit infusions, dried
FEgUIaTion. 9.3 Infant formula, follow-on formula, foods for special medical purposes intended for 0,01
inf; d hild d y hild f la ()()(*
Chlorate is the salt of chloric acid. It is released as a by-product when disinfectants are infaursand young chiidren and young cuild Tormu (KDY
used and when drinking water is treated, causing residues of chlorate to appear in food. Babyfood (')() 0,02
Repeated ingestion of chlorate can lead to inhibited iodine absorption in humans, which Processed cereal based food (*)(*) 0,01

can‘have healthieffects, especially forriskigroupsisuch asithyreid patients, newhornsand (*) young child formula are milk based drinks and similar protein based products intended for young children. These products are outside

children. the scope of Regulation (EU) No 609/2013 (Report from the C ission 1o the European Parli and the Council on young child
formulae (COM/2016/0169 final)
Residues of chlorate are frequently found in frozen vegetables, fruit juices and salads. It (hups:/[eur-lex.curopa.cu/legal-content/ENTXT/PDF/?uri=CELEX:52016DC0169&qid=15596288851 54&from=EN).
occurs as a result of glazing frozen vegetables, diluting concentrates for juice, and .
Regulation (EU) 2020/749 ClO5~ 0.05-0.7 mg/kg
8.6.2020 Official Journal of the European Union L 1787

COMMISSION REGULATION (EU) 2020/749
of 4 June 2020

amending Annex III to Regulation (EC) No 396/2005 of the European Parliament and of the Council
as regards maximum residue levels for chlorate in or on certain products

(Text with EEA relevance)

THE EUROPEAN COMMISSION,
Having regard to the Treaty on the Functioning of the European Union,

Having regard to Regulation (EC) No 396/2005 of the European Parliament and of the Council of 23 February 2005 on
maximum residue levels of pesticides in or on food and feed of plant and animal origin and amending Council Directive
91/414/EEC ('), and in particular Article 14(1)(a) and Article 16(1)(a) thereof,

‘Whereas:

(1)  According to Commission Decision 2008/865/EC (%) all authorisations for plant protection products containing
chlorate have been revoked following the non-inclusion of chlorate in Annex I to Council Directive 91/414[EEC (7).



Background

» Determination of ClOx in food is a challenge due to the trace level and their high polar property.

» Current methodology :
lon chromatography (IC),
IC coupled with tandem mass spectrometry (IC-MS/MS)

HPLC-MS/MS (ion-exchanging based column were commonly used)

low-sensitivity, high-cost, short column life and relatively complicated operation

» We establish an accurate analytical method for the determination of chlorate and perchlorate in drinking

and foodstuffs using 180 stable isotope labelled internal standards calibration.



Analytical Method Development

Waters UPLC-Xevo TQ-XS MS/MS
lonization mode: ESI(-)

Capillary: 1.00 KV

Source Temp. : 150°C

Desolvation Temp.: 450°C

Gas flow: 1000 L/h;

Parention (m/Z) Product ion (m/Z) Cone (V)
Chlorate 83.0 67.0* 25 18
85.0 69.0 25 17
Perchlorate 99.0 83.0%* 18 18
101.0 85.0 18 18
89.0 71.0* 25 18
Sl ELEEE 91.0 73.0 25 17
107.0 89.0%* 18 18

Perchlorate-IS 109.0 91.0 18 18




Analytical Method Development

g

> Selection of LC Cloumn

ShEMEREILAY Nano-polymer fER

MFLRFIEE 7 / RAAThEEE

Cloumn : Thermo Trinity P1 (2.1*100mm, 3 ym)
Mobile : A-20 mM NH,FA, B-acetonitrile (ACN) R
Flow : 0.5 mL/min
Temp : 40 °C
Injection Vol - 3 uL BN Nano-Potymer/Siica Hybrid (%
HERRIER
Time (min) Module Command Value ] Clo, T 47963
0.50 Pumps Pump B Conc. 35
4.00 Pumps Pump B Conc. 65
5.00 Pumps Pump B Conc. 90 EL
7.00 Pumps Pump B Conc. 90 1 )
7.10 Pumps Pump B Conc. 35 Clo,
10.00 Controller Stop 4 Ti ' \
0- Time



Analytical Method Development

» Selection of LC Cloumn

Cloumn Stationary phase Moblie phase Peak width/min Concern

Thermo Trinity P1 ACN-20 mM NH4FA ~0.3 RT shifting, peak tailing

Waters Torus DEA 0%'\/\’“\)\"(/ ACN-20 mM NH4FA ~0.15/0.3 Poor results of chlorate

Poor retention of

Shiseido HILIC PC
perchlorate

ACN-20 mM NH4AC ~0.25

-
Waters CSH PFP O'E;F”‘Q" ACN-1% FA ~0.20 /



Analytical Method Development 7
O
> Selection of LC Cloumn
Cloumn : CSH PFP column(2.1*100mm, 1.7 um)
Mobile : A-acetonitrile  (ACN) , B-0.1% FA
Flow : 0.4 mL/min
Temp : 40 °C
Inj Vol -5 uL
B8 ( min)  R®E (mL/min) %A (ACN) %B (0.1%FA)
0.5 0.4 25 75 E%@%ﬁ
4.0 0.4 65 35
5.0 0.4 95 5
7.0 0.4 95 5 %@%ﬁ
7.5 0.4 25 75
10 0.4 25 75 L




Analytical Method Development

. . . Eggs
» Selection of extraction solution ey

» water :
70%ZME 70% R EE .

» Water-Methanol (MeOH) | ,

e Y &=
» Water-ACN ~ 4
» 0.1% formic acid -ACN
Infant formula T s
e = O W 0.1%FA  70%MeOH  70% ACN
I : Spinach

S0%ACN 70%MeiH_7 |

— 35 \




Analytical Method Development V4

» SPE purification

No purification C18 Prime HLB WCX

LY

l:—-’

HLB




Analytical Method Development

> High-SB't Sample std 20/2 NaCl 0.05%

CLO3-CLO4-225 1: MRM of 8 Channels ES-
_ 3.71 TIC
100 . 0o
spice 71 NaCl : 0.5% 279 289 6.53e4
CLO3-CLO4313 _ 1:MRM of 8 Chamel ] ﬂ
' 0
Soya sauce 050 1.00 150 200 250 300 350 400 450 500 550
CLO3-CLO4-224 1: MRM of 8 Channels ES-
_ 3.70 TIC
100 . 099
_— NaCl : 0.2% - 1.08e5
£ A
Ot T e T T e T T T T T I T e T T T T e
I"“‘*MW 050 1.00 150 200 250 300 350 400 450 500 550
¥ PO o ittt S PO CLO3-CLO4-223 1: MRM of 8 Channels ES-
0.50 1.00 1.50 200 250 300 350 400 450 500 550 3.70 TIC
1004 . 0109
CLO3-CLO4 312 _ 1:MRM of 8 Crameis ES- NaCl : 0.1% 288 1.23e5
100; r RO ] /[\
Systersauce [ e R B L B e o S B e L B VMARE B S s A nns ey Lanns
050 1.00 150 200 250 300 350 400 450 500 550
s CLO3-CLO4-222 1: MRM of 8 Channels ES-
A 100+ 3.70 TIC
NaCl : 0.05% 2.86 1.68e5
| IS
L 0 T T T T T T T T T T T T T T T T T T T T T T T
o Bliohl GV L% T T S TV S, S B0 SN L1 A 050 1.00 150 200 250 300 350 400 450 500 550
% X e 200 2.3 300 350 400 430 500 53 CLO3-CLO4-220 1: MRM of 8 Channels ES-
2.88 TIC
100 NaCl : 0
570 3.27e5
S
The effect of NaCl ? /L .
0 T T T T T TTTTT T T T T T T T — Time

» A further purification step is necessary for the high salt samples



Analytical Method Development

» Further purification

Syster sauce

spica 70 Ag-H
CLO3-CLOL 378 1: MRM of 8 CramdsES
100 GCB'Ag/H 9848
"
e
S S— Ty L e pHcl—
0.50 1.00 150 20 2350 300 350 400 4350 s00 530
CLO3-CLO4 378 1:MRM of 8 ChamdsES
1004 18 ina n
GCB-Ag S
-~
e P e
AT
0.50 1.00 150 200 250 3.00 150 400 450 500 550
CLO3-CLOe 312 1:MRMof8 Cramds ES
0 TiC
5.72:0
4 Soya sauce
spica 71 Ag-H
- CcLO3. C‘..'Os_g'ﬂ 1:MRM of8 ChamasES
e e T ™
0.50 1.00 130 200 250 30 35( 40 50 S0 / 5305
- L
N A
0.50 1.00 50 200 250 300 50 00 450 S.00 550
CLO3-CLOeam2 1:MRM of 8 ChamnedsES
1004 o Tl:
GCB-Ag s
R
e——— N A
0.5 1.00 1.5 200 250 300 as 400 450 500 550
CLO3-CLO4-313 1:MRM of 8§ Cramds ES
1007 e
h F—A’-/K :
.
el Ten
......... s IS
0.50 1.00 15 200 250 300 350 00 450 S00 55

In general, Ag/H cartridge presents better results than the Ag cartridge




Analytical Method Development

» Sample pretreatment procedure

Fresh sample 2 g Dry sample 1 g

. .

4 mL 1% FA-water and 6 mL ACN

Purified by GCB cartridge
and Ag/H cartridge (high-salt samples only)

o
LC-MS/MS analysis




Analytical Method Development V4

> Linearity: isotope labelled interna

Correlation coe cient(r 0. ?99 ,r"2=0.99822 .| | Correlation coefficient(r = 0.099924, 2 = 0.999849

Calibration curve: 0.191651 * x + 0.00251333 Calibration curve: 0.0605200 "X+ -0.00329
Response type: Internal Std ( Ref 4 ), Area * (IS Conc. /1S Area ) : *I'| Response type: Internal Std (Ref2), Area* (IS Conc. /1S Area )
Curve type: Linear, Origin: Include, Weighting: 1/, Axis trans: None : ! | Curve type: Linear, Origin: Include, Weighting: 1/x, Axis trans: None

Waters UPLC-Xevo TQ-XS MS

Shimadzu 30A 8060 LCMS

00 25_0 56.0 75.0 Xiétt o0 T T 2!5 —T T T 5!0 T T 7!5 L ;‘Réﬁ:‘

Y=0.163191X+0.0184304 Y=0.770577X+0.00968475
R=0.9994 R=0.9991



Analytical Method Development

> Method Validation

MLOQ:
ClO,: 0.5 pg/kg; ClO;: 5pug/kg
Linearity:
ClO,: 0.1~100 pg/kg; ClO;: 1~1000 pg/kg
Recovery:
82.3-109.6%
Accuracy:
RSD<15%

>Suitab|e for chlorate and perchlorate determination in a variety of food samples, e.g. animal
producing foods, cereals, vegetable, fruits, drinking, dairy products, and seasoning samples......



Analytical Method Development
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Method Application V4

> Occurrence of chlorate and perchlorate in seasoning samples

Sauce (n=13) Detectable

Occ. (%) 61.5 1oo
Max (mg/kg) 17.13 0.114
Min (mg/kg) <LOD 0.018
Average (mg/kg) 1.943 0.035
Medium (mg/kg) 0.067 0.025
Vinegar (n=13) Detectable 12 13
Occ. (%) 92.3 100
Max (mg/kg) 2.335 4.087
Min (mg/kg) <LOD 0.014
Average (mg/kg) 0.204 0.365
Medium (mg/kg) 0.022 0.063
Spice (n=36) Detectable 23 32
Occ. (%) 63.9 88.9
Max (mg/kg) 2.164 10.84
Min (mg/kg) <LOD <LoQ
Average (mg/kg) 0.150 1.075
Medium (mg/kg) 0.052 0.185
Others (n=22) Detectable 14 18
Occ. (%) 63.6 81.8
Max (mg/kg) 0.327 0.680
Min (mg/kg) <LOD <LoQ
Average (mg/kg) 0.123 0.245

Medium (mg/kg) 0.090 0.042




Dietary Exposure Analysis

» Total dietary study (TDS)

<,

EREABRELSSMINEERE

BEBMR (T0S) #RBAEFE—TEIRS R AR @
B BmEMMBALCEYEN R EBN A
Total dietary study (TDS) is one of the most effective
methods to assess the potential health risk to the general
population posed by food contamination



"= Dietary Exposure Analysis

» Sampling THE 6™ TDS

NORTH I
I NORTH I
Il SOUTH I

> 2010-2012 the 5 Chinese TDS: 20

provinces, 240 composite samples

> 2016-2018 the 6" Chinese TDS: 24

provinces, 288 composite samples



Dietary Exposure Analysis

> Occurrence of perchlorate in the 6t TDS samples
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Food categories

> There are 273 out of total 288 samples detected containing perchlorate, with a
concentration range of 0.50-129 pg/kg, among which the highest level occurred in the
vegetables sample from GZ province



Dietary Exposure Analysis

> Occurrence of perchlorate in the 6t TDS samples
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> Samples from Jilin province presented the maximum perchlorate level 0.58~41.19 ug/kg
(average 22.20 ug/kg) , followed that of Hebei and Jiangxi provices.



Dietary Exposure Analysis

» Calculation of Dietary Intakes

CxF
D=3
fxW
Daily intakes of perchlorate (ug/kg bw/day)

Concentration in one kind of food (ug/kg wet weight)

D:

C:

F: Consumption of one kind of food (g/day)
f: Ratio of raw and cooked of one kind of food
W:

Body weight (kg)

For any residue below the MLOD, %2 MLOD were used



Dietary Exposure Analysis

> The dietary exposures to perchlorate in the 5t and 6t TDS

. the 5t TDS
N

the 6th TDS

<0.1

o307 jo.103
o7 7 Wo3o7
W07

Estimated mean perchlorate intakes from a few provinces are greater than the reference
dose (0.70 pg/kg bw/day) recommended by National Academy of Science of US.
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» The dietary exposures to perchlorate: China VS the other country or

regions
| NAS/EPA TDI 0.7
~ I I I EFSA TDI 0.3
N N N -

US TDS JECFA France Korea Taiwan  China 4th China 5th China 6th
TDS TDS TDS

o
(Y]
T

ug/kg bw/day

o
w
T

» Estimated mean perchlorate intake in this study were 0.351 pug/kg bw/day and 0.449 ug/kg
bw/day, respectively, exceeding the EFSA’s tolerance daily intake (0.30 pg/kg bw/day)



Dietary Exposure Analysis

» The distribution of daily intakes of perchlorate and iodine
among food categories

the 5th TDS the 6t TDS

| FaE
m g
LR ES
TomA%
m
K
w3k
m R
= KR
m Bk
= K R iR

CREES

[ Vegetables> Drinking > Cereals ]




Summary

Analytical methods for simultaneous determination of chlorate and perchlorate in a
variety of dietary samples were established based on SPE purification and LC-MS/MS

analysis.

The established method was used for the detection of real samples. Seasoning products

presented a notable contamination of ClOx.

The average intake to perchlorate of Chinese adults were 0.35 and 0.44 ug/kg bw/day for
the 5t and 6t TDS, respectively, exceeding the EFSA’s tolerance daily intake (0.30 pg/kg
bw/day).



Thank you for your attention!

LILL




