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W ZE 24 7K $R 7250 O 7K Hh X 8l i I 5l B
IR BT iE

FEmag !t FEwS KERE® REE OF OB BEHE?
BN Bk 2 a2V
(1. B VERFE R SN B 2013065 2. WP EKFRIA0ESE B 2K = BF 58 0F
W& HFE 266071 3. PEEHERFEHR25TRER WE FE  266003)

mE BT O AKEHE IR f T, A B RO E AR AR A A AT RO R A
Bk, AARETHTFMEDER PN ELT — M B 2hRAE %, &% il (Mbrio
parahaemolyticus)7e 71 B K F £ F TH AR B, FEREGREHEW WIT %A Luria-Bertani 7R
BRAGBMNEF, BEANERTHEDEKITPNEBENEK S A F &, RIBEHE LK LA
B2 A K AR A Bl A T A R NI R SRR T A A A K AT LI E T 4 KA A 8 NI B KR
SR IERN, FREW, IiER/NTEREES S KA LTI BE M E N T B TF
GRYLGRTF RZTERET &, MEF T EANR B ETAFEREZZRAR T BB TR %
MEREEdy, ARBEEZEE, FHEREN, SAMEEED 20 min, FHRERT EWFEN
BIERZANG, BARFNEEEMEINE, b, B FHAE W E KM OUE N A 8 5 /N TR
BREART IR E M EAGHEEL N FHE, KA ZETERBRANERN 7 H L ETH
RAFERG T FEAEGHRGE R RNER . BB E AR BT 0Kk K E Z)
PR EE RN RAET HF

KA KR, EAFN; MOAK; BAEMINE,; BFHEDEKIHN

FESES S968.3 XHEIFRIEFAE A XEHEES  2095-9869(2025)02-0228-09

YRR (Ag NPs) A MBI TR RE , 25
B AR B Z —, TN T BT A . el
a . Zi8L  HF L BRI G L A S A5 (Desireddy
etal, 2013; Loo et al, 2018; Bruna et al, 2021), Ag NPs
)32z A B ATTAS T sk e b 2 i P K . RARTTRE

FH AR AR AW . WA L 0 1 RN 7K 38 (Zhao
etal, 2021; Kang et al, 2023), 5% T AN HA R %
2P (Miihling et al, 2009; Yi et al, 2017; Li
etal, 2020), XJ TVH] [ FREE rh 94 KB4 R IXURS: PEA T
T, AR OUHEE A0 )2 BRAR 1 F8 7R M) (Hegde et al,
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2016; Zhang et al, 2021), [FIH, HEGHIE 90K AT
S BT 4) 00 1) 500 A AT A 8 XU A T 8l ) 0 BT
£ 2Z —(Zhang et al, 2021),

Kirby-Bauer 40 ¥ HHE . WL . FHITHEL
oL AEWREE | o R R (BMD) . HLAR2E
R B | T SRR 2 G VL A B VL (OD) 45 3 Tl
AW A KA BT B R T v B 2 bl N T g 4
KA AL XST 2 R P 400 1 R4 R (Westmeier et al, 2018),
T 38 4% W I 3 A G 3k R RS 7 vk (m PCR . qPCR
RT-PCR il e 38 1 0 75 ) 1 P 50 29 40 1 055 5 o it
Fp 6], S 4F et & J i (Doiron et al, 2012; Metch
etal, 2018; Xu et al, 2019), X L6 A1 KL K A5 Bk A
N7 ST 56 28 BRLAG A JoT (AN 355 5% 58 ) b 49 Kb RN A 9
A9 52 ) sk LA AR 4 ) 4 BE (Westmeier et al, 2018; Du
et al, 2019; Hugq, 2020), X1, 418 H T E 90
KMPRHE B Y 52 A% T (An¥e) F17KRE ) oG AR 2 1
S, 2 BRI . gk S AL 2D IR
(Niu et al, 2021), ALRCHRAL, 10 H E %Wk 2EBAE
Ji ME % (Westmeier et al, 2018; Zhang et al, 2023b), H
HIE, HEGR . = R R SE PR A 2 S BT 48 KA R
PITR RN 19 3 AT T TSR Sl B 2B 5 2K

AR, AT BRG] T —Fh 5 T i AR Ak
Pk L S (CH IR B £ 8 B AL IR, ek T A=
YA K FE R AL T T BE(Zhang et al, 2018, 2020,
2021) C* A JE—Fhph 4 ) i SR e, TAE
A EL A AN 5 9 0 3 A I B 422 il (Chantipmanee et al,
2020; Hauser et al, 2020; Zhang et al, 2020; Tuma,
2022), HiH I(E S AE IE H T B T B TR B A
PR T RS R B AU S iU {2
ST R LA —— TSR 18T B . BUASAIR B L i) 10
BEM ., ARZM R b T/NEARAE, I HANFEAEH
WAL . BlAE S e KUK (Zhang et al, 2023a), F&
M3 TF1Z 20 1A, ORI T 32 iE ik
WK APFHL(EMGA), (B2, HAE kA EMGA #
70 2 AT T 7 A KA R RN )

775 1L 5 (Mibrio parahaemolyticus))™ 72 77 T
WO LG IR B (R4, 2023), B—F SRR
I P B 2% [C R g £ T8 (Baker-Austin et al, 2010; &
BRFAE, 2019), 5 — 70, EATEEA T IR FEH
-t E RS ALRE ST, e RIS G . KTR
4t o AR 194K B W) (Grimes, 2020), K, FZE
Ag NPs Xiiuf 117K 5 &l 7 1 5% B 145 i ELAg 52 1R
220 X o AR FE LARIA AR B ARk Y, ok
H EMGA il 72 Ag NPs e T 4w A K gl J = i 4,
ST — B A3 BT AR KA R AT 11 7K 0 TR AR, Y e AR

Ik, RVNHZOT R SRR RIS, SR 2R Y
BMD 35 A R0k A T P RE SR IE o

1 #RE5FE
11 AEEFSITE

I V75 10 9K s v TR RR (ACTT17802) M A Jb 50 H
MR AR A H AR A RAR], R Zhang 45(2023b)i
BV TR SR . Luria-Bertani (LB)1: 75318 11
BT S A R R A IR R, SR 2K i k5 55
FHWAR RS 32 5(% 0.5 g/L NaCl, 10.0 g/L [ (A Rl
5.0 g/L FEREERELY)). RIS MO TE LB R iA s 57 5
FRAEFh, FE Herocell C1S HIBEFR48 (i A YRk
FARAF, EE)HT 36 CT 150 r/min FFE R 37
IR ARG B IG M AR , #8823 AR G SR 5
55 2 WHEFR IR BIE BN S (29 14 by, B —F5 Fl A
T A 2500 0 2 40 PR VR BE (. CFU/mL) (Zhang
etal, 2018) HAARE IR LI = AT HEA 716 BERG B2 1
FRFFIR UL Z A1, AR5 A F %) A k23l R0 34 ok
VAR

1.2 AgNPsHI#I &5 R

K J] Basttis Z(2014) 438 1938k 2412 % Ag NPs.,
50 mL FERR (S mmol/L)FIHA T2 (0.25 mmol/L)
() 7K A — 30018 RS e bR b v, IR T TR 3R
15 min, RJGTEERFTH A 0.5 mL 25 mmol/L 1
AgNO;. KM, LR FFEE 10 min, BHE,
WO AR . At 3 RO BR R R P L alife
Y, BZ3545 0.80 g/L ) Ag NPs 4li/K /8 . 7=
K % 5 #8855 (TEM, 200 KeV, FEI Talos F200S G2,
)., Z4h-n] W56 (Lambda 900, PerkinElmer,
2 [H) FokL BE AL (Malvern, 5% FE)HEATIE 5005 14 Ji R A

1.3 AAKEHRE. S50 E

T CKCREESR BN 1 R, SREERTH A 2022 4F
4 AR 12 A, F1ES M Das S Q012)ARIE . i &
Z, A 4 L BRI RKBIEKET 10~15 cm
AbSRAE SR G B AE T R B B T = 1R T B i B
o NEBRARERN T, AR5 RIAS K E 5T
121 ‘CF K 30 min, RJF TEIR FHBERA, HH
HIFES] o

1.4 EMGA EME

WK 1 s, EMGA ML E Ag NPs 7630 F1 7K H
PR I ERAEELES 2 DA TR DRI 5N 2 5%
T Ag NPs ZJ5, BBIBSBINATEEA LB ik



230 i R A S i 2 55 46 4
K1 REQREFERER K5 10" CFU/mL Rl I 5B 15 1) X i b B3 F 3T 1
Tab.1 Longitude anl(.i latit.tlde information of JKRE S & e Ry 10° CFU/mL. X5 %4t 10 mL
sampling sites
— = PN 6 15 mL BT, ﬁ:h]'UJHJ\TiH: il
RFEA WHEEN 2 E o Sk
Sampling site Longitude Latitude Ag NPs, TERGOR IR EIZAE 4 0, 1.5, 3.0,

S1 36°11'00" 120°07'25" 6.0, 12.0, 24.0 f148.0 mg/L, FiE T, 150 r/min B
s2 36°10°55" 120°07'34" B 30 min, SRAJF45HL 200 pL RFEAE R RYIR A

S3 36°10'45" 120°07'44" WA SEATIREA 1.8 mL LB AR K 37 3 i A ) 48
sS4 36°14'37" 120°18'31" (9#1% 5 mm, NORELL /\ﬁj, %)I:Po DJ\DZE%T LB i&
s 16°09'17" 120°09/17" Miin%%{’ﬁijliﬁl PEXEBR, TRESE KRS . 45 EE A

ER . Y vr ¥ « I8
88 37000!44" 120011137" %m/ﬂﬁ 1 mln %u*%“ﬂ 1 2007 /\\\ﬂ—:l‘ J:I:ﬁ %E

BB R s DRI E A EMGA il 17
AN AR B Ty 2 il e, NI 7s H i /DN 400 R 3 38
(minimum inhibitory concentration, MIC), HAKUIT .

EMGA RIS 52 30 B A7 R0 47 v 400 78 A8 K B0 3l 2
(ACH-t)HiZk . e 25 PR, MR 5 H B I 5% 7
RO 2R B AR BEER K R Ag NPs X il ¥ I 91 1Y)
MIC {H(Theophel et al, 2014),

REREYIMABIE
Transfer post-exposed
mixtures into test tubes

-«
g NPs

Bl MmN

V. parahaemolyticus

rFrrnri Tve Yy
W K V. parahaemolyticus 5% T Ag NPs WIEE A EMGA
Expose V. parahaemolyticus to Insert test tubes
Ag NPs in estuarine water into the EMGA

400 800 1200

A K R HHMICHH

Determine the MIC based on obtained growth curves

EMGA 3052 ] KRR Ag NPs S I 1t 31 G410 ol 3% 1 A s 2
Schematic of the working steps of determining MICs of Ag NPs against V. parahaemolyticus in

B 1
Fig.1

B IR

Monitor the bacterial growth

estuarine water samples using the EMGA method

1.5 BMD ZEME

R4 CLSI #L 22 ) BMD J5 ¥ (Ceriotti et al, 2012)
DU 7K o Ag NPs X fll 7 10 315 A9 400 1 R0 o
10° CFU/mL R MK 1 27T AgNPs Z )5, K
RAWEEANELEF, R Optima XL-90 &I Z5.041

(0 78 = RN ), SEEDALFE S min (3 000 r/min)LA
F2 B3 5 M 8 LA W 114 B TR R (Nayak et al, 2005) 2%
Ji, 2B 20 pL BEEAE G IR AW BITEA TS
180 pL LB A 55 7 31 96 FLAR (B T2 EWrH AR\ #),
F ) (Z R AE, 2021) B HBREEHE 96 fLAR VLB
ZER o W 96 fLBUAERE SR T 36 CRIEFE 20 h,
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WO S5, A P AR UL 75 VA e ) W2 75 A e A K BMD 7% BTl B9 MIC {8 Fb#, iR IE A2 A KT
B, HEITEEH MIC fH. 1A%, MIRVEEEA S A (EA); WHE AR KT 1 4%
16 TARECENE MAKT 2 1—;‘ MARAE/IMi 22 (mE) ; ﬁq%mﬁ*&%
KT 2 4%, WAEKZME). AT 8IF EMGA %
Z 8 Feng 55(2020)H i M- H 14000 g il 1 O B RS BB, WIGE Ag NPs 70T 1K EE ST oh
KH Ag NPs X R USRI HIN . 10°CFUML e i (952 3k 9 P47, 5 H Microsoft Excel
AN 2R T Ag NPs Z i IEAFIRVEM . 2001 b BBCHE A3 13t P47 S 0 405 5200 -1
R 15 WANERINEOERZRAY BTSN p2sD).
Bio RJE, RS 100 uL ZE57EHE IR
B, 10 EHERRG, SR E LB IR TR 2 HRSITIR
b BRFANEES, fERERAE T 36 C R Er LB 3R
R, BRI 1A TR B A o T A T
Rk sE A, R KT MIC B 75 5 B, F I 53458 (transmission  electron microscope,
N TEM)RIELE R WoR, AR5 & Bag KEB 5 Ag NPs
L7 MRS HERRE . ELAE K EAT B 5P 20, BAL
PL BMD & 8P AR 0 B il g /9 MIC i A A SrHT 100 UKL RLAR(d, nm), Z5R BN, SFHE N
XThRifE, RAEARSF G EA)REEE EMGA IEIE  (37+5) nm([&l 2b) . 5 5 10 9 K b R4 5 R Mg g i
Ag NPs MG A RNE. B EMGA JEIE 1Y PUFE 415 nm 24 (] 2¢), R Ag NPs YRR,
AgNPs X EIAE MINE A MIC 5 B0 B0aks g Rab kW, 70 BA B a5 — St fai g

2.1 Ag NPs B4

2.5
. X04f b %20
s ) 0k
¥ = :
§ 0.3 ‘é 1.5k
: 2
ay
L 1.
gi 0.2 % 0
i 0.1 =03
5()_nm I 1 1 I 0 i 1 1 1 1
0 35 40 45 300 400 500 600 700 800
Ak k4% Hydrodynamic diameter/nm P Wavelength/nm

B2 AgNPs ¥ TEM (f7 LAl . HAEK P2 0 IR R ) () KB 434 B (b)) UV-vis JGiEEl(c)

Fig.2 TEM image (Top right inset showing aqueous dispersion photo) (a),
particle-size distributions (b) and UV-vis spectra (c) of Ag NPs

Hahn, BB R P A L A e i 2 (e W R AR 3h e
SR AR K Ag NPs VR =24.0 mg/L

BB I 338 1L 03 B AR B DI MR g a3 e 1 90 P 25 2 T 5% .40 721 K %
E‘J?‘Z”@ﬂé?ﬁ{ﬂ'ﬂlﬁ%}’iﬁﬁ%E@W%K&E(Theophel et al, R $E%E[ilﬁ/%iﬁﬁﬁﬂlmﬂﬂheophel etal, 2014), L)
2014), WFFEHE e LA K EE ST VR AR SRR T T &2 2 DPCRTEA SIS 0 F Ag NPs %t Bl i 3 19 MIC {5
I Ag NPs XTI KB /R o 783 HKEE S1
H1, 10° CFU/mL B @I I 3R B 2P 2% 58 1A )k 2

— i W PR E , . f‘:: 2N il S —
AR, A EMGA Wm0 e, {E FIPIRERE 3 Bl AR o

E‘sz‘l{(ij]jj%ﬂﬂgj% , éﬁ%ﬁﬂ@ 3a F)’l"/j—:\‘o Ag NPs %E *HE]E‘J?%’T@?T&%%U&??T 3 W\igﬁ,i}w%T Ag NPs
Jo O BHORFERHI), =TAr5e sl rmapb gy o0 VKRR STIRXTRIE ML MIC fi. st
MR SRR I, SRS Fapim e MIC B 240 mlL, ARG EMOA IRAAT R

ZHIEH . B Wi 5k . YRk Ag Nps  HFHUMEHICREILE
i FE 5 MR AN 7 L T A T it 2 i fESATLE, S8Rl BMD SR APA AR

2.2 EMGA ZENELER

A 24.0 mg/L,
9T B UE EMGA 32500 5E 9 K AR B 6 1R 10 B
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2005 A R — 2.

S 23 EMGA kMRESN#T

2.0.03

= - T

8 SEG R EMGA ¥ . BMD 3 HIE b it % 40 51

mﬁéom JIFET S1, S2. S3. S4. S5, S6. S7 il S8 3 8 4

2 T TR RESR R Ag NPs 5o 6l i 9 4 9 2 v 2 3
© Wi, MIC {HUNZE 2 Fin. 49REY, EMGA &
-o01 00 - 200 SR A BMD 5-FHt Bk E 1 MIC {HW) & PEAR

fit 6] Time/min U, HATFE (EA)ET] 75%; /Mii2E(mE) N 25%, &
b C 25 WEBLR,

.
NNMO10,0,@
\, A

A1~Cl: 48.0 mg/L, A2~C2: 24.0 mg/L, A3~C3:
] 12.0 mg/L, A4~C4: 6.0 mg/L, A5~C5: 3.0 mg/L,
A6~C6: 1.5 mg/L
/\;A»\‘»\‘A\‘ 7.‘\0\:‘0"\0\_\&' »
( W (F 1 Negative pYian Y Vi
e - - X - N N

~— — - — S - -
e ] (’&O FAM: Positive PAGRAY YOO
L e ih :

-

ih

¢ 1.5mg/L 3.0 mg/L 6.0 mg/L 12.0 mg/L. 24.0 mg/L 48.0 mg/L

. / \‘ “‘

K3 EMGA i%(a). BMD 3% (b) P45 (o)l € Ag
NPs 75 ] F 7K OGS 7 i 91 A4 40 1 4
Fig.3 Effects of Ag NPs on V. parahaemolyticus in estuarine
water determined with the EMGA (a), BMD (b) and plate
counting (c¢) methods in triplicate

THIFIZAET Ag NPs Xt @l Mol g o sl sion;, 45
ol UL 3b FEl 3¢, HIE 3 AT, BMD L FI1F
MO BRI E K MIC {8 24.0 mg/L, ViR
EMGA 8 1K R Ag NPs (4SRN Y, frfs
B AR F 22 81 BMD 5 AP 502 A A5 508 B

K AKAWMZEME), Ui EMGA illE Ag NPs X}l
T I I B0 R RN AT R AR HERR . LA, EMGA
PAE 1 MIC {HAETE K T 8056 T BMD i FIFAr 14X
P e g5, R EAE T A s AU RS & T
PIIRALEE . I, EMGA 32 i 9 B 83007 I A 245 0 L 3
T PRI 0 0 1 25 R LA B e e e

Zhang F(2021)WF5E KB, SR OD & B4
] 1K g oK B BRI #F # (Escherichia coli) i
IR, AR AR K OD-t £ Az SL e Ot 5
SHT RN S, S EOTCR I MIC MHERI{E
WS R BMD {2 FF A 4002500 1 ] 1 7K RE
Ag NPs [P B0 Bt 55 2R 850 1k R 2 8 0 it
BT, 75 R MIC R A o 6 52 B (an
Kl 4 FrR).

M MIC [ FAEIE Tl A 0 04 335 37 st 8] 2L A A 6
P4 (Theophel et al, 2014), WF5E 5% 7 s [A] 4235 %
20 h, ZEXFIEBL T, @il 5 i, R EMGA 75
FET] 7K AR Ag NPs X @l ¥ i 51K B 1) 52 e Fsf AN 7 222
W F THAE—N 2R 5 IRA Y B2 3K
DUAEE 0L ML S 7305 20 A 0 2 K sl 2 2, R
JE3IM 1 210 min. i 5% Fl BMD 3 #5080
3L, BIEJEYIA 1 230 min, B2 T4
), EMGA AR Z T TEELTRK D, BRE
FERF . S5shJr. FRAHAIRZERRAL, HItEA BE
PEREH

&R 2 EMGA &, BMD EMFRITEEMER MIC &
Tab. 2 MIC values of Ag NPs against V. parahaemolyticus obtained by EMGA, BMD and plate counting methods/(mg/L)

i Sample

754 Method

S1 S2 S3 S4 S5 S6 S7 S8
EMGA 24.0 — — — — — 48.0 —
BMD 24.0 — 48.0 48.0 — — 48.0 —
TR UL 24.0 — — 48.0 — 48.0 48.0 —

TE: —38 Ag NPs {£ 0~48.0 meg/L i Fil o 2R 006 4 240 7 190 A 1
Note: —indicates that Ag NPs did not inhibit the bacterial growth over the concentration range of 0-48.0 mg/L.
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BT EABURLI TTYE TR TR KR 8 A AR
b Suspended solids from the estuarine water

a Precipitation of suspended solids

P4 R J PR A BRI K Y BMD (a) FIFAR 550 (0) 285 51 4

Fig.4 BMD (a) and plate counting (b) images of estuarine water in case of without removing suspended solids

[
! I
| HBERW RIEMGANEMIC |
| Transfer to test tubes Determining MICs with HJEHI1 210 min :
| the EMGA 1210 min in total |

2 »  ~10min :
5 o 1200 min |
| g ! [
| .
| N
S E mmmwmow  BUOE A \egsocimmmiers BUBMDRE
- Transfer to Sep;,r ation i‘ Transfer to 96-well plate B BEAIEMIC [
S | : tion Determining MICs with =l
& ” centrifuge tubes PRI 0y or agar plate g
| —— centrifugation BMD or plate counting —) ‘FZEO% mluf?x? t;mt:l
|
: ~ 10 min J ~ 10 min J ~ 10 min I 1200 min i
i _— !

K5 EMGA (1) BMD, ~PAIHECE(F)IE Ag NPs a7 171 7K rb 0 g 5007 64 i A A 280 2
Fig.5 Schematics of the procedures and time-consumption of determining MICs of Ag NPs against V. parahaemolyticus in
estuarine water using the EMGA method (upper) and BMD and plate counting methods (lower)

3 #ie

AWFFEHEST T — APl Ag NPs 7E70] K Hi B
RN R T v o IR ST THRE: DE
e 2 FE IR AN ATIUREAT LB R AR 55 57 5 i Ao ) 4
Hry 2)ER A E A EMGA T A8 3 v i s 77 1% 40
B A Bl 24 i 2 o AR 0 B A 1K il bR B AT )
2 H I KA B AT T 7K H O RV I 5ICER 19 MIC B
Bz T oy g )y (i BMD FPFERG TR, HAR
PAE T IO B 28 85 TR G W Hh i I B PR R 2 28 1Y
FAILAEY), ARVE R . 55 shom /N, BE
A E /D 20 min, WAN, T THAEPRED, A%
M RREARR T FE 00 AN 2 0 15 22 XURS: . EMGA 3175 /) MIC
(HEA R AORE % B s Bk o [RIRE, i3% TAL IR

PR A 31 J7 i L BMD A FPE AR EOL B
TR RUE . AWTIE N MER | RSO I E KA R
TEVE UNTAT 1 7K Z 2852 2% 4 Jor v Y B 85 2 LA 42 11
THrFE
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Abstract
some of the most commonly used nanomaterials in the world, with applications in medical equipment,

In virtue of their distinctive antimicrobial properties, silver nanoparticles (Ag NPs) are

cosmetics, textiles, electronics, toys, and household appliances. As a result, they inevitably end up in
rivers, lakes, estuaries, and coastal waters via wastewater, atmospheric deposition, and other
pathways. Recent explorations have increased concerns regarding their adverse effects on the
ecological health of estuarine environments. For risk assessment of nanomaterials in estuarine
environments, microorganisms - especially bacteria - are ideal candidates as bioreporters. Reliable
and effective methods for determining the effects of nanomaterials on microorganisms are of
significance for assessing ecotoxicities. Growth curve-based methods are popular because they can
fully reflect the toxicity of nanomaterials. Genotypic methods, which are based on DNA analysis,
provide attractive alternatives. These phenotypic and genotypic methods have performed well in
determining the effects of nanomaterials on microorganisms in simple laboratory media. However,
when they are used in realistic matrices, such as estuarine water, which is complex in physical,
chemical, and ecological characteristics, pretreatment steps for separation and purification are
unavoidably applied prior to the determination steps. These pretreatment steps usually pose the risk
of subjective and objective errors and poor efficiency. To date, more efficient and accurate analytical
methods are still needed for assessing the ecotoxicity of nanomaterials.
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Recently, our research group contributed to an alternative concept for online monitoring of
microbial growth by developing a multichannel capacitively coupled contactless conductivity (C*)
detector. C* detection is a particular type of conductivity-based analytical method, where the
electrodes are not in direct contact with the tested medium. The magnitude of the detected signal (C*
output) is proportional to the concentration and mobility of the ionic charge carriers within the
medium. It not only shares the advantages of common electrochemical techniques, such as
instrumental simplicity, affordability, rapid response, nontransparent requirement, and easy
miniaturization, but is also free of polarization, passivation, and fouling risks. Based on a 32-channel
C* detector and special algorithms, we developed a 32-channel electronic microbial growth analyzer
(EMGA). EMGA could determine repeatable bacterial growth curves with a high temporal resolution
in both homogeneous simple laboratory mediums and heterogeneous matrices.

The EMGA method was used to evaluate the antibacterial effects of Ag NPs on Vibrio
parahaemolyticus, compared with the use of the broth microdilution method (BMD ) and plate
counting methods. The minimum inhibitory concentration (MIC) of Ag NPs against
V. parahaemolyticus in estuarine water samples determined by using the EMGA method is 24.0 mg/L,
which is consistent with the results obtained by using the BMD and plate counting methods. The
results obtained by using the EMGA method are in good agreement with the MIC values of the BMD
and plate counting methods, with an essential agreement (EA) of 75% and minor error (mE) of 25%.
No major error (ME) was found, indicating that the EMGA method for measuring the effects of
AgNPs on V. parahaemolyticus in estuarine water samples is reliable. In addition, the MIC values
obtained by using the EMGA method are often higher than or equal to the results obtained by using
the BMD and plate counting methods, due to the higher sensitivity of automated instruments
compared to visual observation. Therefore, the antibacterial activity obtained by using the EMGA
method is reliable than the results based on visual judgment.

This study established a phenotypic method for determining the antibacterial activity of Ag NPs
against V. parahaemolyticus in estuarine water. This method requires only two manual steps rather than
three as in classical methods such as BMD and plate counting. In addition, due to the elimination of
complex coexistent substances, it effectively reduces the risk of subjective and objective operational
errors. This automated method based on sensor recognition results has higher sensitivity compared with
the BMD and plate counting methods. Thus, the newly proposed method has the advantages of simplicity,
time-saving, low-labor intensive, greater precision, and good repeatability. In addition, the sensitivity of
this automatic instrument-based method is higher compared with eye-based methods. This efficient
method provides a new approach for assessing ecotoxicity of nanomaterials in realistic environmental
matrices, such as estuarine water.

Key words Silver nanoparticles; Ecotoxicity; Estuarine water; Vibrio parahaemolyticus, Electronic
microbial growth analyzer



