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Measuring mercury form in Ca( NO,) , solutions using Donnan membrane technique
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Abstract: Although the Donnan membrane technique has been applied successfully to measure some free metal ions in the environmental system
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it has

never been used for identifying mercury form yet. The ratedimiting step of Hg transport from donor side to acceptor side was Hg diffusion in the

membrane. Apart from electrostatic adsorption there was strong chemical adsorption of Hg in the membrane which played an important role in restricting

the applicability of DMT in Hg species measurement. The Hg loss in the donor side was more than 50% because of strong chemical adsorption on the

cation exchange membrane. The chemical adsorption of Hg can be reduced by shortening the sampling time to 8 hours. When a retardation factor was

introduced to account for the retardation of Hg in membrane the chemical form of Hg in Ca( NO;) , solution can be better predicted.
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HgCl, ; Hg
HgCl’~ \HgCl,>~ . Hg
( Cattani et al. 2008; Docekalova
et al. 2005; 2011)
Hg
( Ravichandran 2004) Hg
( DMT)
( Temminghoff et al.  2000) . DMT
( lab-DMT)
( filed-DMT) N

S Cut  Zn® T W PhT T L CAPT VAP ONEP T

(G DMT
ICP-MS
Hg Hg
CaCl, 10% ~35%
DMT / H
(Weng et al. 2005; 2010a) .
( DMT)
Hg 0.02
mol*L.~" Ca( NO,) ,.0.002 mol*L~" Ca( NO,),
DMT He
DMT
He DMT
Ca( NO,) , Hg
2 ( Materials and methods)
2.1
(1) ( DMT)
DMT
( Weng
2005) .
3
( Marang ~ 2006) : D
@ 6)

J; colution ( MOl *m TesT! ) Fick
] _ D ACL tot D.+P ACL
i solution ™ i A8 - i i A5
C.
Pi _ i total ( 1)
CL free
Di (mz.s_l);ciml
( mOI.L_l) ; Ci free
(mol*L.™") ;8
(m); P,
']i membrane
AC. D.

: D, * B"— D, =— 2
-]z membrane im A(Sm i m /\i ( )
(mz's_);B v CA

DIPL Di mBZ
<< 8 Ji solution << ']i m
. it Di mBZi
' 1) O
Ji solution >> Ji m
C =C ﬂ (3)
i tot ace — i tot donor Vacn . 6 L
Ci tol acc
( mOl.L_l) ; C[ tot donor
(mOl'Lil) ;Ae (mz) 1 Var:c
(m’) ;¢ (s).
A, *D, * B
Ci tot ace — C T s ! ( 4)

i donor Va(.(. . 6m . )\ *
(2) HgSO,-Ca( NO,) , Hg
Hg HgSO,-Ca( NO,) ,

pH 1. pH  Hg"
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pH  Hg( OH)$ .pH >4

HgCl,-CaCl,

Hg( OH)}
(pH>7
2010b) .

Hg(OH),

Y pH

1 0.002 mol-L~! Ca(NO,), Hg pH

Fig.1 Change of Hg species in the 0. 002 mol*L~" Ca( NO;),
solution with different pH values ( 500 nmolL.~! HgSO,
calculated using ECOSAT)

Hg’*  Hg( OH)}

HgCl) HgSO,-Ca( NO;) ,
Hg 50% ~70% .
DMT
Hg
pH ng +
Vo6, A
H 2+ :H % acc ~Z'm 5
[ g ] donor Btot ace Ae 'D”gz +.BZ ot ( )
pH  Hg( OH);
Vb, A
H OH -H X acc Ym 6
[ g ( )2] donor Btot acc Ae 'DHg( 0H)Z.BO o ( )
(5) .(6)
H _ ( HgDor ot 1=0 Hg[)ur tot t). VDonor + HgAcu h Vacc
Blot ace — Va(-c
(7)
Hglol acc Hg
Hg .
1 . 18,=1.6x10"m

m

(0.16 mm) .=5.0x10"" m(0.05 mm) A, =1.4
x10 ™ m’ (A, =0.2xA A=7x10"*m’) .V, =2.0

x10 77 m’/ 1.5 x10 7 m’( Kalis et al. 2007) .

1 Hg** OH-
Table 1

(20°C) ( Tipping 2007)
Constants for reactions used in the modeling calculations

( Tipping 2007)

log Ky( T'=298 K)

Reaction

Hg?* + OH™ < HgOH* 10.6
Hg’* +20H™ oHg (0, 21.8
Hg** +30H™ <Hg (O, ~ 20.9

2.2

2.2.1 DMT DMT  ( Lab-DMT)

(DBH No. 55165 2U);
( BT100-1L) ; Toflen
. DMT 1.64
mm 15 cm; 2.0 mm
Toflen +DMT cell\ Donor ( 1000
mL Tofen (60 mL Toflen
) . DMT 0.1 mol*L.~" HNO,
2 ( UPW) ;
. DMT 0.1 mol*L.~" HNO,
2 UPW 1 (2
mmol*L.™" 20 mmol*L"~" Ca( NO,) ,) 2
2 h); 2 . Toflen
1:3 X ; . DMT
0.1 mol*L~" HNO,
(6.25 mL 1000 mlL)
2 )
2 ;1 mol*L™" Ca(NO,), 0.1 mol*L™'
NaOH Ca’* H* NaOH
0.5h pH 5.0 ;
1 mol*L~" Ca( NO,) , I ;
2 (2 mmol*L™" Ca( NO,), 20
mmolL~" Ca( NO,) ,) 2 4°C
2h 1

) “Acceptor

2.2.2 Hg
pH  Hg
pH pH . Hg
( AFS-930) 0.04 ppb(2 x
10 “mol L") . :5% HNO, 0.5%0 K,Cr,0,
; :0.5% KOH 1% KBH, ;
30 mA; 400/800 -270 V.
( Humic Acid) Hg
5.0 mL
~0.4 mL 1%

15 mL. 0.2 mL
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- . ( 40 ~50 C) DMT cell . Donor 4
10 min - mL 2 mL pH; 1 mL (5% HNO,
10.0 mL Hg. 0. 5%0 K,Cr,0, ) AFS Hg ;
2.3 ImL 11 (5% HNO, 0.5%0 K,Cr,0,
DMT 500 mL; 15 mL. ) ICP-AES Ca’" .
2/20 mmol+L~" Ca( NO,) ,; 9 mL 5 mL Hg.2 mL pH.2
2/20 mmol*L. ™" Ca( NO,), 20 mg*L™"' mlL ICP-OES Ca; 9 mL
( Product No. 53680 Fluka Switzerland.
lg 2% NaOH 1000 mL 1 20C.
go L7 20 mL 2/20 Hg Ca( NO,), CaCl,
mmol*L.™" Ca( NO,), 1000 mL. A.B
0.45 pm DOCree 0.1 mol+L " HNO, A 2 mmol*L.™" Ca(NO,),
0.1 mol*L~" NaOH pH 7.0 4 ( 2) B 20 mmol+L™"'
C ) 1.9 ~2.1  Ca(NO,), ( 3)
mLemin ' 2. DMT N Hg pH Hg
Donor . Acceptor Hg’*  Hg( OH);
2 2 mmol-L~! Ca(NO;), HgSO,
Table 2 Experiment design of HgSO,2 mmol+L ™! Ca( NO;) ,-DMT
. -
I :rinl-L’l) Cal NOw) o/ (mmol*1. ) pH /h
Al 1.00 2 2 — 20 mg-L’l 3.0 0362448
A2 1.00 2 2 - 20 mg°L‘l 7.0 036 24 48
A3 0.50 2 2 — 20 mgeL~! 4.0 0362448
A4 0.10 2 2 — 20 mg-L’l 3.0 0362448
A5 0.10 2 2 - 20 mg°L'I 7.0 0362448
3 20 mmol-L ' Ca(NO;), HgSO,
Table 3 Experiment design of HgSO,-20 mmol L =" Ca( NO;) ,-DMT
g
. :rial-L") Ca( NO,) ,/( mmol+L~") ol N
B1 1.00 20 20 — 20 mg°L‘l 3.0 03624 48
B2 1.00 20 20 — 20 mgeL~! 7.0 0362448
B4 0.10 20 20 — 20 mg-L’l 3.0 0362448
B5 0.10 20 20 — 20 mg°L'I 7.0 0362448
Hg
3 ( Results)
3.1 Hg’* DMT Hg™*
Hg’ "
Hg2+
Hg2+ Ca2+
( 2). Hg Hg’ "
20 peeL.7' (. 0.10 pmol*L™")  Hg Hg'*
( 3). Hg'" ( 200
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pgeL™") Hg'
200 -
1000 L 2 H
160 =
~ 800 ~
2 .
= S 120 |-
% 600 é
= = - 2 mmol-L™! Ca®*
iﬁ; 400 fﬁﬁ 80 -
s B —=— 2 mmol-L™! Ca** o -
. 200 —— 20 mmol-L”' Ca>* = 40
| L & 20 mmol-L™" Ca®*
0 1 | 1 | ] | ] | 0 | 1 | 1 | ] |
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Bt ] /h Bt ] /h
2 pH(pH =3.0) HgSO, — Ca( NO,) ,-DMT Hg

Fig.2 Change of Hg concentrations in the donor and acceptor side ( Results of experiment Al and Bl pH =3.0)

4
i 2
100 Pesie | S5t
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3 Hg 20 pg*L~' pH(pH =3.0) HgSO,-Ca( NO,) ,-DMT Hg

Fig.3 Change of Hg concentrations in the donor and acceptor side ( Results of experiment A4 and B4 pH=3.0 20 pg*L "' Hg concentration in the

donor side)

3.2 Hg(OH)) DMT Hg( OH) 9
Hg( OH) ¢ Hg®* ( 4 5) .
T 2
4 —
g S0
=} ° 3
g EL
% o400 —=— 2 mmol-L™! Ca®* ¥ —=—2 mmol-L™! Ca?
ED - —e— 20 mmol-L! Ca*" ﬁb B —e— 20 mmol-L7! Ca®*
200 1=
0 ] ] ] | ] | ] | 0 | | | |
0 12 24 36 48 0 12 24 36 48
i) /h B8] /h
4 pH( pH =7.0) HgSO,-Ca( NO;) ,-DMT Hg

Fig.4 Change of Hg concentrations in the donor and acceptor side ( Results of experiment A2 and B2 pH =7.0)
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i3 ’ ¥t
100 —=—2 mmol-L™! Ca®* - —=— 2 mmol-L™ Ca?*
——20 mmol-L™" Ca®* —e— 20 mmol-L™" Ca?*

=80 o 12F
2 .
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Fiid i £id
¥ 4r & r
T B ED 04

20 -

0 1 | 1 | 1 | 1 | 0 1 | 1 | 1 | 1 |
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Ff ] /h B 1] /h
5 HgSO0,-Ca(NO;) ,-DMT Hg ( Hg 20 pgeL - pH=7.0)

Fig.5 Change of Hg concentrations in the donor and acceptor side ( Results of experiment A4 and B4 pH =7.0 20 pgeL. ™' Hg concentration in the

donor side)
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ik 3
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400 & sk
SN . o
R [
® 200 £ 4
O i g r A
100 [~ 2 I/

0 12 24 36 48 0 12 24 36 48
W] /h

6 pH=4.0 HgSO,-Ca(NO,),-DMT Hg

Fig. 6 Change of Hg concentrations in the donor and acceptor side ( Results of experiment A3 pH =4.0)

Hg( OH) ) Hg** Hg 20 pgeL™!
Hg( OH) 3 Hg Hg( OH);  Hg’*
(200 pgeL ') Hg( OH) ! (7). HgCh
(20 pgeL™") Hg
Hg'*  Hg( OH)}
Hg( OH) ¢ Hg 3.29%  0.33% Hg
Hg( OH)
HgClO Cd** .Cu**
2
Hg( OH) Hg
DMT
4 ( Discussion) R, Hg
2+ 0
4.1 HgSO,-Ca( NO,) ,-DMT Hg Hg"  Hg(OH);
He 200 pgeL”! 8.
Hg2+ R _ (CD tot t=0 Cl) tot t) X Vl)rmnr - Cam‘ t X Vrzrn ( 4)
.f - AR X 8,,,

Hg( OH) ; (
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80% -

20%

200 pg-L 7' He

—e— 2 mmol-L™! Ca** pH=3.0
—o— 20 mmol-L~' Ca* pH=3.0
—— 2 mmol-L™! Ca?* pH=7.0
—a— 20 mmol-L™' Ca?" pH=7.0

80%

20%

Hg

20 gL' He

—e— 2 mmol-L™! Ca?*pH=3.0
—o— 20 mmol-L™! Ca>"pH=3.0
—v— 2 mmol-L"! Ca?*pH=7.0
—— 20 mmol-L™! Ca®> pH=7.0

10 20 30 40 50

fisf il /h

9.0 — . .
Al(2 mmol-L! Ca(NO;),  pH=3.0) -~ . " A2(2 mmol-L! Ca(NO;), | pH=7.0) 7
— 85k T
z Re et T" s e 2+
e - o 5o = L Hg
T 80 5
£ - L g % .
Epl 2 10
z 75 = .~" HgOH*
o - L /,’ Es) ’,/ -
m 70 |- .-" HgOH" m
® R T
= .-~ Hg(OH), =
6517 -
Lo 7 He 6 -~ He(OH),
6.0 [P IR I T NN T BN R R [EA | L L L L L | |
6.0 6.5 7.0 75 8.0 85 9.0 6 8 10 12 14
TiME log[Hg/(mol-L )] FHME Tog[Hg/(mol-L™H]
8 Hg
Fig.8 Comparison between calculated and measured Hg species
4 Hg Zn’* \Pb* L Cd*T W Ni* L CooT Hg
Table 4  Comparison between the actual and electrostatic adsorption rate DMT /
of Hg in the donor side I_Ig
Hg Species Hg 48 h Donor  Hg ( DMT) Hg
Donor  Hg
Ca( NO,) , DMT
Hg? * (2 mmol*L ~! Ca®*) 3.29% 65.9% q
Hg? * (20 mmol*L =" Ca®*) 0.33% 35.5% &
Hg( OH) 5(2 mmol*L ~! Ca®*) 0.0045% 42.8% Hg
Hg( OH) 9(20 mmol+L "' Ca®*) 0.0045% 49.6% Hg Hg pH
HgC10 0. 0045% — Hg Hg
Hg
4.2 DMT Hg Hg Donnan
8 h
Docekalova  ( Docekalova et al. 2005) ]
) ( Conclusions)
DGT Hg Cattani
( Cattani et al. 2008) HPLCACP-MS Ca( NO,) , Hg**
He. DMT (pH <4.0)  Hg( OH) °( pH >4.0) He

Mg™ " Fe’ "L A", Cu’" s
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Hg
DMT Hg
2) DMT 4 ~
8 h Hg
Hg
Ca( NO,) , Hg
3) Hg’*  Hg( OH);
HgCl9
4) DMT / Hg
Hg
DMT
DMT Hg
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