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quadrupole time of flight mass spectrometry, LC-QTOF/MS) # 7 g 3¢ #1124 F 25 ¥ F1 A~ A ¥ B2 5
(pharmaceuticals and personal care products, PPCPs)f [RI B PRl ifidy . $HIERIE R k. B L%l
10 mL ZJiE$EH, B0 QuEChERS Jrikiffl, Mm% v ggtbiak, Fhpnids o, 27 —ZORG ol BT i Bl 1 | %
PR BRI (E] F0 BT e, SEBLERSRE T 124 Rl HARTS I P i PR i A AR UE . S55R  7E 5~500 pg/L Bt vk
FIA, 124 R HARMEE PR R RIF(>0.99). Z2FER BT 10, 50, 200 pg/kg 19 3 ASHpR K1
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ABSTRACT: Objective To establish a method for simultaneous screening, confirmation and quantitative analysis
of 124 kinds of pharmaceuticals and personal care products (PPCPs) in vegetables based on high performance liquid
chromatogre-quadrupole time-of-flight mass spectrometry (LC-QTOF/MS). Methods The samples were extracted
by 10 mL acetonitrile, purified by QuUEChERS method, electrospray ionization mode, and quantified by external
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standard method. The primary accurate mass database, chromatographic retention time and secondary mass

spectrometry database were established to realize the rapid screening and confirmation of 124 kinds of target

pollutants in vegetables. Results In the mass concentration range of 5-500 pg/L , the linear relationship of 124

kinds of compounds was good (+>0.99). The average recoveries at 10, 50 and 200 pg/kg were 62.7%—117.2%, and the

relative standard deviations were 1.6%—8.9%. The method meets the requirements of trace analysis and eliminates the

interference of vegetable matrix. Conclusion The method is simple, time-saving, sensitive and stable, which is

suitable for the screening and quantitative analysis of PPCPs in vegetables.
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259 54~ A3 PR 5L (pharmaceuticals and personal care
products, PPCPs)5k il & —Fh“PhfpZe 85 4, s
2. ARl ih . B SRS IR LA B A AR A
PPCPs TEMREH V2 AFTE, LAVRBEAR K 2 A, il
ik FEAE ng/L~pg/L 405, FIHFRE: RAWE, 687 417
2 B E N BICRON ) A 5Py PPCPs i (8 A K1)
EEfEED TR A AR OCER ™, BF5E R, PPCPs A4+
HE | DEMEFK A TR A B B A
HGIN BN Z R A RAAAE, WRIEAE 1.92~160.45 ngkg /45
PPCPs 5% B ik AR, {HL AR A A N AT 5722 BRI,
e LA FATAS 25 2840

AT i T A 22 5% R (A T R X R (B
Xf PPCPs K5l 2 38 FH T4 7 i O TR e DRy 5 30 4k O £
R M AL A5 (e 8 - R I [ 3% 5 (gas chromatograph-
tandem mass spectrometry, GC-MS/MS)FIR AR {41 -HR I T ik
#:(liquid chromatography-tandem mass spectrometry, LC-MS/
MS)J& PPCPs ' HIRGIN Iy i, (HICAMHRA  A0pr el A
S LA FE o O A AT R MR SR 5L s
FRE RS AR BRI . R AR | Bk AT IR A
Bl PER F A T DA, — YR AT [ B3R A
FUAR I B ) — A0 Sl il . — 2 AT LAXE R A
PR T8 P e, AR T AR SR A, e R
o B (AR ity v (8 R DU 2 535 SRR, o m] DA 5]
TN RN A A UE R, AR RS . W)
RLZRFRELL, P B I B] 0 — 20305 15T DG g B 55 8 A5 A5 1R AT
G SR A P e VE R E S AT 2 AT AN
[FIFhE PPCPs Ik ZE S, — &I LB SCBZ F PPCPs
(A TR) A5 SR 37, TCtT B

ST, AT EE T R OB €35 - PO - R AT I ]
JEiEE (high performance liquid chromatography quadrupole
time-of-flight mass spectrometry, LC-QTOF/MS)# 7 #7352
124 Fift PPCPs [ [F) R HRBE G A | BfIERE BT, JERT

BPAL BRI 7 363064 T4, B i sic f 25 PPCPs
(8 R i 2 37 B RS A AR A 12 S Rt Kl

1 MR5ERZE

1.1 MR5RF

SCES P, SIE BN SR B b PELAE
PR T mt i ARG BT S B . 124 Bl PPCPs 1R AR
VWK A R R R SRR AT B ) (% 1)

O, W EF R, EC ke, ZFRAOER. TR .
R B R &% (i 46, 36 Fisher A wl); /K (i £ E
Millipore 22 H] Mill-Q #aiKifk RGH 4, WL GB/T
6682—2008 ¢ 43175 5 2 FH /K B A B 778 ) I —40K);
Jo/K MgSO,. NaCl(4r#réli, S£E BT A, FEAHZEH
(solid phase extraction, SPE)%s #: 4 . N-N &k 2 — Jig
[N-(n-propyl) ethylenediamine, PSA] . A 2 fb &
(graphitizing carbon black, GCB). [EAHZEBUERIAL )
KD 0.22 pum A HLUERE R HEHERS 23 W)

1.2 UE5E%

TXB622L 43 #r K- (&4 0.01 g, H AR HAH),
Si0-6512QuEChERS A shAf il 4 RE (h E A BH A
FRZSFD); TripleTOF 6600 i RTRAR 3 - DU A AT~ €A T HsS
Ii] ST A (35 [ AB SCIEX A 7); RE-501 JiEfE 25 K AX
GIPP-AUTO-12S WK e 45 A (L ¥ B 24 AR A FR A &
Milli-Q® 1Q 7000 %% FEIH 4K AL (3 [E Millipore 23 H]);
DW-86L626 fIkift 18 6 (F & M /R B fn A5 PR H]); Acquity
CORTECS UPLCC g it (35 [ IR R A 7).

L3 WA
1.3.1 AR R ELH

FRUERE W AR 124 b PPCPs MOEMRYE, R Z
JiE . R KR R E N 100 pg/mL AR vE SRR B
1 pg/mL PYPRAERE R (—20 CREROLIALE), FH NG
T bR e TR, BT MK 5. 10, 25, 50, 100,
150, 200, 500 pg/L, #RJ5ET-20 *CokH R TR IRAT o
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Table 1 124 Kinds of PPCPs mixed solutions
4 3 E4) 3 F
B A Ca4H3,0,4 1,7-Z HU LR IS C7HgN,0,
GET CaoHy0, J‘;xu AT Ci5HaNO;
NIRSEALR CyH3,0; Vi AT CsHoN,4O,
WP TE Cy3H3 NO; AT C1oH;2N,0
s P; ST Ci9H2s0; R TR CiHN0
" %;f;@%% e C1sHa60; @ ﬂgg - AP T C13H1N;0
L CisHx0, VT LA HM CioHi3NO,
FH i 7 i C1:H3005 AR CyHN,048
EXiAnNEN C21H300;5 Hb IR B 5 Ca0H,5CIN,O5
CINiOEIS C11Hy505 AT C17H,6N,O5
REPGF- CisHN,0 Jot SR R b P Cy3H3405
g SGZIAL] C7H2NO M CasHasNGO
P2 FPETT C17H,sFsNO o P ARy} CaoHaCINGO
Firthessm Gl C15sHxN;048 Lmi%%zz% izl C2H30NGO4S
WG T OhE 22H30N6O4
WA L 1 CioH2 N30 PUHBIRIE C33H30N40;,
Z T CiyH, NO AV C24H9N50;3
KA Ci9oHyuN, A Vb C14H20N,0
DR ke Cy5H,5CIFN; EZAS C3HyCILN,0
o 3L e Cy7H,5CIN =R CysH1,CLN,O
HbL PG P CisH:CIN,O DK S CioH/N;S
%}) 25 PR G €15H1CLN,0; - ﬁ%(% - WA A C1sH1FaNGO
BTN L2 Ci7HpCloNy BT TR CisHi,CIN; 05
L RUIRE Ci5H,,CIN, 0, HER CiHioN,O4
TiF P CisH11N;0;3 BN EZ C1oH16NgS
A Ci5H,CIN;0; P11 PUBRER T C1;HuN,058
T AN AR C53HasCIN;O5S W LN W T C;H4N,0,S
- K& 41 2= R CH34N,058 KB, C1,H)NO,
BRI 25 K& S kg CHyN50,8 2R, C1,H5NO;
BTN b 1| 2% CyrHaN>0,4 Wk g £ C,H;sNO,
FHORTE TR C1oHisN,058 TR CHsNO,
G FFHE CisH21N;058 12 SN CoH,NO,
BT 98 R C14,Hx,N,0; I RS2 Y TR gk C1HsN,0,
P5 Tl i K C1sHNO; WL L C1,HNO,
L5 711
W HZUEIR Ci;HyNO, i A B C1 H;sNO;
R R C1oHN,058 BRI CsH,oN,0,S
T e Cy3Hy NO; KZ 1 CH;3NO,
_— %El; Kz HRERES C1oHN,0, U C19H,FN;0;
T HEIIF C1sH,sNO Bikvh 5 C16H sFN;04
SRS C1oHyCLDyN,O o R A C7HgN,O,
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4R 4 F= 4R 4 F=

By R C17H,0FN;0;3 T P 1] — A s C1oH14N40,S

WA C7H,1sFN;0;5 T e g 2% C14H12N,0,8

IR CisHaFN;O, " Eﬁ}’;;% W T CyHiN,0sS

R A CaoH,7F2N;0;5 VT ZE T e A e e Cy5H14N,0,S

U CysH,FN,O; ik i FR 2 CioHN;058

KRR Ci7H0F,N;0;5 ik e S e C1 H3N;058

@%&%%% ZRERR CHN,0; 7 H LT e C13H12N,058

T ALVETR C3H, NOs LR C3HgNO;
IR C14H,FNO; AR C15H34N,04S

XD B C,1HoFoN30; R C,3H3;CIN,O5S

L NI C19H20F3N;0;3 P15 BUAHER CyHgN,O5

Gl C1oH2FaN,0; RIFHERZEZS Y Bk CasHsoN2013

D R C12H 0,0 GRS 7 2 % CasHNO1

ARV A Cy17H;CIFN;0;5 LEIE S CssHeoNO ;3

ik i v C1oH10N40,S Itk =R C3sHeNOy,

Tk i g e CyHyN;0,S, 4 e WE E S1 CyHyoN;05

T e it CiHIN;0,8 4 R ER M1 CasH3sN;0;

P14 Tk Jie R Sk e CH12N,0,8 g N LY N C19H,19N305S

TR 25 ik e — TP s e C1oH14N,0,8 PE HEEV C16H1sN,05S

BTN I B INBERAS 25 o

Tl i Y W e CoHN,0,S; T2 WAHRR C19H,7C1LN;058

il e S b C1oHyCIN,O5S 7k fi5 C16H7N50,S,

OB i Y Ak g CiHLN,O;S P17 1THE CpHN,00

e C1.HiN,O4S PUPR T B PUERE CanHaiN Oy

RS IR E D ARA G Ve RS, 81 BARERSE,
gt S ] £ T HR O, AR5 BUSE B2 PR U 5 mL, &
ARG T RIS A O R o SRR DAL A (IO
#, BARE TAFRREE R 5. 10, 25, 50, 100, 150, 200,
500 pg/L, KT H ML ARRIE TAEIRI
1.3.2 #eonara#

FE b A s BORE S A IRORE S AL 4 B e PR NY/T
789—2004 {4 24 5% B AW RE A SR AE D 1% ) BUE AT . 1A
FRASE/IN IR SRR S ) A3 b B, R FRAS K M 3, el
XPRSIRREAS, X IRE B B N R A B A
MARB SN BSR, FeAEAR RO BIVIBUNR, 5 IR 51 4b
HE FESRIORESE BUG, EEATERELN TR RS0, SR
JE R B R IRFER R, WS AR S T-20 °CY¥e it
o SCIRATEERTEL, E B R RS

FESRFRIG BRI 10 g 5385038 F 50 mL kb0 T,
JA 10 mL ZJE FIER40(4 ¢ MgSO,+1 g NaCl), SRJ5H 5.0
& E T QuEChERS HBIFE il 4 R4 H, Y6 T 4500 r/min
TR E 3 min, SRJGTE 4200 r/min #3 T &0 5 min,
WIS mL ST ISR T, 7E 40 °CoK VA e e v
23 mL, 55k,

B @

FE Sl B EC AT Ak A BH(150 mg MgSO4+
25 mg PSA+25 mg GCB)% A LA, ¢ 2000 r/min iR
i€ 3 min, FF 12000 r/min Z.0> 5 min, 5T 40 °C/KIAFH
R AE 2T AR5 1 mL ZE% %, R4 0.22 um
VR UE, A O € - AT B [RDBT I {O E
133 &iEftt

3%+ 4 Acquity CORTECS UPLC Cg (100 mmx
3.0 mm, 1.7 pm); ALK 20 °C; HEARIARRLA S uL; FBh
A Ay 0.1%H ERKIEWE; WahHl B S I EE/ LI (85:15,
VR BIE R F: 0~1 min, 5% B; 1~8 min,
5%~40% B; 8~12.5 min, 40%~70% B; 12.5~17.0 min,
70%~95% B; 17~20 min, 95% B; 20.1~22.0 min, 5% B. i
#: 0.4 mL/min.
134 Fi#&ut

H##E X TOF-IDA-10MS/MS 1F B F#ist, i
TG m/z 50~1000, HLWEZS HL 2 (electrospray ionization,
ESHE TRSH: B RREN 5500V, LHIREN
35 psi; FALSIRE N 50 psi; B TIIRE N 550 °C; £
HESE N 80 V, HiHRAE N 35 eV, ¥RRIEAE N CES1S eV;
FRR IR HT, R FRALHEA RO AR5 RS B A
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iE, FERHAT I TR, S IR BT i SR R
MR bE, B S AFRGh, CDS R4 4% TOF MS Hi
Product lon 4 T— R A 3L IE
1.4 BIBEZEI
141 —BHH B 8

R AR, AR 1 pg/mL (1
FRUEIRARATRAERE, XA BARfb & Wikt — R mig &3
i, PAFSY BRI SR AR L DR BRI ) LR Ak )y U
{58 Bl 124 B PPCPs MR, f2asX. AR B s (a]
Zit A MasterView B4, 58— OB o & 45008 122 10 A 3
142 —BHAETE

AWF5E K F Triple TOF (AB SCIEX 6600+)[%) Product
Ion i, 7£(35+15) eV R RERE T RS G WIRUED 1)
R B T RIEEE, S A Analyst TF 1.7 8440508
Library f5e, 814045 124 fift PPCPs 1Y CID % F 85 1%
BIPE . B TP IS S Y 28R . 012X A=A
CAS T4 (5 5.
1.5 HIEAIE

ffi Ffl SciexTripleTOF 6600 7 75 24 5 A1 €033 - DU B AT~
TRAT I ]S BT A AL LR Analyst Software 1.7
HEATALSRECE . B B i, R RRE O ST 5. R F A I
FF A 2 F B LSR5 B REA T i A& 9 w20
TRE5 B 0F 7 B 1 U3k I ASOHE — 25 A UE o MR R A it ot 1 4
2z, FfEEFEE . PR R 2= B A5 1 90
BFIEE S EPSEERMAMUES 4 DNEFR RS I
XIHESLH 124 F PPCPs BYAEAEAPH ML s I Pk 30 2 . R
MultiQuant 4%+ C B 1 PH M 25 R dE 178 &, FFHEH
WPS12.1.0.16388 il & Fll Origin 8.0 Z: &l .

2 HFEREHHR

2.1 REEEHML

QuEChERS ZbHJr i AL HGR] . 2] | et pd oo
R R AR 200 H AR TS Y R BOECR 2, i AR g
124 it PPCPs M T 22 45 53 b S STt 45 AR, Jir A
GG, ARG R R AS S A ] . AT
—ANA] AR SO e 25 5, AT XEANIIBR SRR, 124 R
FIRENE A AR EEESR AT T R AT HOME AT AE

ARG T 0 . BRI G kE . S E b
2R s PR IGRIXF 124 F PPCPs A3 BUNCR . 455
FEA, S RPN IR S RS e, K A3 T 1 TR
. 79%~103%, {HNEEEIE 5] Al 2 2% 500 J5 gudr by
SR RIMECE 1), A G AR, HFF80 LA T A€ B i)
Xof S U A S (B 2), 25 SR B AW A A )

SRC 1) WS DO, LR L Ry F S T
AR S SRR ) B A 23 i IR R R AR . 22575 1B
SERGRICR 2 IR, Fe 20 E BRI 1] 2 3 min.

120
100

B EHE ORE OEck B 8 F 5D 2R OB

12 /%
RN N
3

il i

NV PI AN ONTO NNV AN> O A
R¥R7R7R7 7R RIRIVRIIJIIMNIRIRY IR

172895

TE: PI~PITHUCO S RS L R . 2l o B . BELRIEH) |

WEMGERIZZE . o) MRIMVEUIRZE L OIS, IS bUEZE . o

i AIEERNG . VEVATISS . REMCE . ORIRNIRZE . BN |
PR R, TR,

1 ARIRIZEIBGH 4528 B ARPHRIGICRE A L (n=6)
Fig.1  Comparison of the extraction effect of substances under

different extractants (n=6)

B7 min

1 min ®2 min B3 min 5 min

0

N X 5 Q0 N\ & O DNV DO > B A

PP P PP PP PNV O P RN
17905

2 OR[RIZEIUR A 2528 HARISR BUSCIA L (n=6)
Fig.2 Comparison of extraction effects of substances under different
extraction times (n=6)

22 BIEFIEFGMRK
221 &gk ks

PPCPs (143 B — il o A (3 A1 52, R W] R
(BLAR . K ORI C g (it B F R A 2220, ity
i CoPAN TP A @A B )70 A 124 FiH bR
A6 AP B BRI P 25 5, RS 5 S AR A A o8 AR
JE A A9 Acquity CORTECS UPLC Cig ik, Xk
BRI 55 M AL A 35 EAT R A A B 043 s i R0
222 ABHABMHKAL

AWFFEHER T 1% H BRI 1% H Bk -
ZIE . 1%HBRAKIRR - B/ ZIEQ:L, Viv) 1%B BRKER
-FEE/ZHE(85:15, VIEFEIAT 124 FpW 5 Y BT i 1
SREE K A GEETE R BN (B 3), 4 FMER R, K bs
YITE 1% F BRI - B/ 15 (85:15, V:V) i shAll T 7
e o (B e e, FLWETE ARG, JEI T4 2 B, P LAdRca
B 1% KV - I/ 215 (85115, 720y M 8hA
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LK O0.1%H ER-Z /i) ©7K(0.1%H ER)-H B/ ZiE1:1, V2)
8. OF-+06|17K(0.1% P ER-H1EF) [C17K (0.1%H R)- T B/ Z.Ji#(85:15, VV)
= 2 0E+06}:

ot | il lutatlal H

= 6 0E+06
~ PP
PP ‘f"% <z < Q%\Q\Q\q\ SN Q\Q\
172695

B3 RS T 2528 H AR G BUX e (n=6)
Fig.3 Comparison of responses of various targets under different
mobile phases (n=6)

2.3 FEARMAMGEERIES X
S0 SANCO/12495/2011 { BRI AHT 4575 ) , k¢

Jo ke Bt 2 B B i g 2
/ppm /min
v <50 <020
A < 100 <05
. = 10.0 = 05
LREY
SENENK
T 30 % 20| %

il 55 P bR A O P € 1 U O B R (] 0 22 7E+2.5% 2 N,
B RGBT U 22 /N TSR T 5 ppm, HHE T B AT
IIPRIE(E 4).

RAY) T AT, S FE i Bt b B 348 52 A AE
i A 51 e vh MLE 9 — Bk 1 WEPRAFELE, X BUREIRZE L
FeiZ bk B 7 B FAL 2R FREAT 40 R RE dh bz i e 1 B £ B
FIF [¥] o A5 1) 2 o T 1) O B R TR AR LU B i bR R
S AL EE B 1 R F B RS A R A AR v
P A TARMRLRE LU

M 25 . AL R R LG . DR B B TR) R — 2% 1A
VEPCRESE 4 A EBAG SSRGS VA, MR E R Ry B
TS5 E

FfIZR 25 BUSECmE | AR
1% 1%
< 10,0 > 600 > 70,0
< [200 > 400, > 300
5= 200 = 400 <= [30.0]
S 10]% 40| % T 0l%

K4 SEPERIELEG I S A E

Fig.4 Parameter setting of comprehensive score for qualitative confirmation

24 FEFWIE
2.4.1 BT RN ERAEE R

S ST, 200 50 pgke HOMOIE IR b 5
ORESHEATINGE o IR 5 AT, T AT P Rk 5T e g
F1E 5 ppm Z N, FUEEAIELE 81%LL b, Wi A

PRUEER .
2.5
2.0}
15} .
i 10 * e ab e * . .
& ... ..; .-. ..... L] L] L] L]
g 0.5 o ol L’ .
E a3 e .
% 0 . .: |. .
i) 0 0 100 .200 300 400 SDO 600 700 800 900
0 W HHRRHUDa
-1.0} o ® ®
-1.5} .
2.0k

S 12404 5 o e B0 25 55 1

Fig.5 Mass number deviation of 124 kinds of substances

242 KMEFREMEFR

T ML (Rl b, AHFSE IR 1% 05 st T TR A
FERT . BB RN 5. 10, 25, 50, 100, 150,
200 F1 500 pg/Lo SRJ5 LASTR MR BE (X, pg/L) I ALAR, o
TR P A FR i S bR 2 . 255K W], Ko FH‘T
A WTE 5~500 pg/L U LM C R RIF, HXRE
(r)>0.99, FETFRKY SANTE/11945/2015 { AR Zj5R 8 /34 7
TR AR AN 5 e W AR ) X [BTISCR AR X A v O 22 (relative
standard deviations, RSDs)AYEEK, L 10 fi5f5ME b(S/N=10)
YER BRI, 124 R iRy 2 & RAE 0.10~2.50 pg/kg,
JObRSEEE S5 R A3 2 Fios
243 wiRE il EF B R

W R SR SRR AN, BT 124 Fh
PPCPs 7E 10. 50 F1 200 pg/kg 3 MK T (1 ECE K
FEHRE . N2 3 FoR, 124 ML S WTEREH 3 NIRRT
B34 2K 62.7%~115.2%, RSDs K 2.5%~6.8% (n=6);
P NS S O 1 7 N O 9 I e N 1 ez o
63.0%~117.2%, RSDs i 1.6%~8.9% (n=6).
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Table 2 Linear equations and quantitative limits of PPCPs targets

wii Lt , IR “r St )R , AR

(ngkg) /(ng/kg)
LEEARE  ¥=6509.9X-22222.1 0.9997 0.30 FHET  1=4360.9X-20277.3 0.9980 0.46
FH 52 Y=6549.8X+16815.1 0.9985 0.34 PR T ¥=1595.8X+991.1 0.9994 1.37
WIREIE  Y=7312.9X+76697.0 0.9969 0.18 it T B Y=11022.7X+780.6 0.9992 0.58
REPEF- Y=5685.6X+41268.6 0.9995 0.69 SN Y=7615.2X+129.8 0.9976 1.70
AR Y=2512.1X-175.2 0.9998 0.74 A Y=2976.8X+26763.3 0.9990 1.07
FPGTT Y=4341.3X+32836.0 0.9969 0.35 B A r=10016.6X-98119.4 0.9989 0.13
P - s ¥=9302.1X+57297.6 0.9989 0.49 WA ¥=5394.4X-40682.2 0.9993 0.23
Hb PG Y=15373.0X+24538.3 0.9996 0.37 BRI E Y=9474.9X-47471.8 0.9994 0.17
T Py Y=7160.5X+149041.0 0.9904 0.31 EMENE  Y=6894.7X+57666.0 0.9991 0.45
[ 2N Y=6971.4X+35908.4 0.9983 0.32 ENLIE  Y=8955.5X+10341.4 0.9979 0.25
& 51 Sk Y=8841.1X-29644.5 0.9999 0.15 TR Y=7113.0X-7940.4 0.9998 0.81
LA Y=11415.0X-132715.0  0.9961 0.19 LR Y=10618.2X-57339.4 0.9997 0.41
[E=2t-37 Y=3167.4X-1903.7 0.9995 1.03 MATEER  Y=3711.1X-8443.5 0.9998 0.28
EUEALYIN Y=8577.1X-18494.1 0.9977 0.26 FIMEEE ¥=14513.2X-105215.0 0.9995 0.39
FAbE R ¥=1798.3X-2020.0 0.9991 1.18 RMEPEAR  ¥=1555.1X-30716.8 0.9920 0.27
T B Y=4625.1X-13909.9 0.9997 0.26 THER ¥=3889.5X-41702.1 0.9996 1.35
FARRRS ¥=13190.9X+138472.0  0.9998 0.25 WIEAS ¥=4960.7X-21728.1 0.9997 2.36
IS Y=10330.4X-68703.5 0.9995 0.20 H/RBRLE  Y=24763.0X-18618.6 0.9934 0.10
WA EAL ¥=5792.6X-27162.3 0.9996 1.44 AT ¥=1503.1X+11372.0 0.9992 2.18
CIE=5 Y=3099.4X+12876.7 0.9999 0.70 ROV ¥=25345.6X-38238.7 0.9908 0.21
AR ¥=8997.7X-9943.0 0.9995 0.34 ZERYE ¥=1902.2X-7772.2 0.9988 0.18
e T Y=13176.5X+2366.3 0.9998 0.25 DK 5z e Y=9347.2X+2249.9 0.9964 2.12
o= A AV Y=30294.3X+48331.1 0.9996 0.13 LAIERT  ¥=3655.9X-5682.3 0.9969 2.50

TE: 124 B PPCPs $& ML BT HI 43 17 28, P a2 B R H 2~3 FifRERPIBimIfE oL

F*3 MR PPCPs fEELE. BERTHMIiRZEER
Table 3 Test results of typical PPCPs in cowpea and lotus root substrates

4B GIN=E P
S E RN % RSDs/% -1 RN /% RSDs/%
BB W AER 63.2~80.6 5.6~8.1 62.7~83.6 5.6~6.7
E 72.6~80.6 3.2~6.6 80.6~85.7 4.3~6.2
iR 72.3~98.7 5.2~8.9 70.0~100.2 3.5~6.5
ENEOL) 75.1~89.8 2.7~5.6 72.5~93.5 3.1~5.2
N ELE 79.5~106.7 3.8~6.0 78.5~102.6 3.1~3.8
DK i s 78.2~100.8 2.9~6.6 77.3~105.3 2.9~6.2
YLV 72.1~100.2 5.6~5.9 69.2~102.6 4.2~59
fil vPE 75.6~98.2 2.6~6.2 70.0~105.3 2.6~5.1
L ZIES e 85.2~90.7 1.9~2.6 85.1~88.1 3.5~6.3
K& 51 ik g 75.5~92.4 3.1~5.1 70.2~86.7 4.9~58
YR 81.1~90.2 1.9~5.9 77.8~95.6 2.7-3.1
F Mg IR 68.5~85.6 4.1~5.8 70.3~85.7 2.9~3.9

VT B 75.1~90.2 5.8~6.9 72.1~89.6 3.6~5.7
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A4 e :
-1 NI /% RSDs/% S R /% RSDs/%
SRS 68.1~105.2 3.2~5.2 70.3~101.9 4.2~59
w e £l 65.6~80.2 4.1~5.8 77.3~80.1 2.7~6.6
AT 80.7~95.6 2.8~6.1 79.5~100.3 3.5~5.8
T 80.2~98.5 3.2~5.2 78.2~100.7 3.4~4.9
VY HbARAE 70.5~92.1 3.1~4.5 69.5~95.6 2.9~4.5
oAU 68.9~91.2 2.7~6.0 70.3~90.5 2.7~6.0
=R 75.3~100.9 4.1~6.2 72.3~105.3 5.6~6.2
kR T 88.9~94.5 3.1~6.7 90.5~95.6 5.7~6.6
HegT 89.5~102.3 5.2~6.6 85.7~100.2 2.8~5.9
1o K 85.3~105.2 2.2~4.9 89.6~106.8 2.7<4.1
PES 85.5~95.6 3.3~6.8 82.5~91.7 3.9~6.8
AR E 75.6~89.6 3.2~6.3 72.1~86.7 5.1~6.3
Eds:E] 63.0~93.9 1.6~5.4 72.3~89.6 3.2~5.9
itk frg s g 80.2~90.7 4.9~5.6 80.0~90.5 4.2~6.1
Hi IR B 95.8~112.3 6.5~7.2 93.5~115.2 3.6~5.9
ER 71.2~95.5 3.2~6.1 69.9~90.8 3.1~4.5
VEE 3 s 95.3~117.2 3.1~6.3 72.3<90.5 2.5~6.5
F LYY N 73.1~82.6 2.7~7.2 72.0~78.0 2.7~5.8
+HEE 95.2~110.2 3.6~5.6 89.6~105.3 2.7~3.7
IR E 75.2~105.6 2.1~6.2 70.3~103.5 3.1~6.0
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