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Determination of Heavy Metals in Tea Through Coprecipitation
Separation and Enrichment Combined with Partial Least
Square—Spectrophotometry

SU Qin
( Hydrological and Water Resources Investigation Bureau of Xinjiang , Urumgi 830000, China)

Abstract; Using the copper reagent as the coprecipitator under the alkaline condition of pH 10.0, the rapid coprecipitation
enrichment of trace metal ions Ni** | Pb** and Cd** and Cu’" in tea had been carried out, and the optimal conditions for the
formation of complexes of copper reagent with metal ions were analyzed. 4-(2-pyridylazo) resorcinol (PAR) was used as
the color developing agent for the four heavy metals, in the spectrophotometric analysis. Partial least square—UV —visible

spectrophotometry was used to determine the simulate mixed sample of the four components of the metal ions at the same

time, with those in tea. This method is simple, the result is reliable, and is of certain practical value to the determination

of heavy metals in tea.
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A BR A ]

TE—E 5T, 4 )m B 540 & A RN, A
BCOTVE , B LT DL o 25w SR A it b i o 4 s 2 1
4-(2-MEBEMHA) 25 By (PAR) 5 H4 BB X
oA BREC A, FLE A TR S A TR S T i ROE
Fb. e ol T4 Ja B e vk B A,
&8 M B NiTT PhY Cd* R Cu® 5 PAR A C
BV S, R L, Jovk Bt
JEE IR AR R 5. R LAHE 2
() D 5 /N A IL BB 43 G B[R] Bsh i o2 4 J 25+
Be &b B A3 1) B i EA R ERTE & SRR
(AR A, Rt 32 o F & Rl R L PR T R Y
O RN

ARSCHE pHAE N 10.0 BIEAET, AR UL
TER], PRI B E BRI REE S B ST
Ni** [Pb* [ Cd* Il Cu®™'. 7& pH {5} 9.5 51
T, LA PAR S S 85, SRR R AR A 1, SR FH D A
/NTIVEXT Nitt Pb? Cd* A Cu® RYBEILTR A il ke
A AR ST RIS 43T, A5 3 B — o 1 75
1 RKIEEBH
1.1 #&FKE

TR W T (R AR 1) a5 (WA
SRR LR S ) B HR (B, S
ORI EERE) ) Bl (TR 304 BR A
A)) , BUAG AR AS (BT S R 2 ARG L T4
J7) B (R A RS ) RAIEAS (B8R
FriiiiaG TRARRAHR).

1.2 XE5RFA

AL204-1C HL 43 Al KF (HERR ) — 480 240 3%
FHEABRATE) ; TU-1810 KU AN 0] L4366
(At b iE AL g A PR STAE A A ) 5 pHS-3C TR
JETH( LR B R AR AT R Bl B REAL AR ) 5
80—1 BL.OMLUTIE &% ( HHETF AL ).

B 52 mol/ LHCI Y51 ;40% S A ML BNV K ;
fISTR s SRR ;4 (2-MEREMH D) [ 78 15 (PAR) ¥ ;
THIFNARED-0. 02 mol/L & E Ak 4l 2% v Wi, LA ik
RN R A3 Hrali (AR) 5 250 KN IR ZEIRK.

1.3 FREREFE
Ni** [ Pb* Cd** | Cu™ BT (1.0 mg/mL) ;

HERAFREL 0. 496 4 ¢ Ni(NO,) - 6H,0.0.183 9 g Pb
(CH,CO0) - 2H,0.0.275 0 g Cd(NO,) - 4H,0,
0.393 3 g CuSO, + 5H,0, vk fi#, 751 & T 100.0
mL AR B2 2.

Ni** | Pb** | Cd* | Cu® M 45 HE VW (100 pg/
mL) : 73 EH 1.0 mg/mL i) Ni** Pb>* Cd* | Cu™
FIAREERE A 10. 00 mL, T 100. 0 mL 255,
KT R 2

AR BRI 1 g B, A 1.0 mL NH, -
H,0 %, K E %5 2 100. 0 mL.

PAR & . FREL 0. 05 g PAR, T 100.0 mL &4+
S K TR R R

TANARES —0. 02 mol/L & A Tk 4M 2% i . ik
HL0.4 g NaOH ¥ T/K 1 E A 2 500. 0 mL, LA
> Z A .
1.4 MASREREARIE

HERG EBOR—BE U414 100 wg/mL Ni** [ Pb** |
Cd™ Cu™ BIAREV T, BT 25. 00 mL 2R, K
WHIA 3 mL A8 FI#IE> -0. 02 mol/L S A A48 5%
W .0.2 mL PAR, KRR B 2 ZI B, 455, Bo il v
TR A PR A3 VR TR B DY 4 A TR A TR TR, R DA
a8 FIVES L, 7E 460 ~580 nm K70 Fl N, X 4% 24
BT EATETE G, 3 BIRIBOGIE, R KIE
FEIN, RERR 1 nm (32045 B2 45 5 DU 20 40 1R 5 1 TR
' (.
1.5 HmE&E

FRIUHET 2 E E B 28 AR 2 g, 45 3 0y, T3
B BT 535450 300 °C FHR1E 2 h,500 °C T K1k
4 h fHREG SE 2R, IR A A 1k, KR A
Ji , A A AR AE s 58 43 Vs e I K #51.
AEB T KRG whok, A 100 mL 258 PR
BZIE. OKSECS mL, & FEOE T, A S E ALl
RCE pH {ETH 2 10,0, 1A 2 mL 83500 H 58 43
UUBE, B0 20 min F525 B3, BUOOTIE A 2 T
i i i B VA TROE 25 2 50 mL K. KRS HL
5 mL, T 25.00 mL 25 &), 435 A 3 mL pH {H
H}9.5 B MIAER A 0.2 mL PAR, fil /K 5E 25 %2 %
R ERUR

2 GRS

2.1 REEHHHRKL
2011 K Bsh R P e
LT 4 &R B AR pH E FOE
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H22 %

FEREAE O B R A 1 Fros. 1 R,
pH {EAE 9 ~ 10 Z IR, 4 FEs 1MoL BB HAR
SE, PIAIRIAS I I, EHL pH 24 9.5.
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Fig.1 Effect of pH on coordination reaction

2.1.2 BEFI(PAR) HEMERE

K1 mg/mL Ph FRUEFS I, BLAFRIC A 1,
23456125 mL L@, 2 50MmA 3 mL 2%
YA S 0.2.0.3.0.4.0.5.0.6.0.7 mL i PAR ¥
W, K AR R ZI 5 M FL . Hok 3 A 4R
BRI ok . g R aniE 2 By
7~ HE2 AT 0L PAR FIETE 0.2 mL £ 47 B, 4 Ff
FEBYBOCEREIF S ™E G T 4 #4
i 11 2 i)
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Fig.2 PAR amount vs absorbancy
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RO A5 VAR, TR 28 T O AR 1 h

WO RE 25 R 3 s, w3 A UL W
AIOCHEELE 8 h NICHT ARk, DA e #% 8 h BEA T
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Fig.3 Stability of coordination reaction
2.3 EKSEEFERRE

RFEEL N P Cd™ A Cu™ Ay W G i
JoT, WO 145 B A3 B AR TRV R, H R e 2
MARECA O iE W & 4 Frs. HE 4l 0L, g
oy SR, Rt £ R F A R Y i
() B AN ] 8 0 A e B L, %o [] — TR A R i itE A T
fRfe/N 3k (PLS) TH. /it g fnl i, X+
WRIRAIRR A B B A g5 A ™= A ™
HIS2 I, PRI K 460 ~ 580 nm ik, ARG IK
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Fig.4 Absorption spectra
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K IRZESER ; BIFH AN,
BRUR2E. A T PRIEERG L, LATRIRE 2 nm (Y8 HL.
2.4 HFIFEFAE

G R T ORE A I R TR A RE B PhT

Cu® 'Ni** Cd™, R IE A8 i1 ok 2 HEM IE 40 3%

23 PRI e A TR f i 7 A

AT, Il
Bl AR5 i PLS TR 2 50
ZICKIE N LA IR S8k 1 731,

B 2 AR IE N A5 U T AR AR

R R RO T R VE S
BRI T

wYIR

M2k, RnT AT ZE (A3t 2 frsil) wh i Hh 1R

WAL, SRR T O MRMER AL, fE BIFIE  ATIPDT L G0N G IR
F1 AISRABEREAREREAN
Table 1 Mass concentration of the rectified group of synthetic sample
T/ (wg/mlL)
RS
Pb* Cu* Ni** cd*
1 6.00 7.20 8.00 6.40
2 6.00 6.40 7.20 7.20
3 6.00 8.00 6.00 8.00
4 8.00 7.20 7.20 8.00
5 8.00 6.40 6.00 6.40
6 8.00 8.00 8.00 7.20
7 7.20 7.20 6.00 7.20
8 7.20 6.40 8.00 8.00
9 7.20 8.00 7.20 6.40
®2 AISRAEFERARERELM PLS MNERIRED T
Table 2 Mass concentration of the rectified group of synthetic sample, PLS predicted value, error analysis
(pg/mL)
PR AL B PLS il
RS
Ph** Cu** Ni** cd* Pb* Cu™ Ni** Cd**
1 6.40 8.00 6.40 6.00 6.30 8.10 6.31 6.04
2 6.40 6.00 8.00 8.00 6.33 6.00 8.01 7.95
3 6.40 7.20 7.20 7.20 6.41 7.21 7.20 7.10
4 8.00 8.00 8.00 7.20 8.00 8.0 7.93 7.30
5 8.00 6.00 7.20 6.00 8.10 6.10 7.30 5.93
6 8.00 7.20 6.40 8.00 8.15 7.20 6.40 7.94
7 5.60 8.00 7.20 8.00 5.61 7.92 7.20 7.90
8 5.60 6.00 6.40 7.20 5.55 6.10 6.36 7.11
9 5.60 7.20 8.00 6.00 7.10 7.24 7.92 5.93
FHIRIE % 37.6 6.98 6.02 10.73
RPEs/% 7.50 0.91 14.52 1.11
[mC% /% 103.0 100.5 99.7 99.4
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2.3.3  SEBREESHAAT
PEPEPE KB N 460 ~580 nm, FEE]FE 1 nm, DA
A2 A S LV, A BE VA T W

x3 HmUNEER
Table 3 Analytical results of samples

RIS MAT PLS 5 Hh 4% 41 73 9 Jo o0 B, 4 2R A3k 3
JF 3.

Bt 4 (mg/kg)
FE ST 5
Pb2+ Cu2+ Ni2+ Cd2+
TIPS 37.8 756.5 130.2 ek
ESSS 51.2 503.5 112.8 1.2
EAS 87.8 1133.0 205.8 3.0
LENy % 42.5 405.2 176.0 A
e 77.5 1 006.5 203.5 0.8
AR 3.2 485.0 137.5 AR
fik A% 89.5 1397.8 159.2 3.5
SRFIAESS 8.8 955.2 120,0 0.8

FRAE ) 55 il PE bR ofE GB2762-2012( & i {5
DEMBRAE) 7 280 Ph* Y R A AN AR S mg/
kg, iX 8RR A Ph* & 1 B AR, H RS 25 Y
Ph?* S BB AR R HL, I 16. 9 . AL NY659
~2003( A& I H s B R SR AR A BREE) T A
HETHLE S e G B R AR 1 mg/ kg, KRR
IR Cd™ & R A SR ISR AR
[ B A bR, EIX 4 Fh LG & B BRI, BR
TONI™ TR A I G o v T A R T O
PO

3 &g

ARSI VR DT UE A, POl L T Ve o B &
ZEMhE 48 Ph . Cu® Ni*T L Cd*, JFH PAR i
BN EEA I ERE TR X WO 5 E )
E4JE PH ., Cu™ Ni** Cd™ 2 DU 2 7 A LR &
TR RIS A S R AT [R5 BT, FH O 5 /s — 3k Ak
P O, A5 B A B L TR R AR
AR, T B SRR 25 R ] 5.
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