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W OE: T EBRE AR A R R R e R S IR, DA RO AN R, RET 8 MEKX 330 At i
FEdh, ST T pHAEME (P, 4 (Zn). ] (Cu). % (Cr). K (Hg). fifl (As). 4% (Cd) %7 MELESE;
[EFE 8T T 33 DA SR RS AR Mt &R E . SRR, R REWMTEERN 25.58%, LA
PR EN 20.74%, FAREEBERN 2.45%, HEEERSEWEN 4.86%. KT EREESBEEEREN, PbA
0.04~2.65 mg/kg. Zn A 34.82~55.38 mg/kg. Cu A 3.18~20.16 mg/kg. Cr A 0.09~4.89 mg/kg. Hg 4 0.02~0.30 mg/kg.
As 9 0.66~1.16 mg/kg F1 Cd 4 0.02~0.19 mg/kg; 32 FERMFFE (LAFRMAH) (NY5244—2004) F1NY659—
2003 A5, 33 AN EE A Cu S EMEAPUEARE BB Zn, Cu F Cr, TR HZ 5718 : 32.65%- 24.96%
1 10.50%. +IEFESE Pb. Zn. Cu. Cr. Hg. As fl Cd (P& 2478 10.03. 87.61. 16.42. 12.38. 0.20. 6.89
011 mg/kg, ZREETEATSXEIEECEMEN 954, BIEATRREEIRK.
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AW, RS A RAL AW T, 5 31 JE
GEPREY S B, WPl RGO RIME—e K,
“CDURANZE” e b RERRAL B RO R T T, Bt 25 el 3 4 T AR
WG, T 5 R, MR L HEE A [ AT 51,
171 [k PG 2% b DU - AR e R, 2 DXk i AR A 7
BN AR RBEAR G ZTBCE AR S IR 2. 2R
KRR 7R B B[R] e A DA 5 6 12 X IR i I )
LMEIME AT RGN T, Bk, ABFTTA 2015 4
EULBRF 7 E AR 8 N RIX 33 NIkl 33 it
FEARAT 330 A EEFEACABE IR R, 0 Hose e R

B SR I i TR R T BT R AT
WEFE, CAIDNBRRE A e e A FAE A3 XU T A 2%
-2 e SRR AR -

1 #RTE

EETEYE S

eI R OO R R B X Y 2 B TR EL
FAARIX . L. B R R E . AR RS B % b
SRR O EX S, PL 8 ANkE B X ARl A X

1.1

RMTRURIZE 2 kB A Re p 0 BN IKHE, #ie T
TIERAE B A

1E 8 NZRMFE B IX Y 33 ANESTE T, DA A0 A s
KA 0~30 cm L2 EHE, PIRETE RN 500 mX 500 m, M
AR, AR fLk s MESRAN 1A
REHE, JLRTIERES 330 . WK N SRAE ZSHERE,
333 4. RIERAREM ISR EN, TS LR,
YRR, BRA%E, S5 IS EReTEE, 73l 20 H
A1 100 HJE 0, it pH A E &8 e o . 2o

FEAT G, BT 20 B kif, tRESE 2R
FZR i B AT o

1.2 MEHZE

1.2.1 E&BMNENST

+3RE 5 PL HNO5-HCIO,-HF =W )5, FH KB JE
TR C B IESY (Ph) £ (Cu) + % (Cr) .
B (Zn) i AR IRI Jee BT E R (CdD
. UL HNO3-H,SO, VARG, R T 9¢ 6 b A I s e
(As) Ml 7k (Hg) &&US, ke i E 408 00l E x%
F GB/T 30376—2013 At a7,
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Note: T1-T33 means from No. 1 to No. 33 tea plantation.
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Fig.1

FHHIR R RO %, HERFREL 1.0 g ZAmHRES, BT
PREERE, BT 100 ml HEH A, N b ke 4l K
50.0 ml, BAMKHH, A 45 min (BEFE 10 min $£3))
1) W, 2R R O BB TR I 0E, JERA A
100 ml A, /b B RGB A KRR RE 2~3 W, 3F
FEBOEN LR S BT, A HERBAKRRERE
100 ml, fFd. 5 bR 2 R

Study area and distribution of the sampling points

BEBICERTHIR RS, KA GSS—14 I##EY)
FARIE, [R5 Cr: 96.4%~101.3%, Cu:
95.9%~101.5%, Pb: 96.5%~108.2%, Zn: 92.9%~
100.6%, Cd: 93.2%~104.9% , Hg: 93.6%~99.8%,
As: 94.3%~99.59%.

KH L 20 HJe e dii LR AR A 1 1 5 pH A
W€ L FF pH fH.
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1.2.2 Retsfar

D JLER I Z I S ERNE

FREX 0.2 g RT3 0.000 1 @) ¥5) BERERARET B %€
ELEH, IIATLE 70 °C R 70% 8 EE 5 ml, A3
AT SN, SERIRE NS 70 °C AKHIHE T
EBEA T, 1R 15 min, T ELOHLHTE 5 000 t/min (1% H
TEG 10 min, ¥ BB E 10 ml AR FREHAH
5 ml [ 70% F EERIRIEE 1 K, ERE UL EEAE, SRR
BEA A 10 mlo 755) GZAEHURAE 4 °C \ R ZLRFF 24 W) .
FAREUE B _ESR BREUR 2~ 10 ml &I, R EERE
REZIE, FBA1T 0.45 um TCHLIERL, #mUel,

ILAS RS Z Eahr A i ) 2% 7 vk R TEEAf 2
F A 08 WO R BEAF W BE 42 R 51,90 103.8 Al
155.7 ug/ml [f]JLZ5 2 (Catechins, C) Ar#EVETR, 41.1.
82.2 F1 123.3 pug/ml MR LA %K (Epicatechin, EC) #xifE
W, 47.6. 952 A1 142.8 ug/ml KR ) LR R K E THRHS
(Epicatechin Gallate, ECG) FrifE¥ i, 56.7. 113.4 Fl
170.1 ug/ml R E & T JLAE (Epigallocatechin, EGC)
FRAETEW . 70 5% 25 ml EDTA-2Na V7%, 25 ml Hidh i
FRVAWL, 50 ml ZJEINN 500 ml &5, FHZEBIKESR
B, B, oAk 4 FOLA RT3 MRERIRER
LA 10 g 3ERE B 7R = 80RO o B A A AT 20 4T
AU T AR ONAL bR, 94 B AR AR AR bR B 26178, 2% 1
bR AR MR [R5 7 FE AR OC R 4L

x1 IERZSHRSIITEREAREREXIRY
Table 1 Standard curve equation and correlation coefficient of
catechins and tea polyphenols

R RMETTHR

MR A%

Ingredients Linear equations Correlation coefficient
JLRE C
= +
Catechins y=252.76x+167.67 0.999 73
RILER EC
= +
Epicatechin 1=239.01x+69.667 0.999 87
TILEREE TR
ECG y=545.646x-3 071.33 0.999 97
Epicatechin Gallate
RRETIER EGC s 417:115.92 0.999 88
Epigallocatechin
KW y=0.007 07x+0.016 87 0.999 39

Tea polyphenols

i R TC—C18 (250 mm X 4.6 mm, 5 um)
R, W NREE (A) —0.2%BER/KIEWR (B)
BEEEVEME (100% A FI{£%F 10 min; 15 min A H 100%A
HZ 68%A #. 32%B; 68%A #H. 32%B {##F 10 min,
% 100%A A1) , FI#E AN 1.0 mUmin, #03K A 278 nm,
RN 35 Co

2) TR EIR B = E

HERRAREL 3.0 g CREFBZE 0.001 g) BEREMZR MR RE B
T 500 ml FEHE A, DN R ZEEK 450 ml, gL A
A K TERE S, SR A 20 min, SEHE S5 LA
HHATIOELE, JETAE A 500 ml HEMF, A5, H
K EREZ EN,

T B TR B B A R A e 2 & 5 0ol

WEHY 1 ml 22 2R B 2R R ARE TAEM T 25 ml Hhs
B A pHAE R 8.0 BIBERR £h 22K 0.5 ml A1 12%
Efi Wi 0.5 ml, 7EWR/KMEHINF 15 min. WH 5 N7
IKERZE 25 mle E 10 min J5, 7€ 570 nm &b, DLk
FZAEBAES T, WG K AR B 5 X
N AR R B A BRI FE 25 A v 28 LR 2.

2 @ERNEMKFEREXRY

Table 2 Standard curve equation and correlation coefficient of
amino acids

D%ix R

Ingredients Linear equations
TR AR
Total free amino
acid
Theanine

LIPS/

Correlation coefficient

y=2.127 5x-0.137 25 0.999 93

»=18988.012 8x+9.362 110 3 0.999 98

3) FEENE

VERRFREL 0.5 ¢ CRERAE] 0.001 g) BEREAZSHRE,
N 80 CHYZ MK 100 ml, #7A P $2HL 45 min,
4000 r/min 250> 5 min, B EiEWR. # Cg BIAHZEEL
5ml FEEELL, B 5 ml ZMAKCPE R, B Cg i
FREBUREEAT 4L, T2 0.45 um BOTFLIERR IS e 2 A5
E SRR, FRATA PO, MERR S R BRARAE
WK 0.5 ml THREESFEFMAIRS, IdEFEATmA
0.5 ml OPA F72EiF, M 2 min J&, SLRPEL 10 ul #EFE.
1.3 BEERBIFM A ERITMERE

DABE VG4 388 SEAE A S E, SR Hakanson
T AE A 25 AU i B ot Ak 2% (7] 4 38 v G XU 2R AT VT
W BAE A BRSNS B T IR E S R
SRS, HRF R AHIET 2R NIRE.
P AR SRR A [ P e R (D) ~ 30 ()
Fim

c =c/c (D

c,=yc 2)
i=1

E=TC (3)

L=YE )
i=1

Ah C N i MESEICR MR TSR EEG ¢ vt
s i M ESEORISIS E, mgke; CNiJLRE
&R =SHEE, mgkg; C; NEZFES BT YARELZ A,
ENBOE GBI EESEEREG T VESRE i TR
PR IV R, e Bl B 4 R e 3R A R I AT B K Ak
B ICRIG R MIBURTEE, 7 MESENSHEmN R T
3 H4: Hg (40) >Cd (30) >As (10) >Cu (5) =Pb (5)
>Cr (2) >Zn (1) Pl [ AN ZHESBEEES
1.4 FURAIBR S

R AT RN E 25 R 1)~ 34E, >R EXCEL2016.
SPSS19. 0 S AT Ge it 734
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x3 BEETRERIULINGE
Table 3 Evaluation standard of potential ecological hazard
indices
BIESREEES  farEe | SHESEBELES A
faH R M o K 28t =Bk
Potential ecological Degree of | Potential ecological risk R
hazard coefficient of  ecologjcal | coefficient of various Degree of
. i ecological risk
single heavy metal E; hazard heavy metals 7,
<40 LEL <150 LD
[40, 80) & [150, 300) &
[80, 160) LG [300, 600) B
[160, 320) TR =600 [}
=320 Wi

2 HR55H

2.1 FEFEEFMHRREIH
2.1.1 WREERXHm4EnHT

ILERBNRGERR A EE TR T, EEHIL
KR OVFRILFEER EO . RILERZEKE TN (ECG) .

KEETILEE (EGC) ML, B HRZHEEM
60%~80%"*!, 2 L2 By A2 1 1R 45 AR B N3 4 11
—ANHEER, AN RN SR EERR—, &K
Z A LR R BMEARERAPUAM . BEpE, BEiig.
B Podes TS B0 Rk o A R A RO T 2075 55 2 Bl 2B 4
SRR, AR T AT 2 R, R A R
Al PUEAEE . AR FNGE S TE R ER (R 4D, 33
MEHFEGTILRRREEMERLRRZKE, JLE
Ro VU 18.48%~22.37%, T E N 20.74%; H
C. ECG. EGC F1 EC & &[5 0.32%~0.62%-
1.48~2.18%. 4.38~5.85%A1 12.06%~13.96%, “F¥J&
EIKIUCHN 0.45%. 1.70%- 5.25%F1 13.33%. 33 2RSS
HEE R Z PS8 25.58%, HIGHEN 22.23%~
27.55%. BHEE, FEEH T ZEHEY RS —KE
18%~36% (T 2P, & 100 g Bz £ 5
R Z ISR 22 ¢ VLB, BNZTEE A,
HEZWmRE a2, BRI R R AT,

R4 FREREFREFMPILEER. X350, HEIEREE. FERSESH

Table4 Analysis of catechins, tea polyphenols, total free amino acid and theanine content in tea leaves samples from different tea plantations %

a FEREYS ) g o RURRRET  REEPURE goupmee JUREE em dmmam ram

Counties Sample Catechins . R E G . EGC . Epicatechin Total catechins Tea polyphenols  Free amino acid Theanine
No. Epicatechin Gallate Epigallocatechin content

1% H T1 0.32+0.01 1.52+0.02 5.8440.07 13.57+0.15 21.25+0.03 26.554+0.39 4.40+0.31 2.45+0.06
Lueyang T2 0.40+0.01 1.48+0.05 5.12+0.06 13.96+0.17 20.96+0.01 26.03+0.32 6.11+0.37 2.18+0.06
TR T3 0.62+0.03 1.82+0.02 4.78+0.06 12.96+0.13 20.18+0.01 25.23+0.36 3.47+0.30 1.80+0.02
Ninggiang T4 0.52+0.01 1.59+0.02 5.24+0.07 12.5740.15 19.92+0.03 26.15+0.39 4.40+0.31 2.45+0.06
- T5 0.40+0.01 1.58+0.05 5.32+0.06 13.96+0.17 21.260.01 26.43+0.32 6.01+0.37 3.18+0.06
Mian;\ian T6 0.41+0.03 1.62+0.02 4.68+0.06 12.06+0.13 18.77+0.01 25.44+0.36 3.37+0.30 1.85+0.02
T7 0.32+0.01 1.54+0.02 5.4440.07 13.2740.15 20.57+0.03 26.154+0.39 4.47+0.31 2.42+0.06
T8 0.40+0.01 1.48+0.05 5.02+0.06 13.36+0.17 20.260.01 26.83+0.32 6.18+0.37 3.18+0.06
T T9 0.42+0.03 1.62+0.02 4.78+0.06 12.96+0.13 19.78+0.01 22.23+0.36 3.67+0.30 1.81+0.02
Nanzheng TI0  0.52+0.01 1.72+0.02 5.34+0.07 13.1740.15 20.7540.03 26.154+0.39 4.55+0.31 2.45+0.06
TI1 0.43+0.01 1.58+0.05 5.72+0.06 13.56+0.17 21.29+0.01 24.03+0.32 6.42+0.37 2.88+0.06
3§ [ TI12  0.3240.03 1.62+0.02 4.68+0.06 12.7640.13 19.38+0.01 23.23+0.36 3.97+0.30 1.80+0.02
Chenggu T13  0.39£0.01 1.72+0.02 5.04+0.07 13.1740.15 20.32+0.03 26.554+0.39 4.20+0.31 2.35+0.06
PEAN T14  0.40+0.01 1.78+0.05 5.02+0.06 13.66+0.17 20.86+0.01 26.83+0.32 5.11+0.37 2.58+0.06
Yangxian T15  0.3240.03 1.52+0.02 4.38+0.06 12.2640.13 18.48+0.01 25.23+0.36 3.41+0.30 1.81+0.02
T16  0.52+£0.01 1.52+0.02 5.84+0.07 13.58+0.15 21.46+0.03 26.55+0.39 5.40+0.31 2.65+0.06
T17  0.46+0.01 2.18+0.05 5.82+0.06 13.9140.17 22.37+0.01 26.93+0.32 6.01+0.37 2.98+0.06
TI8  0.62+0.03 1.82+0.02 4.98+0.06 12.46+0.13 19.88+0.01 25.73+0.36 4.47+0.30 1.80+0.02
i’ T19  0.52+0.01 1.64+0.02 5.54+0.07 13.5740.15 21.27+0.03 27.55+0.39 4.48+0.31 2.65+0.06
Xixiang T20  0.40+0.01 1.78+0.05 5.32+0.06 13.76+0.17 21.26+0.01 24.03+0.32 5.81+0.37 2.78+0.06
T21 0.57+0.03 1.82+0.02 4.98+0.06 12.96+0.13 20.33+0.01 25.23+0.36 3.97+0.30 1.70+0.02
T22  0.51£0.01 1.67+0.02 5.44+0.07 13.3740.15 20.99+0.03 22.55+0.39 4.70+0.31 2.65+0.06
T23  0.47£0.01 2.08+0.05 5.52+0.06 13.86+0.17 21.9340.01 27.03+0.32 6.21+0.37 2.98+0.06
T24  0.61+0.03 1.82+0.02 4.58+0.06 13.96+0.13 20.97+0.01 25.23+0.36 4.47+0.30 1.88+0.02
T25  0.5240.01 1.62+0.02 5.64+0.07 13.8740.15 21.65+0.03 22.45+0.39 4.60+0.31 2.35+0.06
T26  0.47+0.01 2.04+0.05 5.72+0.06 13.46+0.17 21.69+0.01 26.03+0.32 6.01+0.37 2.98+0.06
T27  0.51+0.03 1.81+0.02 4.98+0.06 13.46+0.13 20.760.01 25.33+0.36 4.56+0.30 1.90+0.02
B T28  0.52+0.01 1.52+0.02 5.54+0.07 13.5740.15 21.15+0.03 26.75+0.39 4.48+0.31 2.35+0.06
Zhenba T29  0.40+0.01 1.69+0.05 5.72+0.06 13.56+0.17 21.3740.01 26.43+0.32 6.14+0.37 2.99+0.06
T30  0.53+0.03 1.85+0.02 5.03+0.06 12.96+0.13 20.37+0.01 25.11+0.36 3.87+0.30 1.75+0.02
T31 0.48+0.01 1.62+0.02 5.85+0.07 13.6740.15 21.62+0.03 26.51+0.39 4.90+0.31 2.45+0.06
T32  0.45+0.01 1.88+0.05 5.32+0.06 13.9240.17 21.5740.01 26.23+0.32 5.11+0.37 2.48+0.06
T33  0.42+0.03 1.72+0.02 4.88+0.06 12.9840.13 20.00+0.01 25.46+0.36 5.47+0.30 2.80+0.02

T R R T bR e 2

Note: Data in the table means average value +standard deviation.
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2.1.2 BBRAARIEEALRBREENMN

IR NARIE FRR ORI 4= 5 Rk & A %5 BB
M, ZEUR A 2 EER, o RER S R RHE Y R
BRI, RS ICURI F R, TR I
Tk, ORI, MRS EE N 2 P,
AW FRRAREREA —EMbEE. R HEgi. 52
AR S R B ThRES0, R 4 AT, ARFRIX
3 33 AN e Ui S S R R A VO EIAE 3.37%~6.42%,
SPIIMEN 4.86%. A TR AT S B — AL 1%~4%
FE AN, AR TN R A S b i S R R A BV A
NIRRT AL, &8 m TR ARG R, il il
MR, ST R RN AR R AR G
FIHM T EN 50%LL L, TR X IR A M R R RS
HIUHETE 1.70%~3.18%, “FIMEN 2.45%, HHEFER
FEIRF 1 & ' 51%, 1E— 25 Ul W A i i A
AR R
2.2 AREFETEMZFHPELSESEITELH
.21 REIRELESZRIESH

DABR PG 45 1398 5 4 1 Se A (SR i A F
ISR E b E GRIT) ) (GB15618—2018) P
HhA FH 1 4985 G UG T A R A T ) 330 ANEAE 7
FhE LR S EATS O, SERER, R ES RS
JBICE S EEFEK, Cd A 0.03~0.32 mg/kg. Cu N 7.48~
29.03 mg/kg. Pb A 2.45~29.16 mgkg. Cr N 0.83~
27.76 mg/kg. Hg A 0.08~0.38 mgkg. As N 2.12~
13.97 mg/kg. Zn A 25.73~146.94 mg/kg (R 5) . (Kt

SFEPAIEE o B A P 358 G KRS B b o XU T e (B 25
4 pH EHBOHNY, SR TIEREARTH 5.76% A Cd &
B T IR R AR FH b 3985 e XU B 2 b e XU
e, ST R ETEE (1.50 mgkg, pHIE<S5.5) .
T A4 P b~ 395 % XU s b e o XU 07 12 (L i 1) o 38
H S I A RS T R TIEN, MR E A, K
VEAE K B 1 E S B IR, — M mT DU, i i%
HI, XA =i 24 RAEYA KB IR A SR BT i R
AR, I 2 i - IR EA S M DA 7 ot W e, Jss )
N R A AR R . Hofh 6 M E4SJE (Cu. Pb. Cr.
Hg. As fll Zn) & BRI Es i o F i 495 4
N g it et S PN 5 v | W =R o 8 = 1) i
SRS B AR FH b 398 75 G XU s A XU e

SEAPRVEE LI E &R SUE R, A
THEFEAS Pb FI Cu 5K B i pe v -3 4
& S, (HIEPYIREMR TS S{E. M Zn. Hg. As
i Cd WP m TRl LI e, KWK 6 fhiE
S JRAERHFE X 25 ] - 458 B — e R B AN R 2 Zn.
Hg. As 1 Cd [T 353k B N Bt L% & 8 15 5¢fE 1.26.
111, 1.07 A1 1.11 5. Hb cd & E@BET SE s A
41.17%, Hg &&i@EdHE s ErItsh 35.29%, Pb & &
AT SE AT EL N 15.68%, Cu & BBt 15 HHE Y EL 4
9 19.60%, Zn & SR LGN 43.13%, As &
B 1 SE M L 27.45%, FHIEMEIE T, 4
RAHEZCEFB A X b ESRE S &S,
LA Zn. Cd Al Hg ) BN K .

*5 WREELEEERERLCESIT

Table 5 Summary statistics of heavy metal concentrations in the topsoil of study areas

FAE RAE BME ERE TRAY CV  hREE BN IR SRR A5G R pH (T NI pH Ry B B i fe >
Heavy Maximum Minimum Mean Coefficient of Standard Soil background values of Range of soil pH Screening values of different soil pH
met ail (mgke") (mgke') (mgke") Variation deviation  heavy metal in the province* values in tea segmental ranges™*

/% Nmg-kg™) Nmg-kg™) plantations <55 >55~65 >65~7.5 >7.5
Cd 0.32 0.03 0.11 49.30 0.07 0.09 4.19~5.54 0.30 0.30 0.30 0.60
Cu 29.03 7.48 16.42 29.16 4.79 19.50 4.19~5.54 50 50 100 100
Pb 29.16 2.45 10.03 37.36 3.75 20.90 4.19~5.54 70 90 120 170
Cr 27.76 0.83 12.38 4597 5.69 61.10 4.19~5.54 150 150 200 250
Hg 0.38 0.08 0.20 48.55 0.10 0.18 4.19~5.54 1.30 1.80 2.40 3.40
As 13.97 2.31 6.89 52.24 3.60 6.42 4.19~5.54 40 40 30 25
Zn 146.94 25.73 87.61 37.42 32.79 69.40 4.19~5.54 200 200 250 300

FE: o+ FORBRIE L R SED

T R B R AR P M LTS e R B AT E (GB15618 2018) AR e (101

Note: * represents the soil background levels of heavy metals in Shaanxi province, China®!; ** represents the risk screening values of the Soil Environmental Quality

Agricultural Land Soil Pollution Risk Control Standard (GB 15618-2018)"'!,

B W RAE N R A 5 R # (Coefficient of
Variation, CV) 3K J W 5 4 J& 7EBF 721X 38 7 A7 Fll 5 Y
FEMIZE R K/, A8 REGEOR, TR PR fU7E SRR A
P4 AR SRR RSP AR X 7 M E SR
TEERFRH (CV) HREMKIXA As. Cdv Hg. Cr.
Zn. Pb fll Cu (£ 5) , H As. Cd fl Hg M7 R4
3 RE 52.24%. 49.30%41 48.55%, T1fi Cr. Zn. Pb %8
5 R2H>30%, BRI X AN A 2 [l (] 138 As. Cd Al
Hg (14370 2 80K Pb Fl Zn 5% ZEN T 30%~40%
], CuZEtZRE CV N29.10% (<30%) , FHIHZE
Oy ARAHNT 1 5T

.22 Rt v keIt aAT

FAMVATIVARAE (EHLZEY (NY5196—2002) HH5E Zeit
Cu<<30 mg/kg™ . (EAFEEIAI) bk (NYS5244—2004)
1 NY659—2003 FrufElPTHfilE Fem i Cdy Cry Ass
Hg 1 Pb IR EFR#E 5N Cd<1 mg/kg. Cr<5 mg/kg-
As<2 mg/kg. Hg<0.3 mg/kg fl Pb<<5 mg/kg. #XM ' Zn
AR CARAE R TG, ST . R VPN 25 [ 33 4
FHHATESE SR, SRER, FHPEEESREY
BEREA, Cd A~ 0.02~0.19 mgkg. Cu N 3.18~
20.16 mg/kg. Pb SN 0.04~2.65 mg/kg. Cr A 0.09~
489 mg/kg. Hg ¥ 0.02~0.30 mgkg. As N 0.66~
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1.16 mg/kg F1 Zn fy 34.82~55.38 mg/kg (£ 6) . 33 4
K Cu & EFRERF G CAEHLE) (NY5196—2002)
FHOCRRUE, 32 DNEHFEATFELOATIARE (EAFER
AR (NYS5244—2004) F1NY659—2003 FrifE. 14>
FEd R Heg S TRWATIbRHE (EAE &R
(NY5244—2004) , It FRAERIE 1.66%, i BHHF 70 [X 35

KR ESESEVRZ LIRELS RS BN,

WA sz s R IR R . B REEER, A
Cd. Cu. Pb. Cr M Hg & =2ANWERKN, 20K
81.86%. 69.56%. 73.08%. 81.34%7%1 85.04%. Zn 1 As
MR/, — R b N AR S [ A5 R Zn A
As B LB

*ko6 MREEFZFMEZREILS%IT

Table 6 Summary statistics of heavy metal concentrations in tea leaves of study areas

ER) RKRMHE RAME SFIE BRAK CV NG PRAE(E*
Heavy metal  Maximum/(mg-kg”’) Minimum/(mgkg') Mean/(mgkg") Coefficient of Variation/% Standard deviation/(mg-kg") Standard values/(mg-kg™)

Cd 0.19 0.02 0.08 81.68 0.08 1.0

Cu 20.16 3.18 13.42 69.56 11.42 30%*

Pb 2.65 0.04 1.83 73.08 1.33 5.0

Cr 4.89 0.09 222 81.34 0.17 5.0

Hg 0.30 0.02 0.16 85.04 0.17 0.3

As 1.16 0.66 0.89 28.11 0.25 2.0

Zn 55.38 34.82 40.61 26.10 10.60

i ARRARATIRRE (EAERAET)  (NY5244—2004) PORINY659—2003 bRl #* gl ATkt (AHLZ)  (NY5196—2002) ¥,
Note: *represents the Agricultural Industry Standard “Pollution-Free Food and Tea” (NY5244-2004)"% and the NY659-2003 Standard®”;** represents the Agricultural

Industry Standard “Organic Tea” (NY5196-2002)"),

.23 RBLREELELENRTFELELENTM
TR R EEEM LR R, Cd5 Pb. Hg. As 1]
A RN 0.319, 0.858. 0.865, #5>0.224, ik
EKFs Culg Cry Zn MIAHKR R Pb 5 Heg. Zn (M4
KRB R KT Cd 5 Zn IAHSE R BTN 0.139,
FRMIE B E KT (BT o M RE Ml 0+ 4%
Cd. Pb. Hg 1 As Alge BAMIRIRIE, H 2 WA B E
BEMIE BT5 9%, Cuy Cr Ml Zn RIFR B A EF [
AR5 5% 2 [ A% (7] 338 vp % FE 4 SR AH SR T ik
N, ZRHH As. Cdy Cr. Pb &SN ES RS
BEHIHEARR, HEZRMH Cr. As 5H3EF Cr. As 174
Uk, PEBIZEH T As. Cd. Cr. Pb K55 b4
FEBHIMEAR, WA He &85 % He S 8H
KARHCN 0216, EEFEKF (P<0.05) o Z&MH Cu fl Zn

e IET Cu Ml Zn FEM R RE9 0.121 F10.108.
HAH R RE T A, R ESE (Asy Cd. Cry Pb)

RS TR ESRE SRR EE, HIFARER A
WS X S E g R A7 R E AR S KD, IR
pH B REE b 5 FA AR 2 SAmA A5 ) -3 R S R 20 (1T
o TR T ST S A 4 el 33 pH (AR S5 LA 3
[t & TS B R AP AT, 4 pH fH<S AR, pH &
ORI E SRS R ER R, A48 4 pH (E
TEHEN 4.19~5.54, ¥IMEN 478, BEE pH (HIFRK, A
DR G EASTESIGIN, HimsimzEnt b E4 )R T80
#n. FETLLEST, P ESE He WA He & &
TEAE— B IEFHSME RS &, ATREAR: pH BN 1 Al 1- 3%
T2 ¥AS He IMEREIN; MalRgdssSrh He K EEE
KT ZIN A R A4 R B — e 2T

*7 FETREESEORSEHEEEMBEXESH

Table 7 Correlation analysis of heavy metal contents between tea leaves and topsoil in tea plantations

TP ELR 3% h E 4 8 Heavy metal in the topsoil %M E 42 )R Heavy metal in tea leaves
Heavy metal in the
topsoil Cd Cu Pb Cr Hg As Zn Cd Cu Pb Cr Hg As Zn
cd 1.000 0.021  0.087  0.101  -0472  0.025  0.028  0.097
Cu -0.057  1.000 -0.145  0.121  -0.147 -0365 -0.354  -0.195  0.049
Pb 0.319™ -0.133  1.000 50321 -0358  0.089  -0.246 -0.142 -0.721  0.058
Cr -0.083  0.638”  0.037 1.000 0.012 -0254 -0247 -0.142 -0.627 0.011  -0.254
Hg 0.858" -0.042 02357 -0.093 1.000 -0.056  -0.614  0.024 -0.658 0216  -0.476  -0.664
As 0.865" -0.092  0.037 -0.144  0.795™  1.000 -0.541  0.042 0014 0013  -0239 -0341  0.042
Zn 0.139° 0482 0348 0399”0061  0.015 1.000 -0421 0012  0.068  0.156  0.024 -0221  0.108

e TFREMEMELE 001 KFLEE (P<0.01) ; RRMXME 0.05 KFLEE (P<0.05)

Note: ** represents the correlation was significant at the 0.01 level (P < 0.01);* represents the correlation was significant at the 0.05 level (P < 0.05).

2.2.4 FetRdRr BB A EAMRARLEH

T R R M A T 312 0 4 HE R
R BRI SO, T 3 T
W B35 AL RS B 00, AT th R4
SR TR AR RS . 45 6 Ak 8
o 5 R A AN T R
B, B I P o T A AR, B T

ERH . Zn l Cu 1E 33 N RIHR M IRFEAR A A H,

HE R0 259 8.56~21.29 ug/g M12.28~5.59 ug/g,
BHBFEA DA 17 MEATRH Cr. 0 Pb. Hg.
As Fl Cd & BEUL, ER IR HTER W, 7 FhE
&R IRVE N 3.0X10°~2.5X 10" ug/g. iR H
WHhHESENSES KM AKTESEN S & —
FEMIEMERFR. I Zn, Cu M1 Cr AR, FHRH
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RN 32.65% 24.96%F1 10.50%. 4 & 13- 25—
BRHEBARSG (6. RTMES , KMFEMT He &8
5 s r) He AR R IEMA S, M6
ZECN 0216 X eSS pH M T A% IE 3k 5 S
Heg MMM, SEILmm s, e Hg
MR B EER S, W THETESFH

Hgo {HAHEF EZRE MR RN WEF, HFAEZFEZ
I, DA S o 2P i (R I T AS A2 AR B 2 SR )
Hg. MR MR ARG AR T Hg uER, A5 HAAERS
Ax, WATRES HMH A Hg S RE&EIA K. & Hg M
IKIEPE SR AE A, A BRI R B 2Ok BR
2 ERFEFFEN AL, 3 52N A OB TR AR R

x8 FHRUAKATEERTENAE

Table 8 The content of heavy metal elements in the tea leaching liquid

HEJE IZNE] fR/AME T R AR CV iz K R
Heavy metal ~ Maximum/(ug-g”) Minimum/(ug-g’)  Mean/(ug-g™) Coefficient of Variation/%  Standard deviation/(ug-g™) Detection limit/(ug-g™)
cd — — — 5.0X10°
Cu 5.59 2.28 335 69.8 2.34 25%10*
Pb — — — — — 1.0Xx10*
Cr 0.08 — 0.06 94.2 0.06 1.5X10*
Hg — — — 3.0x10°
As — — — 2.0x10*
Zn 21.29 8.56 13.26 87.8 9.01 2.0%10*

2.4 FERELREETE

X} 4 IR A R AT TR, PR A L
# 9, Cd. Cu. Pb. Cr. Hg. As I Zn [ HI00A4 2 K
BHCFME 5N 33.894 4264 2.32. 0.41. 44.46. 9.37
F10.83, BRESE He 7, HAth 6 FhE 48 o2 1500
ARSI BT B <40, REE 4R Hg B IES R
W HEECE B A 44.46 (>40) , {BIEBUE TG EE A N

17.67~83.97. KFEX FE4J® As. Pb. Cu. Zn. Cr HIi
A2 RS S B B KA ¥ <40, UBSRFEXIX 5 FhE 4
JE FR AL T B A 25 R S5 4, X A 0 DX 3l 5% [l 4 33898 7
AR DT . B FLIX 3 39 Cdy Cu. Pb. Cr.
Hg. As fl Zn WL EEBAEAETRETEE 1, 5 KN
226.90, fx/MHEA 23.58, F¥IMEAN 9537 (<150) , #
HZAE 7 X el A AT B R 78 A 25 U 7K

®9 TREEERESAKIEHLSIT

Table 9 Statistical analysis of the ecological risk index of soil heavy metals

RIE SR EAS G BOEGEBLEASE MR SRS A POEEMBEES PMEQBIEEES SHESRBEES

EE 3 S- INI! & R K ME

R RERA A REMA 1, RRECPIIM

Heavy Maximum potential Minimum potential Mean potential ecological Maximum pot@ntlal Minimum potential Mean Potengal
ecologlcal hazard ecologlcal hazard h . 4 eco]oglcal risk . . ecologlca] risk
metal - . - . azard coefficient of single . . ecological risk . .
coefficient of single  coefficient of single heavy ’ coefficient of various . . coefficient of various
. . heavy metal E' coefficient of various
heavy metal E! ., metal £, “Mean heavy metals 7, heavy metals heavy metals 1.,
Cd 103.72 0.00 33.89
Cu 7.44 1.92 4.26
Pb 6.97 0.00 2.32
Cr 0.91 0.03 0.41 226.90 23.58 95.37
Hg 83.97 17.67 44.46
As 21.76 3.58 9.37
Zn 2.11 0.37 0.83
3 W B ARG R, WA REE AW AR R A AN E] L S AR IEAN [
: e

KL Wy e 2 B ARATAEYI TR, X E 1) O
ThEe R Z gk BA 9B EE . ZH 22 7R
Ny RETAMN A L RS IR O AR B, e
S, BUE. PURTE. PURAS. PiEdk. BIRAR. BRILE.
BRARAE [ . TR0 el IR B B o AL Ak . T R B H 26 4%,
T HE & — P R AR BUEAL T . A 5T R B I A5 A
LWy EEVEEN 22.23%~27.55%, ENGEIEFELH—
FEE N 25.00%0,  AHETT 5T AR EEA—5, Tk
T TR L R A A 2 By & N 30.07%, X AT
B85 AR i 3 R AN [R] BRSO 8] Ko T T 2 B

R, Bt S Es, ERUEREES,
A AL [F] B A A

KA RAF P EE SRS, EAHEG
Ry BRI BEIBE. PRI Ji800% . Pt .
PUMR . PUMAR . B Nk E. TERRE R
SRR, AL H AR TS 2N 2.46%, W T E
e S OVRIE 72 (DT SR AR TR I B B 1.83%. ] 4 B0y
BIF 58 R BT 111 2355 Hh e B8 R R 1) & BN 10.761% . T it
i 33 AT Tl o i 2 R IR IR BV F AE 3.37%~6.42%,
SEHME N 4.86%, fmn e mIAE] 6.11%, 5 H R E AR
TEMERKR, el TAEKSE, FHr. At
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L E A NEEI Rl

TEAS IO T 4 B VPAG AT, AR A AT M AR HER T,
32 ZRBE R AT A AOAT bR HE (B AFH B i)
(NY5244—2004) A1 NY659—2003 Fr#E, 33 NAchd 2%
M Cu & EARERT S AWM R ok, BHEHE
SREEEWHE/NTH RS CRENEE, AT RS
BEZNESEERBETEETZ: BT Pb. Hg. As
Al Cd MEERAR, fERBIHP AR . 2 b
FEERNETES RN ARPESENSER —EHIE
FHRK R

BRI U R, A oS R 5 A Y
WAL e, X228 do% LR NES)RE
SEMNFW, +iEd Cd. Cr. Pb. Hg & & S55H
MIERR 2L AA K R, TIEPEEESERR, &%
MCIEERR ) 2 &, BFFTIE R I Cr Ml Cd S & 542 mth
SEMAMAKKR. AN EEE Cd WRER B R BT,
M2 522 Y AN R AL G B, 3E TR
DEMOR, REMERFEE LS ELS RS EIR A
FREER, BARIEREZ R Cd R, e
HEGFREOE 103.72, 10 He MIAESKEEFREUN T HE R
44.4, FRAEN 83.97. RIEANHIASEE H + 3%+ cd Al He
LELEAS NG REM. FAR T IR ES
BRI AN, TR Cd 5 R, B4
AW AERK KT, At rilag, 2IE6E, ™
A RMAERIRGE, P28 T . Rl il 2 [
5.76%I) Cd & & T IR 5t A A Hb 1 338y G XU
BN E A XU TR IR AE o AR 133875 S RS O A (B A %
Be, MIZER, SR SRR A RIEDA K
T IS IR EE VT B AT AE UG, R Y i 5 - S TR 5 A ) A
A= S P FLHEI, SR BN SR AR . HA
W72 MR Cd & B A A A AT I ARHECTE A B b A
(NY5244—2004) AHCHR#E, H3Ed Cd FiZgnt
Cd AR, [FIR AR B IR Cds XX
PR AT Re A PR R . H— R X LR = A
SN, 52, LEPHESESER AL
AN E SRS ENEAA; KRR ESESE
ZZERERYM, BERESE. BA. AAHEE, Ew
KATT Y LRI RE 22 m 3] L3 — R —R R R 4t
TR, R AR He & Em TR I bR vE
(EAERLZEH)  (NY5244—2004) , M FrAERE
1.66%, 4G KA mi 1R He A2 XS TE 5 83.97,
HZEmRE S He & & 5 RIS b He S 8K RECN
0.216, UiHI I RFAT AR SRR MRS 1 B AR,
XA CA SCRRBF 7T 25 10 A — 3513, AT R ) b 2% Bl 2%
R 2 75 38 B AR AR I = BRI 2 —, Bz MRSk
PAFE I o

4 % it

D A LR R SV 18.48%~22.37%, “Fi5
RN 20.74%; HAJLEE (Catechins, C) « RILFER
KEFIREE S & (Epicatechin Gallate, ECG) . R&& T

JLF & & & (Epigallocatechin, EGC) MR JILF R G =

(Epicatechin, EC) V¥ & EAKICN 0.45%. 1.70%- 5.25%

1 13.33%. 7% 2 By R i 18 2 PR T 24 5 B 20 TN 25.58%

1 4.86%.

2) 32 AP AT S AL AT AR CEA TR
A AEI)  (NY5244—2004) #l NY659—2003 #rifE, 33
AR R Cu & BT S A HURAH S R B X
Zn, Cu. Cr iz, PRGN 32.65% 24.9%
F110.5%.

3) R, BRESE Hg 4b, HiAt 6 ME &R
TOER BRI A XS TR ECT 4 EH <40, Cd. Cu. Pb.
Cr. Hg. As Ml Zn HIZRE WA A MR T o KAE
226.90, #/AMEJY 23.58, “FHMEN 9537 (<150) , K
A _ERIF T DXL T LA A 7 A 2 AU 7K
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Analysis of tea quality and assessment of heavy metal content status in tea
plantations of southern Shaanxi Province, China

Zhao Zuoping'?, Fu Jing'?, Yue Siyu'?, Wang Meng?, Wang Qi'?, Liu Zhifeng'?, Tang Bo'?, Tong Yan’an**

(1. College of Chemical and Environment Science, Shaanxi University of Technology, Hanzhong 723001, China; 2. State Key Laboratory of
Qinba Bio-Resource and Ecological Environment, Hanzhong 723001, China; 3. College of Natural Resources and Environment, Northwest
A&F University, Yangling 712100, China)

Abstract: Accumulation of heavy metals in agricultural soils tends to increase crop uptake of heavy metals, and can adversely
impact human health through food chains. In this study, we assessed the tea quality, heavy metal status, and the potential
ecological risk of tea plantation soils and leaves in Hanzhong city, southern Shaanxi province, China. A total of 330 topsoil
samples and 33 leaves samples were collected to analyze the concentrations of seven heavy metals (Pb, Zn, Cu, Cr, Hg, As,
and Cd) and the pH level. Also, the tea quality and the content of heavy metals in tea leaves and leachate in 33 leaves samples
were determined and analyzed. Results showed that the contents of tea polyphenols ranged from 22.23% to 27.55%, and the
mean content of polyphenols was 25.58%. The contents of catechins ranged from 18.48% to 22.37%, the mean content of
catechins was 20.74%. The contents of free amino acids ranged from 3.37% to 6.42%, and the mean amount of free amino
acids was 4.86%. The contents of theanine ranged from 1.70% to 3.18%, and the mean content of theanine was 2.45%. The
contents of heavy metals in tea leaves ranged from 0.02 mg/kg to 0.19 mg/kg for Cd, 3.18 mg/kg to 20.16 mg/kg for Cu,
0.04 mg/kg to 2.65 mg/kg for Pb, 0.09 mg/kg to 4.89 mg/kg for Cr, 0.02 mg/kg to 0.30 mg/kg for Hg, 0.66 mg/kg to
1.16 mg/kg for As, 34.82 mg/kg to 55.38 mg/kg for Zn. The heavy metals in tea leave samples almost conform to the relevant
standards of pollution-free food tea except that the content of Hg in one sample exceeded the relevant standards of
pollution-free food tea of 1.66%. The content of Cu was conformed to the relevant standards of organic tea. Among the
contents of seven heavy metals, only Zn, Cu, and Cr were detected in the leaching solution, and the average leaching rates
were 32.65%, 24.96%, and 10.50%, respectively. The soil analysis showed that the contents of heavy metals in soils ranged
0.03-0.32 mg/kg for Cd, 7.48-29.03 mg/kg for Cu, 2.45-29.16 mg/kg for Pb, 0.83 -27.76 mg/kg for Cr, 0.08-0.38 mg/kg for Hg,
2.31-13.97 mg/kg for As, 25.73-146.94 mg/kg for Zn. The averaged contents of Cd, Cu, Pb, Cr, Hg, As, and Zn were
0.11,16.42, 10.03, 12.38, 0.20, 6.89, and 87.61 mg/kg, respectively. The coefficient of variation of the different elements
ranged from 29.16% to 52.24% and was 49.30% for Cd and 48.55% for Hg. In 5.76% of the samples, Cd concentrations
exceeded the risk screening value of the environmental quality agricultural land soil pollution risk control standard (GB
15618-2018). The average single pollution index of Pb, Zn, Cu, Cr, Hg, As, and Cd were 2.32, 0.83, 4.26, 0.41, 44.46, 9.37,
and 33.89, only the average single pollution index of Hg was over 40. The comprehensive potential ecological risk index
ranged from 23.58 to 226.90, and the average potential ecological risk index was 95.4, the total samples at a low level of
potential ecological risk. Thus, the tea plantations were in a low potential ecological risk level and good quality of tea leaves
for 33 samples.

Keywords: tea; soils; heavy metals; tea quality; leaching liquid; tea plantations
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