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Analysis of benzene polycarboxylic acids as molecular markers of dissolved
black carbon in water using gas chromatography-mass spectrometry
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Abstract: The benzene polycarboxylic acids (BPCA) are commonly used as specific molecular markers to quantify
dissolved black carbon (DBC) in water. Nevertheless, further optimization of the BPCA method is still needed
because of the lack of set standards, especially those on nitro-benzene polycarboxylic acids. This study develops a
gas chromatography (GC) method coupled with mass spectrometry (MS) for reliable separation and quantification
of BPCAs without standards. Phenanthrene-D10 was first used as a substitute for DBC to correct the loss during
the quantification of DBC by BPCA method. The method validation showed an excellent quantification
reproducibility (RSD=10.34%). The method detection limits (MDLs) for specific compounds were in the range of
0.67-5.38 ng/L. The established method was proved to be efficient via measurement of DBC distribution in the
surface water samples collected from the Daya Bay, the concentrations ranged from 30.38 to 46.19 pg/L with an
average of (38.93+6.17) pg/L. the distribution also showed a decreasing trend from the inner bay to outer bay.
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Fig.1 Extracted ion chromatogram (EIC) of benzene polycarboxylic acids and nitro-benzene polycarboxylic acids obtained

from standards (2560 pg/L) and a water sample

1-3-NO,-B2CA/4-NO,-B2CA; 2-D3-3-NO,-B2CA; 3-1, 2, 3-B3CA; 4-1, 2, 4-B3CA; 5-BCA; 6-NO»-1, 2, 3-B3CA-1; 7-NO>-1, 2, 4-B3CA-1; 8-NO,-1,
2,4-B3CA-2; 9-NO»-1, 2, 3-B3CA-2; 10-NO»-1, 2, 4-B3CA-3; 11-1, 2, 3, 4-B4CA; 12-D2-1, 2, 3, 4-B4CA; 13-1, 2, 4, 5-B4CA; 14-1, 2, 3, 5-B4CA;
15-D1-NO,-B4CA; 16-5-NO»-1, 2, 3, 4-B4CA; 17-B5CA; 18-B6CA

40F g 11
FbstEa-TIC 550 00)
266.00 (1.00)
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S 33 (
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= L
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t (min)

B2 Sebrokte HARYIY GC-MS B 1 (i /&

Fig.2 Total ion chromatogram (TIC) of benzene polycarboxylic acids and nitro-benzene polycarboxylic acids obtained from a water sample
1-3-NO,-B2CA/4-NO,-B2CA; 2-D3-3-NO,-B2CA; 3-1, 2, 3-B3CA; 4-1, 2, 4-B3CA; 5-BCA; 6-NO»-1, 2, 3-B3CA-1; 7-NO,-1, 2, 4-B3CA-1; 8-NO»-1,
2,4-B3CA-2; 9-NO»-1, 2, 3-B3CA-2; 10-NO,-1, 2, 4-B3CA-3; 11-1, 2, 3, 4-B4CA; 12-D2-1, 2, 3, 4-B4CA; 13-1, 2, 4, 5-B4CA; 14-1, 2, 3, 5-B4CA;
15-D1-NO»-B4CA; 16-5-NO>-1, 2, 3, 4-B4CA; 17-B5CA; 18-B6CA
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Fig. 3 Mass spectra of benzene polycarboxylic acids and nitro-benzene polycarboxylic acids without standards extracted
from the chromatogram peaks of a water sample

Kno,-B*ca=(Kno,-2ca/ Kpaca) % Kpxca

(Hid* o 3. 4, K MR AEdT LR 5R)
2.4 BPCA 5 DBC WEEHE
IR 2R TR I JE R 22 R IR 1) 5 T 22 i 6 i DBC
. Glaser ef al"5@ 1T BPCA 43 HriE M me fiA
%, 193] BPCAs-C 5 BC Z A6+ 4 2.27,
Ziolkowski et al.?YF|FH 9 FF PAHs FrfE MY,

X2 F A, RAERE D RS 1,2, 4,
5-BACA Frife fty A RS i il 2 A7 5 8 T X T B k2D
T M AR ity SCBEAT TR 73 S R A AL 5 T A o i P i
BERZRRAAY, Wit 3-fEA R iR 544K
PR R AR R LA TR AR 22 FR R M 4
ARFARTT B G IO i R R 2 R TR P RS R R, X
R B Tt . BRI AT
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Table 1 Retention time, quantitative ions, calibration curves and MDLs of the target compounds

£ Hirfb &9 e (min)  EEE T me)  fRfERE® A it 28 ) WA RER) ks R (ng/L)

1 Phthalic acid 11.79 163 vV y=0.8113x 0.9968 18.38
2 4-NO,-B2CA” 15.63 208 \ / / 252.42
3 3-NO,-B2CA 15.63 208 V y=0.5783x 0.9968 252.42
4 1,2,3-B3CA 15.99 221 V y=1.1598x 0.9995 0.67
5 1,2,4-B3CA 16.26 221 vV y=0.9994x 0.9994 5.07
6 Diphenic acid 17.08 211 ISTD / / /

7 NO»-1,2,3-B3CA-1 18.20 266 / y=0.8266x" / 0.18
8 NO,-1,2,4-B3CA-1 18.30 266 / y=0.7123x® / 0.70
9 NO,-1,2,4-B3CA-2 18.38 266 / y=0.7123x® / 0.20
10 NO>-1,2,3-B3CA-2 18.69 266 / y=0.8266x" / 0.12
11 NO,-1,2,4-B3CA-3 18.83 266 / y=0.7123x® / 0.00
12 1,2,3,4-B4CA 18.91 279 / y=0.8219x" / 5.38
13 1,2,4,5-B4CA 19.20 279 V y=0.8219x 0.9971 3.32
14 1,2,3,5-B4CA 19.53 279 / y=10.8219x" / 2.94
15 5-NO,-1,2,3,4-B4CA 20.53 324 / y=10.5858x" / 0.00
16 NO,-B4CA-2© 20.64 324 / y=0.5858x" / 0.00
17 B5CA 21.45 337 vV y=0.8338x 0.9956 4.96
18 B6CA 23.11 395 vV y=0.9802x 0.9950 2.20
19 D3-3-NO,- B2CA® 15.62 221 / y=0.5783x / /
20 D2-1,2,3,4-B4CA® 18.90 281 / y=0.8219x / /
21 D1-NO,-B4CA® 20.52 325 / y=0.5858x / /

TE: (1) A R AR S B BARE A ATV, PARYRARIC N ISTD; (2) S3E-D10 W) AT 20 i 7= 4 (3) » b BAsib A5 MRy B
MIETI B2 L, x S BAR LS9 5 AR BT BT 2 b (4) o 2R ) 20 S A Al 45 s e it RO RS I 25 (5) R o ity e ek el
RIEAFIRE, BERIPREAL 2.3 —35 0 (6) 28T & R AR B (A9 5ORE S IR, (7) 2087 4-NOo-B2CA Bl AT U, & 5
e AT IR IZAL S /TR AFFLE R AL b o i 19 H Al 5 4 sl B bR T R B A A B, 0L R A

Wi BREE e ] T4 4. Brodowski et al.!'™ 15 3| () ik 54
e[ F4 4.5, 1 Dittmar'' 3EF X DBC 195> 14544
K BPCA ¥ iHMHLEEM NN, $2H BPCAs-C 5
DBC (& m#H A X . % B FFE-D10 M= R
A D-BPCAs, A£x=A: AR5 A HFRPyxs B i i)
T, ARSI TERE S RTE INAGE-D10 1B
DBC M, TR SIEBRAE S —— X I A e 4
RlF, AT A A% IE BPCA ¥ € 1 DBC it B i i 2k
R, AR E R /e A, Bl 4E-D10 BHS ik
RIS E A E-D10 Bk 7 75 31 5256 v A i i
HFEE-D10 B SRR, KRR ER L
R R 1Bk & 5 2 R (TBPCASs-C) 3t LA # ¥ [H 175 3
DBC. H 84 i 1 DBC [ f# 7~ 5-NO,-1,2,3,4-B4CA
REAE 2 142%(FFIEES 7 FBE A 43 1) By D1-NO,-
B4CA & HARNE B T (m/z=325), (0 TA S k-
D10 ZRAEEK, W THext e st a5 0 nl 2005
ARSI FE SRR A R T LR 6.75~7.82(3 2),
T Ziolkowski er al. VWS 4E S (BB I T
N 4)o Sy BT R 2E S IR R AT REA WA (1) AN

P18 S 30 25 AP (AU T i 52 7 5 g 55 ) X T ik 45 SR 1) 5%
(2) FETRN s A PR IAEERE S PAHs AR IEAE
(R Filf S I AP AE 25 57, AT AEAR SR AR vh it — 20
TRAIRT o R 3 F 0 FHAS [R) 7 46 01k 1) SCHiR [ it 4 7
P, A SCIR R AERE 5 ) BPCAs-C £4iE .

2.5 SEBR/KEERISNHT

T 2017 4F 11 FRERWIERZKEE, it 5
AREEA . REESSOLANE 40 SRAARF LS TR
TSR JZK R DBC HYMREEKT- o 55K, KL
FJZ/KAKH DBC By B V0 FEI 7E 30.38~46.19 pg/L Z[H],
S (38.93+6.17) pg/L. ARIECAWITE, KFEHER
JZ7KRH DBC By FE & TR PU AR F- 7 DBC 1Y
e (3.96~12.53 pg/L, 1.08~3.96 pug/L)!' 722, Ak T
U DBC ¥ 24 7K - ((480+550) pg/L),
MRTF M | VS AL 75 b DBC My ™), 5
H ] 2 VA T K s PR BB P EF VS I DBC MR A
M KR JZ KK T DBC (M i I L A
TR B /) B s AR i (] 4).
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Table 2 Carbon content of benzene polycarboxylic acids and nitro-benzene polycarboxylic acids, carbon conversion factors,
and DBC concentration in the Daya Bay surface water samples
" B3CAs-C" B4CAs-C" B5CA-C B6CA-C TBPCAs-C AR SPE H: 58 i % DBC ¥
(ng/L) (ng/L) (ng/L) (ng/L) (ng/L) ¥ (%) (ug/L)®
S1 584.01 2248.49 1657.97 414.92 4905.39 7.82 9.62 42.03
S2 565.39 2214.29 1795.81 511.36 5086.85 7.57 6.09 40.80
S3 594.32 2197.76 1623.14 398.15 4813.37 6.88 6.64 35.26
S4 378.94 1634.40 1360.86 501.48 3875.68 7.26 8.17 30.38
S5 875.86 2913.98 2182.90 473.75 6446.49 6.75 6.29 46.19

(1) f35 BT A B3CA-C(B4CA-C)HI NO,-B3CA-C(NO,-B4CA-C); (2) DBC ¥ £ fud% K SPE A 3d #% 1M S 2010 H b & W 28 % &

N
22°50'N | A
S5
[ ]
22°40' -
S1
([ ]
S2
22°30' | e
S3
55
RILE KA HDBCHY A (ng/L)
45 | +
S4 @
22°20' |- 35k
0 10 km {
) 25 1 ! ! )
S5 S1 S2 S3 S4
1 1 1 1
114°30' 114°40' 114°50" 115°00'E
B4 RO KRR AL B &
Fig.4 Sampling sites in Daya Bay for DBC water samples
1,2,3,5-B4CA | 5-NO,-1,2,3,4-B4CA F1 NO,-B4CA-2,
345 it T SRR L R A LRI GC-MS 4

AR SCIE o O A B 2 B2 T RIS SR 22 FR T v b
AR UE S, FIH GC-MS 2305 ARSI T 9 Fhik = wll
AR HE i B 8 22 R TR IR FE 2K Z IR R . NO,-1,2,3-
B3CA-1. NO,-1,2,4-B3CA-1. NO,-1,2,4-B3CA-2.
NO,-1,2,3-B3CA-2 . NO,-1,2,4-B3CA-3 . 1,2,3,4-B4CA .

Mk R, HUCOkIE-D10 /58 DBC AR,
FHK45 78 BPCA B:5E # DBC it #rh i e 3, 1593
BPCAs-C 5 DBC X [H] /) ik %% 4 [N+ 45 Bl ok
6.75~7.82, ASCHSL MY IR R RPN EIME, 7
BRI 0.67~5.38 ng/L, A% i 14k £ 130
160~20480 pg/Lo K773 0 FH T 43 A KOV 3R )2
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KM DBC BRI KSF-, 4558 o KIS RZK
firf DBC IR IZ LN 30.38~46.19 pg/L, FHIMH
$9(38.93+6.17) pg/L. DBC #kJi il 7K -5 [] 43 A 4
AT PN 1) A1 e i R AR R 4 . SRR, R
GC-MS FHii 2K Z R IR MR IAR Z RIR, JE R B AE
it DBC WA .

A TAER R b BAF T N IIERAC T BB A AL
W F AR EE LR E H £IRM(SKLOGA201603B)
EeFh, PRAMAFRS MK FHEIE T T
WA GC-MS B EP AL RN T BLTT ERY
WA 3e R H R F AR KR FF AT
S RAE, A — I B RS 8 Bt )
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