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Abstract
wastewater were studied. The results showed that alcohol wastewater with small addition of nutrient substances could be

The flocculating effect and growth of two strains of Aspergillus able to produce flocculant using alcohol

used as prospective cheap culture media, and the composition of the cheap culture media was correspondingly determined.
The flocculant production by Penicillium purpurogenum (HHE-P7) and Aspergillus versicolor (HHE-A26) with the cheap
culture media reached 94.5% and 92.2%, respectively, compared to that with starch culture media. The flocculating effects of
culture solutions of HHE-P7 and HHE-A26 with the cheap culture media reached 92.6%~97.8%, compared to starch culture
media, in treating gaolin suspension, piggery wastewater, building-material wastewater, restaurant wastewater, and municipal

wastewater. Fig 4, Tab 3, Ref 19
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BN 7 1 A K AL IR | 75 48 5 2R T A 2 /K sl A |
KR NS = R . ZUR . BRI ER AR N H R R
T % 2 HHE-P7H1 i 5 & 7% (5 i 75 HHE-A 2619 it th 35 77 5L 1Y
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Table 1 Characteristics of the tested alcohole wastewater
A B R ; N B (i
pH NH,-N ( (/:rSDﬁ'- 8 ( }BmODIi") ™ TP *’f /S“L%’f;r Chromaticity

(p/mg L) pimg prmg (p/mg L) (p/mg L) rle (multiple)

A 9.6 X105~ 6.53X10°~ KA
40-50 Not detected 1.012X10° 6.71X10° Not detected 7:5-10.6 8.5-92 10000

versicolor) HHE-A26 U7,

Bt R 2.58 glem?, PRI M4 pm, HAE R
TR E MR B il 45

VE B B SR AL AT PEYEHS 20.0 g, KH,PO, 2.0 g,
K,HPO, 5.0 g, (NH,),80, 0.2 g, NaCl1 0.1 g, Ik0.5 g, BELR ¥
0.5 g, H,0 1000 mL, pH 6.0.

A P K IO T 7R A8 VLT 08, R /K Rk o L 3% 1.
1.2 /&
121 HEMES 3 WHHE-P7, HHE-A26# #4 b k
HUA B, 42 A\ A7 S0mLYE B 55 75 5L 19250 mL = A, 7£30
°C.. 150 r/minfH il 4k % 4% 3EFR2 d, 4 bk 4 T X 4 A:
A, BB, TR R R B T R B4, =04
122 #HFAR FAS [ 2H B P TP 0 B2 K B 1 5 9 56 TR
J&i , T B A5 BRIR PRI, 3 AR R A3 800, 2% A HE R i 4 A
450 mLE; IR A 250 mL =, 30 °C. 150 r/mind R A
i g%5 d.

1.2.3 EREXNEFTE TE100 mL & A7 H M A 80 mL7E 18
K. 04 gEld+. 5 mL CaCl, (p = 1%)/KIFW . 2 mLEF IR
(LA uE REIRMEE IR, T, AR5 INZE1H/K 2100 mL,
P pHIE Z7.5, B A 150 mLEERR, JAERE T3+ Ehi
2 min, ##1E5 min, WHC_E W T 722855 5606 #1550 nmid
DU E WG R, DAAS IS 35 W B W B2 Sk 23 R B 2 TR V)
BRI BEPRIE T AT ¥R = (4-B)/Ax 100.
K, ARz E B ROGEEE, BRRE & PR 0O B
1H.
1.2.4 BEFREMNNE R E 50 mLEF R &I, L2k
BT KRB 2K, 7E60 CTFUHETFR T, LAB AT 0 %

R
1.2.5 ZEA~EHNEFE 50 mL¥F IR &g s, %
VAEW) : VIGIKCED)=1 : 4Ll ATCK B, SR I G
HABEOHLIES 000 v/min FE.015 min, K B0 P F AT 2
2T AR R R T BRI O, R A S R R R R
(g/lL) =C/D. X, CRHTIRGEETE (g) , DAEEFR
RFL(L).
1.2.6 BELWHAEFMEE  BUEKKEE 000 mL, 7E5
ARG FE 20 mL . 10%/% CaCl, /KIS mL, J& 15 pHE &
8.0, TE /NI FEAL L IF 1T 288 S0 58

LRSI T . 600 r/min (20 s) — 400 r/min (20 s) —
200 r/min (80 s) — 100 r/min (120 s) — 60 r/min (180 s) , TEI&
T3 emAbBORE, 43 066 B TF B 74 550 nm IO, LA
IR R CRIZRFD) B AT BE T3 B 09,
127 COD_. B&. BBEHME RIbrETT L0,

2 B 500r
2.1 EEEKMEEMIEFENREEE

HI T A K K i COD AR ¥ (£99.6x10*~1.012x 10° mg/
L), B ML, WTRRIRNE B K | B4R 2 I
S TR PR AR, PRI S A T S R S TR I KR R ) P
A DL R BRI A R ).

3 R B TR ORS 52 KRR 4L 5. 6. 7, 84, KA
JE AP HHE-P7HIHHE-A26, 7E3 FE30 °C | 150 r/mindf K 15
F%5 d, LUK BEWAE R i AR 2R B SR AT S0 S 00, I 2R
TR () BoR, HHER RS R K R B 75 0 vk i, 22
e 2, HHE-PTJT ™ 22 B ) 1 2L B8 A6 51.5%~T72.2% 2
(4], HHE-A26/1) 225 R AE52.1%~71.822 [6]. L a] WL, F AR
K5 K ) COD ., 1% 9.6 x 10*~1.012x 10° mg/L, Jf HE BE &
iK8.5% 10°~9.2x 10° mg/L, {H B EXELL EEE R, 22 B0 AE i B
A 2%, BRI B BERAR, LR KR B R, )R R
IKH B8R, BICOD M1.2x 104~1.265% 10* mg/LItf, 22 #E%
AR B (HHE-P7HY 9 72.2%, HHE-A26/571.8%) A It
A 5T S 56 v YRS R AR 8 SR P DL A s T S5 Y K R

HHE-P7
[_1HHE-A26 7—

£ 501 7

4 5 6 7 8
R4 Times of diluting
P NG S AR R 7K 0 T A 07 R R S
Fig. 1 Effect of alcohol wastewater concentrations on flocculant production
by the two strains

22 EBEBEKPFMNEFERENERERR=LE
bill=apAl)

M KT BB S RN, 70 R e SR L Y
Feml b, 4y Mo S IR EE (BRTR . 200 . BEER £ ) X T Bk
AR DR B Y

B PRI I8 B E IR o e R 1 0 A BT R AR TR PR K Y
pH{E H4.0~5.0, JINABRIER . AR | 8502 5 5 pHIE 0 5.5~6.0,
TE TR AR AR RS B pHIE Y R, IR e RO BRI, 20 B R SR
3R TS, AN R R B bR pHAE AT 8.
221 EHHEKREKEELEFINEMm TEAS K h
ARSI B BTV EVE 1.0, 2.0, 3.0, 4.0, 5.0 g/L, LIR
INVER h 2 A, AL FEPKH,PO, 2.0 g/L. K,HPO, 5.0 g/L.
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Fig. 2 Effect of starch addition on growth of strains and flocculant production

1K0.5 g/L. pH 5.5~6.0{% FeANAE , WF G AN [F] A9 3 F3 I A 2t 5%
HHE-P7HIHHE-A26HY 2 K DL K 7= R BEF B 52 . 45 5% (&
2) R, WK TR R BEROCR 5 UE R 0 A A G
KA. AEARINVER I IEOLT, B IS AW R4 5)
12 40.99 g/L (HHE-P7) F10.89 g/L (HHE-A26) , £#E%R 35
}972.1% (HHE-P7) F170.1% (HHE-A26) . i/ 3 ks, g
I S TR A A R BB A R R e AL SE VR I R 3.0 g/,
HHE-P7H T 1415 e FIZ2 583 53 51|18 Jin 1426 ¢/LF185.9%,
HHE-A26H T 7R 8 3 hn 514,15 g/L, LEEFRLF]84.3%.
VRINVE MU B 4.0 g/LI, HHE-P7FIHHE-A 261 i & T
O 4.06 g/LA14.10 /L, 2R M86.7%187.2%.
I, JER A5 4 g/L.
222 BRMEHRERKRFELEANZm AR AL A 5
Ca&RUIAPLENE (BEREE 4R SRE MR IR X% Pk
T 7 BT 0 A AR 0 AR A T T AL AUIR L th A HLAER R
FEREFY AT . R EURA AR B 5T, DR R B, ik
FHIRENRE 78 AR A WA~ S5 8, PRI R A HR i A B LR A
ik

FE VRS 2 AR IR0, 0.5, 1.0, 1.5, 2.0 g/L, 54k
AT PESE 4.0 g/L . K,HPO, 5.0 g/L. KH,PO,2.0 g/L. pH
5.5~6. 00— FEANAE | BIFFEAN ) 14 RUUR I  52 % 22 0 2k S AR A
T R . 2550 (F3) Won, WS K 8L = /R, AR
JR I DL, AR A B 2R R I SR AR B 25
UNIEME T G/ LR N ¥ S NN S E S TE SN
WEHEM0.5 g/LINE, 2Rk 555575 dIERBER #RIA 287.0%, Hik
T B4 439 43.49 g/L (HHE-P7) F13.00 g/L (HHE-A26) . 4

4.0
—
wo
S35 T e
= / 7//‘\./
2 —
E 30 / /'/.
= —=—HHE-P7
s 2.5 // —e— HHE-A26
S //
£ 2.0 /
s /
E 15 /
Tl /
1.0
) 0.0 0.5 1.0 1.5 2.0

BRIIASE Urea usages (p/g L)

Ak SV IR B, G2 49 08 A A S R 2R 5 (0 2R B U A2 ik
ANK, HHE-PTHY AR 5T 5 FI 2R BE 53 Bl 1E3.29~3.58 g/LAl
85.5%~89.5%2 Ifi], HHE-A26/ 0| 4351 £ 3.20~3.50 g/Lz [a] il
88.0%7c Av. PRI, s IR A Fn A it 1 J110.5 g/L.
2.2.3 BEERERXTEIMR AR R AL RFIHRNE I (KH,PO,
2.0 g/L+K,HPO, 5.0 g/L) A100%, 7E %5 P K 43 51
ARSI E0. 25% . 50% . 75% . 100% ., 125%[# (KH,PO,+
K,HPO,) , 7% 4b B al i PEE#3 4.0 g/L ., #K0.5 g/L . pH
5.5~6. 00 FERAR , WF 5% AN [R] A 192 6 oA 2 % 22 0 A SR
PR B p 5. S5 5% (E4) TR, W9RE I /K i R £h A
X 2, S I TR R G 2R R KR R e 8 R BB 3. ZE R
WERRER MRS OL R, 2486545 AL 60.7% (HHE-P7) #151.3%
(HHE-A26) . WINEERR 65, 225650 W 38 o, I HL bl %5
i ER v BE AN, REERFF SR, 2 (KH,PO+ K HPO,)
Wy (2.0+5.0) g/LINy, 2EERCR Fem, 73 013K 5192.9%
(HHE-P7) F185.0% (HHE-A26) . k£ 8w me thint, 42
FRERAK.

PR T 2 Il 12 5 50 %) B s B S B . R
WML AR, AR T Tt 439314 4 0.82 g/L (HHE-P7) #10.95 g/L
(HHE-A26) ; BEER £h U8 I it~ 75% 0, T A1 5 4 43 531 334
Jn%)4.52 ¢/L (HHE-P7) F14.32 g/L (HHE-A26) Bt )5, Bkt
Jo Sk o R R VAN ek A B T AR T Y BEER Eh B it Ry
100%f, HHE-P7HIHHE-A2611) T 1T 5 B3 51 4 4.56 ¢/LAI
4.35g/L. LR G H IR S EEAUR AAEY A K, BEm R A =]
#H100%, BIKH,PO, 2.0 g/L+K,HPO, 5.0 g/L.
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Fig. 3 Effect of urea addition on growth of strains and flocculant production
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Fig. 4 Effect of phosphate salt addition on growth of strains and flocculant production
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Table 2 Comparison of flocculant production with cheap and starch culture media

WEIRAAT 771 Flocculant output (p/g L)
Culture condition HHE-P7 HHE-A26
BEMT K577 Cheap culture 1.503 1.283
VENRTFE Starch culture 1.591 1.391
BEAN 5577/ Rr R % X 100% Cheap culture/starch culture X 100% 94.5% 92.2%

R3 RN BEFRBIEMEE TR LR KB EERRR

Table 3 Flocculating effects of cheap and starch culture media on treatments of some wastewaters

25 Flocculating rate (/%)

Pk HHE-P7 HHE-A26
Wastewater Y e e/ veR R R
Cheap culture  Starch culture Cheap /starch Cheap culture  Starch culture Cheap /starch
medium medium culture X100 medium medium culture X10000
IR K Piggery wastewater 79.7 81.5 97.8 76.5 82.4 92.8
#M%/K Building-materials wastewater 88.3 91.7 96.3 85.6 92.4 92.6
R E /K Restaurant wastewater 85.2 89.2 95.5 84.1 88.5 95.0
TRV R K Municipal wastewater 85.8 89.6 95.8 82.7 88.3 93.7

Ny i R8T IR RS 1 /K L VE#34.0 g/L, IR0.5 g/L, KH,PO, 2.0
g/L, K,HPO, 5.0 g/L, pH 5.5~6.0.
23 BEREKIEFEMEMEFREZERTIS=MES

MREEEE

TEIORE BRI # P E 47 4.0 ¢/L . KH,PO, 2.0 g/L,
K,HPO, 5.0 g/L. [IR0.5 g/L, pHIH 75.5~6.0B1 ATk % 7K B ¢y
R RE, K50 M FTHHE-P7TAIHHE-A26, LA 30 C.
150 r/minfFE IR PR 85 355 d, g LB DL B35S diY
FREE A, LA — 2L T ik DA AR B A 8 SR R A A R v 2L
BT, BEERURAE. 45 (3R2) R, B RE IR IR,
HHE-P7FIHHE-A265= 225 5| i1 1 43 5134 51)1.503 g/LF11.283
g/L, JETE M F2 HHE-P7HI HHE-A 267" 215 F i 1794.5% 1
92.2%.

I HIVE M3 335 57 3 FIRR 1 45 5% 2 15 2 HHE-P7HIHHE-A 26
B 15 35 4 B Ak B S R K L B MR K R R K AR T
AETERE K. 5 (FR3) RWI, T BE 55 9= 2L 55 SR HHE-P7
A BRI R T K A K L R AR K L I A
TR KA B A B 2B R R BER N T79.7%~88.3%, &
BRI IR B TE M B 75 5 15 92 19 95.5%~97.8%. FII B 15 557
SE B FEHHEA 267 A= 1) 225 57 % L 3R 4R IE K 9 2 EE RN
76.5% ~ 85.6% , ik FIE M3 15 77 5 1 F5 BRI 7 2L R0 ) 2L K
H192.6% ~95.0%.

I, MHHE-P7HIHHE-A267E T8 & /K 55 35 5w i 4=

Koo B IR MR SRR AL | R SR EBER Y A DA R B R
TBORT ARl K B0 b PHASOCR T, (8 IOHS 2R AR BRE  J 7 J
AT

34518

A R K AN RE B AR Ay i B 7™ 4595 55 /A HHE-P7AIH
R 7 (0 B HHE-A26/% 5 72 55, (B RS R /K Hh s /b 2
B IR RN AT A B A 8 IR, AL R T T T A
4.0 g/L, KH,PO, 2.0¢/L, K,HPO, 5.0 g/L, fI£0.5 g/L, K51 K
(COD,, 1.2x10*~1.3x 10* mg/L) 1 000 mL, pH 5.5~6.0.

945 % K B A 55 35 XN HHE-P7 AT HHE-A 26/ 15 3%
TR e U VR Y B BE 2 3 ) O 89.5% F184.4% , X Ak
YK MR K BRI K L ST AR T S K 2R
76.5%~88.3%, REFI = 2/ Bk H T MR R
94.5%F192.2%, 2R BERL AL IS B T U8By 15 #5255 11992.6%~97.8%.
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