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Abstract: Based on the septic tank wastewater quality analysis, the major impact factors in the
treatment of simulated septic tank wastewater using magnesium ammonium phosphate ( MAP)
crystallization were analyzed. In addition, the optimal reaction conditions was predicted using Box-
Behnken Design ( BBD) response surface method. A steel slag seed crystal media filter (SCMF) was
operated under the optimal condition, to investigate the removal and recovery of phosphorus from
simulated septic tank wastewater. It was found that the MAP crystallization was mainly affected by initial
pH value, ratio of Mg/P, and ammonia concentration. The optimal operation condition included initial
pH value of 9. 63, Mg/P ratio of 1. 37, and ammonia concentration of 115.3 mg/L. Under the optimal

condition, more than 99% of phosphorus was removed from the septic tank wastewater within reaction
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time of 30 min. Phosphorus removal rate was maintained 95% in a 30-day continuous operation under the

optimal condition. XRD characterization showed that the major ingredient of crystal product was MAP

with good crystallization degree,which had a great convenience for the phosphorus recovery.

Key words: simulated septic tank wastewater; slag seed crystal media filter; MAP

crystallization; BBD response surface analysis
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Fig.1 Schematic diagram of seed crystal media filter
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Tab.1 Comparison of performance parameters and chemical composition of steel slag and ceramsite
s i/ % TERES ML
i H . > PR B/ i i
50, | ALO, | Fe,0, | Ca0 | Mg0 | Mty (urid/mm RORA |\ HREBY) AR g
(g em™)|(m" - g7)| A/ em
Wit | 14.9 3.9 10.4 44.2 11.1 15.5 4.2 1.06 27.45 26 0.33
PekL | 65.04 | 14.88 | 6.39 | 3.05 2.01 8.63 | 4.0 0.99 25.65 25 0.25
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VRRUSONEE RO BRBAER (V) o iR AT R 4 R 3k 3
NS

®2 MEEEITEZESKE
Tab.2  Factors and levels of response surface
KF
x -1 0 1
pH {H 9 9.5 10
Mg/P {H 1.0 1.2 1.4
AW/ (mg - L) 80 100 120
&3 MMEIREIZITRER
Tab.3 Response surface test design and results
Sy ¥ 2
mwg| pin | Mgpgr | SOUE | PR
1 10 1.0 100 88.9
2 10 1.4 100 96.1
3 9.5 1.2 100 95.1
4 10 1.2 120 93.3
5 9 1.0 100 80.1
6 9.5 1.4 80 9.1
7 9.5 1.2 100 95.1
8 9 1.2 120 85.1
9 9.5 1.4 120 99.2
10 10 1.2 80 85.5
11 9.5 1.2 100 95.1
12 9 1.4 100 87.8
13 9.5 1.0 80 86.3
14 9.5 1.2 100 95.1
15 9.5 1.0 120 94.6
16 9.5 1.2 100 95.1
17 9 1.2 80 76.9

X 3G F ] Design — Expert #4404, &2
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B8 H IG5 PO B 25 B3 38 1 52 T 5 400, 545 3 AH
INSICIVE Yy

Y = -92.45 +18.314 +27.66B +0.27C +
2.42AB + 0. 024AC - 0. 060BC - 0.94A° +
5.89B% +5.893E - 004C* (1)
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Tab.4  Significance test and variance analysis of regression

equation
ael wm M wmm | orm | P
A 242.48 1| 242.48 |1036.54 [<0.000 1
B 16.718x107%| 1 6.718 x107? 0.029 0.8702
c 8.98 1 8.98 38.38 | 0.000 4
AB 0.063 1 0.063 0.27 | 0.6212
AC 0.040 1 0.040 0.17 | 0.6916
BC 2.56 1 2.56 10.94 | 0.013 0
A 244.00 | 1 244.00 | 1043.06 | <0.000 I
B 2.29 1 2.29 9.79 | 0.0166
c 22.03 1 22.03 94.18 | <0.000 1
B | 622.18 | 9 69.13 295.52 | <0.000 1
S| 1.64 3 0.55
gfiiRz|  0.000 4 0. 000
"W P{H<0.01 N R 2 0.01 <P{H<0.05 i
F.PME>0.05 N ARBE;R =0.997 4R, =
0.994 0, k535 =61. 059,
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BERM R R EN, MKNE B W PAEN
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ERCN 5 H A A% T ER I B O L (35 (B K 3% I
M 7 (L P 5% T K ), T P %5 2 Y 1L P, Mg/ P
X BB R B S W B /N AT BY R CP O PN T
0.05,iHH A* B> F1 C* X bR R oA & 50 52
HIBC ) P {/NTF 0.05, L] Mg/P {1 Fl 20 A Mk
JE 128 BAE FA X BR R A 2 5
2.1.2 i g T 45 SR AT

BB TR 2 1 — Ak 1 AT AN 1] 2 B (B 6
YR T B B R g, BRI g ) L R
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Fig.2 Response surface of different factors interaction on phosphorus removal rate
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Fig.3 Treatment effect of septic tank wastewater by SCMF
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Fig.4 XRD characterization of crystallization product of
septic tank wastewater treated by SCMF
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