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Determination of 10 Impurity Elements in Hydrosols by Inductively

Coupled Plasma Mass Spectrometry with Direct Sampling
GE Daozhi; ZHANG Yingiu, SHEN Wenbin, LIU Jianfeng
(China Pharmaceutical University Center for Analysis and Testing, Nanjing 211198, Jiangsu China)
Abstract: Objective: An analytical method using Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) for determining 10 impurity elements in hydrosols were established. These 10 impurity
elements are Cadmium (Cd), Chromium (Cr), Arsenic (As), Lead (Pb), Vanadium (V), Nickel (Ni),
Cobalt (Co), Copper (Cu), Manganese (Mn), and Mercury (Hg). Method: Sample pretreatment
method is directing dilution. Results: The method exhibited good linearity (R > 0.999) within the
following ranges: 2?Hg and 'V at (0~15) pg/L, 3>Cr, ¥Co, "*As and '''Cd at (0~30) ug/L, **Ni
and 2%®Pb at (0~30) ug/L, and *Mn and ®Cu at (0~200) pg/L. The recoveries for the added
standards ranged from 94.86% to 111.68%, with satisfactory repeatability and precision.
Conclusion: This method is accurate, sensitive, and capable of effectively and rapidly determining

the contents of various elements in hydrosols.



Keywords: Hydrosol, Inductively Coupled Plasma Mass Spectrometry (ICP-MS), Direct dilution

method

1518

5 R A PR B 22 1) 3T RN i B A 1 AT AE 0 o R 2 A /K M 25
Yy, BREBRHSS, WESHEER . ARSI SEMN S O R REI DI
LS8 A i RSO A58 22 Dy a2 B2 WS, H 28 8t R 35 i N oK T HL 26 R Bl 554k 2
BERNGETT BN B, UK (i 2 BORMITEY 2 ook, Bl 4R B IR
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EHGE, B SOmL EEMY, A 2%MRIERERZZIE, 1 0.22um JEEEHUER,
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1000pg/mL);

G B G B AR MRS AL ALy H b T B R AU, T R AR B, 20210624,
1000pg/mL)

il 870 3 AR VA TR KA (4 8 I T AR AT AR R, ME— R iR 234042-7,
1000pg/mL);

B e AR HE S (E KA 48 K B TR AT AR R, ME— R 235025-7,
1000pg/mL);

5000 F AR RV TR KA 4 8 I A T AR AT AR R, BRI 2350376,
1000pg/mL);

BT R b R (E XA e JE L T Rk A A, ME—FRR . 237006-8,
1000pg/mL);

B TR AR TR K 4 B S TR AT, P —hR R 23A002-2,
1000pg/mL);

B B TC R bR HE T (R XA B R S A AR AT I R, AR AR 237039-1,
1000pg/mL);

80 R AR (K 4 8 % T AR T AR R, ME— RN 237012-5,
1000pg/mL);

1 800 T AR E A I KA 4 8 A T AR AT AR R, ME— R R 235043-7,
1000pg/mL);

PLE TR R (I XA e 8 L T MRk Al A, ME—FRaR e 237008-4,
1000pg/mL);

Mo, HH. B8, BUZCERSHEETR(E KA &8 L TR AT, ME— AR iR
233113, 10pg/mL);

BT R AR EVE (XA e R LR T AR e B, mE— AR e 233026,
1000ug/mL)

BB TR AR HEVER(E XA B @ A i T AR i b, ME—ARaR . 235012-1,

1000pg/mL);
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PP 2% L 1850V T I 2% Fi K 1800V; RF IhR 1550W; A% M &
WA (A i 1.215L/min, fE#ES (50 A OmL/min; $REUS[E] 35s, $REUEHE
80r/min, SRAEFLE 20r/min; EHIUHCH 3 W, KT SONBRIERE. FF TR/ MR
i & N S'V/ASc. Z2Cr/4Sc. BMn/?Ge. °Co/*Ge. “Ni/?Ge. Cu/?Ge. As/*Ge-
MCd/'%Rh, 22Hg/'®Rh. 2%Pb/!®Rh.

2.3 FEF &

P VR ) 77725 HE B B R R T ) (A VAR

MR A BEETAB LIRS, B EE B, UL 2%MBRIEBERZE 50mL %
FE, PATIH Z 0.

ZICERMEAVEI: 7 MBS 5 % 0 R AR RO TV . 2P Hg WFE S 400pg/L,
32Cry ¥Co. "MCA BN 1200pg/L, ONi ik &y 2400ug/L, 2%°Pb # 3 H 2000ug/L, **Mn.
S5Cu N 1200pg/L, As W E N 800ug/L 1112 J6 3 fil 4 T T »

FLICER M (% TG RIKEE 10ppm): - 43 JRE 2 B B IC RAMIEA R (Cd). B (Cr) .
fifi(As)s 5 (Pb) 1 (V) B (Ni) .+ & (Co) . 1 (Cw . & (Mn) . 7K (Hg)
0.5mL, %% S0mLE &I, 70 2%HNO3 I HUE B B ZIFE, 7 HAC AR (CA)Y bRk fE % 95
W 5 (Cr) WRiEfE &R, ifi(As) PRAEME &AL Y (Pb) ArdEfE& . Bl (V) 45
HERE VAT B (NI ARdERE IR &Y (Co) FRERE&VATR. i (Cu) FRiEfl & VAR
B (Mn) ARUERE S R (Hg) FrdEff &8

AT R GRS BT SR AR A 25 V(10ppm), 1 2% MR 43 A ECH1 0.
2.5, 5. 7.5, 10, 12,5, 15pg/L WL RVIBRAEIRM: 0. 5. 10, 15, 20, 25, 30ug/L M

(Cr) . fli(As). #A(Cd). B (Co) FF A #E W W ; 0. 40, 80, 100, 140, 180,
200pg/L B (Mn)  #i (Cu) RIIBRAERR

IARHER VAR (S0%PREEMREE) « AREUELAM 1g, RZRE, B 50 mL &MY, M
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®5), WWHBE, “FATECE 3
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REWARER: WHOEEDT. B, . FERITEARERRE 1L AR, TN 2%MIR
BERERZZIE, RIMG 10pg/L FI5T. B, B4, BETRS NARTER.
MREETHE . FAiEe it AT AN, & H B Sg Al BB S ALER T, IR 2RV AT BE
I7 o MR B SCP Bl IR BC T I T RIAS SE R B 03 100% R, FAAE BT
1 BLRKRERE (ng/L)

TLER FREZIRE (ug/L)
Sy 4
*Cr 12
SMn 120
*Co 12
ONi 24
%Cu 120
B As 8
cd 12
202Hg 4
208pp, 20
IS TR e, TELRIMNIRE AR, PAS RN T 2K B AR AL bR, X B

i AR5 PRI MR LA A bR i) TAR 2k, SRR/ —SREL & 15 2L B )3 75

T T &
3E RS540
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AR "Liv ¥Coy "PIn. P¥U AFHEX R, AN BE 1850V, tHEU
MZE S 1800V, RF LjZ 1550W IR H AU, 550 UL U4 315kpa AR, %
TCRWAREFF A hrdE, ARSI TS A SIE S 1.215mL/min.
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RYCSER AR R A #(CA) % (Cr)  fili(As). B (Pb) + Bl (V) 4 (ND
B (Co) « # (Cw) « i (Mn) . & (Hg) . HASWEREATH, PAs2Z&A T
4 ARSIORE AT RNAEAE BRI, HARRE A RS BUE B AR o iR N AR, MOREEE
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3) WARICR LSRR

fE ICPMS B INN Y AR BERS B IEMA RAE AR AL, PEIRTHRHIMER . WARCR & 55
MG R RS, AARFET RS Joxd (i AT g BT, 8 R AE A oo
AR, EHERSPATH IR, 25, SGEFREORIE, Kl “Sc. PGe.
2Bi fE N FITCE AR
32 HEFR . 5 VERERRE )k

1) AR A E BERR

TP A 11 YOS R FIH 3 A b i (s 22 T LLRRRE A5 £ (1000mg 58 28 1) S0mL,
FRERE SN SOV UFAT, 2 PR DA 11 YR 23 (1 10 R britdn 22 e AR B MO8, ook e
BIREMRIE 20 8RR, ZIoRIRMIRANT 100%H) 10%, £ &R/ T 100%FR
FEH) 20%, HROMBRALE BRI T (ki 2 AEARBIE (2015 O ) PHIRZER, B
TR AL R T & TR A R REUE R

®2 HLRRMURSERR

B far HHBR GIREERER R LR
JLER & R (ug/keg)

(ug/kg) tbE (%) tbE (%)
sty 0.69 0.3426% 2.28 1.1420%
S2Cr 2.11 0.3519% 7.04 1.1729%
Mn 0.12 0.0021% 0.42 0.0069%
¥Co 0.13 0.0213% 0.43 0.0709%

SONi 0.29 0.0245% 0.98 0.0818%




5Cu 0.56 0.0093% 1.86 0.0310%

PAs 0.39 0.0644% 1.29 0.2146%

Med 0.05 0.0079% 0.16 0.0264%

202Hg 0.09 0.0432% 0.29 0.1441%

208pp 0.29 0.0291% 0.97 0.0971%
2) LJEME

GRS VBN 100% PR A EEXT B A I8, ARIETINE , E R B e R AW AR, 7%
2 VLS 1000 2R 20T Il v VA A5 TN 76 3R i AR B AR AN KT 10%0 & Ji kM0 5 45
RWF 3, Friiss Rkt 10%, WL EERL.

#z3 BLELTEM
B g A
JLER
EbfE
Sy 4.56%
2Cr 3.50%

>*Mn 0.05%
»Co 0.03%

ONi 0:33%
5Cu 0.08%
PAs 0.37%
cd 0.02%

202y 0.57%
208pt, 0.35%

3) RAGEHIE

H 100% R FEE IS X HEt b P VBUEESIN 5 6 YK, ARpll e 21 T 2 A5 A s e 3 i 7 EE A
RSD ML#% 4. FICRMINAE 5 WARTCE M BAE LEE RSD A/ 3%, & RGudMPEE
Ko

®4 RGERMLER

M Jo7 L
VIS EEAEL
RSD
v 1.22%
2Cr 0.27%

>*Mn 1.09%



4) FICRENETT RN AL VU

PR ESOE ) ICP-MS I 24 A0 52 )

$Co 1.17%
6N 1.09%
5Cuy 0.84%
TSAs 1.14%
med 1.08%
Wy 2.78%
208pp, 1.25%
I
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FRUEFIBUZR B, LA IO 3 (BRI B R AR

PR, TCERAS TR 5 A RS TR 1S 5 9mE 1 ELAE AR R il bt i 2, P AS ZeET RE LR 5

Sy, 202Hg 2B PEVE [ /& 0~15pg/L, Cr. ¥Co. As. "Cd ity 2 0~30pg/L, Ni.

208ph ZEPEVI & 0~60pg/L, SMn. Cu ZEPEVEHE 2 0~200pg/L. 10 FCERFIMR AT R

IFE 0.999 DL F (RF4& v [E 2 i 2020 B 26 DY S5 ) 0412 HJEHE

PAN AT
= ST

TARBEERIIED |

B ICRE M B 0%21 200%FR FER A, HALPEAR V0 B N 26 PE5C &R R4
®5 HELRRESEMRIEEE

B : G R LR/
JLHR LT
(R) (pg/L)
Sty y=1.032x10"'x +5.363x1073 1.0000 0~15
2Cr y=1.033x10"x +4.493x10" 1.0000 0~30
>Mn y=1.127x10"x -0.514x1072 0.9996 0~200
$Co y =9.064%10x + 2.556x10* 1.0000 0~30
ONi y=1.894x102x + 9.607x10* 1.0000 0~60
5Cu y=2.235x10%x + 1.892x1073 0.9998 0~200
SAs y=1.154x10"%x +1.778x10* 1.0000 0~30
Med y=1.114x10%x + 1.180x10 1.0000 0~30
2%Hg y=1.093x102x + 4.258x107 0.9999 0~15
208pp y=6.241x10%x + 1.173x1073 0.9998 0~60
5) HEME

SPATECH 6 AR5 100%PR B2k FE bRtk i, 1% b SCArid 4TI e, 45 R W3
6. % J0% RSD ¥/ T 5%, BEEMERLT.



Fo BELREEMLER (n=6)

JER MEHREE (pg/L) FEE Reb

(%)
Sy 4.004 4.013 4.048 4.076 4.037 4.034 4.04 0.64%
32Cr 11.939 11.935 12.107 12.059 12.072 12.079 12.03 0.62%
>Mn 119290  119.200 119300  120.180 119910  120.790  119.78 0.53%
$Co 11.953 11.923 11.921 12.026 12.022 11.990 11.97 0.39%
ONi 23.745 23.702 23.665 23.941 23.844 23.876 23.80 0.45%
55Cu 117.150 116950 117.880  117.870 116.990 117.310  117.36 0.36%
PAs 12.016 11.975 11.990 12.077 12.007 12.053 12.02 0.32%
Hcd 11.848 12.088 12.079 11.940 12.179 11.996 12.02 0.98%
202Hg 4308 4.266 4.082 3.994 4.005 3.920 4.10 3.84%
208pp 20.061 19.551 19.706 19.797 19.879 19.625 19.77 0.93%

6) ALK %

FEA RIS RIBEAT 73 — IR B MES, Rt 6 traf RIEFREEVEE R 6 e Rk 12 fy
GORBHT ARG VRO LA R R RS R R, AR IER 7. FOn R RS E N T 5%,

FE T R
®7 PENEEELER
- Sy S2Cr >Mn Co ONi 55Cu BAs  Mcd  22Hg  2%pp
bR7Y
1 3965 11.874 118.670 12.139 22943 117950 7.631 11.981 3.759 20.030
2 3954 11.932 118900 12.171 23.014 118240 7.735 11.938 3.860 20.094
3 3.999  11.954 118.500 12.089 22.860 118.130 7.736 12.052 3.833 20.229
4 3.993 11.974 119.580 12.238 23.084 117.820 7.748 12.054 3.721 20.347
5 3.992 11970 119.440 12.212 23.179 118.860 7.740 11.993 3.896 20.300
6 4.004 11979 119.110 12.137 23.028 118.660 7.713 12.072 3.821 20.239
7 4.004 11939 119.290 11953 23.745 117.150 7.828 11.848 4.308 20.061
8 4013 11935 119.200 11923 23,702 116.950 7.991 12.088 4.266 19.551
9 4.048 12.107 119.300 11921 23.665 117.880 7.788 12.079 4.082 19.706
10 4.076 12.059 120.180 12.026 23.941 117.870 8.041 11.940 3.994 19.797
11 4.037 12.072 119910 12.022 23.844 116990 8.013 12.179 4.005 19.879
12 4.034 12.079 120.790 11.990 23.876 117310 7.630 11.996 3.920 19.625
“FH1E 4.01 11.99 119.41 12.07 2341 117.82 7.80 12.02 3.96 19.99
RSD
0.86% 0.60% 0.54% 092% 1.79% 0.53% 1.82% 0.73% 4.71% 1.36%

(%)




7D HERRE
) 2 AR A B R PR R T, R, TR . IR = OndrR At AR
Hf e ER - IR R G R R AR Ex100%, S5R MK 8. 3 WREAKEIntR
[ R [l 94.86%~111.68%, J7i2:HERIE 4T
F*8 HAREWER (%) WELER

IR
7KE|Z/ SIV szcr SSMn 59C0 60N1 65Cu 75As lllcd 202Hg 208Pb
[l &
(%)
9936 9921 9528 100.73 101.07 99.48 9854 9938 ~ 109.79 100.43
50% 101.45 98.07 9486 99.95 100.58 99.80  98.55 100.13 11093 99.68
102.18  99.90 9530  99.39 10037 9870 9889  99.43 111.68 100.40
98.71  98.57 100.73 99.62 101.09. 99.66 9590 99.68  97.86  99.93
100% 98.95 9825 101.15 100.56 101.51 ~100.08 96.10 100.53 99.02  98.26
100.99 9883 9925 9943 100.11  97.85 96.81 100.01 97.61  99.83
100.01  99.46 102.14 100.69 100.93 100.53 9628 99.94 96.17 101.04
150% 99.83  98.81 99.67 9842 9879  98.09 9638 98.00 9630 100.70
99.27  98.07 101.17 99.01 100.71 99.95 97.64 9921  97.85 100.92
S5 97.23
100.08 98.80 98.84  99.75  100.57 99.35 99.59  101.91 100.13
(%)
RSD 1.13% 061% 2.76% 0.76% 0.74% 0.88% 1.15% 0.69% 623% 0.80%

8) F il
12 AR R Al ga e i, 42 8 SRR 77 VR A S, I S5 R AR 9.
HH3R 9 T 12 HEUCRE S R BRAUAI AL LLAL, HAoo sk, BAES S7 il Rk
JE2N 2.735pg/L, U WX Al R e R A i S B AT IE 2 I R L .
F®9 RRERURALER
FF i JtE (pg/l)
gﬁ% SIV SZCI. SSMn 59C0 60Ni 65Cu 75AS 111Cd 202Hg 208Pb
S1 ND ND 0.184 ND ND ND ND ND 0.012  0.020
S2 ND 0.170 0.049 ND ND ND ND ND 0.006 ND
S3 ND 0311 0.070 ND ND ND ND ND 0.003 ND
S4 ND ND 0.121 ND 0.015 ND 0.031 0.032 0.003 0.015

S5 ND 0.104 0241 ND 0.086 0.059 ND 0.043  0.002 0.018
S6 ND 0.101 0.196 ND 0.058 0.012 0.076 0.043 0.002 ND




S7 ND 0.095 0.190 ND 0.049 ND 2.735 0.038 ND  0.626
S§ ND 0.144 0871 ND 0.117 0.729 ND 0.006  0.005 0.070
S9 ND 0952 0.095 ND ND ND 0.027 1587 0.000 ND
S10 ND 0.121 0.047 ND ND  0.021 ND ND ND ND
S11  ND 0.070 0.024 ND ND  0.023 ND ND 0.006 ND
S12 ND ND 0.170 ND ND ND ND ND 0.003  0.015

*ND: At th
3451w

ASCHRH T BEEHEFE-ICP-MS M 45 10 P FUc R S RN 7. ESs0ni i
i 2% H BRI LR, 2 Ja X ICP-MS AT T, XH i SH0h i Z i AT
otk IEPEERBERBEAT G, e AbRCER, BRI ATTEREUL & . BRI
G ISR, BOAIR. S5 RUERI AT EE (3 R EEAK-FIndr W5 Fl 94.86%~111.68%)
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