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Detection of Silver Nanoparticle in Nano-antibacterial Consumer
Products Using Single Particle-Inductively Coupled Plasma
Mass Spectrometry
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Abstract A method based on single particle ICP-MS was developed to the characterization of size
distribution of the silver nanoparticles (AgNPs) in nano-antibacterial consumer products. Firstly, the total
silver content in consumer products was detected using microwave digestion to make sure the dilution ratio
of consumer products for the characterization of size distribution of AgNPs. Then the SP-ICP-MS method
was used to detect the size of three standard AgNPs samples (30, 50 and 80 nm), and the results were in
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accordance with the TEM result provided by manufacturers, which indicated that the established SP-ICP-
MS method could detect the size of AgNPs. So the SP-ICP-MS method was used for the characterization of

size distribution of the AgNPs in nano-antibacterial consumer products. This proposed method is fast,

simple and high sensitivity, which could provide an accurate AgNPs size distribution in nano-antibacterial

consumer products.
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IESARFHEEMN . R, BT 52 7585
J7¥s, AgNPs MRS M B B R AR R k= . B
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FUEE T IR ST SR, R G K UKL RE 5 3
AR EHRTSE, BENTESFREAOEN, 0
Ag" Wl , FFF B AR 5B R A E, HBRH T
FFF-ICP-MS $ R Xf T T2 94 K #f B i 4 B &
W, HDC-ICP-MS &5 — #4305 TR g1 Kk F
BI75 1, Tiede 44} 1 T HDC-ICP-MS 329 52 75 /K
15 U8 4K 4R , 35t HDC-ICP-MS B F AR 78
EABEPYK Ag b FR—MEBGEBN L., &
ifi » [f] FFF £ AR A0 H, HDC £33 75 43 BS R [5] % BE 1
QKK F, P RE LS, MEZ T, SP-ICP-MS
BARBFEAREEE. &R 8E ML E F
FESEARE RIS G KA SRAE 43 A, 7E T E 4
J& TTF G Kb Rk 4338 4 3k A Ry A (B A1 T 1 4
M T.H. SP-ICP-MS # R 4 ¥ gtk Ag™ M
AgNPs B}, 18 8] T F Bk , X Pl 5 R AT EALAT 40 55
BE, HEEAE S A ICP-MS th, i8] 43 356 33 L)
BB T RGER R 5~10 ms) it k. BEHMN
XAOETE P RE 2 MG R BEE SRR SR
T TE Y 9N KR F B A O, LR BE R BR R
20 nm, B 2G5 NEEEH Ag(D £ M & frkL
BE/NTF 20 nm 48K 72, [/ FFE-ICP-MS 4
HFARM M, SP-ICP-MS B K5 B IF R R, A
N TR .

DA b i 2 3 4 B2 AR FE 43 B AgNPs  Ag™ RIH A
KA R T HEAEREWET . RERGFR
HIRHT SP-ICP-MS H AR, #5371 & JH AN
KU T & b AgNPs B2 401 9 RO 5
PESF I 43 AT 5 s .
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Agilent 7700x ICP-MS(EEZEH#EL AT, B
# Micromist b #% (& HLZHR A FD , B FRF
(R4 0.000 1 g, HiGFEFANAARAED , I H
FEAN Mg BT AL T 5 8 2l KA OB AR AU 35 A B
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A HE, L BEER>18. 2MQ + cm),
1.2 SEIIKF

8 4G S (A > 99. 99 %) , HNO; (4% 46, |
e E W2 AR A D, H, 0, (44, B
B EGEBLAEGNARARD, Ag B T ir s &
W (1 000 mg/L, bt 50 8 & BF 52 B ) » 30,50 Al
80 nm AgNPs#p # & I ¥ I F nano Composix 2y
Al (L, CA, R ED , HE R 42 40 o (32. 3+
3.2) nm.(953.4+4.40) nm f(79.0+8.7) nm,
AgNPs i % £ 25 20 mg/L; g F BBI 2 A& #Y
60 nmAuNPs A5 B MW (Cardiff, % H , R 2K E ,
50 mg/L, 44 K ki i . 2. 6 X 10" particles/mL)
AT E ICP-MS BfE s R, AT KK
TEM #4528 AgNPs #1 AuNPs B £ 43 H i #
GORBRLAYIE BIERAR . 1 pg/L A9 Li,Co. Y. T1.Ce
1 Ba AUE IR T ZAERAE (KR, 2% o/v
HNO; 4r 0. BT a8 MLk A HNO; (1+3) % i
B/ 24 h Db, 6 Z 80 R I 2K b i T
@’%Fﬁo
1.3 ERRE

TEHL 3 715 2 K R AR A0 H) 48 K R T BT R o (A
K BRT B J6F 5 R R 9 K B 0 BR A2 S AR A4 K 4R 4T
WS RE) IBETEXT G, 1% 3 R ik I T EHER M
1.4 SBWHE
1.4.1 ICP-MS {{#$8/E &4

£ ICP-MS s K JEASE 30 min J5 , R
AN B BEAT VR 38 , i ICP-MS X 28 35 15 £ £ B I 2
R . ICP-MS 1 8550k A4 X T I E 2 $dn 3% 1
B o

®1 BAFK-ICP-MS HIUFIRESH

Table 1 Instrumental parameters of single particle ICP-MS

RHEAS 7700x ICP-MS SE
RF Zj#%/W 1550
#HA /(L * min~1) 1.05
FERE/TC 2
IR R W/ (mL » min~1) 0. 36
BObE R EB R TRA
FR43Hf 8] /ms 3
KA /s 60
7] oz 3 W 4% 107 Ag 5{ 197 Au

1.4.2 ARUER A ECHI
1.4.2.1 PAFK-ICP-MS il E

DAg B FHrE M ECH X Ag B FAr R
WR A HNO; (1% ) BEAT# B, 43 B BC il 0.0. 5,
1.0.2.0.5.0 pg/L 5 MpdE A, Mk 2T &

ICP-MS 11 Ag R . 2) ICP-MS & #i 5 % 1
W . {57 & 2k # 60 nm AuNPs #7 #E % W
(50 mg/L)FE B ZE 60 nm AuNPs #5 E THE I W
(50 ng/L),3f7E SP-ICP-MS BT R A& HHHE .
1.4.2.2 Ag BB EHR

Ag B FARER WL H : X Ag B FARHER
K HNO; (190 #47# B, 43 H Bl 0,10,20,50,
100 pg/L 5 AR s, Mot F2 A F 00 & 9 ok P d
R Ag B& &,
1. 4.3 SP-ICP-MS B % g 4b 3

BT A RB AR 8 T/, FZRA 56t
WX NPs 5 MMUBERGBEI X Ag BFEME
S, ARBEREBUOT . DRBEASENSHME n=
5;:2)THE AN BRI HEAR 2 o FIEBIME 15 3) H
NGB pt 50 BRSO KRBREW
BRAFEEL TR DOMER DO HILEE S
B, EARGER . KT 5o BG5S AT IA R 2 90 K A5
RLEIE 5 o K 07 1 9 K UKL AS 5 E W A B SP-
ICP-MS # i /A2 5 SPC-tool SCHE (M 44 % T #)
PL3RAG AgNPs hife 53 A Ko 94 K ORIk B2
1.5 HRETLE
L5 1 YKyimstkith Ag S

T HER M E AN OK PR MR AgNPs, B %8
EHESREE. PORPIEM R Ag SR BETAE
P R IO T R v, B R AT b B2 TR AT &
HARFA Z /R TAE .
1.5.2 KB R AgNPs RAE

1% A SP-ICP-MS 43 #7 AgNPs i3 & t, by i
G A B 24> 42 B8 9 K JBURLTE TRl — ™45 B8 i ] N [
B BEA B 45 B TR 2 B BUR  IF 5 TR B B A
W ZEIN N A~ AgNPs, 38 H 75 A1 1IE 78 B 0kE 4% X
T HARBENGESHEDNTEGESHE
E(J 10%[12]0

XF 490K 88 B0 T B AgNPs B3R AE, 75 4R
IE AgNPs H A i %) 32 1k 2 J&8 4 7 i 4b 3270 ) 2 i
B AR R EARA , — BN SR 8 TR X S FE AT T AR
Ji B 7E T 38 PR VM ff S IR AgNPs 4549, 6 AgNPs
AR Agt . B, X FRASRAKPIHERE &P
AgNPs By 43871, & el 2 H B Ag WE, R 5 R
B KK HERHRE —ERIKRE (—RIILT
ng/L~JLHE ng/L), LHLI & AT, % 56 B A KB
#A 10 min DA 480 AgNPs, X T 99 K 1 & #K
AgNPs, il it B Ve % 72, 8% AgNPs 1 Ag™ 554
S NGRS BR PR i ok . BRI SE B0 3R D IR
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A £ 2% Soto-Alvaredo B T /BN . K i 5 BR BUK B
32 3%k (1. 000 0 @) B A 100 mL pH {EH 6.8
B 10 mmol/L BEES & 1 10 mmol/L SDS B & %
HL ZERDGRE LT BE IR 2 he BB W W,
e H B Ag &8, IR IR R B Ag WREE, SR T 4
AP R R E — R E (— WL+ ng/L~JL
H ng/L),7E R H SP-ICP-MS 45 #7 8 =X 51, ¥ 75 B
FER K 10 min 438 AgNPs, A BjIk Ag 7E
HRERGE TR E, EH W 5 &I E Z R R
HNO; QYO RE IR RS

2 #REWe

2.1 MADMEERPE A EENSH

K PR TS AR R AT AOR ST T S P Ag &
OV AT I g, IR EAE T M E AR RS
7o 2 A PR B A A A S 1 e TR PR AR T T R
I it B JBCE A B B [ B A T T R Y el iR
WHEAML . Hoh, 5L 5005 TE A A A, TR
IR KRR BR S , W/ T X3R5 A AR fs
F, EHATE Ag &R AW E R, & E W B A
WITT R G SE B T HEARRNL AL BN F AL ROR
FL B O SN AR RS R AR AR L, B RO A FE L A
—EWRERNIR TR FTRIE., H, EFAEN
WHRTC R LA B, — B0 8 P A S 02 o T
WHILFEARFERN TR, ZNR TR 50T R R
BRI, R EE M S5/ E R BB AL
B, B, AL P, 3% A Rh fE 8 AR T
. FEELTHFTPEHEE 1 mg/L '“Rh WHRE K
BAB =@, HTFARENRRIERE 1/20, 5
PI'Rh WIR TR EHHE RGP RE AR 50 pg/L,
B BB 18 A 3K b B IE ICP-MS 43 HT B i IR 25,
FUAg LEAFAEZ TR TG T, ol T ® I
Je R B L 2, R 7E NO Gas B F i 47
W

ST 3 FAKBUE R MR Ag S i,
IFi) s % 17 A 3 vk HEAT T B0 b [l e SE 5 [ i R 7
93. 1% ~105 % , B A< J7 ¥k BB 5 W 2 40 K Bt B8 i A
i Ag AT, SEIREE R ILK 2, K 2 SR
51, SR F A% T 4-ICP-MS 3 B 45 v 1 M 0] 52 48 2K

VWA E Ag 38, AR HFEHA AP ERS 2
EHTEE pg /L 2ZE. Bk, 8T HERRREN
KU b AgNPs R A2 43 75 , 75 28 A o 7 R
28+ ng/L~8H ng/L,
K2 ZHREHEATRAzSERBWENE
Table 2 Total Ag content in real samples

and their recoveries(n=3) /{pgL7")
B AJRWEE bRk E WEE ik e i %D
B EhR 15. 35 20. 00 33.20 93.9
HRE%®  310.35 200. 00 498. 70 99.7
BREG 19. 35 20. 00 41. 50 105
HEDHRMKN,

2.2 HKEE AP AgNPs By R1E

KM #-ICP-MS 0 8 T 3 Fr gkt A
Mo EREREBEX 3MES TR AgRE,F
BERHIZ B AR R B AR Y R i SR FH B 4K 43 39l AR R 500
15 , %5 J6F P DR VR RE AL B B 2 000 4%, 3 R YKL 7
i RRES LA 1, AE 1O/, Ag 554
13 #%53 (130 counts/3ms ML) , FA& EARFE Ag
ki fE 5, " Ag S H Al Ag (BFEM A ™
A, UL HL TR R 5 VR W L AR AE AgNPs, B
L) FE 1(b) A %0, i 43 & A SP-ICP-MS ] & Py
FPUDA R A, X PR RS R A KRB Ag K E S,
Ui B PRl GORBU R BT & P 8 A AgNPs, [F] B A2 7E
— ¥4 Ag 55 ¥ 5 M43 i 7E 30 counts M, X
WA ZEE Ag™ ANER N E B 5 574,

7E i 47 SP-ICP-MS W] %€ 44 >k 1 W % &
AgNPs i 12 43 1 Z 7 » R I SP-ICP-MS 3l & T
10 ng/L 30 nm, 50 ng/L 50 nm #1100 ng/L 80 nm
AgNPs BB IEAR 7k M AER M, LA R I &
3, I 3 A[%0,SP-ICP-MS & E AgNPs By 453
HEMT REMR TEM HHA—3, 38 SP-ICP-
MS B B HEHf RAE K AF f AgNPs B2 531 . (K
I, >R ] SP-ICP-MS ¥E W€ T # B S5 1940 K B T8 7
r (B AR W FN 32 SRR HE 5D , 3 A SP-ICP-MS A
¥ AgNPs ik b 1557 LA AgNPs K48 437 tn & 2
B~ . HE 27 LUE i, SP-ICP-MS ¥ B % 1R 47 1
RAEPKGTHE TS i b AgNPs Rif2 43075 , @7 #y SP-
ICP-MS 88 % Jy ¥ 5 3R AE 99 K $T 8 75 i f AgNPs
RLAR 43 A SR AT SE A S AT T Bk
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Figure 1 Raw signal of nano-antibacterial consumer products: (a) antibacterial nasal spray, (b) sports socks, (c) kitchen cleansing spray.

% 3 SP-ICP-MS FEHITE AgNPs fr A B BB E S
Table 3 Size distribution of standard AgNPs using SP-ICP-MS(n=3)

AgNPs #£ i L2 /nm TEM {4 /nm FH{E /nm o 5] {E /nm WEE/(ng -+ LD

30 32.343.32 34.340. 8 33.240.9 10.0

50 53.4+4.4 52.3+1.8 53.8+1.9 50. 0

80 79.0+£8.7 76.2+2.7 80.3%2.4 100.0
3600 | (a) 3600
3200 f 3200
2800
2400
£ & 2000
g g 1 600
1200
800
400

30 40 % 20 30 40 50 60 70
B2 /nm Bi42/mm

B 2 SP-ICP-MS RAEMKFTE R G AgNPs #2537 : (a) iEZNE (b) BHE
Figure 2 Size distribution of AgNPs in nano-antibacterial consumer products using SP-ICP-MS

(a) Sports socks (b) Antibacterial nasal spray.
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A7 T SP-ICP-MS ¥ % T 44 K Hi B4 7 &
AgNPs i8530 7 ¥ . B 46 38 1 194 I I ##-1CP-
MS 32 0 52 44 2K 0 7 7 o AR B i T B A oK
BRI b AgNPs 6 B A5 30, 7ok H SP-ICP-MS ¥
W& PR BT ot AgNPs Rif2 401 . X7 4
Prof b  REUE & LT YRR 5% , BB META R AE
GUOKRBLTE AR AgNPs B2 4370
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