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Determination of tin and its compounds in ambient PM, ; by atomic fluorescence spectrometry
after ultrasonic extraction with concentrated hydrochloric acid WANG Liyal'z, YUAN Jinhua’,
KONG Lu" (1. School of Public Health, Southeast University, Nanjing, Jiangsu 210009, China;
2. Nanjing Center for Disease Control and Prevention, Nanjing, Jiangsu 210009, China)

Abstract:

[Background] Tin and its compounds can cause serious harm to human respiratory system and
nervous system, but there is no corresponding national standard method for the determination
of tin in PM,.

[Objective] To establish a method for the determination of tin and its compounds in PM, s by
atomic fluorescence spectrometry (AFS) after ultrasonic extraction with concentrated hydrochloric
acid.

[Methods] We extracted a fixed volume of air at a constant speed through a sampler with preset
cutting characteristics to trap PM, in the ambient air on quartz filter membranes. By selecting
extraction solvent, comparing extraction temperature and time, and adjusting the acidity of
solution to be measured, the sample pretreatment process was optimized, and a method for the
determination of tin and its compounds in PM,¢ by AFS was proposed, and its performance
indexes such as linearity, detection limit, and lower limit of quantification were obtained. The
accuracy and precision of the method were evaluated by the standard addition recovery test
with blank quartz filter membranes, and the interference test was carried out by adding
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standard urban particulate samples. The proposed method and the method recommended by the “Handbook on Monitoring and
Protection of Air Pollution (Haze) Effects on Population Health (2020)” (the Handbook) were applied to actual samples, and the results
were compared.

This experiment used concentrated hydrochloric acid as the extraction solvent. The higher the reaction temperature and the
longer the reaction time, the higher the recovery rate. Therefore, 70 °C water bath ultrasonic extraction for 3 h was selected. In terms of
the proposed method, the linear range of detection was from 5.00 pg:L™" to 50.00 pg-L™, with a correlation coefficient =0.999 and a
detection limit of 0.27 pg-L™. When the quantitative detection of the lower limit was 0.90 pg-L™, and the sampling volume was 144 m’,
the limit of quantification was 1.25 ng-m. The recovery rate of standard addition of blank quartz filter membranes was 94.1%-97.5%,
with a relative standard deviation <3.2%; the recovery rate of standard addition of standard urban particulate matter samples was
93.5%-103.0%, and the relative standard deviation was <2.1%, indicating that coexisting components in PM, s samples would not affect
the determination of tin. For the 10 quartz filter membrane samples of PM, s monitoring, the results of tin by the established method
(extraction with concentrated hydrochloric acid) were higher than those of the Handbook recommended method (extraction with nitric

acid), and the difference is (3.61+0.54) ng-m>(t=21.303, P < 0.05).

The established method for the determination of tin and its compounds in PM, by AFS after ultrasonic extraction with
concentrated hydrochloric acid is simple, accurate, and suitable for laboratory determination of tin and its compounds in large quantities

of PM, s samples.

fine particulate; quartz filter membrane; tin and its compounds; concentrated hydrochloric acid extraction; atomic

fluorescence spectrometry
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B asfp 1/8sTEHEREEDN6A, BHSH
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ERIATRA D #2519 5% 4%, 3% 2%H] 1%B9FF Ko
IR EEARFNRFHHNRERE 30 ugL s
®1 FEAFUREREERNSG AT
Table 1 Design of method for selecting acidity of
sample solution

TR HURBEE SRR
A3 ,z?g(ﬁ) RN ‘zgiﬁff s gﬁff R
1 30 1 30 10
2 60 2 30 5
3 75 2.5 30 4
4 100 10/3 30 3
5 150 5 30 2
6 300 10 30 1
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ERSE: 8 mm; IREXBT(E]: 20s; JEATEYIE]: 3 so
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R IRE RIS, TEERERIATR D409 3%BY 2R oRE
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1584 1 15, BEMERENSRSIL, KA BERT
B4R AL, A3R303%HF 20 gL FAS LR,
1.7.3 NEEZHptE WER, BFRAhEEN
ITEREE, FERHENS, BEUFERANT
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%M fAasE 260V, JTEIR 20 mA, SEIREY(E] 3, 13

LREYE) 20 so FEULSRMT, IS RISTRAIR S IELE
72, B SRIE K,

1.8 LIt

LUHTH 3% (AT 90 80 SR A RN TER R Ef
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MEBARBNBESDER MERVRERENRN
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113 FirFEDH

TFEHUE x + s3R1, 4B EL R B ESST ¢ 1030,
S FH SPSS 23.0 SYEIBHTT M, IR AE 0=0.05,

2 #R
2.1 RREFEFEE

RECRE. R EXEIRENEMERSER
ITFEEX(P<0.05), BZELERXEIEA(P>0.05), M
R2ERUEHRMNEE#SS. RN E#E, MG
WEHS, FILbASLI0%ERE 70 °C. 3 h fEARIEE M

R 2 RECREM RGN ERERARME (x + 5)
Table 2 Effects of reaction temperature and reaction
time on recovery (x + s)

BA{I(Unit): %

] R RIBi8)/h
REGRE/C
0.5 1 2 3
25 88.5+0.87 86.7+1.15 86.8+1.61 91.3+1.04
50 92.2+1.61 92.8+1.76 93.3+2.89 93.5+1.80
70 92.7+3.25 95.0+1.73 96.2+3.55 99.0+2.78

2.2 FFNRERE
£RIE 1R FIREBBRETR 288 10%
BY, BN G 38.4%; RENRERFRIATR 2800 5%ET,
BINEABE 76.3%; SFFNRERRARRD N 4%~2%
B, [EIURERTE 98.7%~103.7%2 18]; M43 %& £h BL (470
DEFERS 1%EY, BIUE TREZE 85.6%. ALk, HIRTE
HENERHRAUGER O EREHHIRES HERK
B, A" AR P BV ERBR A RR D BT HITE 4%
HTMRE
110
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Figure 1 Effect of acidity of solution on recovery

23 HRESIRERL

NERAREELES 11 TMTERTEAR, &
NEBBEFHHITNE, NI B RS HIQ LR
0.27 ug L (AR AEREN 3 ), iTERFZ A EEERH
TBR9 0.90 pg-L (10 EERE) ; IR NARE
R 25 mL, RIFETR 144 m*(CREERYE] 24 h, REFRE
100 L'min™) B M RERHEN 1.25 ngm™ £
RUBITERHT, (NERE AN ERLESEE N
5.00~50.0 pg-L ™", BIZE /572 f=18.984C+0.638, HH f K
RIRE, C RRRE, -BXFRE r /9 0.9998(>0.9990) ,
HERNEK,
24 MTEIRESKEEE

THAREEREFEHBARKRERERTKELR
(<0.27 gL, =MINARFRERE K4 T BIINARE UL
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) 94.1%~97.5%, BAEXTHRE R ZE (relative standard
deviation, RSD) <3.2%, Z5R 3K 3,

& 3 THARBEMREWERRAENRERE
Table 3 Standard addition recovery and relative standard
deviation of blank filter membranes

DIARBREREE /(ug- L) MEE/ (pgL™) EIUg /% RSD/%
10.0 9.41 94.1 3.2
20.0 19.5 97.5 2.7
40.0 38.4 96.0 1.8

2.5 Fiidiass
BEFRAMNEERVLERTHARRERE]
B9 53.5 ug'L ™, WERBER DB RPN K
[RFIIEN 133.7 ugkg o MNAREE SN S ENRARE
EREISE, SYRINAMEREIUNRER K 4, A
75> W BHKAIATERE S IIAREIRER /T 93.5%~103.0%,
RSD<2.1%, Bl PM, s ETEZER IR HEINE

R4 WHFRYIARERE @Y RN E R FILI0LE
Table 4 Interference test results of standard urban particulate
matter to the determination of tin

485 INAR{E/ug Bl {E/pug Bl =E/% RSD/%
B 0.50 0.47 94.0 17
- 1.00 1.03 103.0 1.7
) 2.00 1.87 93,5 2.1
2.6 PM,; MEMRLERLER

ERRIN A ENE PM,; SSPRMES, ER K 5
BRRATIRHITENY t I, FRERALI AR
WELERIBET (FM) 5%, EEERSSEINERE
Z 79(3.61+0.54) ng-m(t=21.303, P < 0.05) , it BA R £h
R RIALM T 5%EERR 1R,

&5 PM,; ARIERGHINELSRLLR

Table 5 Comparison of determination results of tin in PM, ¢

Mame PESrN ZEEE%'@EE(?ZQ%??% E) «%Eﬂﬂ» 7‘555(5%@2:5%%)

A/m? MESE/(ng:m”) MEE/(ngm™)
1 138 5.86 2.72
2 138 6.61 3.06
3 137 7.71 3.70
4 138 6.26 2.51
5 138 3.74 0.97
6 138 4.61 1.54
7 138 6.26 2.06
8 132 7.88 3.61
9 132 7.82 3.70
10 132 5.72 2.48
tP) 21.303 (<0.05)

3 318
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B ERENN B- B, XLITE L AREERA
FR®, M AR A4S RAVIR R
BRACEYEECERER. B(5) &8t
BEE, BERENRIBERT, SRMERFKEEER(E
BRI RIAMER Sn(S0,), F sncl,"”; $BEYELHTT
PUBTFIRIGER. ATERAHGCRERER™; Sl
EHR SR - BERERNKRER P BRI
BN, ANEFRRBOERANKRESS 27
ERBEMTREER FRANER, F A0 1EEF
KRR IENZIRAFINE PV, FEVSEMENEY.
Foh, BAREZIMHFNEF R ANBFFNRERE
EEmMT HRNER, BERFEGENRP AR
D 2%~4%BY, AIUREHENLRER, RET
SRS B R E R 51248, BRFRINEHTT
=0, BEABERECYHNRESTELLERE, ™K
EHEMERENFREE, HEES KIHD /N,
BARETER AN, ErNE LS REIUWZERIK.
AR KA RLBRINABE RIENANEEE
MR B RETH CEMERLES PR RN
IERNERRK RE T HENERE, EBT
PM,, ARIERF B REMESYRNE, Z5 AR
EEERE, BEER, BB ELRREAMELIER
mAIE R,
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