[DEXyESI

Acta Microbiologica Sinica

2023, 63(3): 900-917
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20220517

Review SRS

MARFRX TSR A ERERADIZENEE
WS R R

W, MEE, RER, HW

SN A R 2 B A AR TR SEBE I AR 25 S RO AR AR R BT o0 L A A B2 DR AR
PRI BRI AHT 2 W E MR E, SN 5B 550025

%

»,

Yids, MIHEEL, RIFR, HEE. 4K BT i v I 2 S R A R ) R AT ST S D). R aE 4R, 2023, 63(3):
900-917.

YANG Lu, HE Tengxia, WU Qifeng, YANG Li. Toxicity of nanoparticles to cold-adapted denitrifying bacteria and the
denitrification process and the countermeasures: a review[J]. Acta Microbiologica Sinica, 2023, 63(3): 900-917.

i E: AVBRARALFTEK, FERKRGF LR, ERKAE T LA HAlx; Bl &ZKL
HIZPRAKXRBIFOREMD KIS AERR, XXARAAIKBEEH TR AKELS T DR
), watA B RHA T A AMAAIKR A AT R AR, BH#IRLTHREMNGEN. Lk, A
A ki (nanoparticles, NPs)&E £ 4p5 . R, EHEMBAG 2 A B #H %2, AL F . #4551
A NPs = o329, RTH# LA m KA LIEIRIFHEM NPs, £KIFFEP, NPs o9 k=&
STRAF PR A G BL R EAZ, LR ARAZRE T AHIR, RA AR B B XIEOIRIE R A F 5 5%
WbE. BAT, AAPARCKET AR OB ALAL. NPs 3FatA A B R LA F F4HE R R RF
S, AT, ABLFHEAMAE AT LB R, ¥ NPs 4B B R T4269 4
FERNERFRILE, HIRBFRET R AREDLIL S A NPs 69 875 £ R KRS L IRIE

R AWMBLR; WABLRE; kB E;, A, RFAE

FHIIH St M8 S A RE E R KT E (B #EE KY 5°[2021]1086); 5t M A& BHETHRIITH CB8BL & 2 ill-
ZK[2021]—#% 233); K ARB F R ER IS T H (42007223); E5K AR &1 X B %R 4T H (42167019);
SR E B BUH (BRI A (2019150 5); ST BT FE 26 0A 207 0E B IR CR 06 YISCXTH(2020)016)

This work was supported by the Growth Project of Young Scientific and Technological Talents in General Colleges and
Universities in Guizhou Province (KY[2021]086), the Guizhou Science and Technology Program (ZK[2021] General 233), the
National Natural Science Foundation of China (42007223), the National Natural Science Foundation of China Regional
Science Foundation Project (42167019), the Cultivation Project of Guizhou University ([2019] No. 50), and the Key Projects
of Postgraduate Education and Teaching Reform in Guizhou Province (Guizhou Jiaohe YISCXJH (2020)016).

*Corresponding author. E-mail: txhe@gzu.edu.cn

Received: 2022-07-11; Accepted: 2022-10-20; Published online: 2022-10-26



MRS | YR, 2023, 63(3) 901

Toxicity of nanoparticles to cold-adapted denitrifying bacteria
and the denitrification process and the countermeasures

YANG Lu, HE Tengxia', WU Qifeng, YANG Li

Key Laboratory of Plant Resource Conservation and Germplasm Innovation in Mountainous Region (Ministry of
Education), Collaborative Innovation Center for Mountain Ecology & Agro-Bioengineering (CICMEAB), Institute
of Agro-Bioengineering/College of Life Sciences, Guizhou University, Guiyang 550025, Guizhou, China

Abstract: Biological denitrification is cost-effective, efficient, and environmentally friendly,
which thus has broad prospects in the wastewater treatment. At the moment, most of the
available denitrifying microorganisms in wastewater treatment are mesophilic bacteria.
However, the denitrification is significantly inhibited in the case of low temperature. The
cold-adapted denitrifying bacteria, with tolerance to low temperature and high efficiency in
denitrification, have attracted the interest of scholars. Moreover, the nanoparticles (NPs) are
widely used in biology, agronomy, medicine and other fields, which, however, are inevitably
released to water and soil in the production, storage, and usage of NPs-containing products.
Massive accumulation of NPs in the water will hinder the denitrification of microorganisms,
posing a challenge to wastewater treatment and arousing the concern of scholars. The
denitrification process of cold-adapted bacteria, the toxicity of NPs to the denitrification, and
the countermeasures have been studied. On this basis, this article describes the cold-adapt
mechanism and denitrification process of the cold-adapted bacteria and discusses the toxicity of
NPs to the denitrification process and the countermeasures, which is expected to lay a
theoretical basis for the use of microorganisms to treat nitrogen-polluted wastewater containing
NPs in a low temperature environment.

Keywords: biological denitrification; cold-adapted denitrifying bacteria; nanoparticles; toxicity;
regulation for toxicity reduction
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The process of microorganisms adaption to cold coercion. INPs: Ice nucleoproteins; CSPs: Cold

shock proteins; CAPs: Cold acclimated proteins; AFPs: Antifreeze proteins.
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Figure 2

Inorganic nitrogen transformation pathway of cold-adapted bacteria.
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M HCTFEGE R B SRS R A RS Ak 20 B, A1)
SND U E WA R 57K ATV 2 B L
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F 1 NPs 32 B S R & A2 R0 E{E R
Table 1

NH, -N EBRZCR, LBRFHI1EE T4 18.0%
1 5.3%, IZIF 5L HRIL R : AR CuO NPs
1 NiO NPs AJ i 52 175 5 AH G il -5 BRI & L+
RS RAR EBRIRR Y-9 M AR, DI o5 PR AR
Y-9 ) NH, "N £ Yang 25738 (1) 5
FAL AN P. putida NP5 7£ NiO NPs 1 FH# i
ik 100.0 mg/L B}, NH,-N #EBREET
90%, TEBHE PR NP5 XF NiO NPs HAG E5m i 57
M5 Hou VLR 438, 50.0 mg/L CuO NPs 4
W1 % ¥ (8 h) T ¥ IE) B AE W R AR
(sequencing batch biofilm reactor, SBBR)H', JZ /i
TN EBRBCR R 75.92%, 5% B840 A0 Y
(76.35%), H NH,-N, NO, -N fll NO; -N [k
BRI LT 5% BEALH AR R] , %o il Ak R A B A
HEM . DA BB 25 3R W, AN RIS Ak 48 B %t
CuO NPs il NiO NPs fyifif 5744 H A7 22 5% . NPs
SRR WS NPs RN 56, xS
U R B, FEAFESRIETT 50.0 mg/L 1
CeO, NPs #ll ZnO NPs [&fIX T Nitrosomonas
europaea MR EARCE, H 2 7 NPs #I i R HA
SV, A RIFEAR T (33.346.1)%F1(60.049.4)%.
AN ) NPs R A Y-9 R EBRSCR B A5

Inhibitory effect of NPs on the denitrification process of cold-adapted denitrifying bacteria

Strain NPs types Reaction processes Effective inhibition concentration References
P. putida Y-9 NiO Nitrification >0.1 mg/L [21]
P. putida Y-9 CuO Nitrification >0.5 mg/L [21]
P. tolaasii Y-11 CuO Nitrification >0.0 mg/L [72]
Microbial community Cu Nitrification >10.0 mg/L [74]
Microbial community  Zn Nitrification 10.0 mg/L [73]
Microbial community  ZnO Nitrification 10.0 mg/L [73]
P. putida Y-9 ZnO Nitrification >0.0 mg/L [21]
P. putida Y-9 TiO, Nitrification >0.0 mg/L [21]
Microbial community  CuO Denitrification 50.0 mg/L [70]
P. tolaasii Y-11 CuO Denitrification >1.0 mg/L [72]
Microbial community Cu Denitrification >10.0 mg/L [74]
Microbial community  SiO, Denitrification 50.0 mg/L [76]
P .tolaasii Y-11 ZnO Denitrification 10.0 mg/L [81]
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Pk, FEAEMEE R (0.5 mg/L), CuO NPs AJ DI
PEZH NH,-N %4k, i NiO NPs I il HAE K
I NH,-N PEBRECR, RAWEKE Pseudomonas
putida Y-9 XF NiO NPs B #{81*" NPs fZ 5k
JE R RS AR FH ) AR R 2, NPs J2& 5 P il 4
b A S LU B B VA E, 24 CuO NPs
WM 0 mg/L HEN%] 20.0 mg/L 5, WA
Pseudomonas tolaasii Y-11 ff) NH,-N Z:FR&CER
M 29.83% FREF] 2.33%72, 4 Wu g4
WF9E Zn NPs, ZnO NPs il Zn* By i b 1 #ERY
NS, B Zn NPs, ZnO NPs Fll Zn* ¥k J¥
M 10.0 mg/L ¥ /n%] 50.0 mg/L, NH,"-N E£R#%
3R BER] 65%-80% Fl 15%—40% (X B 4
NH, N R R4 100%), B EE L4 0.1 mg/L
if, Zn NPs 1 ZnO NPs Y] T 40 B f s 1k A
L, B Zo® RALSER; MWE ST 10.0 mg/L
mE, RMGIERNFEY R Zn®, KIS
NPs 2 @&  mp3n, 48 515 EE S,
ANIRIHE NPs A FH X 4ii =2 # E fE A &=
YT, A, NPs #e RS B934 15 5% 7k
TS RN A B B0 NPs MR, T8 B ms vk Jir
MBS K, A58 E R ey NPs
KRR E L2, =R d Y,
{HL BT NPs 23R SRR, AT NPs Xf
TS ¥4 T 0 Rk R AV P o X6 T 52 2R R PR &
Gt WEETS UG, AR EEET RS I AR R
HEZ—., PRI, 7E(20+2) °CEFF, CuNPs
(10.0 mg/L)Z& 88 TIOias 1d 5, NHy'-N KR
FM 90.1% FREF 64.8%, Fitids Z g2 E AU LE:
TEARCRZ IR E , KV 16 d el AT
TEH BACETH, NPs i ATl i 42 i 4 40 S 0 s i
PEIS IR FR AN AL A0 B Y Amo FEIk SN NH, -N
W 2Bk, SR, WHRE P. putida Y-9 HALETE
Amo, I, NPs XFTif¥4 Bfis b 72 3 il £
A BEPE S HA R 9 A BB B /R FALI R
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2.2.2  NPs X7t it & = AF i3 F2 B9S2 00
NPs ] 41l S5 i ik 5 v OGSk il 1) i Ak 05
PEFIAR LN (3R 1K, Unid sl Nar, Nir, Nor
fil Nos, A FE NO; -N iff J5 i K [F A% M
NO, -N FLE B, W&, #H
7151 NPs PLETE SO A0 A0 B 2 1 A1 ROS 17
A2 NPs XA ™ A= 8535 VE B 25, ROS
() 77 AR S 0495 ST A 200 AT 1) AT T RE | B IR 400 i
FEE | 4043 8 1 RN TR AR 3, RN SRR Ak
T AR P AR T Hou 2RV 98 & BLK
(45 d)ZEFE T 50.0 mg/L CuO NPs [[a) &k 4
S #(SBBR)H , [ £ (1) Nar Al Nir (1975 1 H &
FEfK, NOs -N. NO, -N EBRECEREIL, TN £
BRI 75.43% 0 EMFE 47.75%, L8 SiO,
NPs thFH &SR8 . 5 T8 mmfis, &
5 H A NPs 456 W2 GRS IR I GE T, 2
e 7K Ak L R 5 37 XKD B AN KA Rk 2 — |, E AR K
g i K A R R R S E e A s E AR
ME SiO, NPs XAk rs2me, Aot
A3 AN 1.0 mg/L F1 50.0 mg/L 4 SiO, NPs % J
N#s SRR AR B R R R S R B, B
% 1.0 mg/L SiO, NPs 2520 [a] A 1-70 d,NO, -N
TeHIR AR, KA T 50.0 mg/L SiO, NPs
F, NO; -N AHE i DA (4.8+0.6) mg/L (1 d)3
(12.1£1.1) mg/L (70 d), XLbZEREN, Mk
FEHY Si0, NPs (41 50.0 mg/LYfEAERT, K HH%5E
i XoF i ¥4 AT e 8 A PR T I 7K L 7 T 5
XA TR SiO, NPs U il L Nar
A Nir 35 PE R, &F NPs gt e
NPs A B if J&: B 4w 8 7 5 e 1 - 8 A F
R, —BINAE)E NPs iT B E BB+
KA, BN 4R B I RN B 5
W54 R NPs JE B Fo 7 AR 43 8 R Gu AR 25
A, FEOKKKWEIGY, PEEZ R HED T
WAL RE . BRIk, WF9E 408 F1 4 e 1k NPs
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XoF IV 46 S 1 % IS SR ek A 1 5 i X6 48 s LA
/R LS H A 2 77 He VP58 &
W, WA HE Pseudomonas taiwanensis J488 1E1E
FREAL S B EE D nirB, IR B At B 5 %
&R TR, R 2R B, W ca®
(0.5 mg/L). Mn*" (20.0 mg/L). Zn** (5.0 mg/L)
AL 3E A3 Nir. Nos. Nor &5 Uil AbAH G il 1)
B R B M PE NOs -N 1] N, B4k, fif
NO; -N EFRFCE MR T 1.33%., 3.33%,

5.99%1 1.53%; T =1 W (30.0 mg/L) 4@ &
F Ca™", Mn” K Zn* AbEREY, H Al fbid fEds sz
FTHEIVER R Qi , FERE 1488 7E 30.0 mg/L
1 Zn® fE R REE T RO AL E T, X TN 11
ERREAT, RUZFHAEARENSEST
Mif 321 o A ST R, T¥8 T RO A A T A DG
it EL RS ARV FHARSE BT NPs i 32 1 3 g U7,

HoT 8 it PR 22 S Ak ek A 1 300 i R
A TRE T, W Cu®™ Ml Zn® ¥k Nos. Nor.

Nir 5538 5 g A s o3 739k, AR R Z
)8 R G0 0 UM R ) AT BE AR T8 4R A
PERISO, oA B A7 7 42 ) B 1 10 34 D it mT R
BENPs BRI R G 8 &, N R I AE
(25 [ AR H AR FREAR 18— NPs 1y 8gPE, i
M3 T 40 XT NPs B sz 1. &2, NPs Xf
HE R TR B 5 ) 3 B S A1) e i 2 R v

T)'Pes Ofstrain

Types Of Npg \

\ N
MMO-NPs and
Non-metal NPs :>

/ “

ses of NP / \}

g NPs
Action ime of ROS

Metal ions

~

Do

ZAN

Toxic to cold-
adapted bacteria

T AR
2.3 NPs X2 Bt R E RS EER LS
NPs BT HAN TRk | B Rrgznt
] W B B 7E M PN 7 A AR ER S AR AR
WA R 3 R . NPs WA 1 00 5 4R
WMNEAT LA e r AL . hagiRAk . i
i, 2 5GP BEE T T R . DhRERE R ek
B R RIS A W e 0 2 A A AR AR IO L g PR
HIATR : (1) NPs B 048 275 240 18 40 i B
s B L AT 1 L B D25 L S BN I RE N Fa U B
HR A s NPs 7 BRI A 4 B8 740 5 -SH 5L 41
(2R (S A SR FBE T, BRI A AT LABEIR 4
FrEARCEE T AT S-S #, i) ELREmg
WH eI AET>Y (2) 724k ROS SN
FEM . &J8 NPs g 2:7” 4 ROS, ROS
i ok AR A BB 43 (AN i o ) S B A M RS0 4, (0 il
G SIS ZWETE B, AR 48 B Ftm]
LS M N B = AR Y ROS, I = A
) ROS LAl 3 8 B S5 58 fk 2 35 40 B i
DNA/RNAV>71 3820l 4> J& NPs, Uil TiO, NPs,
HOB s M, HoAE i & T AR Y BB A s AEY
SR CHE G M2 UE ROS M7 A:, 3 A%
AL, BUGAIN, ROS AU NS S8k
TG A DNA 5145, 13X 0] fE 25 A A7 G 1) SR il
PAMHI A BB e Ah , NPs A B ] gE A 41 i 5

Damage the EPS

Destroy cell membrane

Interrupt electron transfer

Change enzymes activity

Change genes expression

3 NPs X< Bt R E A& E(ERHLH R B 3XEk[62))

Figure 3 Toxic mechanism of NPs on cold-adapted denitrifying bacteria (adapted from reference [62]).
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54N DNA | & o A A= Yo 74545, 15
T ROS A F Az ae™ . (3) NPs Fgsh
R G W) 5 (extracellular polymers, EPS)2 [b] f*)55 41
H AR AT RE-S BUMCAE Y8 B BRI R TR EPS
2, ARG Z MG ES, @) ki
F1&id . NPs Al i FEeRE iy, A
RSN , BRGNS V2 TR AT A, R T R 4 )8
R A RERE Y R, AR A
FE AL R BRI Yang 26 SR R A7 410
HMIETE S HT(FTIR) & BE ZnO NPs fEFI T, kil
£ 642 cm ' AR B, 253 HTXRL ZnO NPs
MR Rl , WEB T ZnO NPs HAGHA R P.
tolaasii Y-11 B REIA & Az s, BINZTR AR 1 R
TR K RS o (5) NPs B EVERIXT A AL 5 Sl
fET FEAH L I 845 . NPs B VR I 5 8 T
NPs (AR BRI 2 Rk R AR Ak, BF9TIERT,
TE 50.0 mg/L Zn NPs YEFT, Al L i
amoA FEIRZFEE NI hao .nxrA FERZFEA FIET),
2.4 #iE NPs MR ARE~ESEIER
LB i

/b NPs i v M 20T 2 35 4 T AR G
JERBECT e, H—M NPs AE &, &
i NPs e e Pk sl AR LI A ik th R (0 42 )
BB NPs XA s ERE, H
T A S A, BUVIERGUAEYIXT NPs 1Y
BEBERHCHUVE A . BARRS AT . (1) Bl
Py =S A (TCS) AT LI NPs X iR 4 Jid 220 i 12 il
R ET HH T IO NPs OSREE | 215
iz, =44 (triclosan, TCS)AFAEIE N T ¥4
B RIAYWI, 15 Cu NPs /A1 R FEE AT fird
e, BT NPs XL 5 F R, H TCS
G YIREL W) B AR AE 2 S B S e 45 87
PARL, MEOHUIREMERE L 22 (2) BSIn4R i i
12 1 (bovine serum albumin, BSA), BSA 4K
SR ML 5 (natural organic matter, NOM), W [iff
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7E CuO NPs FRIHE el L, UM R AL,
SR I3 0, B5R NPs A 0 T CuO
NPs HRAKIR S, BHATRT NPs HAEWIHRE by
T ff FIE RERT Y B, DACZEA# NPs X
M2 B s FEAE Y. 3) Wbt AE R Zhang
SFEORTE R, HUAE R EL NPs SR T R
A T I 1 B AL G HERE ] nosZ 1)3RB &
WA, [F] i AT R G R ARG R 3, DAt ]
NO; -N £/, Y= FRAM, HiERE
TEAHAF NPs WG R, sEm 7 %5
I AU B AR, IR NPs A3
TEA, (RERFARCR . (4) IMASMEYE Fe*'.

HNIEYE Fe* RIH45R NPs EFHT 7, {2t Fe**
W R 7E NPs 3R TH, #ETMTE NPs f9R1H FIE A
“URIZ”, ARUBHRG NPs 54 5 a] (1) 4
filt, BLAh, SNEYE P MIMAR AT {fESE ZnO Al
CuO NPs RUJESNREAE, WiZe NPs 8L, #t—22
P NPs BECABER T, WEIRANGAXS NPs 1T
P anAMEME Fe? MU IMZE T CuO 1 ZnO NPs
STERRE Pseudomonas tolaasii Y-11 B EVEF,

HIF R T RE IS Fe? 212 b bk 4 2 1 il ol o
THREMG A 1, ATIEE L 3RS, SR E e
TEPE, MR R B AR Y-11 X & AR AL e aE
T3, WINE) Fe® X RN B 053, Wb T
TR PR 4, JE8ZE NPs Xt B 2 i o
EVEFAREARRTIET, (5) b A AR
& Wi (extracellular polymeric substances, EPS)
7= AR PRI E Y %52 NPs RIS . EPS
BN, WAEEZE S EPS (loosely bound EPS,
LB-EPS) fll £ % 454 EPS (tightly bound EPS,
TB-EPS), HAFFERIRE TB-EPS fA1ET 4
N2, T LB-EPS 7EAMNZ", LB-EPS #AHL
ZALE5 N NPs B W BB AL T 1 6% 0 W B e
TB-EPS H 5 %5 45 14y 40 i 9 7 e 52 2 7 A 4
it 7 ORY . EPS AE NI YIREE NPs B FEAEH
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M —BR 2, REZXHEENIEM, K NPs
M)A LR S 5 EPS LW E T B #E F (B an ¥z
5 BRI IS Z AL A, FTIREE NPs, f#
NPs MR ERKT AV SR EYRALEE S
10-50 nm), BHLEF NPs ¥EAZNGRRNTS, Zp
(polysaccharides, PS). & [1/fi(proteins, PRO)FIJE
FE % (humic acids, HA)& EPS B FE 4>, PS Al
DIHAR CeO, NPs W45l Ji 2 A%, ffi NPs JL
PG AU SRR O3 R 23 A PRO I
HA, T PRO 1 HA ¥ Ji (£ = 23 fi F 175 20 At it
WCE ZEFRY BT, it EPS MIE L, BIAT
T B0 | AR IR O VA SR AR BT
ff EPS A2 4N PS F1 PROVFFIIA ZAFIE
PITEHRET, SERFRTE I 20 EPS SAUE NPs
e AR AU, Khan 56058 {024 5056 & 30
[ I | A R < 1y e o~ 7
(sodium lauryl sulfate, SLS)HI-T-FE M 3 44 £ Wik
(nonylphenol ethoxylate, Tergitol NP-9)F[{i¢ 5
B K H CuO NPs R AT, H SLS X CuO
NPs RV L NP-9 4%, 211 1 Rl 2o 44
5% NPs 7E R AR 7K H A e RS e M, TS i) NPs
FEK AL BT FE (R S B A 22 Bk, (% 5 e Yol
2 I ZRCRRT A 28R H Rk = BESRIE T . Ak,
E A W5 B PR AL ) (A B A 500 4 DG H Ak
48 B THAAFN PBS 28 i) AR A ¢
NPs X 20 ffL (9 2 F /E . & 5 4 b H ik
(glutathione, GSH), J&—Fh = JIKmilE, £k
GSH By Al W B NPs 7242 ROS 201, i
(IR 7 Ak R e S T = W R 2 VA7 T ]
PBS 2 Mk 23 ZnO NPs fEIZA T IE R 4% 4
YL, AR ZnO NPs IE it Zn® e,
AT REAR NPs X KW 13 i 2 AR 5 (B B R A
PRI AN 42 T B 255 A8 5% NPs X i v 1
W BEFAE AR BB =, JREn] ita
PRSLIO ) R TS E A, H R

NPs X 15 14 5t 20 BT sl G A fole A= 9 14 £ 3 47 T 0
FE A R AN L) B SS fh 1 7 G o il
ORI IN (2 J8 s 1), A HLAaE 1 3K NPs
FIRIA B, RS TUNE, &m0
MTHAEY AL, eV NPs 5% 1)
REST, (HARZ A WL S s B 1A B X He (AR,
AAERfE A, AR AE B AR G rh A [T
HIA R A B RIBRE , dH 25 15 /K36 B RoB i
PRI, 20 NS R R R A U, DR AEAR ST
W gk NPs Xof iR v4 Jid S b o 3 VR TGt P,
FES AL SN B0 PR A A By A R S

3 gHh5E%E

T4 5 R0 E L RRER I Tt v ML, AR
TR R TR R A, HAEAE QN NH,-N—
NO—N,O HI NH, -N—-N,0—N, fE& 48 i /%
fbigtd, £5 T AMPLR . NPs X R/ bl
BRI A 52 B Z R 4R 2 , SRR BRI
WREAEUE, SR BN . NPs ZE &5 YLK b 3
ST Ao 5 T A T RS b 3 R R G i ) T
FEPR IR R PR E M i R AL RE o, ELRSTEAR
KRR NPs (RUREE & T RO AR GG . 251
YRGBT AN T AR T R A
M NPs A9RAE . M ALAER, Walh
WF5EIHZE NPs B35 VE RS MLm= 8 . SCRE R
S5 T TN T IE R AL S AT AR, IR NPs
XoF it v TR B R AR 2R, 3BT T NPs X v
BRI A B AL B2 NPs Wbl i ff st . SR,
AHTERXT NPs X ¥4 A0 Ak P s i 14 A DG AF
5 FHE AT CuO NPs, ZnO NPs, NiO NPs %
JURPE L NPs, HAFE S B Z /e 5 — NPs 4EH]
FHEFT, 5Bk IR 2R NPs JLRIFEAER
LA 225, X NPs AUfgEspLfild B rh
TEHL— NPs EF T 47, B, 4500 r
] ] LA LA 7 I R T -
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(1) TEME BB R R R R aE R, fEH
2% NH'-N #4068 N, HrpEAE> ),
NH,OH #l NO, -N #yfH R /b, HAREM
U, AR ELR S AL AR i A Bl B, DALt ]
TR AT B LR, SRR S5 T i /% K Ak
T2 BT LA R RS

(2) HHETEFXT NPs X i ¥4 B i ik A5
FIRFIE R B — , AR 2RI 5 Z ¥R NPs 17
TE T BIVE IR Z

(3) WA R AR TE L RIS ZUE NPs
JPIAE T DB RE A I, B A T 9 i O B 1 U
PE . BEINARSC T REJE R ek & L R#AIK ROS 772 |
Tk NPs R4 ML I FHEFS
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