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Abstract The benzene polycarboxylic acid BPCA method is an important molecular marker

method for black carbon and dissolved black carbon quantification while the separation and
quantification of benzene polycarboxylic acids and nitro-benzene polycarboxylic acids are the
key process. In order to use mass spectrometer to solve the issue of identification of benzene
polycarboxylic acids and nitro-benzene polycarboxylic acids due to the lack of the standards of
some of the target compounds a liquid chromatography-mass spectrometry method was pro—
posed. It made the experimental procedures easier and faster than using the gas chromatogra—
phy mass spectrometry and would promote the use of the BPCA method. A Phenomenex Syn-—
ergi Polar RP column was used. The digestion productions of black carbon and dissolved black
carbon were gradiently eluted by the mobile phases of 0. 5% v/v aqueous formic acid solution
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and methanol with the flow rate of 0. 5 mL/min at 35 C. The determination was conducted by

an ion trap mass spectrometer in negative electrospray ionization ESI mode under full scan

and selected ion monitoring SIM modes. Simultaneously the three-dimensional ultraviolet

spectra were collected by a photo diode array detector. The LC-MS method was proved to be

suitable for the analysis of environmental black carbon and dissolved black carbon.
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Table 1 Separation results of benzene pentacarboxylic acid and benzene hexacarboxylic acid with different columns
Column type Company and brand Separation result
Non-polar end capped C,5 column Waters Sunfire C,q nearly no retention not enough separated

C,s column stable in 100% aqueous phase

Penta-fluoro phenyl column

Porous

Non-endcapped C,; column

Etherdinked phenyl phase with proprietary

Waters Acquity UPLC BEH C g
Thermo Hypersil Gold C g

Waters Acquity UPLC HSS T3  weak retention not enough separated

Thermo Hypersil Gold aq

graphitic carbon column Thermo Hypercarb

hydrophilic endcapping

Agilent Zorbax SB-C

Thermo Hypersil Gold PFP weak retention not enough separated

too strong retention hard to be eluted

not very well separated with 100% aqueous phase 1.8%
formic acid-5 mmol/L ammonium formate water solution

Phenomenex Synergi Polar RP  well separated with 95% aqueous phase 0.5% formic acid

water solution
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Fig. 1 Chromatograms of benzene polycarboxylic acids

and nitro-benzene polycarboxylic acids stand-
ards by a HPLCPDA A=240 nm and b
HPLC-MS

For peak identifications see Table 2.
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For peak identifications see Table 2.

Table 2 Retention times and selected monitoring SIM

ions of benzene polycarboxylic acids and nitro
dinitro -benzene polycarboxylic acids

Retention B
o. {ime,/min M-H Compound
1 5.0 341 benzene- 2 3 4 5 6-hexacarboxylic
acid” T
2 6.0 298 3-nitrobenzene-1 2 4 S-tetracarboxylic
acid”
3 6.9 297 benzene-l 2 3 4 5-pentacarboxylic
acid” T
4 8.4 298 S-nitrobenzene- 2 3 4-+etracarboxylic
acid”
5 9.3 299 dinitro-benzenetricarboxylic acid
6 11.4 254 nitro-benzenetricarboxylic acid No. 1*T
7 11.6 253 benzene-l 2 4 5-etracarboxylic acid” T
8 12.8 253 benzene- 2 3 4-tetracarboxylic acid”
9 15.9 254 nitro-benzenetricarboxylic acid No. 2*T
10 17.2 254 4-nitrobenzene- 2 3-ricarboxylic
acid”
11 21.2 253 benzene- 2 3 S-tetracarboxylic acid”
12 23.1 254 nitro-benzenetricarboxylic acid No. 3*7
13 287 209  benzene-l 2 4-ricarboxylic acid” *
14 30.0 209 benzene- 2 3-ricarboxylic acid” "
15 319 255  dinitrophthalic acid No. 1*
16 33.1 210 3-nitrophthalic acid”
17 36.7 165  phthalic acid”
18 388 255  dinitrophthalic acid No. 2*
19 408 255 dinitrophthalic acid No. 3*
20 41.7 254 S-nitrobenzene- 2 3-ricarboxylic
acid” T
21 42.5 209 benzene-1 3 S-ricarboxylic acid
22 44.7 210 4-itrophthalic acid
23 57.9 241 biphenyl2 2'-dicarboxylic acid

carbon and dissolved black quantification.

* Compounds have standards. # Compounds have isomers
without confirmed structures. T target compounds for black

M-H - the mol-

ecules lose one H and form fragment of M-H ~ by negative

electrospray ionization.
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Fig. 3 Mass spectra of representative compounds of benzene polycarboxylic acids
and nitro-benzene polycarboxylic acids
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Table 3 Calibration curves and regression coefficients of benzene polycarboxylic acids
and nitro-benzene polycarboxylic acids standards

Compound Regression equation r
Benzene-l 2 3 4 5 6-hexacarboxylic acid Y=0.663X-0.00979 0.9999
Benzene-l 2 3 4 S5-pentacarboxylic acid Y=0.569X+0.00307 0.9990
Benzene-1 2 4 S-etracarboxylic acid Y=0.637X-0.0982 0.9995
Benzene- 2 4+ricarboxylic acid Y=0.896X+0.115 0.9992
Benzene- 2 3-tricarboxylic acid Y=0.471X+0.0726 0.9953
Phthalic acid Y=0.800X+0.00869 0.9994
3-Nitrophthalic acid Y=0.594X-0.0556 0.9999
5-Nitrod 2 3-ricarboxylic acid Y=0.672X-0.0839 0.9997
Benzene-1 3 S-ricarboxylic acid Y=0.609X-0.0685 0.9998

Y the ratio of target compound mass concentration to internal standard mass concentration X the ratio of target compound peak

area to the internal standard peak area.
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