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Fig.1 Effects of concentrations of the organic acids on the removal of Cr( VI) in ice
c¢(Cr(VI)] =10 wmol/L. (A) Oxalic acid; (B) tartaric acid; (C) malic acid; (D) citric acid.
Concentration of organic acid/( wmol - L") : a. 10; b. 20; ¢. 30; d. 40; e. 50; f. 60.
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1. XK A TR | SRR AR X Cr( VD) W38 A H 32 2k AR TR A5 vk o8 S R0 3. ZE45 vk
ZHT RSB RIN, Cr( VD) B RBR RN A & A, BLas SRR, 7R85 vk)a I el e vk o8 vl i, %
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NS RSHIN TR 1. HE LA, In(e/c)) Xt o BILEE SR BT, BEBAVKAR Cr( VD) 15 4 Fif
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Table 1 Simulation of the first order Kinetics of the reduction of Cr( VI) in ice

20

10

0r

Temperature/C

,10 —

Acid Concentration/ ( umol + L") First order kinetics equation k/h! Coefficient of determination, R>

Oxalic acid 10 ¥=-0.0007x+0.0543 0.0007 0.8520
20 y=-0.0065x+0.4814 0.0065 0.9109

30 y=-0.0200x+2.1408 0.0200 0.9039

40 y=-0.0273x+2.0323 0.0273 0.9107

Tartaric acid 10 y=-0.0002x+0.0333 0.0002 0.9000
20 y=-0.0054x+0.5112 0.0054 0.9609

30 y=-0.0142x+1.4327 0.0142 0.9097

40 y=-0.0207x+2.0973 0.0207 0.9133

Malic acid 20 y=-0.0014x+0.1477 0.0014 0.9380
30 y=-0.0056x+0.5608 0.0056 0.9406

40 y=-0.0098x+0.9895 0.0098 0.9276

50 y=-0.0159x+1.5606 0.0159 0.9372

Citric acid 20 y=-0.0011x+0.1103 0.0011 0.9145
40 y=-0.0066x+0.6651 0.0066 0.9543

50 y=-0.0104x+1.0119 0.0104 0.9469

60 y=-0.0127x+1.2155 0.0127 0.9445

2.2 KEPRREMEFHET Cr( VI) XBREIITLL S
VKA Cr( VD) 55 50 RR A% sy i et n R By s
2HCrO,; + 3C,0,H, + 8H* — 2Cr** + 6CO, + 8H,0 (1)
Cr,02” + 3C,0,H, + 8H* — 2Cr’* + 6CO, + 7H,0 (2)
RIS R AR AR Co( ) AU EED) ) BB T R R RE R Cr (VD) B3R JFEIEE Cr( ). T
RN E H S, St SR o i S vy 0 & A S0 i felt A A () B A7 AILIR i XoF 1 i pHL L4
2 FR. R 2 ATH, SAPLRRWKEE /NS K, AR pH (WK N, 22 Cr( V) iR 5.
PR, B T BT E e R 2 Ah, BEE A VLR W) IR vk BE 3G K, IR R Y pH (BN, BRI 58
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Table 2 Initial pH values of Cr( VI)-organic acid system under different concentrations of the organic acids

Concentration/ Initial pH value Concentration/ Initial pH value
o Oxalic Tartaric Malic Citric o Oxalic Tartaric Malic Citric
Cimol - L70) acid acid acid acid (pmol + L7 acid acid acid acid
10 5.19 5.27 — — 40 4.60 4.64 4.75 4.68
20 4.98 4.98 5.04 5.02 50 — — 4.60 4.46

30 4.86 4.86 4.95 60 — — — 4.39

JAE 4 T HLIRAE KR WR B L B W EORTR] , B TR A WOk U6, 24 4 R AL fh ik B2 AR
[ElF, FpH (AR, H i3 1m0, HH5ER | WAL | PR IR AT IR R AR R, 4 R HLRR
Xt Cr( VL) B 25 BR 3 AR R R ST A1 R > S RIS ARTR. X (1) A (2) AT L, i TABLIRA &
Z 5T RN, FWARKAVERE T A SMER . S5, XFF Cr( V) B LBRACRBARTE. 4 Fh
YRR (ILIE 3) WA, 72 4 FG IR, TR ESH IR AT 5, fe b K HE SO, TRTTH S 7 o 48 i
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Fig.3 Structures of the oxalic acid(A) , tartaric acid(B), malic acid(C) and citric acid(D)
2.3 JKHEHREERIT Cr( VI) X TE JH % %R iR 48 30 M
R VIR SR AE X REOK IR RS2 B I TC BV A, AR KA FP A A B ) — 1 B B JE R 48 TR Tk
ARV UK TP AR BRI . O T B IR SE B A5 F N W R A UM I AEHT, XF Cr (VD) -RE R A &

5T KRS HE B e BE A X FL S (1 4) , R 100

TAKEW P W EAVLIER S Cr( V) A ;. S5 % ~ 80 a

B, DAVKARH ¢[ Cr( VI) 1 =10 wmol/L, FRHJE N % &0 F .

40 pmol/L X—4M NS, 27k H Cr( V) FiIE v‘é wl >

TR 1 Vi B [E B K 200 F5 0, JLP RS KA R 3

Ny ZHEWEY KZE 600 f5EF, XF Cr( VI) A LBRE 20 F ¢

AT, H 2B R5E%, KR 180 min i 25 B 2243k 5 e &%ﬁfﬁo
20% ; M T FHWEY RE 1200 50, ZHREGHK Time/min

T, 180 min B LB AT LIIA T 60% ; — & W E Fig.4 Removal of Cr( V1) by oxalic acid in water
P K2 2000 £56T, 180 minEFRFAIH 60%, X5 a. e[ (V)] =10 pmol/L, ¢(oxalic acid)= 40 pmol/L(ice) ;
WEY K E 1200 554 — 3. TiErKA PR 180 b e[ Cr(VI) ] =2 mmol/L, ¢ (oxalic acid) = 8 mmol/L ( water) ;
min Hﬂ‘ Cr( W)i&%%ﬂﬂ%}ﬁ 94% , %‘%%ig@%ﬁ:? c. ¢[Cr(VI)]=6 mmol/L, c(oxalic.‘ acifl)= 24 mmol/L ( water) ;
SIS0 10, N[00
i Cr( VD) A B AR EVE .
2.4 VKHEPEMEITEERER Cr( VI) B2

HAR IR VK TR S A7 ZFh TCALER 2 53, TOHLER A AE AN B AT RERZ I vk 94k 22 S, T HL AT BB 2%
EmKE . L, BT LR WL JEHLE NaNO,, NaCl Fil Na,SO, XF vk 5E g 5Bk Cr( VI) YR
Mel. fH &5 AT, IATCHLER SR B ER 2B Cr( VD) P2 A4l /R R, ELA0 /5 T Bt G 2 Tk B2 Y 15 DR
SR, Grannas 452 I T LLL RAFAERBUE LIS LLL J2 i e A K

@(T)~m”2°RTI( ! jc" (3)
1000AH\T - T,) "
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B NO; Al I M A FAEAS IR, S5 UR) Na, SO, VeI FTA 1K 2R 8 R A 15 NaNO, Al NaCl {5
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Fig.5 Effects of the concentrations of inorganic salts on the removal of Cr( VI) in ice
e[ Cr(VI) ] =10 pmol/L, c(oxalic acid)= 20 pmol/L. (A) NaNO,; (B) NaCl; (C) Na,SO,.
Concentration of inorganic salt/(pmol + L") : a. 05 b. 15; c. 150; d. 1.5 e. 10; . 100; g. 1.
2.5 FHLEEST Cr( VI) ZEREISNE
2.5.1 kAR FAIEE pH EA Cr( VD) -ZEEBREZ P Cr( V) £BRMFH  FEREN 20 pmol/L 1 FFRIF K
L 2Bl IR R A U AR VA pHL L, WIFSERI AR pH (EXT Cr( VD) EERBUZ M. X BRSLER25 R 3R
B, 7E45Rh pH {H AN SR H A K AE ROV ] 6

10 + §

: /[~ =8
= e

PR T UG G pH (T BRIk (VD) 105 o8t

We, FEANYE Y pH ERYN LT, RS W B9 G E ol

pH=4.98. Hi[E 6 11, KRR AR pH [aRRPEN 1 =

B (pH=3.58), %I Cr( VI) W ZLBRA fEHEVEH, & % i
T 2t

BRI, RBREAINPR, SRR H R BRI
S A e HEA . RS pH RE— 2 B AR pH = 0730 60 90 120 130 180
1. 58 If, NSRS AW HIAE T, X2 h T 0389 pH

Time/min
EMARY H,S0, ¥ RAZ) 1. 3x10* pmol/L, BLAT
WP B PR R, S8 LLL BEEH R, i
TR RE B BRARBEA, (7] A fe 5 0

Fig.6 Effects of initial pH values on the removal of
Cr(VI) in Cr( VI)-oxalic acid system in ice
c[Cr(VI)] =10 pmol/L, ¢ (oxalic acid) = 20 wmol/L; pH:

a. 1.58; b.3.58; c. 4.98; d. 5.52; e. 6.55; f. 7.56; g. 8.53.

FEA BT 2%, 4 pH A ) B P 5% AR B (pH = 5. 52,
6.55, 7.56, 8.53) , X RN R MAIPHIEH], 2 H AR H b, BRI F R AW >, WA
FITF Cr( VD) BRSO T
252 skFEHBREAT Ce(VI) xRk LA, IR KA TR pH (EX) Cr( V) -FRRA R
Cr( VI) Z<BR520 , eI T BRER VAT N pH (. A E 76 %R R R R ERAS B % Cr( VL) 34 BRIV )
o, ZEET Cr( VD) -EiR R d Cr( VD) AR oL 25 R, A MMRAEMSMT, Kb
Cr( V) tn4s & AR 38 )5 R

B 7 s T SRIERIE I LG pH (EXT UK Cr( VI) £BRAGFEZM, 72 RS pH (EMHE T, Cr(VI) &
WIBILA pH {H°M 6. 55. 24V pH B 6. 55 W/NE 5. 20, FEIB/NE 4. 62 I, Cr( VD) (2558 % W
T, SRR R AR FR v A TR O

4HCrO; + 16H* — 4Cr** + 30, + 10H,0 (4)
A, W& pH A 4. 62 i —20FRIKE 3. 58, FFEACE 1.53 o, fEUERIF LIRSS . X dEh T+
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TR A A R BB IR BERS K, S50 LLL 2R R 10 —t—
WK, BN, SELBRREM. T pH= oot
1. 53 B, LAY H,S0, MREEE K24 1. 5%10" pmol/L, g L
RO FUREE WERG R, B Cr( V) BRI L. =

DLE S 0 5 L 6 T, AL IR R R T L 412 3 =l
Cr( VD) I 9 LU — # A HEAE T, X 43 S
Br THEA R RIAG pH AT, KA Cr( V) -HER 0 30 60 90 120 150 180
PREFN Cr( VD) -BRER IR R T Cr( VD) YR BRACR. ti Time/min
8 Al ’ SR pH {6374 4. 6 Bt ’ LA Cr( VD) ik Fig.7 Effects of initial pH values on the removal
SRR ORI TR, X2 FAF Cr( V) -Bi iR 4 of Cr(VI) in Cr( VI)-H,SO, system in ice
A, ACH HTEEA, mAE Ce( VD) -HRRIKRF, H e[ Cr(VI)]=10 pmol/L; pH: a. 1.53; b. 3. 58;
MERNZ 5T Co(VD) MR JE N, &R EEA H ¢ 4.62; d. 5.205 ¢. 6.55.

AIVERT, SCARRRA LB APERT, AT B0 AR A 2 2EAE F O T 8RR

c[Cr(VD)}/(umol-L )
[Cr(VD)}/(umol-L )

0 30 60 90 120 150 180 0 3060 90 120 150 180
Time/min Time/min
Fig.8 Removal of Cr( VI) in Cr( VI)-oxalic acid Fig.9 Removal of Cr( VI) in Cr( VI)-H,SO, system
system and Cr ( VI )-H,SO, system at the and Cr ( VI)-oxalic acid-H,SO, system at the
same initial pH value in ice same initial pH value( pH=3. 58) in ice
e[ Cr( V) 1=10 pmol/L; a. oxalic acid, pH=4. 60; e[ Cr(VI) ] =10 pmol/L, ¢(oxalic acid)= 20 pmol/L;
b. H,80,, pH=4.62. a. H,50,; b. oxalic acid+ H,S0,.

WX AT TE R A pH EAHRI 20T, Cr( VD) - ER-BRIER IR R AT Cr (VD) -BRER IR R 1 Cr( VI) 1)
FBRECR, KIS 4G pH EHI R 3.58 BF, Cr( VI)-HRR-BRERIARR T Cr(VI) Ay LB R0 8 & T
Cr( VD) -BRFRIAZR (LB 9) . X it —PAE ] B VR IRCRAE T8 R , WRAVE AL S5 T Cr(V)
{14 AR JE SN

5 LR, SR AR R, Co( VD) fEK IR TP AN REBE R | AR | SRR AT iR
fi 4 FPA HUER TR R ; AEVKH, 4 P HLERYT Cr( V) B ZSBRIIA IR EER, HEBRACRIE A VLR
YR JRE 1 RS W B 5. 4 Tl WL B M T 205 S 5 5383 T o 0 T > Y15 7 T >3 PR > A A R 38 e 1 JFH AR [
W B ) JCHLER FNTCHLER v] AR pKER T I LLL JZ2 B9 BE R Cr (V) AR, A R 5 o hLER P
FKICK. BRI G pH AV HLIRZSH 250 Cr (VD) B I A B2 R SCIR 4518 T v VR Mk 4 2800 1)
BRI 107, MERR IR Cr( V) A BLE AL #EE .
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Influences of Freezing on the Reduction of Cr( VI) by Typical
Components of Dissolved Organic Matter’

ZHONG Yubo', KANG Chunli', WANG Yueqi', XU Xiaolei',
BAO Siqi', XUE Honghai’*, TIAN Tao'"
(1. Key Laboratory of Groundwater Resources and Environment, Ministry of Education ,
Jilin University, Changchun 130021, China;
2. Key Laboratory of Songliao Aquatic Environment, Ministry of Education,
Jilin Jianzhu University, Changchun 130118, China)

Abstract The influences of freezing on the reduction of Cr( VI) by four typical components of dissolved
organic matter( DOM) , namely oxalic acid, tartaric acid, malic acid and citric acid, were investigated. The
results show that under the condition of a low concentration in the experiments, Cr( VI) in the aqueous
solution cannot be reduced by those four organic acids. However, in the ice, the four organic acids all facili-
tate to remove Cr( VI). Moreover, the removing effects gradually strengthens with the increasing concentration
of organic acids. And the effects of these four organic acids rank as oxalic acid>tartaric acid>malic acid>citric
acid. The concentration of inorganic salts and inorganic acid can inhibit the reduction of Cr( VI) by changing
the thickness of liquid-like layers in the ice surface, but the inhibiting effect is independent of the kinds of
inorganic salts. It is the initial pH of the solution and the structure of the organic acid that greatly influence the
reduction of Cr( VI). Upon the experiment condition, the concentration factor of the freeze-concentration effect
can reach 10° at least, which apparently facilitates the oxalic acid to remove Cr( VI) in the ice.

Keywords Cr( VI); Reduction; Ice; Dissolved organic matter (Ed.. V, Z, K)
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