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Microbial functional enzyme activities in water purification material in the precipitation treatment area of
aquaculture wastewater systems

YANG Xiao—xi', WU Wei', SHI Yu-lu', WANG Yu-qin', QIAN Xin—yu', ZHENG Yao'*, CHEN Jia-zhang"*

(1. Wuxi Fishery College, Nanjing Agricultural University, Wuxi 214081, China; 2. Freshwater Fisheries Research Center, Chinese
Academy of Fishery Sciences, Wuxi 214081, China)

Abstract: To study the mechanism underlying water purification with specific materials in the precipitation treatment area of wastewater
treatment systems, the enzyme activities, water quality indicators, and the major categories of bacteria and fungi in the surrounding water
bodies and in the two purification materials, nitrogen—modified attapulgite (AI@TCAP-N) and volcanic rocks, were evaluated. The enzyme
activities were related to the nitrogen and phosphorus contents, as well as to the decomposition of organic matter. The results showed that
AI@TCAP - N and volcanic stone increased the microbial alkaline phosphatase (AKP) and nitrate reductase (Nar) activities in the
surrounding water. Volcanic stone promoted the activities of internal organophosphorus hydrolase (OPH) and ammonia monooxygenase

(AMO) during the early stages of treatment(0~6 h). AI@TCAP-N increased the internal dehydrogenase (DHO) activity in the later period
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(36~48 h). The enzymatic activities of microorganisms in volcanic stone were higher than of those in AI@QTCAP-N. The optimal time for

water treatment was 36 h, and the removal rates of total nitrogen (TN), total phosphorus (TP), and permanganate were 22.61%, 9.52%,

22.16%, respectively. In the actual application process, the levels of harmful pollutants in the water could be reduced by the dual effects of

adsorption by AI@TCAP~-N and the action of microorganisms present in volcanic rocks. Planctomycetes, Protepbacteria, Bacteroidetes, and

Chytridiomycota were the major bacterial and fungal phyla present in the purification materials. Treatment with the AI@TCAP-N and

volcanic rock promoted the decomposition of phosphorus compounds and the conversion of nitrogen in water. Volcanic stone promoted the

decomposition of organic phosphorus compounds and the conversion of nitrate nitrogen (NO;—N) to nitrous nitrogen (NO;—N) during the

early stages of purification. AI@TCAP-N promoted the decomposition of organic matter during the later stages of purification.

Keywords : aquaculture wastewater treatment; volcanic stone; modified attapulgite; nitrogen conversion; phosphorus decomposition
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Figure 1 Changes of different enzyme activities
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(1.33+0.03)mg - L' f1(10.72+0.23)mg- L' 36 h TN
B EBR R R E, N (22.61£0.39)% , M TN & &
(2.42+0.02)mg-L™";36 h TP i = (K m, (9.52+
1.04)% , BL ) TP 75 2 4 (1.30+0.02) mg - L5 48 h
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A Rk 2 T B2 0 A B S PR B TR T ] (Plancto-
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AT A K TN Ao 2 T B A ) 32 BRI S AR Ak
(F D)o HBRHT LI, 3FI AN 1257E 36~48 h 7S
P14 IR BB R Bl Ak B 2 e Ak A R+ SN IR AR A
A, AI@TCAP-N 1525 [ 24 A [ i} 8] o5 6] 477 2 2%
PEZS AL (81 3) . 24 h, AI@TCAP-N VR85 141 ] i He sy
T NIRRT T H 28 T A TE T T TR

BT 5 T AI@TCAP-N P F 3R WA i 19 5 1
36 h, AI@TCAP-N NZETE TR [0y Eb 5 23 14 Rk
WA AR TR AT 10 o5 P AR e 25 25 5 (R 1) o T 48
h, AI@TCAP-N NZAZTE BT o bb 5 A b L+ A1 5
AE A N AETE T 1A 5 e R 22 5 S N
PIAFBE 10 & B 54 A0 e+ S0 IR 3 A P 20 9 30K
W 7 PO AP e 25 25 5

S G ) L 32 S AFAE AR T ] (Chytridiomy-
cota) , 1H 55 /K 5t M 5 1) F 25 (Penicillium ) 1 i} B
(Aspergillus) WL [RIBTAFFE(FR 2) . Hirf 12 h, H A
B 5 e e i, K (0.736 4+0.044 2)% ;24 h, 155
RE & e L, (0.026 6+0.001 3) %

3 g

3.1 BB -EY-KFRZERX R
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U AT HAT R FE R T AR, AR 2 LB 5 M1

CITN &4 - TN £

17 ¢ OTP i -@- TP L% 134
~l6f BACOD &t I CODy, 2% b 133
IS 77 128 =
D1t ; 1% %
£ g r 124 =
< bt 122 =
=
z 1 120
E 10L Z N7 18 2
T 9 A 27 e £
N %/ 112 %
é 2+ / e 110 &
o 7 A g | o E A
= LAl T AL A T ]
= o/ 19 13

0 . 0

0 6 12 24 36 48
18] Time/h

&2 TN.TP#1CODy. I & EBFNERZR

Figure 2 The contents and removal rates of TN, TP and CODy,

R136h 548 h EEZHMETEXFLL (%)
Table 1 Comparison between 36 h and 48 h of major bacteria(%)

A [A] Time/h QLT Treatments 78 ] Planctomycetes  ZEJE B[] Proteobacteria  fUFFE ] Bacteroidetes
36 25 14 Control 70.67+3.03a 11.8+1.41b 1.78+0.38a
1144 Volcanic stone 71.31+1a 12.28+1.92b 1.95+0.31a
g AR B [ 2 1= AI@TCAP-N 66.34+3.46a 17.51+0.71a 2.73+0.67a
AL R+ INEE Y 69.43+2.44a 15.65+2.05ab 2.33+0.34a
Purification materials+exogenous microorganism
48 25 120 Control 71.56+2.35a 10.9620.7ab 1.8120.28a
147 Volcanic stone 72.45+5.62a 11.43+1.77ab 1.25+0.58ab
o R R (M1 4 - AI@TCAP-N 72.07+0.61a 12.44+1.02a 1.4120.06ab
A R+ SNEE Y 74.05+1.41a 9.75+0.61b 0.95+0.03b

Purification materials+exogenous microorganism

T RIS )N B2y AR A B A 22 52 2.3 (P<0.05)

Note : Different lowercase letters in the same column represent significant differences among treatments (P<0.05).
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R2 AERESFLMEAFTEM#E S (%)
Table 2 Proportion of Penicillium and Aspergillus in purified

materials at different time (%)

B ] Time/h B HE Penicillium %5 Aspergillus
0 0.002 0+0.000 1d 0+0d
6 0.017 6+0.000 7h 0.012 1+0.000 6b
12 0.736 4+0.044 2a 0.002 4+0.000 1c
24 0.002 4+0.000 1d 0.026 6+0.001 3a
36 0+0d 0+0d
48 0.013 40.000 7c¢ 0+0d

T R SUAS TR NG SRR [F] I 1] F 22 57 1 3 (P<0.05) o
Note: Different lowercase letters in the same column represent

significant differences among different time (P<0.05).

AR AT RO S S B A 22 AL S AT iR R
IR 2 28 FLA By ) R B R e A K A i
INANEGAE Y, AT LA R AR K v R i, AT
BN ALK BT B R AR RSO mTE S e i 2R,
AREWMAY), A BRI, 85 g 728
T 15 K A BT o B ) ZE AT R R R A SR
T Ak~ 2R R A AR R VR T, AT RARREARK A4
HE IR ER R S Y A SCBR AR e AR LA
AR R AR S B4 70 P, 3 i 0 5 7 AR 1Y
VA RE ), A IR, G b AR (Il =00
] 1y A A7) 5 ARG MDA A AT 2 AR R R
DLUE R G MK BTG RE T o A ih g AE A4 R N T
TR = T AR M R B AR S 1 MR GAE
PRI e A 38 BB ) B JFC ] B AR A v 3= B A TR T 1286
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