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Abstract

This study tried to treat aquaculture wastewater with Cordyceps sp. C058. In a sterile environment,
to obtain the best conditions, the effects of the initial concentration of wastewater, the addition con-
centration of carbon source and the inoculation amount on the removal rate of pollution indicators
were investigated by using the simulated wastewater. Further, the treatment effects of C058 on the
simulated wastewater in an open environment were analyzed. The results showed that the optimal
conditions for C058 were the original concentration of wastewater and the glucose added concen-
tration of 550 mg/L, and the inoculation amount was 1%. At this time, the removal rates of NH;-N,
TN and TP reached 68.17%, 56.41% and 55.90%, respectively. In an open environment, the treat-
ment effect of C058 on simulated wastewater was slightly lower than that of the sterile environment
(there was no significant difference between the two), indicating that C058 could play a role of puri-
fying water in the open environment. For three representative fishponds samples, the removal rates
of NH;-N, TN and TP by C058 were 80.50%, 67.80% and 67.80%, respectively, while the growth rate
of C058 mycelium (measured by wet weight) increased by over 22.50%. It could be seen that using
Cordyceps sp. C058 to purify aquaculture wastewater is feasible, not only to remove pollutants, but
also to harvest valuable cordyceps mycelium, which will provide a new way for aquaculture waste-
water treatment.
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CO58X{NH;-N. TNAITPHK]ZBRE S H15%F/80.50% . 67.80%H67.80%LL L, FIFFCO58FE 224K E (M
BE)EIINT22.50% E. 7T, RAREHELKFEFEEKEETTE, MERTHEEY,
BYER T AMER MR 24k, RAKFEFFEEKIGERLE T k.

Xiin
HER, AFFRERK, BB EBRMER

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

PEgeit, 2018 FFrh [E K= IR 2N 4905.99 Ji t [1] [2] [3] /K7 FREENY VIR & R 3 E 75 K
TERW S, HIFREHEARKTFRAL, FRESREZ S H, BKMEHR 4] K= FREE KT EE K
M ANH-N). SE(TN). & B (TP), FERIE T FRENABHE I RNE &, A HEEm ek
W, S SBUKMEE T, B ANTRAGE S ES]. 4uT, K= FRE R K E B AR EZ DA
YIH AR R E[6], I BRI KT, 5] a0 FH IR SR 4 B R (00 3 A5G 26 /K P 7R I 7K ik AT
FAL[7] [8]. IXLEHAEY) E B LI BOIRASAEAE, A a T A, A8 RINCRA, R R . AExT
S AR S, RS B R AR FR PR K I [RIRT,  RERS T AR T LI B 223Kk, BE A T B USoR A [9]. H
i A LA R T L B VA K P TR PR 7K A ARGE

CEFFARH, KEEEE L Z R T ARZER KA, SR 215 J A R AF e B R,
HoAE R B AR A B . BRAR . Ak, 3BJR[10]-[17]%F . Hanafiah 2557 FH 28R 480 R 2840421515 K,
%} COD Al NH; -N [ 2 (0 HliE 5] 96%A11 93.2% [18]: Przystas, W 25 1) T~ B ot BN 4% B8 7K 34T B €
AhEE, H AR BRERIEE] 90% LA E[19]; Kumar, V 28 LIRSS B AL BEHPE R K 16 Cr (VI), X Cr (V) 2Bk
FIKF] 99.4% [20]. P, KA KB FEEK IR K BGRET Retk. S8, #ubHArz bk
KB BBV FK P2 FREA K ARE, AT Re SR R KR LB A R e, HAE KRR ZEIHRE— E B RIE,
TAZ K AR A R (217, BRE] T Z4 A R T8
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RERGE MR RORR AR, S A FE N2 & PN IR DL R e RS E R R [22]
(23] [24], W T R B DA SR S B 0 FVERT 048« UG 25 B8 oot 4 i 1 R i a2 440 MO 089 20 55 D E[25] (261,
AT RS S AN & 8 00 S BRI . ACURBEZALAERE 57 R BN B, LB IR /5 SR S AL K
FRPE IR KA 7> —B[27] (28], ME—ABEWE 2 RIAUR IR Bk, fEERHBAR, ROk 78— L5 i
W AOBRIE At BEA I /K7 TR IR K B IR IR, BERENS 7] 4 25 B /K 7 IR B IR K Hh A SRV <57 7 B T
Yy, XEeWCGRAA B2 LU BN MR 224k, A 1Z@ 22 BA BT ol T 1L JaE2 Bk,
AT ] pAY R ] A1 oy LR LA AT A 9% R T 3 A 7™ IR B IR K B RE » AT FU 4008 1 0 1 A 85 (AR
SRAFRAL < TF T B 1 6 A1 ST B R /A Ak P45 3t i ok 6, 2 I SR P R o9 A 7K™ R B TR K BT

B17.
2. B EFE
2.1. #kER

PG A RO CO58 (] 1a), KRBT 1 ARAWMAEYIWT 5T T 245 F S i i 2

BrFRbk: C8 BEFREE27)FI/K = FREAMAN L /K (28], Ji5 & [ 21 BE B UR IR FE 2 550 mg/L.

BRI K B M B = A IR IE RS 22°56'7", A4 113°29'52", WL 1(b)-(d)), FFEKFE(EE
DET 4CIKFERS, = RHNHI5E.

Table 1. Water quality parameters of the pond water samples

F 1L O HEKEKREESH

TKEE NH;-N/(mg-L™") TN/(mg-L™") TP/(mg-L™") pH
ZRIRIF S 1 137+02 1.89+0.3 0.11+0.0 6.5
B3R H X FRIE 2 128+02 17704 0.07 +0.01 7
TR RETBIRMBIE 3 135+0.3 1.79+03 0.06 0.0 7

(a) HEE C058, (b) ¥ KIAUFMIE Macrobrachium rosenbergii pond, (c) F§FE FHXTURhIE Penaeus
vannamei pond, (d) PUKZK bl The four major Chinese carps ponds

Figure 1. The strain of Cordyceps sp. and the aquaculture ponds
E 1. REEMFREE
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2.2. REWFHE

2.2.1. C058 Bk F
M CO58 RHETHUEH 22 i 22 C8 iRk rh, 7E28°C. 150 rpm ¥R BAKH KEF W2 EK)E, 78
2000 rpm 2 0F N B0 10 min WO 23R, DL KIEYE 3 K, VBN KL iEry, %M.

2.2.2. TEMIET C058 SEREH RK AR

B3 PO AR BE (10 A5 B« BRI FEAN 1 A5 AR BRI BE ) AL ALL % 7K 100 mL B T~ 250 mL #A% )4
e, ff FIESIEIKEE, (£ 121°CKE 20 min, ARG, TREBESG EEAN 1% (GEERL)K
CO58 Hef#y, 1E28°C. 150 rpm MK 11532 3 d J5, HREREAIEH, MERE, RIEREEH2gE
2 )42 S WO 7K = R R /K H B 75 B Y ) R Ak R Bk s TR, e 8 A 3R )5 2R /K H i NH: -N
TN, # B K AT IR IR FE X COS8 AL AICR 1 2

TEBAERI IR BE TN, 508 A AR B 78 I Ak B85 (R 287 BN I &4 04.137.54,275.550 11002200 mg/L),
HeeE b, 0 BRI IR B X G e AR & B E R

TESAEWT LGRS RGN IIRE T, SUB BRI R (0%, 0.25%, 0.50%, 1%, 2%, 4%), e F L, e
PR s AR b BB MR . 25 b, BiE R T CO58 Ab BB K I B LA FH 2% A8

2.2.3. FFHEFET C058 XHHEHLE 7K AL IRHR
1 EIR AT, BUE R ERE, BIER FRBEACK I L Ml Se b G e fh . SRR EHEIR I (O
PRI 28 S 6 N T IUE IR, HB ) B, PO E XS CO58 AbBRAFALL R /K RIS

2.2.4. FFHEFFET C058 %f LR KB IBH R
E LR BAEERLMET, B 1 FR=FSbrEK 100 mL £ 250 mL USROS, JFEE%,
FE R b, RO ETF R R COS8 X SR B I FAL R

22.5. RS S%t 5%

NH;-N [P0 72 SR FH 44 PR B €35 (29, TN B0 e SR FH B PR e ok R B A AL 58 A 43 6 6 93301, TP
K BHIR ¥/ Yo e BEVE[31]. COS8 YK R FHARE k.

TSI E 3 M PATFREM, 4 RBCPAME.

3. ERp5VHL
3.1. TEMAET C058 AR E KA SR

3.1.1. NEIFIEKEELEARRT Co58 FLBRIF M

AR faF Al e, EN S FEAIFER ML, maEHREIEMESE S E AR
Ak, RIHIRATE s oaE T @B R M 26r . I 2 W5, BRI R AR HI%6E R, €058 it
BEPLR K R NH; -N T TN [ BB R G5, AT 54%~84%, Ui B HURL B AN [RIR B /K P R A IR K B
RUFIRENTE. [, BHUEKYIIGIRES C058 MIAK MG LR 2IEM K, BIG ™ E, &
FER KRR LT o BHT 10 R59RBE PR /K NH, -N TN RS ), HRBLR 23014846 NH, -N. TN
eI R, HPAEJ:RRIEFE] 80%LA I, (HAERUR /K H ) NH; -N. TN 735£ %] 50 mg/L LA L, /KIEHEEE
WA At lF R B R AR, BEAG MRS SRS T, —BOkPE, RAF R SEPR/K = IR R
KA NH,-NL TN WA T IR AN 1 R FR R B B /K [32] AHFFE, 25 CO58 [ b AbFE ),
NH; -N. TN KFEAF N 13~16 mg/L, BEAH @RI, F H R RIR 2238 5 S MR 1 XK 9%
AR K U S TR A5 eI R 23 B o SR 2 R S B 00 B a0 s8R, i e e SR FH R B AR ABEADL R K
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Figure 2. Effects of simulation wastewater initial concentration on C058
growth and the removal ratios of pollution indicators

E 2. TREIFIERERLUEK S C058 BRI ERRYR

3.1.2. FEIBERMREST C058 FLHRAF M

- BE —h BB —e— R
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Figure 3. Effect of added glucose concentration on the removal ratios of pollution
indicators

B 3. TRIBEEERIKRET C058 BiTRMERYR

T Ut A2 T A A A 23 4 e S PR O 2R RS 4, e AR S 1) DR /DN B s e 8 B A 0 P A A B R
VIR 2 BRIORCR[33], T L A K T B R RRIF[34] [35] [36]. Rk, 78 JRIR BE IR K 77 FRBEAS AL 7K
AT, BEERRIERT CO58 LFR/K/=FRGE /K 1 NH; -N. TN A1 TP BJs2m, 45 R w3 fos. B %)
PRI )T, AR ZK Y NHL-NL TN AL TP [ 25 fr 23 RIUL S8 b I Pl BB e ds . 78
BRI EAL T 0~275 mg/L JGHINy, BEE # & A IR &, AMH NH, -N. TN H1 TP [ 2R %
I3 A 38.02%. 31.02%F1 13.33%FE 1 45 44.62%- 36.95%F1 36.36%. 4 & FEARINE N 550 mg/L i,
C058 X 7KfAH NH,-N. TN Fl TP {2 FR3RiA 25K, 7300 68.17%, 56.41%, 55.90%. {HJE, 4Hi%
PRSI 4R 22T =iy, NHi-N. TN A1 TP B EBRZR A FFAAP0E N . X v] B2 RO BRIER B s, 7K
A BRGSO, A AR KA T 2RSSR SR AR R 2 (9], HIHI T CO58 X RLALLE K i)
el . IR R TR E IR R A, TIEIA B K PR IR K NHL N TN, TP s RCR,
DRI, E ZKASADLIR 7K Hh 6 6 W d AR R N & 550 mg/L.
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Figure 4. Effect of inoculation amount on the removal ratios of pollution indicators

B 4. ZPENSRIERERRNFN

FER R IR/, BRI T A SR A R AR AR R, TS S YR AR I Bk, (R =
2, WS ASE R R A B, ACRBURAR N, I TR T AR A, i
TSGR LR R AL 223710 Ik, TEJEIKRFE B K 64, B8 E Xt C058 LRI LK T
NH;-N. TN 1 TP (s, 551 4 fion. BEE SR E G, SPLE K+ NH,-N. TN F1 TP 1) 2k
B RIEPOE ETHE S TR RS . EEFELT 0.00%~0.50% G F I, B F 42 & 13k,
JKARH NH;-N. TN F1 TP [ EBRR S HIM 29.30%. 23.50%F1 3.09%$2 = 5 47.87% 40.01%F1 24.72%.
MR RN 1%, CO58 X 7K & i NH N TN F1 TP [ K BRFIE A, 551N 68.17%, 56.41%, 55.90% .
B2, LM R4S KR, NH,-N. TN 1 TP [ LBRFR AT N . XAlfe B LM a2
B, KIS IR R AT Co58 MIAEK TR, ToiziE R AR K NHL-N. TN. TP SRR
GERRM, CUEEMEN 1%0F, C058 ML /K 1 NHy-N. TN, TP 2R 5 bt

Zx b, CO58 MIBAEAE A SRR BE 2K« i & BE VAR IV FE 550 mg/L, #EFh & 1%, SEEEXF NHL-N.
TN A1 TP {25 R 5 ik 3] 68.17%-56.41%1 55.90%, #8 Z ACHT 43 A HE 5 1 38.87%+32.91%F1 52.81%,
YLHAXS JE B EREE T CO58 AbFRARALL R /K [ 2% A DA & A 20T o (B3 HE 42, NHL-N A TN [ L BRI
T 35%4 47, 1B TP [ RERFEIIN T 50%7 47, X a1 HE K= IRk, A%, C058 X
ZBRBOR L o TR TR AT B A, A ERbok i B AR TR B TR R I (38], A ReiE I R A
R RIS TR, AT R KA EE A, [EI GRAEHEK RS B &, MR Rk AR & 8 TR e

3.2. FFHEMET C058 S5l E K B AL TR R

AR5 eI PR K AL B AR BE AR T I (9 — Bk, B T AESERBR R v, e DUBE G 48 R 5 Gy Sk 1 5%
Wi, R AEANEE T e, WIS TERAETUER, XERADHEAT 36 4 A Hi ) BB v (10 AR K [39 ] DRI, 76761 47 B
ININERN 550 mg/L, M 1% T, FBEITBIAEE T CO58 ML KM AL B BCR, 45 anisl 5 fr
MNo TEFFILZEAE T, CO58 MHEALE K NH; -N Al TN [ 3R 73 5k 5] 78.86%F1 71.46%, I H. C058
[ 1 BB IR S 0.1048 g /oA . HITIFIEA: FRER C058, WAL KFEALTE, #AER;IF C058 [ fErh
AR R N ARG IAZAE, 5 R TR s P08 R M| 7 B R R KR8 Rk, 1S
3d GRS N A K H ) NHL N TN 2B 38 BEART o A5 M AU /K NHL -NL TN [ 25 R,
CO58 ¥ H S AR T LA AT T o EIRIN B T HBOAEE T, dHB 54Xt CO58 AR KAK L S Yuda
PR BRI AR, X CO58 N T 52 bRk 7= 7R 4 IR /K B (L B8 4R
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Figure 5. Effects of non-aseptic condition and aseptic condition on C058
growth and the removal ratios of pollution indicators
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Figure 6. Treatment effect of three water samples from different aquaculture
ponds by C058 and its growth
B 6. C058 W =MNFRIEMBER LB REEEKE

-

P T4 B 5 G ) 1) 8, H AR BB 2 Bk SR R K T 9 3 45 B AR S M BE[40], (HIE S DL
L FFRORIG AT, A0S X CO58 BRI/ FRIE R K TG G AR, BT LAE— B4t e 75 R F 2B
JR K K 7% HUR B J i R B BB A 22 R SEBR IR K TR R . Ak, BT =R R ARE MR KRR, a6
P ICIA IR IEGRIE 1), 53 A ERb G 2) R0 KK AR IR GbYE 3), @ BIERE MR InE N
550 mg/L, HFE 1%MTFHOAE T, #%2 C058 St = AN TR AKRE b BRI A K&, (H IR
ARG BLIR G ANF T RIS, R 25 RS ) 52 bR A T B8 BB LUK 18 B 22 B, WiRe R T
WERFOREZIAELK, SR WE 6 Fion. CO58 X =AM /KFEH 1) NH, -N. TN fl TP [ L FRRIL 5
B, AlIAF] 67%~88% /41, - H NH,-N. TN Al TP HIiR A4 5 fI B % 0.17 mg/L, 0.46 mg/L 1 0.01
mg/L, = ANIBYE A SRR E 35 T IA B M /K RS B AR A P 1L 20K, B AR B B R T B M R K R AR
JREFRE P T 2K 0 EG ARG A Y b R K = 7R 58 R K FFRIE, 4 Siriphorn [41]F] FH [f] 2 kM Jie 78 Ak
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H g 36 O UR FRAEPE KIS, TN ZBRRCRIES] 32.92%, #UOHE[42)F] F ZF AT 1R A 3130 2 7% 58 FH /K I
NH, -N ZERAERIEE] 65.5%, AT, HUEE RO /K™ FRIE K TR I 5 BRACR JEBAR, BATHT7E 5 N
1. 5i4h, B Cos8 AEKIGIIFEA BRI W RIBOR, (HOREE TAEYIE, BHIESL PRI K du s
B A DA IR H AR A S TR 15 e

4. &g

1) WFER P RLR K, E A B INE N 550 mg/L, HRE N 1%, C058 AbFERUR fcf:, Xt
NH,-N. TN I TP ) 2: 5235 Bk 2] 68.17%. 56.41%F1 55.90% .

2) FEFFIBIAEL T, CO58 LA 1% i 42 b 22 ) 28] W VS 0 B2 550 mg/L IARAUL /K h 15 9% 3 d J5 , C058
W EIAF] 0.1048 g S HXF NH, -N Fl TN )£ B35 715 2 78.86%H1 71.46%, Jy C058 b FH T~ 5L Fr /K™
FRIAPRIK AR T BRI -

3) FIFH C058 AbFEAS[FIIR K SERR K= FRAE 7K, #0347 RAFHCR . @ sbmenisE iy =, Ak
PRI SEBR K= IR 5 R K NHL -N. TN Al TP 12 5% 43 ilik 80%. 67%A1 67%LA L.

4) VR R XK P IR0 K K H NH; -N. TN, TP 25462238 bRk AT 1 BRI, (B Al 2E W36 bn (4l ok
W EIRANTE VR « PRI A AR B 0 55 ) e S FLAR AR F Ok oA fp gk — PR AR AT

EHEWmHE
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SE MK
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