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Abstract ; Effects?of §hortéterm nano zero-valent iron ( NZVi)_-'a,rlld zero-valent iron (ZVI) exposure on methanogenic activity of
anaefobic §ludge, physiological traits, composition of pHos'[iHolipid fatty acids (PLFA), and microbial community structure were
investigatéa. Results show that accumulated methane production decreased with an increase of NZVI concentration; yet, methane
producti(u)n only changed slightly with the same concentration of ZVI. In the NZVI (100-5000 mg-L™") sets, dissolved iron ( DFe)
concentrations were 1. 6-7. 4 times that of the control value at 5 d, whereas DFe was only slightly above the control in the ZVI set
(5000 mg-L™"). The concentration of extracellular polymeric substances and cell viability decreased to 21.1% and 79.7% ,
respectively, of the control in the 5000 mg-L.~" NZVI treatments. Coenzyme F,,, and coenzyme M decreased to 40. 2% and 61. 1% ,
respectively, of the control in the 5000 mg+L ™" NZVI treatments, which were significantly increased to 1.3 times that of the control
value in the 100 mg-L~" NZVI and 5 000 mg-L~" ZVI treatments. The order of unsaturation and branch PLFA content was ZVI-5000
(21.18% ) > control (19.37% ) > NZVI- 1000 (16.69% ) > NZVI- 5000 (15.94% ) > NZVI- 100 (12.08% ). High NZVI
concentration (5000 mg-L™") resulted in an increase of DFe and a decrease of cell membrane fluidity and key coenzyme activity of
methanogenesis, which led to the inhibition of methane production. Principle component analysis and redundancy analysis indicated
that differences in the microbial community existed among these treatments and that Nakamurella, Bacillus, Trichococcus, and
Petrimonas showed tolerance to NZVI.

Key words; nano zero-valent iron ( NZVI) ; coenzyme; phospholipid fatty acid( PLFA) ; microbial community; redundancy analysis
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1.1 ATHI/K ., NZVI(ZVI) Fli5 ek IR

NLHCK ;417 2 H (A% 53 B i 60000,
P ) 3200 me-L7", 5 BB (A X 20 7
20000, B X £ #) 800 mg-L~', K,HPO, 1000
mg-L~", CaCl,-2H,0 8 mg-L ™", MgSIOf‘-Z.H;O. 11 5
mg L™, BORTER WA | L. B TR A,
@ﬁF&14Hozmthcw16Hoz
mg-L~' NaZSeO 5H 00. 1 mg-L MnC’l 4H O
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0.05 mg L Nﬂﬂ 6H,0 0.05 mgr L1
(NH, )R&HOM 4H:O%)051ng14 %ﬂzUC1‘6H:Qx
0.09 mg-L. "W AT sk K H 4.0 mol - L™ -NaOH %
W1 pH 2 7.2 +0. 2, T 85 4 AU 30 min
DA EBREC/K i B i 4, FRIK 9 COD YR JEE2H (3 323
+137)mg-L~".

NZVI F1 ZVT R 3£ [ g BT hr T A bR
e A BR A, NZVIAE % 5 B 4 47 20, JokE
K/INA 50 ~ 100 nm, ZVI Ki4E K 150 ~200 pm. ¥
NZVI F1 ZVI $2 B2 5038 1T 0 vk BE 4 BO7E N Tl /K
rh BRSSP I R SORT B AT A A
(25°C, 120 W, 40 kHz) ,# A H}E 4 30 min.

S i TS U8R F L L 25 8 P Y Tl
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1000( 1000 mg-L~") Fl NZVI-5000 (5 000 mg-L"") ;
ZVI1 SE5:4H o ZVI-5000 (5000 mg-L™"). NZVI #
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B g
pH FVAE AL J5T L 7 57 FH VR B (58 e A 5 2
) HEATAMHT. COD il 2 MR AR L. W g i
SR FHHEROE ) M 4 mol - L' NaOH ¥ %
R E WP Y CO,. AR T = B JGE T P (normalized
methanogenic activity, NMA) Sy S5 2 AR 25 FHAH

() e R ™ R o S 1) L 3 il DL R A AT
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SR e R Y R
NMAC%) = PRk P ek ™ |
1.3 oWin&
1.3.1 SREFuk RIS R ITR /0T

R R B R T SR 55 B AR AT
TRV TN RE (iICAP 6000 F 371, 92 [ ZE B K /R B}
Foawl) . £ A0S Ve 34T 0 A RN BE ik 4 BT
(Quanta 250 FEG 4 3 [H FEI A W) ), LAorR I

JLE. HAATEWT, 5 mL RET5H, 50 )m R
0. 1 mol - L™ BARRHEZE P CIE VE 3 Y e i 2. 5%
T AR WCE AC RIE 12 b, T R TSR
%Fﬁﬁﬁa@?csd% 70% . 80% . 9096/ 5% LT
IR Y 100% 2 Bl Ak 37, 4K 5 k10
mmﬁﬁmmﬁﬁ%xﬁa#@%wﬁ%#ﬁ
1.3:2 m%@ P HLIS T \
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K255 B 250°C 5 A3 80°C f#4F 5 min, J5 LA 10
C ~min~ Eﬁﬁr“mfxﬂ{ % 160°C , Fifi J5 7 160°C £
3 ming PERER N 1 pL. MPEE 1 LUE Ty
A MARAEY) 5, K JH Brandford 3E105E 2 Witk
SN LA R BV AR MED) 5T, >R FH 28 - IR 16 1R A T
s
1.3.3 5l AL RE S BT

B F o B LRI AE 2% Ashby %2 (195
V. HHEE M BARBORIN E B % Elias 517 1Tk,
SR R A5CURE A . W BA L R LIVE/
DEAD BacLight Bacterial Viability 17 &5 ( 25 E 248
ONED MR P IR RA R
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Ko, N, N EZOETHE N h eSO BT

ATP % & BacTiter-Glo™ reagent 57| &1 (38
T A A L HD) T E P, AT REEEAR AL ( Synergy
H4 | 3 [EA 5 23w ) W05 AR OG5 B2 B, ATP
YA 3K 1 58 9 A A A .

15U AN R A G 4 U BGR T BUS
R5 mLFEIFMEHO0.1 mol- L' i FRELSE vtk

B TE 80°C /KIS N 15 min, 85080 VSR, U 5E it
SNRAEYI TR R RN
1.3.4  UEYIAN AR RS BE T R o

5 S50 2H B e 1A T 4 M RS R A A R 2 1 o
B, BEEO PEARE FE I 45 2 A k. i B EURN
AL BERE AR D IR , 1 FH <CAH 3% (78904 , 36 [H &
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~1.4 BIRGHTE
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RDP Zp254b 3 3R H R FA 2l Bl ﬁzr ﬁ’
MR R R T 25081, 24 P <0. 05 H % W 4Ll 77
1 dp EME2E S M SPSS 18. 0 A T4 pr , Herp
PR« AARILTIA 525 H4AM L P <0.05. Fh
Bl ) £ B 43 43 BT (principle component analysis,
PCA) ffi i Past 3. 01 3453 #r. Wb EcHE Ferbs 4k
$ia 0] 19 A O 2 B 2R L JT 4% 49 M7 ( redundancy
analysis, RDA), CANOCO 4. 5 {47508, AR
SR AR SN 53 BT R 1 B JR b8 5 () ) T, o8
FH SPSS 18. 0 B E43H7.
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B 1A NZVI(ZV) i &40 T 2= 1
fe AN EL = e i G PEAE O el L, 25 (4L, ZVI
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(1) NZVI 20 52 B B e i 43 00 F B R 28 4L i)
96.2% . 91.2% 1 83. 1% . Frfier=H 4% (NMA )
J71, 5000 mg-L~" NZVI &4 FiZ 18 025 1)
82.3% ,fH5000 mg-L~" ZVI $#&7 T IR &K R brifi
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| - .-:::" “'Table 2 Whole PLEA proﬁles for lh.ﬁ.~ emblc sludge under the different treatments/%
Hﬁg‘ﬂff@ . ZHHA NZVI- 100 NZVI-1000 NZVI-5000 ZVI-5000
Cs.030n 0. 68 +0. 02 1.48 +0.29 1.1+0.29 0.63 +0. 01 1.43 £0.41
Co.0 0.39 +0.02 0.97 £0.36 0.49 +0. 13 0.25 £0.05 0.43 +0.09
Ciio 3.93 +0. 36 5.68 £0.72 2.29+1.52 4.57 £0.53 3.56 +0. 63
Ciz.0i 0.13 +0.08 1.22 +£0.48 ND 0.13 £0.04 ND
Cis.1a 0.36 +0. 10 ND 0.48 +0. 11 0.48 £0.13 0.35 +0.07
Cio 3.05 +0.21 1.95+0.30 2.81+0.07 2.49 +0.05 3.64 +£0.73
Ciyoi 1. 14 £0. 15 ND 1.10 £0. 09 1.10 £0.22 1.85+0.50
Cis.0 0.71 £0.01 ND 0.62 +0.01 0.47 +£0. 01 0.89 +0.24
Cis.oi 2.53 +0.08 1.16 £0. 56 2.87 +0. 14 2.81+0.42 4.72 £1.59
Cis0a 3.91 +£0.01 3.49 +0. 06 3.07 £0.09 2.64 +£0.07 5.82+1.90
Cis.0 35.54 +0.74 44.55 £1.96 43.26 +1.45 42.73 £0.57 39.37 +2.43
Cis0i 1.42 £0.05 0.26 £0. 15 0.71 £0. 08 0.54 £0. 01 0.68 +0.01
Cig.1 4.15 +0. 69 0.84 +£0.48 2.28 £0.02 2.15+0.23 4.35+1.58
Cig.1a 1.02 £0.19 ND 0.56 +0.01 0.41 £0. 04 0.99 +0.01
Ci7.0 0.81 +0.07 ND 0.8 £0.08 0.86 +0. 12 ND
Ci7.0 20 0.58 +0.01 0.79 +£0. 01 ND 0.46 +£0. 08 ND
Cir.04 1.34 £0. 21 1.26 £0.03 1.59 +0.24 0.77 £0. 12 0.76 +0.39
Ci7.0a 1.23 £0.02 0.38 +£0. 01 0.41 +0.08 0.62 +0.21 3.13+0.32
Cig.o 23.54 +0.76 25.83 +0.50 26.28 +0. 89 24.09 +0. 69 23.45 +1.57
Cig.1 2.22+0.12 1.72 £0.02 2.13 0. 16 1.6 £0.06 3.48 +1.06
Cis3 0.38 +0.30 0.5 +0.08 0.96 +0. 34 1.44 £0.07 ND
Cao.0 0.63 +0.03 1.06 0. 13 0.75 +0. 04 0.6 +0.01 ND

1) HXFFEE >0.5%
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Fig. 6 Analysis of microorganisms’ community structure under the different conditions
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