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1.2 Cr( V) Cr( VI) 110 C 2 h
(0.2829 + 0.0005) ¢ 1L 100 mg L'
Cr( V1) .7 50 mL Cr( VI) () 10 3.0
6.0 9.0 20.0 50.0 mg * L.”" (V) .
Cr( V1) Cr( V1)
A A-c (R*=0. 999 8) Cr( VI) .
1.3 Cr( VI)
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Tab.1 Factors-evel of the orthogonal experiment
/min /min
pil Volume of reagent added  Shaking duration i Settlement
1 2 1 10 7 20
2 3 1.3 20 8 40
3 4 1.6 30 9 60
4 5 2 40 10 80
100 mL. 100 mg * L~" Cr( VI) 1 pH(  0.01
mol + L7! ). ( = X
35.3 mg 41.1 mg 54.9 mg 41.1 mg 82.2
mg) . pH Cr( VI) o
1.4
1.4.1 100 g 1L
1 h( 110 C 12 h o 10 g
100 mL ~ 0.01 mol « L™ 0.5 h( <40 C)
110 C 6 h 300 C 2 h
o 0.02 0.03 0.04 0.05 0.06 mol * L' o
1.4.2 100 ml. 100 mg + L' Cr( VI)
( 0.01 mol * L") pH=3.0 0.5g
25 C 0.45 um o
pH pH o o
1.5 - Cr( VI)
(1) Cr( VD 100 mL pH o
(2) 0.5¢ o
(3) pH o
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(4) 0.45 pm 25 mL Cr( VI) o
- Cr( VI)
. Cr( VI) 0.02 mg * L™ Cr( VI)
100 mg * L™" Cr( VI) .
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3 pH 3
o 2,
3 o 3
Cr( VI) 2 ( 4) .
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Tab. 2 The optimum conditions of the orthogonal experiment
/min /min
P olume of reagent added  Shaking duration P lement
Sodium metabisulfite 2 2 40 10 80
Sodium bisulfite 2 2 40 10 80
Sodium sulfite 2 2 40 10 80
Sodium hydrosulfite 3 1 20 9 80
Sodium thiosulfate 2 2 40 10 80
3
Tab. 3 The optimal scheme based on range analysis
/min /min
bl Volume of agent added Shaking duration pH Settlement
Sodium metabisulfite 3 2 40 10 40
Sodium bisulfite 3 2 40 10 60
Sodium sulfite 5 1 20 10 80
Sodium hydrosulfite 2 1.6 30 9 40
Sodium thiosulfate 2 1.6 60 9 60
4
Tab. 4 The results of comparative experiments
1% 1%

Removal rate based on

orthogonal experiment

Removal rate based on

validation experiment

Sodium metabisulfite
Sodium bisulfite
Sodium sulfite
Sodium hydrosulfite

Sodium thiosulfate

97.53
98. 64
97.39
96.93
94.37

99.13
99.48
73.34
89.64
96.59
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5 Cr( VI)
Tab. 5 The recommended experimental scheme for reducing agents and Cr( VI) removal effect
/min /min /%
pH  Volume of reagent pH
Shaking duration Settlement ~ Removal rate
added
Sodium metabisulfite 3 2 40 10 40 99.13
Sodium bisulfite 3 2 40 10 60 99.48
Sodium sulfite 2 2 20 10 80 98.93
Sodium hydrosulfite 2 2 30 9 40 97.40
Sodium thiosulfate 2 1.6 60 9 60 96.59
2.2 Cr( Vi)
Cr( VI) ( 1 Omol L' )
1. Cr( VI)
o 0.03 mol * L™ Cr( VI)
0.03 mol * L™' o
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Fig.1 Adsorption rate of activated carbon modified with Fig.2 Influence of pH on the Cr(VI) removal
different concentrations of manganese nitrate
(0.03 mol » L' ) pH Cr( VI)
Cr( VI) 2 3, 2 pH pH
Cr( V) pH 3 (94.6%)
pH o 3 Cr( VI)
Cr( VI) Cr( VI)
( 100 min) . ( 200 min)
( 300 min ) 100 min Cr( VI) 25 50
100 mg * L' 80.9 %.70.2 % 59.3 % 300 ~360 min  Cr( VI) 25 50

100 mg * L.~ 96.5% ~98.1% 93.2% ~94.9%  92.2% ~94.8%
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) 98.4 % ~99.6 % Fig.3 Effect of initial concentration on absorption of Cr
5 (V1) by modified activated carbon
1 .
8
Tab. 8 Test conditions for combination of reducing agents and modified activated carbon
/min /min
Reducing agent Py ume of reagent added  Shaking duration P Settlement
Sodium metabisulfite 3 1 40 10 80
Sodium bisulfite 3 1 40 10 80
Sodium sulfite 2 1 40 10 80
Sodium hydrosulfite 2 1 40 9 80
Sodium thiosulfate 2 1 40 9 80
9 —

Tab. 9 The method of combining the reducing agents and the modified activated carbon for removing hexavalent chromium

1%

Removal rate

+
Reduction method
Combined method

Sodium metabisulfite 99.1 98.4
Sodium bisulfite 98.4 97.5
Sodium sulfite 99.7 95.0
Sodium hydrosulfite 99.5 98.2
Sodium thiosulfate 99.6 97.6
Cr( VI) ( 100 mg * L") : - 99.5 %;
- 99.3 %, - 99.7 %, - 98.6 %;

- 99.2 % o
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ed the total DNA of M. usitatus was extiracted by using TIANamp Genmmic DNA Kit and the mtDNA COI
gene sequence was sequenced based on which a phylogenetic tree was constructed. The enzyme activity was de—
termined by using spectrophotometer. The results showed that the genetic distance between the different geo—
graphical populations was very small and that there was no significant genetic differentiation with the change of
geographical location. Determination of antioxidant enzyme activity showed significant difference in glutathione-S5—
Transferase ( GST) activity between different geographic populations. There was no significant difference in SOD
activity between different geographic populations. There was significant difference in CAT activity between indi—
vidual populations and other geographic populations.

Keywords: Megalurothrips usitatus ( Bagnall) ; molecular identification; enzyme activity; geographical popula—

tion difference
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Improvement of Reduction Method and Activated Carbon
Adsorption Method for Removal of Cr ( VI) in Water

HU Shanhu CHEN Lingian WANG Zheng HUANG Huan LUO Shengxu

( Ministry of Education Key Laboratory of Tropical Biological Resources in Hainan University/
Ministry of Education Key Laboratory of Advanced Materials of Tropical Island Resources Hainan University/

College of Materials and Chemical Engineering/ Haikou Hainan 570228 China)

Abstract: Experimental conditions for reduction method and activated carbon adsorption method were optimized
to remove Cr ( VI) in water and both methods were combined to observe their effect on removal of Cr( VI) . The
orthogonal experiments and double-check test were used to optimize the reduction method for removal of Cr( VI)
resulting in optimum conditions for the reduction method with sodium metabisulfite sodium bisulfite sodium
sulfite sodium hydrosulfite and sodium thiosulfate as reducing agents. Under these optimal conditions the re—
ducing agents had a Cr( VI) removal rate of 96.59 % - 99.48% in the water body. Activated carbon modified
with manganese nitrate at different concentrations produced different effects on Cr( VI) removal and had the
highest removal rate when modified with manganese nitrate at the concentration of 0. 03 mol/L. The modified ac—
tivated carbon had better removal effect than the unmodified one. The removal rate was affected by pH initial
concentration of Cr ( VI) and treatment time. When the pH was 3 the removal rate was the highest (94.6%) .
The modified activated carbon had better removal effect when the contaminated water contained lower initial con—
centration of Cr( VI) and the Cr( VI) removal rates increased fast at the early and middle stage of absorption.
The combined reduction and modified activated carbon absorption method had better effect on removal of Cr( VI)
than the reduction method or the modified activated carbon absorption method alone. The simulated water sam—
ples collected from Haidian Stream Haikou Hainan China were treated by using the combined reduction and
modified activated carbon adsorption method and the results showed a satisfactory treatment of the actual sample
matrix by using the combined method.

Keywords: Reduction-modified activated carbon adsorption method; water body; Cr ( VI) ; removal rate; flame

atomic absorption spectrometry



