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ABSTRACT: Objective To understand the sources and levels of chlorate and perchlorate pollution in liquid milk in a
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were selected to collect 145 samples of 11 categories, including environmental samples such as forage, drinking water
for dairy cows, production water, production process samples such as nipple milk, pasteurized milk and finished milk
after filling, and disinfection products. The content of chlorate and perchlorate in the samples were determined by ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS), and the data were analyzed
statistically. Results The overall detection rate of chlorate was 19.31% (28/145), and the detection value was ND (not
detected)-307.07 pg/kg, the samples with high detection rates were medicinal bath, cleaning water and ingredients water,
the average content of chlorate in medicinal bath was the highest, which was 118.10 pg/kg, the overall detection rate of
perchlorate was 95.17% (138/145), and the detection value was ND (not detected)-270.80 pg/kg, except for the
ingredients water, perchlorate was detected in the other samples, and the detection rates of perchlorate in the samples
were above 75.00%, the detection rates of perchlorate in pre-medicine bath solution, ingredients water, nipple milk, raw
milk before purification, purified raw milk, pasteurized milk and finished milk after filling were as high as 100.00%, the
average content of perchlorate in forage feed was the highest, which was 58.37 pg/kg. Conclusion Chlorate in liquid
milk may be mainly brought in by disinfection and cleaning in the processing process, and forage may be one of the

main sources of perchlorate pollution in liquid milk, it is suggested to strengthen the supervision of relevant links and

effectively control the pollution sources of chlorate and perchlorate.
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Aglient Technologies 6460 & AH i = & PUMLAT %
A (£ E Aglient 22 F]); SCR20BA G /= 3 2 0 AL
(HITACHI 72\ #]); Millipore-Academic ## 4l /K #L (35 H
Millipore 723 #]); Multi Reax 2 I HE IR IE IR A& #5 (58 =
Heidolph 2t H]); BT124S HLFKF-(f&E Sartorius A H]);
XC-1200 BIEHE M B TRILOY T OB A T IR
PR F]); GM200 A B R (FE E Retsch A H])o
122 &KA 544

50 mL HIERWE .08 (EE CORNING A H);
2.0 mL HZE B0 (1T 2 48 s 5206 2 A il A7 B A ) );
2.5 mL VG (T g BB T 0 e A MRk B A A3 BRA Hl);
PRiME HLB [E#H#Z£ Bk . Waters Torus™ DEA Column &,
FEF:(100 mm=2.1 mm, 1.7 pm)(3E[E Waters A7),

1 S8 TR ER AR VEE VA W (100 mg/L, 4l B >99%, 3 [
Inorganic Ventures /A ]); i S HRER- "0, FRHEVATR (100 mg/L,

DL CIB0, 851, SERF 98%) . SMREL- "0, FRiEA (100 mg/L,

LI IOy 8 73, 4 98%)( 3% E Cambridge Isotope
Laboratories 2\ rl); SARELFRAES (100 mg/L, 4HEE>99%,
2% AccuStandard A Fl); ZHE. HER(EIEA, £E Sigma
Nl), LRREEATal, P AR ZERE (L AR)A BRA FH] ] 52
B K R 4K (L BH A = 18.2 MQ-em).,
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DX R BIREAR A TSI . TAE T A S AR K AR S
FLATHT AL 7, FLk 20 IBCR AR A FLAH R 1 A 38
Peo BUE A AR R RORNARE, T FRE S 38 B I S 4T
W, ¥ 2 0y, VERFERIERRE, 3B AT A,
FEIFARIE, T-18 CCROLIRETT .

1.3.2  RAATE TAEBIR A BLA

TR A bR VR L AR I 200 pL SFRELARE
VWA 100 pL = SRR HEIS WL, B T IR — 10 mL AR %5
W, BRI R EZIE, 5, HREmRE: | R
R FEHE N 2.0, 1.0 pg/mL (TR SRR HEE W, 4 °C
PRI AT

)37 28 ARG PR A C i 20 g St 100 pl 4
15k Rl 25 AR RN 20 pL SR ER R0 2 bR R S
FR— 10 mL #F s, HBakmREZE, 75,
i A AR ER-"005 A SR ER-"00, LR EE 4514 1000,
200 ng/mL 14 [F {57 = BRI, 4 °CAR R R IR A7

IRAARE TARE: A ET R IOR G ArE W 0.

10, 25, 50, 100, 250, 500, 750, 1000 uL % 94~ 10 mL
R, BRI R RN 100 uL, H
VIR SRR R 25, WRAT, A3 B SRR BT s vk By
0.2.5.10, 20, 50, 100, 150, 200 ng/mL, /=& RERH
HYREE A 0,1.0,2.5,5.0,10.0,25.0,50.0,75.0, 100.0 ng/mL,
FRRER-"0; B EYI S 10.0 ng/mL, FHERRE:-"*0, i
WEEHI R 2.0 ng/mL FIREFRHERS, FHLINE .
133 HARFLAHE

KRR MERIASEL 1.0 mL A, A 10.0 pL [ ZE K
FRE R, IRIEETS 10 s, 4 °CHF T 14000 r/min B0
10 min, E¥EW_EHLINE .

AT, Ll K IR SRR A Wi PRI
5 g(FEIZE 0.001 )iFEE T 50 mL HEB.LE P, MA
150 pL [F7 2 AR R, HEFIIA 1.0 mL 0.1%H #RK
W, 9.0 mL BB, WAKEIRZ I 10 min, 4 °CHH T
7000 r/min &> 10 min, B E R AL

RR . B): HEFIFRIEL 2 gCRi il = 0.001 g)ilft
BT 50 mL HIERLLAE Y, A 200 pL WK AR
T, MEFIMA 7.0 mL #B4lK, WHEPREY S min, FRERN
A 13.0 mL B, IHEIRA) 5 min, A HEI 30 min, 4 °C4%
P 7000 r/min 8.0 10 min, B R AL

Ak B 3.0 mL _FiRfrdk BiR, BT PRIME
HLB [EAHZEBGE N, FHESFEAT A, SRRy
1.0 mL i B, IESER T 2.0 mL B0 N, 4 °CALF
F 14000 t/min B5.0> 10 min, B FIER M,
1.3.4 RAEHELH

FEIA A 4 20 mmoL/L ZFREFIRW, WA B M
W, W#H 0.35 mL/min, R 35 °C, #EFEEFT 10 uL,
B EERLAA 2 1 PR .

®1 BERREG

Table 1 Conditions of gradient elution

Y 5 5] /min 4;4%]; iﬁz 1;% 1 gﬁiﬁi&i@
Initial 85 15
0.00~3.00 s o5
3.00~6.00 s o5
6.00~8.00 - s
8.00~10.00 g5 s

135 JRiftt

Z 2 Wil (multiple reaction monitoring, MRM), Him§
%5 8T (electrospray ionization, ESI), ZAREL . H&EMREMY
SR TR, B4 HLE 3500 V, BIFIREE: 150 °C,
JBEH AR L BE: 400 °Co TR 320 °C; TR
5 L/min, B30 350 °C, B 11 L/min, & PEES
FXF . EREXT, LR A Rl Al LR 2,
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Table 2 Qualitative and quantitative ion pairs, and mass spectrometry parameters of chlorate, perchlorate and their internal labels

&Y 1B T (m/z) F BT (m/z) HEFLHL I /V T fE & /e V
J 83.0 67.0% 65 24
Sl 85.0 69.0 65 27
I, 99.0 83.0% 85 24
R 101.0 85.0 85 22
SRR R 89.0 71.0% 65 25
= A RAR AR 107.0 89.0% 105 25

TE:E R TR 1.3.5 MBUGRIHUESS, N RO, S EOTRe A2 5
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A (2021 4F [ S 62 5 T3 Ye o A 3 D8 28 XU W
TAETFME), RJTHBE Bt a] A 2 Ko B 7~ (R AL 5 X/ B
FXF) € i PR X R X SRR ER L R R AT 1 A
BT o A5 5 VA VAL v e 0 R v SR I B i i) g A T
MZEARRERTF 5%, WAREE L. FEAhERRE: | mAmREh
) 2 P/ i B X AR R = KT 50% 0, S5 bR ks ok
b, SRV 2E A +20%; X FFEEALE 20%~50%
ZE, RV RN 25 SRR O £25%; AR X B R 1
10%~20%2Z 1], FeiF i I 25 AN 18 3 £30%; A X 8 T £
INT 10%, SR A A 25 AT +50%
1.4 REFEH

R FE I 78 A3 PR UEAEAS (A, TR B VR A A AR 7
SHRS), BRREASR R U408 5y, BT REARIIHEAT 2 IR
ST AT, AR . mARER N SRR, 2 kI
SRR

BN PIMA — Ak R, o AR
FE GREAHTAL B R B AT, BRASFRIGAFESL, 58 4 fi
ASFES TR EAT, BE R s T, SRR . &
AR 0 S A R LAF0RR 2 EH 5 .
1.5 ZRGiHEF4E

i B A A1 4 (World Health Organization, WHO)
ERIEE W R G0/ S TS G I S PEAL MU (GEMS/FOOD)
52 REVET & 5 PR TE G T (5 BEAN H G AR
A A FREN, IS TS H BR A REAS LB F 60%, AT /N
TG BIR A B #5172 K H BR (limit of detection, LOD, 44
k0 0.50 pg/kg, FAMERN 0.15 pg/kg) it ILTFHLH

PR B B AR LL B 8 T 60%, JIFA /T K Hh B A A% 0 {F i
LOD(SMER N 1.00 pg/kg, HARE A 0.30 ng/ke)itE R,
BOHRSEH% ) Excel 2013, SPSS 22.0 #4473, SR
| R AR AL R 2R A i 1 25 SR R IR 06,
o iR 22 R RO R e, I A 06 28 Sy U A 5y, A
IRk HER 0=0.05,

2 HER5HH

SRR B R 19.31% (28/145), K {ETE
NDUNFHH FR)~307.07 ng/kg 2 18]; w5 AR E: 1Y A 4K 1
RN 95.17% (138/145), Kl B 4 ND(/N T K H PR )~
270.80 pg/kg Z Jal,

2.1 RAENPSRIMSSRISESH

Tl B SRR R RS 46 5h 23.53% (8/34), K IENE
[ ND~70.66 pg/kg, “FYI{EH 9.41 pg/kg; & A BRER A
14 97.06% (33/34), (LAY ND~270.80 pg/kg,
F-HIME 58.37 pglkg. MERFRTROE . FHIE BHREARE
KAk b s GRS R, PSR 50 pgkg,
L 3. SRR, ROk SRR ER A R T
SR ER(P<0.001), i W falkl s SRR V5 YL R v T
MRh i YRR B . T ERER SV oK, IRk b i SR
ER TS Y T B S TS Y AR K FIEE A A S

SR FR K56 43 i B SR AL | ) SR B R 45 20
R 225, B S M ERb b EREL . MR
FIA R 2 T IEGE 24 L (P>0.05), G ad B ARG I o &
ATl SRR s R R S 22 5, A E R A
iR b e DU 2 1= TR AR BH(P=0.039)

#3 TRAENSIRLNEIRLEENEHER

Table 3 Statistical results of chlorate and perchlorate content in different forages

7 25 N
. , AIREL/ (ne/ke) i AR ER (ng/kg)
HORH AR FEA /M5y TN ™ = = AP E'm i i
K B 4 B4y ¥ SENEN e/ MA S 1 U Wi IFNEN e/ MA
Tkt 5 0 ND ND ND 5 88.65 164.52 28.40
I 1 5.03 25.16 ND 6 118.89 270.80 432
=K 4 1 5.53 19.12 ND 56.87 148.23 ND
i EE 11 5 20.62 70.66 ND 11 17.65 35.11 4.45
TR 5 RS A 8 1 4.46 28.66 ND 8 50.78 111.45 8.16

TE: ND Fn (K TA R, T
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22 KPSEBREMSESBRELSENH (P=0.002) 253 BRANRGER, BFUhaTIE FRFL L 25 AR

IREEA HR R ER B HE 0N 37.50% (6/16), Ril{EE
[l i ND~237.40 pg/kg, F-HIME K 27.10 pglke; =& BRER W
KRN 68.75% (11/16), K{ETEE A ND~5.51 pg/kg,
EHIEN 1.50 pg/kg, HWE 4, BRI, KHEATE
T 1 e SR AR A HE 2 25 S E e 124 B L (P>0.05).
AR K S 100 m DUF AT K, A SR
b, XA RES ML T KA et S A R A P ok
KRG BB, KA s E RS . 1A H koK
R R A AR ER A A, Horp i SRR R A B
SRR, e SRR ER i Hp A E A8 (Al # i, HKF
IR, SR 2 BN AR ER TS YA T AR
23 ArgiE#APEREISSBRESENN
A B A e U FL Sk WA T AR AR, R R
9 4.76% (4/84), kil {E FIoh ND~23.25 pg/kg, “FIEN
1.26 pg/kg; HWHTHEIFL D b L | ke R
B PR 7S T I 7L B 2 I it 2L 1 8 SR R A R i i
100.00%, & M {E 75 BBl o 1.17~24.78 pg/kg, FHMEH N
7.49 pg/kg, HRFE 5. Ei Rk, RIAETSBREA
PR SR SRR R 2 R T AR R (P<0.001) . SR FABLAR:
WIS RA T I BREA TS EARE S RN ES, I
Sk A vy SR R RSB 3 s Tk IR #L(P=0.019),
24 HECmTSRE. SERBLERSH
WALk 2 P ARRER OAG H % m3A - 100.00%, 4
(B FE 7 34.80~307.02 pg/kg, FHIMEH 118.10 pg/kg; s
AR A 90.00% (9/10), RHMETLFE A ND~2.89 ng/ke,
SEIAME R 1.85 nglkg. WL L2 AR A SRR
R AR AL R, ERER MR (B R T e AR

RN i E R R PRI 22 S ¥ e G 22 L(P>0.05).
25 BEME

BEM R R AR RS N 1,72 pg/ke, ARERM
o AR PR T4 B
2.6 ESHAAFEBIRE. SEBRIBERSW

PR, K AR R AR L JHEE T AL A R
R AR . R IRER A R AR B AT AL, 1R
7Sk 25T i T SR ER R R 2 i AR kL Bk
(P<0.05); {HAFHE IR, BRECEIKAN, HAMAEA IR H
T AR, FEA SRR ER M R KT 75.00%, 5
Rk v e S R A U S v T A 2 A AR (P<0.05), X
WA o SRR A TE Y Tk ok .
®

AMFFTRT 2 SRS WIE 4R FOCHEERTT Y 145 A
FREL . RS TR TRI, S5, SRR A
hL BURbK  EVERDK . ZLk gLk 2iimii b A e,
a2 LSk 2V IR ER (A 1 SRR B s, FLARR 1
A FL LR MOR R T SRR ER I BRI, R SRR TE IR
FRL L RAK . A RSk 2R A B A A T TR UK
rA R, R Rkl R AR R R R R, RN R
BT RE RS T AR ER V5 Y ) BRI, X5 RICE,
SANCHEZ %5545 —5, RICE i 5x & BH, FAKiA
FORDU R AN 1 s SRR v B T RB B AIRAR 15
(A SRRV . SANCHEZ Z5P2 gy 2] 45 22k
P ARRER I EEORR, AR i SRR A i S R R R
PRARTEAE B R

4x

=A

3
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Table 4 Statistical results of chlorate and perchlorate content in water samples

433k REAR /0 _ AWML/ (ng/kg) _ AR LR/ (ng/kg)
K e 4 By ¥IfH SN e/ ME K 4 H/ 5y ¥IE BRE I/ ME
AKX 8 0 ND ND ND 6 0.88 1.43 ND
L% 2% 3 1 2.82 6.46 ND 0 ND ND ND
THUEK 2 2 2.54 2.54 2.54 2 4.52 5.51 3.52
A kK 3 3 80.96 237.40 2.74 3 3.15 5.22 0.65
=5 HNPEERE. SERESENSITER
Table 5 Statistical results of chlorate and perchlorate content in milk
e A _ AL (ng/kg) ] AR (ng/kg)
K 4y $/ 5y B &ARE RME K 4 $0/ 5y ¥E  EKME  RME
IS ] 57 4 1.38 23.25 ND 57 8.12 24.78 1.17
HAb T AL 8 0 1.00 ND ND 8 751 15.93 2.76
b L 7 0 1.00 ND ND 7 3.25 7.83 1.62
EIRAREEFL 5 0 1.00 ND ND 5 7.19 14.73 3.30
WA JE s 5L 7 0 1.00 ND ND 7 6.84 14.01 2.01
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