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Abstract
A co m pu te r-con tro lled  system, included a sequential in jection  system and an 

e lectrochem ica l detector, was deve loped for the  de te rm ina tion  o f mercurydl) ion 

(Hg2+) concentrations. The screen-printed carbon e lec trode  (SPCE), a w e ll-know n 

low -cost e lectrode , was m odified by overlaying in-situ w ith  a gold film  (Au-SPCE). 

Square wave anodic stripping vo lta m m e try  (SWASV) using th e  Au-SPCE was 

perform ed w ith  a tw o-s tep  deposition po ten tia l o f an in itia l -0 .5  V vs Ag/AgCl fo r the  

preparation o f the  gold film  and then a deposition p o te n tia l o f  +0.2 V vs Ag/AgCl fo r 

th e  preconcentration o f mercury. An on-line m edium  exchange m ethod  was 

included in th e  in jection step to  reduce the  effect o f  ch lo ride  ions, w h ils t a solid 

phase extraction cartridge was used to  rem ove interference fo r copperfll) ions. The 

f lo w  pattern o f the  sequentia lly  in jected solutions w ith  th e  synchronized tw o-s tep  

deposition potentia ls  did n o t significantly a ffect the de tec tio n  o f Hg2+. Square wave 

parameters o f a 4 mV step potentia l, 150 Hz frequency and 30 mV am p litude  gave 

an op tim a l Hg2+ de tec tion  sensitivity w ith  a lim it o f de tec tio n  o f 0.22 pg L 1 (sample 

vo lum e  o f 0.9 mL) w ith o u t any significant interference e ffect. This m ethod  was 

successfully applied to  determ ine Hg2+ concentrations in real w ater samples, 

including in th e  chloride-rich samples o f sea w ater and ta b le  salt, w ith  very good 

accuracy (recovery in th e  range o f 96.0-101%).

Keywords: sequentia l in jection analysis; m ercury determ ination; on-line  m edium  

exchange; screen-printed carbon electrode; square-wave anodic stripping 

vo ltam m etry .
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5.1 Introduction
Mercury (Hg) is used in lam ps and several o the r industria l processes because it 

is a liqu id  m eta l at room  tem pera tu re  and can form  amalgams w ith  o th e r m etals [95]. 

Mercury and its com pounds are applied in m any industria l m anufacturing processes, 

such as in the  m ining o f gold (Au) and silver (Ag), and in th e  p roductio n  o f paper pulp, 

ch lorine gas, caustic soda and even pharm aceuticals [96]. On th e  o th e r hand, Hg is 

one o f the  m ost toxic e lem ents th a t is released in to  th e  env ironm ent by 

anthropogenic processes w here it flow s through and accum ulates w ith in  the  food 

chain, especially in m arine organisms [97], A lthough o ften  present a t o n ly  lo w  doses 

in these food  chains, Hg can accum ulate  w ith in  the  fo o d  chain over tim e reaching 

toxic levels and so threatens the  environm ent and hum an hea lth . W ithin humans, 

Hg can cause M inam ata disease, renal failure, disorders o f nervous systems, m em ory 

problem s and even death [98], Due to  its high toxic ity, th e  US Environm ental 

Protection Agency and th e  W orld Health Organization have set a m axim um  threshold  

o f Hg o f 2 pg L 1 in drinking water, based on an average w ater consum ption  o f 1-2 L 

d 1 fo r adults [99, 100],

The m ost co m m o n ly  used m ethods to  determ ine the  concentra tion  o f Hg in 

samples are spectrom etric m ethods, such as a tom ic absorption spectrom etry [ 1 0 1 - 

106], fluorescence spectrom etry [107-111], phosphorescence spectrom etry  [112] and 

inductive ly  coup led  plasma mass spectrom etry [113-115], A lthough these m ethods 

are w e lt established, they  invo lve tim e-consum ing, laboratory-based techniques w ith  

large, non-m ob ile  and expensive instrum ents th a t require tra ined workers to  operate 

them . Furtherm ore, com plica ted sam ple preparations m ust be perfo rm ed because 

the  m atrix contains a variety o f agents th a t cause interference, especially, in the  

saline samples [107, 116]. To reduce this interference, th e  use o f sam ple preparation 

techniques a n d /o r sam ple p re trea tm ent steps include solid phase extraction (SPE) 

[117] and e lectrochem ica l deposition [118].

Anodic stripping vo lta m m e try  (ASV), an e lectrochem ica l m e th o d  based on the  

deposition o f Hg on a working e lectrode  and its subsequent stripping, is the  m ost 

undertaken techn ique  fo r th e  determ ination  o f Hg2+ concen tra tion  due to  its 

sensitivity, po rtab ility  and com patib ility  w ith  autom atic  opera tion  [22, 119], Previous
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research has shown th a t Au is the  m ost suitable w orking e lec trode  for the  

determ ination  o f Hg2+ tevels, and has been used in the  form  o f a Au disc or wire 

electrodes, a Au film  on glassy carbon e lectrode  and a Au m odified  screen-printed 

carbon e lectrode  (Au-SPCE) [19-21, 113]. A lthough ASV using a Au e lec trode  provides 

a high sensitivity w ith  lim its  o f de tection  (LOD) o f Hg2+ levels in the  nanom olar-scale, 

ch loride  ions (Cl ) in th e  sam ple m atrix are an interference in th e  dete rm ina tion  o f 

th e  Hg2+ concentra tion  because Cl e ffect the  sensitivity and characteristics o f the  

anodic stripping peak o f Hg [18, 120]. A m edium  exchange techn ique  fo r elim inating 

the  m atrix e ffec t encoun tered  in deposition o f th e  sam ple so lu tion  has been 

deve loped  in a conven tio na l e lectrochem ica l ce ll and a subsequent o n -line  system 

[121, 122],

เท this work, an au tom ated  system based upon sequentia l in jection and 

coup led  w ith  ASV using an in-situ Au-SPCE fo r th e  de te rm ina tion  o f Hg2+ 

concentrations was deve loped. The system gave a very good precision and 

reproducib ility  [3] and has th e  po ten tia l fo r in-situ m e ta l film  m odifica tion  o f the  

working e lectrodes [64, 89, 123], It also protects th e  o p e ra to r fo rm  d irect contact 

w ith  th e  samples due to  th e  on-line  flo w  based system. Furtherm ore, the  on-line  

m edium  exchange to  e lim ina te  th e  effect o f Cl can be perform ed sim ply w ith  this 

m ethod.

5.2 Experimental

5.2.1 Chemicals and Reagents
A ll reagent and standard solutions w ere prepared w ith  u ltrapure  w ater 

(resistivity >  18.2 m Q  cm  ')  from  a M illi-Q  U ltrapure W ater Purification System 

(M illipore, USA). A I M  nitric acid (H N 03) so lu tion  served as th e  supporting 

e lectro ly te , and was prepared by d ilu tion  o f 65% H N 0 3  (Emsure®, Merck, Germany). 

A Au plating so lu tion  was accurate ly prepared by d ilu tio n  o f a A u3+ standard solu tion 

(standard grade fo r a tom ic  absorption spectroscopy, 1002 mg L \  Fluka, Switzerland) 

w ith  1 M FINO3 . A standard 1 mg L 1 hlg2+ so lu tion  (standard grade fo r a tom ic 

absorption spectroscopy, 1000 mg L ', Fluka, Switzerland) was d ilu te d  as required 

w ith  1 M FINO3  to  obta in  the  final desired concentration.
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5.2.2 Apparatus

The au tom ated  flow -based system in this w ork u tilized a sequential 

in jection (SI) system (Auto-Pret MP-014S, MGC Japan) th a t consisted o f a syringe 

pum p (PSD4, H am ilton, USA), a PTFE holding coil, an e igh t-po rt se lection valve (MVP, 

H am ilton, USA), a six-port switching valve (although this was n o t used in this work), 

and PTFE tubing (0.75 m m  i.d.). The system was c o n tro lle d  by co m pute r software 

deve loped  in house.

The e lec trochem ica l detection  and in-situ Au-film  preparation was 

perform ed by a p o te n tio s ta t (Auto lab PGSTAT30, M etrohm  A uto lab , The Netherlands). 

A th in-layer flo w  c e ll (cross-flow  cell, B ioanalytical Systems, USA), used as the  

de tec tion  part, and consisted o f a th ree-e lectrode  system  o f th e  in-situ Au-SPCE as 

the  working e lectrode , an Ag/AgCl e lectrode (3 M KCl) as th e  reference e lectrode  and 

a stainless stee l tu b e  as th e  co u n te r e lectrode  as w e ll as th e  o u tle t o f  the  flo w  cell. 

The flo w  c e ll was housed in a Faradaic box to  extenua te  e lectrica l noise.

5.2.3 Preparation of the SPCE

The SPCEs w ere prepared in house. First, silver ink (Electrodag 7019, 

Acheson, USA) was screen-printed on to  the  ceram ic substrate and then  baked in an 

oven at 55 °c fo r 2 h to  dry the  ink, and then  repeated screen-printing over the  same 

area and baking under th e  same conditions. The dried silver th e n  pad served as the  

conducting pad o f th e  SPCE. เท th e  second step, carbon ink (Electrodag PF-407C, 

Acheson, USA) was screen-prin ted on to  the  conductive  pad, baked under th e  same 

conditions and the  procedure repeated one m ore tim e  over th e  same area. Finally, 

the  prin ted ceram ic p la te  was appropria te ly cu t and used as th e  working e lectrode.

5.2.4 Step Sequence

A schem atic diagram o f the  Sl/square w ave ASV (SI/SWASV) used in this 

w ork  is shown in Figure 5.1. The step sequence w ith  th e  o p tim a l param eters fo r the  

in-situ Au film  preparation and th e  determ ination  o f  Hg2+ concentra tion  by SI/SWASV 

are shown in Table 5.1.

y ...........
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Table 5.1 Step sequence fo r th e  in -situ  Au film  preparation  and th e  d e te rm ina tion  o f m ercury by SI/SWASV.

Step Operating Description
Selection valve position 

[port number]

Syringe 

pump status

Volume

(pL)

Flow rate

(ml ร'1)

Electrode potential

(V)

Time

(ร)

1 Sequentially aspirate solutions into the [4] 1 M HN03 Aspirate 200 200 -0.3a 20

holding coil [2] Sample Aspirate 900 200 -0.3a

[3] 500 Mg L'1 Au(lll) Aspirate 900 200 -0.33

2 Dispense the solutions in the holding coil [1] Flow cell Dispense 2000 10 -0.5b 90

for in-situ Au film preparation and the 

deposition of Hg
+0.2C 110

3 Equilibration - Delay - - +0.0 3

4 Stripping and recording voltammogram - Delay - Scan (+0.0 to +1.0) 12

5 Cleaning and conditioning the electrode [6] 1 M HCl Aspirate 2500 200 +1.2d 100

for the next analysis [1] Flow cell • Dispense 2500 100 +1.2d

[4] 1 M HNOj Aspirate 2500 200 +1.2d
[1] Flow cell

Dispense 2500 100 +1.2d

T o ta l tim e (ร) 335

Standby potential, b Deposition potential for Au,c Deposition potential for Hg,d Cleaning potential
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Figure 5.1 Schematic diagram of the SI/SWASV system used for the in-situ Au film 

preparation and the determination of Hg2+ concentration.

(SP, syringe pump; HC, holding coil; SLV, eight-port selection valve; ร, 

standard/sample solution; Au, Au3+ plating solution; HN03, 1 M HNO3 solution for the 

electrode cleaning and displacement of the dead volume; HCl, 1 M HCl solution for 

the electrode cleaning; WE, working electrode; RE, reference electrode; CE, counter 

electrode).

The determination of the Hg2+ concentration was performed in five 

steps. First, an electrolyte solution for the stripping step (1 M HNO3 solution), the 

test sample solution, and an Au plating solution (500 pg L 1 Au3+ solution in 1 M 

HNO3) were sequentially aspirated into the holding coil and the potentiostat was 

started at a standby potential. Next, the selection valve position was changed to the 

position of flow cell and the syringe pump dispensed the aspirated solutions from 

the holding coil in the reverse direction with aspiration. Therefore, the first solution 

to enter the flow cell was the Au plating solution. A -0.5 V vs Ag/AgCl potential for 

90 ร was used for the deposition of Au, and this was followed by the entry of the 

test sample solutions with the potential set at +0.2 V for 110 ร for the deposition of 

H§ and then the pure electrolyte solution. The pure electrolyte solution in this step 

was used as a medium exchange solution as well as a displacement solution for the 

dead volume in the system. Therefore, hlg2+ in sample solution was deposited on
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th e  e lec trode  surface in the  e lec tro ly te  so lu tion o f 1 M H N 0 3  and then the  fresh 

e le c tro ly te  so lu tion  was changed for the  stripping step. The th ird  step was an 

equ ilib ra tion  step in which the  syringe pum p stopped for 3 ร. Fourthly, the  

m easurem ent step was perform ed where the  ASV was recorded from  th e  p o te n tia l 

o f +0.0 to  +1.0 V w ith  a square-wave w aveform  (frequency o f 150 Hz, step po te n tia l 

o f 4 mV, and am p litude  o f 30 mV). Finally, the  e lec trode  was cleaned by 1 M HCl 

and 1 M HNO3 solutions w ith  an applied po ten tia l o f +1.2 V for 100 ร (step 5 in Table

5.1). The cleaning p o te n tia l oxidized and rem oved the  Au film  and remaining 

analytes on th e  e lectrode . Therefore, the  e lectrode  was available for several 

analysis reuses. A ll experim ents were perform ed at natural room  tem perature (— 25- 

27 °C).

5.3 Results and Discussion

5.3.1 Effect of the Supporting Electrolyte Solution

Three acid solutions, nam ely hydrochloric acid (HCl), nitric acid (HNO3), 

and perch loric acid (HClOq), w ere evaluated at 1 M concentra tion  as the  supporting 

e le c tro ly te  because in general m eta l ions are stable in th e  cationic form  under an 

acidic cond ition  (57], For each acid e lec tro ly te  so lu tion , the  determ ination o f Hg2+ 

was perform ed using a 50 pg L 1 Hg2+ by SI/SWASV. The oxidation peak o f Hg2+ in 1 M 

HCl had a low er p o ten tia l com pared w ith  those from  th e  o th e r tw o  supporting 

e le c tro ly te  so lu tions (Figure 5.2), which im plies th a t the  oxidation o f Hg2+ in 1 M HCl 

occurred m ore easily than in th e  tw o  o the r supporting e lectro ly tes because the  

ch lo ride  salt o f  the  stripped Hg2+ could  be fo rm ed [18], However, 1 M HCl was 

inappropria te  as an e le c tro ly te  solution due to  low er obta ined anodic peak current, 

w h ile  1 M HNO3 gave th e  highest peak current. Because sensitivity is an im portan t 

p roperty  o f any quantita tive  m ethod  to  achieve a LOD, HNO3 was selected as the  

supporting e lec tro ly te .



73

Figure 5.2 Typical square wave anodic stripping vo ltam m ogram s ๐ ท th e  พำ-ร/?น Au- 

SPCE o f 50 pg L 1 Hg2+ in 1 M e lec tro ly te  so lu tions o f HCl (do tted  line), 

HCIO,} (dashed line) and H N 0 3  (solid line).

»
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Figure 5.3 Effect o f  th e  HNO3  e lec tro ly te  concentra tion  on th e  anodic stripping peak 

curren t o f 50 pg L 1 Hg2+ by SI/SWASV.
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Thereafter, the  concentra tion  o f H N 0 3  e le c tro ly te  so lu tion  was 

investigated over range o f 0.1 M to  2.0 M (Figure 5.3). The resulting stripping peak 

height o f  H§2+ increased w hen th e  concentra tion  o f th e  FINO3  e le c tro ly te  solu tion 

increased from  0.1 M to  1.0 M due to  th e  increased ionic strength. Flowever, the  

sensitivity and accuracy o f the  analysis dropped 1.1- and 2.0 fo ld  as th e  FINO3  - 

concentra tion  was increased to  1.5 M and 2.0 M, respectively, because the  hydrogen 

gas generated by th e  e lectrochem ica l reduction covered th e  e le c tro d e ’ s surface [71, 

87, 124], Accordingly, the  suitable supporting e le c tro ly te  so lu tion  fo r this w ork was 

1 M HNO3 .

5.3 .2  C h lo r id e  e f fe c t  a n d  o n - l in e  m e d iu m  e x c h a n g e

For determ ining the  Flg2+ concentra tion  in ch loride-rich samples, such as 

tap  water, sea w ater and a tab le  salt so lu tion , the  Cl w ill in terfere  in the  analysis as 

seen w hen using 1 M HCL as e le c tro ly te  so lu tion (Figure 5.2). เท th e  stripping step, Au 

and Fig can be dissolved in a so lu tion  containing a high concentra tion  o f Cl w ith o u t 

an e lectrochem ica l reaction, and th e  oxidation o f Au then  occurred at a p o te n tia l o f 

abou t +0.7 V vs Ag/AgCl, which a shift to  a low er p o te n tia l com pared to  the  

com m on oxidation peak po ten tia l o f Au at abou t +0.9 V vs Ag/AgCl [57]. Moreover, it 

has been reported  th a t various concentrations o f Cl- be tw een 1 กาM and 5 mM also 

resu lt in th e  shift o f  peak po ten tia l [122], Therefore, the  presence o f Cl affected the  

a m oun t o f deposited Hg and the  stab ility  o f the  Au film  on th e  SPCE surface. To 

solve this prob lem , an on-line m edium  exchange procedure has been developed.

เท this work, the  SI system was coup led  w ith  a th in  layer flo w  c e ll w ith  a 

th ree -e lec trode  system, which is suitable to  perform  an o n -lin e  m edium  exchange 

procedure. A sm all vo lum e o f fresh supporting e le c tro ly te  (1 M FINO3 ) was 

subsequently in jected in to  the  flo w  c e ll before th e  m easurem ent step, which o n ly  

takes 20 ร. This m ethod  was used for dete rm ina tion  o f H§2+ in a standard so lu tion 

containing 50 pg L 1 H§2+ in 1 M HCL The increase in th e  anodic stripping peak height 

o f Fig was found  to  be 2.5-fold m ore than th a t in the  absence o f the  m edium  

exchange procedure (Figure 5.4). Therefore, th is result supported  th a t th e  on-line 

m edium  exchange procedure was e ffective fo r subsequent de te rm ina tion  o f th e  Hg2+ 

concentrations in chloride-rich samples.
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F igu re  5 .4  Typica l square-wave anodic stripping vo ltam m ogram s ๐ ท th e  in-situ Au- 

SPCE o f 50 pg L 1 Hg2+ in 1 M HCl, e ither fo llow ing  th e  m edium  exchange 

m e th o d  to  rem ove Cl ion (solid line) or w ith o u t th e  m edium  exchange 

m e th o d  (dashed line).

5.3.3 E le c tro d e  C le a n in g  s te p

The e lec trode  cleaning solu tion was th e n  op tim ized  in order to  rem ove 

th e  residual analytes and gold film  on the  e lectrode  surface after th e  stripping step. 

From th e  observed e ffec t o f the  presence o f Cl on th e  Hg oxidation po ten tia l, 1 M 

HCl was also used as th e  cleaning so lu tion in com parison w ith  1 M HN03. A high Hg2+ 

concentra tion  (1000 pg L *) was analyzed by SI/SWASV using e ither 1 M HCl or 1 M 

HNO3 as th e  cleaning so lu tion , and then SI/SWASVs o f th e  pure e le c tro ly te  so lu tion  

(1 M HNO3) w ere perform ed to  check the  leve l o f  residual o f  Hg on th e  e lectrode . 

W hen 1 M HNO3 was used as th e  cleaning so lu tion , an anodic stripping peak o f Hg 

was s till found, whereas th e  voltam m ogram s o f the  supporting e le c tro ly te  w hen 1  M 

HCl was used as th e  cleaning so lu tion were clean and sm ooth . Therefore, 1 M HCl 

was selected as th e  cleaning solution. However, th e  vo ltam m ogram s w ere n o t clear 

a fte r 10 repeated analyses, so 1 M HNO3 was add itio n a lly  used to  clean the
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e lec trode  after cleaning w ith  1 M HCl. The vo ltam m ogram s o f this e lectrode 

cleaning procedure were then  found  to  be sm ooth  in long te rm  analysis. It is 

p lausib le  th a t th e  add ition  o f H N 0 3  served as an aqua regia fo r rem oval o f  the  Au 

film  to  renew  the  e lec trode  surface.

5.3.4 T w o -s te p  D e p o s itio n  P o te n tia l a n d  F lo w  P a tte rn  o f  th e  S e q u e n tia lly

In je c te d  S o lu t io n s

Using th e  SI system, th e  solutions can be in jected in to  th e  flo w  ce ll 

sequentia lly, so each so lu tion  th a t was aspirated in to  th e  system was separated in 

th e  tubing as a f lo w  stream. The advantage o f this is th a t the  deposition  po ten tia l 

fo r th e  preparation o f th e  in-situ Au film  and th a t fo r the  accum ula tion  o f Hg can be 

perform ed at d iffe ren t potentia ls. The deposition p o te n tia l fo r th e  preparation o f 

th e  Au film  was evaluated betw een -0.6 V and -0.1 V using one-step deposition 

po ten tia l. The deposition p o ten tia l fo r the  Au film  preparation th a t gave th e  highest 

peak current o f Hg was found  to  be -0.5 V. Hence, th e  deposition  p o te n tia l fo r the  

accum ula tion  o f Hg was investigated betw een -0.5 V and +0.5 V w ith  the  fixed 

deposition p o te n tia l o f  th e  Au film  preparation o f  -0.5 V to  find th e  m inim um  

required deposition p o te n tia l fo r Hg accum ulation. The o p tim a l deposition  p o ten tia l 

fo r accum ula tion  o f Hg was +0.2 V (Table 5.2). Furtherm ore, th e  concentra tion  o f 

th e  Au3+ so lu tion  was evaluated from  100 to  3000 pg L 1 and th e  best result was 

obta ined w hen using 500 pg L 1 Au3+ for th e  Au film  preparation.
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Table 5.2 Summary o f optimized experimental conditions for the determination o f Hg(ll) by SI/SWASV using i n - s i t u  Au film SPCE.

Parameters Examined Optimum
Type of supporting electrolyte solution HCl, HN03, HClOa HNO3

Concentration of the supporting electrolyte, HNO3 (M) 0.10, 0.50, 0.75, 1.0, 1.5, 2.0 1

Deposition potential for preparation o f Au film  (V) -0.6, -0.5, -0.4, -0.3, -0.2, -0.1 -0.5

Deposition potential for accumulation o f Hg (V) -0.5, -0.2, +0.0, +0.1, +0.2,+0.3,+0.4, +0.5 +0.2

Concentration o f Au(lll) solution for preparation o f Au film  (pg L ') 100, 500, 700, 1000, 3000 500

- Square wave parameters

- Step potential (mV) 0.5, 1,2, 3 ,4 ,5  4

- Frequency (Hz) 25,50, 100, 150 150

- Amplitude (mV)
5, 10, 20, 30, 40, 50 30
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When the solutions were aspirated sequentially into the holding coil 

and then dispensed into the flow cell, where the deposition potential was -0.5 V (for 

the preparation o f the Au film) and then immediately changed +0.2 V (for the 

accumulation o f Hg), they could partially mix at their respective interfaces. This 

boundary mixing may affect the efficiency o f the Hg2+ determination and so to 

evaluate this a 0, 200, 500 pL fraction of 1 M H N 0 3  was added to separate the Au3+ 

solution from the sample solution (Figure 5.5). The typical square wave anodic 

stripping voltammograms gave a Fig anodic peak height of 2.2, 2.2 and 2.3 pA for 

addition o f a 0, 200, 500 pL separating F IN O 3  fraction between the Au3+ and test 

samples, respectively (Figure 5.6). Thus, the mixing o f solutions in the holding coil 

did not significantly affect the Flg2+ detection ability using this two-step deposition 

process, and so simplest method of the Au-sample sequential injection without the 

addition o f a separating 1 M F IN O 3  fraction was selected.

Flow direction ..... ..... ..................... >  To flow cell
I Sample

Sample

c*- ^^am ple

Figure 5.5 Schematic diagrams of the likely different flow pattern obtained by the 

three injection methods of the Au-sample with a separating 1 M F IN O 3  

interlayer o f 0 (A), 200 (B) and 500 (0  pL.
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Figure 5.6 Typical square wave anodic stripping voltammograms on the i n - s i t u  

Au-SPCE of 20 pg L 1 Hg2+ in 1 M HN03 with a Au-sample separating 

1 M HNO3 interlayer o f 0 (solid line), 200 (dashed line) and 500 (dotted 

line) pL.

5.3.5 Analytical Characteristics
The frequency and amplitude of the square wave-wave form of the 

SWASV were optimized, and the results are summarized in Table 5.2. Under the 

optimized conditions, the calibration graph for the determination o f Hg2+ 

concentrations by SI/SWASV using the i n - s i t u  Au-SPCE was found to display a linear 

relationship between the anodic stripping peak height and the concentration of hlg2+ 

in a range of 1-20 pg L 1 with a calibration equation of y=0.1956x+0.5376 (R2=0.9994). 

The lim it o f detection (LOD, the concentration corresponding to three times the 

standard error of the calibration graph’s linear regression) was 0.22 pg L 1 whilst the 

repeatability was calculated from the determinations o f Hg2+ in a standard solution 

containing 20 pg L 1 o f Elg2+, had a relative standard deviation (RSD) o f 6 .8 % which is 

acceptable for this concentration range according to AOAC guidelines.
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5.3.6 Interference study
The interference o f foreign metal cations (Na+, Ca2+, Mg2+,Cd2+, Pb2+, Ni2+, 

Cu2+, Al3+ and Fe3+), which are generally contained in natural water, were individually 

evaluated at a concentration of 1000 pg L 1 in the presence o f 20 pg L 1 Hg2 (50-fold 

the Hg2+ concentration). The anodic stripping peak o f Hg was clearly overlapped with 

that for Cu, and the anodic stripping peak current o f Hg was reduced slightly (by

0.6%) in the presence of Pb2+ compared to the peak current without the foreign 

cations. However, all the other tested cations did not have a discernible effect on 

the anodic stripping peak o f Hg. Therefore, a lower concentration o f 100 pg L 1 of 

Cu2+ (five-fold the Hg2+ concentration) was evaluated. The typical anodic stripping 

voltammograms revealed that the peak of Hg still overlapped with the Cu peak 

(Figure 5.7), and so the removal of Cu2+ is necessary for the determination o f Hg2+ 

concentrations by this method.

To eliminate Cu2.!, a conventional off-line SPE cartridge, Analig® TE-3 

(GL Sciences, Japan) was used [21, 90], The voltammograms of the 20 pg L 1 Hg2+ 

solution in the presence o f Cu2+ with and without the SPE pretreatment are shown in 

Figure 5.7. The voltammogram of standard solution in the presence of Cu2+ after 

passage through the SPE cartridge was similar to the voltammogram of the 20 pg L 1 

Hg2+ solution without Cu2+, with a 94-99% (ท=3) Hg2+ recovery. Therefore, the TE-3 

SPE cartridge based pretreatment was effective at removing Cu2+ from the solution 

without any significant effect on the determination of the Hg2+ concentration. 

เท addition, the TE-3 particles (binding capacity -  0.1-0.3 mmol/g) can be reused and 

the cartridge can be regenerated by eluting Cu2+ with three bed volumes of 8  M acid 

solution or 2 M of NH3 pH 9.5-10.0 buffer solution.
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Figure 5.7 Typical square wave anodic stripping voltammograms on the i n - s i t u  Au- 

SPCE of 20 pg L 1 Hg2+ alone (solid line), or supplemented with 100 pg L 1 

Cu2+ without (dashed line), or with after pretreatment using a TE-3 SPE 

cartridge (dotted line).

5.3.7 Determination of Hg2+ in Real Samples
Three typical real samples of bottled drinking water, sea water (from 

South-Pattaya Beach, Thailand) and a 200 g L 1 table salt solution (>97% by weight 

sodium chloride), each in 1 M HN03, were analyzed by the proposed method. The 

drinking water and the sea water were acidified to 1 M  H N O 3  by dilution with 4  M  

H N O 3  (resulting in a final sample dilution factor o f 1.33). For the saline solution,

2.000 g of anhydrous table salt was dissolved in 10.00 mL o f 1 M  H N O 3  (giving an 

-200 g L 1 NaCl solution) and then filtered through a piece o f filter paper (Whatman 

No.l). All samples were pretreated using the TE-3 SPE cartridge to eliminate Cu2+ 

and then analyzed by SI/SWASV with standard calibration method. The results are 

summarized in Table 5.3. Although the SWASV peak o f Flg2+ was not found in the 

unspiked samples, the determination of Hg2+ in the spiked samples by the proposed 

method showed very good accuracy with a Hg2+ recovery in a range o f 96.0-101%.
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Table 5.3 Determination of Hg(ll) concentration in real samples by SI/SWASV using 

i n - s i t u  Au film SPCE.

Samples Spiked Hg(ll) 
concentration

(ms l *)

Found Hg(ll) 
concentration

(ms l 1)

Recovery
(%)

Drinking water - Not detected -

7.00 7.04 ± 0.06 101
12.0 11.5 ± 0.1 96.0

Sea water - Not detected -

7.00 7.02 ± 0.07 100
12.0 11.9 ± 0.3 98.8

Table salt - Not detected -

10.0 9.61 ± 0.28 96.1

5.4 Conclusions

An automated flow-based device based on a SI system and coupled with 

SWASV using an i n - s i t u  Au-SPCE was developed for the determination of Hg2+ 

concentrations. Several parameters in the preparation o f the i n - s i t u  Au film on the 

SPCE and the subsequent electrochemical detection o f Hg2+, including the two-step 

deposition potentials and the square wave-wave form, were optimized. On-line 

medium exchange before the stripping step was appended as a very small step in 

the sample injection to remove Cl ions. The flow pattern o f the sequentially 

injected solutions, evaluated in terms of the two-step deposition potentials, did not 

have a significant effect on the mixing zone o f the two solutions and so the ability to 

segregate the different deposition potentials. This proposed method provides a cost- 

efficient, simple, convenient, and highly sensitive device for the quantification of Hg2+ 

concentrations. The proposed method with a two-step deposition potential and on­
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line medium exchange including a SPE cartridge was successfully applied to 

determine the Hg2+ concentration in a drinking water sample and in the chloride-rich 

samples of 75% (v/v) sea water (~46 g L 1 salinity) and 200 g L 1 table salt with good 

accuracy.
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