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Abstract: The effects of biochar, conditioner, and humic acid on the degradation of cadmium (Cd) and lead (Pb) in Chrysanthemum
morifolium were investigated in this study. In addition, the enrichment and migration of Cd and Pb in a soil-Chrysanthemum morifolium system,
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as well as the changes in quality of Chrysanthemum under different passivating agents were examined. The results showed that the enrichment

Modern Food Science and Technology 2023, Vol.39, No.4

coefficients of Cd in the soil-Chrysanthemum morifolium system with two different degrees of Cd and Pb contamination were decreased by the
addition of three types of passivating agents, and the addition of biochar led to the largest reductions (54.70% and 72.27%, respectively).
Compared with two other passivating agents, the addition of biochar exerted the largest effect on inhibiting the migration of Cd and Pb between
stems and flowers, and the residues in Chrysanthemum tea dregs. The Cd and Pb residues in tea dregs decreased by 48.91% and 56.10% in soil 1
and 62.77% and 86.00% in soil 2, respectively. The contents of chlorogenic acid, luteolin, and isochlorogenic acid A in soil 1 with biochar
addition had the largest increase compared with the control (154.93%, 77.11%, and 99.09%, respectively). Comprehensive analysis showed that
biochar had the best effect on the degradation of Cd and Pb in Chrysanthemum plants, reducing their residues in Chrysanthemum tea and
improving the quality of Chrysanthemum. Thus, biochar could be used as the preferred material for soil passivation remediation in
Chrysanthemum morifolium planting areas.
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Table 1 The basic physical-chemical characteristics of the tested soil

EAEE pHIE B RAMmokg) B (molkg) EA4TI(molkg) % Cd/(mg/kg) # Pbi(mglkg)
31 5374012 1747455 23534049  58.8041.25 0.550.02 36.5640.20
132 563406 15604044 20574047  51.6040.44 2.0440.04 124.0341.39
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Table 2 Cd and Pb contents in each organs of Chrysanthemum
in soil 1 and 2 (mg/kg)

RIS Cd 4% Pb 4

11 0.4520.01% 28.5840.86™
B3 1EATAR 0.3340.02° 0.5140.03C
I 1EETE 0.330.02%¢ 0.1040.25x10°%C
1IE1EAT  0.6020.210%F 0.7240.06
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1 245 TAR 03240.21x10%¢  0.9620.16
I OEATE 1.0640.03%° 0.490.08°
EX= B/ F-~ s 3.2640.01%" 0.9440.11°¢
FIE2BEA TR 2.4540.01%8 0.0740.01¢

E: AP RHIEE TR B FEATALENERFDH
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TH.
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Table 3 The enrichment coefficient of Cd in soil-Chrysanthemum system
REHEE & % "t it FHE

13E 13108 0.7320.04° 0.7240.03"® 1.3340.47>10%° 2.2940,02°4 1.45

B3 14EIARR 0.6740.43<1078 0.8340.01% 1.1140,04°° 1.9140.03 & 1.28
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A3 2+iAA] 0.2540.26X107F 0.2416.01° 0.8740.04% 0.9140.02% 0.67

3 24T R 03540.04X10%CC  0.4540.04X<10%° 0414001  04530.11<10%F 043

4 TIE-MEFEERT P WEERY
Table 4 The enrichment coefficient of Pb in soil-Chrysanthemum system

RIEHE R ES i i FHE
I 15T 1.78X10°40.1110%F  0.33x10740.01<10%C  2.53x10%40.22X10%"  0.43X10%42.47<107"8 127107
B3 AHEAR 3.04X10730.34X107"  0.20X10240.26X10°°  2.10x10%40.21<10%F  0.62x107240.21<10%" 14910
B3 1HAEA] 0.29X10%30.20XI07°  0.28x10730.37<10°%C  1.96X107°40.05<10%F  0.38x10240.24X10%*#8  0,73x10?
BB I+AMFE 061x10730.26X10%P  0.32x107%40.34X10%C  221x10240.06 <1078 0.31x107%40.02x102°8  0,8610
L3 23R 1.25X10240.05X10%C  0.46x10240.08x10%°®  0.90x10%30.10<10%°  0.07x10?40.01<10%*®  0,67x107
L 2+EAR 1.49X10730.01<10%C  0.32x10740.31<10°%C  0.85x10740.03x10%°  0.12x107240.43x10“®  0.69x<10?
B3 2+iAEA] 1.38X107%0.01<107C  0.48x10740.01<10%8  0.80x10240.05X10%°  0.05x10240.02x10%®  0.67<10?
B 2+AMR R 187X07%40.16X10%%°  150x10740.41<10%4  1.27x10240.14x10%C  0.18x10%30.27<10°® 121102

M3 4 W50, X T HE)E Ph, 7E 2 b gt
ANERIBEALTIA T, BUAsEMYT Pb IR RECT
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Table 5 The migration coefficient of heavy metals Cd in soil-Chrysanthemum system

REH S Fecr Fr1 Fr2 Frs B

13 13288 0.730.04% 1.0040.19%10% 1.8440.09°° 3.1840.17" 2.30
1B 1+E AR 0.6740.43x10%"  1.2440.06x<10%5  1.3440.05%" 2.2940.03%¢ 1.91
11 1452 0.5020.06>10%8 0.9320.02°C 1.54:40.07%PF 2.9640.09° 1.37
EX REX) 53 0.7240.02%4 1.0020.33<10%C  1.7940.10%%F 2.2340.06° 0.87
3% 2388 0.2240.15x10%P 3.3640.07* 3.0740.09% 2.3140.08°¢ 1.69
HI3E 2+/B AR 0.3240.17>402C 1.2240.03 5.0240.04%4 3.39+40.11%8 1.32
38 2+ 3E A 0.2440.26107%P 0.9620.03° 3.6510.28"8 3.8440.22% 0.90
I +AME S 03540.04x<107C  1.2740.03x107%% 0.910.02F 1.0040.33x10°%P 0.45

*6 TR MBRKRPESE Po IR RK

Table 6 The migration coefficient of heavy metals Pb in soil-Chrysanthemum system

REHE FBC,*R Fry Fro Frs B

3% 1-74PR 1.78X10240.1110%F  0.1941.64x10%F  7.5740.85" 1.2740.03"8  0.43x10?

L3R IHEARR 3.04X107°30.34X10%4  0.0740.8110%F  10.724.20% 315H.04*  0.62x107

13E 1HAEA] 0.29%10740.02X10™0 0944132104 7.1040.07°B 1.3640.90™8  0.38x10?

LI 1AM 061X07°30.26X10%°°  0533055%10%C  6.9140.25" 0.9640.07% 0.31x10?

3% 23 RR 1.25X1040.05%102 0.3740.05°°  1984056°C  0.1540.04™  0.07x10?

13 2+EIARR 1.49%10240.01<10%BC  0.2240.22<10%F  2,6840.11% 0.3740.01%8 0.12x10

3 2+iA3EA] 1.38X10730.01<10%5C  0.3340.73x10%°  1.6940.08°  0.1040.04®  0.04x10?

LR 2+AMTE 1.87X10730.16X1028 0.8120.07°® 0.8440.09°°  0.1240.18x10%®  0.19%107
HH% 6 Al %1, 2 Aol ie 3, it 28X Pb 1iE BH Pb 7 45841 LA S - 25 () fria i sz 21— e FERE I FH.
2 250 Fac el Fri22/hT 1.00, Frp#KF 1.00, % 5, ZE-rHEbsinaE. £ 1R, biEse s
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(P<<0.05), TIEFHRIAEMITRE, A+ Cd &=
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TEASZ ) Cd A1 Pb TGRSy ai AH Ll b Sk 2 PR
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Table 7 The contents of Cd and Pb in Chrysanthemum tea soup an residues (mg/kg)
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Fig.1 Changes of chlorogenic acid, luteoloside and
isochlorogenic acid A of Chrysanthemum with the addition of
different passivators
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