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Abstract: It is of great significance to analyze the heavy metal speciation and identify the organic
compounds in soil. By now, the most of existed methods can not be used for simultaneously
analyzing metal-containing compounds and organic components, which require tedious sample
preparation and offline separation processes before detection, increasing analytical errors and
lengthening analysis time. Herein, based on our previous research, a novel electrochemical mass
spectrometry (EC-MS) device was fabricated for online sequential qualitative detection of metal
species and organics in soil without sample pretreatment. Firstly, the components were divided into
four species, including water soluble, lipid soluble, insoluble and oxidable speciation, and then
dissociated by extraction, reaction and electrolysis online. Ultrapure water and CH;OH were
employed as eluents to extract water-soluble and lipid soluble species, respectively. EDTA-2Na

(CH;OH:H,0=1:1, V/¥) solution was used as reactant to dissociate insoluble speciation by chelation.
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For oxidable speciation, the electrolysis was applied to transform the elements into ions using EDTA-
2Na as an electrolyte. Then, the dissociated components were mixed with different charged reagents
to form ions for MS detection. For example, the produced inorganic metal ions reacted with EDTA-
2Na in situ to form metal-EDTA chelate, the polycyclic aromatic hydrocarbons would chelate with
Ag” to form Ag'-PAHs. For organic compounds, those were easily ionized, would be charged with
CH;OH directly. Finally, the charged ions and chelates would be transferred for ESI-MS detection in
real time under negative and positive ion modes, respectively. The soil sample collected from
farmers’ own vegetable fields in the suburb near the roadside was analyzed by EC-MS. The results
showed that the soil sample contains water-soluble Mg, Cr, Ni, Zn, Co, Cu, Al, Pb, urea and various
organic amines, lipid soluble carboxylic acids, insoluble Ni, Cr, Pb, and oxidable Cu, Pb. The heavy
metals in the sample may come from animal and plant waste, the settlement of road dust and
atmospheric suspended particles, etc. Amines may come from urine, pesticides, biological tissues, etc.
And the presence of organic acids were related to organisms. It indicated the potential of EC-MS for
the rapid qualitative species detection of heavy metals and organics in soil. This method can solve the
problems, such as low sensitivity, long analysis time, complex pretreatment operation, large sample
dosage, and complex operation process, which can provide a strong technical support for
environmental assessment and environmental governance.
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Fig.1 Schematic diagram of EC-MS device
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Fig.2 Analysis of water-soluble speciation and organic compound in soil by EC-MS under negative ion mode
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Table 1 Organic acids in soil by EC-MS under negative ion mode

i Species F HLIR Organic acid 4372, Formula JEfr ke (m/z)
TR IR TR Rt CH,(CH,),,COOH 199.3
= kiR CH,(CH,),,COOH 2133
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T HLERR CH,(CH,),;COOH 241.4
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TLhe CH,(CH,),sCOOH 269.5
RWAYSHL CH,(CH,),,COOH 283.5
RS CH;(CH,),,COOH 297.5
B Y 14 CH,(CH,),;COOH 311.5
B e i 4 CH,(CH,),,COOH 325.6
AR IR BRI R C,;H;;COOH 281.5
FANBRI R C,sHCOOH 267.4
TR IRTR C,;H;,COOH 279.4
HIFIBURR cm HCOO(CH,),COOH 145.1
B HCOO(CH,);COOH 159.2
By HCOO(CH,);COOH 173.2
T HCOO(CH,),COOH 187.2
AR KR C¢H,(COOH), 165.1
FHEER — TR CH,C¢H;(COOH), 179.2
w = R C¢H;(COOH), 209.1
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Fig. 4 Analysis of insoluble speciation in soil by EC-MS under negative ion mode
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Fig. 5 Analysis of oxidable speciation in soil by EC-MS under negative ion mode
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Table 2 Analysis of different forms of metal components in soil by ICP-MS

it Concentration/(mg/kg)

¥ Sample

Al Mg Co Cr Cu Ni Pb Zn
KGR 39.280 3.000 0.744 0.600 0.120 0.512 0.400 0.200
MEE LR — 8.800 1.424 0.432 — 0.336 2.096
AL SR — — — — 2.520 — 3312 —
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