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Soluble of Metals within TSP in Shanghai

CHANG Yan', FENG Chong”, QU Jian-guo’, ZHANG Jing’

(1. School of Ecological and Environmental Science, East China Normal University, Shanghai 200062, China; 2. State Key Laboratory
of Estuarine and Coastal Research, East China Normal University, Shanghai 200062, China)

Abstract: The dissolution of metals within aerosol particles is meaningful to evaluate the bioavailability and mobility of metals. Total
suspended particles (TSP) samples were collected in Shanghai. We extracted the water soluble and acid soluble (pH =2) metals by
the mini-recirculation-leach-system and measured their concentrations by the high resolution inductively coupled plasma mass
spectrometry. The dissolution kinetics were rapid, the maximum solubility of metals could be reached in a few minutes. Overall, the
average water-soluble concentrations were low for Co, Cr, Cd, V and Ni, median for Cu, Pb and Mn and high for Fe, Al, Zn and Mg.
Combine the soluble metal concentrations with the back trajectory, the original air mass had significant impacts on water soluble metal
concentrations. The water solubility and acid solubility were different for various metals, the water solubility of Fe was the lowest
(2.0% ), others followed an order; Al, Cr, V, Pb, Co, Ni, Cu, Cd, Mn, Mg, Zn. The metals’ solubility was increased with the
decrease of the solvent pH value. While the chemical speciation of metals was the internal cause of metals’ solubility, the metals’ionic
potential and the water solubility was negatively correlated.

Key words : TSP ; mini-recirculation-leach-system; water soluble and acid soluble metal concentration; the solubility of metals; high

resolution inductively coupled plasma mass spectrometry
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1.1 FEACRE

KA R BCE A b PR X AR AR I R A R
HUFERERE T (120. 398 8°F, 31.227 5°N, 24 m) , JH[#
150 m NI%A LYY, R E R 1.00 m® -min ™'
KC-1000 #! TSP RACRFERS (F S5 LI HL a2
AR 7E 2007 4 6 32009 43 AR, & H
KA TSP KA 5 ~8 A, 3631103 4~ REEBCNFLIE
0.40 wm [ZRERIRERIE , ff FHETSEAE pH =2 ByFhie
B 24 h, Z )5 H MQ 7K Pk 2 rh Pk 45°C HE T FR .
HABCRFEE L S h 406. 8 em® , RFERTE] 2924 20 h,
TESERFRRTR V25U K BRAE AR N (45°C) E T2
PR A TSRS TSP W (pg-m ™).

1.2 FESh AT
1.2.1 TSP & JEn &

BRI 174 BT R UG 2.9 ( PTFE ) TH AL HE,
JIIA 4 mL HNO, (258, K I EZE) +2 mL
HF (EZ54EH) +1 mL HCIO, ( E 258 1) | F& ot
A e E 120°C A 5 ~8 h, AR5 H 1 mL
HNO, 1 1 mL HF ¥4#£ 5 7% 7% 31 PTFE % 4111 fL i
o, TR T 180°C i —2B VAL 48 hy R HIE K
T A% ] i i 1 9 AR  ZE AR 78T B A 1
mL HNO, 3Kt HF; 55 1] 3% HNO, #2452
50. 0 mL, A YI5) 5 I e W rh 4w vk B, 5 mT
13 TSP &8 B & i C(pgem ™).
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()IH5EAS TSP h &R K (Cy ) . FR(C,) T &
(pgrm™).
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Fig. 1 Mini-recirculation-leach system

(adopted and improved from [24])
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Table 1 DLs of metals in HR-ICP-MS and the leaching procedural blanks and precision

P A R R RS I (n =6) /pg-L™! WIS P ATE RSD(n=5)/%
- x1073/pg-L~! MQ HCI MQ HCl
Al 0.70 0.11 0.57 5 10
Fe 1.1 0.05 0.71 6 7
Mn 0.57 0.27 0.30 1 3
Mg 0.36 2.9 2.1 3 4
v 0.19 0.0022 0.010 3 5
Co 0.21 0.004 1 0.011 3 2
Ni 0. 60 0.27 0. 46 3 9
Cu 0.55 0.15 0.22 1 3
Cr 0.19 0.031 0. 091 6 9
Cd 0.18 0.043 0.053 5 5
Pb 0. 42 0.001 1 0.11 7 3
Zn 0.35 1.8 2.2 4 6

1) ARG RO 10 YO E 2= FERY 3 A AR ififh 22
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2)) 43 59038 3o 05 B A AE TR LA 1.6 mLemin ™' Y3
HANWTHE A 6, DAt K T A 4 — 5 B )R] R (3
0.9 mL-min ™", X F A [R] 30 26 T 43 J B ¥t 4 1.
I 5 2% I [R] BN IR Y s Jm vk ¢, BRRRUR 5
e, M, iR E R RREMIE S (%) [ A5
(2) ]

S(%) = > €/Cy x100 (2)
i=0
1.2.4 =5 B i BRI 5 45 B U O DU 2 4 )
W

I FH 153 53 0 28 H B 5 4 8 1A BT 1% X (HR-
ICP-MS) (Element 2, FEIE AR, P 4574k
HGHEMIART 48 Mg, AL, V., Cr, Mn, Fe, Co,
Ni, Cu, Zn, Cd Fl Pb By B, &t PR ULER 1,44 4%
M TAESELER 2.

%2 HR-ICP-MS {3 TIESH
Table 2 Operating conditions for HR-ICP-MS

TAESH BOEH
24 51 52 55 56 59 60\: 63

H M ~4 000 66Mg, Vv, >*Cr, >>Mn, *Fe, > Co, *’Ni, *Cu,
Zn

RS H~300  TAL, M Cd, 2Ph

R 16. 00 L-min ™'

FE A = 1.05 ~1.10 L+min "
i Bh A 0. 80 ~0.90 L-min "
LIp IR 1085 W

HERE A 50 wL-min !

2 HER545th

2.1 TSP H&JRMK, RIS &

TSP @K, Bl & UL 2, Co, Cd
M Cr AR AR AL T 10 pg-g™' ,Ni, V Fl Cu 4b
F10 ~100 pg-g~ ' ZIH],Fe, Mn, Pb, Zn, Al fil Mg
I 100 pg-g™', Hi Mg KAl & L 2= ik
3700 pg-g'.
2.2 TSP W& R MR

TSP 4 Ja WU i B (S) & — P e e X, B
AR (Cy) B EEE (C,) AT B> i i
AN (3) AT 53 A5 B K i BE ( Sy ) TR W ik i
(Sy):

S (%) = Cy/Cy x 100 (3)
o, C 4398 TSP &8 IK (Cy) . BR(C,) AT
woe.

LR ILIE 3, TSP g Jm 1380k | RV R RETE
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Fig. 2 Water (Cy) and acid (C,) soluble

concentrations of metals in the TSP

Bl 2 2% ~66% 1 5% ~50% , 34 /K 7 it 1 Kk
INIBF R Fe (2.1% ) <Al (3.8% ) <Cr (6.1% ) <
V (23% ) <Pb (27% ) <Co (29% ) <Ni (33%) <
Cu (37% ) <Cd (42% ) <Mn (49% ) <Mg (50% )
<Zn (65% ). “V-ITR T B 55 KV A B ka3 0
AAEIT , WA 25 5, BR Vs il B2 /N AR I Ty oy Al
(5.1%) <Cr (5.2% ) <Fe (5.3%) <Co (11% ) <
Ni (14% ) <Cd (15% ) <V (16% ) <Mn (17%) <
Zn (18% ) <Mg (19% ) <Cu (32% ) <Pb (50% ).

100
B S
F77] Sw
oL W
- 60 - //
5 7
40 |-
20
,

Fe Al Cr V Pb Co Ni Cu Cd Mn Mg Zn

B3 TSP H&ERIRMHEE Sx
Fig. 3 Solubility (Sy) of metals in the TSP

TSP "' Fe 7K i BE fe/IMXUH 2. 1% 11T Zn 7K
fi PE IR 65% , FETT A I 30 245, ZFh & Jm i i
FE2 SR, TR R R T R A ER. KX
WokL Pk A 42 8 F B UL A R TR T,
ALY | BREREL | B IR 3 Bl 20 S Ak 4 7 R AT I
Mg e A, &R E TR 20 5
IR IR EA — B A (L 4) . &8 i 3%
K, AR AL RE Ty B | T2 A AL & 340 1 ]
R AR, PR I K A 2 DN, LA il B S Ak
Yy IREE A 56, a-Fe, 0,7 7 45 AR S B SU4A ML
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Mn( I1) EE3hn, DR s e BE S . Ph B9 /K
+ TR R R HEE 80% | MEVRTR AL £ 20% , F2 %
7 PbO"* 3% 5 Tan % I XAFS U il KA
TSP ' PhO /7% 229% ' MW 4. AT PhO 5 7F
SO, . C1™ YE H F#5 4k R PbCl,, PhSO," > 34y
PhCL, BB T K. PRI KA A ] A s 4 1Y)
FEAETEAS NI R 4 (R s A i 7%

100

C
0 ! I ! %J GIAI
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Fig. 4 Water solubility in the TSP and ionic potential ( Z/r)

2.3 TSP &R sh il #2

SRR BE S, 15 b I I [) R A 7 R (1.6
mL-min ™", 0.9 mL-min ") AU RUNIK 5, K& AL R Hy
WREES ] ¢, 1 35 min 50 MQ, J5 35 min BCHH
HCL; PAAA5R S, , RERAT R R 3. P85 1% 30
OB FI N 1.6 mL-min "B, F MQ BRI K AH
i G R AR AR R B A ) AR A T R
1%, B2ULFR 05 11 S, B, BFL1S min(0 ~ 15
min) 7 ARG 5 U B BE B IR B TS R Eh A
. AkSEOH R HCL BDRR AR, 42 )8 s i An Ak 4
PG IKAAIEAR —F, (H T B 25 min(35 ~60 min)
A BEIR BN SN, KA LR AH 2K 2 8h 2557 i e 75
(RS T] /D 33 55 4 T P A G, B A AR AUk 2% 1T 11
&8 Zy U AETK AR RS PR | 55 R
TRGERG 25 G R BB, T B T IS E A, A
A 4 i P AR R 0.

%ﬁ*ﬁﬁ%ﬂ?ﬁ,/ﬁﬁﬂoﬁﬁﬁ 0.9 mL-min " , 4
JRAE IS5 1.6 mL-min ~' I AR, BT K AH 4
& SRR TR /N, 3R BN Sh AP (R g4 (2
P IR + FRAH” 1 i & BRUR R FEBR Fe AP 3EAC
ek, GBS G W0 IRSS A O, Ok
Y0 A AT LA B REFE KA Hh Pk
VA, AL T FAHIC” 28540 v ) B DU 5 22 5 3 79
JIEVE A B 2020 7 2 R i s A R
5 R L 4 A R AR A DR fef A5 I i T
P 53, (AR pH (EREACS , 75 207 H EL i
TORE ) ZEAE DT PR R 5 4 i, PRI I 5% 3 2 T 1
PNZ AN RE S ) i 26 1) SRR e 2 R/ N, L RESE
KBSl )2 - T s 1] AR Ok ek
M FEEIE RN a-Fe, 0,75 Al | Bl 76 58
PR %A, LT 20 I R IR ZUAE FH A Be A i, DR i
BB Fe 1Y REUAME BN, B2, K
TSP th g @ s e — P i #E AR L Bh
G ReEalbes (i SN A A T e PN e
gé:%#ii[ﬂ, 26, 44] .

TR BE(E (pH =5. 6) AT RAE KRS TSP 14 )8
AP AR B, X4 Jm Z b AR R AT
FEMEDR ;<K + TR VA ARIE (pH =2) iR & Jm i |
PR, 3350 4 Ja ELAT VAR AR R A RS R k.
RIRAKAK pH — M AB B B2 4 ~ 9, D EUE &L pH
AR E 2197 BT RAAR SCR AU 57 pH (B TS (2 ~
5.6) , AT LAREAAL {48 L KA TSP Hh 4@ i
FEA IO, B Ry 46 i 1 2B ) R R A 855 G B PR AR AL
—NEEE. H MQ FIff HCl 3E S50 425 TSP
SRR BRVTIE S, AN S %50 pH (EM 5. 6 F%
3] 2,Pb, Al Fil Fe Wit 3 il U3 K 34 | 3 Fa
4.5 f%; Cr, Cu Ml V @ ERG R Y 2 £%; Zn, Co,
Mn, Cd, Mg Fl Ni AU R 1 524, )83
fiff FEE B2 7] pHL L PRI/ T 186 A, G o 2 3 AN ]
SEATHTARIE R4 70 Ph . AL Il Fe ¥ fif i X
T pH A KIS, pH B IS 1T 75 A 23S K5 Cr,
Cu MV A2 pH (E 52 W AR BRI H /N, 1T Zn
Co, Mn, Cd., Mg F1 Ni ¥ B 32 pH {H 52 W &5/
G amrK ., RS, vTLIF 1 AL Fe 7K
VA BE A, Ho A= W ) FH M B R B3 3 A MR AT He g
55, AN ARG AET FERE R AR, AL FI Fe
TRV ik S (R /K + R VS A 3 AN B ok
10% , KLt AL F1 Fe 78 558 i 78 8 P L AL/
Mg, Mn, Cd, Cu, Ni, Co fl V ZK¥ it & 4b T 20%
~50% , ELA — & A W R TV R BR85Sk T
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Fig. 5 Accumulated solubility (S,) of metals at a certain period under different leaching rates
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