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Physicochemical Properties and Antibacterial Effect of Silver Nanoparticles: A

Comparison of Environmental and Laboratorial Conditions

YT Jun'?, CHENG Jin-ping' "

(1. State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200062, China; 2. Shenzhen Key
Laboratory for the Sustainable Use of Marine Biodiversity, Research Centre for the Oceans and Human Health, City University of Hong
Kong Shenzhen Research Institute, Shenzhen 518057, China; 3. Environmental Science Programs, The Hong Kong University of
Science and Technology, Hong Kong, China)

Abstract: This study aimed to understand how the physicochemical properties of silver nanoparticles ( AgNPs) affected its toxicity in
the aquatic environment. The morphologies of oleylamine-coated AgNPs (4 nm) under environmental and laboratory water conditions
were studied under transmission electron microscopy, and the results showed oleylamine-coated AgNPs formed big aggregates in the
environmental water samples after 12 h equilibration. Dynamic light scattering results also showed that oleylamine-coated AgNPs had
larger hydrodynamic size in all water samples as compared to its primary size (4 nm). Exposure to oleylamine-coated AgNPs inhibited
the growth of Bacillus subiilis ( B. subtilis) and reduced its cell viability in Luria-Bertani (LB) broth and 0. 85% NaCl, respectively.
A dose-dependent toxicity of AgNPs in B. subtilis was observed in laboratorial medium conditions but not in environmental water
condition. Low concentration of AgNPs exhibited lower toxicity in environmental water samples as compared to that in laboratorial
medium conditions. Separating AgNPs from bacterial suspension through a dialysis membrane enhanced the cell viability of B. subtilis
significantly. In the environmental water samples, the AgNPs-bacteria interaction would be reduced with the formation of big aggregates
by AgNPs, which consequently decreased its toxicity in aquatic environment.

Key words :silver nanoparticles; Bacillus subtilis; aquatic toxicity; environmental water samples; laboratorial medium conditions
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1.1 K5

A GOKRERAIA A T3 M8 A AU BE R
HIRAF,ERRR (4 1) nm, 4 F N 99.5% ,
UM B 2L Wy R s A R A TR R R DK R &
(LIVE/DEAD®  BacLight™ Bacterial Viability Kits,
L7012, Molecular Probes, Inc. Eugene, Oregon,
USA) W H T 1 22 By A W R A FR A w5 A 2R 0
SR B T A 2 (1) AR Tolk A& S A FRA W
N T /K BT (400 mmol - L™ 5 /L 40,8 mmol - L™
L8 ,8 mmol - L™" /KA S AL45,20 mmol-L~' 757K
HFEAEE,20 mmol - L' LK A HAREE, 2 mmol -L™!
BRIR AN, ThBE N 28 %o) 7 #li/K i B H LR N

18.2 MQ-cm Y Milli-Q 4 /K (L § F < 0.1
wS+em ™). AHEZFALFFIE (ATCC 6633) g H T 4
BIWAEYRETEITRE Y A O b O AT R R A
( Luria-Bertani Medium, LB % 3% 3 4 Wi i 43 4 5
g LT BREEFIR,3 o L 4RI ,5 g- L GAREN) AN
WRRREL 2% v 7 W (PBS IR I A TAE TAY T
T (L) Befin A FRA A,

S35 ;R P R 1Y (SB-520DTDN, 7 I 7 2
AT 5 AEIREER (SPH-103B , |- H-F- 50 5635 5 A7
FR 2% F]); SpectraMax £ I 8 Hif§ br 41X ( 35 [H,
Molecular Device 72~ ®l); & H B F & fif 5
(Transmission Electron Microscope, TEM ,JEM-2100,
H A<, HITACHI /A %)) ; Malvern Zetasizer Nano ZS 3]
AOGHE R AL (92 [E |, Malvern Instruments 23 ) ) ;
LR & 45 B F 1K T 3 X ( Inductively Coupled
Plasma Mass Spectrometry, ICP-MS, Neptune, £ [&]
Thermo 2\ H) ).

1.2 HBURHRE

JKIREERERL T 2015 4F 5 A T30 7K SO A
#R(117°37. 835'E, 30°46. 150'N) . H#R(117°37. 705’
E, 30°46. 441'N) #1db#B(117°37. 533'E, 30°46. 863’
N) X 3 SRAE SRR 3 Dl R R AL R )2
TKAE B 3 AR R KRR SRR 45 LA USRI 7K L
SRR R T SRR B BT AR |, A7t AN
it 24°C. FEG Y EEAR A SECR . PR R
(0.20 0. 05) %o; “FJ pH {H(8.01 £0.01) ; FHH
FERAE A (0. 15 £0. 05)mS-cm ™' 5 A HLER S A
103. 2 wmol - L™, FGEK SCHG AL FAIL [1iF, 32 1%
MBI, — @R FAER TRV Mg HoK
PREETOL. JKREZE 0.45 wm PRI 8 5 2R A7 %
FH I TRIASE ST d.
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B 0.1 g QKA F 4 EEZE 100 mL Milli-Q 47K
o R AME(220 V, 40 x 10° Hz) 1 h, I8 g ks
AT, RO 2 4°C. B AOR AR 29 53 301l 43
& Milli-Q 4li7k . AN TIEK 710 mg- L™ ilIEE 5 R
ARl ZK R KR 1 4 A R BRI, BT
EIRAEIR (160 romin ™' ,30°C ) P4 12 h. P 514544
KRBT P 4080 30 min, B Ak T VA% 7 i D)
b RREIR T e TR TS T BRI
BB B 9 9 R R 1.5 mL, FH )35
DGHICHPRL A4S B 9 KRR B 7K Bl T PRiAz.

N T WEFE AR AR 5 1 Y o, 4l BT
WiE 5 R TN E—3, A Amicon Ulra-0. 5 3K #JE
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remin”',40 min) , 53 B H AR B T CRi4£29 0.3 nm)
TR A R R AL S5 1CP-MS ) 5 e i, S
25 3R W R YRR AR B 1 & A AR, I HLHIAH
7 1) 2 14 T I 0 A A, A R %o 200 R 7 A B
PERN.
1.4 YR FENESI I BT

(V)RR ZEAIAT R B85 3% KAl R 2 R AT 1R B
PR T LB AR SR IR EfE 2 4°C. Bk 2
8 SCURH o PR SR AN TR EE Y LB AR RS IR
Fer ,ﬁi/\'ﬁﬁ?&i%(zoo remin "’ ,30°C) 138 12 h
XPRON AN T A0 TR B PR

(2) SR A A DRI G O BO0 A9 240 T B T
WRgLr (4500 remin~',5 min) , ] PBS ¥ WIE UE 3
i S BT A Y LB S RS AR U = 4
PETE 600 nm AJ WG %K G BE ( Dy ) , IFH
LB 5552 5015 2 Dy, =0. 05. FEA[EA BT b iy gk
PR PRIRORE FERR RS IS , B 20 WL 5 180 WL ZH %
WIR A IMAZE 96 FLANMIEEFRA T, (390 KR B 2
WHEH 0,90, 900, 1800 pg-L~", HAHKE 3 F
7. %% 96 FL KT 7 A B AE IR $2 K (200 remin ™',
30°C) i 5%, 12h J5 I A0 TR B P A Dego. £ 25
W AT AR AT (% ) TR AN .

AR (%) = [1 - (N/N,) ] x 100%
o, N, TN G3 R 2 RN 2 R 2 A0 TR R TR T
Hy D

(3) GBI AF TG ZME BOEIO0 ) 41 7 207
B0, PBS WU VE 3 i J B VE £ 0.85% NaCl
e, 31 0. 85% NaCl 15 40 B B TF W Dy =
0.2. SRJGFEAS TR b A 409 A B 1 TR 7 R 5
AR 4 B TR IRIR B N 24 FLA RIS i, 1
FRAPKRERRFEWRE 2 0, 90, 900, 1800 pg-L~", %
HBEE 3 AT ¥ 24 FLEG TR E TH IR R R
72,3 h WA AR, B 100 WL 40 TR 2 7 1 F
100 WL 41 B8 A7 76 5K 57 22 96 L 2¢ 6 il A Al
Hh 2 BRI A A7 15 A 3 7R 85 14 S 56 Dy vk EA T
FE. KR AR 485 nm AR T, 2 BIHE
B 530 nm M1 630 nm Kb W OE5E . Hid, 530
nm ZbTEICTRBE (F iy, ) S WIS 20 B 240 %% 630 nm
Ab T CHRJE (F oy ) S B AE 20 B 41 55 3 | 58 e )
WAB (Fap/ Fozo ) IOWUTHR AR TR Y 5 5 (% ). AHTE A
(% ) AR,

MEBFETE R (%) = (R/R,) x 100%
Ao, R, AR AR A 2 A2 R 4 A Ol

FeAE.

(4) B TR FE R SE B R 2 BE AR AR
FE] KR ARSI ] 43500 12 h RE7 dF ™ B
FEGKARTEIT 11 7K v F) A48T R[] X6 HCRE AR 7
M. TEORIER 88 25 MF A R B RT3 T, A ik sk
B 074 43 I E A KA P 12 h F1 7 d e
GKAR TR TR T A e 25 AT T AR A ORI .

Be i N /K flH: pH (E 3011 7.6,8.1, 8.6
LA SRR Y pH EVEH) AR AR - 2 3
PR K PP 12 b J5 , WF5Y pH RN 9K AR BE 1 2L
N RSEI. DR UE 2 88 S5 PF AR TRl fy w82 R, FH B
RIS T, A I E AR pH (AR K AR 2%
7 J it 2 LR T R AT R

VA 22 JE IR 4 A1) I A TR) A B ( MILLi-Q 4
K N TR FURRE ) - 12 b, AN R BH TR
FERBRR PN 10 mg- L") WIS S R
XFRAR TR R A 2. T2 DR UIE 5 8 2% 11 AR [ (Y i3
R BRS84S D E i A B B R AT IS
KR B 7R T A B 2 AT T A7 T .

(5) RIS O TR AKR R ™ E
PERY B E A, 3.5 x 107 % B 4% ( Spectrum
Laboratories, Rancho Dominguez, CA, USA) ¥ 44K
PEE YRR S MR . BN 1 ~2
nm , KRR GERE 1 B AT 48 A B TF IR, gk
XS] B A AR R, ST PBS BRI U 3 3 S BT
£ 0.85% NaCl ¥, FFH1 0. 85% NaCl 75 2 i1
BIFU Doy = 0. 2. KRR HEMASH 20 mL
R IFIRA E OB D BRHBCE 3 AT S
FZL. B0 B BTN 50 mL, 48 K 4R -5 40 B AH B IR
A TECRIEAH R 288 2510 T, 20 mL 40 76 %00F W
AL ZEGURER A B T 48 T 3.0 8 P PRI BT 458
EEIFRIE T AR BRI, AR 3 AT PR
Joxf B, e 5R 1K F b 40 oK AR B Mk B2 X 0 1800
pg-L7 K 50 mL B0 HCE THIRFE KRG 5% 3h, 48
Je 0 5 A 2 AL B AT 8.

L5 Gitiiik

PR FL B R AR H Tmage)2x 54 ( National
Institutes of Health, Bethesda, MD, USA) ll:z TEM
PR v B3 HCRY 999 K B AURE A W] — > 7 1) B A
2, Gt I BT L R S0 1Y S e 25 R TP
P = BMEHREIR 22 (Mean + SEM) %718, n =3, %X
P& GraphPad Prism 5 #K{4E0 B IR 56 514, P <
0. 05 fRFEHE Z A 2P 25 5.



1176

i

Fl 38 &

Ay,
=

2 ZEREHWH

YRR TE AR 25 BORL AR 43 A A AT SR A% B
B4 SRR SE A Bt (Milli-Q 4K | A T
KRV 5 JE B R 1A ) RN 1 SR KA (T 11 KR ) T il
FEALZENT 4 nm QUK F) B GBI . By R
T 4 nm G KRARFE 520 A9 A 5 v A
TEARRERIY , FE4iK P ORAR S X5 BAR ARG
RIS HEIFEAWNRAFRRL[E 1(a)].
YRR WA PR RIS 2 [ 1(b) .
E A i 5 T 5 R ) A o v S A3 A K AR A AT SR
IS | AT 850 G AR AR TORE 1) 43 A AT 43 1 &
1(e)]. B 1(d)J8R T AR AL LK FE 3
SEAEIE A, IR R g R R A 1 KRR T A B

F

2.1

E1

2.2 YRR ER I IAL R 2R AT IR 1R K

Kl 3 (a) RAFIFAEE PIM AL ZE R 4 nm 49K
R R ZE AT TR AE SIS A BT (LB MR R R 56 ) F
12 h A KA EIE . 7 gk Fneg K b5 98k
B R FE  TH vR , H A0 B A K A R B =2 T
UK AR (9 g L™ F190 wg-L™") B, Xt
A B A B AR RS B, P RN
10% . MYURERHEE FFHE] 900 pg- L™, 47K Fif
IR HR RO X A1 B AR K B B 1 3 43 B 29 A 20% F
35% . YRR h i Ei(E1 800 wg- L', 4liZk

-

)k
P .g
"

AR S, 9 K AR — )2 B o 2 A ik =
H K.

2 RO 1 4 nm DEKRERFEAN TR Y
B RIAR AN, B 50T 9 KRR 1Y PR BUS R AR
A IERI A, AT 2. 36 ~8.96 nm Z 8], ki 12
H(4.75 £1.25) nm[ B 2(a) |, 4R S9REH T
A5 HE (4 nm) AT, B 2(b) 25 R LA GKRERTE
afiyK K sl 3RS LG 2 R TSI 4301
& 3.1 nm (3R 6.9%) Ml 111.3 nm ( 58 &
69. 1% ) , FEG K FK S TR A 4 R 1 i
54 232. 7 nm(FREE 100% ). AR AL L KRE
HK SRR A Ik s 3 IEME E2(e) ], 5
WA 1.571 nm (58 ¥ 16.3% ). 87.3 nm (51 J&
39.7% ) #1363.9 nm(5RFE 44% ).

PRERAELEIK , 1Bk, THEREBB R OKERES 12 h EHESEERR
Fig. 1 TEM images of AgNPs in Milli-Q water, seawater, NHA and estuarine water after 12 h equilibration

A 7K g8 K AR i B AR K R R 43 1 2k
T1% 1 97% . AHZTEASEA BT (W HKFE) |, 9ok
BT A B ZE AL P A A I A R R — 2 A )
RV R, YRR BAIK (9 gL' 190
g L7 ) B TT 1 KRR v 8 SRR T 240 R A 1 4 )
AN 8% , AN K AR MR B Fe = fH 1 800 pg- L'
i, G2 P AR A R RAL 2 Ry 12% . H90K AR
W R 9 - LB 07 1K R A 48 A AR X 41 T 1Y)
AR AMIAE R T e 4k (P <0.05). 45k
R E =900 g« LB, A R A S5 g KR 4 4l
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35 140
) (@) o
30 I- . “ 120 |
25 - - - 100 - [ ik '1
— i"ﬁ.i-li(
i 20 | % go |- T COKHE ILI
B sk E o | e
E L
or H 40 | r1
i i 20 f |
0 | I I = I
0 2 4 6 8 10 12 0 l
BifR/mm
70 =20 1 I I I
a— 4izk . (b) 9 90 900 1 800
60 - —e—iffrk . 40
(b)
0 30 CJi2n o
= 40 T EAd
H 5
B 30+ 5
E ¢t
g
20 - 3
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