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Cloud point extraction coupled with Isooctane back extraction for

determination of eight pesticide residues in tea beverages by

gas chromatography mass spectrometry
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Abstract: Objective:
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Rapid determination of organochlorine and
pyrethroid pesticide residues in tea beverages. Methods: Selecting
the non-ionic surfactant PEG-4000 as cloud point extraction,
pesticides were extracted with isooctane by ultrasonic back
extraction. The upper layer of isoctane solution was analyzed by
Gas Chromatography/Mass. The isooctane solution was
ms Ul capillary column and analyzed

The eight

separated by HP-5
qualitatively and quantitatively by GC/MS. Results:

pesticides showed a good linear relationship between 0.01~ 2.0
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and 0. 02 ~ 4. 0 mg/L. respectively, with the correlation

coefficients (R) of over 0. 995. The detection limit and
quantification limit of this method were 0.003~0.008 mg/L and
0.01 ~ 0. 02 mg/L, respectively. The average recovery was
78.3%~98.4% . RSD was 2.7% ~8.5% (n=6). Conclusion:
The method is simple in operation, high in enrichment rate,
practical, safe and economical, which is suitable for rapid
determination of pesticide residues in tea drinks.

Keywords: tea beverage; pyrethroids pesticides; organochlorine
pesticides;  cloud chromatography

point extraction;  gas

mass spectrometry
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SR, (PR G T o a5 2 IO ZE ik [ b A A S AR K
B 22 B A 245 B BT 5 1 R L ARGE

WFEE LA AR B F 2 1 1% M5 PEG 4000 1 R 2 U5
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1.1.2 A58
W (CAS:309-00-2) . 2k [R5 (CAS: 60-57-1) . 7
SR (CAS: 118-74-1) . & % (CAS.: 76-44-8) . & & 44 fis
(CAS:52315-07-8) . U2 lif (CAS: 64257-84-7) IR 525
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REGFIFHEE R 10 mg/L 1Y 4 FhilBs A e R 25 1Y
RA PR PR, —20 CRAAAREH . AN 6 A~A.
FARFRBYM R, A AL RGBERTGRER 2.0,1.0,
0.5,0.1,0.05,0.01 mg/L KR A b 1At 45 W, 100 bk H 3 g
BRAGBYFEN 4.0,2.0,1.0,0.2,0.10,0.02 mg/L X
RA PR R AR T 4 °C a8k 2~3 .
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W E 2 SE i E A S RN A PR L Rl
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F DEGERRG R 8 E R, AR CE
MUK AR 2 RV BE 1.0 mg/L BYFRME A W, 0% d 3y
RISAR 2 0T i Wk O 2.0 mg/L BB HE WO W0 E 1
BT
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Table 1 Retention times and SIM scan ions of 8 pesticide

13- B4 1) 1] / EHET EERE T

A2 )
min (m/2) (m/z)
NEAK 14.751 284 249/142/214
L& 16.772 272 100/237/337
Bl 19.388 263 293/66/91
2K B 7 20.380 79 263/108/279
R TR 22.684 97 55/181/125
FH 44 g 22.789 163 181/91/209
ESARR LT 24.684/24.014 125 167/225/419

. 25.860/25.904
BRI 181 253/77/93
26.014/26.124
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Figure 1 GC/MS chromatograms of 8 pesticide
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standard solutions
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100 N ZEBRIRT L K R 5 R BURH 7 2 e o B Sl B R
W, 0 vk BRI 2 0 W3R AR 43 BT PEG 4000 g 28 I B
T 5 )2 AL IROR) 48 890 A BT 1 43 2 s AR TR 4 03k
PEG 4000 N # B, % R [6 F & PEG 4000 X 1] i
TR L VS N 4 B E N 0.5,1.052.0,3.0 mL, [
REELGLE 2, 4 PEG 4000(300 g/L) ¥ n# K 0.5~
2.0 mL B, 8 Bl 25 1 Ml % 3 2 EFHIRES L IR ik
2.0~3.0 mL H,8 Bl 25 i) mIKCR R R E 2 . R LTt
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2.2.2 FHAMERAEMEE LK LITEK Na, SO, N1
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Figure 2 Selection of surface active dosage
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Figure 3  Effects of the addition amount of anhydrous sodium

sulfate on the recovery rate of 8 pesticides
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Figure 4 Effects of temperature on extraction recovery

of 8 pesticides
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Figure 5 The choice of water bath equilibration time
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2.4 FEFEER

2.4.1 ZRMEVER HXRBM T ERR. ER2R AR
B TR G 1 A B T2 TR R JBLIR B AR HE R B e 1A
ALIF 9 CPE-GC/MS ¥k, o il 75 31 £ M 38 Bl L 46 M 5
KR W% 2,

BRI SR JHAE 25 FRE v 8 0 6 v V4 VR 34 i 4k 3 S
FTREI DA o AR ¥ B2 1 b [l SO W3 AR R L (S/IND
LI S/N=3 &R LOD),S/N =10 18 & & R
(LOQ)., &It 8., & % 7 % f i KRS 0,003 ~
0.008 mg/L,E®MR# 0.01~0.02 mg/L,

2.4.2 JEEIUCR A % B S L 10.0 mL HH K
YO 18 1, 4% I 35 08 6 1 i Ak 3 O kRN €8 5 R R T
A IMBR AR BRI 6 £3 . 43 il 25 58 7 AR oL 0 AR vk B
T8 g 24 1 [l Ui R L 25 (LR 3) R L8 P 25 1Y F- 3
Wl 3 78.3 %6~ 98.4 Y0 » A X AR fid 22 (RSD) 2.7 % ~
8.5 Y6 1% 1 WK R R o A 34 i 8 B W AR A0 B R L A
B AR TR T R W B ER

25 SEeMAENIEE

5 B S0 5 36 5 SCHk03, 5, 9. 11, 20 4R 38 14 7% 48
J7 i A Y R L A B G 9 BT Il R A T T AT AR
3 B[] A FE B, 4 B0 VR AR B AR #E . QUEChERS
b S X B A% g 14 i A B O o 4 B R & 00 A AL
F 2 X N B i R T R AR R s . 5 T
P L W5 L AR B 2R THE T AR S AR R A R
Hb 3R WORN 0 4 23 S B AR FF T B0 Y R B AT IR
R, W A BAE R A sk E R B LA R
FH A /D B ARAR AR T8 X 4% OB 288 W IR TRORE o A R Y
PRI, B Ge A 25 5% B8 R K 34 3 7 i2: L 3 WL 3% 4,
2.6 SEERFEEAET

RET I EAS R G RE 6 A FSUOBHRE i e B ST Y
OINT T AT ARG AR B I L R AR L AR
ihEAER

R2 CPEGC/MSHXSHMRAMIHE LKMEXEHR. RHRIMNEER

Table 2 Working curve, linear correlation coefficient, detection limit and quantification limit of

eight pesticides by CPE-GC/MS method

- LT/ B PS4 PR/ SE PR/
(mg+L 1 (R) (mg+L ") (mg+L b
AREAR 0.01~2.0  Y=18234.5X—2 013.2 0.999 2 0.003 0.01
R 0.01~2.0  Y=23 134.7X +1 782.2 0.999 3 0.003 0.01
SCIGH] 0.01~2.0  Y=33214.4X —3 210.7 0.998 2 0.003 0.01
2K I F) 0.01~2.0  Y=24 536.1X +248.1 0.999 1 0.005 0.01
T56 7 4 Wi 0.02~4.0  Y=33618.1X —6 241.1 0.998 4 0.006 0.02
P52 B 0.02~4.,0  Y=37 814.5X —10 242.1 0.998 6 0.006 0.02
T AR TR A B 0.02~4.0  Y=239 148.6X —6 713.2 0.998 4 0.006 0.02
BNkl 0.02~4.0  Y=69 178.3X +301.2 0.997 3 0.008 0.02
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Table 3 Recovery and relative standard deviations of 8 pesticides at 3 different spiked concentrations (n=26)
ARV B2 i e oh R B A o5 VIR B Jin A
42 BiHEWA/  CP¥mgL RSD/ BUEWKE/ CRHEME RSD/ BEWE/  PHENL RSD/
(pg = L7 2/ % % (pg+ LD /% % (pg+ LD =/% %
RER 0.01 83.5 5.2 0.10 89.7 4.8 1.0 98.4 3.4
E&A 0.01 84.6 6.3 0.10 88.9 5.3 1.0 94.5 3.8
A 0.01 79.2 5.8 0.10 86.7 5.1 1.0 96.1 2.7
Ak F 0.01 78.9 6.7 0.10 88.3 6.1 1.0 93.3 3.0
106 4 44 i 0.02 78.3 6.5 0.20 87.4 5.7 2.0 91.8 4.3
T 5 AR 0.02 79.4 6.7 0.20 88.4 7.1 2.0 90.4 5.6
155 280 SR 4 0.02 78.4 7.9 0.20 82.4 7.4 2.0 89.7 3.7
FUH A 0.02 76.4 8.5 0.20 83.1 8.4 2.0 89.8 4.8
1 EEHAMRARBUEFENELE
Table 4 Comparison with known methods for determination of pesticide residues
A0y T4b B 7 1 Lop! o9/ e/ Fees 5% 30k
(mg * kg™ 1) (mg » kg D % %
GC-ECD 3 I AH 2 R 0.002~0.02 0.01~0.05 <9.3 80.0~101.0 [3]
GC-MS I A 2 / 0.012 6~0.037 6 / / (5]
GC-MS/MS 431 A AR I 0.000 5~0.005 0.001~0.02 0.3~10.9 70.7~117.2 [10]
GC-MS/MS  JrHOR B i 46 B 0.000 1~0.003 0.001~0.01 <8.8 75.4~113.6 [12]
GC-MS QuEChERS #+k <£0.01 <£0.02 3.4~15.6 70.3~119.2 [23]
GC-MS Tt A5 TR 0.003~0.008 0.01~0.02 2.7~8.5 78.3~98.4
3 ﬁt L Environment International, 2012, 48: 109-120.
2] WG L SR IH, ATAE A, S S S T BOR T AR 25 5% B 4 b
AR 38 3k O Ak 2% T T PR R AR 2 B & L ER AR S KW

et B IR B - A e IRT L 2 B R0 R 28 K e AR i AL
PR, N T il AR R o e I B A B
T I G A ORE T 8 Iz fe T A 41 B L A8 R R A LS
R 25 CLRF 7S SR LS B4 R T 503 IR L VR 5024 g
EVRFRIBOR . TR ERUR T A RIAF R HE X
RO AR R YR T 0,995, Ir LK H B 9 0,003 ~
0.008 mg/kg. &R H 0.01~0.02 mg/kg, ¥ [ i F
78.3%~98.4% . FAE5 4 BUE A A HR . QUEChERS #+{k
%ﬁﬁ&iiﬁf%*ﬁtt B P RO R R L A HE . A
BLVE 00 FH o 20 46 e 0, 6 B 7 o A 3R 1T 0 4 300 KO R
ﬁ%’?ﬁﬂﬁt I ZEHE R4 B T q‘%i*f’ﬁﬁ}iﬁﬂ‘x
B S BRI H S A ML 700 0 i A X B 45 Y s e
ﬁt%/\mﬁﬁi%?ﬂ%,ﬁﬁﬁ?%u\ﬂ@r%?&ﬁi’ﬁnﬁ&%ﬁﬂ
2y 5% B B I

£ & Uk
[1] BABINA K, DOLLARD M, PILOTTO L, et al. Environmental
exposure to organophosphorus and pyrethroid pesticides in south

Australian preschool children: A cross sectional study [J].

FRIRIT 5% 34 Ji% T 7E v 245 v 9 00 T JR SR (0], 43 A ik 2% 41, 2021, 40
(1): 149-158.
ZHAO Z G, LUO J Y, FU Y W, et al. Research progress on
immunoassay in pesticide residue analysis and its application
prospect in Chinese herbal medicine [J]. Journal of Instrumental
Analysis, 2021, 40(1): 149-158.
3] XU &, A AR, B, AF. I AR A IO gk I
B rh 7 R BR BB TS R AR 25 5K B ([J]. AR 25225 4R, 2015, 17
(5): 571-578.
LIUT F, YANG D F, DONG M H, et al. Determination of
pyrethroid residues in fresh tea leaves by dispersive solid phase
extraction and gas chromatography[J]. Chinese Journal of Pesticide
Science, 2015, 17(5): 571-578.
(4] MRIR T, 25, BRI BT, B 40 0 Tk B 4TE R @Ik SR TER
2 5% BRI T A B[] €3, 2009, 27(1): 9-18.
LIN Z Y, HUANG L, CHEN G N. Applications of capillary
the
of

electrophoresis and capillary electro-chromatography in

detection of pesticide residues [J ]. Chinese Journal

Chromatography, 2009, 27(1): 9-18.
[l AREMEERER T AEMITRETENS
Bt K EEFIEESE T 500 Fhk 24 KA 6 1k 2

r—T} &}

35



L2 5% SAFETY & INSPECTION

A% — R ¥ GB 23200.8—2016[S]. b 5t: A AR #E Hi R
#t, 2016: 1-4.

National Health and Family Planning Commission of the People's
Republic of China. National food safety standards: Determination of
500 pesticides and related chemicals residues in fruits and
vegetables gas chromatography-mass spectrometry: GB 23200.8
2016[S]. Beijing: Standards Press of China, 2016: 1-4.

RTE, IR, SR AU R — R A 2% OB b LB
HUA TR AR 25 5% F )], /J:H‘fuky%‘f 2011, 30(10): 102-106.
SONG N H, SHAN Z J, GUO M. Determination of pyrethroid
pesticide residues in tea beverages by gas chromatography-mass

spectrometry[J]. Chinese Journal of Analysis Laboratory, 2011, 30

BEoss #2023 F 1 B | RSN

SUN MY, SHI Z H, LI J X, et al. Determination of 7 pyrethroid
pesticide residues in tea by gas chromatography -triple quadrupole
mass spectrometry combined with dispersive solid-phase
extraction and dispersive liquid-liquid microextraction[J]. Journal
of Instrumental Analysis, 2017, 36 (5): 595-600.

ZEHELK, JE R 4. QUEChERS 45 T 8 15— B fb % U o %
T AE B 3K A 37 AR 25 5% B (0], £ 4 22 42 BT B A 24 4R,
2020, 11(15): 5 074-5 079.

LI Y M, LIAN Z W. Determination of 37 pesticide residues in
vegetables and fruits by QuEChERS coupled with gas
chromatography-negative chemical ionization mass spectrometry

[J]. Journal of Food Safety & Quality, 2020, 11(15): 5 074-5 079.

(10): 102-106. [14] ﬁffﬁ?ﬁ ﬁ'ﬁ:% Ié]jﬁ %‘;.QUEChERSQtA/\‘*H@LJEﬁ IEHE)A':
[7) BRTEH, B35 F, 029 %, 5. QUECKERS- % 20 M € 35— o3 ¢ TR R M T 31 R 2SR ). SRR R o, 2022, 38
(1): 336-344.

BT 2k ) B 0 2 R e 7 B 24 % B (D). A3k 2, 2020, 48
(7): 928-936.
XU Z Y, CHEN M T, HOU A X, et al. Simultaneous determination

CAO M M, XIAO C Y, WANG H M, et al. Determination of 31
pesticide residues in vegetables by QUEChERS combined with gas
chromatography-tandem mass spectrometry [J]. Journal of Anhui
Agricultural Sciences, 2022, 38(1): 336-344.

[15] XU3R e, WA, A, 45, 5 A8 HOHOR 76 5 4 J8 43 A7 o 14 1E
SR 7N, 2022, 47(3): 29-37.
LIU J L, HAN Q, YANG C, et al. Application and progress of

of seven pesticide residues in sesame oil using QUEChERS-high
performance liquid chromatography-tandem mass spectrometry [J].
Chinese Journal of Analytical Chemistry, 2020, 48(7): 928-936.

[8] M ks, X i T, SRR, 55, B 244 4L A4 Fl-QuEChERS-# i BLUR
AR 0 38— BB IG5 3% TR A S I v 10 e 25 5% B (0], A3 BT Ak,
2021, 49(5): 830-838.

YANG S, LIU S K, ZHANG 17 J, et al. Detection of 10 kinds of

cloud point extraction technology in heavy metal analysis [J].
Guangzhou Chemistry, 2022, 47(3): 29-37.

[16] Jil i 2=, A7 FF . ot R A IR AR R AR & Tl o ¥ 1 [,
iR, 2003, 24(4): 164-168.
ZHOU J L, YU K C. Cloud point extraction technology and its

pesticide residues in tea based on novel mesoporous materials-
QuEChERS-ultra performance liquid chromatography-tandem mass
spectrometry[J]. Chinese Journal of Analytical Chemistry, 2021, 49
(5): 830-838.

9] # /NI, K 4. 3 F QUEChERS [ UHPLC-MS/MS [i] B 6 il
M 19 R 255k B i [0]. B AL S LB, 2021, 37(10): 56-60.
HUANG X B, LIU W P. Simultaneous determination of 19 kinds of
pesticide residues in eggs by UHPLC-MS/MS based on QuEChERS
[J]. Food & Machinery, 2021, 37(10): 56-60.

[10] ﬁH}é, KERED, sk M, A% N 0T 2% KR 43 I AR 2 UM @

application in food industry [J]. Food Science, 2003, 24 (4):
164-168.

[17] ARYA S S, KAIMAL A M, CHIB M, et al. Novel, energy efficient
and green cloud point extraction: technology and applications in
food processing[J]. Journal of Food Science Technology, 2019, 56
(2): 524-534.

(18] Bt [, G mkig, B/ i 200 R 7E 4 8 8 T 3540
of R ], BR324 0E, 2011, 47C1D): 1 366-1 370.

[12] PV, A ke,

— R A XY A 62 B 25 5% B (9] B B, 2021
42(14): 320-327.
SHU X, CHU N M, ZHANG X M, et al. Rapid determination of 62
pesticide residues in chicken eggs by enhanced matrix removal of
lipids combined with gas chromatography-tandem mass

spectrometry[J]. Food Science, 2021, 42(14): 320-327.

[11] X484, BTWEdE, 4B 24 1=, 45, 43 #iC I AH 26— @4l = &

VU BB AT £ G B 1% 7 00 S BB AR A T 13 ol 4 TR 2 ok 24 5% ().
LR, 2019(8): 107-110.

LIUM Y, JIA X F, ZOU X R, et al. Determination of 13 pyrethrin
pesticide residues in rose tea by dispersed solid phase extraction-
gas chromatography triple quadrupole tandem mass spectrometry
[J]. Journal of Green Science and Technology, 2019(8): 107-110.

At B, A 43 A RH A IR o0 EOM R 2
TS A AN (% — = 3 DY AT 3R 7 00 s A% e b 7 AL BR
A TR 2 A 245 5% B (0], 3 A7 324 412, 2017, 36(5): 595-600.

CHEN J G, JIN X Z, CHEN S H. Application of cloud point
extraction in speciation analysis of metal ions[J]. Physical Testing
and Chemical Analysis Part B: Chemical Analysis, 2011, 47(11):
1 366-1 370.

[19] B#E, #~2%, Bik 20, 4. wh A ITE & )8 B TR S0

B (9], AR 24 BIF 5 45 R, 2009, 21C1D): 8-12.
HU Y, JIANG X J, SHUI Y H, et al. Application of cloud point
extraction in speciation analysis of metal ions [J]. Chemical

Research and Application, 2009, 21(1): 8-12.

[20] SR M0, &5 T, B 4R 10, A%, Dl FE B R AE PR BR IS e M K

iy [0 Al FREE 5 K g, 2012, 29C1D: 70-74.
WUM, GAO Y S, LU J X, et al. Application of cloud point
extraction technology in the detection of environmental pollutants
[J]. Journal of Agricultural Resources and Environment, 2012, 29
(D: 70-74.

(T#% 156 )



156

iz 5 R # STORAGE TRANSPORTATION & PRESERVATION

Southwest University, 2011: 2-15, 25-46.

[25] BRYANT B P, MEZINE 1. Alkylamides that produce tingling
paresthesia activate tactile and thermal trigeminal neurons[J].
Brain Research, 1999, 842(2): 452-460.

[26] ARAZAE. AL AR 0o A v BRR R 1) 5 5 ik IR AR ML B A 0 20
E[D]. K VAR AR, 2014: 28-38.

SONG Y Y. The preliminary studies on the mechanism of decrease
in the content of numb taste components in Z Schinifolium L.[D].
Chongqing: Southwest University, 2014: 28-38.

[27] YANG X G. Aroma constituents and alkylamides of red and green
huajiao  ( Zanthoxylum  bungeanum and  Zanthoxylum

schinifolium) [J]. Journal of Agricultural & Food Chemistry, 2008,
56(5): 1 689-1 696.

[28] & &I, T Jy. 3 LA 12 AR BB 5T 0], PE A R 224 4 CA A&
BEE IR, 2007, 26(2): 51-53, 56.

ZENG J C, MA L. Study on preservation technology of

Zanthoxylum Schinifolium Sieb. et Zucc[J]. Journal of Xihua

BEoss #2023 F 1 B | RSN

University (Natural Science Edition), 2007, 26(2): 51-53, 56.

[29] 44 4. R LD AL/ N B 55 U PR BF R BT 5T (D). 06 2 94
B K2, 2013: 19-21, 52.
JIANG Y H. Study on the preservation quality of Dahongpao
pepper treated in modified atmosphere packaging conical flasks
[D]. Xi’an: Xi'an University of Science and Technology, 2013: 19-
21, 52.

[30] # e F . B0 P B £ A B9 BT 585 S R S (0] MRk in T 5
£ AL, 2002(2): 8-9.
CHANG Y P. Research and development prospects of new
technologies for decompression storage [J]. Cereals and Oils
Processing (Electronic Version), 2002(2): 8-9.

(311 X082, & A TT. 5 AU 2 0 I WF 52 (D). 2527 2 4, 1991,
26(11): 836-840.
LIU S L, GAO C Y. Study on the chemical constituents of
Zanthoxylum Schinifolium Sieb. et Zucc[J]. Acta Pharmaceutica

Sinica, 1991, 26(11): 836-840.

(k3% 36 1)
[21] XIE M Y, HAO X T, JIANG X, et al. Ultrasound-assisted dual-
cloud extraction  with liquid

point high-performance

chromatography-hydride generation atomic fluorescence
spectrometry for mercury speciation analysis in environmental
water and soil samples[J]. Journal of Separation Science, 2021, 44
(12): 2 457-2 464.

[22] A3 25, PRI, GETRONG, A5 R RS TR BRBE A B4 AT P Y
R R 2 K 9], BRALAG 560 1k 2% 43 MHE, 2008, 44(7): 696-700.

YU Y J, SUN Z H, XIAN F M, et al. Recent progress on the

application of cloud point extraction to the analysis of
environmental organic pollutants[J]. Physical Testing and Chemical
Analysis Part B: Chemical Analysis, 2008, 44(7): 696-700.

[23] sesth, K22, WK o, M. UM @35 Bl 0 BUE R i
T 90 A 255k B [1]. 43T fhor, 2015, 43(8): 1 154-1 161.
ZHANG C, SONG Y, PAN J R, et al. Determination of 90 pesticide
residues in fruit juices using QuEChERS cleanup and

programmable temperature vaporizer-based large volume injection

by gas chromatography-mass spectrometry[J]. Chinese Journal of

Analytical Chemistry, 2015, 43(8): 1 154-1 161.

(3% 60 )

[42] WU T, ZHAO J, DING M, et al. Preparation of selected spice
microparticles and their potential application as nitrite scavenging
agents in cured Tilapia muscle[J]. International Journal of Food
Science & Technology, 2020, 55(9): 3 153-3 161.

[43] FRAQUEZA M J, LARANJO M, ALVES §, et al. Dry-cured meat
products according to the smoking regime: Process optimization to
control polycyclic aromatic hydrocarbons [J]. Foods, 2020, 9
(D:9l1.

[44] ZHONG A, CHEN W, DUAN Y, et al. The potential correlation

between microbial communities and flavors in traditional
fermented sour meat[J]. LWT, 2021, 149: 111873.

[45] X T % A FEFEHLAYHE S 6 i B2 M5 vk R B (], VLTS
W 22 K22 3], 202006): 114-124.
LIU N L. Social co-governance in public crisis: System logic and
legal path [J]. Journal of Jiangxi University of Finance and

Economics, 2020(6): 114-124.

(L#% 80 )
[23] CHEN K, CHEN D X, SUN X S, et al. Container ocean-
of demand

transportation system design with the factors

fluctuation and choice inertia of shippers [J]. Transportation
Research Part E: Logistics and Transportation Review, 2016, 95:
267-281.

[24] y5 6, % 754, BLSEHT. PLC SE BUAY IR PID 42 i 4% K 1E i 5
Ak 2R 58 R BT [0, R TR 244 4, 2008(2): 73-75.
LU Y, LUO Q H, WEI K X. The fuzzy PID controller realized by

PLC and its application in blast furnace distribution system[J].
Journal of Tianjin University of Technology, 2008(2): 73-75.

[25] £ &0, B M, F B4R, 5. 3L F TIA Portal ) Z DI g 42
AL RGBT ] B S LK, 2017, 33(7): 85-88.
FENG H P, HU Y N, YAN C Y, et al. Design of control system for
multifunctional tea packaging machine based on TIA Portal [J].
Food & Machinery, 2017, 33(7): 85-88.

[26] RAJKUMAR K, THEJASWINI K, YUVASHRI P. Automation of
sustainable industrial machine using PLC[J]. Journal of Physics
Conference Series, 2021, 1 979(1): 012049.



