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Effects of a Water Recycling Treatment System on Water Quality Control in Upper Tidal Shrimp Ponds
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Abstract: A water recycling treatment system composed with a protein skimmer and a biological filter was designed and used to treat the up—
per tidal shrimp pond water during culture process. The effects of recycling water treatment system on nitrogen and phosphorus removal was
investigated in the present experiment. Three flow rate treatments were set:20 m**h™'(T1), 40 m*h™(T2) and 60 m*+h™'(T3). The results
showed that the concentration of total ammonia nitrogen(NH; ) and nitrite nitrogen(NO; ) were significantly decreased in all the treatments.
The total ammonia nitrogen(NH; ) removal rates in T1, T2 and T3 were 46%, 56% and 57%, respectively. The nitrite nitrogen(NO3 ) removal
rates in T1, T2 and T3 were 38%, 34%, 54%, respectively. However, the nitrate(NO; ) removal in all treatment was not significant. Treatment
T3 reduce the phosphorus(POY) concentration by 36%, but treatments T1 and T3 showed no significant effects. The reduction efficiency of
chemical oxygen demand(COD) in treatments T2 and T3 was 9% and 15%, respectively. Whereas the pond water COD was not significantly
affected by treatnment T1. In general, the above results suggested that the water quality of upper tidal shrimp ponds could be improved by the
water recycling treatment system, and the effect could be increased by increasing the recycling water flow rates.
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Table 1 Arrange of each higher—place ponds

Wi ERVMm  RERTR B HE RGAEE/m
XHEM  0.06 10 2010-8-25 0
TIM 006 10 2010-8-25 20
T2 0.06 10 2010-8-25 40
T3 0.06 10 2010-8-25 60
Lt (TR 2 ) ZUREMEIT K AL AR

Higher—place pond "| Multifuctional protein skimmer

v

YIRS
Bio filter

ALt )
Higher—place pond

B 1 SOfERKRELERE
Figure 1 The flow of higher—place pond recycling water

treatment system
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2.1 MEKEFERNEF

FREE R AP K AR PR F L 2 XTI
T 3 T2 Wb T3 Y S5 2 3 pH (5 518
(7.90+0.04) . (7.90+0.09) . (8.08+0.09) . (8.14+0.16);
SEIEEEN (3.88+0.27)mg L. (3.9120.23 )mg L7,
(4.06+0.36)mg L. (3.89+0.22 )mg - L'; FHEREH
(1.12+0.098)% - (1.14 +0.056)% - (1.16 +0.064)% -
(1.15+0.088)%; “FIIREH (26.7£2.95)°C.(26.5+
2.85)C.(26.4+2.77)°C.(26.6+2.68 ) °C. £ T8R4k
FXHFAE K IERTER N

F 2 yEKEEERWEF(MeanzSD)
Table 2 Physicochemical factors of higher—place ponds(Mean+SD)

NO;-N B iHBRACR, (HAFRAAZ R REER
#(P<0.05). REEBITHINTRIAR, KRB AR,
60 m**h! FIPEFIK R GEAESL I P 0 28 1] DAAR - H 4%
il NO;-N,NO;-N & BZ4ERFTE 0.25 mg L7 AT 55—
BrEt, R B Y A K AR, NO; -N
TR, FEEARE S 2B, T1 i NO;-N
TG HA I BRALSR , T2.T3 it NO; -N B B 3 HBR3k
B SR E (P<0.01); B =B, 3 BREN
NO;-N ¥7A B EHBREER, XX A 2= 5%
B3 (P<0.01),T3 FIBCERIET T1.T2, ZFH B E(P<
0.01),T1.T2 HH TR EZEF(P>0.05); H M E, 1
A T3 X NO;-N BT BRACR 8.3 (P<0.01),T1.T2 #Y
NO;-N HFEEARMTFXEYA, HERAEE (P>
0.05).

R 3 EMBEAKEPTHEBERFHEE/mg L'(MeantSD)
Table 3 The NO;-N of each pond during
different phases(Mean+SD)

FILE7 S S 1= 5B BB BB
XMW 0.008+0.00a  0.181x0.04a  0.368+0.10a
Tl  0.018£0.00a 0.177£0.05a  0.228+0.04c
T2 0.014£0.00a  0.093:0.02¢  0.203x0.01c
T3 0.012£0.00a  0.003:0.00e  0.043+0.03¢

SEPOBYEY
0.539+0.02a
0.334+0.02a
0.359+0.03a
0.248+0.03¢

BLH T o He it T1 1t T2 T3 Wt
pH 7.90+£0.04  7.90+0.09 8.08+0.09 8.14+0.16
W4 mg L1 3.88+0.27 391+0.23  4.06£0.36  3.89+0.22
% 1.12+0.098  1.14£0.056 1.16+0.064  1.15+0.088
JKIR/C 26.7+2.95 26.5+2.85 264+2.777  26.6+2.68
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Figure 2 The changes of NO;—N in higher—place ponds during shrimp culture
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T HEZR(P>0.05); 58 _FrB, AL B4 NH;-N & &
ST X B, (B s 2 22 53 (P>0.05) 5 28 = DU BB, Ak
B NH;-N &5 BT X B4, 2 7% 8 3% (P<0.01),
T2.T3 M NH;-N S &&F T1 1,5 T1 hEFRBH
(P<0.01),T2.T3 #Z [RGB E 257 (P>0.05) . FESLK:
A5 = TUBT B, JE 3R K RSB BT A9 BR NH;-N
BOR HHAE R E— S A K . UEHH 40 m?+ht AT
60 m*-h™ BRI R GAEHE G NH;-N RGBT
IR

i (P<0.05) 4k, HAM B AL B4 NO;-N &2 5% I
HIEBEEF(P>0.05). NO;-N & BHIHIEE, HEE
FRFE AT B R RS BT TR = B Bk B TR 4k
R EK Y, SLIssRRM, ARG R MIEAK
RGN NOs-N BT B3 MTHBRACR -

x5 SEHEAKREPHBRFHIEE (ng L' MeantSD)

Table 5 The NO;—-N of each pond during
different phases(mg* L™ Mean+SD)

HhYE B g 1= FE=prEE - AU]51e=1
®4 EMBRAGTERFHIEE (ng L Mean=SD) S 0573:0.02a 1312:0.03a  1.624:001a  1.6830.02a
Table 4 The NH;-N of each pond during different T 0.540:0.01a 1.342:0.04a 1.557:0.04a  1.654x0.04a
phases(mg* L Mean+SD) T2 0.531:0.01a 1.323:0.04a 1.554+0.03a  1.637+0.04a
W BB BB BB i T3 0573:0.03a  1.292+0.02a  1.572:0.05a  1.548+0.03b
KM 0.049:0.01a  0.526:0.07a  1.341:0.09a  1.282:0.04a
TLH#  0.036:00la 0.464:0.08a 0.990:0.11b  0.693:0.02b -
T2 0.058:0.09a 0.346:0.05a 0.597+0.07d  0.558+0.02¢ ZS%E%%@#W¢HW$§§\%W‘
T3 0.021:0.02a 0.295:0.06a 0.452:0.04d  0.546:0.06¢ 4N 4 Pi7R , POY-P B35 BBERE FRARI ] (45
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Figure 3 The change of NHi—N in higher—place ponds during shrimp culture
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Figure 4 The change of POY—P in higher—place ponds during shrimp culture
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£ 6 BEMBEAKEREEBERESE(ng L' Mean+SD)
Table 6 The PO -P of each pond during
different phases(mg* L™ Mean+SD)
W B—RE BB E=ME
XTREML  0.006£0.00a  0.546+0.02a  0.565:0.04a
T1 3  0.004£0.00a  0.406+0.02a  0.508+0.04a
T2 i 0.006:0.00a 0.370+0.01a  0.460+0.03a
T3  0.003:0.00a  0.202+0.02¢  0.372x0.02¢

SEVUBTB
0.568+0.04a
0.700+0.01a
0.654+0.03a
0.361+0.03¢

L, 22 FA B2 (P<0.01) . Z55R3FKM, 60 m*-h' FIFEIF
KR GEX KA POT-P A BT BT R ,20.40
m**h IFEIR K RGEXT POT-P A8 THBRAER
2.6 FERZIKEH COD FERTM

W 5 frs,CoD R FE B R] ) HER T 2 E
#E#, COD TE 40 d ZEA 0T EF EEREE , (H Gk
AT A, fE 2R B E (P<0.05). Lk
B—HELBH coD FRILEFEZER(P>0.05); %
BB AR TR coD R B E KT A (P
0.05), Ab 3 4H 40 [H) T . 3 22 5 (P>0.05) 5 55 DU B X
T1 A5X 4 coD FELBEZS(P>0.05);T2.
T3 A& BT X RA, 25 8% (P<0.05),T2.T3 4
B EZEF(P>0.05). EREH, SMEHF KR
Gixt COD ¥A —E MTERREBCR , Hh 60 m*+h AL
P RGR BT

£ 7 BHrEKH cOD & (mg- L MeanSD)

Table 7 The COD of each pond during
different phases(mg* L Mean+SD)

Tl e EHB FE=RrB U B:
pagiisRiiA 9.3+£1.88a 24.8+0.53a 30.2+0.37a 32.5+0.41a
T1 ¥t 9.5£1.75a 24.3+0.50a 22.9+0.55b 31.4+0.72a
T2 Mt 8.3x1.33a 21.1+0.50b 24.7+0.40b 29.5+0.48b
T3 b 8.2£1.22a 20.2+0.65b 23.1+0.55b 27.5+0.23b
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3 om
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o oot
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a 15F
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T HRFRAE LA TR &, R % R R E R,
FEE R T 5 R B R EERIE 28 LA S A WBR RS
5. XEFEYRBLTREKE, FERE AL
iR R A R A LS B VLRSS X 575 30
YA R PR =, O FREE K AR 5 e A B2 N
Jgn, K BRI ENBAT R B AE R , ¥ 3R
ZEE | AW ER AR TS e B TP MUK TP S HET D Ab
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AT HEGE K BRIE S8 AR YRR S AR I
SHEG RHEY . ZIhREAFERE IS IR S B TRk AT
AN o S HEE WD A AR J A,
T KIS R HL 0, ZIREKAL IR SR PDA
PRBIEE TR, KR HE A4 Yt SR AR AT AL T R AR
R, AR TAE N B A AR, A5 nEas ] DL
W B AR BESS | — S0 77 AR R B0 S e e 3 L RS 3K
Fr S HES R , LUMRSIES TR0 . i3 E3RK
ARG SRR N B R B AR KB 2 RS DA K
TR KL REK R WAEA R AL 1R
AT REACH TR NS A SHE B R ek
FIFE 07, PEFRIK FRGENT 1 o W WR SR FE 7K A R B 2
R AA BT EBRE R (B HBR 5 R A
RESA BEMIEARKR, LIHE 60 m’ -h fEHK
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Figure 5 The change of COD in higher—place ponds during shrimp culture
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A FE R GEACR B AE
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ENFm

SCEH COD A1 POT-P S EE R, PRHEM
FHEH FE R B SR AE A R AL X HRFRFE K A
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JEE X IR FRAE I M & AR LA, B A A S
FIFFFEZK H COD AR » ARLEH,20.40 m*+h 7§
KRG BBRACRAE, TRER B M E R
% ,60 m*-h! MTEI K RGEA —E M LBRBERCER,
FEXF Z2BRFRIBF] 36% . FRFE I, KIAFCOD &
AH—EREMTE,(HAEEA coD Xt R4, B
Xt COD HA —E MHEBRACR . MNERKE,20 m b
Ak FE BRI COD BUER B 22,4060 m*-h' AL 3R
X COD A —E IR, FEFRFAR AT coD /1)
AN BR R B 9% 15% . TERIARHAK BB LL
T, KR BRI SRR R AT AR R FEFRAE
HJE 81, COD PO -P A ARIRE TR
33 BRAFHEEZLEEXRFURLEERWR
SR

40 m**h? 5 60 m*-h™ FITEIR/K AL 2R G2 5 W Al
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SRR AR BRARL 78 K AV SR A T Ry o R R R s o,
SEI T, T3 i B SRR — B FARMRAKE, 3+ H 60
m’ h? RGN RGEHEERER T 40 b LbHER
Gt B, RO X HRFRFE XS 7K 5 25K A S ks>
BEFESRE , 7E 667 m? B (it ith % o, JE IR K R Gl
A 40 m b AL ERE B 2 R,

S Rt SRR A K BB B LT, —
R BUR K B 72X, 255 | X IR A D380 s , SRR
ANBEVET /KR, ST AT BB BN HR () KB BE T, i
HEARERE ZEE SWBRARNIKETGKEEH
B, X A R E IS Y. X TSR
B A RHER IR ALK R, I3 K R G 8 K HERR € &
BT K, 15K B AR, FE R MARIE R
A A AL IR LR P B A B — e SRk
MBS Sh I ER IR, FI TR IE K R G HE S 19 B K 2t

A7 IEDRCRI , AN IR F B e A AL il
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TELE s I, B BRI R TR , T E X RGN
THEHATIR o FRFERIH , RN FER R AR 4%
R/ FREFEED K BT AT Lt
PRI A R AEK ” BVE R, IR I A
WETTIR RS, FRFEF IR, SR MAR FERE S .
SR M Z MRS RRCIE A WEITR R
GEEE KR - RGUIT IS BT A 1o 75 ZEAR YR IR A B
TBOLEHE FRFE R P RS IT R I A AT ESH
XHFAAERRDE R ROR L R TE IR 0L, T ESHR
SHER, WK FIRC KX IR 5E A F A K<
o TEXTIRMA/ N, RGEDIFBE AT, SR A
R, MO LT 5 B R R, RGEATFE A
IF, KRGS, REA UZTIF . 2T RGITE R E A
B, BT B

4 L5t

PEFRIK 2R GE Nt b M 2 o7 b 7K B LA B O A 3
YEF, SEEdFRH,20.40.60 m3*h FIALEL AT U
B RHB R 7K o AR FRZ X NH; BT BRI B, 20
40.60 m®-h' A 4b BRH B BR 2R 53 3R 46% .56% -
57%, % NO; WA — & AR ,20.40.60 m*+h!
AL L A TH BR 25358 38% .34% .54% ,40.60 m**
h™ AL FEZH X COD ) AH X IH BR F o 9% .15% , 60
m®h! AL EE X PO FIAXTTE R R R 36%, 13 &
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