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Abstract To find the content, distribution and bio-concentration character of mineral elements in Coptis
Chinensis Franch. and its correlation with rhizosphere soil, the content of 18 mineral elements in 15 groups

of herbs and soil were determined by inductively coupled plasma mass spectrometer (ICP-MS) ,inductively
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coupled plasma optical emission spectrometer(ICP-OES) ,and atomic fluorescence spectrometer (AFS) and
then analyzed by SPSS 22. 0 software. The contents of manganese, phosphorus, magnesium, cadmium,and
mercury in the rhizosphere soil were found to be variable. The content of cadmium in some sampling sites
exceeded the risk screening value for soil contamination of agricultural land in China. Among the minerals
analyzed,the contents of Ca,Mg,P,and K in herbs were the highest,followed by Fe,Mn,and Zn, followed
by Sr,Cu,and Ni,and finally Pb,V,Cd,Co,Mo,Cr,As and Hg. The zinc level in rhizomes was higher than
that in fibrous roots or shoots. Most mineral elements had higher bio-concentration factor(BCF) values in
rhizomes than in fibrous roots and shoots, whereas BCF values of calcium, phosphorus, potassium, and
chromium were higher in fibrous roots than in other parts. Spearman analysis revealed that there was a
certain correlation between mineral elements in rhizomes and between them in rhizomes and soil,and some
of them were statistically significant(P<C0. 05). Mineral element contents among different parts of Coptis
Chinensis Franch. had significant differences. Fingerprints were then established for distinguishing powder
samples of rhizomes and fibrous roots. The majority of elements in the rhizomes had synergistic

accumulation impacts. Mineral elements in the rhizomes and soil showed both synergistic and antagonistic

effects.
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JT A R S 48 T DG T TP 2 O BE R R o Y L
E N EEFE Y % % (Coptis Chinensis Franch. ),
B R SR AR ST L A U AR ZE RN E R =
. FEMZ HORK M — R KGR G, Ak T
J&i .50 CHETZ A E, A ) K i 2 000 S AR
J& -3 0. 25 mm L2 JE e b, 55 .

SR £E T S T A R i 1 TD B SR 6T 0 Ml Bk 1) - 3
B MG POE AR LM AL T 5 S TR A R ER 0~
20 cm BYRRBR LSRR AL IR A T R SRS b LAl
Mg, FIHEAEMEENERNT G LAk
B AR5 % 5 FH B R BR B B 38 0. 15 mm FL A%
(1 Je Je it AR A7 T A 4 T



5 6 3] B S5 - A AL B T R B B v ST R AR AE 0 A 105

Rl BERIERBEHAER

Table 1 Basic information of sampling sites of Coptis Chinensis Franch.

K G 5 KA i A % J¥ o JiE 1 R/ m

1 VKA \ e R 108°31'34 » E 30°8'50 » N 1423

2 BB 108°31'36 » E 30°8'50 # N 1427

3 B IR BN e A 108°31'17 7 E 30°8'57 # N 1442

4 KB\ 108°31'17 7 E 30°8'58 7 N 1 444

5 7K S IR A 108°33'22 7 E 30°8'27 » N 1 385

6 PR TT 0 108°27'4 7 E 30°8'58 # N 1517

7 KT I 108°27'50 » E 30°9'6 # N 1480

8 KA K AR A 108°23'8 7 E 30°12'18 » N 1618

9 ¥ € NI ) 108°23'6 # E 30°12'18 » N 1619

10 HOKE-E IR A 108°25'0 7 E 30°15'5 7 N 1499

11 WKL e A 108°25'0 7 E 30°15'5 7 N 1499

12 WA B f) 108°27'32 7 E 30°13'8 » N 1490

13 WA 4 B SE A 108°27'51 7 E 30°13'17 » N 1526

14 WA 48 B R 108°27'49 » E 30°13'5 7 N 1533

15 WA AR B 108°29'37 7 E 30°11'7 » N 1 460
1.3 HE&mBEWNE M & E G 4l Chttp://www. bioinformatics.
1.3.1 ®EEFSS BN E com. cn/ plot_basic_cor-rplot_corrlation_plot_082) ,

HHERE S As,Hg /ﬁ%ﬂ@%ﬂﬂ%éﬁvﬂﬁ: GB 5009. 11— ) EBESH
2014.GB 5009. 17—2021 ., 2R JFH Al B2- 8 ok 1 - JiR 12 '
JEiE: (AFS), Fe K. P.Mg.Mn.Ca.Zn.Sr.V.Cu.Mo, 2.1 #EERERTIEY RTEEAT
Co\Ni,Pb,Cd.Cr & & iy Il £ 2 I GB 5009. 268— 2016, ML 2 AT DVE BT 18 R BT R P&
R FHAAIR- TR e L SR 75 45 15 T B vk (ICP-MS) KK JE Fe>K>Mg>Ca>P>Mn>7Zn>V>
R BHGREE (ICP-OES) . R4 UORE 5 I 5 fin A28 Sr>Cr> Pb>Ni>Cu>Co>As>Mo>Cd>Hg.

FUEE L R AREY R (GBW 10052) #EA7 B2 72 b R HOURE R A HR R B R P
1.3.2 - SERe dh il Herh K Mg.Ca,Sr.Cu,Co,As % 7 T #F ¥ &

4 pH BRI R A K R ARERE H¥/NTFHE RME,Fe.Mn,V.Ni,Cr.Mo 5§ 6 FiJCHR
2.5+ 1; £ Heh As.Hg T RMME S ] GB/T FHERSERMEMY. Pb.Zn.Cd.Heg 5 4 it
22105. 1—2008 & H] £ K #= $#2-AFS ¥£; Fe K. P, R E R RTERME P& & h
Mg.Mn, Ca, Co, Mo, Sr,V.,Zn,Cu,Ni,Pb,Cd, Cr 34.34,87.97,0.28,0.10 mg/kg. B4 H +IEITRXE
TR E 2 | H] 766—2015, 5k Al i fR-#h MR- SCEAY 1.5.1.3.2.9.2. 5 %, ERINAY 18 Fh ™ FioT
UL - STk & DY R T i s 242 ICP-OES g ICP-MS &, Mn,P. Mg, Cd, Hg 570 R 19 & 5 REAL T
AL E o B UCRE &I E A S A [ AR 34.8%0~53. 6%, J& T rp A8 Tt R BTOF O X A+

YR (GBW 07456) 47 = 35516 . Heh PR R RER AN G s S 8 A A, H
1.4 EETRTESERNITEM RICEMAS S ZEL 6. 3% ~28. 9% 48 SR,
it B A Y E % & $0 BCEF (Bio-Concentration TEFSMEEFRESE SEMRIX N :Pb 30.01~

Factor) PEH) 8% 3% H1 25 (BCFr) i AR (BCFD) | #h | 3% 39. 85 mg/kg.Cd 0.10~0. 50 mg/kg.Cr 54.27 ~
(BCEs) X} L 3Ep o e R A B fERE TT . 72.86 mg/kg.As 4. 67~11.46 mg/kg.Hg 0. 05~
BCFr({/ s) {H R, 15 B 38 3 AR 28 (AR sl b |30 X £ 0.18 mg/kg., A A1 % % MR br + 3 pH {HE B &

SR FOLR I AR RE T B . BRI AT 4.38~6. 70, PLH] L3 FHE RSP, S (L

BCFr(f/s) = B MRS (a AR il B30 wh it MEPR B i A i b = 3 9 e JRURS 4 4 s fE GIlAT) )
JLER & (mg/ke) / H AP FOCER 7 it (mg/ ke) (GB 15618—2018)""" s PR 23k . 15 iy 13 v Pb,
L5 HiEQHESSHT Cr.As, Hg & 3 2/ F XU 0 2 {60 {H 38 20 4 b

K Excel 2010 A4 % B G dE 1700 8 . 4 (pH<C7.5) " Cd & AT 0.3 mg/kg, Vi EB4> %
K, R A SPSS 22,0 47 LR &R Jr 2243 1 . LSD £ FE X IR 0] BB A7 76 5 8 Cd M Ar 14 XURS: o N o+ 3
AT L Spearman AH 56 4 43 B 5 AH 56 Mk B A IR 355 1 EE 5 B[R] W
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*2 BERBRIETRITERFLE(n=15)
Table 2 Characteristic analysis of mineral elements in rhizosphere soil of Coptis Chinensis Franch. (n=15)
JLHR B {E IR /ME ROKRME o 1 22 SR/ % T fE
Fe 37.41 32.96 44.92 3.28 8.8 33.1
K 17. 25 12. 11 20. 04 2.10 12.1 20. 7
Mg 6.23 3. 87 8. 94 1. 37 22.0 10. 8
P 1.67 0.55 2.79 0.71 42. 6 —
Ca 2.37 1.51 3. 50 0. 56 23.6 22.9
Mn 0. 65 0.23 1. 63 0. 35 53.6 0.6
Zn 87.92 60. 95 104. 81 14. 23 16. 2 68
Vv 86. 57 75.58 102. 75 8. 65 10.0 82
Sr 83.95 54. 31 124.78 20.01 23.8 170
Cr 63.62 54. 27 72.86 6. 10 9.6 65
Pb 34. 34 30.01 39. 85 3.49 10.2 23
Ni 26. 34 22.77 29.08 1. 67 6.3 26
Cu 18. 88 9.14 26. 17 5.25 27.8 24
Co 11. 71 8. 96 14. 50 1. 47 12.5 13
As 8.12 4. 67 11. 46 2.35 28.9 10
Mo 0.72 0.47 1. 09 0.18 25.6 0.8
Cd 0. 28 0. 10 0. 50 0.12 42.2 0.097
Hg 0. 10 0. 05 0.18 0.03 34. 8 0. 04
pH 5.41 4. 38 6. 70 0. 76 14.0 —
i :Fe K.P.Mg . Mn,Ca B 7 & g/kg;Zn.Sr.Cu.Ni.Pb.Cd.Cr,As il Hg [ #.07 J& mg/kg.
2.2 EHEENKPTRTERESR MR FE A A B AL CEIE DL R AR KR . HLR

AN [ A BB R T 3 A I E 4
EMORE . EMK P EITR U K,

R 3,

Ca & E Wt Fe.Mn. Zn &

4@t E L) Pb.Cd,Cr

RS RERA S5 X (P<0.05),

WEPFEREEHTERN P\K,Zﬁffﬁﬁi&t%ﬁﬁlj
TR mITE N KM Ca, B

AR I R el E

M B

Fx3I EHEHEKDPTRITEHME(n=15)

Table 3 Characteristic analysis of mineral elements of Coptis Chinensis Franch. (n=15)

% ,Fe.Pb,Cd. As
#B s Mg Ni.Hg.V &

Mo bR IFAR > ARZE 5 Zn

FRRANIRZE> IR~

R AR > 2 A
R BN AR > B R >

B . T M2, Mn,Co & & R AR >RZE>H [ F; Cu
TERE. AFRGBERT GRBANIB~WESH LH;K.P.Cr 8
I oM >R~ 25 ;Ca.Sr. Mo & & KRB K

- JHAR R o 178
e I 2 5 R I bR T RE I R TR
K 0.4640. 08a 17.8 0.360.07a 20. 1 1.97+0. 28b 14
— p 0.3540. 05a 13.1 0.37=0. 04a 10.3 0.5340. 08b 15. 6
Mg 0.36+0. 06¢ 17.6 0.20+0. 03a 12.5 0.28+0.07b 23.8
Ca 0.5540. 11b 19.2 0.19=£0. 02a 10. 6 1.61+0. 23c 14
Mn 358. 614233. 94c 65.2 224.91493.13b 41.4 74.27439.56a 53.3
Zn 106. 4735. 33a 33.2 196.49+44. 87b 22.8 106. 32£42. 74a 40. 2
Fe 1.379.36£567. 17b 41.1 187.24+51.12a 27.3 163.15£68. 13a 41.8
Sr 47.92+11. 3b 23.6 15.74+2.91a 18.5 51.84+12.82b 24.7
T & Mo 0.592£0. 20a 33.6 0.45+0.28 a 61.7 0.89£0.53 a 58.8
\Y 5.11£2. 0dc 40 0.5040.21 b 41.3 0.38+0. 22 ab 56. 5
Cu 30.51411.88b 38.9 26.3547.35b 27.9 6.1641. 34a 21.8
Ni 10. 96£9. 65b 88.0 2.96+1.17a 57.7 7.25+3. 21ab 44.3
Co 6.5+5. 58¢ 85. 6 0.35+0. 24b 69.9 0.16+0. 09a 57.8
Pb 6.6143.57b 53.9 0.75+0. 33a 44.1 0.79+0. 13a 17.1
Cd 1.87+0.59b 31.3 0.2020. 06a 30.9 0.12+0. 05a 45.1
ELBILE Cr 0.5240. 34a 64. 8 0.50£0. 38a 76.3 2.93+1.29b 44. 1
As 0.59=0. 25b 41.8 0.06=0. 03a 42.5 0.11+0. 03a 26.3
Hg 0.0540. 01c 28.8 0.01+0. 00a 10.1 0.03+0.01b 19.5

K P Mg.,Ca 28 5 258 $07 J& %0 ; Mn  Zn  Fe Al

¥ Y, P<0.05,

Cu.Sr.Ti\Ni,Pb,Cd.Cr,As . Hg f {2 mg/kg; [W17 AR 7 B £ R 22 5 A 50t
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Figure 1 The bio-concentration factor of mineral elements

in different organs of Coptis Chinensis Franch.
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Figure 2 Mineral elemental fingerprints of

Coptis Chinensis Franch.

2.4 HEWRZEPTRITEZEBHEXDH

K I SPSS 22. 0 et % w250 BT R
] ) ST R #E AT Spearman A 3¢ 53 #r , 3 R FH A= 15
V-5 HEAT AT AL AL AL B A5 R UL 1R 3, 45 R R W] A %
=g Mg 5 K.Cu.Mo,As 5 Ca,Fe.V,Hg 5
Mn,V 5 Ca.Fe,Co 5 Mn,Hg £ # & % 1F A 6 %
% (P<<0.01);Zn 5 Pb.Cd.Mn,Pb 5 Mn,Hg,Ca
5 Fe,Cu 5 P.K.Ni,Mo,P 5 K,Mo,Mg,Ni 5
Co BB E IEM KK R (P<T0.05) ; YiH B E MR X p
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TR RN B ERZE IR B F 1 % " P<<0. 05,7 P<C0. 01,
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Figure 3 Correlation analysis of mineral elements in

rhizomes of Coptis Chinensis Franch.
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BRI R Z E M B2 FEEMN . Cd 5 Cu, Mo
Y5 He, V5 Zn SR HUAH X OE R (P<<0. 01)
Cul Sr,Mo 5 Mn.Co.Cd,Cd 5 P EF E &M
R K R (P<<0.05), B i MR X ER TR
Z ) R B AE S AR T . A oo &R ) AR G
AR Cr 5 H AR 17 Mot R 8570 %M K
KE.
2.5 HERESIET RTREMBEXSH
BOEMRZE P 18 Mo R & & 5 AR PR R IE R
BiH) Spearman AH G /P Hr 45 R UL 4, B
) K.Ca,Cu,Cr,As % 5 FiOC R & it 5 b 1 3%
5 18 B BT R JC AR OCOC AR AR PR R P Y
P.Mg.Sr.Ni,Cu.Cr.As,Hg.Mo,Co % 10 Fh#" 5
LR G EGEMRZESD I8 M BT R LR EMLEKR
(BpRAERPIILD . RS Al AL BwEMRZED Fe 55

g Pb M2 Hg 5+ 88h K MR ZEH Mo 5 +
Herp Fe MR Z5rh Co 5 £33 Cd Mn K A ZEh Zn
545 Ca fE7EM .2 TUAH C G &R (P<T0. 01) , A
KAEBIHKTF 0.6 WEMRZE T P 5+ Pb. iR
Z5rh Mn,Pb 5 15 Ca, iRZ5 Ni 5 + 8 Cd,
fR25h Hg 5 43 Mn,Cd. 25 V 5 3
Pb M2 Mo 5 43 V 2 B AL E R (P<
0.05) s B B MR ZEh oo R 5 HIEh TR A —
FEMFREYEM. WREp Cd 5 L5 d Pb.Zn, i)
K Mo 5 -3 K fA7ER B3 IEAHE X R (P<
0.0, B{EMZEPA Mg 5 1#Eh K RZEH Sr 5
e Cd MRZE Cd 5 13 Fe R2E5 V 5+
Herp Ca W25 Zn 5 158 Pb 2 W3 IEAH X OCR
(P<C0.05); Yt W 85 % M 25 vh Mg, Sr.Cd.V.Zn 7
F Al BEAEE G S s i i o

x4 BERZESREIETRTREHEXESR(n=15)

Table 4 Correlation analysis of elements in rhizomes of Coptis Chinensis Franch. and rhizosphere soil (n=15)

JLE S-Fe S-K S-Mn S-Zn S-Pb S-Cd SV
R-P —0.411 0. 468 —0. 089 —0.009 —0.421 —0.550" —0.438 —0.214
R-Mg —0. 404 0.525* 0. 150 —0. 265 —0.168 —0.107 —0.100 —0.073
R-Mn 0. 289 —0. 384 —0. 186 —0.567" 0.121 0.175 —0.403 0. 206
R-Zn 0.382 —0.257 —0.054 —0. 647 0.393 0.536" 0.093 0.218
R-Fe —0. 307 —0.150 —0.229 0.433 —0. 475 —0.721* —0. 367 0.018
R-Sr —0.129 0. 459 0.129 0. 282 0. 186 0. 225 0.576" —0.502
R-Pb 0. 257 —0.359 —0.464 —0.565" 0. 000 0. 350 —0. 200 0.223
R-Cd 0.546~ —0.216 0. 186 —0.322 0. 686" 0. 707 0. 436 0.102
R-Ni —0.254 —0.054 —0.396 —0.132 —0.436 —0.275 —0. 544~ —0. 256
R-Hg 0. 375 —0. 704" —0.561" —0. 307 —0.207 0. 036 —0.631" 0. 424
R-Mo —0.753* 0. 709" 0. 099 0. 429 —0.432 —0.472 0. 045 —0.588 %
R-V —0.374 —0.312 —0.213 0.578~ —0.499 —0.577* —0.295 —0.061
R-Co 0. 304 —0.711* —0.671* —0. 265 —0. 346 —0.125 —0. 800" 0. 366

2 S Fn AR B B4, FXUR B R 5 ©P<<0. 05,7 P<C0. 01

3 iFig

Hizhiht o Pb.Cd.As . Hg.Cu J& TH E5k B .
L AR AR ZE 15 AR ZE AR b 5 R EE 4
Ja& (734 5 i s IR IR R Cu Pb,Cd, As, Hg,
Hod Cu P 3 & 54 26.35 mg/kg, 550 =
FUIEEMRE P ESBEEN LS RMEE., SHE
RZER 2k A = A (Cu %5 Bl
/INF 10 mg/kg) EEMZEF Co FRE S, W
(rp L 25 8102020 47T PY #9302 Hr 24545 3 5% B W B
il G G SR o A R — BOhE R s (e
AP 8y B MR A AL 48 T EH (Cu<
20 mg/kg) M4 . 1SO [ b5 b i - H A = 5K br o XF
Hr i pf Hh Cu JERR 2R 8B 2 2 150 mg/kg. X 5

FE ST AR M LR R e . % T B
R 2 v )y PR e R 5 A ™ v 24 4 R B XU A7)
Wit —2iTie 5058, S R R Bl i ok 2
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