ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

rRE BB A S IR ST L £
: M @ HE




W % B 3 $36% 4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2015 4 4 H 15 H

H &
32 SR RFE B AQD) ST HUFGE JUE AR veveeerevesmeesmeesnes s Bk Kb, E A, ESUE(1141)
2013 4F 1 LT PM,  IXERUEMEHT «-ovovveveeresmmmmesmieisii e FRe,FEVAE,INEA(1148)
2013 4 1 AU — A IGYLP ST oo evvvoeveeosssenseenens BAK,FEH KA, BH B, H0N(1154)
B G UEE S Tt o L el Y IR e = T Wik, Dok ERE,KZ(1164)
I 142 PM,, 1t PAHs M ERHE KOG TG BRMIGE AT e W, HEE L I E KB, A R(1173)
BRI R B SALAR T PM, § SPBRRRER I -ovveveeeeeeeenn B PEA, R AT, %X, BB, R (1182)
SEEMOCT IS SMHT 2014 LEB B AT — IR SGUGIRL ererserresennsenenneens aF, RER,BF G FHEH(1187)
HFARRS IIAF SR PM, F1PM, o H KT BE TEHLES TARIE  oveeeeeereeeseeee et
................................................................................. A, KR TR, R R R R, KB (1195)
VAT RBEHERC A IR BAT LI | TEBTRAGBIESE +vevvereeeeessessesssen s Bt HUR, E A8, 8, 24 (1202)
DU |2 8 B B 15 YR BRI 2 3 ATRRIE v veeeeeesees e B, 5, 5,90 %, £ F(1208)
TN TR B S I ABHEITE oveeereeeesseesseene ol PR, IR, A BB, K RE(1217)
B A U T 1o B U S B MBI R +- v ee ettt INE A EER R, S (1227)
éﬂﬁﬁﬁﬁ-%%(ﬁﬂﬁ(&r}f&*ﬁféﬁﬁ*#?ﬁ ................................................ ?{’(ﬁéifq\ , g g_r%j'}g , 7‘7%% , Ejiﬁﬁ , ?( 1234 )
T SURRUE R R I B RS T AR oo WEER), KEE, ERA, AL EE, EER, RHT(1241)
B /N IK ZE AR VD TEAEXT DOC BRI FEMH  veeeeeneeeneen e 7K K40 E HH A , EZF i( 1249)
K YD T AR I SEHERT BT 11 ORI S0 5 B L5 WAL IE AR oeeeeeeeensee e
...................................................................................................... E%%,ﬁ‘%%,ﬁ%?,}_ﬁﬁ,}_f?@( 1256)
B WA R LU K MR AL A AR RO o eeeveee TER, #FE, Bam—, FMHL, Kok, ENE, ZRI(1263)
AR T S0 ) S DX T < R AR AR SR URAFATT -+ e A, EH P, KR, F5AE(1270)
CTT RIS T B KA 1 = 5 TR JRUBS AL <+ eemeeememmmememeee ettt et e et e e WEA FEE(1277)
FIR IR T2 VS SR SR I oo vveoeveeesensneninennes R, E% okl ERE HOR, ZE AM(1285)
e P DX T - S R A A TR R A S R e DM TAT I weeeeeermmmeneeee e ettt e
.......................................................................................... ﬁ%/ﬁfj, f@z{;ﬁ, )%]%?)\gy ;’B%Y El‘ﬁﬁ, E%E)[]ﬁ( 1293)
EFRARI AR AWK RIS P AL S RO oo eveeeeeeeees s IEH,Emy, EhT, I8, THT(1301)
— /NI RIS D175 BRI BE FTTE - ooveveeeseessesseeseesees WX, ok, K, AT B F % (1309)
BB 25 W X I 2 PR A T VR AR R AR AL AEARHT  ovevveeeeersmmemmmmeee s niie ettt ettt
..................................................................... %g}%ﬁ,ﬁ]ﬁﬁ,if g(’g&ﬂ il ,ﬁ%ﬁ,ﬁ%%ﬁ,%%ﬁ,%ﬁ%(1317)
AT T B R T i AK B 1) WASP AE TS v vvvvvvemrenreenaaanaeaessannmnnnnnnniniiieieeeeeees KU, A MR TR B H(1326)
y IR K B ERRR RN YD B IBITTE «ovveemveeereeremneneeneeneeee IS FRK BAE, B8, WK, Bk, TR (1332)
AR A ) S A A BRS BE EK SO BRI IBIL oeeeeeeemeeeieenens Mo, KE P, R E TSP AN E, RIR(1338)
Fe-MCM-41 LU LI IR -oeveveeesenennens IXH,ERE, DER Ik, ST, EHCE, AN, %M (1345)
HE ) PR o R 5 g e T B R G2+ vveveeeeeesmmmimeee e e et JER B, 28, TEA AEH(1352)
308 nm JEVEH T a-Fe, K HNO, { ey AT PP PP P PP PP P PP PP MR N KR, B E AR R AT (1359)
L-H R - LT 45 S M P AR IR R U | AR oeevees oo R, TRE, FHE(1365)
BRSLIHRE R A T W3R (PET-AQS) 45 S AL AE W BARAFPEIETE  cveeveeeee e
.............................................................................. Y, REYE, WES, £hM, HEYL, B, BEE(1374)
B SRR TR 0T 1 B M 2-H RS DK R PRI R B 1SR oo G, FEZ B, kY= T8 (1379)
W B R AL T 5 06 e o AL I AR BB AID T -+ e e e ee et e e e e e e e e A EE(1385)
O ) F i A AR EE T S 2 1A AN0) o iE 7 ISR B3 E R, W EE, T 0K, HHR, K (1392)
L R Y el o R o A B P L It QA T = - |
......................................................... ﬁ/ﬂéﬁ”ﬁ, ﬁ/@:ﬁé,éﬁfﬁ,ﬁﬁ,%ﬁﬁ,if,fﬂ_ﬁ%,%ﬂiﬁ, E%ﬁ?( 1399)
PRV 3 A7 S B K TR AR TS e T NER S oo IH AR, EAL, IS, 5 F(1406)
P IS SRR BOD, /TN AHSEUA 2 57 28 2t 16 R S A M RS B oo HRA, KK, FNA,HK(1412)
A B AT PAHS 3 Ik BUMEHRBE L S0 BORBEARIT - ooevveeeeeeeneneenens WL I E N R M, % (1417)
T A EL R 0 T KRR M5 SR S5 YRR I woveveveeeeveeeeeenne W, E R IRT, A (1425)
CE AU R b 2L STve S/ AE U 1) 21 R R TR ST P PRSP P HOOE, Tl , TEF, EAE, AT A(1431)
TN e IR D N B == |t (= ITHW,ERAe, TR, A (1437)
IR PTG YR Cu Ph IOIKPEIESL ooveeeeeeens Mtk HEH, 2, E, FRE FRR TR (1445)
Wb R T Al Jo 75 98 X SV R G L BRI B oo FRAK, BT AR, HE, AP, ¥ K (1453)
ATHLTEHLIERE L A HEA AN]SR DRGSR I BETET oo eereeeenessnssnns Ik, 8 AFE, EER(1461)
TG AR S PR AL ST ASIFTE - vveoeeeeeseeeeeens BER, K, BEE, XY, AB,DET AEE(1468)
i TR D O 2L s L L2 R LT L LT T P PP
................................................... mﬁﬁ,%ﬁ%,%jﬁ,{%fiﬁ,';%ﬂ(ﬁ,id\f/?\,ﬁ@,ﬁﬂ%,%ﬁ%é,?é,i%( 1474)
DL AR LR A5 5 B M P 5 KA B oo FITIR, P, S AR, R R &, T H(1481)
T DX P A TR B BRAUBAICRRS HEBIFZE +oeoveseeees e WA, I, B, T (1489)
RIS 9 B M 5 KA BB AR TR v U, Bk, HIEE, Kin(1497)
Tolk VOCs 2855 F B TAEBARPIHEXT FEAEIIHT ocoveeeeemereeeeeieene EFE K EH RS, MAE, EH#(1507)

(AEREEVEITRS(1216)  CGREERLA) MRS (1248)  fRE.(1163,1194,1248 ,1424)



Vol.36,No. 4

5536 B 4 1 BN 1% : 2
20 0 o i S Apr. ,2015

ENVIRONMENTAL SCIENCE

M ALE R 4-[ABRIE KR RITRIERSE/NKE

T RFHR E T ATEE  EAR

(FERBMT R FR SR TR, B 200237)

TEE . AN 4-SR M (4-CP) BB K TR0 4315 U6 48 B8O A5 2 1 1 J2 18 OR T J2 75 U8 19 3 BRUR 40 31 5 35 253l /N Bk
( Chlorella vulgaris) , PLIK B A B A5 75 U8 ORI B O 55 15 3% /R e 1 S H /Y. 356 AE 500 mL AY4EIE IR H 3577, B BG-
11 BrgR i S A5 4-CP BB /K BT A5 e S BBORCRT 15 AN LU BNR &, 7R GRS LE 140 10 S04 P/ k. K
I HEET MBI E | MR o, BTG WIS | OB A(TN) | SBE(TP) | BE LR (TOC) | FEMEAFehR. 25 0%,
ANERIEIRE SR AR A RS PR IO T TE W T SR B ek SR, o TN R TP 25 B 43 i3k 2 40% 1 90%
VL b 5 YR SR OB TT (i i 3 25 B I G BB (HAS R T8 M 4R a; 5537 10 d J5,50% 15 VR 2 B0 2H 13565 BE 3G 20 A%, (LR
DL EEAA T4 3 a ST RHVNT 2 L. 2iT5 VR R OB AN I VA ) /INeR e B 7 35 200 e ST W 5 AL G (SOD ) =5 F 25 A
21, 3 U B TS e S ORI L T VR R EE R Bt /INsR B BT — o RN, . DA/NERTEE AT BE AR A R LT IR AN 8 A DG BT
Wrda s , 250 EU B FEE M) I 25 B, Jme U A/ N ERSEISCSE B ] D 355558 5 .

K HRIA 538 /NER I ( Chlorella vulgaris) ; ’ﬁ”%{ﬁ{ﬁ'ﬁ, SRR ; 58 FIE R, Bl FI

FESES. X172; X705 XEKFRIZE. A XE4HS . 0250-3301(2015)04-1406-06 DOI: 10. 13227/j. hjkx. 2015. 04.037

Using Excess Activated Sludge Treated 4-Chlorophenol Contained Waste Water

to Cultivate Chlorella vulgaris

WANG Lu, CHEN Xiu-rong”, YAN Long, HE Yi-xuan, SHI Zhen-dong
(College of Resources and Environmental Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: Using different rations of sludge extracts and supernate from 4-Chlorophenol (4-CP ) simulated wastewater’s excess sludge
after centrifugation to cultivate the Chlorella vulgaris to achieve the goal of excess sludge utilization together with chlorella cultivating.
The experiments were performed in 500 mL flasks with different rations of sludge extracts & BG-11 and supernate & BG-11 in a light
growth chamber respectively. Number of algal cells, Chlorophyll, enzyme activity, oil and water total nitrogen (TN) , total phosphorus
(TP), total organic carbon (TOC), toxicity index were investigated. Result showed that the nutrition supplies and toxicity in the
excess sludge were removed efficiently via Chlorella vulgaris, the removal rates of TN and TP were at least 40% and 90% respectively;
After 10 days cultivation, the density growth of 50% sludge extracts was 20 times higher of the beginning while its chlorophyll content
was lower than that of the blank group. Sludge extracts could promote the proliferation of algae, but were not conducive to the synthesis
of chlorophyll. The quantity of SOD in per cell showed Chlorella vulgaris gave a positive response via stimulation from toxicant in sludge
extracts and supernate. The best time for collecting chlorella vulgaris was the fifth day of cultivation, taking neutral oil accumulation as
the evaluating indicator for its utilization combined with the removal of supplies and toxicity.

Key words : Chlorella vulgaris; excess sludge; sludge extracts; sludge supernate; resource utilization
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Table 1  Initial sludge extract and BG-11 components and contents

F5 BG-11/% 15 e IR % 15l LIE R/ % Wit TN/mg-1.~! Witk TP/mg-1.7! Wk TOC/mg- L~
0 100 0 0 170.21 +4.09 5.05 +0. 15 21.84 £0.92
1 50 50 0 110. 63 +3. 15 7.26 £0.21 106.27 +4. 14
2 0 100 0 49.65 £1.91 11.17 £0. 89 196. 66 +1. 69
3 50 0 50 98.67 £2.35 2.87 0. 30 20.74 £1.08
4 0 0 100 26. 80 £0. 66 1.96 +0. 20 25.60 £0. 59
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Table 2 Analytical methods in the experiment
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