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Determination of Trace Mercury in Waters by Spectrophotometry
With Dispersive Liquid-liquid Microextraction

LI Hui, YAN Xiao-na,DENG Jian,LIU Ya-ting, WANG Li-li, LI Xu-ting
(School of Chemistry and Chemical Engineering,University of South China,Hengyang,Hunan 421001 ,China)

Abstract; A novel method for the determination of trace mercury in waters by dispersive
liquid-liquid microextraction ( DLLME) coupled with spectrophotometry has been devel-
oped. The preposed method uses thio-Michler’s ketone ( TMK) as a chelating agent for
mercury and carbon tetrachloride as an extraction solvent, acetone as a disperser. The pa-
rameters for determination of mecury were optimized including the pH of solution,the che-
lating agent for mecury ,the types and dosages of extraction solvent,dispersant and the ex-
traction time. Under the optimum conditions,the calibration curves were linear in the con-
centration range 110 ~420 ng/mL for mecury with the correlation coefficient of 0. 9981.
The detection limit was 55 ng/ml and the relative standard deviation (RSD) 8.3% (n =
8). The method was used to determine trace mercury in water samples with the recoveries

in the range of 92.0% ~108.0% . It exhibited a sensitive,rapid and easy-to-use method
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for the fast determination of trace mecury in water samples with high accuracy demonstra-

ting its potential for practical application.
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IKZ— VAR B LA S A T, S N2
AP RN R T A A A AR
BRI TP AR 16 TR A SRS R
PRI /K B3 75 % 8 A 24 4t BT e 1) S 2 FR 5T
[l — IR 5 R A K 5875 e 3 308 h
JUE AR, R AGE W i A TR e
A RE P A, R R S E 2o m T30
B R M BE R LT T 2L AE L LR
A0 3 A R T AT A i B i A PR SR T
st I, I8 B W R AR EAN
& R SRAR 0T Rk 10° ~ 1071

H i, ok 5900 T vk A R ik
(AAS) %) JRF & Bk (AES) ' R 7 2tk
(AFS) '™ k™ i (Ms) 1 e
Dk AR S e gk AR AR R SR BT M
SR 5 R R (RS R R A TR ey, SR
K. R WFSE R ey R A AR s BER
I PRAETRTE Y 3 A 7 ¥ BA -+ r B B &
S ABIK IR rh R B e B H AR mg/ L B
pe/L 9, W LA EE B IR I T IR E 2R X
PR — R, DA e o5 A8 B T 03 1 S H AR 4
TR T ) R R

2006 4F H Assadi' ™! ZE4R T — Rl A A
FR A it D Ak P AR — 73 HEOB R T2 I ( desper-
sive liquid-liquid micro-extraction, DLLME ) , i% J7
R HEOVOT 2= ECH RO R ARG 3 5 L
0L 2 BRI RV i VA T 190 4 fh T AR e R AEG , 41
NPy AE IR R J5 P AT 0 A, BRI T R R AR AR
e R RARR , 52 3 (5 XS PR 5E A 4 S L 3, 1k
iy HRTIR I 5B v i B I I TR BT e 2 —.

AR SR B AOK 2 5 7R AR U0 T K Y
LLOTCE YR R R U S AR A IBGH] A T
AT HIGR 2O AR ) (R S T
3 BIOBOBV A I — 731616 B v I S 7K B3 v i
IR I 2%

1 SegeEksr
L1 5

UV-Vis 8500 54b/ 0] WL oy e e it (B ifER
LR AAEARA ) ; AY120 BIHL K- (SHI-
MADZU COOPERATION) ; Professional Meter PP —

15 % pH 71 ( Sartorius ) ;80 -2 HI B0 UlyE s ( I
T ARSI ) 5 o IR 55

IRBRUETR I - FH 100. 0 g/ mL( B ZAREY) i
U ) IR 7 fiff 25 TR B R 10. 0 pg/mL ISR bR
VEME I ;1.1 x 10 ™ mol/L At R AY ( TMK
TN T AR T AR T30 T ) PRV A R R — T TR
BNGEI FITAR EGR X SR A B el s A R 2K
1.2 XWHE

T 15 mL B ZE RO TARIANA 10 mL Frifi
TAEW, 1 mL 22,2 mL TMK DBV, 225,
FRHE 2 min. LA 1 mL PR, B R Rk
A 100 pL POk, BIZIPRG 1 min, 1523351
FLPIE. 3 000 r/min &0 3 min, A VAT F
ENE, FHOE HE R 2 A DA 230 e B8 2 2 it
ZIEE BT IMAEIRE B2 0.5 mL, 1RS]S
FIA 1 em B e @A, LU 2 A 2 1,
UV-Vis 8500 T 653 nm ALl 7N,

2 ZER R

2.1 WRUST i i 2k

PRS2 7 1 AE 450 ~ 750 nm 30 N
TR MOETE (LR 1) . I AT, R4 A
KA T 653 nm Ab 357 25 AT L0052,
T $E 653 nm I E I K.

500 550 600 650 700
Amm

B 1 R—TMK BL& ¥R B ik
Fig.1 Absorption spectra of Hg-TMK complex

2.2 RMA®KpHEREZHRBE

BEHAF BT MUK R T BB G Ia 1Y pH
A STAEBCA 5 56 4[] B SO ) 328 5 20 01
— WA SR, %8¢ T pH =2,2.5,2.8,3,



76 BRI (A SRR R

2011 45 6 H

3.2,3.5,4,4.5 BRI BN A W) OO 1 b 5
BRI AR BOSCR B 52, 5 R 2.

08
0.7}
0.6[
05
0.4
03]
02[
0.1[
oof ™

20 25 30 35 a0 43

pHIA

G A

B2 pH XM (A)HIRIT
Fig.2 Effect of pH on the absorbance

H1P 2 AT VRTE pH =3. 5 IO GRE SRR,
[ 7 ER R — PR NS thi R pH M 3.5 I, 545K
MR X G RE RN SRR 3 PR,

08

0.0

2
pHv/mL

B3 ZMREAEXRLE(A)BRNE
Fig.3 Effect of buffer solution dosage

on the absorbance

L 3 WL FESE 0 55 N, G2 vhis W I A
1.0 mL WO E R FLRRGE , T DA SE I8 v PR3 R
—BETRAA S PR FH RN 1.0 mL.
2.3 ERFINEEERAE

FE TG TR X 43 O — IR 2 B e

SO AR RS AT @ ke, =

Bt VUG e DU R AR TR 2 J6 5595 770 6 2 B3k
BRI , 45 5 F B DU S AR 1 2 B i . 1
P JRACIS 7 % 5% T SRR (50,70,90, 100,
120,160,170, 180,200,220 L) H PO 58 4k Bk %f A%
B Ry 52 25 R Al 4 s,

&L 4 AT FESE B A5 1T, DUl A Y AR FR

FE 100 WL IO BE (R i HLARE |, i DA S 6 1k 5%
PO SRR 9 F R 100 L.

0.7

0.1}

0.0

0720 20°60 80100 120140 160 180200 20240
I AR V/uL
B4 FEFASMRLE(A)HNHZN
Fig.4 Effect of extraction solvent dosage

on the absorbance

2.4 SEFMEERRAE

G RIGR DX K A HLAR A R4 1Y) 25 A,
ARSI L B T W O N 2 B
SRR 25 23 HIGR , R 23 BRGSO S8 AR RR 7R 7K
YA B B BOCR: | REIE WU AR A FL IR
Ferb UPN B A 73 ORI R il I80R  HR) B 1
IS RN S eSS RTANCE S i S o S Sl A e
S0 R P PR g 3 BRI P2 AN [ (A AR 1A i o
AWICRBIRN S5 R 5 Fs.

071

0.6

0.0 T S S
0204 0608 1.0 1214 16 18 2022
PERV/mL

B5 SEFIAENELE(A)BRMm

Fig.5 Effect of dispersant dosage on the absorbance

H LS AN, 7R SE 50 25, N T &= ol
1.0 mLAF I OE R 3 HLARE , I LASE I BE BTN
P FH &4 1.0 mL.
2.5 TMK A=
PRSI k58 T R [F FH & TMK % 5t 68,
AL PSR A2, 45 R 4 E 6 FiR.



5525 B2 W B SRR ORI R K R R 71
T Fh 1 7 W0, W G A T
ol FCE2 2 min S5 WORHE R BEBA R 4 K T8k,
< o4l PRI, SE0 e PR B 24 3 min.
=03} LU JE 5K 4 R H A 2 R
02l ], 45T 1~ 10 min PIROAEURR, 25 FAR I
o ERI IR FE (TG 5 B0, D130 15 T LA
RO T I W T R T X IKBIAEBOPT BT L) SEI PRI AS UR TR 1 min.
AR K FC i TMK i V/mL 27 REETHEMN
M6 TMK RERIER (A) BE0 ST SR T A B B T

Fig.6 Effect of TMK d the absorb: Y / + N
ig ect o osage on the absorbance M5B, T 50 e ng HRFRETE 5%

LAY, 500 5 9 Na*®  K*  Ca®* . NH, ;300 1% fY
PO, .SO;™ Mg™* (AI’* ;50 {5/ Fe’* .C1~ Ni**;
20 f%5 4 Cd**  Pb** [ Cu®*  Zn®"  Mn® " AT

H & 6 AT FESCEG S5, TMK ¥ 27
2.0 mL B IR OE BEE 5 HAR e, SCI e £61.1 x
10 ~* mol/L TMK PAERIAR Y FH R 2.0 mL.

2.6 RREAIEIRE EREE e, AL RRA MR
FR RGN Ay 28 BICREREER
PSSP % T AR R Gl g PR AIURIDRRRERR, (R R
B IR 25 B 7 . ZAF T, T 653 nm AL E R OERE. én%%ﬁﬁ ,mﬂ%&f
TE 110 ~420 ng/mL JEH NS5O 2R, 26
081 PERIE T FEA A =0.0017 +0.007581¢(ng/mL) , #H%
0.7[ FHr=0.9981. LA 11 ¥zs Hil e (EhrEIm 20 3 £5
B 3? [ BRLARER (3Sh/K) H 58 G HBR 4 55 ng/mLL. %
B4l 1 pg/ mLRIFREEATRCTA T 8 YK, 25 AR XA
= 03[ HEMRZE (RSD) A 4. 2% . P FSE 0RO A R
ol H 15 L, S HORR I G I B 0.5 mL,
ool FTLA R AR AE0H 30 135,
T . 2.9 HSMHNTE
E7 REMEXRI;E(A) KM FESLIG T X A SR IK WV AK S He Ak T HE
Fig.7 Effect of time on the absorbance TS K B R HEA T AR DA S VAR 1.

R1 EZERERIN(n=5)

Table 1 Analysis of real samples

- SEFRE JIA AE [\ iR
" p/(pg+ mL™") p/(pg-mL™")  p/(pg-mL™" £SD) /(%)
0.20 0.21 +0.05 99
: d
Rk " 0.50 0.48 +0.07 97
0.20 0.22 40.05 108
W d
LK " 0.50 0.56 +0.12 95
0.20 0.25+0.07 105
T HEOE 0.39
T RISk 0.50 0.46 £0.12 92
n d:*%}ﬂj
3 2 B P M RABUE R AN IR ELT BB A U S AR
Z5

15 T A AP SEBRK AL FR IR R I A2
ARSEIS T T LA DU S AR Bk R 2 BRI

YR, TMK A2 G FI I 2 BORR AR IR, s srik.

BZHTH AR5 4360 B R 156 N 2 7K R R (1] 48, 52540, BelF 1, 5. GB/T 5750. 6—2006 “=

GOTIRE SRR FERUR M 48 T — 1K, B A 5 AE TR FRKARERL 3G 7 k& B HRAR [ S]. dbat. b E bR



78 BRI (A SRR R

2011 45 6 H

it AT ,2007.

[2] Wood J M,Kennedy F S,Rosen C G. Synthesis of meth-
ylmercury compounds by extracts of a methanogenic bac-
terium[ J |. Nature, 1968 ,220(10) :173-174.

[3] Harada M. Minamata disease; methylmercury poisoning
in Japan caused by environmental pollution[ J]. Critical
Rev in Toxico,1995,25(1) :1-24.

[4] Segade Susana Rio, Tyson Julian F. Determination of
methylmercury and inorganic mercury in water sample by
slurry sampling cold vapor atomic absorption spectrometry
in a flow injection system after preconcentration on silica
C18 modified[ J]. Talanta,2007,71(4) :1696-1702.

[5] Zhang Yanlin, Adeloju Samuel B. A novel sequential in-
jection—cold vapour atomic absorption spectrometric
system for rapid and reliable determination of mercury
[J]. Talanta,2008,74(4) :951-957.

[6] Boaventura Geraldo R, Barbosa Antonio C, East Gaston
A. Multivessel system for cold-vapor mercury generation
determination of mercury in hair and fish, Ecol [ J].
Trace Elem. Res. ,1997,60(1/2) :153-161.

[7] XUBI5E, R4, AR, WM-10 BIK IR I 43k 2 B — 5
TGS E K R BBk [ ], 20 Frisd
15%,2009,28(5) :159-162.

[8] ZELU, VTR S . B 2R Lk — R ook
EIEA TR R ICHLR FLEA PR T]. 2 Hrie
2#,2001,29(4) ;403405.

[9] Jones Phil,Hardy Simon. Development of a capillary elec-

trophoretic method for the separation and determination of
trace inorganic and organomercury species utilizing the for-
mation of highly absorbing water soluble dithizone sulpho-
nate complexes[ J |. Chromatogr,1997,765(2) :345-352.

[10] Seibert Edson Luiz,Seibert Edson Luiz,Dressler Valderi Lu-
iz et al. Determination of Hg in seawater by inductively cou-
pled plasma mass spectrometry after on-line pre-concentra-
tion, Spectrochim[ J ]. Acta Part B,2001,56(10) :1963-1971.

[11] Twashita Akira, Nakajima Tsunenori, Takanashi Hiroka-
zu et al. Determination of trace elements in coal fly ash
by joint-use of ICP-AES and atomic absorption spec-
trometry[ J |. Talanta,2007,71(1) :251-257.

[ 12] Kong Youngtae, Bae Yunjung,Shim Yoonbo. Determina-
tion of Hg>* Tons Using a Modified Glassy Carbon Elec-
trode with 2,2"; 6" 2"-Terpyridine [ J ]. Bull. Korean
Chem. Soc,2002,23(2) :346-350.

[13] Liu Zhihang, Huan Shuangyan, Jiang jianhui, et al. Mo-
lecularly imprinted TiO2 thin film using stable ground-
state complex as template as applied to selective electro-
chemical determination of mercury[ J]. Talanta,2006 ,68
(4) :1120-1125.

[14] FRENI, 4 Hri, 5kiR. R £ ZRESUKAHZE UG R 2
FER (VD) [J]. 20 Hrik i3 ,2010,29(6) :105-107.

[15] Rezaee Mohammad, Assadi Yaghoub ,Hosseini Mohammad-
Reza Milani,et al. Determination of organic compounds in
water using dispersive liquid-liquid microext raction[ J].

Journal of Chromatography A ,2006,1116 (122):1-9.





