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Abstract In order to investigate the contents of heavy metals and trace elements in chrysanthemum tea and

tea soup,and guide the drinking of chrysanthemum tea, this article analyzed the content and dissolution

characteristics of heavy metals and trace elements in the main chrysanthemum tea varieties Huangju and

Jinsi Huangju in Zhejiang. The contents of seven heavy metals,including Cd,Cr,Cu,Pb,Zn,Ni,and As,and
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seven trace elements, including K, Na, Ca, Mg, Se, Fe, and Mn, were determined by inductively coupled
plasma mass spectrometry (ICP-MS) and inductively coupled plasma emission spectroscopy (ICP-OES).
The dissolution characteristics of heavy metals and trace elements in Huangju and Jinsi Huangju under
different soaking times and conditions were studied by referring to traditional tea brewing methods. The
results showed that the Cd content in both types of chrysanthemums exceeded the standard,but the Cd and
other heavy metals in tea soup met the standard for drinking water. As the soaking time prolonged, the
dissolution rates of heavy metals and trace elements in chrysanthemums gradually increased, with a total
dissolution rate of only 9.9%—11.8% for Cd. and a total dissolution rate of Cr and Pb below 10%.
However, the dissolution rates of Cu,Zn,Ni and As were relatively high,ranging from 45.0%—71. 6%.
The dissolution rates of trace elements were between 1. 7% —84. 0% ,among which K,Na and Se elements
having higher dissolution rates, reaching the highest of 84.0%,72.9%,and 78. 0%, respectively. As the
soaking times increased, the dissolution rates of heavy metals and trace elements in chrysanthemums
gradually decreased. After the first soaking,the dissolution rates of Cd,Cr,and Pb in chrysanthemums were
relatively low, ranging from 0.3% to 8.0%, respectively. The initial dissolution rates of Cd, Cr, and Pb
accounted for 50% to 100% of the total dissolution rates. Cu,Zn,Ni,and As accounted for 28% to 63% of
the total dissolution rate after the first soaking. After the first soaking,the dissolution rates of K and Se in
chrysanthemums were relatively high, reaching 30. 6% to 65. 8% ,while Na,Ca, Mg and Mn ranged from
5.8% to 29.4%. The first soaking dissolution of trace elements accounted for 41% —100% of the total
dissolution. Among the two types of chrysanthemums, the proportion of heavy metals and trace elements
released by the first soaking of golden chrysanthemum was relatively high. By extending the soaking time,
the dissolution of heavy metals and trace elements in tea soup were increased. By discarding the initial
soaking water,although more than half of the heavy metals were removed,a large amount of trace elements
were also lost. It is recommended to extend the soaking time when brewing tea.

Keywords Huangju;Jinsi Huangju;heavy metals;trace elements;dissolution characteristic
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Table 1 The limit standard of heavy metals in some medicinal materials in Chinese Pharmacopoeia and the

limit standard of heavy metals in Drinking Water Sanitation Standard

Standard order Cd Cu Pb Zn Ni As
‘Chinese Pharmacopoeia Standard’/(mg * kg™ !) 1 20 5 2
‘Drinking Water Sanitation Standard”/(mg « L™1) 0. 005 1 0.01 1 0.02 0.01
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Table 2 Contents of heavy metals and

trace elements in chrysanthemum tea

/(mg - kg™")
Elements Huangju Jinsi Huangju
Cd 1. 414 1.312
Cr 0. 594 1. 116
Cu 13.08 15. 38
Pb 0. 559 0.273
Zn 29.5 28.2
Ni 2.083 1.199
As 0.081 5 0.096 6
K 20 095 26 474
Na 97.9 241. 1
Ca 2 461 3592
Mg 1619 1 564
Se 0.029 0.015
Fe 96. 8 97.3
Mn 29.1 13.6

P 1 kg W 86 A 1) L < T 7 A ) 92 0 P[] P 75 Y
L% Pb &b, oA H 43 I i 28 18 Bl I v B[] 1)
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11.8%,Cr Al Pb 1 7 H F th B AIK, 43 31 R 3.15%6 ~
3.80%6.3. 94 % ~5. 45% ,1fif Cu,Zn Ni, As HJi# H R
B BN 63.97% ~ 65.57%. 44.95% ~ 47.49% .
48.86%~T71. 64 % .67. 45%~69.54% , Al fgSE Cd.Cr,
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Table 3 Relationship between different soaking time and dissolution of heavy metals and trace elements in chrysanthemum

Elements Huangju Jinsi Huangju
Logarithmic equation Correlation coefficient(r) Logarithmic equation Correlation coefficient(r)
Cd y=0.046+0. 18In ¢ 0. 986 y=0.016+0.027In ¢ 0. 960
Cr y=0.0024+0.009In ¢ 0. 881 y=0.01740.006In ¢ 0. 877
Cu y=—0.398+1.677In ¢ 0.998 y=1.585+1.688In ¢ 0.924
Pb y=0.043—0.004In ¢ 0. 455 y=0.009+40.002In ¢ 0.212
Zn y=28.219+1.250In ¢ 0. 908 y=26.382+1.508In ¢ 0. 765
Ni y=0.215+0.237In ¢ 0.999 y=0.089-+0.101ln ¢ 0.939
As y=0.04740.002In ¢ 0.915 y=0.022+4+0.010In ¢ 0. 869
K y=29944. 967+ 1489. 9161n ¢ 0. 879 y=7958.537+2841.2591n ¢ 0. 854
Na y=26.012+8.694In ¢ 0. 991 y=31.279+24. 545In ¢ 0. 944
Ca y=243. 884+45.130In ¢ 0.988 y=>50.783+178.992Iln ¢ 0.988
Mg y=288.316+56.908In ¢ 0. 954 y=110. 0184+115. 952In ¢ 0.958
Se y=0.013+0.001ln ¢ 0. 805 y=0.003+0.002In ¢ 0. 850
Fe y=1.403-+0.325In ¢ 0.893 y=0.612+0.414In ¢ 0. 890
Mn y=1.960-+0.961In ¢ 0.996 y=0.190-+0. 643In ¢ 0.974
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Figure 1 Dissolution rates of heavy metals under different soaking time.
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Figure 2 Dissolution rates of trace elements under different soaking time.
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Table 4 Relationship between different soaking times and dissolution of heavy
metals and other trace elements in chrysanthemum
Huangju Jinsi Huangju
Elements T - - — T - - —
Logarithmic equation Correlation coefficient(r) Logarithmic equation Correlation coefficient(r)
Cd B=0.033—0.021ln A 0.995 B=0.092—0.070ln A 0.919
Cr B=0.001—0.001ln A 0. 881 B=0.028—0.025ln A 0. 881
Cu B=—2.313—0.679In A 0. 681 B=6.328—4.348ln A 0.931
Pb B=0.014—0.011ln A 0. 982 B=0.007—0.006Iln A 0. 881
Zn B=6.698—3.390ln A 0. 991 B=11.484—8.016ln A 0. 926
Ni B=0.306—0.109ln A 0. 942 B=0.364—0.252ln A 0.921
As B=0.030—0.019ln A 0. 994 B=0.045—0.031ln A 0.918
K B=6295.43—3496. 832In A 0. 992 B=9701.267—6431. 725In A 0. 946
Na B=19.114—9.529In A 0.996 B=62.644—42.582ln A 0.909
Ca B=179.884—99. 884ln A 1. 000 B=576.48—398. 30In A 0. 900
Mg B=193.259—117.977In A 0. 999 B=358.474—266.923In A 0.913
Se B=0.009—0.006ln A 0.975 B=0.009—0.007ln A 0.912
Fe B=0.080—0.070ln A 0. 881 B=0.652—0.574ln A 0. 881
Mn B=1.670—0.959ln A 0.994 B=2.210—1.589In A 0. 877




g

JB T A5 A5 AR 2% TP B AR T B VA R PE Y

1001

PTG LA [R) 2 10 U K00 7 4 i R n ] 3
JIT 7 o Bt 5 95 00 VRBP4 46 4 1 i
RITEW A . FERIR B 4546 Cd. Cr.Pb B %
R AR, 2 WAE 2.9% ~8.0%.0.3% ~3.1%.
2.7%~3.2% , HWF 4L Cr fl4: 22 5451 Pb
TEAS RIS AR A 1, Cd 76 J5 T8 = YR8 1 h 1 1%
MR R 1.4%~1.8%.0.8% ~1. 2% F1 0. 4% ~
0.7% ., Cu.Zn.Ni.As ZEWWREZ W T X E# 1, 1Y
YR T 24 9k 13.9% ~53.0%.8. 3% ~
19.6%.7. 1% ~11.9%.5.0% ~8.4% ., B4k
mES B ARENESEBSLEA ST UE

HE DL Fg e Cd.Cr.Pb R I R EER I — G,
d R R A3 50 %6 ~T71%,100% .71 % ~100% ,
Cu.Zn Ni,As 755 — R LG 35 540 50 o i i
28%~61%.42% ~63%.33% ~63%.51% ~62%,
FES — B . 54 T A Jm v A R Y
28%~100% , F-HIME Hy 53. 6% . 4 22 S 3 h i 4 )@ VA
M E RN 61%~100% . SEE{H A 74. 3%,
VEIIFEWI R IR ML Z S5 2 A6 T i K 0 J 4 s s i ik
G AR B ST 50% . Rk AT L o FE 25  i
A ACkERESENEA S 2 255101
K AT P25 B EE 4 1 LU A9 R e

9r 1 time 3.5 50
sk @ 2 times - _
w3 3 times 3.0
€ 7k B 4 times < 5340_
2 < 2.5F 2
z 6F E B
£ s 207 £
=l = =
= 4r = - =
é ¢ 1.5 Z20f
Z 3L 8 <
: = 1.0 =
S gk < “ ok 7
I N\ [ ;
0 2 0 L L 0 A A %
Huangju Jinsi huangju Huangju Jinsi huangju Huangju Jinsi huangju
351 50
— 351
3.0 3
< < 401+ - 0
3251 = <
E E 2250
£ = 301 z
£20r £ o0t
T g 20F S5k
Z 1.0 7 : -_:: 10+
= 4 N 101 by = %
0.5 4 5 7
/ Ny |
0 - - n 0 = - . - 0 P TS
Huangju Jinsi huangju Huangju Jinsi huangju Huangju Jinsi huangju
60
50
I
Z4dor
g
‘230F
=
7
=20
2
10 / j
\'i ' / \\

0

3 EGRETRARBRETHALE

Huangju

Jinsi huangju

Figure 3 Dissolution rates of heavy metals under different soaking times.



1002 o [ 6 WL AT AL 27 2024 4
0% 0% 0% 0%
100 Frodd -
15% 16% ¥

13% 289% 15% e 149 1294 [139 [14%
R oo | | —| 3| || |
| R2% D19 I 4 i
3 S S - 6] 16% [15% |, 50, |:| 3 e
=2 30% | | | o7 L [ 2 times
3 eof ] [ | ] ttime
£ 7%
g g L {100% p— 00% 100
gz 30%
ZE B5%
£Z 40ff ]
g4 719 71%
-k — 612 637 1639 [62%
="l |
P 509 51%
£ ol U2

o 33%
0

Pb Zn Ni As
Huangju

Cd Cr Cu

- Cd

Cr Cu Pb Zn Ni As

Jinsi huangju

B4 ECEBERFHEESLL

Figure 4 Percentage of single dissolution of heavy metals.

P 5 Sk 5 o 4 6 AN [) 92 T VR B0 T i oe R I I
HH 2R [ 2 95 T YRS 1T T e 4 A Bl T R T
HORTEREAR . MRS . 448 i K AT Se 19
v R A L A A E 30. 6% ~40. 2% F 32. 6% ~
65.8%, Na, Ca, Mg, Mn B I R F 5.8% ~
29.4% . PRI ULIG P FP 4G AL P Fe 3 1 R
0.10%F1 0. 81% , HAES —WRIZ M Z e B R K.
I A K 45 16 T i i o0 3 AU S T R
FA S 6 i K Fil Se W1KIR A 1 5 %
SR 44 % ~58 % F1 58 % ~82% . Na,Ca,Mg.Mn
MIRERE R SRS B 41%~70%, Fe 1l
g7k 100% . FERIR IR L )G - 548 vh i i e E i
A AR AR N 54. 6%, 4 22 B A T i
TCERBEHEGESBRNTHMEN 71.9% ., B
FEWI L 225 - 46 46 0 1 K88 o Sl i e R i
A R 50 %Ll FE R S 4
FEGX LR TR KR . A 22 B R A
HOUE LB .

25 1 B I RO T, T 4 R RN R 0 K
R AR B L AR IR I 2 S A AR R B R oy
SRERMPECRFRBC L HFE RS EBE 5%,

L FE R WAL A 77 20T DL ) A R R A2
FEME TR RERK, H 4 2 248K E T
EIA L=
24 HEPAHELEMBIRER

M50 (9 2% K B 3 0 T s B B e 5
7R B AE A U S A 240 min 7 A R AR
S AT DA HS 08 e R S i IR Ag 4R T Cd &
AR 31. 200 ~41. 4% ARG & A 240 min
0 /N TR AR o HOHAB AR 28 48 R A
() 4 T fo R B a0 T R A v L U 2
AEASTE RO 2o A8 v Ot T o 4 Ja A XU
2.5 FEHPELEENRETESENHEXESH

BHEETE N ESE S MEICR NS i
M S L 6 451 .5 HE4EE Pb 5
HWIOUE LW M S, Hh 4R M s ot R
Z Al K 2 A7 A6 A b 35 AH G ME (P<T0. 01) Al g 2%
AHOCHE (P<C0. 05) . HAH X PE R B TE 0. 561 LU
LU R, AR AR T R
2 (] AH OGP R AR L F — DR T 2R 5
kT X LB E A B A R, ffE ot R b F
HAEW R .
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Figure 5 Dissolution rate of elements under different soaking times.
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Figure 6 Percentage of single dissolution of two kinds of chrysanthemum in total dissolution.
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Table 5 Dissolution of heavy metals in chrysanthemum

Elements

Initial dissolution content/(mg « L™ 1)

240 minutes dissolution content/(mg -+ L=1)

Huangju Jinsi Huangju Huangju Jinsi Huangju

Cd 0. 000 40 0.001 26 0.001 68 0.001 86

Cr 0. 000 02 0.000 41 0.000 22 0.000 51

Cu 0.024 04 0.084 63 0.102 93 0.118 07

Pb 0.000 18 0. 000 10 0. 000 37 0.000 13

Zn 0. 081 40 0.154 53 0.168 13 0.152 12

Ni 0.003 48 0.004 91 0.017 91 0.007 03

As 0. 000 38 0. 000 61 0. 000 66 0. 000 81

*k6 EeRMBETEBXESHT
Table 6 Correlation analysis of heavy metals and trace elements
Ttems Cd Cr Cu Pb Zn Ni As

K 0. 877" 0.762" 0.936" —0. 400 0.793* 0. 094 0.918*
Na 0.597" 0.976" 0. 844" —0.457 0. 370 —0. 376 0. 704
Ca 0. 714" 0. 904" 0. 862" —0. 340 0.452 —0. 236 0. 786
Mg 0.981* 0.561* 0. 900" —0.188 0. 867" 0. 358 0.930"
Se 0. 340 —0. 644" —0.094 0.436 0.491 0.906"" 0. 139
Fe 0. 857" 0. 049 0.597* 0.093 0. 943 0. 787" 0. 708"
Mn 0.531 —0.494 0. 158 0. 330 0.659* 0.993* 0. 260

Note. " — P<C0. 01, * —P<C0. 05.

3 ik

L)W A 45 46 iy Cd & 4 43 5l B AR 410 4 %0 F1
31. 200 HARTA 4546 v ¥ 4 J& A i f o0 R 2 18] & i
fES P EGPHESLE Cd.Pb.Zn Ni Mot &K
Mg.Se.Mn ) & BB &, M2 24P HESE
Cr.Cu.As flIot#E K.Na,Ca.Fe F& 2 &,

DT THE RN Cd K HAbE 4 8 & B ik
FhRE, ATHCL K . 4646 h 4 8 I R A =
TS [R] ZE T % 8 5 0. Cd S0 1 #- AL 9. 900 ~
11.8% ,Cr #1 Pb ) B9 H R W B 10% DL, i
oAt T 4 B VA R AE 44. 95 % ~T1. 64 % ; Bifi 35 15 1L
YB35 46 5 4 Ja I SR B T BRI AR 0TI
RS, 4§ 46 h Cd. Cr,Pb By % 3K, 43 9 78
0.3%~8.0%,Cd,Cr.Pb A% W H 2= 5 % B
H#50%~100% ,Cu.Zn Ni As 7555 — KR )5 .
W AR 28% ~63% . R 2 R
WV s 0 4 i b B v . U AE ) R I
ZIE TR ELEEE B RO S S ER S
S 50 %0, PR AT DL ik 3 25 0 i A% 1 O 2Ok £
il 5 4 JE AR H 4 22 BLAS 3 R0 oK T DL A BR
4R Y A T

3) i T F VA HE 3 A IR T R I S T R
TWHETE 1. 7% ~84. 0%, Horp K Na, Se J0 % ¥ H
LA MEE T 80.2% ~84.0% . 64.0% ~

72.9%.62. 8% ~78. 0% ; i & 1= L K B 0, 45 1€
e JC R B R B R WIS L S e
1y K Fl Se ¥ 2245 &5, 5 8 30. 620 ~65. 8%,
Na.Ca.Mg.Mn i %4 5. 8% ~29. 4%, &=
TCE MU W B R R 4126 ~100%,
H 4 22 BAG IR ML I LB A s . DR AE K
TR Y B[] W 3G 0 Bt o0 B A T I R AT OK
KPR KT E.

4) H 43 J@ AN JC 3R I Hh R S TR AR O K
Mg A S (P<T0.01) , gk — 2B 00 7 2 4E K 3=
HWEFE] 2576 TP & 8 A e R I B S
B R 5 20 K Oy 2 2 R 4 S L £ (R
PR KT R . 2 i R b E S EE
o KA A /N T B R o DT AR AR A A K
BB ] 30 SR T R A
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