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Abstract: [ Objective | A graphite furnace atomic absorption spectrometry was established to determine
the contents of three heavy elements in eight Jiangxi famous teas for comparison and analysis.[ Method | Firstly,
the optimal working conditions for the instruments determining each element were optimized by orthogonal test
design, and the standard curve of each element was established under the optimal instrument working condi-

tions.At the same time, the detection limit and precision of the established method were examined.Then the pre—
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treatment conditions were optimized. Under the optimal pre—treatment conditions, the spiked recovery of the
sample was determined and the accuracy of the established method was examined.Finally, the established meth-
od was used to determine the contents of the three elements in eight Jiangxi famous teas, which were compared
and analyzed. [ Result ] The results show that the established atomic absorption spectrometry had a good linear
relationship in the corresponding concentration range.The correlation coefficient was 0.994 6-0.999 3, the pre-
cision RSD value was 3.93%-8.06%, the detection limit was 0.88-5.625 pwg/ml, and the recovery rate was
70.02%-93.50% , which all met the requirements.The determination results of the three elements showed that
the contents of each element in the eight kinds of tea were significantly different.The order of each element con-
tent in different teas was basically Ni>Cr>Co, the highest Ni content was in Wuyuan Maojian ; the highest Cr
content was in Lushan Yunwu ; the highest Co content was in Jinggang Cuilu.[ Conclusion | The graphite furnace
atomic absorption spectrometry with the contents of three heavy elements in tea set up in this paper is simple
and easy to operate with less interference but high sensitivity.lt is applicable to the determination of correspond-
ing elements in various other teas.The contents of Cr,Ni,and Co in the eight Jiangxi famous teas are all relative-
ly low, which meets the requirements for consumption.

Keywords: Jiangxi famous tea; determination of heavy metal element content; graphite furnace atomic

absorption method ; comparative analysis
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MM L0 Hak 25 R B DI REER AL % ORI 2 A il A 0 LR af , 7 A 22 5 RO UL
R VLG A VT i, XU TS N B IR AN LA IR R SR, R A RO A PR AR K AT
KBRS, R e TR P R L A 7 5 P T R, R A 2R I BRSO, PR &
NG 35 22 28 BK T AL RER LR PR BRANE ZEIRTBAR i Il =55, I M AR R A R VL PG AU
eI, e B IV 44 28 o AR R T YA 35 e G H 4™ 1, 3 B3R I 2k - oA A
) <5 R A AT W B A AR R N A B, 2 R 2 e PR, T R T [ A e g O
Sy LT BIEFE % ] H A0 V04 44 28 A A B 0 050 MR 28 4 2 I oin T35 5 T 2 4843 B 58 A
EXTPY 24 2% oA B 3 4 J DU i AR ST IR AR v R LR T2, DRI R T 94 e i rh 4% s O
BB T ATV 2R AR RN TR R S (AT I R I AS IS i i TR SR A A
Ni,Co Fl CroGER A1 s 4P T OGS ik TAR A AR AR AR A F 2 MIOCR AR HE T ZE , 4T
HESE T AR R RS E SRS DL AL AT AL 3R AR ZE DR e A R AR RS AR T, I A i s [ e =3¢, 25 48
ST AR B v R S A9 D7 R s 8 RV 44 A5 vh 3 M E 4 Jm OT R W 1 JEOIRHEAT LU T
(DL phe F) SR B T U ) AR F 5 Ay AR V78 48 23 77 oMb A AR T 3 8 M i i B AT IS4 5 8 3, TR o vl oy
MNATH # R PR BER 2 U



© 676 - RN AN I 3 a2t

1 #MREF=E
1.1 #E5EE
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Tab.1 Factor level of orthogonal experiment about graphite furnace atomic absorption spectrometry method

— # Factor
JLER K : i : i
AJRAGIR B C BIRALI fil/s C IR/ C D J ARt )/
Element Level
Ashing temperature Ashing time Atomization temperature Atomization time
Cr 1 700 13 1900 2
2 800 15 2100 3
3 900 17 2300 4
Ni 1 700 8 1 800 2
2 800 10 2 000 3
3 900 12 2200 4
Co 1 350 10 1900 3
2 400 15 2 000 4
3 450 10 2100 5

1.3 R LRE LT H RN E
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SN T TR KA R R . FF 50 A28 W 72 10 W, 793045 Jo 20 g i e th PR . At R T3
NEUTR

& R (DL)=3S/K (1)
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L5 SR AR MEBRREGA SE MRE S 2SI 1,000 & 2 6y, 40 I THLICH b, B 15 mL AR
(HNO,—HCIO, 4: 1) W, PR et BT 11 IR 1, vk B AE R 1 AR A , T A 28 PO Hh 3, B 00>
T T A T 2 T (032 W sl i Sl B L D], W H S A i B PO 2R EI B 2 50 mL A =il
2%, R a0 25 v R
152 Fikktek  AEFFREGEE BIRE S 2SI 1.000 g 243, 40 & TR b . Sefemy b /N Ko
EZ T, A B3R T B R THR 2 550 C, Rl KAk 4~5 h B HE U o 25 AR , in Lk i
TR, P T R BN KR TR A S IR b O Ak . SR B R, TIA 0.5 mol/L ARV T 10 mL,
LA, B 0.5 mol/L MR YA T /D B Z2 R VRS I /N GBS 28 50 mL & s b, 8 25, #2250 , Al
=poii:
1.53  fkob ik HERRFREGE & AORE S 25 1.000 g 2403, 23 1B T 25 mL 58 DU 60 2 M6 S 8 it i v
JeIMATRA TR (HNO,-HCI0, 4: 1) THA# I 15 mL, A% 4 BRSO T8 A (1432 1726 BRI MR (b kL 4 min) &
A G BU LR R T 140~160 CHERR 3 2.5~5.0 mL. PRI MEEA S OB AL U #8250 mL &
SR, 7K 2R RIS AR RE , 5 T VR, 2%, R BHEs FaAEe
1.6 fntRE Y EIE

WERAFREL 1.000 g [F) R T4 55 R S G SRR 50 6 43, v 2 075 Ry o R, 80 4% 4 003 43 A 2 4, B4
A B ARE S B K 2 AT RE SR 1.5 4008 H A0 Fe A i Ach B e b B S SRS s R E 4
F 50 mLAS I, FOR A 1.2 U3k th 19 A S8 JE 1 IR O 38 125 1 AR die R T A AR D 7 6 13 45 A
A TTE N E R ARIEIBCRITT AR

TR [RS8 = AR SR D 2 (-0 I 2 ) < i £ 100% (2)
1.7 8TIFAZFHIMYTMWRITESENNEMILE S

WEFAFRBUF BRI Z A =58 R ERLLR RN XL SR A fB/K T4 DL AR R
8 FHVIVE 24 A5 1 T AR 5 45 1.000 g, R 1.5 DLk 19 Fre AR Ay b B3y 2 A BRAE & L SR S5 6 B8 52 25 28 50 mLL
ZER, TR 1.2 0018 A A B8 ST IR A G 3 1k (A4S o A T 2 A 52 8 o 5% A P N L Co
A1 Cr 3P0 [0 70 28 19 7% 12 (DU 4 Cr B A SRR 2 70020) o [RIVAABOT AT 98 56 (W E=3 ) A7) 25 11 0] R
Sy, 8PP A AT S ICR SRR AT

X=(C,~C,)xV/(mx1 000) (3)

KX IR ICE S i, B (mg/kg B mg/L) ; C, iR AL & T 2 & i, B3l ng/mL;
Co N7 AR 45 IR S i, 50 ng/mL; VBT AL IR 2 28 SRR, B0 Ry mLl s m R iR o ol R
BAN K g8 mL; 1 000 AL R AL
1.8 LR

JITA SRS H DPS GEiH R A4 5 Excel FRAFHEFT 3 M AL BR 96 45 5 FH s (BIEAREIR 25 ) R .
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Cr . Ni fl Co 3R ) 51 70 R A1 S50 I 7 WSO G T vk fe A TAE SR ade a5 SR Wk 2 3 fid, k2,
3014 ALK Cr oG 2R 1A S8 0P J5LT- W2 AR A2 e A A 4 M IR AR TELE 700 °C, JRALISHTE] 13 s, JR T4k
T 2 300 °C, JE T AL B[] 3 55 Ni o0 28 19 A7 88 07 J5 7 WSO 35 78 i AR dc A T &5 00 S IR AL TR
900 °C, JKALEFIE] 8 s, JF AL IR 2 200 °C, JEFALEF ] 2 3 s 5 Co JO 3 A0 A7 88070 J5 1 W 0S92 AR A8 2 e A
TAESAM R IKACTRJE 900 °C, KAL) 12 s JRF4L B 2 000 °C, JRFAUif [ 4 sl 2.3 FT4 ml 4%
i TAE A 6T Cr o6 20 502 45 S0 52 i) 5 K P4 2 D AR IR, LR I A st ), R ) 2 IR AR TR | i
Je A AR IS [] 5 36 Ni 6 20 502 45 5 58 Wi e K ) S D P AR TR, RS2 IR AR TR | SR )5 2 J5 1At ], 45
Ji F2 AR ] 5 X Co 76 28 I i 445 2 52 M i KR 2 B AR s i), FLVR & AR TR, R I 2 AR B ], fe e
SRR
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Tab.2 The range analysis results of orthogonal experiment for Cr element

;gﬁ% . : ‘ > WG EEAH
Experiment TRAIR S /°C JRAGBT A /s SRR EEC R AEET ) /s Absorhance values
number Ashing temperature ~ Ashing time  Atomization temperature ~ Atomization time
1 1 1 1 1 0.093 0.089
2 1 2 2 2 0.168 0.172
3 1 3 3 3 0.170 0.176
4 2 1 2 3 0.149 0.145
5 2 2 3 1 0.098 0.108
6 2 3 1 2 0.095 0.093
7 3 1 3 2 0.169 0.173
8 3 2 1 3 0.093 0.083
9 3 3 2 1 0.107 0.107
K, 0.145 0.136 0.091 0.101
K, 0.115 0.121 0.141 0.145
K, 0.122 0.125 0.149 0.136
R 0.030 0.016 0.058 0.045

K, K, K BRI R IR AP OB 2% R=MAX{ R R B K, K, K -MIN{ AR A9 KK, K
K,, K,, and K, represent the average absorbance value of each level of the factor, and the range R=MAX {K,, K,, K, of the
same factor{ —MIN {K,, K,, K, of the same factor}

®3 NITEEXHKBRESHER

Tab.3 Range analysis results of Ni element orthogonal test

R . ’ . ’ WL
Experiment JRARHEIC JRAL 61 /s JEFAR R C JE A ]/ Absorbance values
number Ashing temperature ~ Ashing time  Atomization temperature ~Atomization time
1 1 1 1 1 0.037 0.036
2 1 2 2 2 0.065 0.067
3 1 3 3 3 0.068 0.068
4 2 1 2 3 0.072 0.074
5 2 2 3 1 0.067 0.067
6 2 3 1 2 0.049 0.049
7 3 1 3 2 0.085 0.082
8 3 2 1 3 0.056 0.054
9 3 3 2 1 0.065 0.064
K, 0.341 0.386 0.281 0.331
K, 0.378 0.376 0.407 0.397
K, 0.406 0.363 0.437 0.392
R 0.011 0.003 0.026 0.010

K, K, KRR IR W B K IO BE (LR, B 22 R=[R] PR R A 108 1 398 2 I8 3 e R AR 25 die/ ME
K,,K,,and K, represent the sum of the absorbance values at each level of the factor, range R=the maximum value of the same

factor, mean value 2, mean value 3 minus the minimum value
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Tab.4 The range analysis results of orthogonal experiment for Co element

o : - : > I
Experiment AR /C BRALHTR] /s AR EC JRFAEET ) /s Absorhance values
number Ashing temperature  Ashing time  Atomization temperature ~ Atomization time
1 1 1 1 1 0.462 0.460
2 1 2 2 2 0.735 0.733
3 1 3 3 3 0.872 0.872
4 2 1 2 3 0.885 0.885
5 2 2 3 1 0.499 0.500
6 2 3 1 2 0.769 0.760
7 3 1 3 2 0.776 0.775
8 3 2 1 3 0913 0914
9 3 3 2 1 0.580 0.578
K, 2.069 2.123 2.144 1.541
K, 2.153 2.147 22 2.28
K, 2.269 2.221 2.147 2.67
R 0.066 7 0.0327 0.018 7 0.376 3

K, K, K, ZoR R AR A ROEIEAEZ A, ) 22 R=[R R A K, K, K, R K-/ N
K,,K,, and K, represent the sum of the absorbance values at each level of the factor, range R=maximum number—-minimum

number of K,,K,, K, of the same factor

22 FREHZKGHR

TE S0 30 5 I B AEAL RS TAESE T 6 Co Ni I Co 3 FI A9 5 I 5 B9 A ) e B8 1 b 74 T8 00T A 22
7 D IR VAT 0 i EC I S R DA 1 TR Y6 B 2 i 45 DT R AR E I £ . O TR 0 5 Ik i T AT 1 L
S 10 Y 5 45 70 R FI2S AT WOGAA A5 24 o0 BRI HFR o & oo R AR 2 i 4tk [l )
FE MO R BRI PR 25 R AN S Fin . 3R 5 il MBS e R A4 AV BEJE BBl N R o6 R R AT MR R
£ 0.994 6~0.999 3, BTG BK ;3 B ) B oG R 9K H FRA 0.88~5.625 ng/mL, Hort Cr (A4 it BR 4y
5.625 ng/mL, . GB 5009.123—2014 £ & 1 Cr A4 S84 7400 7 K H R (0.01 mg/kg ) IG5 A7 B89 Ni
At BR R 3.38 ng/mlL, Lt GB 5009.138—2017 A5 7 Ni £33 25 57 vk 0 7 Az PR (0.02 mg/L) i AIK 5 £ 55
Pk Co B A HI R 0.88 ng/mL, H HI 985—2018 7K J5i 1 Co Y A7 A 42 I i 46 tH PR (2 wg/L) IR AIG, B B A
TF 5T HE ST ARG HY BRI & LR ie281,

%5 BEBTEIEBMERGHIR

Tab.5 Standard curve and detection limit of each metal element ng/mL
JLER B i kv i PR AT R KRR Kt BR
Element Standard curve concentration  Linear regression equation  Correlation coefficient ~ The detection limit
Cr 0,5,10,20,30,50 y=0.001 6x+0.049 6 0.994 6 5.625
Ni 0,10,25,50,75,100 ¥=0.000 7x+0.003 2 0.998 8 3.38
Co 0,5,10,25,50,100 ¥=0.001 8x+0.003 2 0.999 3 0.88

K ICENE L LI 25 RN 6 s, 3 6 B0 ds vl A1, 3 ™ 1) 5 o0 G 2 B2 S50 1Y RSD 7E 3.93%~
8.06% , ITF A EK .
24 HSEEEESENRKL

T TIRAY T T A RN AR T v 1 LAl SR A 3R 7 s, B 7 TR SR PRSI 1 e v %ot A5 A
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PEATHI AL BR A 25 B AR, A IS5 SR S A, B 5 TR R [R) N REIA BIARLF O TH A RSCR , R T
TTAERCR , BRI T At ks A T A B R AU 52 ) s [T i g AN 25 A i o G LN T Co 3 5 J3
TCER & A E
*6 BEEIWHER(n=10)
Tab.6 The results of precision experiment

JLHR WS/ (ng-mL™") RSD -2 RSD/%
Element Concentration Mean RSD
Cr 0,5,10,20,30,50 5.81,2.55,6.14,2.80,2.29,3.98 3.93
Ni 0,10,25,50,75,100 KA, 11.29,8.47,8.52,6.45,5.55 8.06
Co 0,5,10,25,50,100 KK, 14.17,5.61,6.06,6.73,4.12 7.34

R7T WABFTENELER (n=3)

Tab.7 The determination results of pretreatment methods mg/kg
PIE J71% Method
Element T Dry method 1 Wet method WeE Microwave method
Cr 0.665+0.195 0.953+0.080 1.496+0.082
Ni 3.204+0.141 5.998+0.990 8.609+0.156
Co 0.203+0.020 0.000+0.000 0.731+0.059

2.5 hnkREISELE 45 R
TR IS 5 25 R 4N 2% 8 T/, 1t 2% 8 AT A1, SR AR5 8 37 119 1 A8 7 1 W iy 52 Cr Ni T Co 3
Ty oG 2 & L 45 B IR DL 3 70.02%~93.50% , RSDHB/N T 7% , MIAF & B3k
x8 IEREIHRIE LR (n=3)

Tab.8 The results of spiked recovery experiment

JLHR AR/ (mg-kg")  FEM T E/(mg-kg") S EE/ (mg kg ™) SR R % RSDI%
Element Adding amount Samplecontent Total measuredvalue Averagerecovery rate
Cr 5 1.757+0.107 5.976+0.284 84.14+5.67 6.74
6 1.757+0.107 6.851+0.075 93.50+1.49 1.59
Ni 6 8.057+0.145 13.030+0.028 80.39+0.28 0.35
7 8.057+0.145 13.705+0.021 78.83+0.16 0.21
Co 5 0.536+0.020 4.244+0.040 72.41+0.76 1.05
6 0.536+0.020 4.799+0.040 70.02+0.05 0.07

26 HFMPELTERENNEERRLESH
SFMLII A AT 3R E S BT R T BRI IR, R 9T A AN F S FP A 4 T R & EE A
S BARFIN Cr & B S 25 105558 1.621 me/kg, SR8 K T 410 1.015 mg/kg; Ni 7 1 ik
e YRS X AR 4% 8 10.697 melkg 247, BB 2 IR L1550 3.917 mg/kg; Co 7 2 fi iy U2 X 2R 4y
1.133 mg/kg, TIOR3 % A5 M 0.524 mgrkg AV ERMIAR 19 25 1 H Cr FREEFRE R 5 mg/kg, A< S5
130 8 VLV 24 25 Th Cr & s AR T PR B AR, A& B FHEOR™, i TIRE X T At AR bR UE R 2 18
AN 5EE , H AT G Ni A Co A BR FAR i vl BE5 | .

TE8 AL A 45, Cr & i R B/ IMKIKCA 1L 255 548 A4S i A I I AR 4 TR BN
RETTE IR ERAME K T L Ni O R & i R BV MRKCR XIS ZIR R IR IR 245 38 4
ki ABIK T L 2 A P IR 55 IR R ZLAS ; Co JU R & 1 R BN/MKYCH T AR 4% 2R B 7 3Rl
2 B TEL BN ERLLAS S L R AR A, 8FIVE AR & TR G A —E 2R,
8PS IR e =R P U Y RS- N Y B Y ) | B = W S b S SO 1 0 N7 N i o € 20 N [ % P S L s
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FRABRER ANZEFAVIL. W eyt RRAEZEIRBR RTS8 A BE SN, 1
AR PN B35 Ni TR AEA R SRR R AR 25 Co TERIRTE 2SR TR P Il A% SFL A AP f
WEVESN, AR AP B B2

25 LTI AN TR Rl PG 44 2 vh I G R T AR A A AN ARTR] TR A I R [l — R
I, DL 5 R G i 0 3R 5 18 i 2 W R D R E ) BRI, 2 AP B A — S BRI . [R]
Y2 B2 AN B 22 YR AL B, AR Sl S e 2R 0 I B T e — g R L e i
RIEPITR & BHRE S FLIYA A 3 Fh i & moT R & AU, TGO o ARWFFEXT 8 Fl
TLVYA 25 T 3 Bl R T 3R & i A IIE P 4 2R , XL PG 48 28 i o 4 ol S22 o B9 45 BT e A EE 3
RO R AT 2RIt T H 5 2%

RI SHIABRFEFIMTUWRTESERNER (n=3)

Tab.9 The test results of there mineral elements in eight kinds of Jiangxi famous tea mg/kg
FE i 24 R JLE & & Element content
Sample name Cr Ni Co
ZEYRFESS Wuyuan Maojian 1.108+0.065" 10.697+0.050" 0.846+0.020°
HFTTA Wuyi Gongcha 1.158+0.079* 6.203+0.137" 0.596+0.020"
B Fuyao Xianzhi 1.327+0.066" 3.917+0.006° 0.833+0.039"
HRIH L% Jinggang Cuilu 1.353+0.066° 5.498+0.005" 1.133+0.001"
Jilll % Lushan Yunwu 1.621+0.083° 10.021=0.057° 0.538+0.020°
U542 2% Jing” an White Tea 1.520+0.172° 9.848+0.101" 0.524+0.001*
&K TLT Xiushui Ninghong 1.015+0.022" 7.029+0.050¢ 0.833+0.039°
& ) HE I Suichuan Gougunao 1.430+0.042" 8.813+0.113" 0.774+0.001°

A1 EAR /NG Fb) a-h Ko [F) —FP TR AEAS R v ity A o 1) Jd 3 R 20T, SRR IR 3R e R 3 1 F AR R A
B3 (P<0.05)
The lowercase letters a to h in the upper right indicate the significance analysis of the same element in different tea varieties.

The same letters indicate no significance ,and the different letters indicate significance (P<0.05)
+ A
3 &

ARSI P D08 T Ak ot 2 VA R B 3 8 LR BOK T AL IR ZLOR VI RRAN . B IR AR L
B I X R AR AR VLY 44 2 AR L AT R AL B, S T 8 FRVLPY 44 25T Cr Nl Co 3P R L R &
A7 S0 ST IRSOE IS MR SZ A D5 6 20 A2 T 8 R L PY 44 2 h & U R & BT HEAT 1 LB
A, G5 SRR WIS [ A 25w B 5 3 Bl G J U R & AR — E W 25 5 A, B/ IMKYCA Ni L Cr
I Co, Forf Ni G ER 5 8 fie i AR 2 IR B AR Cron 3R S i e i IR I L =2 %55 Co DU R 3 R fie i RS X
ALk H 3 TR R OT AR B AR, ATHCO O o BT 8 R YLV 44 2% M BRI AR A, 23R b
BERUK PRI A Z BTG G 38 G A8 M A A 7 Rl . AR T A S i Cr NI R Co 3FP L 42 R TR & 1
(A1 s I RSO T E HoAT R PP, SRABUEE @, vl [R) 00 5 ) At o AR RS2SR TG 4 25 it b
LI dh B i S BB RS e R I T RR R AR, 3 X R R VPG A 2 7 b B A T R 1 kR R
ABLAETE L.
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