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Abstract:

inductively coupled plasma mass spectrometry (ICP-MS). [ Methods ] Particulate matters in air were sampled with TH-150 air

[ Objective ] To establish a method for determining 22 elements in atmospheric PM, s simultaneously by

sampler in Nanming District and Huaxi District of Guiyang. Samples were extracted using ultrasound from divided sample filters and
measured by [CP-MS. [ Results | The correlation coefficients for the 22 elements measured with varied concentration ranges were
all >0.998. Within a total sampling volume of 144 m®, the detection concentrations of elements including lithium, stibium, arsenic,
beryllium, cadmium, chromium, nickel, selenium, thallium, vanadium, cobalt, strontium, molybdenum, silver, tin, barium, uranium,
aluminum, iron, lead, manganese, and mercury were 0.03, 0.09, 0.38, 0.03, 0.03, 0.63, 1.05, 0.39, 0.04, 0.05, 0.03, 0.03, 0.05, 0.06,
0.09, 1.16, 0.05, 2.36, 1.94, 0.85, 0.72, and 0.04 ng/m’, respectively. After the blank membranes were spiked with mixed standards
of aluminum, iron, and barium at 25.0, 50.0, and 75.0 pg/L., mercury at 0.5, 2.0, and 8.0 pg/L, and the other elements at 5.0, 20.0,
and 40.0 pg/L, the recoveries were between 74.3%-98.5%. The determination results for the two groups of quality control membranes
met the requirements on uncertainty. Moreover, the relative standard deviations ranged from 2.3% to 9.9%. [ Conclusion ] The
method is highly sensitive, precise, and accurate for determining the 22 elements in atmospheric PM,s.

Key Words: inductively coupled plasma mass spectrometry; element determination; PM. s; atmospheric environment

Bt Sk T AL R R, BLBhZE AR A R K i A
MEEHEAREZNERTEMAEA SR, B
Wi E TR PURI I PMys )HR =2 SR8 5 PH T
T X F B PMos 15 025 (Mn ), Bifi( As ), 85 (Ph)
Keig (Cr) 55, TEAZ5r 53k 3 T 88.8,9.43, 44.1 [
67.2ng/m**, KAIREEH PMos T 0 R AR 24, 14

DOI: 10.13213/j.cnki.jeom.2016.15540

[1EEEN 124 (1986—), B, wit, HEHG; Do hm . HEE K
B PAKI; E-mail: shadow_ne@126.com

[ 1EF BLL 11 SN PO BBl v DB, S 5260 5500045
2. St T ] O BAERE, ST SEEH 550002

JRE S - B A IR AN T I 2 S R, AR
IS — BRI RS L T RINIE PMos P2
FIOCER AR T 1%

1 M#R57H%
1.1 225

i CAP  HJEGH & %5 3 TR %Y ( Thermo Fisher
N, FEED); Medium-16008 %8 4l 7k HL( i F1 23
IR BRAE], I ); SB25-12YDTD B H A 7K 15 4%
(CH Z AR A ], HE ); 3-30KS AUy 0L
(Sartorius Sigma 2\ F], f&[E ); XS105DU #! 75 432



http://jeom.scde.sh.cn:8081  FREE 5T PE 4 (] Environ Occup Med ) 2016, 33(6) < 621 -

— - ( Mettler Toledo 22 &, EHi-1); TH-150C Hizs K
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MRAR JRLEE R 25°C, ARXTIREE R 50% ) F-fi5 24 h, B
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B 100 L/min, SRFERFIR] Ry 24 ho RREGE R K I8 ik
N R o4 e o ) =B s ML o VI
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it 0.8 L/min; %ﬂ:%ﬁ%'lf}*i 2.7°C; I*J*/%j]ﬂ/\jiit
TELMA G FHRBE: ARl ERIzN(STD ) 5 3hkE
R (KED ) 43 BeH

2 B#HR
2.1 AREVRE Au gk st R (Hg )T Ie a5 69 % 0a
{1 ICP-MS 5 SR T HR AL, — it
INABEE CBE S SV ROR I TR . i T ok 2
BRI B, i P A A T e R A e v L 22 A2 L
FURIRIEE S . Au P IRAE TG B R i
BV TR, ARSI Au IS AR A, il
FELI AT Aok X Heg AT Pk, 48 4 10.0 pe/L He
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®2 KMEOPEFEREXREY

TR X 1o AR By LB
HCTLL) H(*Se) $=20884.1437x+510.2192 0.9999
5. 1'Sh ) HH ("I ) $=14710.3770x+276.7510 0.9991
E(YAL) H(*Se) $=47.999 5x+249.2510 0.9995
fiff(7As ) A2.(¥Y) $=2757.965 0x+4009.553 1 0.9999
B (“Be) Fu(*Se) $=3997.9817x+5.5176 0.9999
Fm(ted ) HH("In)  5=5232.8048x+600.6138 0.9999
% (7Cr) H($Se) $=20692.5530x+23317.3484 0.9999
K (*Hg ) FRLC°Th)  $=6016.1202x+419.2945 0.9998

5 (2%Ph ) BLC™Th)  j=44125.3714x+216291.0277 0.9997
% (*Mn ) HL(*Se) $=34799.793 1x+14700.7028 0.9999
HCONi) H(*Se) $=5133.8303x+19043.9738 0.9996
il (2Se ) 4.(%Y) $=319.306 6x+6.3900 0.9998
£ (29T1) FRLCTh)  $=62870.6632x+3233.9356 0.9997
HLOV) B (*Se) $=2261.8790x+164.3439 0.9999
B (Fe ) HL(#Se ) J=87.2545x+704.6534 0.9992
4 (*Co) £ (*Se) $=23733.3353x+763.2260 0.9995
E(%Sr) 2.(¥Y) $=42923.3872x+9726.3873 0.9994
A1(*Mo ) 42.(%Y) $=7083.479 1x+111.2946 0.9998
FR(7Ag) HI("In)  §=29431.3273x+13029.2337 0.9989
(S ) HH(In ) $=15529.0454x+2726.2024 0.9984
HL(Ba) H("In)  $=8162.0418x+5001.0926 0.9997
(28U FRLCTh)  $=95825.099 5x+159.9004 0.9999
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6 PR ( pg/L) RIS

JLER
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F(YAL) 1931 848 ¥=17347.23x+352147.76 y=48.00x+249.25
HO'V) 1089 0.18 $=23344.52x+255492.62 =2261.88x+164.34
B (Fe) 4430 6.98 $=752.97x+33393.21 y=87.26x+704.65

[ |STD: ARl X KED: 0B iR,

2.4 Tk dIRk

g 12 UJRIE 025 B 115K, XF FIRzs g
S INAR EER 10.0 pg/L ¥ Li, Be, Cd. Hg. TL. V. Co.
Sr. Mo. Ag. UJCEIRAR 1.0mL; ZSHIHEEE A 20.0 ng/L Y
Sh. Sn LR IEAR 1.0mL; %S0V EE y 100.0 pe/L Y As |
Se. CrIGRIEFS 1.0mL; ¥ A1V E 4 300.0 pe/L 7 AL,
Ba. Pb. Mn. Ni. Fe JGZIRIR 1.0mL. $U)HI 5858 Hm
BT 0 B e BT AL 38 5 7 147 T kA 7 Ak
B, OB A P 5E A 113 8 RS AR 43000 E 11k, LA
3R ER 22 4E A ik R R, 10 AR 2276 K
TrdE R, TERAREUY 144 m’ B, &0 R K H
PR e s PR LR 40 P T 38T 22 RO 2 [ BH E i 75
3K, JCE AL Fe, Bafi B & T4, S806 IR 5k
LR AR AR T AN R TG R, (AR OT R A

T55R B BHARRG Y BR SR R R BBE , BB I R LB
PM, s 1 22 G AN E 1 R AU 20R

T4 FERHR, EEREQHRE (n=11)
EE MR KR (agL)  ERR (L) K (ngm’)

(L) STD 0.10 0.33 0.03
% (1'Sh ) STD 0.32 1.06 0.09
(AL KED 8.48 28.24 2.36
i (™As) STD 1.37 4.56 0.38
B (“Be ) STD 0.10 0.33 0.03
Hh(Med) STD 0.11 0.37 0.03
% (2Cr) STD 228 7.59 0.63
7k (**Hg ) STD 0.13 0.43 0.04
#5(2%Ph ) STD 3.06 10.19 0.85
% (55Mn ) STD 2.58 8.59 0.72
NI ) STD 3.77 12.55 1.05
i (*2Se ) STD 1.42 4.73 0.39
5 (2T1) STD 0.13 0.43 0.04
HLOV) KED 0.18 0.60 0.05
#(Fe) KED 6.98 23.24 1.94
4 (%Co ) STD 0.10 0.33 0.03
FH(%Sr) STD 0.12 0.40 0.03
(Mo ) STD 0.18 0.60 0.05
HR(17Ag) STD 0.22 0.73 0.06
£ (158 ) STD 0.31 1.03 0.09
H("Ba) STD 4.18 13.92 1.16
(>80 )) STD 0.19 0.63 0.05

[ % ISTD: ARl KED: 2has g,

25 FEEFEMNTLER

XoF H vE 4 R 4 5 GBW (E ) 080211, GBW(E)
080212 14 T ZH A [R) ¥k B2 1) o 45 B, 4 BRI 15 “1.47
FIr iR A BRS AN A, A5 WL 5. DU 45 R 2 o
FEUEME LK Ph., Cd, Mn AHEEER

RS BURIBIRMELR (n=6)

VST FRAE(E ANHE S MEE(x+5)
5.5 0.3 53+0.2
#i(Pb)
16.7 0.8 17.1+0.3
B 5.5 0.2 54+0.2
fE(Cd)
16.8 1.0 17.1+0.6
23.2 1.0 22.9+0.7
i (Mn )
69.3 4.0 70.1+22

X3 LU REHEA TG . rh e R AR [ S 5
X K A BR 5 i Y AL Fe, Ba il A TR A5 Mk B R 25.0,
50.0. 75.0 pg/L; X455 7 A SN ) Hg SR A
FRUEHE M 0.5, 2.0, 8.0 pg/L; HAME TR MAIR
FRASE M 5.0, 20.0. 40.0 pg/L, MELE R WFE 6, T
Jo 4 IS LU B D A X F UG E Ph . Cd Min 19 HERf 5
R BER A P AR 22 R T 2 BEAT AR [T
S 5 S (RS R Y R ly 74.3%~98.5% , P 5 etk
SIREE PMas H 22 Pl 2200 5 A 35 R K 31 45 ok B
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RRIRIER
F6 THIRREMIREIKERLER (n=6)

JLHR R EH (% ) Y BEZH (% ) L (% )
#(OL) 93.4 95.2 92.1
B ('2'Sh) 92.6 94.7 94.1
H(YAL) 73.4 80.6 89.3
Tl (As) 80.6 823 88.6
i (“Be) 90.3 94.5 93.2
FCed) 79.2 83.5 91.7
#(2Cr) 82.6 90.3 942
R (Hg) 82.7 88.9 98.2
(2Pl ) 82.3 89.3 94.6
% (*Mn ) 78.6 86.8 923
HR(ONi) 92.3 95.5 95.9
i ( Se ) 86.8 9223 94.6
EAGRD) 92.6 94.5 92.3
OV 95.3 96.0 95.1
2 (7Fe ) 86.7 90.2 914
£ (¥Co) 947 925 96.8
FR(%Sr) 89.7 92.4 93.5
4H(*Mo ) 90.8 98.5 94.2
H("Ag) 88.6 89.2 923
£ (15Sn ) 91.7 91.5 9.3
#1("Ba ) 85.8 88.7 90.2
i1 (P0) 923 96.6 935

26 FFEMHEEMNELER

F T RGBT, W — AR IR T T 8 4%
AYIE A TA TN RE , 22 Fh o0 200 5 A XS BR v O 2200 52
TEFEN 2.3%~9.9%, JiiF A BN PAR NG EE (R 7 ),

RT AEBRTENESER(n=8)

JUH W5E A (pe/L) HIxhREIR 22 (% )
BE(LD) 232 32
B (12'Sh) 4.82 47
H(TAL) 76.32 9.8
(A ) 8.16 7.6
5 (“Be ) 3.69 23
HRCMCd) 16.80 47
#(2Cr) 22.63 52
K (*Hg ) 232 33
% (2P ) 90.28 6.3
A (Mn ) 126.30 3.7
NI ) 88.91 24
il ( Se ) 24.30 46
A (2TI) 0.43 6.3
HLOWV) 1.17 3.4
#(Fe ) 4491 9.9
A5 (%Co ) 0.89 6.3
HE(HSr) 236 43
4H(*Mo ) 8.98 6.4
H(Ag) 0.41 8.2
£5(11%Sn ) 7.79 24
HL("Ba ) 23.64 7.9
H#h(280) 0.37 6.3
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