ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

N
N
N
Vol.38 No.

HRRAERERHRAR L £
4 & M & HiR




w % # 3 #38 % 12 0]

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2017 4612 A 15 H

H kKB

T [X pMzs{g%mE%ﬁj% EIE e E#ﬁﬁﬁ, B! , = ’Eéﬁq’ , ﬁﬂf/%(4897)
Jot R R JE B0 4 2 P T < R I S R FEARRIL +oveovvee oo L, RIFE, I, TR, R R (4905)
LT 2R (1 PM,, (VR BE I 2 434 T 5 P oo BB, LM, FOR, IR, IME, EFE, George Christakos (4913)
AR DX PM, LT 5L R N 0ROl - A3, BAM, FER, HE#8, TiH, B, REE(4924)
RSB AN KT YRR IE R ACHRRALSE AL - oveveeeseeesesns i Kz, T, % ok, A, FL(4932)
SEETT PM, AL AR oveereenesneeeeens A, RS KB, BRI, B, XUR, R KB A (4943)
AT SR TR P PV, KV oML TAL MRS SRR - ke, L7, KE, K&, T, E+%7(4951)
KA T YK T V5 Y i AR OB R K VA B TR AR AN AT R - eeeerereneeemmmmi ettt
............................................................ WE, X TFE, BEE KTFH R, BAME, MBS, THE(4958)
S EE LA BB A Cop PM, SIACASAESPHT - ERUE, EIR, B F, WiE, HW, ik, T, # AR (4968)
2015 AP H R IE T B AU BEREE AR oo oevee e B, WAX, TH, KEK, BB, HEM, K%HH(4976)
ANJF) CDPF 5t 46 Ja £ 280 0t S A 584 VOCs AN HEIUR I <o ooveveeeeeeeoe B, KFR, x4k, BAME, HEL(4983)
ENSO Hefx) EHERE K A AU AU B R AE AR eeeoeeeeo FAF, HlH, KT, AEW, e, HHRE, FILE (4991)
T B 7 N LR B AR S R G IUTL . EUFITRUTIGE:  +oooeeeeeeermmemmemi s BER, BE, k&, BF(5004)
AT IK TR B AT B ZS AR AL AL - eeeeeeeeeeeemmmieii e MR, M, DR, FE5EF(5012)
SIS ATV TR AT wovvveeeessseessssnes s L, R, BEA, NE R, Z8#(5020)
S K KT RTGAREG S ATIFAE overeveeneenennenoe B, ROKE, AR, T, BE, AWM, £FH (5032)
ORI R IR R RIS RS AL L oo I S FHF, I, HHE(5039)
IR A IR K AR SR AR AR E S o [ T (U 87 & LA AT L VAR T fB] wvvvvvmmemmmmm e
................................................... HE N Ew, BNE, KE, N, FRE, £XE, RHE, 2H(5047)
O 2 LI R RO AR P R )25 UK BB AARE - ovveeereeesee b G, Ik, FEY, EEF(5056)
JE MIKELL BUBE 5 75 Y KGRI I 7T woeeeeeseesseessssesssses e fesik, BRE W (5063)
LI F K R ZAATRE GIE IR +oveveveeemssomseees e, WIF, R, HH, £ EH(5074)
I SEIOT R UREARTUR) T BRI L R EE - oeveeeoes BAM, KRE, TRE, Ak, U, RAM, ER)(5081)
BOKEFROBRBE BRI BRI -oveveeeeeeseees e WE,FY, BEA, BN, £EF(5090)
RIS R RIS AR o vve v A Wk Wi, IXE, KA, ¥ EF(5097)
ST AR AR EEXT — 2t K b DON /R IBLEI S oo Xk, i, A, FEK, BAX, REL, FH(5106)
BT AL — B LB IR I ovveeoneeeeenens BER, KRR, HH, RE%, H—d, BA, &PE, A#(S116)
MIL-88A@ MIP #EALIG AL 1L B BREL S 1] PR R AR R T TR «eveveerereeeee et
..................................................................... ifhiﬁi, %é?’ ﬁé%, E#@’ %%X’ ]ﬂ%)&’ gﬁﬁﬁg(5124)
U TR B ) MCANMBR AT B BRRRER AT WU ACIRER vevvereeesemeessees s hiE, £#F, FH(5132)
FRBE IR A1 5 £ PR 5K PR [ LR v REE, EHIT, T, KER, HAR(5139)
AFRBEFTE T o R A CAST T 2 A AR & V5 K BRBEPERE - eveereeeeeee L4, &, @AE, FE, B, T5(5146)
ABR-MBR T2 AbBHA 36 TG K SRR AL coeveeeeeemmeeneeeeneee B, RIFE, FES, KU, LT, XMW, AR (5154)
T R AR S8 SR A R A B B VKT B R S BB Ty S oo BR, T, 2%, XEH, TRE(5162)
HF SR (FA) X 2 AT B R GR LML --ooovoevmeereeeeseees e MR, TE, AAE, A%, THE(5169)
P4 22 17 SRS AR K 5T B ST AR R TR A oo M, HEM, Kigm, RIEE, WEE, SR, FTEF(5174)
PREE SN B B SR R SRR oo ERE, KA, 2%, REY, BEE, WER(5184)
SBAF F.¢ [ SRt A PGHUA 8l | RS a7 M IR AL ooeeeeeeeeeeeeees 5, X%, TP, R, ERW(5192)
TV R TR ( Nitrospira) YT BILANJIZEBHL ovveseeesssenssssnssnnscins Bl B, A, EH#(5201)
pH (B AR 11 32 AL TR RAI v eeeemsmeee et o, A F(5208)
S /A V5 YT IR U UL I A B IR -+ vvvvveeesenenssneenae KIEX, A, KA, HHRM, FW(5215)
IEVETS IR RAIAE WYL SBR T ¥ WiNAL R sh ke s fitegest b oo R R U R R B
.............................................................................. IEF, T, TE, BE, EXE, BEE, 2E(5222)
KGR F K TiO, X PRERE IR R EVEMIFEI oo EEE B8 (5229)
K = A SRR AR o] - M - A 3R R ST oo B, GAT, 5%, FH, Ik, EFIE(5237)
RIRATHUE B £ MR R BT BB IE AT 5 +ovvvevveeeessenesesns s KU, Vi, % U, R (5247 )
F LR AE =M PE X R RS HURAE oo (TO3E , Wi, R, 4 IE(5256)
R A VR SRS R T A R TS YR | SR VBT B AR A ZRIRUBIIEAY ceeeeeeereneee e
............................................................... NEHE, ﬁ*ilFiﬁ, ?ﬁﬂ:%, KRITAN, EIE, ;‘(lﬁﬁﬁ@, :ggfg, }3"3:%(5262)
KR T FFRBEA I 25 5535 K5 AT H BRI - oevveess s REF, BEE, TH#, FAE(5272)
Tl X VAN LB SR S IR 2 T 4 B TS YL (TG SR v v evevnvmmreeemmnmmnseeteett ettt ettt
............................................................... %, éiﬁﬂ}]’ ?}5&3@, Eé?ﬂ, /7"1%, &R, ﬁ]%%, Eﬁi(SZSZ)
TR T I BT S P T 4 A B AT IR oo BlREe, AR, BB, KAk, BRI, A ¥ —(5292)
FEMETE O ST - S350 A A SO R K R B I BN =+ eevvveneeeemmnmn e e ettt e ettt sttt et
B S BT, BT, MXR, EARGE, PRSI, HXEE, R, BIAE(5299)
IKFERT S SRR 5HE % --eeveee SRR AR AL AR L L TLLELLC LIRS Hnﬂrb, I, j@}g’ ﬁt}%ﬂ:, %;ﬂ&,gm%(5308)
S O, He P (K AR AL B XA /NS TR BB R AT ooveeveemeese e
e RS L L L LR LR #X j]ﬁ?, ﬁg;ﬁ‘“&’ ?@ﬁ\’ f{%ﬁ?%’ %;&«;%, @é;ﬁ’ 9‘%%(5315)
SR RERE AN TR HG X A6 P U e H A R - ERAE, BRI, ABkd, BHL, WL, HHE(5326)
A=Wy AT HLAE X A B A FH 8 N, OHER F) 52 1) xRk, XHN, GRE, KEE, KEF, HIEAL(5333)
A IERRIZE AL CO, . CH, FIN, OO FHASAE Fz HAEMADIZE ooveeeeesee e

- BEE OREHE, MR, R4, R, BEM(5344)
BB, EXP LR MR, B2 A, E K (5352)
<%ﬁﬁ4%>%¥%(20]7 E‘)EH% ...................................................................................................... (5367)
(REERL 2 ) A AR 1700 (4950 ) CABERIEY TS (5031) {55.(4923, 5105, 5161)




12 3 57 - S < N Vol. 38, No. 12
% ENVIRONMENTAL SCIENCE Dec. ,2017

<HIRZE T XK TiO, WEREFM T REREREZEEHER

AR R
(1. PRI T R 24 TH B BE TR 2B, PAJRIE 1500905 2. M JR I8 Tl R 27 T /K % I 5K B B [ K 8 R S e %
M/REE  150090)
WE . URETRIG TR WXt 4, 8 S s s A S R AR R B A, B PR T K2 5 T 902K Tio, 76X PR ™ F e
Mi?E’JE’ M S HAE ok Je a8, 45 R R0, M AMERET 150 mg-g ™' (LA VSS i) 4K Ti0, /L& &8s 2% = |
TedR (=R R B B B e B B AR ™= M i AN S BB A2 RS2 I, 90K TiO, X IRARLIS Je A BARM S,
FHBITEIR R, 9K TiO, MK R 2B R MEARNIER (VFAs) LR B AW S 1AL, 77 BR 1A L™ FBE TR X 42K TiO,
1 AN SN BURR , 492K TiO, $MHIALEI AT 3R T W RLE e A . ke Tio, M P& & HH0. 632 mg-L™', 4K Z%
YK TiO, AR A AE T SO, FISH AR, IREBURLIS I UM B BESS F0 A A1k, 402K Tio, ZER i N IR R
AR H BE B BREA 9 35 B R IR N T 115. 6% , AR b7 BH om0 1 2R 88 U0 i 45 SR X Hht i B, 100 22 /5
SH 15 BH A4 K B0 X DR AU 2 4 R Ao B — 2 SR BR P, 42K TiO, Xﬁﬁ%%ﬁﬁﬁ%*ﬁli%E’Jﬁﬁ%ﬂﬂ’%?@&ﬁfﬂ
LR A S B ARUFIE LT R IR 15 7K Ab FRAAR 2 b 9 K BORL A W e AR 2 wﬂa"k#@lﬁ PSR = i i
SEERIA L AK TIO, 5 DEAUNURLISYE s I s B TRE s ML i
RESES: X703.5 XERIAE: A XEHS: 0250- 3301(2017)12 5229-08  DOI: 1. 13227/j.hjkx.201706001

| -"

Long-term Impacts of TlO Nanopartlcles on the Stablllty of an Anae'roblc

-~ e
= i

Granular Sludge Bloreactor Y F

{ ] -

LI Hu1 -ting' | C.UI Ku- yi'?® A & -ﬂ’f £ 7 d [ —

(1. School of Mumupal and Environmental Englneermg, Hdrbm Institute of Te(h{()logy, Harl)ln 150090, China; 2+ State Key

Laboratory, of Urban Water Resource and EnVlernment I‘&arbln Institute of Technology, Harbln 150090, China)
Abst;.act /Tn the present study, the fate and long-term effect of /TiO, nanoparticles (NPb) on anaerobi¢ granular sludge (AGS) was

evaludted 'in lan amiaerobic methanogenic system: In thelshost< ter_g].)é'xpenment the methane production rate decreased when the dosage
of Ti0),iNPs was greater than 150 mg-g~'. However, no<ignilicant difference in the products of acidification and methanation between
the control and 150 mg;'g’I (as VSS) of TiO, NPs assays was observed, indicating low bacteria cytotoxicity of TiO, NPs on AGS in dark
anaerobic digestion. The operation data of the AGS bioreactor showed that acidogens was more sensitive to prolonged exposure to TiO,
NPs with the accumulation of VFAs and a decrease of biogas production in the TiO, NPs containing reactor. The inhibiting effect of
TiO, NPs on the AGS might be attributed to the physical restraints. The average TiO, concentration escaping with the effluent was
0.632 mg-L™", suggesting most of the NPs were retained inside the reactor. The long-term presence of TiO, NPs could alter the
composition of the microbial communities in the AGS, since the amount of Methanosarcina increased by 115.6% . The results also
indicated that the treatment of short-term sudden exposure to TiO, NPs using batch tests might not be appropriate for interpreting their
cumulative effects on the AGS, since a long time was need for the TiO, NPs to show negative effects on the microbial populations in the
AGS. Our study could supply useful proof for assessments of potential risks for TiO, NPs on anaerobic activated sludge.

Key words; TiO, nanoparticles; anaerobic granular sludge; long-term impacts; operation stability; inhibitory mechanism
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