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Abstract: Polychlorinated naphthalenes ( PCNs) have a structure similar to that of polychlori-

nated biphenyls (PCBs) and represent a new type of persistent organic pollutants ( POPs) that
are widely present in the environment and biological communities. PCNs can migrate and trans-
form via different environmental media, which severely affects the health of humans and organ-
isms. Researchers have devoted considerable focus on ambient air pollution. Although the cur-
rent ambient air quality has not yet limited the concentration of PCNs, the Stockholm Conven-
tion has required parties to prohibit and eliminate their production and use. As one of the con-
tracting parties, China is obligated to improve its environmental monitoring. In other words, the
development of a method for monitoring PCNs in ambient air is important for understanding
ambient air quality and safeguarding human health. PCNs are generally present at trace levels
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(pg/m?) in ambient air. To achieve accurate quantification of PCNs, high demands are raised
on the methods for extraction, purification, and instrumental analysis, which can directly
affect the efficiency, accuracy, and sensitivity of a method.

Considering the trace-level presence of PCNs in ambient air and the high efficiency and accu-
racy of the analytical method, accelerated solvent extraction (ASE), combined with column
chromatography using a multilayer silica gel column and a neutral alumina column, was estab-
lished for the extraction and purification of PCNs in ambient air. The important parameters in-
volved in the aforementioned steps, such as the type of extraction and volume of elution sol-
vent, were optimized. The results indicated that dichloromethane-hexane (1:1, v/v) was the
best extraction solvent for the recovery of PCNs. Hexane and dichloromethane-hexane (5:95,
v/v) were used as the elution solvents for the multi-silica gel column and neutral alumina col-
umn, respectively. Isotope dilution gas chromatography-triple quadrupole mass spectrometry
(GC-MS/MS) was used to quantify the target compounds. Gas chromatographic parameters,
such as temperature program conditions and inlet temperature, were also optimized. The oven
temperature program was as follows: 80 C for 1 min, 80 C to 160 C at 15 C/min, 160 C to
265 C at 3 C/min, and 265 C to 280 T at 5 C/min, followed by holding the temperature at
280 C for 10 min. The inlet temperature was set at 260 C. The optimal characteristics of ion
pair, collision energy, and ion source temperature were determined by optimizing the key mass
spectrometry parameters. The developed instrumental method, combined with suitable sample
preparation techniques, was used to determine the concentrations of PCNs in ambient air sam-
ples. Quality control (QC) and quality assurance ( QA) were performed by adding isotope inter-
nal standards before sampling, extraction, and injection analysis to monitor the entire analysis
process. The relative standard deviations ( RSDs) of the relative response factors ( RRFs) for
trichloronaphthalene to octachloronaphthalene were less than 16% in the concentration range of
2-100 ng/mL. The method detection limits (MDLs) for PCN homologues were in the range of
1-3 pg/m’ ( calculated using a sample volume of 288 m’). The precision and accuracy of this
method for determining PCNs in ambient air samples were evaluated using a spiked matrix. The
average spiked recoveries of trichloronaphthalene to octachloronaphthalene were 89.0% -
119.4%, 98. 6% —122. 5% and 93. 7% —124. 5% at low, medium, and high spiked concentrations
(20, 50, and 90 ng/mL), respectively. The RSDs of the assay results were 1.9% —7.0%,
1.6% -6.6%, and 1. 0% -4. 8%, respectively. During the entire analysis process, the average re-
coveries of the sampling and extracted internal standards were 136.2% -146. 0% and 42. 4% -
78. 1%, respectively, and the corresponding RSDs were 5. 6% —7.5% and 2. 7% —17. 5%. Thus,
this method meets the requirements of trace analysis and exhibits good parallelism, high sensi-
tivity, high accuracy, and good precision, and it is suitable for the accurate quantitative deter-
mination of trichloronaphthalene to octachloronaphthalene in ambient air.

Key words: gas chromatography-triple quadrupole mass spectrometry ( GC-MS/MS) ; isotope

dilution; polychlorinated naphthalenes (PCNs) ; ambient air
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Fig. 1 Chemical structure of polychlorinated

naphthalenes (PCNs)
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TAENTFE T, 568 T IV BURRE B T X, 352 hilf
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PCNsf5 5 M 35 B2 19284k . AL 3 T LLE Y, A [F]
SRR ZE W A 155 i 17 5 3 B 2 - R B T v S
SEH KT Ik R B TR B 240 TR, AT
DIAS BN R i (R, PR e A 3 - IR i 2
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I fEM GC-MS/MS 41 T, PCNs [ 241
SRM B i ik an il 4,

# 1 PCNs #1*C,,-PCNs HI{R BB E] 451 58 F 33 R Al 58

Table 1 Retention times, characteristic ion pairs and collision energies (CEs) of the PCNs and *C,,-PCNs

Quantitative ion Qualitative ion

Item Compound Abbreviation tg/min . . IS CE/eV
pair (m/z) pair (m/z)

Target compound 1,4,6-tri-CN CN-24  20.78 229.9/160.1 231.9/160.2 BC,-CN-13 27
1,2,3-tri-CN CN-13  22.22 229.9/160.1 231.9/160.2  '*C,,-CN-13
1,3,5,7-tetra-CN CN-42  24.55 263.9/194.2 265.9/196.2  *C,-CN-42 29
1,4,5,8-tetra-CN CN-46  29.59 263.9/194.2 265.9/196.2  3C,,-CN-27
1,2,3,5,7-penta-CN CN-52  31.09 299.9/230.2 299.9/228.3 BC,-CN-52 29
1,2,3,5,8-penta-CN CN-53  33.86 299.9/230.2 299.9/228.3  *C,-CN-52
1,2,3,4,6,7-hexa-CN CN-66  37.51 333.8/264.3 333.8/262.2  3C,-CN-67 29
1,2,3,5,6,8-hexa-CN CN-68  38.30 333.8/264.3 333.8/262.2  C,,-CN-67
1,2,3,4,5,6,7-hepta-CN CN-73  44.37 367.8/298.3 367.8/296.3 '3C,,-CN-73 30
1,2,3,4,5,6,7,8-octa-CN CN-75  50.27 401.8/332.3 403.8/334.3 3C,,-CN-75 31

Sampling standard ~ 1,2,3,4,5,8-hexa-CN-"*C,, BC,-CN-65  40.58 343.8/274.3 345.8/274.3 29

Extraction standard 1,2,3-tri-CN-3C,, BC,-CN-13 2223 239.9/170.1 241.9/172.1  ¥C,y-CN-2 27
1,3,5,7-tetra-CN-*C B3C,p-CN-42  24.54 273.9/204.2 275.9/196.2 *C,-CN-64 29
1,2,3,4-tetra-CN-"*C, B¥C,,-CN-27  27.55 273.9/204.2 275.9/196.2  *C,,-CN-64
1,2,3,5,7-penta-CN-13C,, B¥C,-CN-52  31.09 309.9/240.2 307.9/238.2  3C,-CN-64 29
1,2,3,5,6,7-hexa-CN-3C,, 3C,-CN-67  37.54 343.8/274.3 345.8/274.3 '*C,-CN-64 29
1,2,3,4,5,6,7-hepta-CN-"*C, BC,,-CN-73  44.39 377.8/308.3 379.8/308.3 '*C,,-CN-64 30
1,2,3,4,5,6,7,8-octa-CN-2C,, "C,,-CN-75  50.30 411.8/342.3 413.8/344.3 3C,-CN-64 31

Recovery standard ~ 2-mono-CN-*C, 13C,0-CN-2 12.38 171.9/137.1 173.9/137.1 25
1,2,3,4,5,7-hexa-CN-"C,, 3C,p-CN-64  38.29 343.8/274.3 345.8/274.3 29

CN: chloronaphthalene.
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Fig. 5 Effect of extraction solvents on the recoveries
of *C,,-PCNs
DCM: dichloromethane.
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WY TR R 50 ng/mL, iz E 87 1 GC-MS/
MS J5 %t R AR HERS AT 3 IR E B Hi IR
WA (1), 2004 3~ 8 GUZE 10 240 % o 17
K+ (RRF) S HARN AR HEM 25 (RSD ) , 25 % B,
£ 2~100 ng/mL & [E N, PCNs [~ 341 AH X o Jo7 [
TR PR 22 /N T 16% (IR 4) . kR 5
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Table 2 Retention times, characteristic ion pairs and CEs of the *C,,-polychlorinated biphenyls (*C,,-PCBs) and *D-PCBs

Quantitative ion  Qualitative ion

Compound Abbreviation tg/min pair (m/2) pair (m/2) IS CE/eV
2,4,4'-Tri-PCB-"C, 3C,,-PCB-28 24.66 268.0/198.0 270.0/198.0 ’D,-PCB-28 35
2,2',5,5'-Tetra-PCB-*C,, 13C,,-PCB-52 26.59 304.0/234.0 304.0/232.0 2Dy-PCB-77 34
2,2',4,5,5'-Penta-PCB-3C,, 13C,,-PCB-101 31.70 338.0/268.0 338.0/303.0 ’D,-PCB-114 35
2,2',3,4,4',5-Hexa-PCB-C, 13C,,-PCB-138 36.70 372.0/302.0 372.0/300.0 *D;-PCB-156 36
2,2',4,4" 5,5 -Hexa-PCB-*C,, 3C,,-PCB-153 38.35 372.0/302.0 372.0/300.0 2D;-PCB-156 36
2,3,3',4,4',5,5'-Hepta-PCB-C,, 13C,,-PCB-180 42.22 406.0/336.0 406.0/334.0 ’D;-PCB-156 37
2,4,4'-Tri-PCB-D, ’D,-PCB-28 24.60 260.0/190.0 262.0/190.0 36
3,3",4,4'-Tetra-PCB-2D, 2Dy-PCB-77 33.89 298.0/228.0 298.0/226.0 38
2,3,4,4',5-Penta-PCB-3C,, ’D,-PCB-114 36.07 330.0/260.0 330.0/258.0 44
2,3,3',4,4',5-Hexa-PCB->D, ’D,-PCB-156 41.31 363.0/293.0 363.0/291.0 44
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Table 3 Sampling recoveries of *C,,-PCNs and *C,-PCBs

during different sampling time %
Compound PUF 1 PUF 2 PUF 1 PUF 2
(6 h) (6 h) (24 h) (24 h)
13C,,-ON-13 52.5 0.5 35.4 0.3
3C,,-PCB-28 72.2 0.1 62.1 0.1
3C,,-PCB-52 75.3 - 69.1 0.2
13¢C,,-PCB-101 92.3 - 92.5 0.2
13C,,-PCB-138 89.5 - 90.5 0.1
3C,,-PCB-153 74.4 - 79.1 0.1
13C,,-CN-65 112.6 0.2 104.1 1.7
13¢C,,-PCB-180 84.0 - 79.6 0.2
—. no data.
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(pg); Q, RRAR ME R W Hh ¢ M AL & W 119 4 Xof &
(pg) ; A, FRERFRHET W A7 AL A P iy Wa D g+
WA T A 5 A AR AR M VA P 4 RPN s 0 o g A T 2
FUETHIAH

# 4 PCNs HFHMEXIE RN EF B RERE.

{2846 H BRFN 77 3546 H IR (MDL)
Table 4 Average relative response factors (RRFs), RSDs,

RRF =

instrument detection limits ( IDLs), method de-
tection limits (MDLs) of PCNs
Compound Average RRF RSD/% IDL/(pg) MDL/(pg/m?)

232 FEHEAHR

J5 2K BR S % (PR B W I 40 AT 0 i b o i 22
FARIES) (HT 168-2020) 7 Fi#L 52 By 7 ¥k BEATE
il o FH 5 SR SR AE 5 A AH ] B SR A A R S 3
FE R IRAE S AT I 8 D B A 7 RS AR
X8 S A DU 9 H AR (CN-24 il CN-
13) K25 D 7 5 A4 SR A o v ) 5 it ( DARE S AR
288 m’ 1), IH 7 YOPATINE AR R 22 , Bhr
HEAR 2210 3. 143 (5 7 ek B s X F 25 st ge
HORAS HY 1Y H AR ( CN-42 ,CN-46 ,CN-52  CN-53 |
CN-66 ,CN-68 . CN-73 il CN-75) , [i] PUF 15
1.0 ng PCNs bRt o, #2 BEFE & 2 BT 1 43820 %
AT UCEATSEE , B 4D e 45 A oA AR b i
S (LIRE AT 288 m® ), i 7 WOEATIN 2
bR DR 22 , BUPR 1 22 19 3. 143 f54E 5 ek i
ML A KM TR 1 ~3
pg/m’  EARGERL L 4
233 RBxEMERHE

SR IS TR S G — 1 . FE AR AR )
WAL FE S B9 PUF HIIA 7x10 ng REEN IR, REE 6
h J& % PUF 1 QFF 47 im0 42 1, & 95 e
W IEFRE 350 1 7 Oy, Forp— (A I
bR, 5350 6 4343 SN A S5 5 19 B AR Wb HE%
TOREEEBR (10 ng) , SR 5 $i B AR J7 1k i M 4 14
R HT R AT E 7 WK, I B bR bR i
VW A R (20,50 ,90 ng/mL) 3 K-

CN-24 0.75 11.9 1.0 1 M5 AT LLE K T S AR KT PCNs
CN-13 0.76 7.3 0.7 1 - 34 [ H&sziﬁi Fﬁﬁj\%ﬂﬂ‘j 89.0% ~119. 4% .98. 6%
CN-42 1.11 10.5 0.8 3 o o 0 e o
CN-46 0.95 0.8 0.9 ) ~122.5% A1 93. 7% ~ 124.5%, RSD 4374 1. 9% ~
CN-52 0.89 14.6 0.9 3 7.0% .1.6% ~6.6% F1 1. 0% ~4. 8%, BEAH7 i
ONS3 085 1S9 09 2 o SRR PR R B 0 4 TR 41 136, 2%
CN-66 0.85 9.8 1.0 3
- 0, 0 0 AN B 0 ~
NS 073 o 00 ) 146. 0% F1 42. 4% ~78.1%, RSD 435K 5. 6%
CN-73 0.94 1.4 0.7 2 7.5% F1 2. 7% ~ 17. 5% , 6 S IR HE 20 B A ok 0 B
ONTS 0% 152 09 : TATREBEF . T eI B K B A
*5 WEEEFSEENTEHMREREMBITIREREZ (n=6)
Table 5 Average recoveries and RSDs of PCNs spiked in ambient air (n=6)
C d Background/ Added/ Found/ Recovery/ RSD/ C d Background/ Added/ Found/ Recovery/ RSD/
ompound - e/mL)  (ng/mL) (ng/mL) % % OmPoune - he/mL)  (ng/mL) (ng/mL) % %
CN-24 7.4 20.0 31.2 119.4 6.6 CN-42 0.3 20.0 20.5 101.3 7.0
9.9 50.0 64.7 109.5 4.5 0.2 50.0 51.8 103.1 3.4
8.0 90.0 107.2 110.2 4.8 0 90.0 92.6 102.8 4.0
CN-13 5.2 20.0 28.3 115.4 5.9 CN-46 0.8 20.0 24.1 116.7 4.3
6.6 50.0 64.2 115.3 3.9 0.5 50.0 61.7 122.5 4.1
5.3 90.0 116.6 123.7 2.6 0 90.0 112.1 124.5 4.3
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Table 5 (Continued)
Compound Background/ Added/ Found/ Recovery/ RSD/ Compound Background/ Added/ Found/ Recovery/ RSD/
P (ng/mL) (ng/mL) (ng/mL) % % P (ng/mL) (ng/mL) (ng/mL) % %
CN-52 0.4 20.0 21.0 103.2 3.0 CN-68 0.5 20.0 21.7 106.1 5.3
0.2 50.0 54.6 108.8 1.6 0.5 50.0 58.3 115.7 6.6
0 90.0 92.7 103.0 4.8 0 90.0 102.2 113.5 1.0
CN-53 0.5 20.0 20.9 102.2 1.9 CN-73 1.5 20.0 19.3 89.0 3.7
0.4 50.0 53.0 105.2 1.9 0.6 50.0 49.9 98.6 2.6
0.1 90.0 99.2 110.1 2.6 0 90.0 84.3 93.7 3.4
CN-66 1.0 20.0 22.6 107.9 5.0 CN-75 1.3 20.0 19.5 91.3 5.5
0.1 50.0 55.5 110.6 3.6 0.2 50.0 51.2 101.9 3.8
0 90.0 102.9 114.4 1.9 0 90.0 98.5 109.4 3.5
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