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Matter

FU Ping-qing'?, LIU Cong-qiang', WU Feng-chang'

(1. The State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang
550002 ,China; 2. The Graduate School of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: With the development of fluorescence technique, three-dimensional excitation emission matrix fluorescence spectroscopy
(3DEEM) was widely applied to characterize the nature of dissolved organic matter (DOM) in natural waters since the last decade.
3DEEM and fluorescence quenching titration were used to study the interaction between Hg( Il } and DOM. The results show that a
general decrease in intensity for individual peak A, B and C was found as concentrations of Hg( II ) increased. pH is the main parame-
ter that strongly influences the Hg( I )-DOM complexation. The addition of C1” ion to the Hg( I }-DOM system caused an increase
in fluorescence intensity. The results also show that the addition of Ca( I ) solution strongly enhanced the fluorescence intensity for
humic-like fluorescence, while the protein-like fluorescence only slightly enhanced. On the contrary, no fluorescence enhancement
was found in the Hg( II )-DOM system after the addition of Mg( [ } ion. A decrease in fluorescence emission intensity was found af-
ter the addition of Cu( II ) ion to the Hg( Il }-DOM solution.

Key words:dissolved organic matter; three-dimensional excitation emission matrix fluorescence spectroscopy; fluorescence quenching
titration; complexation
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1 BRENE

1.1 HRXES548

BREAVERERTF 200341 ARBHMAETE
BIP T i S M 4F BB R R EZHITTR,
Hok 5% bk B HEE DL RO 4 5t BT X B B 3R T
AWK T BEKFFRE.DOM HmEREG L
BP3E ) B &, F A BRI BE (450C 2948 Sh) g
GF/F B B8 47 4 38 f8 (Whatman, UK) i3, 85 18
FHEACKEE.

1.2 {¥am kLR

R A S2 % 7K ¥ 8 Milli-Q #8 46 /K (Millipore,
18.2 MQ-cm) . {# {8 7 J 818 & pH it #17 pH &
P MERNERHEA(DO); HAEXEENE
BERSEE(L SO, &R ;R FRIRETE . (AAS) M
JE K.Na,Ca fl Mg; ¥ J& F 3% . 3 (CVAFS) #li &
Heg( 1) ; m ¥R AE 4L B b 2 0 7€ ¥ % A BBk (DOC) &
&,/ %% & High TOC I (Elementar, Germany). |
FAR B TR HERR 5 1% & (HPSEC) i 8 DOM # 5 19
B FE M, , BIERE N HP1100.

FRFE len AERAESMHEREEK
Y66 188 43 47 {X (Hitachi F-4500, Japan)i# {7 3DEEM
Wixe . ¥ & LW R 150W W IAT ; # 8 (bandpass) :
E,=50m, E, = 10nm; W N AT IE] . B 3h; R EE .
1 200nm/min; FHAEHTUREHIRE . WL
K{EER E, =250 ~ 400nm ([ [& 5nm), R &
JWEA E,, =300~550nm (B f& 2nm) . ¥ & 8 E /i
HRFBEEE(ER/KE 20C £ 1T). FrliZ5EY
MBEEXREE (HRZHT Milli-Q 84 K8
3DEEM). B A SigmaPlot #4317 3DEEM &b 3.

KABKEELK: B 18 4 30mL BHESEHK
(Nalgene ,USA) , [ & BB 20mL BHEVLHE S,
BESMERREMKE RN 0.01mol/L 5 0.05mol /L

) Hg(NO,), %k , 8 [ Hg® " 14K Rk 4 # 7 Opmol/L
~ 32pmol/L Z 8. £ A 2 # ¥k B (0. 1mol/L
1mol/L) i HCIO, #1 NaOH % # 8 ¥ HE & pH=8.0
+0.05, A BB AN BB AR T 100pL, ZBEH
ERBERMN. A, A THRRECWI),Ca( 1) Mg
(11 )%+ Hg( I )-DOM W T S+4E A, B £ DOM #
st HY B PHE T3¢ # B (Dowex 50W-X8, Bio-
Rad AG) L EBRFEB ARSI FESRE T HH
ARG IEMNEZHERRIILE, MAKK E,
=335nm. U LHSHE FRELAKRGFH 240 5
Wi E H 3DEEM K % % & 51 %L .

2 XRERGITi

2.1 BRANEMEESH

HamEFBALSHALEX 1.DOC & X
3.12mg/L, B FHREMFR DOC & HEE . x4
& M, & 2297.
2.2 BRAINRBEERE

TR MR K IE P BB A LRk REA
ARBBEESHE SRR R H B
ARRBEE IS A VLR, 8% w52 W LT
ML MAA =R EEQCHERTR: =
B A 3D plot; F H 2k A : Contour plot, LA 1)
MAT AR, DOM HHBRE 3 M B WK L.
peak A B9 & B K 7£ 310 ~ 320 nm, K& B 72 0]
WX ;peak B I8 K B 75 5 B X (230 ~ 250
nm), EFHELKETRIRE ;peak C IR B KRR
SHE KB E RS LX . 8T A% DOM i 3DEEM
FRR 6T ek ACE,/E,, = 330/426 nm) R
F ol X 5 & B B 5% ) (visible fulvic-like), peak B
(E.,/E,=245/436 nm) R TR XX BEHM %L
(UV fulvic-like), 1l peak C(E,/E,, =275/346 nm)
BT 2 E 858 ¥ (protein-like ) .

1 BRAVARSOEXBESH /mg-L7!
Table 1 Some basic characteristics of the DOM sample/ mg-L ™!

pH DO DOC K* Na* Ca®*

Mg2*  HZ' /pgrL™! SIO; Chla E;/E;, M,/Da

7.90 1.36 3.2 6.70 10.46 73.1

16.2 0.122 6.27 1.36 1.198 2297

2.3 Hg(Il )-DOM B O E

Yin S B R0, w8 ® pH £ 4T, Hg
(I)X[Hg(OH), " B HAE T KBRS, MAH
FDOM B CE" B THRELBB(RE 1,
C’ B FSMMBMMES BRI BTl Hg(1l)
Xt DOM 9% S %8 K 2 Br 8218 . 70388 % & 12 T 4R
B R Ni 24h J& ,BEE Hg( 11 ) ¥ E #9140, DOM 1 3

FFE 6 A B.C IR E R E He( 1 )R EM
Wmm FRE(LE 1 A 2), %8 He(1 )5 DOM
ZERETEMER.

R T EERME Hg(11)-DOM B ALFER, Esteves
da Silva X & 3 & 2% £ 2 B 7 Heg () 5
DOM M, 1:1 Be &9, 3 8 IE & Stern-Volmer
FRURHERARERS. AT
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Fig.1 3D(top) and contour (bottom) plots of Wudangqiao DOM sample wichout(left) and with(right) 30 pmol-L ™ '[Hg?* ]
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X B F, #1 F £ DOM #¥ S R A #im He(l) LA X i
mHg()EWRNERE.SF=F,- F,M f RE &R
BFRANFTECEANLA, K BEZEREER. X
F 1248 DOM #5193 1~ EiE, Fy/oF 5 1/Hg*"
ZEEE R HBRWRERR(E3)  HRAE 2.
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Fig.2 Hg( 1) quenching titration with different fluorescent peaks
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Fig.3 Typical modified Stern-Volmer plots for the DOM sample
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2.4 pHXI Hg( I )-DOM B i 4F FH ) B2 W
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£2 CSRLAARPAARKXENRCERBH
Table 2 Complexation parameters of the peaks of 3DEEM spectra

peaks E./E./nm logK 7% R?
A 330/426 5.01 28.2 0.9898
B 245/436 5.62 44.2 0.9851
C 2757346 5.33 39.6 0.9911

EKIRE S, pH B Hg( I ESTESR K
z—121 g, Mt pH &4 TF,.Hg LIA &
A Hg(M)EFHEAE;EER pH AT, Hg( [ ) vTLIK
B [Hg(OH) 1" #[Hg(OH),1°. ® 4 7R,pH
MHFREEABHCHERBAEEE . Y pH
f£ 8.5~9.5 BF,3 kY (M 92 )6 SR B FE pH 3 K
MK, 258 T He( 1)K EER, R E & &
2 THREAES X—HAR 55 AR AR KKK DOM
D pH=8.0 EA R, BEMMIE LMK
FOROCHSEREX 8 Hg( 11 )-DOM 2 j&] & 4 3
BEAER. S pHM 7.50B 4.0 EAK, BEQR
Jt(peak O)BE B R, 5 pH X R R K, X 55
MSEHEMBEPERNT N ;T peak A #
peak B WBEA pHMN 7.5 B 4.0 I BF 2 E
LAEYEREEERREEE, [H' 148 He(ll)
MHg (I )-DOM & 2 B #: i3k , 5 B 2% 6 5 %
% .FEE pH M 3.0 %% 2.0, T DOM Fr & M1
H AW FE TR, peak A Fl peak B 936 63 K 1
S ABNE,peak C BB HRHBE, B
# pH/MF38F,He( 1 ) 52 E G & & 2 (6] 9 AT
PERILEFBRERAE.
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Fig.4 Influence of pH on the fluorescence

of Hg( 1 )-DOM complexation ([Hg?* 1=15 pmol-L ')
2.5 ClI"\Ca(lI).Mg(II)# Cu( I )X Hg( I )-
DOM #2415 F B 52 W

FERR K, 7 6 7 #£F DOM.Cl” f1 OH"
FERBFRME.CUEFIUYE Hg(I)Z @K

P AL HeCl, , Ko » EREE CI7 E LT AR
DOM M3 ¥ K5 K3 (E, = 335nm) 3R B S K1H Y
fE£ E,, = 430nm &. #| A E,/E,, = 335/430nm AL )
TR ELEER (WA S)ER,pH=7.50 5 9.50
B, 4 Hg( I ))-DOM R RZ A Cl™, #i ik R %
JEER B SR, U DOM 5 CI Z Xt Hg( 1) 78
ZEER,ClBmAME Hg( T )M Hg( 11 )-DOM %
ERBBE K, X5 Lu # Jaffe! Y (U BF NG5 540 —
B NESERFES, H pH=7.50 8F,Cl™ Xt Hg
(I )-DOM K FZHWFEFER . pH=9.50 Bf EHi.
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Fig.5 Influence of Cl™ on the Hg( I )-DOM
complexation ([Hg®* ]=15umol-L™")

{5 B} Dowex SOW-X8 %I fH B F 32 8 # g% &
BDOMEGHHM _HAN=NHETEER, RH
DOM # MM R EREM T 30% , B X R K&k
FHEEMTESREFTHEEREIREHEAER A
R Ca(ll) Mg(IIEHEF5 DOM RS ERESR
He(IM 2% , BRAKAFIILETEH FIER
&, % Hg( 1 )-DOM EEfi/E HME R A A 28 B 6
BR,Ca(I )RR B R EHBLBHMKN, ST LE
HEMXHEEBREAARAHE MM, Mg( D) Xt
He( I )-DOMIE R R R E L F B A E W, 58
EXR AT, Hg(I)F Me( Il ) Z 1815 DOM #
RREMRBSH, M Ca(ll)5 He(I)MESERM
XFEER . F DOM 1 Co( [ FHEMAKAHEE
ARS8 5 B3 3 R HY B R Cu( ) X
Hg( 1 )-DOM # R 3% 4E B K3, BEE Cu(1l)
R, Hg( [1)-DOM & 2 %% %38 E W55 (E 7).
XREHEN Cu() 2 Hg( 1) ERHMEHE KA.
A= FEREAEERHA T He( I ).Cu( )5 DOM
PREBMRMPEERAREA—HERH. EXRK
E&EET ,Co(ll) FEE DOM FH By # T AR KR
HEBRMREZS!, M Hg(1) T E 5 DOM #
MEARENDNNESEAUREES ONES
MEARES. B, Cu(ll) M A BB H I B K
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B = 25 % )6 % 1% (3DEEM ) 1 3% 36 3 K i 8
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B HTRAKER K EFGEEER, KFBE
FRR B R 1L 2E 1T 8 32 BE 0 DOM.CL™ (Ca( 1l ).
Mg( 1) Cu( Il )55 & F 3 Be A 14 i B i Fn 45 i . pH
{HA{XRT DOM 4 5 8 25 M 52 e 55 46 8w ,
B} Hg( 11 )-DOM Z[BIAHE/E AR A B E ¥ 1.
Cl"f85 Hg( I ) Z A L 41 #% M HeCln, FF A% Hg
(I)-DOM K RZRF B ESFEM. Ca( 1) BEH
i Hg( 11 )-DOM k& 3% 63838 , W Mg( 1 )X 2 &
ma RN A, AR RE R, Cu( 1) 5He( 1) #R R
DOM W3 XM AR XERKNEEEER.

Influence of Ca( I ) and Mg( Il ) on the Hg( Il )-DOM complexation {[Hg** ] = 15pmol-L ")
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