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Estimation of Phosphorus Adsorption Capacity of Alum-amended and Composted

Paper Mill Sludge

In Bog Lee*, Ki Woon Chang , and Jin Myeon Park (Hort. Soil Management Team, National Horticultural
Research Institute, RDA, Suwon 441-440, Korea, )Dept of Bio Environment Chemistry, Chungnam Nat'l Univ.,

Kungdong, Taejon 305-764)

ABSTRACT: Excess application of paper mill sludge (PMS) in field can limit phosphorus uptake by crops
because aluminum presented in the sludge can fix or adsorb available phosphorus which is necessary for
crop growth. To investigate phosphorus (P) adsorption characteristics of PMS, we examined P adsorption
maximum (X,,) using Langmuir isotherm and P adsorption energy constant (K¢ using Freundlich isotherm
for PMS without alum, PMS with alum, and composted PMS with alum thmugh a laboratory incubation

test. The max1mum P adsorption capacities were 800 g g

in soil, 47 mg g in PMS without alum and

61 mg g in PMS with alum. P adsorptlon capacity with alum treatment for PMS increased by 30%. That
of PMS compost was 68 mg g' and showed that composting increases 11% of P adsorption. Freundlich
constant Ky was 22 in check soil, while K¢ values in PMS without alum and in PMS with alum were 398
and 426, respectively. After composting, K; value of PMS compost significantly increased as 1,819. In conclu-
sions, P adsorption capacity for PMS were increased by alum treatment or composting and therefore excess
or continuous land application of alum-amended or composted PMS can limit P uptake for crops by

reducing available P in soil.

Key Words: Phosphorus adsorption, Alum, Aluminum sulfate, Paper mill sludge
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Table 1. Physico-chemical properties of soil, PMS and PMSC
. H T-C Extractable elements (mg kg™) CEC
Materials (1?120) (%) P Ca Mg Al Fe (cmol. kg™)
Soil 49 15 200 529 73 388 340 10.5
PMS without alum 71 334 123 7955 1142 2015 227 26
PMS with alum 7.5 31.2 117 7077 1011 5425 254 17.8
PMS compost 7.5 25.5 42 8021 1402 5885 213 21.7
Table 2. Experimental condition to determine the time effect on phosphorus adsorption capacity of soil and PMSC
(paper mill sludge compost)
Materials Sample wt. (g) f;lr?cal (Egsﬂ;f)lon Solution vol. (nf) Time (min.)
Soil 2 40 40 30, 60, 720, 1440, 2880
PMSC 1 600 40 30, 60, 720, 1440, 2880
Table 3. Experimental condition to determine the pH effect on phosphorus adsorption capacity of soil and PMSC (paper
mill sludge compost)
Materials Sample wt. (g) g)uii_ﬂ (Egsillﬂlﬁt)ion Solution used (mé) pH range
2 50, 100, 200 40 3.6~70
1 500, 1000, 5000, 10000 40 26~64

Soil
PMSC
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Fig. 1. Effect of shaking time on the phosphorus
adsorption by soil and PMS compost.

Table 4. Experimental condition to determine maximum phosphorus adsorption capacity (Xn) and adsorption energy (K9

of soil and PMSC (paper mill sludge compost)

P conc. treated (ug m™

Materials Sample wt. (g) Solution vol. (mé)
Soil 2 40
PMS without alum 1 40
PMS with alum 1 40
PMS compost 1 40

10, 20, 40, 80, 150, 300, 450, 600, 800

200, 1000, 2000, 4000, 6000, 8000, 10000, 12000, 15000
200, 1000, 2000, 4000, 6000, 8000, 10000, 12000, 15000
200, 1000, 2000, 4000, 6000, 8000, 10000, 12000, 15000
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Table 5. Linear regression data for Langmuir and Freundlich isotherms for soil, PMS without alum, PMS with alum

and PMS compost

, Langmuir data Freundlich data
Materials - > I 5
Linear equation r Xm (g g7) Linear equation r K n
Soil y = 1.244x + 1488  0.998 804 y = 056x + 1.34  0.966 22 1.82
PMS without alum y = 0.021x + 36.6 0.998 47366 y = 051x + 260  0.952 398 1.96
PMS with alum y = 0.016x + 33.7 0.993 61350 y = 0.53x + 263  0.956 426 1.89
PMSC compost y = 0.015x + 14.8 0.996 68027 y = 039% + 326 0974 1898 2.56

* For Langmuir data x=C. and y=C./Q.; for Freundlich data x=InC. and y=InQ.
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