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Purification Efficiency and Influencing Factors of Combined Bio-filters for

Aquaculture Wastewater
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Abstract: As an effective technology for wastewater treatment, bio-filter has been widely used. Nevertheless, there is still a lack of
systematic report on purification efficiency and influencing factors of combined bio-filters. To this end, a novel combined system that
consisted of aerated vertical-flow filter ( AVF) followed by baffled horizontal-flow filter (BHF) was designed. After setting a series of
hydraulic loading rates (131, 94 and 60 mm-d ') and diversion ratios (8:2, 6:4, 4:6) , we comprehensively assessed the impact of
running condition adjustment on treatment performance by multiple statistical analyses. The results showed that, the average removal
rates of organic matter, ammonia nitrogen and dissolved nitrogen in AVF were all above 80% , while the average removal rates of
ammonia nitrogen, total nitrogen and dissolved nitrogen in BHF were all below 40% . Different running conditions had a significant ( P
<0.05) impact on treatment performance. Meanwhile, there were significant differences in purification efficiency between the two
different kinds of filters. Oxidative degradation was one of the main ways to remove organic matter in the two kinds of filters. There
were obvious nitrification and denitrification processes within the two kinds of filters. Nitrification followed by denitrification was the
main way to remove total nitrogen since ammonium occupied the most portion of total nitrogen in the synthetic wastewater. Meanwhile,
the intensity of nitrification and denitrification in AVF was obviously higher than that in BHF. Phosphorus removal was mainly
controlled by hydraulic loading rate, temperature, dissolved oxygen, organic matter, etc. This might indicate that microbial absorption
was one of the main ways to remove phosphorus for the two filters. Compared to the sole AVF, the removal of total organic matter and
total phosphorus in the combined system was increased by 4.4% and 23.2% , respectively, but the removal of total nitrogen was
reduced by 12. 1% . Reducing the diversion ratio was helpful to improve the denitrification intensity in BHF. However, due to the
introduction of excessive ammonia from the raw wastewater, as well as the limited nitrification capacity in BHF, the removal rate of total
nitrogen for the combined system was decreased. Therefore, according to the composition of treated raw wastewater, the control of

appropriate diversion ratio, residence time and redox conditions inside the filter bed was the key to enhance the overall performance of
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Fig. 1 Schematic diagram of the combined system
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Table 1 Composition of the simulated wastewater used for the experiment/ mg-L !
KFfERR - TCOD  DCOD P P NH, N NO; N NO; N ™ DCOD/TN Na Ca Fe Zn

JREWE 114+24 9324 5.0420.29 4.36+0.66 9.08+0.86 2.05£0.38 0.04x0.07 13.04:0.90 7.13

0.43+0.04 0.36£0.05 0.01+0.01 0.02+0.01

1) B/~ A mean = SD

A ARG R K B ERGE K — W, RV 1 I 08
thK S35 A RFIR] A 24 b, 37 K 37 98 vt B e K
JIERET R 43,7 h. BRASTE EL IS M B K R s
74 h(10:00 ~14:00) , X B KK HEZ) A1 2000 1.
TR R A B Al IR DR K | IR K, B
TLAACEIL IS K | R K. SRR B K
1R, B UCRBERR] 5 72 (08 30 ~09:30) ; B Fl
T LERFZERAE 8 IR BlIG VI HR 22 F — 43 b, 4 iz
172 ARG F B T N —R i R4, RA
K E YSI ZZHUK B (A5 . Pro Plus) #1370l
FEESR (p) . WREE(T) | WA (DO) | AAbidJ5iH
fL(ORP) | B (pH) . L3 (Cond) . LHL TR
(SC) . BEMEAR(TDS) . EhE (Sal) . HLBH (Res)
SRR SR KRR 4 B S bR ik 2
COD, TN, NO; -N, NO, -N, NH, -N, TP IP %4¢
b, Horp coD Ml & AR COD X4k B A WLy
(TCOD) F¥s g YEA HL4 (DCOD). DCOD Ay 7K B
22 PEAC IS I E A, TCOD Ay B 4220 5 1.
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eI
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Table 2 Comparison of physicochemical parameters between inflow and outflow of the two bio-filters

o i JE5E T ey i) ’fx@@?ﬁ B pH RSR  HHRSR BEMEIR R x10-6  dpEE
/kPa /¢ /mg-L=" HUfi/mV /mS-em ™' /pSeem ™' /gL7' /mol-L7! /Q

HEK 100.7£0.4 20.4+1.3 7.83+0.99 64+105 7.97+0.42 0.31£0.01 335%9  0.22£0.01 0.16+0.01 3269 =112

WA T E IR Ak 100.7+0.4 20.3+1.4 2.09+0.53 -64+47 6.99+0.15 0.28+0.02 30817 0.20+0.011 0.15=0.01 3575 +215
Pvalue  1.000 0.732 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
HK 100.6£0.4 20.3£1.3 4.62+1.10 -62+69 7.20+0.14 0.29+0.01 31910 0.21 £0.01 0.15£0.00 3451 =158

Pk EREn K 1007203 20.0+1.3 2.38+0.76 -86+48 7.00+0.16 0.310.03 345+43  0.22+0.0 0.16=0.02 3241 +295
P-value  0.811 0.352 0. 000 0.151 0. 000 0. 005 0. 006 0. 006 0.010 0. 003

1) BTN BE K IR 77 2 35 22 5 O BRAL 2 40

2.2 AEWuE LSRR A

AN AT O (K T g/ o b ) i R 3 X A=
P b v AL K RE A A S S R ), LV RO ] 28 A
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HLYIRIRE RS, R0 AN [ 26 TR0 9 1t X L& 48 b 14 v
WRCRERAFAE . 225 (3R 3).
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MR- K BR R AAE 80% LA I, X | WAl A
LBRRA R, L HIR)E & LR 11.5%
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R3 AMEYRERERAGERAETIATES L ERENDFESMER(PH)"

Table 3 Statistical results of covariance analysis of percent removal rates under different running

conditions for the sole or combined system of the two bio-filters

WiH TCOD DCOD TP P TAN NO;-N  NO, -N TN DIN

PN Gl a7 i NS 9 = 5 0. 009 0. 008 0. 034 0. 007 0. 009 0. 000 0.215 0.011 0. 032
ATR533 LR AT i K v L A 0. 002 0. 003 0. 004 0.307 0. 007 0. 000 0.931 0. 008 0. 000
AWNEK i dar/ i b IALA RS 0. 045 0.013 0. 164 0. 027 0.312 0. 003 0.721 0. 000 0. 003
PN [R] 270 g8 b 1Y 2 LA 0. 044 0.101 0. 002 0. 000 0. 000 0.239 0. 024 0. 000 0. 000

1) BAATFRR P AW (P <0.05) KF

x4 WHEMEHEERASEARZETIATHNES L EXBRERLED
Table 4  Comparison of percent removal rates under different running conditions for the single or combined system of the two bio-filters
g BATTH TCOD DCOD TP P TAN NO; -N NO, -N TN DIN
1 72,0 £22.1° 71.7£22.2% 32.6 +11.8% 23.4£31.3* 83.8+6.6° 36.8+28.2° —124.5+457.1 62.3+10.2° 73.9+9.9"
s 2 93.1+2.6" 93.0£2.7" 44.3+6.6" 52.7+8.6" 90.3+3.0" 54.0£22.5* 87.5£10.8 76.1+3.2" 84.1x3.4"
B A =0 ==l =0 EEO L TLIELT OIS B0 ELE
3 86.4+4.6" 86.3+2.4 45.2+11.4> 53.8 £11.6" 80.9+7.3* 92.6+17.4° 62.1+31.2 69.9+10.5" 82.8+9. 1
MfE 842152 84.0+15.2 40.8+11.3 43.7+23.5 85.2:6.9 60.9+32.2 11.5£265.4 69.7+10.0 80.4 +8.8
1 48.4 £34.1% 48.8 +£39.0" 45.0+6.8* 60.3+12.4 19.5+25.6" 18.0+25.6° -288.6+524.1 33.4+11.1* 20.0+18.5"
) ) 2 85.2+7.0" 88.9£59" 48 1+4.1° 69.1+12.4 21.9£22.0° 45.0+25.9" -331.4+783.9 39.1+4.6°25.9 +21.0°
Pk TR
R Tt 3 80.8+4.2" 80.7£2.3" 57.0+8.4" 65.0%9.4 S1.3+7.7" 86.17.5° -223.7+337.6 47.3+7.5" 56.6+5.5"
BfE 72,0252 73.4£27.7  50.0+8.1 65.0+11.7 30.6+24.1 49.5:34.9 -283.2+565.9 39.9+9.6 33.8+22.7
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& SRIL
" 3 87.3+1.8% 87.4+1.4" 66.5+5.5 77.4+3.1> 69.4+4.0 88.4+15.1> -447.9+515.4 62.3+4.4> 72.3+2.2>
Mk 88.6+5.1 88.6+7.8 64045 77.5+7.3 66.3+7.9 58.2+36.8 -424.4+761.0 57.6+6.7 64.2+10.0
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RN RER SRR IEH G, X8 R @R & /R
e, A A AR P A AL SR U . B
RN RBR SR, pH (E G X
SRR 25 B AR T S A A e AR TS A 6T 1)
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Table 5 Results of stepwise regression between percent removal rate and inflow/outflow influencing factors among the two bio-filters

g S8 PR R B R B3FE K (Sig. )
TCOD 0.409 x T 0.043
DCOD ND
TP —0.439 x HLR +0. 414 x DO —0. 362 x T +0. 355 x ORP —0. 239 x NO; -N 0. 000
P 0.461 x DO —0.365 x T —0. 363 x HLR +0. 361 x TCOD -0. 215 x P +0. 128 x ORP 0. 000

kK TAN -0. 464 x NO; -N +0. 335 x TDS +0. 324 x ORP 0. 000
NO; -N  0.590 x IP —0. 474 x NO; -N —0. 458 x TDS - 0. 411 x NO, -N 0. 000
NO, -N  ND
TN 0. 498 x TCOD - 0. 448 x NO; -N 0. 000
DIN -0.701 x NO; -N +0. 435 x DCOD - 0. 211 x NO; -N 0. 000

M A U T TCOD —0.950 x TCOD —0. 152 x DIN - 0. 125 x pH +0. 103 x DO 0. 000

DCOD ~2.210 x DCOD + 1. 473 x TCOD —0. 345 x DIN +0. 198 x DO —0. 198 x Sal + 0,000
0. 198 x NO; -N 0. 148 x P —0. 060 x NO, -N
TP -0. 804 x TP -0. 223 x TDS 0. 000
P ~0.803 x IP 0. 364 x NO; -N 0. 000
7K TAN ~0.984 x TAN 0. 000
NO;-N  -0.983 x NO; -N +0. 179 x TAN 0. 000
NO, -N -0.734 x NO; -N -0.301 x pH 0. 000
TN ~0.917 x TN =0. 157 x ORP —0. 123 x pH 0. 000
DIN ~0.989 x DIN 0. 000
TCOD 0. 904 x DCOD —0. 474 x TAN -0. 282 x P 0. 000
DCOD 0.936 x DCOD —0. 392 x TAN —0. 223 x [P 0. 212 x P 0. 000
TP 0. 800 x TP +0. 289 x P 0. 000
P 0.513 x pH 0. 009
#K TAN 0. 664 x DO +0. 463 x TDS +0. 313 x TAN -0. 241 x P 0. 000
NO; -N  0.496 x Ratio —0. 464 x NO, -N +0. 439 x DCOD - 0. 206 x IP 0. 000
NO,-N  ND
TN 1. 264 x TN —0. 998 x DIN +0. 753 x TP +0. 313 x Ratio +0. 289 x ORP 0. 000

A — ?IN 0. 867 x Ratio +0. 449 x TDS -0. 243 x P 0. 000
TCOD -0.701 x DIN - 0. 339 x DCOD 0. 000
DCOD —0.738 x DIN - 0. 544 x DCOD +0. 324 x IP 0. 000
TP ~0.688 X TP —0. 392 x SC +0. 282 x T +0. 229 x DCOD 0. 000
P ~0.818 xIP+0.320 x T 0. 000

7K TAN —0.748 x DIN +0. 631 x TN - 0. 408 x Sal +0. 393 x DCOD 0. 000
NO;-N  —0.648 x NO; -N +0. 600 x Ratio +0. 306 x TN 0. 000
NO, -N -0.741 x NO; -N 0. 000
TN -0.641 x SC 0. 001
DIN ~0.755 x DIN 0. 000

1) FI SPSS AR PFAEZE A RSBt x4 R E AL RIAEAR AL R B DR ARHIF S0 M 00 Ay BELAR BT DR 7 2R — B0, O 1 S BEL T4 W 0 )
TERBE N 73315 G M) R BRAR AT , R PR EAL 2 BT LU 0T 5 ND s A 21 2% 2t 6 &
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Table 6 Cumulative variance explained by the extracted components

b Mg EL LU I K W e LI 8 1 K Prim oKV F gtk Pris s OKF- g e ok
1 26.3 35.7 25.1 31.8
2 47.6 55.1 49.2 47.7
3 63.9 66.3 69.5 60. 6
4 76.0 71.5 83.6 72.7
5 83. 1 87.3 83.5

FT 2% o0 A TR 5 280 ] R, 0 B R T LA
DR K BAGRRAE , 5 — o AR AL
Yy, pH fRL, WA, 55— A A R T
PEER IR iR | KOs, 2 DU FE o) AL
VAR N I U A D K PRALARAE, 2 —
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B LA B A T E AT AR A R
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pH (% 7).

K5 AP Rh g 4% B 1E H K BRI SR B A 32
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Table 7 Major factor loadings for each component in rotated component matrix

5 EWS
Factor_1 Factor_2 Factor_3 Factor_4 Factor_5
0.940(1P) 0.949(SC) 0.955(T) 0. 808 ( DIN) 0.896(TN)
0.918(DCOD) 0.947(TDS) -0.859(P) -0.801(NO;, -N) -0.573(ORP)
BB/ 4 A T MK 0.908(TCOD) 0. 810(Sal) —-0.817(Res) 0. 690( TAN)
0.876(pH) 0.651 (HLR) 0.816( Cond) 0.625(NO; -N)
0.792(DO)
0. 655(TP)
0.964(TDS) 0.930(TCOD) 0.811(P) 0.839(IP) 0.830(NO;5 -N)
0.962(SC) 0.929(DCOD) -0.779(T) 0. 620( TP) 0.677(HLR)
0.947(TN) -0.759(DO)
0. 869 ( Cond) 0. 748 ( ORP)
WS I EL R BB K 0.862(Sal) -0.595(pH)
—0.853(Res)
0. 819(DIN)
0.710( TAN)
0.548(NO; -N)
0.911(DIN) 0.948(DO) 0.810(1IP) 0.814(P)
0.891(TN) 0. 913 ( Ratio) 0. 807 (TAN) -0.753(T)
PrHL AR ek 0.778(TDS) 0.897(TCOD) 0. 650( pH) 0.717( ORP)
0.771(NO; -N) 0. 884 (DCOD) -0.589(NO, -N) 0. 635(Res)
0.757(SC) 0.601(TP) -0.577(Cond)
0.731(Sal)
0.967( Cond) 0. 842 (DIN) -0.804(P) 0.704(DCOD) 0. 828(1P)
—-0.947(Res) 0.831(NO; -N) 0.753(T) -0.697(TP) 0.760( TAN)
PR ACT 7 I ok 0.945(Sal) -0. 737 (Ratio) 0.705(DO) -0.650(NO; -N) 0.484(TCOD)
0.945(TDS) 0.580(TN) 0.555(pH)
0.944(SC)
0.786 ( ORP)
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Fig. 2 Redundancy analysis (RDA) ordination plot based upon percent removal rate

and influencing factors of inflow/outflow of the two bio-filters
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