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K A A KGR, VLKA R KA
VER T DR RE , BT U8R A S DR AR Aot 5
Xof it 3 P 77 2 K Ak B AR B S I, R R Rk i g Ak
AR 24 Akt 3 BB R R K I e tE T A B 50 B A
hy Bl 5% B 7K Ak B A DG 1 A BT & B AR SE Al K 4R | DA
HE— 2 5 35 A % e ith 39 s Rl R A5
1 MREAE
1.1 REMR5EE

DIEFEREK. BAKCREM SRR KRR
HEC B SR R R B X o 50 b B Y &) 4 A 8 4
FE IR A, LA 3R 20 9 000 BB AR A 500 g Z2 A K
s, 0T 20224F 10 H 2 20234F 1 H #4785
b I B 5 1 R /K AR 2R e R IAC A 8 A T8I 3R A )5 7K
CIEHhHETS IFHR] 24 08100 117 :00) IR A 4E A3 56 1
ok, AN, /K TSS.COD NH, " -N Fifik
435k 47.62~187.10,20~53.0.56~1.17 mg/L.

2) 1L BB o IS MR AR B S R TE N T kB
W BEHE A 1 038 mg/gs KILa A LT (a K ik 5 36 A
R RIRF KA, WA AE R 144.22 mmol /100 g. 1%
PR A A B RLAR 2 R 1~8.1~6 1~
10 mm, 1 171 5 3% M 53 3 H AL AR 0.5.2.4.6.8
mm 4 7 AR E I 53, SOl S 2 i AL 0.5.2
4.6 mm (145 il br o 57 07 4, A0 0 ] 5 P Ak
4~10 mm ¥ A PR , 7553 0 H LA R 0.5.2.4.6
mm P 22 bR 7 07 0 20, B A5 )2 0L o i) ke 48 R
A7 A0 FH T FHIE K e

3) FI il e . AR E AN 1 N R
55 5 43 A 400,300, 170 mm Y 7K 46 HE B 1 1%, 7K
FEAM BN SR O . & LEKF N A T
RIS KA K E B HAA R 21 mm ) PE& S
FE A B 7K A Y 7 7K 22 (HI-3000, 3 000 L/h) A 4% .
T b J2 K AR RN e ] 2 K A IS 340 43 A & 8 mm
LAY B FL , (] J2 7K 46 S [ RS B 1 )2 FLAE R
0.425 mm (1) J& JE 38 W B 18 8 Rk, B8R 50 4 A
T[] 2K 2, o] A 3 (] 2 A AR A B0
SRR . 5 B2 KA ICERA AL, 0 i3 & 2 4
FLAZ K 25 mm B H KA

4) HAAL#% . 2 S 80K B 2 L, GL-660 #1
CL AR A8 AR EGHG 2AER ABR A AD) , BoR IR 22 <<
4%, BEEHE<2%, a2 fa e k. <<£0.000 1 Abs/
min, COD P 14 i 4%, GL-24 WU X 2 RE T 1Y
CL 2R H ARBIL 2 AAS A BR S D), 45 TR RS B A
+0.3°C, B F 35~199 °C.

A s 3 B B Sz Filtering device physical picture; B i % &
25 F & Structure of the filter unit; 1. #F7K T Water inlet; 2. J&¥HZ2
Media layer; 3. €™ Filter screen; 4. H7K 1 Water outlet.

Bl dREEREE
Fig.1 Schematic diagram of filtration device

1.2 REHE

DR RS DRI 302 A1 (DR
BRI ) A2 CEEBE R IE M) A3 (IR R
1), WEIERR AR A 0.5~2 mm, 38 KL EEE N 30
cm, K F3 54 A 6 250 L/ (m%h) o kbR AR 3T 4
AAEF B (JERPRIAR N 0.5~2 mm) B2(JERPR 12N
2~4 mm) \B3(JERLRLAZ R 4~6 mm) (B4 (JEEHR 2
H6~8mm), % bR 45 R E IR A T
PR, SRR R 30 cm, /K F1 6k 6 250 L/ (m*h) .
2 P F PR ARL R A R Ty =AU 3 HE T P 7R
B B e 3 B 22 KO BRST I DR 2% b 3
ROR SR (1) 30 B o UEOBHE B2 L3 9 S Ak 3R
CL(PERHEEE N 20 cm, T [A]) .C2(30 cm) . C3(40
cm) . C4 (50 em) . C5(60 ¢cm) .C6(70 ecm) . C7 (80
em) .C8(90 ecm) .C9(100 cm) , 2 iR IE 1Y 45 5
T DR 2 T Pk, BB BPRLAE i 0.5~2 mm, K
J1da R 6 250 L/ (m*h) o g KFEE 3R,

2)UE TEMAIE . S5 BRI as 8,
PERELO(3M) bR IE A £ TFJE — N F IEL IR, B3
I LTSS NH, TN, COD % B %A R ik 10 8 7T
Hr KA AR . 5677 RN 1 s, iR %
B A ISR LS RS R E R 0.5~2.
2~4 . 4~6 mm, J§JZJE BB E 40,8060 cm, £ 4
RS AL E S 3K

) AT IARHETS RS EL 500 LG
K Z RIS KA, BEFE 34 50 J5 BB 3 A AR 7K A7, >R
AR AEAE A AL FRHT KA o TF IR K SR A P 75 7K LA
750 L/h W s 2 Al B e v V5 K R Yy
ERTS BARDURE KA K B o REK AR E
Jei 43 a1 9 min R4 3403 7K F K FEVE A Ab B S
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Table 1 L9(3") orthogonal test scheme Table 2 Test index analysis standards
A B C o K TR/ .
NABCYT o W7 il K/
R MR R EeE o (mg/1.) )
Test number Filter media  Filter material ~ Filter media : Indicators standards Lower detection Accuracy
type particle size thickness column ‘ ’ limit
GB/T 11901—1989
T ! 1 ! 1 TSS o 1 0.01
T2 1 2 2 2 e
T3 1 3 3 3 COD HI/T 399—2007 5 1
T4 2 1 2 3 NH, " -N HJ 535—2009 0.05 0.01
R 2 2 3 1 RUNE 207 . JEBPRIAE R 0.5~2 mm JERHE N
1 ’ ’ LR 30 e R BT KL RIS R TSS 022
T7 3 1 3 2 . .
- \ , X ) W 243 51k 56.59 % . 54.29 % F155.30% , %} COD K
o 3 3 ) . KBRFRA 54 44.49% .31.20% F139.11% , %t NH, " -

NI ERR 9K 11.72% . 44.24% F111.49% . 3Fh
UERLXT R 3R BB K (1) TSS # COD KB 22 5 A B 3
(P>0.05), BB R /K NH, T -N I, il A7 b B g 2%
i T A 2 4 A 38 (P<<0.01) . 3 Fh iyl 18 35 B /K
TSS KBRFAILE] 50% LL_E % COD ZBRR A3
30% LA b, i BH 3 Fp &k ) B 52 2 /K TSS F1 COD #
BRI R BRACR . 3 FhuE R B R R K NH, -N
R 2250 T2 B TR NH, T -N AW R R0 36

IKEE . B K BEEAE 1 h Py 36 A S0 56 25 460 0 BT A5 48 b O
1053, 43 AN BT IS 3 43 KRR S G b ) -2 {E
YERARE . AR BEROR | R g0 1 H i 7K
PRk
4) R 50 15 A5 I o AR AF 5T BE B TSS. COD,
H, " -N LBRF AR 4R, ¥R H 2 280K mil &
ACGHEATREIN , R J ik an e 2 i . 2BRFN .

A—B
_ 0 § s 2
= X 100% D i), 3 Flbt il 64 NH, N @02 I e ) el o
(D) A R UERTH bR &, B b g e ds S b B T RAR A A X B T MRS T AN A
i, n AR ER BRI 2 BR R H—E M EBREE T, WA w8 Ti5 Kb 3, 7B R
0 HEEEN NH, "N 22l 3 P v A ok HL
AT S /I SE R, S5 /N RE TS B 10 nm LR L AT 082 B
21 AEFHEERITEFEKNLERR W2 BRI A DL, AR TSS 1 COD W B, i LA
3R kLS B 3R B K TSS.COD NH, "-N ik 76 TSSF1 COD B 5 T , i M i R B f
)€ H] Before filtering CJEH] Before filtering I:Id?ﬁ'u‘ Before filtering
eAYE ST After filtering AL ST After filtering Al 5 After filtering

300r ——£[#% Removal efficiency % 100 —— %[ % Removal efficiency o 9L ——EffZ Removal efficiency 60 >
270b  JAa A Aa 1% 3 90 1 2 21l £
240f ls0 2 32 80 An {50 2 5 1'3 2
a 3T W70 Aa Jao B & 0T b
\§° E £ o0 A 50 3 O£ 9y E

£ Z2 28 5 U - T
> E S wofpooo  saer 3831 2 % (1)3 £
[ g 30 10 z z ():6: ;‘5
S0 5 ﬂ: {0 % 0.3} 5
0 0o & 0 2 A1 10 & 0.0 ) A s &
WS A ki W bR e b PRIk H bR e/ A Kl X

Activated  Zeolite Volcanic Activated Zeolite  Volcanic Activated  Zeolite  Volcanic
carbon rock carbon rock carbon rock
JERHFPZE Filter media JERHFPZE Filter media JERHFRZS Filter media

i) — R N ) K5 S B 3 b B ] 2 574 S35 (1LSD), o = 0.01) 5[] — M ZR AN ) /N 52 B3 b BT 2 53 3% (1.SD), =0.05) . F Il
Different capital letters in the same curve indicate highly significant differences between treatments (LSD,a=0.01) ; different lowercase letters

in the same curve indicate significant differences between treatments (LSD,a=0.05).The same as below.
B2 3FERxEFREKTSS.CODFINH, -NHIEBRIL R
Fig.2 Effectiveness of TSS,COD and NH,"-N removal in tailwater filtered by three types of filter media
2.2 AREERHIEXEFREKRLER ZERF 3 E R o BERHEEE S 30 em I, 15 PR kL
NI RLAR U8 BT B #% 2 K TSS .COD\NH, "-N = 12 0.5~2,2~4 . 4~6 ,6~8 mm XJ 8| 3 27K TSS 2:
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4343 512k 56.59 % .51.58 % .30.51 % . 26.48 % , %o} P&
MRy 44.49% .31.89%.25.74 % .
20.44% XTEFE K NH, T-NEBRRS 9 11.72% . ks Xt FE R /K TSS.COD i 45 fE

FERR K COD £ [5%4)

CJEHT Before filtering
Ak N5 After filtering

)& R Before filtering
eAYE NG After filtering

Y& R Before filtering
eA)E o After filtering

26.99%.24.91%.11.69% ., X545 % W, B & 18k
BRI S X B 3R R K TSS.COD £ &R T
ECI

—— %% Removal efficiency 2 70 2% Removal efficiency ,60 sz 91 - [%% Removal efficiency 40 2‘
g 50 2 ) Aa 30 5
k) 0w &~ L8 ABa 2
£ 3 %2 20 5
e 4 30 - @ L5 -
= @ s E 10 g
> g 20 o = e
g = E Z 0o E
£ 4 0 s - b
o s} 0 " z -10 #
s O ®Z &
< -10 5 -20 #
o8 )20 & &
- 4 & . 2 A1~ 0 a1 : 4130
0 0.5~2  2~4 4~6  6~8 4 0 2 o~1 A~6 6~8 H 0.5~2  2~4 4~6 6~8 H
Bi42/mm Particle size )F‘ff;:/mm Particle size #ife/mm Particle size
B3 AREFZHNEMEREFREKTSS.CODFINH, -N XKL R

Fig.3 Effectiveness of TSS, COD and NH,"-N removal by different particle size activated carbon

2.3 TREIREHEEX E TR ERER

N T B B B A PR 3R 0 2 SR A AT 4 T
F PR 4 T, 24 kA 0.5~2 mm T PR, R E
1 20 em 3 % 100 cm B, X JE 35 Rk TSS K54
5 K 50.57% . 56.59%4 , 61.34% . 64.43% , 76.327%
79.90% . 83.86% . 80.71% . 82.27%; X} 8 3 J& /K
COD 2 BR % 43 5 & 35.28% ., 44.49% . 54.00% .

59.34% . 42.56%. 46.36%. 49.78% . 61.46%.
66.09 %0 ; X Pl 7% 2 K NH, "-N £ BRE 5518 6.40%
11.72% . 15.23% . 23.40%. 22.78% . 23.97%.

29.89% .26.67% .28.97% . K I, 38 R} 1
i, X P R B /K TSS ONH, N 25 B i ik ¥ 2 T

&R Before filtering
A )G After filtering
——%BEZ Removal efficiency

&R Before filtering
eAJE )G After filtering
——JBEZ Removal efficiency

ﬁ%%‘ E YRR EE K 5] 80 em Ji , X B 3R B 7K T'SS.
H, "N EBRR ML AR PR R A TR, £H
ia BRI SRR B A F] 70 em e, X PR SR R K
TSS NH, "-N B3R 4 H 2 8] 2 00 8 % 22 57 (P>
0.05) , Bl yERHE B IS 3 70 om J5 , 590 g RHE B AN
fit BT 3R K AL PR . X BIFE R /K COD
2% 6% 2% [ i Ak JEE 488 o S S B o e/
B ML ELRE % 100 om B 22 R BUR B 4, R RRRh
66.09% . JERHERE o T igkHS Rzl , —
JBETA Ry Rk L AR, B2 7K A BRSO A, {H ) 2k —
FE NG FHELT , UEAHEEBE I 8 in X 2 T B2 /K A FRASCR AN
PRI RIS R A XS
COJEHT Before filtering

ez )T After filtering
——FFEE Removal efficiency

180 Aa on & 100 80 2.4r Aa Aab 140 B
ab {00 ) z
160} Al B oo} ABab_ J70 3 2.1 se ABb {30 &
1°7 2 | ABCDbed abe 160 2 ¢ 1 2
- 140} Be /T Aab Ab 1.,= 80 QBCabe 0 = ool {Banl ABab 30 {20 =
=2 120} Ab ° % 70 BCDEcd]? 2 3 | ¢ ] ©
g 1905 £ o} DEde CDEd 490 =3 g ' =
g 100} Bed 1 z = . Z = . 2
= BCde 5005 X sof IEe DEde {30 & > L2 g
s gof Ce E A : E Z =
2 110 8 O 4o} 1202 .- oot & S
& 6op 130 % © 3 o % % &
40t 2 3 20 AL 0 5 F oo é g
129w Al q41918|m o . % 3
200 A8 B lalE & gl 10 & 2181 & 419190100 1-10 & 031 % &
) g AN, 0 m é v 2 a ’ 4 X 0.0L14 7 2 %
20 30 40 50 60 70 80 00 T00 30740 07720730 20 50 60 70 80 90 100
JE£ )& /em Thickness Jgf#/cm Thickness JE B /cm Thickness
B4 AEEERFEMEREZREKTSS.CODMNH, -N K EBRER
Fig.4 Effectiveness of TSS, COD and NH,"-N removal by different thicknesses of activated carbon
— v ~ /\‘ 7 s
24 EXKWHER F(P<<0.01) , MR E/K COD LR RA B &2 F

UERL RS CRiAR R SRR MY IE S A R
J7 5 BT el S B 45 I Z 8 hn A i 3~ 5 R o

b ¢ 4 T 3 FP U RE X 1Bl 77 B /K COD \NH, -N
E 2% T 3 (P<<0.05) , X 32 B /K TSS 2
% 2% BOR B % (P>0.05) , %F B 3% B 7K COD.,
NH, "-N EBR R 5, 36 M50 2 ROk . 3
Fofoler 422 11 0 E X B 3 B /K T'SS 25 b R A e I 3 22

(P<<0.05) , % B F B /K NH, " -N LR R 2% BN B E
(P>0.05) . 0.5~2 mm $i 18 /Y JE KF X 1Bl 7% & 7K

TSS.COD R B 3 R0 5 B gkl vt 37 R K
TSS 25 Br 3A7 W ik 35 22 5 (P<<0.01) , % 18l 5% B K
NH, " -N B34 3% 22 57 (P<<0.05) , ifi 4 B 5% )
K COD KRR 25 R (P>0.05) ., JEREREN
80 cm i, X} Pl FE R 7K TSS 2Bk R i iy , IERHEE Ky
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Table 3 The results of the three-factor orthogonal test of filter media type, filter media
particle size and filter media thickness %
A3 TSS LBr% NH, " -N £ COD %%
Experimental treatment TSS removal efficiency NH, "-N removal efficiency COD removal efficiency
T1 70.03+2.87 26.10+5.99 42.5846.35
T2 59.90+1.46 22.36+£5.73 34.144+-2.84
T3 56.68+2.28 29.64+1.38 25.84+3.68
T4 83.86+3.42 29.89+3.63 49.78+6.66
TS 61.39+1.42 35.3042.36 47.67+£3.15
T6 42.184+1.80 24.81+9.08 33.91+4.25
T7 74.26+2.19 24.95+6.80 49.1646.50
T8 56.79+£1.50 18.544+2.12 33.83+£8.07
T9 55.56+£4.40 19.3741.40 48.03+9.51

x4 OERFE NE BEEZERETRIEATESN
Table 4 Three-factor orthogonal test ANOVA for filter media type, filter media particle size and filter media thickness

. AR SR IR Rl FI ¥y e
F845 Index . . F L
Source of variation Square sum Degree of freedom ~ Mean square Saliency
2 Types 0.456 2 0.228 0.011
HifE Grain size 2834.797 2 1417.398 71.380 ok
TSS L% ,
. JEEBE Thickness 504.262 2 252.131 12.697 ok
TSS removal efficiency
%2 Error 397.142 20 19.857
SR Total 3736.657 26
A2 Types 546.670 2 273.335 3.792 *
HifE Grain si . 311. . *
COD %% *EL_ ( rém size 622.822 2 311.411 4.320
COD removal efficiency JEJE Thickness 235.674 2 117.837 1.635
2 Error 1441.652 20 72.083
SR Total 2846.817 26
12 Types 370.161 2 185.080 5.195 b
W44 CGral 7 5 5
NH, N % FifE Grain size 26.350 2 13.175 0.370
NH, N removal efficiency J&J% Thickness 251.887 2 125.943 3.535 *
B2 Error 850.685 20 42.534
SR Total 1273.710 26

T e RIR B 3 " R R I R 5 F o 5(2,20) = 3.49;F,,(2,20)= 5.85. Note: “**” indicates extremely significant impact ;

“*” indicates significant impact; F 5(2,20)= 3.49; F,,(2,20)= 5.85.

60 cm i}, %R 3R BBk NH, T -N 2R % i

M4 FAERT LA W SRR IS RS R R
A2 2R TSS . COD  NH, "-N £ B R 1 5% i A ],
XJ R 37 B K TSS BRI RZ M /N hpbr 1 = JE >
P2 X B 37 B /K COD 22 B 2R 12 M R /N R i A =
2 > R, %o B 3% R /K NH, - N 25 [ 5 A 5 00 oK
INHFR S R > Ridt . AR, PR R AR 2
S iE MR ERPRIAE 0.5~2 mm  JERHEEE 80 cm, 1]
DA AR VB % /K e A 00 S BR AR 5 U, X 1B 5% 2
K TSS. COD 2 Br 2 43 5l 24 (83.86+£3.42) % .
(49.7846.66) %0 , 4 = T H At 4b B 5 X5 B 5% 8 K
NH, "-N &R 4 (29.89+3.63) % (£ 3).,

3 W #

ARG H, BRI IR A5 F R, MUk AR Yy
70.5~2 mm JEEHEEE YR 30 em B, JEEFPSE X R
Fr /K TSS . COD £ BRA AR A 3%, H 5
Al BESR « 3PP U AR X 5 A R i 2 P R, AT R
BEZKPEIFY . AR AT, COD $8 45 % 9 H
kKR BT ALY & i R B 3R R 7K COD
LR E TSS KERFEME AL ERASEEAF R, 7] Uik
U Ak T R 1 2 PR R K P A R TR A e T
IRCODMREE . WhAT7EKBR NH, " -N Jr Hi4 HoAthaod &
MR AT N B, B R - WA e — R 2 LR
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Table 5 Index analysis of orthogonal tests

£ KM Mean of each factor

R W 2 R R B K

bR ES ) ) :
I}Ifdtj;( F:cir IKF-1 IKF-2 IKF-3 Supcrpr llc?/cl of influencing
Level 1 Level 2 Level 3 significant factors
FfiZ Class 62.20 62.48 62.20 /
TSS KRR X o
o HifE Particle size 76.05 59.36 51.47 1
TSS removal efficiency )
JEJE Thickness 56.33 66.44 64.11 2
COD B % % Class 34.19 43.79 43.68 2
e 2R 3 + [~ [~
COD removal efficiency Hife Particle size 47.17 38.55 35.93 1
JELBE Thickness 36.77 43.99 40.89 /
NH, N # % iz Class 26.03 30.00 20.96 2
iz S -
NH, “-N removal efficiency Bitt Particle size 26.98 25.40 24.16 /
JEJE Thickness 23.15 23.88 29.96 3

AL, X NH, =N [R] s LA 9 2 0 7 58 e 4
FH MTITFAAR K o NH, N S i AR s i

TR N NI T AR A AR I Rk
JETEEE AT DL i 8 it i Ak AR FRAGR AR ST I 0 45
SHMEAST . DERPRLAR U, R K b B b
HIFHTE T : —J& /RS 1 98 R H AT B K Ee R 1h
L, DR R K PP B TR 5 A M ) T RRRE A, AT
P T W BRHE FRIASCR: 5 /IR AR 1 R0 ] F) 25
BB/ D T R HURE PR 4025 A D i R
FLARIEIE , NI R T U8R 7K i/ INURE B 17 4 11
SUERE T . BERIAR ARG N, XFIE SRR K NH, -N &bk
RSN R W B R A, AR TEE S NH, T -N Y
W B FHOTAS 2 B IR M 25 ™ AR LB, T2 K
FRUERIA B (0 W B o SR 9% R /K NH, T-N
FBRR BARAL T AR B T5 40 3 7K
R, 6 S [ P X 2 i i MR 34 458 /N JIF LA 52 3611
KA T 2L A5 .

AMFFE B SRR B 5, B AR K
T 5 TR A S ol st )RR GE B84 3 i A 3
5, DT8R BE X 3 AR ISR bR WE R it
4 R, 15 (e Lok I b e 37 1 5 K sk SR
AL, ki il B B S DR (1) ok ach ok P 5 8
K NH, " -NEBA H 4 L BRROR , ALt i Ab #5t %
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Experimental study of filter media filtration for pond
captive tailwater treatment

LIANG Zeyou, TAN Hequn,ZHENG Qi, LI Bintao

College of Engineering, Huazhong Agricultural University/ Key Laboratory of Aquaculture Facilities
Engineering, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China

Abstract Filter media filtration can effectively reduce the content of suspended solids and other harm-
ful substances in fish culture tailwater and is often used as a primary treatment technology for aquaculture
tailwater. In order to investigate the effect of filter media filtration for pond captive tailwater treatment, this
study used volcanic rock, activated carbon and zeolite as the filter media materials, and carried out pond
captive tailwater treatment experiments with filter media type, filter media size and filter media thickness as
the test factors, and total suspended solid ( TSS) removal efficiency , ammonia nitrogen (NH,"-N) remov-
al efficiency and chemical oxygen demand (COD) removal efficiency as the test indexes. The results
showed that all three filter media could remove TSS and COD in the tailwater, and all could reduce the
concentration of NH, -N in the tailwater to a certain extent, and among the three filter media, the treat-
ment effect of activated carbon was better than the other two, and the smaller the particle size or the larger
the thickness of the filter media, the better the effect of the activated carbon in treating the tailwater. The
results of the orthogonal test based on the single-factor test showed that the best overall treatment effect of
the filtration device was achieved when the filter media was activated carbon, the particle size was 0.5-2
mm, and the thickness of the filter media was 80 cm. Under these conditions, the removal efficiencys of
TSS, COD and NH,"-N were 83.86% , 49.78 % and 29.89% , respectively. The study showed that the fil-
ter media filtration has good effect on the removal of TSS and COD, but the NH,"-N removal effect is not
satisfactory. Therefore, in the treatment of captive tailwater, media filtration can be used as a primary treat-
ment process for captive taillwater, but further purification of tailwater is needed for ammonia nitrogen by
means of biofilter, artificial wetland or bioreactor.

Keywords pond enclosure; farming wastewater ; tailwater treatment; filter material filtration; green

aquaculture
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