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Abstract: Dissolved organic matter (DOM) is one of the key factors controlling the release of arsenic from sediment to ground-
water. There are abundant surface water systems with rivers, lakes, streams and ponds in the Jianghan plain, densely covered
by irrigation canals and ditches. The interactions between surface water and shallow groundwater may significantly affect the
characteristics and strength of DOM in water. In order to elaborate the roles of DOM on arsenic mobilization in groundwater of
Jianghan plain, this study analyzes surface water and groundwater samples using excitation-emission matrix spectroscopy
(EEMs) and characterizes the dissolved organic matter of its functional groups, molecular, fluorescence using PARAFAC
(parallel factor analysis). It is found that dissolved organic matter in Jianghan plain mainly includes three different components,
of which C1 and C2 are humic-like substances and C3 is characterized by protein-like substances. The main components of dis-
solved organic matter in groundwater are C1 and C2, whilst the dissolved organic matter in surface water is mostly C2 and C3.
Dissolved organic matter in groundwater dominated by terrestrial materials, promotes the mobilization of arsenic in two ways.
(1) The humic substances act as an electron shuttle for microbial communities, promoting the microbially mediated oxidation

of organic matter and reduction of Fe oxides with the release of arsenic and the production of large amounts of DOC (dissolved
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organic carbon)and HCO; ; (2) Complexation of As with DOM via the bridging of metal cations (such as Fe) enhances the

mobility of As in groundwater.
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Fig.1 Location of the study area and sampling sites for surface water and groundwater
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Table 1 Statistics for water chemistry of surface water in Jianghan plain
o . B ‘ o I . B I T—

PRMRKSR  pH (rrz(/)L) (r:/l,) (ng/L) (Ir\n/[:/l) (nljga/l,) (nsgl-/u (Srr(l)gl/L) (rlj;;)/tl) (I\rf;/ll\i (ri;/?> ﬁii;;l(;) ig
7 it 7.79  7.93 50.8 2.44 9.09 9.38 9.52 36.4 2.40 0.13 185 147 1
L VYL B 6.87  8.75 50.0 2.43 9.02 7.50 7.81 34.8 2.66 0.15 180 146 I

B 6.79  2.11 98.2 11.3 18.0 33.3 45.5 45.5 33.9 3.20 439 294 Vv

EH B 6.69  1.74 79.7 6.87 14.3 27.6 32.9 32.9 31.6 7.05 345 232 V
@ —REEL 6.65 1.86 80.1 7.40 13.6 17.7 34.5 34.5 27.3 4.28 326 232 vV
W A EB 6.56 2.99 83.6 7.35 15.0 24.4 34.6 34.6 6.83 3.75 343 244 Y
M wykE 666 4.73 72.5 8.08 12.6 15.5 37.4 37.4 23.9 3.23 282 210 %

UWHEEB 6.71  3.00 67.2 7.49 11.7 14.5 33.5 33.5 8.09 3.18 258 195 V

WYL B 6.72  8.66 49.2 2.40 8.86 7.79 8.33 34.8 5.50 0.11 181 144 T
BN W B 8.06  8.24 49.6 2.99 9.45 9.42 13.6 36.9 2.94 0.36 185 144 I
?J WHRHOB 759 514 482 3.87  9.74  10.2 18.9  36.5  3.79 0.48 192 141 Il
" VOB 7.71 5.08 46.4 3.53 8.94 9.06 16.2 36.0 3.53 0.59 183 132 Il
IS VLB B 7.54  6.37 52.4 2.63 9.03 9.83 10.4 38.6 2.18 0.86 193 150 I
a8 W B 7.68  6.37 54.0 2.68 9.42 9.31 10.1 38.5 2.38 0.54 197 155 1
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SEIME R 493 mg/L, Hor 80 % iy Ml R /K TDS X F
500 mg/L, ik 2 M T 7K [l 2 /K T & R dE. B AF B
CaCO; & HAE 174~713 mg/L., H b 78 % By K £ 3
fifi i CaCO, & 87 450 mg/L AT 3583 F /K [
K BT bR .

F 58 DX P R 7K, PR 2 K A B T A
TE 0.74~140 mg/L,FE#{E N 29.4 mg/L iR )Z K IE
MR KE B FF R 0.37~33.4 mg/L.F¥{H

4,68 mg/L. %2 WK AS R £ % & AF 0.32 ~
91.0 mg/L,E¥{E M 35.10 mg/L, ¥ )2 K H#b K 7k
fil iR £k & YL B 7 0.04 ~9.97 mg/L. F 3 {H K
0.73 mg/L. 40 %0 WA & AR A RS R 8. 70 %0 1)
FE SRR AR & AR 1 me/L LLUR R 2 WK P iR R
& HETE 0.65~256 mg/L, P {H 46.53 mg/L, &
JEAR MR K B R R Y B 7R 0.72~27.9 mg/L,
SEYSE R 7.73 mg/ L.

EIZWKH DOC B & 7F 0.70~15.6 mg/L,F
BIE N 3.08 mg/ L, %2 &R HL T 7K DOC 1) 5 i
0.98~14.4 mg/L. F-¥{EH 4.01 mg/L,95% BT
KEE DOC FHAE 10 mg/L LR RZ KPR A S
N 0.02~1.55 mg/L, F#{E 40.24 mg/L, % 2 7K
JEHL T K P& A &M 0.02~17.7 mg/L, ¥ K
3.64 mg/L, i T /K 2 A & & Had 1.50 mg/L 7K
R 5 R 22 43 A 1 38T I 2

WRZWAKEGKIZRKEER Er ¥ IE(H, K
{Hik 170 mV (£ 2) B A A . HCO,  HIEZ R
%) M T K AL F 5 R AR R B b )2 T K
BT B TR kRO R AR vk B K v o AR 43 K R B A R R
T RE L R KT 2 K R AR E L 8 R 1% K
252 N R T AR A 352 M 55 . v 2 7 T B K 2
JKEER) En JUF 4 2R ffl, HoF#{E  — 108 mV,
i 57 1 480 A 30 TR A L o VR B 9 2 L . DOC L HCO),
KARM BEINO, SO $8/R TIZ )2 H N K 4b F
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Table 2 Statistics for water chemistry of groundwater in Jianghan plain

K W _ ?JJ%E}% WK A _ Yi‘é!fh@ﬁﬂ( A
SN f/ME -1 {H SN (: e/ ME T8
pH 7.50 6.41 6.87 7.59 6.26 6.80
EC uS/cm 2 089 333 994 1315 399 869
Eh mV 170 20 77 58 —207 —108
BAA mg/L 1.55 0.02 0.24 17.7 0.02 3.64
Fe mg/L 0.83 0.02 0.32 20.8 0.01 7.23
Mn mg/L 3.41 <20.001 0.77 8.20 <20.001 0.91
Ca?! mg/L 217 58.7 123 170 59.8 116
Mg? " mg/L 41.1 6.40 23.6 34.1 12.2 24.4
Na® mg/L 128 6.93 35.6 36.3 6.54 18.5
K™ mg/L 47.6 0.62 10.1 20.0 0.51 2.29
Cl™ mg/L 140 0.74 29.4 33.7 0.37 4.68
NO; ~ mg/L 91 0.32 35.1 9.97 0.04 0.73
SO, %~ mg/L 256 0.65 65.3 27.9 0.72 7.73
HCO; mg/L 730 189 442 904 267 619
DOC mg/L 15.6 0.70 3.08 14.41 0.98 4.01
As ng/L 36.2 0.33 8.67 2550 0.54 136
TDS mg/L 1193 227 521 692 218 477
i mg/L 713 174 107 556 204 393
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Fig.2 Spectral characteristics of the 3 components model identified by EEM-PARAFAC
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Table 3 Descriptions of the three-component PARAFAC model of Ex/Em wavelengths data and their comparison with previ-
ous identified components

414y  Ex./Em.Max(nm)

SCHR AR 1B

FIFHP TG SR RE THG

237~260(300~370)/400~500(Coble,1996; Hudson et al.,2007)
240/456 (Holbrook et al.,2006)
225(330)/460(Carstea et al.,2014)
<{240~275(339~420)/434~520(Ishii and Boyer,2012)

Wl 05 J% B8 BT 5 5 A e it e A v 7 A
W /N o5

237~260(300~370)/400~500 (Coble,1996; Hudson et al..2007)
250(325) /416 (Stedmon et al..2003)
325/428 (Stedmon and Markager,2005a)
315/418 (Murphy and Stedmon,2008)

Cl  245(340)/460~480
C2 250(325) /420
C3 240~250/340

REAY T CEOETR) s X R B
72 Ak U

225~237/340~381 (Coble,1996; Hudson et al.,2007)
275/340 (Coble,1996; Hudson et al.,2007)
280/328 (Stedmon and Markager,2005b)
240/338 (Murphy et al.,2008)

VE < Ex./Em. Max(nm) 75 9063 I ORI B9 K/ % 5100 6T AT IR 4005 5 465 o B A 58 2 /1 i 7 X 1 0 K.
oA ML 5 A SRR B S

3.2

Kk DOM %3 4H 4

AR I K AR DOM. %o il i B8 % Ak 1Y 5% i, A
KBS FE A 73 47K RE R AT DOM = 4 75 56 ] 3t

or#r.

{745 B 7 4 BTk X 73 417K BE DOM £
4t —i#t 17 EEM-PARAFAC 43 #¥r. 15 8 — 4> 3 414>
R 2). Alberts and Takdes(2004) 38 H 3k 5 T
AN [F) B85 (AT BILJSTAT AR AL B8 506 5 AIE i 7 ot 32
S TR 28 9 O ks 141 38 3 A7 T A IR AN LR
BT 52 (Thorn et al.,1992;Cory and McKnight,

2005). NI . A SCARBUAY 3 AN 4r REE 25 L T g A
WEFE A HAB DO BT (R 3.

Moy C1 BHA 2 MM (245.340 nm) Fl— 4
KT (462 nm) , SAEGE A W C WA XTI, R
TR T SRR R IR E R S S AR
TRV B4 R B — A LS AW . DT R i K
SRIKAR Y DOM €5 (Hudson et al.,2007). 7% 44y
Wk A7 E T K A B B P, DL R O E (Carstea
et al.,2014), H/y 5 K (>1 000 Da) (Ishii and
Boyer,2012).

44y C2 BA 2 MU % (225,325 nm) Fil— 4>



LR

R IE (420 nm) , Sy Bl 5 28 8 A . - 3 v A AL Y
3RS M R K R AR BT S Y O 43 (C1.C2)
F A BT 5T FE WL DOM H g2 4y C2 DLRE IR N
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here M is mol/L, in the groundwater of the Jianghan plain
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IR AR 27 A 75 e T KRR o 1 B A A Tk
FER) HCO, ~ (& 5b). 5P R 3 A W 15 ol 7 il
A BT E AR i 7 A2 R = ) HCO, — 2 i
rh R %) B T () IS R Bl R ki v T LA O AR W b )
T A o 2 4 T AR R ™ 40y 3% T ) e o7 R i 3]
T KT (Appelo et al..2002).

MR KT As 5 Fe YU B 2Z ] [F] #E A7 72 G &R
(B 5¢), 24 As W E/NTF 150 pg/L B}, BE#H Fe & &
Fhir, As We BRI LTI T B A9 g5, JL AT
B2 Fe 5 As LW F/E IR #E T As B9 Z K E 5E
(Jessen et al.,2012) ; B Hfi i &£ K F 150 pg/L R,
i 5 vk B B L AR OGO &R L UL FE IR K FE I, Fe
(IID S8 A ) / S SR A 1 300 D M 135 ik ol 75 1) 3t T 7K o
BETL As 1M 25 35 B — 8 Wk BE L AR AR R A AL

B L 5 Fe (1) i Ji 5 ¥ i of 72 b 22 8k 0
(FeCOy) M I i A & (Matsunaga et al.,1993), [f]
BF 5 S T 43 110 Bl 1 . 22 Bk 7E AR IR % K )2
M2 18 (024 ST>>1 B, Hb R 7K oAl e 7™ A2 25 2k
(Postma,1982),Fe/As W £ SI>1 Ab BERETE R
ZEAY BB i B OE #E & A2 (Postma et al.,2007)
(&l 6b).

5% X 3 7K As Fe & & 195 )8 55 i 2%
Moy C1.C2 FRZILBE As IIER TR . CL.C2
19 5 K9 8 B K, HoK iR rf Fe 5 DOC 77
I ST S A (R T SR OK A B
WY C3 4457

KIRFAET  As o] 5 & FHIRAHSS &  J8 5 R vh
(15 R REGS R As(V) \As(IID L5 BT K & 52
AW (Buschmann e al.,2006) 75 fEME ) As BEWSE
if BB TR DL S A 45 & Fe 54 R & T BE
i 36 21 H AL 5 A 2 8] 1 280, B G ML R K Fe



%5 BOEREE TDOE E S M TR 7K T DOM = 4k 5 YERRAF K HA8 8 2 X 779
250 300 100
@ ik K [ ]
® kTR Cl C2. Cc3 o
200f @ EESEA ° 2501 80 -
O 0.3<Fe<3.0 mg/L )
0 3.0<Fe<10.0 mg/L 200 L] ‘e [ ]
2 soL O Fe<10.0mg/L 60 L ®" [ ]
2 ) ® ®
< 150 [ ] (]
£ 100 g% o ° ’.: ° o -* 88 @
. 0 a® 100 F “ ‘e e S o,
o g%, ) ‘e o 8%, o... . o0® ]
S50+ N ° 20 - °
... @ o ce L] ¢ 50 ‘.. ," ° ° o .. [ ] ‘
.. %o’ ® o R ) . °
0 h 1 '| 1 1 0 1 1 1 1 0 1 1 1 1
0.1 1 10 100 1000 0.1 1 10 100 1000 0.1 1 10 100 1000
As (ng/L) As (ng/L) As (ng/L)
250 S %ﬁfg . 300 100 ®
® k)
o WEUKEE A cl 250l C2e C3 o
200F © DOC<3.0 mg/L L 80
6 3.0<DOC19.0 mg/L ® )
_ 0 DOC>10.0 mg/L 200 | ° .' -.
= 150+ ° 60 ° .
e 150 %
g . B ° ° [ o o ®
F . ) ® @
100 o sk ® .
i ) N o & o ®
°. ?‘ o: % 100F o . ;‘i °g o® . .....: . .S. o
o U4 oo .
50+ oo, o ° oo ° o 20 ° ° °
o . o 50 L ° ° °
. '.'. 8, . .o, .0,-.! @ oo, o e :
0 hd 1 .I 1 1 0 1 1 1 1 0 1 1 1 1
0.1 1 10 100 1000 0.1 1 10 100 1000 0.1 1 10 100 1000
As (ng/L) As (ng/L) As (ng/L)
Bl 7 KNFE As WM T K P RBREVPA ST FonS As ZRIFLFR

Fig.7 Relationship between As concentration and F ., of groundwater in Jianghan plain
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