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Study on Technology of Removing Heavy Metals from
Seaweed by Response Surface Method

FAN Lin, LOU Yongjiang", CHEN Xiaofang, SUN Peixuan
(School of Marine Science, Ningbo University , Ningbo 315211, China)

Abstract: The Cd,Cr,Pb,As content of seaweed exceed the national standard. To make the heavy
metal content in seaweed reduce to the national standard and provide basis for safe eating of
seaweed , the response surface method was applied to optimize the conditions of the heavy metals
removal from seaweed. The quadratic polynomial model of removal of heavy metals in seaweed was
established and analyzed ,which showed the best conditions of heavy metal removal from seaweed :
the pH of removal liquid 2,time 4 h,the ratio of solvent to material 125 ml/g. Under these
conditions, the content of Cd ,Cr Pb As(total As)in seaweed were 0.75.0.63.0.81,14.95 mg/kg and
the rate of removal were 61.14% .58.28% .70.97% .40.70%.
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Table 1 Effect of removal liquid pH on the removal of heavy metals in seaweed

JB i 43 %0/ (mg/kg)

=
TR

Cd 0.93+0.040e 1.05+0.017d
Cr 0.62+0.027¢ 0.72+0.041d
Pb 1.06+0.022¢ 1.15+0.026d
As 15.87+0.108¢ 16.12+0.08e
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Table 2 Effect of removal time on the removal of heavy metals in seaweed

T 53 40 (mglkg)
Hsf 1] /h

Cd 1.09+0.042a 0.93+0.070b
Cr 0.87+0.027a 0.62+0.042b
Ph 1.38+0.033a 1.06+0.028b
As 17.56+0.030a 16.87+0.059b
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0.79+0.039¢ 0.81+0.036¢ 0.78+0.028¢
0.55+0.048¢ 0.58+0.056bc 0.61+0.028b
0.89+0.040c 0.88+0.026¢ 0.91+0.031¢
15.25+0.046¢ 15.28+0.039¢ 15.28+0.029¢
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Table 3 Effect of ratio of liquid to solid on the removal of heavy metals in seaweed

Tt 43 B (mg/kg)
Jo = AR R/ (gimlL)

Cd 0.89+0.028a 0.84+0.015b
Cr 0.73+0.017a 0.64+0.013b
Pb 1.14+0.025a 1.04+0.042b
As 16.28+0.036a 15.37+0.064b

0.79+0.017bc 0.81+0.017¢ 0.80+0.022¢
0.56+0.017d 0.59+0.017¢ 0.57+0.026dc
0.89+0.028¢ 0.92+0.026¢ 0.94+0.031¢
15.26+0.036¢ 15.27+0.034¢ 15.31+0.017¢
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Table 4 Experiment design and results of response surface methodology
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Table 5 Test of significance for regression coefficient

F8 70 25 B it

Cd Cr Pb As

R 0.974 0 0.642 0 1.034 0 15.850 0

X, 0.113 7 <0.000 1 0.090 0 <0.000 1 0.158 7 <0.000 1 0.480 0 <0.000 1
X -0.080 0 <0.000 1 -0.026 2 0.004 4 —0.086 2 <0.000 1 -0.133 7 0.000 1
X3 -0.031 20 0.001 1 -0.041 2 0.000 3 -0.050 0 0.000 2 -0.058 7 0.012 9
XX, -0.020 0 0.047 5 -0.012 5 0.206 380 -0.002 5 0.814 4 0.010 0 0.702 1
X X5 0.002 5 0.772 9 -0.007 5 0.430 9 0.025 0 0.044 9 0.060 0 0.048 1
XoX5 -0.005 0 0.567 5 0.025 0 0.027 1 0.010 0 0.362 0 -0.027 5 0.309 3
X7? -0.013 2 0.146 9 0.034 0 0.009 4 0.069 2 0.000 2 -0.086 2 0.009 6
X7 0.039 2 0.001 9 0.021 5 0.072 3 0.019 2 0.095 5 -0.018 7 0.468 3
X7 -0.023 2 0.024 3 0.021 5 0.072 3 0.011 7 0.278 2 -0.003 7 0.882 4
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Fig. 1 Contour plot and response surface plot of the effect of pH and time on Cd of seaweed
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Fig. 2 Contour plot and response surface plot of the effect of time and ratio of liquid to solid on Cr of seaweed
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Fig. 3 Contour plot and response surface plot of the effect of pH and ratio of liquid to solid on Pb of seaweed
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Fig. 4 Contour plot and response surface plot of the effect of pH and ratio of liquid to solid on As of seaweed
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Table 8 Corresponding removal condition when different heavy metal is the minimum

J5 15 5380/ (mg/kg) B8 5% %1%
Cd 0.75 61.13
Cr 0.56 62.25
Pb 0.82 70.61
As 14.97 40.62
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RN 61.14% .58.28% . 70.97% .40.70% , i 47 v
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