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Abstract: Based on the irrigation water, soil, tumorous stem mustard, semi-finished pickle mustard and pickle mustard, the content and
correlation of harmful elements in export pickle mustard in Chongging city, PR. China were comprehensively analyzed in this study, which
provides a scientific basis for the safety evaluation of export pickle mustard. The content of Hg, As, Cd, Pb, Cr and Al in the samples were
determined by atomic absorption spectrometry, atomic fluorescence spectrometry and inductively coupled plasma mass spectrometry. The
results showed that the contents of Hg, Cd, Pb and Cr in irrigation water samples were lower than the national standard limits of China, among
which As contents were higher than the standard limits in 3 samples, and the over-standard rate was 17%. The contents of As, Pb and Cr in soil
samples were lower than the national standard limits. The content of Hg was higher than the standard limits in 1 sample, while Cd contents were
higher than the standard limits in 4 samples, and the over-standard rates were 2.90% and 11.80% respectively. The contents of Hg, As, Cd, Pb
and Cr in tumorous stem mustard, semi-finished pickle mustard and pickle mustard were lower than the national standard limits. The pickle
mustard was clean. The comprehensive pollution index of tumorous stem mustard samples was less than 0.7. The tumorous stem mustard was
clean. The ability of tumorous stem mustard to concentrate harmful elements was Cd>Al>Hg>Pb>As>Cr. The largest average concentration
coefficient of cadmium in tumorous stem mustard was 0.09. In general, the planting environment and processing of export pickle mustard in
Chonggqing city were good. It is necessary to monitor irrigation water and soil quality in some planting bases, because the tumorous stem
mustard is easy to concentrate Cd, Hg, Pb and Al in soil.

Key words: export pickle mustard; harmful elements; content; pollution index

WiksEEA: 2018-10-19

HeWH: ERTMRAFL (EX) WH (CSTC2013YYKF80004)

TEBEN: BRI (1987-), &, Wik, W5t ARRESREEH
BREE: TR (1963-), %, L, HF, WRAE: BRRES5RETH

262



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.3

K (Hg)- T (As). # (Cd). #Y (Pb). % (Cr)
R (AD AKX NRFIZN A FE LR . He
SN EE Wi B A, RES A RS
SN As AT G BOGHE REI K IR, ol BT
AN s Cd Stk s A T I RE AR S
SIRAE, thafumzhess =4 b FEE
ENKRRZ, B, HEEREDRSES; o A
A BB PE Y, AL T i RS I 4 524
U161 mr e 5 24 g <. NSRRIE S0 iERE
KR 4872 T KR, EBK R E SR+
R EAEDIN 4. e MRS Tl a4 KE
HERIEBUKRIRIE Y, 5K T2 A
IR e 2R,

TR 80% 1) LA F L RIG R G AL, 15K
VTR PR I i = B R AU, e e R
TP = 2 A =2 B . 2014 4F, JRIREE
PR R ] - B Y R A A E 39875 JUR L A AR
SRR, K= BR A5 X I 5 Y ) s 58
, MRS E TRy, ViR X e
&R bR E B, ARBPIRF R 5 AN B
Hh A3 G R RS R TR, Cd IR S T,
Ni Fl Pb IA &4, Cd A1 Pb A3 E B 5 4.

TR R F e S (e I B A IS A T 5
MR T E R, e LAZERIF N SR il 1 e
TEFEE, RHEMEE = =M T 24, e
SEE RTTE BN CUR= 5, Al B O
£92.5 77 7, 2015 R A MEEH D SMEIA S 1267 75
7t SRIMTBEE KPR s YN g, AEnk
BONFEM BRI R B R Z — . B FFPAN
AL TE R E A SIARRPY, St ER-EAN X E RN
KHKBZET Po. Cd. Hg. As &2 A ZE R,
AN Pb. Cd. Hg. As TG HERN 11.60%,
b P bR, IAF] 10.22%, Cd 1 Hg KRR
ORI 2.22%F0 0.44% >, BT, (VE /DR T%
R A ETRMIA, TR ELRBEN
LTI TR A WARIE, ASFEMFE I Tt fE e 3
TLE B A FE VRS e AT PR

AP 38 A %o S SRR P AR R B R N T
MR A ETEMNN, AV TRME. IR
W B LR S B E KT HH DM S T A e etk
SR, A MRRRE . T R SR T H MR
& R AFRER eI L L 2 o e e
WA .

1 HRSES

L1 A5 R A

T SEIGREA S NY/T 398-2000 (. &, /K
P2 TS P AT ) PO b 2 T RS N B 56
R SRR A 4 R
1.1.1 EBKAL3E
FEACR H H RPESE T I RE X . FARE AN
JIPHIX R 25 T S SRR . E TR/ KOR 33 R A
FRWME 1 PR, LT 18 MEB/KFEAR, 34 A3
FEA,
F 1 BERTEOERERNFEEER AR RER
Table 1 Irrigation water and soil samples information of
tumorous stem mustard planting base in Chongging city

‘ M5
REAE FEBEK EX>1
ERTER R WI. W2 SI. 82, S3
TR IE R R AR w3 S4. S5. S6
TR AR R w4 S7. S8. 89
FRTIERRSEA W5. W6. W7 SI10. S11. SI2

FRTEMLALILL WS, W9. W10  S13. Sl14. S15
FRTEALEBA  WILL.WI2. W13 Sl6. S17. SIS

TR A MR H T4 W14 S19. S20. S21
L ) S22. S23. S24.
E RN RH T4 w15
S25
TR M RH TR W16 S26. S27. S28
TR M RH TR W17 S29. S30. S31
FRTH N R T4 W18 S32. S33. S34

112 FFEX FRBEELRBFE
FEACK B H RS B Db R X FEAR AN
TP X )8 O SRS S AT MR A=)
HA T SFEA 33 AN PHUMPESAEA 34 >0 Al
PESREAR 37 1.
1.1.3 35
iR SEAE . L. figial, R
AL TARA) s A WHR: hral, pETiRL
BT s EhRR. thgral, ERNZRMT (ERED
AWRAT: BilR: G, KT CEAEH TR
Frs B. 7K. #a. HY. 85 ERFRUEAR (1000 pg/mL):
At )i AR it

12 (5%

DB-3A HUR AMBI AR, SR /KACRE S5
A8 TAS-986 JR It e it dbatEfrid
HARTHELAT; PF6-3 FREBUR TR, b
TR A PR 5T A iICAP Q HUBHR &S5 3 114

263



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.3

JRAE, FEER CIH/RBH AR 720-ES HUBHE & 42
THRGCHEAL, S P2 A

1.3 ik

1.3.1 M7
1.3.1.1  FEBKH S IR bR 2 7732

FREIME: GB/T 5750.6-2006 (AE3E Tk FH /K bRifE
W6 kE B IR B HIE: GB 7475-87 (UK
JRAR S £ A ARIIIE ) PP 4R OIISE : DBI440100/T
43-2009 (7K ST 0 E ) P SR E : SL 327.2-2005
ORI EY B RhIE: SL327.1-2005 (K
A EY By #REIIE: GB/T 12154-2008 (4
FHAKRAE KM 7 kA8 i E ) B,
1.3.1.2 IS IR bR I 2 72

FICERIME: 28 ISO/TS 16965:2013% 1CP-
MS 7 5E -
13.1.3  Hk. VRO PESR ARG SR A A5 TR bR
(I 5E 771

FRIIIISE : GB 5009.15-2014 (£ 524 E K bpitk
AR EY Y AR IIIE: GB 5009.12-2017
CFr 2 A SbRAE B A I 2 ) B AR PR «
GB 5009.123-2014 (£ i 224 [ bRt £ s il
5B BOL SRIME: GB 5009.17-2014 (£rfh 2245
TR i bR S LRI E ) BT B E . GB
5009.11-2014 (£ fb 22 4= 8 S bR e £ i A i & TEL
e ) B AR GB 5009.182-2017 (£
A SRR AR E ) B,
132 HgT %
1.32.1 KB fE

I8 HI 677-2013 (KR 48 S BRIM M) )
AT
1322 TN

27 EPA3052Microwave assisted acid digestion of
siliceous and organically based matrices'* ) /7 13547 .
1323 Xk PRUMIESER R T

%% GB 5009.15-2014%H1 GB 5009.17-2014 7
AT
133 =ik

Tk PSR RS BRIV &
HEONY/T 3982000 ¢y &~ 7K/ b5 Gl AR
u) BT,
134 FHRAKATH

B RBE R =Y RAERE R N SRR
HERbR, 1ZRABFR RN E R . EERE
A R R,

264

o BT EREE R
SRR - Rk AR
13.5 FEEHAILTE
BT YA Py TS TS AR, LR
UL P RIS RIS A TS AR, AT
DA AT Sk S A S T B YR . S YRt
ARG
P YA S 5 e b
H:w¥ﬁ$mﬁ%%ﬁfﬂﬁk$ﬁﬁ%%%z
- 2

x100%

L4 BAREALHE 5 247

HoulEsES 3 UL, GRA CPEELhr
WEE) Fon, FA Microsoft Excel 2013 47115, ¥
FH SPSS19.0 #cf4: (IBM A#]) #E4T Pearson #HE 04«

2 HR51Te

21 FXRAMEEHERAFHAETLZSGE

KPR A E LR S EMNEERIE 2. R
3 GB 5084-2005 (A< HMEM KT bRAE) IRlE, H
THRRIEEG KA F o R IR EREN: Hg<0.001
mg/L, As<0.05mg/L, Cd<0.01 mg/L, Pb<0.2 mg/L,
Cr*'<0.1 mg/L. 4=#B/KEE Hg. Cd. Pb. Cr F1 Al 58
KT GB 5084-2005 MIREAGECARKH; KEE W3,
W5 FTWI1 1 As Z &7 7008 88.31 pg/L. 7531 pg/L
F161.92 pg/L, HAEFR 77%- 5S1%H1 24%, HARFE
AH G BFEAEN 17%, R OISR RRRE 3
kA= R K 2 FERZ As TS 4%

22 HERIMEEHMIETHEETEINEE

R DR EE 3 b ( EeR s
B 3. 148 GB 15618-1995 ( H-IEIF4E i SEhriE)
BaE, HH R IR A As. Pb A1 Cr
& AT bR 2 . H3%FEA S2 (1) He
N 031 mg/kg, HE 1.70%, (5 EFEAE 2.90%:;
S1.S7.S11 #1829 1) Cd & &5 74 0.35 mg/kg. 0.41
mg/kg+0.30 mg/kg A1 0.34 mg/kg, 73 HIHEFR 18%-35%-
0.05%F1 12%, EEFRFEAS (5 SFEAEIN 11.80%. £5R
RO P A I EZ 3 Cd 15 S, Y
5l A

23 FHEK FREBEFTRE BT HET



MK EEBHY Modern Food Science and Technology 2019, Vol.35, No.3

Bk, FRUBESENEVERTTA FE TR SR mg/kg, Cd<0.1 mg/kg, Pb<1.0 mg/kg, Cr<0.5 mg/kg.
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Table 2 The content of harmful elements in irrigation water

KA Hg/(ug/L) As/(ug/L) Cd/(pg/L) Pb/(mg/L) Cr/(pg/L) Al/(ug/l)
w1 0.0120.00 4.48+0.40 ND 0.09+0.03 ND ND
w2 0.0120.00 6.46+0.34 ND 0.11+0.03 ND ND
w3 0.02+0.00 88.310.55 2.58+0.18 0.13+0.00 ND ND
W4 0.0120.00 6.69+0.66 ND 0.14+0.03 ND ND
w5 0.08+0.0012 75.31+0.77 ND 0.16+0.03 0.76:0.00 ND
W6 0.0120.00 10.83+0.16 ND 0.16+0.03 ND ND
w7 0.03+0.00 4.03+0.29 ND 0.14+0.03 ND ND
w8 0.08+0.00 5.94+0.46 ND 0.09+0.03 1.29+0.11 ND
w9 0.08+0.00 25.93+0.25 ND 0.20+0.03 ND ND
W10 0.10+0.00 40.75+0.35 ND 0.14+0.03 ND ND
Wil 0.08+0.00 61.92+0.27 0.04+ 0.00 0.09+0.03 0.57+0.00 ND
W12 0.16:0.00 14.09+0.56 ND 0.07::0.00 0.91+0.10 ND
W13 0.2120.01 37.58+0.78 ND 0.09+0.03 ND ND

W14 0.18+0.00 18.78+0.64 ND 0.09+0.03 ND ND
w15 0.0120.00 4.98+0.41 ND 0.11+0.03 ND ND
W16 0.03+0.00 4324026 0.08+0.02 0.110.03 0.76:0.00 ND
w17 0.0120.00 15.10+1.08 ND 0.09:+0.03 1.2240.11 ND
W18 0.02+0.00 29.13+0.33 ND 0.14+0.03 ND ND

®3 HRTFAEELRNEZE

Table 3 The content of harmful elements in soil (mg/kg)

A Hg As Cd Pb Cr Al
xR 0.20+0.10 15.16+£1.29 0.28+0.06 23.60+0.26 53.80+7.69 46.74+10.57
R R AR 0.17£0.02 4.63+0.39 0.15£0.01 24.09+0.29 45.32+2.77 37.24+5.40
xRk 0.17+0.04 7.74+0.10 0.31£0.11 24.50+1.72 59.75+3.49 34.4142.08
TR R R4 0.100.04 7.01%1.16 0.24+0.08 22.99+1.8 61.36+3.60 37.89+6.39
FARERIAL 0.08+0.04 10.31£0.33 0.28+0.07 23.80+1.203 61.58+5.97 61.92+7.12
FHE R BA 0.08+0.04 6.39+0.76 0.24+0.03 22.57+1.45 56.13+2.20 50.33+1.57
7 N R T4 0.10+0.08 9.46+2.60 0.24+0.07 20.75+2.91 55.28+7.63 59.34+15.95

®4 BIK FHRREENRRERPEELRSE

Table 4 The content of harmful elements in tumorous stem mustard, semi-finished pickle mustard and pickle mustard (mg/kg)

IE S Hg As Cd Pb Cr Al
EETA 0.003+0.00 0.001+0.00 0.03£0.01 0.15+0.02 0.02+0.01 1.58+0.53
Cl1 F R 0.01+0.00 0.01+0.00 0.03£0.01 0.17+0.18 0.12+0.05 3.78+1.12
R 0.001+0.00 0.01+0.00 0.04+0.02 0.39+0.17 0.03£0.01 3.68+0.38
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#LER

FEK 0.002+0.00 0.004+0.00 0.0120.01 0.11+0.04 0.0120.00 1.91+0.57
2 FAS 0.0120.00 0.02+0.02 0.03+0.03 0.27+0.19 0.100.03 9.06+5.08
At 0.00140.00 0.003+0.00 0.02+0.02 0.3140.19 0.04+0.02 5.98+1.49
FEK 0.0004+0.00 0.003+0.00 0.03+0.01 0.06+0.04 0.01+0.01 2.8942.63
3 FAS 0.00140.00 0.0120.00 0.02+0.01 0.32+0.24 0.16+0.05 5.50+0.90
At 0.001+0.00 0.0120.00 0.05+0.01 0.22+0.13 0.12+0.03 8.6943.04
FEK 0.002+0.00 0.004+0.00 0.02+0.01 0.010.00 0.03+0.02 1.054£0.23
C4  FARS 0.0120.00 0.02+0.01 0.02+0.01 0.14+0.12 0.07+0.02 6.51+1.49
o 0.001+0.00 0.02+0.00 0.02+0.02 0.42+0.06 0.02+0.01 6.26+3.14
T ETS 0.003+0.00 0.003+0.00 0.010.00 0.030.01 0.01:£0.00 2.70+1.41
G 0.01:£0.00 0.01::0.01 0.02+0.01 0.13+0.10 0.17+0.10 10.93+5.26
R 0.001:£0.00 0.010.01 0.06+0.01 0.18+0.10 0.13+0.08 7.9442.29
FEKX 0.003+0.00 0.002+0.00 0.0120.00 0.10+0.08 0.02+0.01 2.16£1.26
Cc6  FARS 0.0120.00 0.0120.01 0.02+0.01 0.42+0.17 0.1740.09 7.2542.04
At 0.00140.00 0.03+0.00 0.02+0.01 0.22+0.04 0.0320.02 3.25+1.77
FEK 0.004+0.00 0.002+0.00 0.02+0.03 0.05+0.05 0.01+0.00 1.80+1.43
C7  ¥ARS 0.003+0.00 0.0120.01 0.03+0.01 0.4140.10 0.05+0.04 7284251
At 0.00040.00 0.02+0.02 0.0240.01 0.38+0.09 0.14+0.08 8.432.38
FEK 0.0120.00 0.003+0.00 0.02+0.02 0.12+0.07 0.01+0.00 2.80+1.24
c8  FA& 0.0120.00 0.02+0.00 0.02+0.00 0.19+0.05 0.23+0.14 11.10+7.78
o 0.001+0.00 0.02+0.02 0.02+0.01 0.510.58 0.04+0.01 5.57+3.73

*"5 HRKRISIIRBRITFM

Table 5 The pollution index and evaluation of tumorous stem mustard

P
% He As a - = P PHLER
Cl 0.28 0.003 0.31 0.50 0.03 0.39 FHiE
C2 0.15 0.007 0.14 0.37 0.02 0.28 FHiE
C3 0.04 0.006 0.33 0.19 0.03 0.25 FHiE
C4 0.19 0.008 0.17 0.04 0.07 0.15 FHiE
C5 0.29 0.006 0.11 0.11 0.03 0.22 FHiE
C6 0.33 0.005 0.11 0.34 0.03 0.33 FHiE
C7 0.40 0.003 0.23 0.17 0.01 0.35 FHiE
C8 0.47 0.006 0.19 0.41 0.01 043 FHiE

i P<0.6 A—K 5, 0.6<P<1.0 A=K 5, P>1.0 AZB7&M: PL<0.7 AiFFKE, 0.7<P <l AEFFEKTFE, 1<P <2
7{7&/"3‘9{&7&4’[—", 2<P <3 7%7“*’&/?%7J(’F P.>30 j?ﬁ/i/"}‘?f%7j(;’fl[46]o
#=6 BN EEREN N EERR L HS BT AHERE

Table 6 The average concentration coefficient of harmful elements in tumorous stem mustard and its correlation with single pollution

index
Tk Hg As cd Pb Cr Al
TRAK 0.02 0.0003 0.09 0.003 0.0002 0.04
2EM 0.010 0.009 0.011 0.000 0.000 -
Pearson 48 % 14 0.877%* 0.880%* 0.868* 0.997* 0.993%* -

E: YRR 005 KF EREAK; *ETE 001 KF EREAK,
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Table 7 The correlation coefficient between the content of
harmful elements in soil and pickle mustard
AE Hg As Cd Pb Cr Al

rFMEZE 016 019 071 -042 036 0.10

M 7 FTLVEH, Bt St Cd
TR RECN 0.706, RIEAHIG; Cr AKX R
£ 0.2~04 28], 25HK; HETTRLMK. Mk
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Table 8 The correlation coefficient of harmful elements in

tumorous stem mustard, semi-finished pickle mustard and

pickle mustard
AE M EESS F it PR

FHEX 1 0.01 -0.30
Hg  FAiw 1 0.74*
AR 1
FHEX 1 0.69 044
As  FRen 1 0.09
AR 1
FHEX 1 0.34 0.28
Cd  Fen 1 -0.22
AR 1
S E N 1 0.08 0.29
Pb F s 1 -0.28
FR5 1
FEKX 1 -0.33 -0.40
Cr ER 1 0.12
PRS0 1
FEk 1 0.49 0.32
Al ERS 1 0.21
PRS0 1
7E: *RTAE 0.05 KP EREARX.

3 g
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