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Abstract; Non-polarerganic compounds ( NPOCs) assoudted with PM, ; in the atmosphere were analyzed by automated thermo-
desorptlo‘n (TD) coupled with gas chromatography/mass spectrometry ( TD-GC/MS). The analyses for a total of 72 NPOCs were
reviewed, including 34 PAHs, one Debenzothiophene, 27 alkanes (C,)-C,,), 5 hopanes and 5 steranes. Through this improved TD
method, operation of filter loadings, TD condition and sample introduction were optimized. The MDL were 0.01-1.0, 0.1-8.0 and
0.50-2.0 ng-m ™ for PAHs, alkanes, hopanes and steranes, respectively. Calibration curve linearities were above 0.9 for all
compounds. The TD efficiencies were 95% -100% for PAHs, 81%-100% for alkanes and 83. 1% -100% for hopanes and steranes.
PM, ; samples were pretreated by TD and ultrasonic extraction methods separately and analyzed by GC/MS in two laboratories. Results
from these two methods were comparable, as the relative biases were less than 30% for most compounds. Analysis results of PM, ¢
samples from Linan and Shanghai showed that NPOCs were higher in winter than that in summer. Alkanes were predominant among
NPOCs, followed by PAHs. Source analysis by PAH characteristic ratios indicated that fossil fuel burning and coal burning were the
main sources of NPOCs in the two sites during the sampling periods.

Key words : non-polar organic compounds; thermo-desorption; fine particle (PM, ;) ; chemical composition; source analysis
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Fig. 1 Total ion chromatographs for NPOCs of a standard mixture and a PM, ssample by TD-GC/MS method
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Table 2 Abbreviations and physical-chemical properties of NPOCs
s W R castiy gyt I IBE g
naphthalene NAP #% 91-20-3 C,oHg 128. 17 218
biphenyl BiP B 92-52-4  CpH,  154.21 255
acenaphthylene ACY o 208-96-8  C,Hg 152.20 280
acenaphthene ACE Ji:A 83-32-9  C,,H) 154. 21 279
fluorene FLU Vil 86-73-7 Ci3Hy 166. 22 298
dibenzothiophene DBP  ZRJRmEM) 132-65-0  C,HgS 184.26 332 ~333
phenanthrene PHE JE 1985/1/8 CHy 178.23 340
anthracene ANT Jad 120-12-7  C4Hy, 178. 23 340
4H-cyclopenta[ def ] phenanthrene CdefP AH-FAFLAE 203-64-5 Ci5Hy 190. 24 353
fluoranthene FLUA W 206-44-0 CgHyy 202. 25 384
pyrene PYR Ea 129-00-0  C;sHy 202. 25 393
benzo[ ghi ] fluoranthene BghiF  #J¥f[g,h,i] 5 203-12-3  CHy 226.27
cyclopenta[ cd | pyrene CedP W[ c,d]iE 27208-37-3 CigHy, 226.27
benzo[ ¢ ] phenanthrene BaA I c]3E 195-19-7 CjHy, 228.29
benz|[ a | anthracene BeP I a] ¥ 56-55-3 CigHp, 228.29
chrysene ChR 218-01-9 CiHy, 228.29
triphenylene TriP ZKIt[9,1013E 217-59-4 CiHy, 228.29
benzo[ b ] fluoranthene BbF SR [b] I 205-99-2  CypHy, 252.31 4
benzo[ j]fluoranthene BjF 2S5 ANIP ) 205-82-3 CyH,, 252.31
benzo[ k ] fluoranthene BkF FIF[ k] j’_‘*{,ﬁ 207-08-9 CyHj, 252.31
benzo[ a ] fluoranthene BaF FRIE[ d]%% 2l0u3 -?3—8 CZ()I'flz 252.31
benzol e ] pyrene BeP . ZIf[ el 1‘92-97-2‘__ CyHyph 252.31
benzo[ a] pyrene BaP [ | HH[a] @ - 50—32;,{ CyHy, 252.31
perylene_ , PER f | b [ 198-55-0. Gyl I 25231
dibe.fnzl[ a ,_]] anthre.i:.;éi.m i DajA _d,-': i :{,_L]_.%! ;'.Z.Zﬁ—41‘:-9 G?HM‘.-F" 278. 35 e
indéno[ 1,2 ,3-cd | pyrerfe [~ ledP  _PioF 1,253,601 ¢ A93-39-5 | CHp| 27633 - —
dibenz[ a,h ] anthrdcené | DahA | 5F[a, W} 53470-3 CoslHe 278. 35 524%
diben%_[ a,c ] anthracene = DacA I":%)T [ a.l} c] B 215-5847 Cyp HM 278. 35 51 81 e
pifene 1+, = g Wi ) ) 213-46-7 CpH, | 278.35
benzof b ] cyll”ysene BbC : #JF[b] B 4 ey = 214-17-5 CypH, "% 278.35
benzo[/g, h,i]perylehe BghiP [ ¢, h ,i]’i@_.x"’j 191-24-2  CyHy, 276.33 >500
anthanthrene ANTH Mg 191-26-4  CpH,,  276.33
dibenz( b,k) fluoranthene DbkF ZRF b, k] P 205-97-0 C,Hy, 302. 37
coronene COR IR 191-07-1  C,H, 300. 35 525
dibenzo(a,e) pyrene DaeP “ I a,e] i 192-65-4 Cy,Hy, 302. 37
dibenzo( a,h) pyrene DahP I a,h] 189-64-0 CpH, 302. 37
naphthalene-Dy NAP-Dg  ZE-Dg 1146-65-2  C,oDy 136.22 218
acenaphthene-D ACE-D,, JE-Dyq 15067-26-2  Cy, Dy 164.27
phenanthrene-D PHE-D,, FF-D,, 1517-22-2  Cyy Dy 188.29 340
chrysene-D, CHR-D,, mi-D,, 1719-03-5 CiDy, 240. 36 448
perylene-D,, PER-D,, —ZEHA-D,, 1520-96-3  Cy Dy, 264. 38
n-decane Cio 1ETkE 124-18-5 n-CyoH,, 142. 28 174
n-undecane Cpy 1IE+—%e 1120-21-4 n-CjHy, 156,31 196
n-dodecane Cy, E+ 112-40-3 n-C,Hyg 170. 33 215 ~217
n-tridecane Cis =k 629-50-5 n-Cj3Hyg 184. 36 110 ~112
n-tetradecane Cu 1E IOk 629-59-4 n-C,Hy, 198. 39 252 ~254
n-pentadecane Cis E+ Tk 629-62-9 n-C;sH;,  212.41 270
n-hexeadecane Cig e wavsa 544-76-3 n-CgHs, 226. 44 287
n-heptadecane Cyy EEkE 629-78-7 n-C;Hye  240.47 302
pristane i-Cjgy [FAY 1921-70-6 1-CoHy, 268. 52 68
n-octadecane Cig E+ /e 593-45-3 n-CjgHyg 254. 49 317
phytane i-Cyy  fHEE 638-36-8 i-CyH,  282.55 69 ~71
n-nonadecane Cio E+ ke 629-92-5 n-CgHy, 268. 52 330
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n-eicosane Cy E = 112-95-8 n-CyH,, 282.55 220
n-heneicosane Cy, E=— 629-94-7 n-Cy Hy, 296. 57 100
n-docosane Cyy E 629-97-0 n-CyHyg 310. 6 369
n-tricosane Cyp Eo+ =% 638-67-5 n-CyyHyg 324. 63 199 ~200
n-tetracosane Cyy IE ke 646-31-1 n-C,Hy,  338.65 391
n-pentacosane Cys E+Hk 629-99-2 n-CysHs, 352. 68 169 ~ 170 (7 Pa)
n-hexacosane Cys E Nk 630-01-3 n-CygHg, 366. 71 420
n-heptacosane Cy, IE ke 593-49-7 n-CyHgg 380. 73 270
n-octacosane Cog EZ+ 630-02-4 n-CygHgg 394.76 278
n-nonacosane Cyo E= Ik 630-03-5 n-CyyHg 408. 79 286
n-triacontane Cyo E="1% 638-68-6 n-Cs Hg, 422. 81 258 ~259
n-hentriacontane Cy, =tk 630-04-6 n-Cy Hg, — 436.84 180°C (532 Pa)
n-dotriacontane Cyy E=+ "0 544-85-4 n-Cs3Heg 450. 87 467
n-tritriacontane (OF% E=1+=% 630-05-7 n-Cs3Hegg 464. 89
n-tetratriacontane Cyy 1E =1 Pusse 14167-59-0 n-Cs,Hyy 478.92 285
igi;j&fe“) ,14a(H) ,17a(H)- CyaaaR  Sa,l4a,17a-IH§5KE(20R) 481-21-0  CyHy 372,67 250
igi;:t:f) 14B(H), 1TB(H) - CyaBBR  5a,148,178-IH£52(20R) 69483-47-2  Cy Hyg 372.67 r .'
iﬁ;‘;‘;tgﬁl‘(sz"(‘)&g) JABCH) TBCH) - ¢ aBBR 4.1 355G J48.17- BLEIKE(20R)  71117-9043  Cag g, 386. 7 ' _,
%ﬁj:‘:ty:nzz"z(o?) M4a(H) 17a(H)- CocaaR_ 24-23 Set, 4ar, 17a 155 (20R) 6%2146":14-4“ “?29 He, 400,72 {,j«" ' /
- ¥

i:ol‘“i‘ty;nzz"z(o}:) 143(..}.') AIBH) - ¢ agaR 24 Li& Sa M8, LIB-I 5t (20R) ;71.!117-9'2-5 G Hiyl : 400. 72 .
22,29',30- umnorhopane, T, A2, Hﬁfgbh 51271-64-4 GG 370.65 | €~
o no;hopane [ *.-' I B ng__gﬁ _’.dB k"' Y ”.5"'3..584—60—41“‘ ng Hs, 398.71 f = = ’
B hopane, 1 CxoB | of-fith: g 13849-96-2" CyoHs, | 412.73
aB 22R-homohopane Ca 0B8R | 22R-FHiidhe| 60305-22-8 Cy Hs, | 426.76 =

60305-23-9 Cy Hg, 426.76

aﬁ'ZZS—hom?hopane Cy 088 / 22S-FR5E e
i i/ ! J

2.2/ mpbsilk kit

FIMEALIE (9 TD 40, HE4T NPOCs 192k k43
Br. W7 XA TD B, AR E RS TD &,
A RS, A A Z 335k | bekd . whixX 3
YARHERES, , BEIG N 2 ZH A%, 305 BRI 4B
FEUEAT TD-GC/MS Kt B, FIBSINA 3 4 Hirw
YIRS YIRS AR 2. 4.6, 8,10, 12, 14 ng,
F LR KA R0, DAHERE He R As b, DL 1 AR
Fo AR bR, HESrARERTZE. R HLAR TD A& Goil
PRIERE T Rt 22 5, FIVRARIERE 7 % 3 41 B
B AR AR A T LM AN 7 A BR BT,
PR PGk LU RS SR 3k 3 ~ 5 s,

B R ARG RN 3 ~5 B, RA TD
T 2SI M bE e 24 my R 76 0.91 ~
1.00, ZELe i e ALt R® JEH 0.98 ~1.00. 67 Fh
H bR 23 1Y 77 WA BR (MDL) $HA45 BB 5 | £
HIFIRAE 0.01 ~1.0 ng-m >, 'X;*EV‘T 0.1 ~8.0
B EBESIBEAE0.50 ~2.0 ngem 1. H1F3 ~5

ng-m

A

FEE IR L, TD J7 ik BRI B MDL 544
‘#E‘ﬁﬁiﬂﬁ e, XERFEIG APk RN, &A1
S, BT R TR,
2.3 TD-GC/MS $i B 5eR S 86

RN i gead— kAt B TD 8% i 4
zﬁzi HEFT T R AR A A3 S Bl [ i 3

S BSR4 TD-GC/MS Z0Hr 58 l— Uk H bR

%J’é, Xﬂﬂ—#unﬁﬁﬁﬂﬁﬁ%ﬁ*méﬁﬁaﬁ TD-
GC/MS Zr#r, WS Bhry g m A, THRAH

pr iy = %%%EU@ PAHSs ( ¢ & 75
FE 2 ~10 ng) 7655 IR SRR ¥ 43 AT I 43 ok R 4G
i, IR PAHs BB 24088 100% . AT
W T (bl L BIE 1 ~ 50 ng, FE e befE
1. 14 ~ 18.24 ng) %t 48 1 7 2 4 58 B 2 %
98.6% +0.8% ,FELt bt 99.2% +£0.7% , "] LA
AR — IR A R8T () PR B A R 58 4, o et —
R T
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Table 3 Comparison of calibration characteristics of PAHs by TD and liquid injection methods
Siia D TRARERE
ERFTR EES i R MDL/ng-m -3 EES i R MDL/ng-m -3
NAP 0. 386 0. 194 0.998 0.1 0.327 1. 08E - 02 0.999 1 0.1
BiP 0. 565 0. 080 0.974 0.1 0. 615 1. 16E - 02 0.999 3 0.1
ACY 0. 303 0. 390 0.976 0.1 0. 588 6.27E -03 0.998 9 0.2
ACE 0. 359 -0.033 0.959 0.1 0. 484 7.13E - 03 0.9992 0.1
FLU 0. 008 -8.05E-05 0.998 0.1 0. 265 2.87E -03 0.998 7 0.1
DBP 0.184 0. 022 0.977 0.1 0.353 1. 12E -02 0.9992 0.1
PHE 0. 307 0. 006 0.999 0.1 0.361  -8.41E -04 0.998 6 0.1
ANT 0.110 0. 064 0.993 0.1 0.225 4.87E -04 0.998 6 0.1
CdefP 0. 240 -0.051 0. 962 0.1 0.333  -5.95E-05 0.998 1 0.1
FLUA 0.339 -0.032 0.995 0.1 0. 356 5.10E -03 0.999 2 0.5
PYR 0.277 0.039 0.998 0.5 0. 390 3. 64F -03 0.999 4 0.5
BghiF + CedP 0.298 0. 003 1. 000 0.5 0. 164 4.23E -03 0.999 5 0.1
BaA + BcP 0. 154 -0.026 0. 998 0.5 0.328 6.01E -03 0.999 0 1.0
ChR + TriP 0. 305 0.012 1. 000 0.5 0. 369 1.55E - 03 0.998 9 0.5
BbF 0. 480 0. 443 0. 944 0.5 0.379 1. 38E - 03 0.999 1 1.0
B[j+k]F 0. 424 0.514 0. 908 0.5 0.208 -1.03E-03 0.995 4 0.5
BaF 0.321 0.016 0.923 1.0 0. 360 2.24F -03 0.999 6 0.5
BeP 0. 564 -0.055 0. 984 0.5 0.290 -1.06E -03 0.999 0 0.5
BaP 0. 496 -0.051 0. 994 0.5 0.339 6. 07E -03 0.998 2 0.5
PER 0.531 -0.048 1. 000 0.5 0. 260 1. 78E - 03 0.998 7 0.1
DajA 0.751 -0.195 0. 986 0.5 0. 265 3.05E - 04 0.9982 0"
TedP 0.138 -0. 044 0. 960 0.5 0.279  -2.45E <04 0.998 5 “0s8 P
DahA + DacA 0.711 -0.310 0. 988 0.1 0.249  =1.53E 103 0.995 6 =205
PIE 0.584 -0.229 0. 990 0.1 0.236  -5.70E =04 0.999 6 0.1
BbC 0.730 -0.189 0.994 | = 0.5 0. 337 2.76F + 03 0.999 6 gy
BghiP 0. 768 -0. 180 0.985 = 0.1 0.173 2.60F 5044 | 0.9984 075
ANTH 1.857 -0.189 _ 0.985 0.1 0.003 | ['5.12E40s5\ | 0.9979 #0.5 4 &
DbkF 6.53E-05  6.26E -05/ 0.983 0.1 0. 002, 1.35% -04 0.960 0 0
COR 3 369 ~5.00F £04, 0.980 0. 1 0. 027 4/57E =04 0.996 6 “1log
DaeP <0. 011 -3.279 Q. 977 gy’ ,.-0“. 1 0. 045 - L 72E 03 ¥ 0.995 4 1.0° )

1 )MDL HESE T4 E‘J ﬁiﬁ%ﬁuﬁﬂﬁﬁ%l:ﬂx%@{a TD/&#??T}M&ZW*T#MA TD %4 '-F%% D, B, @TﬂiLﬁﬁJﬁﬁ M&l%ﬁ#%L;ﬁ’%
e?é"]jﬂ 5 ng,hrpdnes 209 Hg,*TﬁWE%X:*E r]-,

H)(Fﬁbﬂﬁﬁ%ﬁﬂiﬁ T RE 7 FrkER g, :@M&ﬁ#ﬂh PAHs 24 2 ng, dlkan
#I{E?Wtﬁééiﬁwﬁ&f“ NG| )

.-“ ¥ ._J 5 ‘.-“"
f * 4" TD LR A 3 T R 77 2 0o 52 53 AT I 1 LE R

f; / Table 4 Companqon of cahbratlo‘p, charaeterlst;es of alkanes by TD and liquid injection methods

e IEe WPEE
) #E A R MDL/ng -m~> #E AR R MDL/ng-m 3
Cy 0.41 10. 54 0.918 4.0 1.69 -0.077 0.997 6.0
C, 0. 044 -0.61 0. 964 5.0 1. 66 0.021 1. 000 6.0
Cpy 0. 040 0.16 0.959 3.0 1. 68 0. 009 1. 000 5.0
[OF 0.074 -1.15 0.955 3.0 1.65 3.815 1. 000 4.0
Cyy 0.072 -0.93 0.974 3.0 1. 66 -0.010 0. 999 4.0
Cis 0.073 -0.89 0.970 3.0 1.65 -0.014 0.999 4.0
Cie 0.078 -1.03 0.973 8.0 1.65 -0.023 0.999 3.0
Cyy 0. 075 -0.97 0.981 5.0 1. 64 -0.023 0.998 2.0

i-Cyg 0. 120 -1.57 0.929 2.0 1.62 -0.022 0. 998 2.0
Cig 0. 093 -1.81 0. 940 3.0 1.41 -0.021 0. 999 2.0

i-Cyg 0.163 -0.23 0.987 4.0 1.58 -0.038 0. 998 1.0
Cyg 0. 105 -2.11 0.924 3.0 1. 60 -0.049 0.997 0.5
Gy 0. 108 -1.96 0.963 3.0 1. 60 -0.057 0.997 1.0
Cy, 0.022 0.77 0.988 3.0 1.56 -0.061 0. 996 3.0
Cypy 0. 027 0.51 0.991 3.0 1.56 -0.058 0. 996 3.0
Cyp 0.023 0. 60 0.988 2.0 1.62 -0.056 0. 996 2.0
Coy 0. 027 -0.23 0.982 2.0 1.83 -0.182 0.995 2.0
Cos 0. 024 -0.33 0.976 2.0 1.50 -0.044 0.997 2.0
Cog 0.028 -0.12 0. 980 0.1 1.55 -0.046 0.997 2.0
Cyy 0.022 0.16 0.995 0.1 1.51 -0.052 0. 996 1.0
Cog 0. 026 -0.31 0. 969 1.0 1.54 -0. 066 0. 996 2.0
Cy 0.018 0.21 1. 000 1.0 1.51 -0.063 0. 996 1.0
Cy 0. 020 -0.01 0. 998 2.0 1. 50 -0.071 0. 995 2.0
Cy, 0.021 -0.37 0.985 1.0 1.47 -0. 068 0. 996 2.0
Csp, 0. 027 -1.07 0.914 1.0 1.26 -0.019 0.999 2.0
Ca3 0.023 -0.93 0.951 1.0 1.42 -0.075 0.995 2.0
Cy 0. 026 —-1.44 0.979 1.0 1.29 -0.054 0.998 1.0
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Table 5 Comparison of calibration characteristics of hopanes and steranes by TD and liquid injection methods
. D WIILFE
) AR U R? MDL/ng-m 3 RER AR R? MDL/ng+m ~3
CyaaaR 0. 052 -0.004 0.999 1.0 0. 002 -1.71E-04 0.998 1.0
Cy;088R 1. 195 -0.025 0.999 1.0 0.035 -1.24E -03 0.999 0.5
Cpsaf3BR 0.782 -0.003 0.999 1.0 0. 007 -2.37E-05 1. 000 0.5
Cyo R 0. 062 0. 000 1. 000 2.0 0.003 -4.82E -05 1. 000 0.5
Cyaf88R 0. 306 0. 005 0.979 1.0 0.024 -1.63E -04 0.997 0.5
T, 0.077 -0.001 0.998 1.0 0.013 1. 88E - 05 0.999 0.5
Cyof3 0. 368 -0.001 0.989 1.0 0.012 1.51E -04 0.995 0.1
Cypa 0. 564 -0.002 0.998 1.0 0.012 2.37E -04 0.999 0.1
C; 0B8R 0. 688 -0.002 0.998 0.5 0.017 -9.36E -06 0.998 0.1
C3 085 0. 105 0. 000 1. 000 0.5 0. 006 -9.77E - 06 0.993 0.1
3 e Beke. WIRH T L BB S P 5 Bl R AR RO 22
BEFEAT AR, 25 28 W) BN AN B LU AR EE R A A 2
3.1 KRB NPOCs #Y TD MU ZEHUM T (a) Bz, [ 2(b) WSS R0 477 1k 23 3l % i 22
[R5 Ef& 3 RIS, %*E’JFV‘*HEIEE’J%A%QV

R R % W TD-GC/MS i 75 1
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Table 6  Relative difference in concentrations obtained by TD and SE methods for same sets of PM, 5 samples/%

SRRE AL Ty SRR H ZIRTFIE Bk b
2015-07-23 2.84 7.13 16.3
(%73 CES 2015-07-14 -15.4 26.5 16.1
2015-08-04 20.9 27.9 62.8
2014-12-10 -20.4 -1.80 -15.4
(573 K2 2014-12-31 29.9 8. 44 -38.5
2015-01-10 ~5.64 0.20 59.0
2014-12-02 -13.3 18.5 -3.69
it A7 2014-12-10 -14.5 11.9 —4.43
2014-12-05 -15.5 -2.48 1.08
3.2 KA PM, ' NPOCs 437 400
K TD-GC/MS J7 1w il 2 L P 4 52 = 00 [ ClCERE
PIZER) PM, JFESREAT T NPOCs 3007, BT REERT = 200
N o . e ®2
[BIANSE—E, R4 B 45 S AR e 38 A 24 k. § 100 -

7] B 22 D B e BT, A b 45 B T 4
o R EEK 3 MR AR EAT 0 AT, D)2 OB P R

Sy v 0 S DR 745 B 2 B AT P

e SRS B, i TR B
St A U R R R, R A R e i
&Eﬁ&,ﬁ?iﬁ\ﬁ&\ﬁﬁﬁégﬂ@ﬁﬁ
SR R R AR 24 h e | )

T AT | BB R A

i F Rk B, R Rk R PN
NPOCs A AR IE S B A i TR %, & RBR A
bt Sbe LSO TG AL, ZHIFIRIG L
T i EER 2 BRI NAP LIRS E, Bt
PAHs M 3 PG 41T, HIEI 3 W UL, 3 ~4 3F PAHs
N 30.7% ~91.5% , 5 ~7 BR (5 HARX &A%, XF
T4 PAHs, AS[R] 245 A [) 20 08 ) ol SR AR ) 4
BT, UHE RS T, 3 ~4 AR
B HOREMFESEA R AARE, 5 THERNA
A, Wit R 3 ~4 3 PAHs — & W s JE A,

K ma FabiiE P s TN E,
Cpy ~Cos LI 19.9% ~59.4% , C, ~ Coy Kt 215
LA 40. 6% ~80. 1% . FEleFf ke, Fhe b th7E
73.6% ~89.6% . & NPOCs I LIbeie 3, Hik
RHERTFIE, Ehid b tb/b. TR 507, ekd
MEAFRA TR ERTHEE.
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Fig. 3 Composition of NPOCs in PM, 5 at two sites
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