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Effects of Zeolite Addition on the Loss of Phosphorus and Potassium Through Runoff and Leaching in Poultry
Manure Composting
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Abstract : An outdoor pilot scale experiment of high—temperature composting, that used poultry manure and corn straw as composting materi—
als, was carried out to study the effects of zeolite on the loss of phosphorus(P) and potassium(K) through runoff and leaching. Phosphorus
loss was relatively low(<10% of the initial P), and mainly lost through runoff. The natural zeolite that was added in the initial mixture de—
creased K loss during composting, and improved the K content of the composting product in comparison with the control treatment. Concen—
trations of TP, water soluble P, and TK in runoff decreased as composting proceeded, and fitted for a linear(y=a+bt ) or first-order kinetics(y=
ae") regression. Concentrations of total P and soluble P of runoff during composting, which were 3.39~21.64 mg+L™" and 2.05~17.69 mg- L™,
respectively, exceeded the threshold of eutrophication. Accumulated P loss through leaching were 2.78 g and 3.28 g for control and zeolite
treatments, in which 20%~30% was organic P. The composting in an open windrow resulted in Olsen—P and available K leaching to a depth of
30 ¢m and 60 cm beneath the composting site, respectively. Zeolite addition can reduce the loss of P and K through leaching during compost—
ing. Long—term open composting has a great potential risk of surface and shallow groundwater pollution.
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Figure 1 Pattern of poultry manure composting field
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Table 1 Properties of composting materials

WiH R % 4 P,0J% 4B K0/% HHLF % IKG3 % C/N pH fi

e 3.64 3.23 3.52 55.30 18.80 8.80 5.30
FOKRFEFF 0.87 0.34 2.10 69.80 7.56 46.40 9.29

WA — — 1.85 — — — 7.87
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Figure 2 Changes of the temperature during composting
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Table 2 Effect of zeolite addition on the temperature during composting

s EERI(1-15 d) BRI (16~30 d) Rz (>30 d) HENEH
Fiene| SEHME L SFEE S FHE S FHE
KHHE/C 36.7~59.2 513 23.8-36.8 26.7-34.7 29.4 23.8-59.2 403
Wi /C 36.8-65.8 3.1 29.3-38.0 26.7-313 28.6 26.7-65.8 424
P 0.691 0.006 0.474 0.434

TP ORR R T RSB0 A Ko B 5 8 s A Ak B ] st S 3 AL BB A5 22 50 br (n=3 ) o
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Table 3 Mass and nutrient balance(dry weight basis ) of poultry

manure during composting process

i H o AR P AR(K)
payiist HERE R /kg 68.30 4532 1.57 1.35
WA 5 kg 44.90 17.70 1.47 1.14
R kg 23.40 27.62 0.10 0.22
Riilg — — 2.78 47.18
SR 1% 34.26 60.94 6.44 15.94
A HERE R /kg 87.50 45.32 1.57 1.59
WeAEE/ke  51.01 13.40 1.45 1.38
Mfidk/kg 3649 31.92 0.12 0.21
#iilg — — 3.28 38.53
SR 1% 53.43 70.43 7.40 13.35
(Aik)HP 0.091 0.089 0.402 0.392
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AR EE 4> 511 R 3.39~21.64 .2.05~17.69 mg- L, 1A 5|
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B AR L 7E 18.46~256.45 mg- L7 22 Ja], R,
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T KFESR e B Rl TOHLBE VB ) B3 A
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Table 4 Rainfall, runoff and nutrient concentration of runoff collected from poultry manure composting in open windrows

HENERE/d BN H/mm RWE/ML  EC/mS-em pH S /mg - L7 TCHL#/mg- L7 S/ mg- L
31 16.6 T 26.30 1.04 7.23 10.09 7.63 116.5
Z 33.00 227 6.89 21.64 17.69 256.45
40 102 T 477 0.79 7.83 6.39 5.89 55.79
Z 7.27 0.41 8.08 7.97 471 56.54
62 10 T 40.79 1.13 7.68 8.23 8.00 237.99
V 463 0.92 7.86 8.39 7.85 114.77
63 6 T 41.76 1.24 7.55 8.11 9.19 216.00
Z 4291 1.04 7.52 6.69 5.07 111.00
65 9.3 T 43.14 0.73 7.84 428 3.16 101.00
V/ 49.52 0.85 7.6 3.39 2.05 86.00
73 23 T 63.02 0.58 7.25 6.59 6.56 86.28
v 68.76 0.65 72 6.84 6.41 79.78
80 23 T 9.30 0.71 7.35 4.69 4.55 120.63
Z 1143 0.65 7.25 5.52 4.76 69.54
82 13.1 T 53.83 0.65 7.28 5.69 5.77 104.41
7 56.12 0.56 7.28 521 5.33 72.39
85 112 T 76.52 0.48 7.27 5.01 5.16 88.02
v 76.23 0.41 7.29 432 4.57 43.65
99 30.6 T 77.38 0.56 7.62 6.22 3.11 24.33
Z 90.59 0.46 7.54 5.65 2.82 18.46
BRME 30.6 90.59 227 8.08 21.64 17.69 256.45
/M 2.3 477 0.41 6.89 3.39 2.05 18.46
Mt 43.68 0.79 7.49 6.53 5.9 115.03
4821 0.82 7.45 7.56 6.13 90.82

=T R BRAL B, Z S 47 b3
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Table 5 Fit equations of nutrient concentrations in runoff and composting time

e pE s TeHLwE et
a b R? P a R? P a b R? P

y=a+bt

Xt 10.22 -0.05 0.38 0.06 9.42 0.28 0.11 169.76 -0.80 0.06 0.48
bt e 19.89 -0.18 0.52 0.02 15.62 0.43 0.04 250.46 -2.35 0.56 0.01
y=ae"

payils 10.48 -0.01 0.32 0.09 10.67 0.29 0.11 206.25 -0.01 0.12 0.32
i Ze) 21.27 -0.02 0.51 0.02 15.83 0.35 0.07 408.74 -0.03 0.57 0.01

T P AR UH 7 P B A S 5 o FORYIAREE ;b 2o BB HOR R B fligt

&6 HILHEETE RRER SRR KEFIREZ BNHEXRE

Table 6 Spearman'’s correlations of rainfall , runoff and nutrient concentration of runoff collected from pouliry

manure composting in open windrows

ok e i T it EC pH LB TeHL kel

e i o 1
(NN, 0.659™ 1

EC -0.138 -0.291 1

pH -0.156 -0.238 -0.312 1

ST 0.133 -0.222 0.865™ -0.354 1
TeHL B -0.029 -0.22 0.871° -0.439 0.933™ 1

petcil -0.334 -0.284 0.845™ -0.227 0.655™ 0.786™ 1

T * P<0.05, %% P<0.01, *#% P<0.001 .
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Figure 3 Total loss of phosphorus and potassium from runoff during composting
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Figure 4 Changes of the contents of soil Olsen—P and available potassium of different treatments during composting(0~180 c¢m )
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