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Research progress of chiral stationary phases in pesticide enantiomers
detection

ZHAO Yuan, LIU Hui-Lin"

(Beijing Advanced Innovation Center for Food Nutrition and Human Health, Beijing Engineering and Technology Research
Center of Food Additives, Beijing Technology & Business University (BTBU), Beijing 100048, China)

ABSTRACT: The use of pesticides is well known as an important method for agricultural crops to increase yields
and resist pests and diseases. In recent years, as environmental pollution and ecological damage have become more
and more serious, and people’s attention to their own health has continued to increase, green agriculture has become
the focus of discussion. Due to the different decomposition and transformation mechanisms of its enantiomers in the
environment and different influences in the human body, chiral pesticides have been extensively studied. Under the
same efficacy, the single isomer chiral pesticide is used less than the racemate. In addition, chiral pesticides have
enantioselectivity for most organisms, so reducing the use of unfavorable isomers can reduce the probability of
biological embryos teratogenic and hormone disorders. At least 40% of common pesticides have chiral structure,
while only 7% of commercially available chiral pesticides are sold as a single isomer. Therefore, how to accurately
and efficiently use chiral pesticides in agricultural production and conduct chiral pesticide detection has become an
important research topic. This review summarized the hazards and identification mechanisms of chiral pesticides, the
recent development of chiral stationary phases (CSPs) used to separate and detect chiral pesticides, the structure

classification, and the progress of detection, in order to provide the basis for the development of chiral pesticides and
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the update of detection technology.
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Table 1 Types of commonly used chiral stationary phases and types of separation targets
TP E AR JEnh AR Hiry DAL A FE AR
EZi2S EHETER BT 4R JUEIE, AN miE . 5EIREUY Chiraleel®OD . Chiralpak®IB . HPLC. SFC
FeOBRBLANEE | BEMERL . L. . Lux®Amylose-1.
FIGERA L EY . BRAEY Lux®i-Amylose-1 %
BN L ES BERING PZEM, RSy . BEEE.  B-DEX™225, Astec Cyclobond®  GC. HPLC,
IR AT A M. £I02%3F 12000 RSP, LiChroCART™250-4 SFC. CE
ChiraDex®%
EAEliES i, MIKEA . ZAEEA KPR Chiralpak®HAS . Resolvosil*BSA . HPLC
Chiralpak"AGP 4
S KIAK ik AR . AL ARk Crownpak® CR(+)/CR(-) . HPLC. CE
Chirosil® RCA(+)/RAC(-)%
J IR e R Je . GEEEE. AL )EZE, @ aP B T Whelk-O1®, ULMO®. Chirex®  HPLC. UHPLC
Y. BT 1Y CSPs &
AL SRR FIAERR  N-REIEER . NP ilSE . E L Chiralpak®QN-AX HPLC
TERR . EEERR . D5 A SRR Chiralpak®QD-AX .,
Chiralpak®ZWIX(+).
Chiralpak®ZWIX(-)%%
KIAWHISE FTIREE R, WMIICER T ZEH, WEERR. £k, JE§fk  Astec® CHIROBIOTIC® V., HPLC
A, ANEER, BENT PR Astec® CHIROBIOTIC®* R ,
R LT R L 3 Astec® CHIROBIOTIC® TAG %
IRIRAE IR M Al BR. e, Bk, B Larihc® CF6-RN 45 HPLC
ZAANMEZE LN HUESE . @Al Ok, W, WR, B, AVLR, AR/ HPLC. GC
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PEFL, BSINECA 5% AT L — 3 m B SR IIRE T .
Albuquerque 2PV Ik AT AB B TR AL (0 Jr v ST T 43
Hr Wm0 )7, R B Chiralpak AS-H 7 1E AR 2 T Ve,
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i FNLLAE T EL S AR N R 4 ok SCAR SRS 22 0
KTFVEATERE Acquity Trefoil AMY 1 FIHE &40 A (575
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T 6T =R AR 2 16 Fhou LR (BRI AE B P EA T T 8R
RE, AL ERRN 0.1 mgke, FERHEER.
Cutillas ZEPV55 Al e S5-I 1A €00 1% - o 15 96 FH 96 ) 22 Bt
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ST TR AN R EAT T T o SR, X3 A S
S 4 FORESRUER TR, IR RN S pne/ke.
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fREE, ENIZH & n-n MIEAEH . IR ST A LS TE
EFTAEY), DI AT DAERE Z R AR X, & T 280
T BARAN R AR B BBR T MR B RIS A 223K
BHIFRBIRE2E CSPs HYJTF & ANH, B AE s T & T #R
HRIRHIRE D SUZERMIRE DY | R B - RIS 2
TGS CSPs. Hong ZPSHI ] - BRMIDRS U 41 R AL 4%
WHFESZEL T 2R 7R R X W R AR 4> 54601, Menestrina 2507
WFFE T AR A EE TR A4 5 4 H L -B- IR TR A5 1
RS TR 2 A RS, M 30%4
FJL-B- PR, LB (5%- R 3L)(1%- L) 55 )-95%- F L 3
HERKNENIETFHER ST RCR AT e Tk & T
LSRR T A B R, LI E4E0R . AR M
TN 2 7R R BSR4 HT ), A5 T & ) PRI 25
CSPs MBS BE LT i85 T, Shuang 25P8E i A p —
R AT AN (B-FIIRE B & CSPs SE3 T % 9 F =
WA 2 (043 B SR, IS RERE DN ) 43 B E (resolutions,
Re)I7E 1.51 31| 4.38 Z 0] Rs JEFRARSE 2 MG A s FE, H
HEARIARG) R, % Rs EBK, FEALBPIL
SYESBERLT, X Rs=1.5 B, RAWASETELNE.
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43 ERRAE

BB T A B B T H R R BRI 2R R T
FEEFHEBUN AT BE o B 43 B TP X LA i 2 1 A 466
FMIEEEN . AMEEA . S-BRYMEME N . S IR E
M. B, p-FLBRE %R, Liu 1R R
& TH A2 CSPs X 12 R FHALB W AT T 4388 SHaml,
AR 4> B BE Rs {HoM 2.19, SEIL T RL 3. HH
JiZs CSPs WA FFMAR 257 & Skl i, X2k
CSPs FEA TSP ZY . FFR7 . LAY T
SR T AENY,
4.4 EEESE

TEEMEAS CSPs 38 H LR 431 Bl R i A s 2 B AR K 1Y
W e BA EIRESN e K, XS E6E
538 MR/ X AT RS A 28 A BRI
4 P ZBE2E CSPs A1 1 FlIETESS CSPs X B B Jph X A4 647
I3, A5 R ULT ko ek vk L kR 3R R R A&
CROWNPAK CR(H)BUIIAT 8 T R XA, 76 6 °C #
TR 1.5% 9 Bk AE i sh 15 2050 2 5 Rs {60
1.55,
45 RF/R=H

FIRFORD CSPs &—23E ) F e, o
PR AL G R B SRR, BT L e EL o (R PR 4
F, iX—2& CSPs t# #l F7E T B AL A58 24 1oL,
FIRFER CSPs HA X ENHH T ZidE it . X7 AR
BEM 2 XK . 2 Tl S8l &G Bk S REE,
T AR IA A S A 3 G AT T A 24 4 1 A Y i 2 A
PR, Sun 25T FH(R,R)Whelk-O1 FA: i L HL T
RPN WK B F VR4, DAIE & bE R N EE=98:2(V: 1) K
TSI, AR RO O AR Rs (B2 3.43, 3@
TR BEAE 43 5K A R B A A AR R B A 43
0.005 mg/kg 5 0.001 mg/L, EHFR5M51 0.02 mgkg 5
0.005 mg/L, [FISCEN 85.95%~104.25%,

4.6 BT

W BEDAL 2 T3S AY CSPs MH 0R 3 2K, {4k
FAEFI BB T 2SR CSP ., P58 BH 1 Sc 4R CSP AR
Ph BB 7 ACH T CSP. B 1 5 f8t [ 2 A R R T 4
KSR P ) I JSCFR) T BT 5 46 [ 5 A 30 2 T I
RV, Wang SR AR IR 46 T — Ao
BTSSR CSPs, XFECE AT 1 BRI Rs 6
2.5, SEBL T IAST B H A
4.7 RIPERRK

KM RE A £2¢ CSPs 24 HPLC il CE Wi ],
BT EA M R A g, i 3 AR R
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R 2 RRER, ETHRER A, TER, &%
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VMBS S B RGE FoR R 22 R 252 2% b SRR A 43 PO
AR TR G AT AEE AP, Rocchi ZEPULLJT
R AR A T — R B E-2 um CSP, ST X £
PR 4325, Forp 2,4-59R Rs {19 2.95, RHEER Rs
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4.8 Hfh

T2 CSPs B AR T T 2543 5 55 Al iy i
HARZW, T LB, {HiXE CSPs fETF-PEA 2 a]
. PRI FHEEDRE= Y e B R
48.1 IFRREEE

IR E Wi (cyclofructan, CF)H 6 4~8% 6 4L A D-Ik
TSR OIS B-2,1 BEEERRINER, Jh CF6 AiitEHRix
Zh R ) 2 1 CSPso MALBE CSPs £ [N BUCIER)
AN T 35043 B G B Y BE ) & 2B BORERAE, 4 CF6 IyIUR
TR BRI WRRT, CF6 fiTA=WIAEA MU A I Ak Co,
VEN i s AEET B3 2 JL T el TP, 24 CF6 nyBULE:
RIGFEER, BRET X FHAAREA MR, HHRT L
P 2R A T A0, B, PRRERE CSPs B
T 2B R B, Bon T R 526k
JIBEL BT RA, WEREEAR 25 AR T2 F T A i —
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ZALA WM BHLFE 4 )8 A WL F (metal organic cages,
MOCs)P® | k4 45 HLHE 22 (covalent organic frameworks,
COFs)®7 | 4 J& A #l HE 4 (metal organic frameworks,
MOFs)8 | P A £l — 4 fk i (chiral mesoporous  silicas,
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R AR B e 0 A e e M AR, IXEAR EATTHE TR
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il 28 T [Zn; Lol )2 B A AEAE S T X S AP BE i 43 85, Rs
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A HUEZEAT BRI T Z2 50 Pk pefk, FASERmR 28
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FAT, PR B HAREAEY 2 | 8N T 5577 1H L
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ANASCRT LA FH €8 33 k0 Tk A 25 R4 7 K01 A9 20 B 5
A, AL AT U € 3k SE B T AR 24 ARG HE e P R E
JITEL, 23 BT v B0 Tlb A TP i A L i R AU A
DT T A 2 R i i T T TP A 24 20 B 5 G )
KA. HRTHRIE TR 200 B S A A B 58 o B fe
Z W EZHESE CSPs FMIFPMIKTAE CSPs, HAWF I BIARTET
YA W 23 85y T oA A AT A A R o 14 1
{EN T T4 A 24 7 TR BB AT SR R Bk o ASSCA 48 1 CSPs
TEFAER R Il B, B AR T2 70 8 S5 Rl s
LR DI TR, (R oA BEAT S 2 RS Sl
AR CSPs HEAT TP 24570 B S Rl A AR G5
TAR . BT FA A B AT LSBT 24 1 e ORI
[ 2R ARG T P 24 0 PR3 A S B B AVE T, i A 25 R
EAREREE RS, 51 S B AT
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