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Effects of magnetic nano - iron on soil physicochemical properties and
microbial community and metabolism
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Abstract In recent years, magnetic nano-iron has been widely used in biomedicine, agriculture,
industry, life science and environmental protection due to its unique properties. With the wide
application of magnetic nano-iron, their potential impact on the environment and human health has

attracted wide attention from the scientific community. In this paper, we systematically summarized
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the relevant literature of magnetic nano- iron in recent years, and also discussed the synthesis
method, characterization and environmental application of magnetic iron nanoparticles. We highlight
the potential effects of magnetic nano-iron on the soil physicochemical properties, microbial
communities and metabolism. Finally, we prospect the important problems about the environmental
application, development and nanotoxicology of magnetic nano-iron in the future . This paper aims to
comprehensively reveal the environmental sustainability of magnetic nano-iron, and provide some
references for its safe use and environmental functional applications.

Keywords smagnetic-nano iron, soil, environmental implication, microbiological population,

metabolism.

TGP N AR B FR R I W B AL A PR B, BB A KBS R R (R P e e, WM 9 oK Bk 8 B I T
Al AR AL | BEAEIR AR B GE  A AR RS L IREE TS ) BRIz A, (H
IR, S RA Ak T A R 1 P A PR B 1S 5 A A T3 I 2, R P R K R B T 9 T - B T e 2B (B n
B R ESEE T AILEGY . TTHLIE ) A 8, I8 S A e 5 R s R o a4 R
AR LA« = e e e A 20

398 A ki A= A W SRR A T BT T O TR FIKAY, 2R S R G Y S R S e i I T
[ Bt 2 A2 25 2R 0 TP AR 030 43 RN JE LA 58 358 20 AH ELAE FH B 7= 0™, e g oK ke T3P AL R BR T &
X - SRR AL T il P R ARHE 1 LR, 8 23 5 2 IR MR TR 45 . Dh e AR,
MATTTSE e B HEAS +IEA R RS PL ARG LA Ryt e 0, B T WM KBk (LA D AUk — R 1k A K A
B (Fe;04-NPs) . = Ak —ZRRE: 40 K kL (Fe,05-NPs) A K Z M 8k (nZVI-NPs) £ ) 7 +- 3 Hh 1 2
JFets R 52 M ) AH DGR 5, LA Ry 3R P A K R A8 A 45805 G 174 [ Bsp IS ) a2 Xof 4 438 DA S i A
V) 16 SR AR AR Y.

1 WEMEGIKRER G AR FIE A HIFE N (Synthesis, characterization and environmental application
of magnetic nano—iron)
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nZVI-NPs {4 G Ji AT LA b 8% 4 L b 20 A0 0 T 45 AL ARCRI Ak 27 o Bk K RSE B kHE: A6 R nZVI-
NPs; Bl A A . H 2% A0 B A5 Ty B I 7 800 722 nZVI-NPs, BART] 732
TG B | BRIR A% A Bk A S A 1 R %4 B nZ VI-NPs!'2.
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Fig.1 Several common synthesis methods and environmental application diagrams of magnetic nano-iron
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] AR I A A o) O 0, ) A S R D) REAL Y Fe;04-NPs }H%ﬁ%)jzgﬁﬁﬁié(*ﬂéiﬁl’ﬁlﬁ
10—100 nm), A ik 22 Tl A W) AL BN, G4 £ TR L Tg - S AR i T A2 46 i 4 2 ) S h ).
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Y, WA VLIS YY, W AR (I =50 208 F ALY R Can 3688 | 2241) SR nZVI-NPs X =& &M
BT AR, =R I LR R T 99%. nZVI-NPs i A] LA &% 40 Z FEREE THLT5 8, (45 4 )8
B CAnER R, L %) L I T R () Fn2 4 T Cn g ek sk i i 15 ) 2.
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Wt S D TR 200 L %) WO B B 0 L AR AB G 1) TR E A0 LR 5 T 3 A O IR R X 1000 mg-g ! % A TR T B
FEZAE T WM B R 186.32 mg-g ™, T A e 1 R B 5510 1) W B 424 137.31 mg-g'P%. IB Ak, 36 1 940 T3
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Table 1 Application of green synthetic magnetic iron nanoparticles for removal of heavy metals

AL RIRLIES EERE R PRz Ve S ik
Magnetic nano iron species Removing metal type Removal efficiency References
AR B N 90 min 99.45% Huang et al. (2017)%
PO = B R Ok FERGR 120 min $555%, ##40%  Sebastian et al.(2018)"
BRAK AL YN 90 min 99.29% Wei et al. (2017)0"
DR B BACERGOR L N 35 min 98.9% Jinetal. (2017)%
SRR R ) 90 min 90.0% Ehrampoush et al.(2015)"
WKk AN 90 min 89.9% Qiu etal. (2017)"

14 WEVEGURGRE ) - B rh ik AR

— S i) PR BE R O S R AR R A 7 B AR TR OB R L TR L R TR, AR B, KA
0.1%—2% [P 1 A0 K 2k 25 B 38 PR BT rp BoL JHrf gk A - 398 9 1 14 40 oK K o i AN BRBE B 1Y 10%—
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2 REHEGOREOT AP BETE IR = S AHEB A 2 i (Effects of magnetic nano — iron on soil
physicochemical properties, enzyme activities and greenhouse gas emissions)
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Xof - R YA LT R A T R,
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Fig.2 Effects of Magnetic Nanoscale Iron on Soil Physicochemical Properties, Enzyme Activities and Greenhouse Gas

Emissions ( N,O as an Example )

Fe,05-NPs 1 T H T A i fi DT X+ 80T 7= 25 B2 0, 7F Fe,O5-NPs MR SHEH T, 4%
iﬁi%iﬁﬁiﬂiﬁéﬁ HUBR 9 53 F 8 7, W5 T 3R RP AR, dee 2 2 80 E 3 HE L 1 in Y, O B 2538
i S R A L B A AR A ) CH,, AHETL, LA, Fe,05-NPs ARG M 23 X -+ St At 4 i 6 M A
WO AE L, FF ELXE g =k g, e 28 - e CO, MY HER =3 .
YANG “5 5% & B, Fe;0,-NPs 232 iff 58 vh— B sy B s 4R 19 T R Eh A ALK G IR s R e B
1 F8, 7 Fe;04-NPs [ IR S HF2 050 T MR Eh 1L A1 CH, (1842 i, JR B4 K 4 R Fe;0,-NPs
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PRI T AU BRI ICR 1T Fes0,-NPs 2% Il Y — S AL e TR )2 W 52 S JH BR 13X Floll B/, B9 FesOy
NPs (15 PR Efe o L S A R CH, ke 35 SCREA T T,

3 REMEGORET 1 Y REYE I B2 i (Effects of magnetic nano — iron on soil microbial community)
3.1 IEBUEYIREIE DI SR

Tl e M BR AL 2206 I rf R 425 SR, X T AR, R A DL o) il RN IR A3 06 IR 28 G T2
L, BRI AR AE 7= 00 L BEVE Sh AR - 801 B b AR B . R i e R E S S 1
TCHLEL Y 54k . R sh A 24k, — 214 1 Ha, Bl 30 em (9 A RE B 3L 5 10 mg (19240 i F1
10 mg Y EL B, 3 Fh iR A= Wk 9 78 445 - 3 oh BE ANk b A= 25 2R G i & 15 B EVE Y. e T 275
PR R EES 55, WAV L, EES RGP RGN, e SE + A 7. i
A=) 2 181 DL R A W 5 e A A ) 2 TR R 2 S 0 S A RSO O R O, iy T HOCHEE T2 AR,
I A W A AR 20 © R VETEAS T3 b AT SRS 15 Y Cln 4 Ja R 24 ) (8 52 i) 1) 00 2
S X 3 T A S XU TR A .

3.2 Fe,03-NPs Hil Fe;0,-NPs Xif - 3E{8 Ak My e 34 (19 5% 11

Fe,03-NPs il Fe30,-NPs X 21 B #F 74 1) 5% 10 1] B8 U PR 40 R F0RE 114 19 et 5 JH X B 26 P A 1)
PR FEVEFHCD, i T H AN Y RST FEE 52 P, Fe,05-NPs Hil Fe;0,4-NPs # 25 5y iz fiy 3+ HEvh e, 3285 7 +
BT AR S AR Z L, PR XS T Btk RL, 90K 0K B 25 5 3 4343 il FNRE 18 (L it b, 9l K kL
AT F5 35 BR 4 22 18 037 5 (22 Fe,05-NPs |1 Fe-OH i &, BN 5 RIRNA WAL S W4 &) 0. il tn, 16
T A UG Y, R BE R AR R I BN R G R A TR I AT DA R A R TR A 2R W)
AR, TR R S A ) R A BRAL RN W R A B R U, TE AR RGN A e, THRA B
SRS R PR OC AL R B R, SRR . By SRR RE 45 A, TS R 9K T e AR AR SR Y SE
JIUN. T FE R KT R e N KA ) W A 3 A s ) AR R RO 1 5 S B v RS E M. A, TR AR S
SRR 22 0] R BC AR A4 SO, V5 A 1) = 2k 5 DA RGP A K B 3 T A KA. TRk, 4 i A
WA AR S TR, 2 R b SR B g 1 A R

I H. FeyO5-NPs Xif - 340 T R v 152 00 SEAT F], Zeng S5 RYBFFTHE Hh, KEB D REMEGRBR th T 7 A=
TP (ROS) T HA F1E, ik 2F 54 5 1 Fe,05-NPs 1A W W A0 M EE1E, &4 Fe> Ba0 K ik 25 S5
KIGFT R AFE 22 0 500 ORI R [, 220 e T AR, AR AR e 7 4 S8 A0 i) AR AR 2 A, DRI 7 3R
e v BE R, 7R AR SRR N B RE T BAIR T M HE 2 R, Fe;04-NPs i T H 454 N HL 30 88 oK i f
Fe? (W4 BOmi AN, B, 38400 M 4 K AR R RS2 i) AT LAl ) Fe;0,-NPs B Fe? SR HIKTH, 5804l
TR R T R A BSR40 DR U LA AR A A /N,

3.3 nZVI-NPs X} T IECAE W35 152 0

nZVI-NPs 1] DLy 7E 10 354 B 26, DT RT 8 & 2 - S 40 P eV 45 4 1) — e AR Ak s 79 R 5k
JF A 2 A2 (FISH) | A8 P46 2 B e HiL UK (DGGE ) AR Mg 11712 53 1 (PLEA) #1F5% nZVI-NPs X fil £E ) Z2 4
PER 52077, il nZVI-NPs 72 h /5, Fajardo S5 W2 8| HIEHUE YRR S MR R LB HRAK A T
FAARTN, BT 438 S AT A B, 24 nZVI-NPs X CE W 95 b e B I, B ) AR E R A
TARME, fEHE T SRR WA (A L o BB R AR G + C 5522 [RPHME B A DR 5, T LA s A= P 25 B
(B-AETE B AN p-ZE T8 T J O 4R) B0 /0, A 10 g-kg ! nZVI-NPs 28 d Ji 1924 5 Bk e Fi, Tk el i 1 26 1
MRS AN LA T W21k, Pawlett 3 A B4 $2 5], nZVI-NPs 200 A W -+ 3 5T 19 A
Ui 5 T8 4 A #4012 A, (LI S 52 i e T - 3 e A BT B ). ik SE R Y R WY, nZVI-NPs A 7E
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Liu F 4 AN AR E nZVI-NPs & 88 J5 , UL - 598 4= 25 R 48 (0 e 17, 45 SR 3R W JD) 2% B8 nZVI-NPs Xf
SR W RIS R T S, H T DU S 05 i A A, T EE— B4R S T RIEE SR TR AR
Rk, M nZVI-NPs B T15 418 52 56 A REE 2 e PP R 1L TR AR gEe,

Kasem 555 (g ffF 55 25 L3R B, V1 99 72 F BE4F 4 2248 1Y nZVI-NPs 3 i3 £ #F PR 4 1 I S0 9 26
Ko, X5 YAE S 77 A T BRI SE IR . AR, SRR S MR AR R A, T RR R B TR R A R R R



1826 7N 54 1t 2 43 %

T AE 0 o ) A8 B 212, AR Kocur 25 LGS B Y & S35 & A DLW A 7 ), 000 0 56 R Y Jk2F
HEZRFSE MY nZVI-NPs J, FFIEA AL A4 04 ol A 0 215 B89 5, L PIAT B0 M D0 S0 ), 5 9% A kA
BTG S e Ak B DX S5 22 . Ahmad 25 (9 5230 25 R W, nZVI-NPs 2x AR IR PR AL & P A sl 0 55 4
Y] I A A5 0 BRI B2, DA T AR 0T Bl A 0 358 R B ot 4 P, o G A ) 28 PR B 1A B0 A IR i
AL B =5 B SN, B AR B Pk B AN B AR, AR B T BLAT R P A T Y PR e, 44K
RLXT AR Z G800 52 06 1E A — 1> H 25 105 IR A 7F 99 00, 5 30 45 SR 3R Wi FH A SR Y R 27 4 3R A 1Y
nZVI-NPs J&, {3 4 b i e o 28 1, G rp A0 5 00 50 35 S5 R MR ML e X ot il . e T L 31
R Y AR R A ML R T PR R T A (nZVI-NPs FUR I RELF4E30) B4 &, NI RS
B 22 1) TAT R — A3 A A0 A ORI 24 KB A X BRI A 52 1 ),

4  BEMEAUKR ST B YA B B W (Effect of magnetic nano—iron on soil microbial metabolism)
4.1 TIERA U RER AR A T v

B —BRIEA I (SCSU) £ G 4k T % 3B G 2 Wy RV AR PR 00 T A A, A - S Gk A e 1Y
VIfese )y, a8 vl LU 2 SeRoRS#EAT 20, DA LU BCHE T A AR R 00 SR, th T IR A e
75 2 i PRH A ORI 218 A A AL A B DR AR K 22 18 B A HILAA T RE S AL 4 7E A 43 A rh ),
SCSU [ It 346 455 X 43 Gl AE W AR 7 (R BB 75 . 45V TRT A58 | ) o A P R O AR R v A AR T 50 80 1Y)
P R,

Tl AT 2 30 e e RSO AR B el 1 RO, AT S I R A RS ) M L 2 e Bt £k
J& 7 A A MR O RO R AR R Y FAEIGR ™, Bl S RS, R  RAS A W AE W, TR
FEI 00V RS ARG P« o OIS ] | LA R 30 | o Al R, 0 MGl 2R ) L9 3 2 80, T R AR AR
YIREVR AR IR0 o1,
4.2 WETEANARDON T SRR MR AR 1Y 5 e

TGP A R B 2 B A P s i B /K HE i A5 1) 4 07 XA T LS E MRS, VF 2 REPE R RN Bl
A B AR DT — 2D o] b SR W e v O A B, R Ak A A VA A
A AR ) A A A T Bl (B R S 1 0 K R A AR B2 T 2 e R R S gk ) AR i, DT ARE 22 il
A A, X A WA TR A A S TR T AR R I L AN, Rajput % 3 B 58 X 40 K AR AT Fe,Os-
NPs Xf + HE G A= D il AL AR B2 0, & P Fe,05-NPs REAE #F + HE G A= W B AL 1 FH , T 200 A 25 0 4170 )
TEEVIREACVE T, ELAATE SR R0 ) vk BE I R I, AU 2 e Ak, US55 , s 38 o S
it PCR R, G KR BEAR T X 38 rh 3 A W 30t B 520, 17 Fe,O5-NPs 152 IR 1 25, SR J5 38 2o 43 #r
- S b SR AN T R o TR, i IR B A AN KR R B 1, - 4 v ST A T R o R R S e,
Fe,03-NPs B4 1 38 v 20 48016 41 T 1 850 O, 3l o Sl S GRAE - S8 G2k W i AR RRAIE, & B oK A Ak
SRR - R Wy AN B A VR T, BRI R B0, BB 0 oK Rk B A, SR A R . AR
2, FeyO3-NPs X A= Wy A 1 10 VE F, ELBE A e B2 i 38 iy 8 n e, A + 3 vp A Bl A9 I
HWITE Fe,yO5-NPs BYRIKT , 7542 i XoF 2 G4 A A HLTS Y DR 00 [l st T2 o FE s ke A7
b (i 3).
4.3 BREE R Z0 REE A K R AR A A 5 e

PRI B £ AR CANR SR A ALY (NOM) | IR EE (pH) . 1 (TONS) A1 5188 1) n] AU AR ik
YRR A AN A W 1 2T S, DI TS R M A K R - S A A R S . U pHL A IS TERE
YR KR R SIS 200 L ) S o A R b R AR, 3 B TR R AN K U 1 24 L R 1Y. Ranmadugala
GHGE T Ca¥ E52 M nZVI-NPs X KN AT & i 2 P 5 18 U AE . —J7 1T, Ca® B AF7E AT LA i 3 5%
nZVI-NPs (1) 2R 8 FULHE AN il nZVI-NPs (438 BAEH; 75— J5 i, Ca* il REAE AR B f i nZVI-NPs X
20 T ARG R, DAY 3k ol B 7™ 8 52 Mg U010, R XS 15 9 B2 ) Ca?* (40 mg- L") 4 28 A LUREHT £ FL AT 19 nZVI-
NPs 548 A 1E B Af ) nZVI-NPs, {5 RURL SE A A1) 0 B 7 ri ey 19 R B T b A= T A 5 110 1
HREE, SR HE AT RELE A W), R S AR ) (0 AR 2 OC B MR s SR B R AR L —
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5 BES5RFHIEFTM (Summary and future research direction)

Bl RETE AR BRI H 25 )32, AT HAE BRI v & v ) F TE s Wi it AT 1 WE9%, mEtEg K
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