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The enrichment mechanisms of arsenic and three-dimensional
fluorescence spectroscopy characteristics of dissolved organic matters
in typical riverside groundwater sources of the Hailar River
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Abstract Riverside groundwater is a common type of drinking water source in northern China, and
its water quality and quantity are affected by both neighboring river courses and groundwater runoff

supplement. Arsenic concentration in riverside groundwater along the Hailar River is high, which has
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attracted much attention. Dissolved organic matter (DOM) is a key factor of arsenic release in
groundwater. This study investigated and monitored the arsenic content and DOM of the Hailar River
and groundwater sources along the line, carried out three-dimensional fluorescence spectrum
analysis, determined the organic matter composition in water body by parallel factor method, which
was of great significance to explore the enrichment mechanism of arsenic. The results showed that
the DOM in the water of Manzhouli included three components, C1 was terrestrial humic-like; C2
was semiquinone-like; C3 was microbial humic. The degree of humification in groundwater was
relatively higher, and most shallow wells were organic matters of mixed source from terrestrial and
microbial sources. Organic matters affect the concentration of As in groundwater in a variety of
ways. The main reason was that C1 promoted the increase of soluble arsenic concentration through
complexation; and C2 shuttled to enhance microbial oxidation and reduction between DOM, Fe and
As. In summary, the concentrations of As in groundwater increased year by year due to the
simultaneous use of endogenous organic carbon by terrestrial organisms and microorganisms.

Keywords  Manzhouli, groundwater source, arsenic, three-dimensional fluorescence

spectrum, parallel factor analysis.
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1 M5 7B (Materials and methods)

1.1 W9 X AHEAL

WM T T NS HIE X RS DR TTPEER, 4948 117°12'—117°537, b4 49°19'—49°41", 4bF
A8 D1 R K SR D422 U8 i s 0 S, 3 B T R R RS AR B4 ez . e m s i o o JE A5, 4
/K ETE 300 mm 224y, EEENTE T H 2 8 H . IBHLRIZEFR I LB K BE R 12 km, THIFRZY 38.8 km?,
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d7 AT RV E R 5.34 %, AR i 30 A2 m®. FL AU DX JE 5 VU R RS K2 20 AR (AT b, AP el
b . A0S FIREDBR A AL AR, 77K R AF . AR T B v AR 1 XA BT B 2 Tl L DA A A B S, 32 3 A BT
EL 2 PRl L I B 1) AR I, OB 2K oy 49y oL,

T YN LT MR K K PR L T A28 117°47'59—117°54'41", AL 4 49°26'55"—49°30'44", it b K Hby
P TE AL B AR 4R A R 5 N S — RS I HE T V8 A R I A iR, — A i FROT R 2%
Hi Al RS 4 2R, A 1 B0 R e R R A T B A R AT, = R TR N LA T AL
BT A MR K 3B AT S DU 2l LRI K | S BRI K AR IZ A5 R R OK, 2o A AE L R EE D | 1l B
TS BT A I L A5 X b T 7K 32 B SR R A R AR A B AN L B X b T AR [ &R 45 | H e K AR
25 FNER D AR P AR S K R TR B AN I AR )R KA BR SKZ, EKZE ALK L A Bk 4D, KA
R 30 m. EZHEM T o 28 & L WERLRIAT 0 HUE T HE R K B TSR AR,
12 FEECREE

Sk BIE 5 5 U B35 0T R K FR R R K KU b = AR BT, T 2020 4 7 H AERIFST IXCRAE 16 ALRE .
5 L U5 $7 R 0] B s KR AR A 4 A4S (GLT. CG. HI, H2), #b N K 12 4-(Z1, 27, Z8. 3. J4, I8,
J15. J16, 123, 124, J28, J30) (& 1).
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Fig.1 Location of the study area and sampling sites for surface water and groundwater
1.3 R

R B M F KL I, TR K 8% SORAEIR 3 YR, SRIKERR AT KK T 50 em LR 247 RAE, 2
PRAF SRR T KRR Sl IR, 3R AT EAT R, LAHRER A8 P RS0 B A MR 7K, R e HBUAY M R KRR il S
. I YSI 22803 Hr X (YSI ProDss, USA) Il 2 /K Al T KR | pH., 4 (DO) | SR
fEPEREAR(TDS) | AL )5 S0 (ORP) | HL 53 (EC) % B HE 5.

BT 0.45 pum 25 4 38 5ad g8 KR, F T 52 50 4 B KB B 7 1 s 200 Je R sl IR IR b =2
pH< 2.0 TAF, FH T~ 5250 % I & FH &5 FIIR R U R ZWRBRIRIR LIS 4 °C ¥ 5L, FH T 52 50 % I i i 1k
A HLE% (DOC) Fll DOM 743 4T

FHIT 2 0018 HCOy™. As il Fe R A5 85 118 & L1 (ICP - OES) (iCAP 7600, Thermo Fisher
Scientific, 3% E) #E1 7l & .

L4 =Lk E

=2k 5¢ 66 1% (excitation-emission-matrix spectra, EEM) & F 43 6 96 11 (DR6000, 35 [ HACH) i
AT, Hodr, 30k K () YR L 200—450 nm, 8B4 5 nm; & 51K (Ag,,) JL R 250—550 nm,
] Bk 5 nm. [R] B8 353 00 BR Agy < Apct20 nm Fl Ag, > 2 A, —20 nm X8, F1085R — AN 9% S A 15
XF PTG SR, IR X% T 4b, S T A IS S WU I 2, ] R 1 F 79 DOMFlour 411
BREE 2K PO T, IR RIE G B = 4E5O0 i Eds #EAT-F47 773 (PARAFAC).
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XTI B AL R £ (HIX) . AR E(BIX) | 28 638 80 (FD P2 48 /R S8 T35 HIX SR 7E 254 nm ¥
KK, RE K AE 435—480 nm 5 300—345 nm P4 1 R AY HC (R HIX {80 5B DOM ) ) 7
AR B Y. AR AR 4 (BIX) /2 7E 310 nm UL T, & ST 535128 380 nm il 430 nm A9 %< 0
FEMEZ LL, RAFE DOM A YR IR s, BIX KT 0.8 fAF HAERRHMEN ., /NT 0.8 2 B A= IEAFAE
AN, 32 N Ry B 55 e 5 ) S FR B FLJRAE 370 nm #UR KR, & GT K49 470 nm
1520 nm (95 GHR 1Y HU AL, 1T DLZRAEVE i P AT AL R . FI MR (20 1.3—1.4) R B2 fi YA Bl
Yy, M A FIAE (29 1.7—1.9) AR 2 T 302 M AR i ok I,

2 5 54718 (Results and discussion)

2.1 BRI B

As (R B BLANZE 1 7, Hp (3 TR R T F %K SRBE 5 4 S (GLT. CG. HI, H2), #1F 7K
JE124-(Z1, 27, 78, 33, J4, 18, J15, J16, 123, J24, J28. J30), T A5 # & As A9 B Wk By A T
3.9853.3 pg-L . MK As FOVR I T I T 3.98—4.57 pg-L", VR Hy 4.30 pg-L, R 4R T F
VR E TR 4 A RAE ST B2 5, B RAL FRARK, YR i T 2 b 3 /K BRAE (< 0.05 mg-L™"). Hb
TR As I BEVEFIA T 9.75—53.3 pg L7, VIR 23.46 pg L, BARII AL THEGR K, BARR N
83.33 %. HCAF 023 19 As e B BT T2 T K BRAE, 4 9.75 pge L', HCAR WM 5 57 34988 3o T 2K T Ak
PRUEBRAE (< 0.01 mg-L™), J24 1) As W& R T s for b s, B0 ad V 288 R /KK BRpR1fE (>0.05 mg L),
MHLFKIEARRIRI As B EERR, HoKBUKIE(30—54 m)As BV EEEFIAF 15.9—53.3 ug- L,
2T K K HE (136 m) As (I3 TG A T 9.75—17.7 ng L', RKBUKH: As ¥R # s TR R K.
JITA LR K440 T8 A F (ORP < —7), {H 123 if RS #5055, H As B AR, /0T b Hs2
FOKANR B B, PRSI AL Y 124, 128 1 As Ve B &5 T H A 8 07, Vel 53.3 pg L' I
44 ug L', W B G, BUAR T AT pH (B RTAU AL S i A 5 J0 A R /K JE I B 25 5, SRR AL T
35—40 m, {HITI 278 2 T8 Uk E AL YN B AL SR AT, BEL Lk b T 7K g ] b 22 7K v HE TG,

F 1 WU B R ACRI L R OK FE B AR PR NSO AL
Table 1 Statistics of surface water and groundwater physical-chemistry in the Manzhouli area

a7 el B B
FERRATR S Sppm O HURMEEm ORP/  Mn/ Fe/  DOC/

Sample ~ Water types ~ Well depth D}ilztiall;l:;if:;n (ug'L™") pH mV  (pugL™") (pgL") (mgL™) FIHIX BIX
GLT K 0 0 440 869 1279 120 64.5 302 1.63 9.49 0.76
CG K 0 0 398 893 1483 88 77.3 3.01 158 887 078
HI oK 0 0 423 9.05 303 45 77.3 335 158 7.51 081
H2 K 0 0 457 867 53.1 56 21.3 298 1.61 729 0.80
Z1 WA 30 2420 193 711 -93.1 352 30.3 412 179 15.03 0.80
z7 K 30 1829 21,5 698 —136.1 293 88.8 347 178 10.71 0.79
78 K 30 1536 178 707 -55 464 164 297 176 11.82 0.77
J16 WA 30.3 1039 159 721 -1202 711 322 531 179 12.04 0.83
J15 K 31.5 221 18.1 721 -1292 296 36.8 348  1.69 1291 0.76
124 BRI 36.9 348 533 734 -118 204 18.44 335 179 1236 0.78
128 WK 39.8 429 44 746 -1279 254 4.47 428  1.80 13.37 0.78
13 K 54 499 324 731 -1293 324 14.1 3.82 175 14.28 0.75
J4 K 54 751 159 717 -113.1 679 252 361 175 1475 0.77
J8 WA 38.4 1302 159 7.17 -119.7 570 57.1 375 1.80 13.16 0.79
123 HoKI 136 899 9.75 738 7.0 119 16.4 451 1.87 10.52 0.88

130 A 136 1006 177 7.18 -1164 606 36.7 517  1.85 14.15 0.84
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MR K Af RS pH B ORP Z [A] 1 12 BLAAAR SC5C & (151 2). pHL M s P8, 3t T 7K v s k22 o
AR, 57K B T4 082 B 5 0 23 I sik. e /K IR v, b 0 A7 2 JE 2K 32 B AR AR A AR, IV 0 R
(H3AsO5) S — Bl B A AR /M 85 R B S5 1R, FEFR pH A9 JH 55, H3AsO5 2 3 fift 25 A2 UK fE HoAsOy
H,AsO; &) #0117 1E L1y Y S A0 1 2 T, S B0 R K v i 35 PR IR As 15 ORP S R 5C, B 44k
B JEIREERS T As 875 AL BR VAR T, 2 B bl o, e e B2 vy i I A T R BRF R ) A% 7%
BR, B S A A A A A T S R AR TR i, 5 B3O R ) Bt 2 T AR 8 3t T UK .

10.0 —e—pH —a—ORP —=— As —250 160
95 124
CDFR) N 7] 5
9.0 | Class Igstandard for\slurface water 1150
J28
8.5f \ {100 140
8.0} 450 e
Q
s & 130 &
a 751 N & 410 & §
7.0 /4 . 50 <
of I 120
0, '8?4 2
6.5F * 4-100
______________ e N A 10
6.0Class II standard for groundwater  *25 4150
H2¥GLT _
55 6 200 do
50 1 1 1 1 1 1 725
0 500 1000 1500 2000 2500

Distance from Hailar River/m
2 As. pH. ORP FIHlL T /KB B Mg hr /il i 2 &1
Fig.2 Relationship diagram of As, pH, ORP and groundwater distance from Hailaer river
2.2 I ELKUR DOM 1) = 4k 5 EhFIE K 5 80 A

iz Fl PAEAFAC 581, Xt 16 ZL/KAEEIT T DOM = 452G T, Fr A AR S 4R 3 A 30k
43(C1, C2. C3) (K 3). 4143 C1 7F 250 nm/410 nm AbH A7 B R W HI & ST, C2 7F 265(365) nm/465 nm
LA A3 R W F— A & 06, €3 7E 280 nm/385 nm HL A B — 8 & U6 Lk S0 C1 o Bl VB 2K i 4 ok
R RIRIANE P K WIAEAERI ALY, S A 18 (L Apm =237—260 nm/400—500 nm ) , i%2H 43 2 e 1 4241
AT LR BE B G RE e, B 5 5 & B B 1 ROV AE AR B AL AW, s B R K AL
DOM ZE SRR 38, C2 S Sy o, S Bfi U 7K A= P15 v i i A 40 ok R SIS T 3 T3 B, C3 A 1l 2B 0 R U3
JEFE IR, 53T TAESE T W (g /Apy, =260—280 nm/320—360 nm), T W FRAF %4 o0 1E /K IR B A ML b &
AR5y AL DOM, EBZAH 73 0 H IR DTG sh B =4, 5 DOM Hr 1Y 05 BRI S SRR 45 A OG0, 3 Ff
2143 1 I R T 380 nm, Ui B U HLHL X 15 22 3R 05 IR 8 08 A 1 Bk R A8 R 4% ),

R 4l 1l 2 7K DL RN [R) TR B BT 7K it v %) e R 2 G BE () 18 51 AR i v A A1 20 A R G
S (E 4. A RS, CLAL D S s, A 38.4%—49.7%, Hor b F /K A5 & /NFHUTR K, 4
HrIA R 1 T 7E T2 7K b 2 7K A A28 Y R B L b K (4998 378 ol B PR, I L ol R 248 L o A TR K 1 5 o
1o T KT, Uk BH B IR DL S (R 3G, BEIR AT LY SRR B 2 3 K. C2 A AR K I i e
1o, SR R TR ) I B B A A SR AR 5 2 BN R TR R (52 M, AH LLROK I, oK H 25 5 o N i IR 25
i), C3 20 43 Bt 7K 57 TR B A5 AR T REARR, (B AE /K I b oA o [l 5t

550 550 =

50 250
260 280 300 320 340 360 380 400 420 440 260 280 300 320 340 360 380 400 420 440
Em/nm Em/nm
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Fig.3 Three different components identified by PARAFAC model
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Fig.4 Distributions of three components of DOM in surface water and groundwater in the Manzhouli area

JIT A i o R A R HIX 29 4k Al 25 7K P (HIX>4) , H e it 32 7K R A B 2 e IR, HIX (B 1E
7.29—9.49 T {H g 8.29), ¥ /K I HIX {HAE 10.71—15.03 CF-XI{E K 13.04), WK Iy HIX {E7E
10.52—14. 15 CFEIEA 12.33). 1 /K AA BB R RE 52 FC AR A SR BRI 18 52 W) i 4 A= 30k 3,
v 323 g THERLART, BAR AR HOKIBOK I, 52 315 H K AH B AR S & R, A HLTE e
TR MK A5 P48 %0 BIX {HAE 0.75—0.88 CFIIME g 0.79), {HAE 0.8 1 F 1730, 2 Wk I L Hb IX 119 5 LI 32
A A ISRFT SN P 5 T 9 ] s . EL MR K A5 3 R 7K BIX {EIC W 22 5, (AR [RIK AR 9 HIX 5 BIX B9
KA EATH WA 22 5k (181 5), BEBEHRT T 7K 15 2k HAT B B A S AR .

16 - o 137K Surface water
78 o 7k F:Shallow well
- O,
15 ol4 * 7k H:Deep well
14 F ©J3 *
J30
028,58
131 oJ15
on4
< 12f ot oI16
T L
1 oZl «123
10
oGLT
or 0CG
S+
oH2 OH1
7
L

1 1 1 1 1 1
074 076 078 080 082 084 086 088 090
BIX

B 5 XK AL R K B9 BIX Al HIX 58 &
Fig.5 The relationship between BIX and HIX values of surface water and groundwater in the Manzhouli area
M KR PR HEO AR K FIEVE FIAE 1.58—1.64CFII{EN 1.60), 3 T /KA FIEFI7E 1.69—1.87(°F-
BIME R 1.79), Horp oK FLIEX R3] 1.8 DL L, UERT I HL 3 X DOM 22 k& U8, (H #h37K LRt 5
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N E, BRGNS K As BT 56 A0t 21 58 D B S A4 AT, i R K ARS8 o 3, vk
YrEA L HAEHEI T 25 7 As iR, & 2 8 S /EH].

XA TFZH 53 B o L B 5 FL 98 B2 A1 C R BEAT 40 R B (6 6), C1 4535 FI Z 6] B4 /K44
AOTRIEE, B B A IE A GO R, C2 73R 2 BT A AHSCHE, T C3 2705 FI 2 BLHAHOCOC R . U]
JE& JA R R B ey, S K r B RIS 9 B R B 22, BT B R, T (AR A B R

1.90 - 1.901"
b * F *
185+ * 185 *
1.80 - ° o® o 1.80-— o °°o°o
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Fig.6 The relationship between FI values and DOM components of surface water and groundwater in the Manzhouli area
2.3 DOM X As It & AL

R KR As 758 R R IAIE FE o OR A Y — B ERBK SCHLBR AL "2 4R, e e RO LT, B
SRR 2R 1 5 As 9IRS TG A0 AT 56, R 7K 019 7K Ak 27 R AE J2 52 e b T 7K b i i) 3k B 1Y o 2 [
RO G LM DCH R KR As TE B -1 IR BRI v, S B0 R R B 3R T B AR B A S R
JRCENH T A R AR S KA B, BREARE A As 1 BRI, A LY AEAE S A ALV A
P, [ A LB A AL R R AR ™ ) FEARBIETE P, As SRR Z IRIAHOCHE X458 , (BAEA R TR B2 i K 44
H, HCO5 5 As Z ] 2 AR FR (18] 7a), ZEGK I HCO5 W2 By, As YR BB/, AR TR K T,
TR KRB B R R IS T A —, HAZ HCO5 52 i 4 BE AN [F].

DOM ST P EREAY) As B EE N R Z —, AR5, WK As B EEKF R I
o, C1 5 GH 73 B W BE Bl As Wk B8 Th i i T =i, 3 Fh 2 G o oy F AR B B O TR 0 AR A B i 7 AR T 22
Sk, ( 7b), A W5 R W i A DL UL 2 FoE U2 HERRTE 3R 7K b G IE RS B A1), C1 32 i i 4%
AAE LR As IR IE. SRIR AL C2 FT MRy i 7 ©AT W), 4R T2 20 % (1) DOM., Fe il As 2 [il,
XF AR ) ) A A T A 38 VR FH (18] 7). ANFEREE T DOM BYZEGRFPEAN ], X i) a2 B 1Y
SR, A FL, HIX H1 BIX 5 As Y8 8] (19 0C 22 R LAFE H, S [ B2 AR /K 432 3] 1 Il 5 9 A
[l B2 B A S0, AR OK It As YR ROR T, B FLAE BOF A ™ A= W e (181 7d) , 15 B b 2k Ak
JEHL T KT As B EOR IR — 20, B IRGRIE, (HRIZH T K i As 0 S [l P50 165 5 ok IR 5 22
TEGAKIh As 5 HIX 2 BIEAH G (18] 7e), 105 BIX 2 GAAHCHE (] 76), St T As BT B L
P E AR IR 2 I SR AL RE BE B« ME LB U W0 R B i AT AL . T2 B o3 R IR AT BL), T
A= W) PN DR [ e AT BB, A2 R K R R T K R R AR AT LR SRR, R YR
BB i 4 32 S . b 0 D L DCAS B 8 2 2RO, bR 7K b i3 ) e A 5 B ) IR SO, =z AR I
ISR e, (] S 02 D T K e Y R
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Fig.7 The relationship between HCO;- DOM components. FI. HIX. BIX values and As concentration of surface water and

groundwater in the Manzhouli area

3 2515 (Conclusion)

(1)U B T KI5 As & VO FEITE 9.75—53.3 pg L, b /K 740 T 0t 20 J5E- 55 i P B 55

(2) iz XK &b DOM £ 3 Féd 3: C1 B IR A8 BT . C2 i /K Az PR v i) S P R R A 2 1
FE TSR . C3 AR AR = . o b K B K ok 144y i He R, 14 3] 38.4%—48.7%.

(3) b DX Hl T 7K ) HIX {8 O =, 8 08 Ah AR B 7™ o, i U288 S 90 o A TR )2 - B &2, BT 00 3R B by
TR L HEHEA ML, BRI IRE ALY, WK I AR YiEAa ML)

(4) 76 P B 1 X DOM 38 i 22 Fl oy sCAE 1 e oo R /K i i & 4, 35 B B VR 28 WL A i B
FIFH U AL L [FIVE L, (20 As ZE T K v i 5 S .
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