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Determination of trace copper in environmental water samples by
dispersive liquid-liquid microextraction and energy dispersive
X-ray fluorescence spectroscopy

JIANG Chenyang PAN Fet ZHUANG Xuming TIAN Yuhong WU Xuran™"
(College of Chemistry and Chemical Engineering, Yantai University, Yantai, 264005, China)

Abstract: A novel method“based on dispersive liquid-liquid microextraction ( DLLME) and energy-
dispersive X-ray Aluoréscence 'spectroscopy ( ED-XRF ) with thin sample technology for the
preconcentration and determination of Cu(II) in environmental water samples was developed. In the
present study, sodium diethyldithiocarbamate (DDTC) was used as the chelating agent. A series of
influence factors relevant to the microextraction efficiency including the type and volume of extractant
and disperser solvent, the concentration of chelating reagents, pH and extraction time were
optimized. The best condition was obtained as follows: 50 pL carbon tetrachloride, 0.4 mlL
methanol, pH=8, DDTC mass fraction of 0.03% and extraction time of 3 min. The quantitative
analysis was evaluated by the internal standard method under the optimal conditions, the recoveries
were in the range of 97%—105% along with the detection limit of 0.08 pg-L™". The repeatability of
the developed method was also evaluated by six parallel tests for two actual samples with the relative
standard deviation (RSD) of 3.1% and 3.3%, respectively. The developed method can be applied in

the determination of trace copper in environmental water samples.
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1 #ES 7 ( Materials and methods)
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2 R 5118 (Results and discussion)
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Fig.1 Effect of extractant type and, volume on enrichment factor
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Fig.3 Effect of pH on the enrichment factor Fig.4 | Effect of DDTC concentration on the enrichment factor
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Fig.5 Effect of extraction time on the enrichment factor
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Table 1 Tolerant limits of coexisting ions

. T i . TR T
ST AR T A SN T AR T o
. . Interference ion content/ . . Interference ion content/
External interference ions » External interference ions o
(pg-mL™") (pg-mL™)
Na* K* 1000 Fe** Ag* Ba® 600
Ca®* Mg?* Pb* Sn?* Mn?* 700 Zn* Co* .Cd* 300

2.2 JrikVEREVEAN

R PR ORGSR A RO AR T vk P B I A0 B BRI AR S AR Y 30 B T G HE PR
70.08 pg- L7 ELHIVEEE S 0.5 pg-mL ™ Cu FRIEIEW , TER A T He IR SEEG ik “ 1.3 15 7 A7 2K L
Ko AT AT 6 U, K I 45 S 055 2 7R ED-XRF YGREEI AN 6 Fr7n. 26 2 s LR C, , K6 Ik
CHIBLUFARITRE .C o =m,/V,,C,=C xV,/V, S m, V, V4350 Ry MR 3 AR D5 9 o i A AL
ARRFR L B AR A s (A2 U ) (R FR. FR 2% 2 T LU A T ik R A Ay

x2 HEMREITEME R (n=6)
Table 2 The results of method performance evaluation(n=6)
51

IR AHX BRI AR 2 [ZE Y
Measured / .
Element 4 RSD/ % Enrichment factor
(pg-mL™)
Cu KM FE Concentration of detection 0.46
F P EE Concentration of organic phase 57 2.9 114
JEEAHREIR B Concentration of original standard 0.5
16000 Cu
140007 (Internal standard)
12000
Co
2 10000
g
= 8000
- Ar
6000
4000+
2000t clll o, Fe
0 f 1 N I . I .
0 5 10 15 20
E/keV

Bl 6 0.5pg-mL" Cu bRIEFRAEBKIN XRF S35
Fig.6 The XRF spectra of Cu standard solution(0.5 pg-mL™") in extraction detection

2.3 bR
FI S8 5 3 N 18 M 5 K2 =TI K B AR T T 7K AR S A A S SRR S AT AE 6 YR, RSD 43
AR 3.1% 3.3% ; FEATINBRSEEE , IAR FCRTE 97%—105% . 5256 25 - W3 3.

R3O SEPRAKRERIE S5 F AR ER
Table 3 The determination results and spike recovery of real water samples

IFRHT Pk e

. SR it [r] 2
K Before spiking / ARTRRHEG 22 Spiked/ After spiking/ RLS
Water sample 4 RSD/% (n=6) 4 o Recovery/ %

(pg-mL™) (pg-mL™) (pg-mL™)
37K Lake water 0.06 3.1 1 1.05 99
2 2.11 103
#E7K Eea water 0.18 3.3 1 1.15 97
2 2.27 105
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Table 4 Comparison of the published methods with the method in this work

K HH R

T LORIUDIRES [CE i A 275 3k
. ; . The detection limit/
Enrichment method Detection method Enrichment factor . References
(pg-L7)

BLS/TRTIS FAAS 26 0.6 [22]
- AE UL (LLE) FAAS 30 13 [23]

[ AHAE UL (SPE) FAAS 25 1.05 [24]
S AEHU(CPE) FAAS 46 2.2 [25]
S AL B ( CPE) ETAAS 60 12 ng-L7! [26]
SRR AE B ( DLLME ) FAAS 93 1.2 [27]
SYHOR I ZE L DLLME ) ED-XRF 114 0.08 AL

3 %4518 ( Conclusion)

7 50 L PUSAALAR ,0.4 ml B, pH=8 DDTC SR ECN0.03% , RN E] 3 min 255256 4508 T 18

it DLLME $ A BREE /K RE o AR B R T A B, 15 205200 AU AR 55U 114, A 3 ZEBUSCR A
B R0 5 ] ED-XRF éﬁ%ﬁﬁ&*l_ TSI, A5 SEER A RSD 43BN 3.1% .3.3% , MR A
97%—105% , o ) 25 SR 458 Rl 75 DAL IME TR 35 F18) 45 - A B3 7R P ] e ) 7 T EL A A 1) o7 FH i 5.
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