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Pollution characteristics of polycyclic aromatic
hydrocarbons in park-soil in Taiyuan, China
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Abstract: Fourteen surface soil samples in this study were collected from urban park in Taiyuan in
2016. Sixteen priority polycyclic aromatic hydrocarbons (PAHs) were detected by gas chromatograph-
mass spectrometry ( GECMS), to investigate of the level, sources and potential health risks of PAHs in
soil. The results revealed that the mean concentration of Y, 16PAHs was 1338.60 ng-g”™' ranging from
294.36 to 2540.60 ng-g '. Compared with those in other cities of China, PAHs in soils of Taiyuan
was at a higher level. Four ring PAHs were the main components in soils, followed by 5-ring,
3-ring, 6-ring and 2-ring. Influenced by the emission sources and exposure duration, PAHs showed
different concentrations in urban soil samples. The results of source apportionment indicated that
PAHs in soils were primarily derived from coal/vehicle emission (64.58%) , coking (18.75% ) and
biomass combustion ( 16.67% ). The health risk of PAHs in soil exceeded the limit of safety

standards, indicating potential risk to human health, which should be paid more attention to.
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+ b 235952 (polycyclic aromatic hydrocarbon, PAHs) 75 44 I — B £ 5% X . PAHs J& B I~ I
L 2R PRAR AR A DS A A LTS Y. B B A SRR MV K, 5 48 AR W R SRR RE WY |
FEHZEAE Y PAHs EER [ TALA L, BRI AR 58 kb, BORAL TR Baa #1545, Bl K
A KA R G Y R PAHS BB AYIL, 7F B LT AW R B R ,90% ) PAHS
FREAAE et Ak e i B (R AMBEGER T A ) SRR (B YEE ) BRI AR, B R
F14 Bt R RS

CA LR, d R Tl 38 PAHS &b T4 K, B an ik FH T (2988.05 ng-g™') ' K&
(6440 ng - g7 ) 22 JH T (2360 ng - g ') T IR T L HE P PAHs MY B T R
(765 ng-g )™ BT (611.28 ng-g™') ). PAHs PR ETLUBEB(Flt) HEIE[b] % (BbF) (B (Pyr) |
#JF[a] B(BaA) % 4 3F PAHs & it (44.3%) , HAk N 5 3 (31.5%) .6 ¥£(10.9%).,3 ¥(9.7%) .
2 (3.6%) " RIS T R, BEAL T8 Tl IR e P PAHs F2 R [ RBRBE, B a0 2 0 T
(38%) 7 WTMIT(33%) 1 KIATH (34%) M 5 iR Tl ki 4 b PAHSs 32 #Lsh 4 A ek,
JEHTi(38.8%) " | LT (30% ) ™ (BT (35%) .

ZHRIE ARG G SRR, KR TR E E S Y 2 — 2 KR T R T IR TR A R A R e
JER) PAHs' ) H B AT T ARFTT 38 PAHs 75 4415 DU A 023848 Pelot T B AR B AR 1) 2 BN 30
ST, LR L/ NAREEZ A0 3 PAHs 75 LRG0 RFE R4S AR B B O fa B A SR T K
JETT A BEl 38, A A He o PAHS (1975 YK PRI IR, X6k A M (B XU A 7240, DA A + 3983 B AN 28
AN 7 4 H8 4t T B A R A

1 #ES I (Materials and methods)

1.1 FEFCREE

AWFFETF 2016 FFAERIFTT 12 ANSECR Sed e ke iy, 23 B B A REZE A (P1) S FE (P2)
BHISI(P3) Uil 28 Bl B R R AT B (P4) VLN Bl (PS) Uil 28 Bl il 3 KA B (P6) A A Bl (P7) K]
W (P8) AT (P9) ¥l 28 FEl d& KA B (P10) (FRARASFE (P11 A [ (P12) | 3h ¥l
(P13) FR G2 T (P14, o rbr eyl 2 Bl 0 vl 1 2, 4o B R KA 300 338 RO A IR PR 55 3 /S SRAE
(1) R JETE DIRE K& 7, P AT PLL A F ol X, P2 P5 Al P12 i TR IX, P4 P6 il P10 {7 F58
X ,P3 .P7.P8 P9 P13 FI P14 {if T X B RAE p A R — A 4R L 14 SRR

R 2 T T AR G R 5—10 38 2538 s AU HEBOR A S, R R B E B R 4E 0—20 em +
e AT ER A TS, R DU R 1 kg /EA 1A RS BT RIS 2 R T4 48 h s, 5Bk
AH AR R WP 3 70 H i, DRAFHUCE AR R S5 LA A -4 CokE TP R, 2050 #
1.2 PAHs 27

FREL 10 g +3ERESS (10 g JC/K Na,SO, H1 2 g Cu Fr (B3 4L) IRA T 150 mL BEFRIN, Sl A 50 uL
PAHs [FICRSE/RY) (20 mg- L B WAL 5 25-d8 , JE-d10, JE-d10, Jai-d 12 F15E-d12) Fil 30 mL 1E S kAN
B (VeV=1:1) IR GG B 28H 10 min (3 W, BEUGH 7 HTFEA T30 PH k00 AR 25 ) AL BURCR HTTiE
IR BAURAR 2 2 mL, i RERR EAL B RN 2P A i EARKIEA 12 em BERE,6 cm ARSI
1.5 em JOKBREREN) B J5 DRI 8 IE C e S R ik 4 22 1—2 mL, A2 1 mL, A 1 L NARRFI.

PAHs I 58 R AR €0,33% 5 335 56 X ( Shimadzu , GCMS —2010plus ) .33 4 (549300 5 J7 12 1 5 £ 42 o
BLSCHERY . HARME A 26 BB 5 (US EPA) ARTERY 16 Rt ekl PAHs—2 3£ . 28 (Nap ) 53 3.
ek (Acy) JE (Ace) (%j (Flu) (JE(Phe) B (Ant) ;4 3: 928 (Flt) (EE (Pyr) AJf[a] B (BaA) i
(Chr) ;5 3. 23 [ b ] 90 (BbF) RJf [ k] 28 (BKF) (HIf[a] BE(BaP) ;6 35 B (1,2,3,c,d) B
(Ind) =% 3FF[a,h] B (DahA) ZEFF[ g, h,i]dE(BghiP). F3ERE M H 5 FRAL PAHs ISR 51 4 . 25-
d8 Hy 48.36%—64.37% . j5-d10 K 52.25%—72.47% . 3E-d10 A 60.71%—86.59% . Jgi-d12 K 63.22%—
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Fig.1 Distribution of the sampling sites for parks soils in Taiyuan
(1.Taiyuan Second Thermal Power Plant, B. Taiyuan Iron and Steel Factory, C. Taiyuan Heavy Machinery Factory,

D. Taiyuan First Thermal Power Plant)

1.3 PRFENT TR
FRIEAL A AR A2 (BRI 1 18 v PAHSs TR BT A 5 F O 2. R R AE AL & 9 FUAE A R [ g
RIS YL PR HEA T P il 4N Fl/ ( Fli+Pyr) \BaA/ ( BaA+Chr) . Ind/( Ind+BghiP) BEM% X 43 47 IR A7 R
BRI AW BRGE IR, Ant/ ( Ant+Phe ) FAEL 2 J B0 3 5 RTR B U B0 3 B4R 4R 7 ') AR IEAL A 9 1L
IR 55 FH , 504N e B8 R R B DTk, DR G, ARBIF 58 38 A FH 32 i o BT 25 3 2 e itk 1l )3 ( PCA—
MLR) RS 75 Yo R4 T R 70 M. PCA—MLR 458 538 558 43 B 35 Yo 90 04 Jo vk 38 ( L im i Ak ) =2 [
BRI SENE  SRERE AR 4 KR AR e i 4y, Zead FRAE AL A iR 335 Yok IR, Pl 1ok 2 7 2 on 4k ik
[l AR A5 38075 Yok R Y DTHR. 22 Jo 2 Mk Il A B AR n] 7R R
y=k F, +k F,~-+k F +0
, (1)
6—N(0,07)
Ky MGG R L kL ky oo b, W TCERYERNH R B F L F,, -+ F, 8 PCA TR I F143
51 sn A PCA ERF14; 6 ABEALEE 2 IR IEZS 045, A SR ABLG 8T 6 1 >4 1 T 0.

2 R 5118 (Results and discussion)
2.1 PAHs /KF

16 FHZ T4 ( T 16PAHs ) SR JETEF A 294.36—2540.64 ng-g ™', FHIH Sy 1301.99 ng-g ' (F 2).
7 FhEUE 23 5515 (X TcPAHs ) SV EE T R 151.98—1285.07 ng-g ™', SEH W BN 681.72 ng-g', 5
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Y 16PAHsHE FEIY 52.36% (45.60%—57.72% ) AR 4% Maliszewska—Kordybach #& i PAHs 75 Yt + 145 4%
X153 RV G4 (<200 ng-g™') B BEVG L (200—600 ng - g™ ) | ¥5 4 (600—1000 ng- g™ ) ™ {5 44
(>1000 ng-g™) "7 ARWFE A 28 BEl - 135 32 B35 Y, 57.14% (/A T @ T 5 4y, BARh P1 P2,
P3 P4 P5 P6 .P7.P8;21.43%J& T-I5 4%, £445 P9 P10 #1 P11;21.43% )& T2 154, P12 P13 F1 P14
(&1 3) .5 E N HABBETE A L (1 2) |, R JF S bel 43 PAHS & & TG e ot pgaziel |
R AT AT TR 2N T R IR R T 23 B - 4 PAHSs V5 Y AE [ N R TR KO fRE
RYAVANIUF= A

KT A 3 Fle & B (221,66 ng-g '), i X 16PAHs “EX M EE ) 17.02% , Ho & Pyr
(166.31 ng-g™') .BbF(164.98 ng-g™') .BaA(147.31 ng-g') I Chr(136.95 ng-g™') , 4395 X 16PAHs ¥
PIUE B9 12.77% |, 12.67% , 11.31% A1 10.52%. 76 38505 i |, 4 35 PAHs & & B 85, 7 W 8 R
672.22 ng-g', 5 X 16PAHs ) 51.63% ; H.¥k l 5 38 3 31 .6 3R, W 43 1) 4 297.30 ng- g™ (22.83%) |
181.62 ng-g™' (13.95%) 131.12 ng-g ' (10.07%) ;2 & EHAK, N 19.72 ng-g™' (1.52% ) MF 5T WK
WEHERL PAHS LA 4 350 3 HLEh 2R L 5—6 3o £ R JET 3 PAHs 418UEAE (L 4 3F PAHS
}93 . Flt Pyr BaA .Chr) X5 T-74% (L 2—3 ¥f PAHs }73:Nap .Phe) "' Fi50"* (5—6¥F PAHs K.
BbF BKF BaP) , 5H3A " P RS 2N 7 AR AT AR (L, SRR I G CIEL2) .
2.2 PAHs Z3[a] 43 Aj

ANF A B A48 Y 16PAHs & S AEAEROR 25 5, Wk B d v 1A 11 BAE PL(2540.64 ng-¢™') , HIKJE P2
(2271.56 ng-g™') Fl P3(2067.01 ng-g™") , ARMA A P14(294.36 ng- g ) (] 3) ,3xX F 2 575 JeHEHCIR Al
-4 7 B (1A O R T R I AR R Ak T3l T X A R ARk R R AR A
BT (1) BTG A HEBCR PAHs B8 KIS Ye W B9 B RTE > T A H AT 35 KU1 i b X
(1) R KA TS Yed™ 5 A A ATV LR AR R 0 75 Y g itk AT X, S s Uit A+
9, MR TS YR 8 PAHs MR BEEKET, W0 P11 P3P 43 Gl AR KRS i TR AR KRS
— IR ORJEE RN, R B A 8 R KT A, BE A LB AR A AR G P13l R R A HE
AR AR JFE T PR B PAHS {55 — AN E BRI ™, 3 B A 8 R A e 37 PAHSs V5 Ak,
A U PAHs B9 P2 P4 PS5 P63 IEEIE 4 it 1t AR 0 BEAR R s AR M 0 KA |
MFERNE. 75— I, BT PAHs NG H R (G ik Rl Rk, B -+ S 0K W B 5 e 0% K A7 7, 1 8 R )
[l PAHs &bl ™ an 3 rh PAHS & R & AT P1.P2 P7 40045 60 4 600 4F | T4 1)
Ji s e P14 FET K R BRI 4R i e e b PAHS & B B A%, nT BE SR R 16 A el 1) ) 45
(2007 AEFFEREHE) , Weas ANk TIge s v ik, R 8 105 YL IRt ) 4>
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different cities in China Fig.3 Levels of PAHs in park soils
( I :heavily contaminated, II ;contaminated,

I ; weakly contaminated , IV ; non-contaminated )
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2.3 SRUEENT

PAHs FRAEAL A4 HUAE 02 A % A 301 PAHS 75 YL U2 Wi vk, #1238 H T ge v 7 1% e B
Flti/ (Flt+Pyr) .BaA/(BaA+Chr) .Ind/(Ind+BghiP ) F1 Ant/( Ant+Phe) Fb{H 254 R bE 5 A0 SEBRAE 0% K
i be 5 PAHs RIFHEAT /M. 24 Flv/ (Flt+Pyr) <0.4 i, PAHs SR IE A A MTR 0.4 <Flt/ ( Flt+Pyr)
<0.5 FAHZEIABEIR , Flv/ (Fle+Pyr) >0.5 B R U5 Sk KRN A 9 TR ¢ #5 BaA/ ( BaA+Chr) <0.2, % W]
PAHs 3k H FAhJE,0.2<BaA/ ( BaA+Chr) <0.35 A 2B Be U, I 24 BaA/ ( BaA+Chr) >0.35 B R i
SR A B TR BETR 5 Ind/ (Ind +BghiP ) <0.2 4737, 0.2<Ind/ ( Ind+BghiP ) <0.5 4 47 il SR BE R,
Ind/ (Ind+BghiP) >0.5 BRI A4 R BEVR ; Ant/ ( Ant+Phe) <0.1 5} A7 35 , Ant/ ( Ant+Phe) >0.1
B R BRI

AWFFEEAE AR 45 SR W 4 F 7R, Flv/ (Flt+Pyr) , BaA/ ( BaA +Chr) -3 HAE 43 314 0.58 (0.53—
0.60) ,0.44(0.38—0.50) , &M 13 PAHs 2k F THREFIA Y B Be T ; Ind/ (Ind+BghiP ) -3 LU
ﬁ&mmAkﬂmL%%ﬁTE%*w%ﬁAm«hw%@m¥ﬂwﬁﬁowmlpom)%%ﬁ
FERRBEIRXT PAHs 1 BTk, 25 & AR LA R F2 i AR IR ZS A F - 486 h PAHSs D 4 38 R 32 1 ARRlRRAE 7T LA
ﬂ%tﬁﬁ&ﬁiﬁ¢PM&EE%E%ﬁ%ﬁImﬁﬁf~m$%ﬁ%%ﬂ6@£%%%im

A T 4 kR VYRR A 1 ke YRy
06 Oil source Oil burning Coal/biomass combustion Oil source Oil burning  Coal/biomass combustion
. : . R
| W/ AR 0201 i |
: 2 e ; | ke
: i Coal/biomass : L4 | Combustion
T 04} ] o combustion = 015 1 o ¢ source
& I I SO = R
T 3 H A~ .
< £
3 ; £ TR K ° .
1 ; Oil burning 5 010 rmrmmmmomgrommmmmmmemmmem e
R S S AR <
: I 7 e
: A iR 0.05 Oil source
Oil source
0 " | L 0 H L H
0 0.2 0.4 0.6 0 0.2 0.4 0.6 0.8
F1t/(Flt+Pyr) Ind/(Ind+BghiP)

B4 A3 PAHs FHIEL S HLE
Fig.4 Diagnostic ratios of PAHs in park soils

XK T2 e e PAHs WREE I AT hR AL AL BLS FHER (4 SPSS 18 HEAT F U0 #r , 153 3 4~
FRAE(E T 1 H 7.3 AR5 2 5T0kR 43910 83.50% . 7.51% F11 4.75% , RALTTHLF K 95.76% , X
T A EWELS Fias.

P 1 R T 5 25119 83.50% ,4—6 1 PAHs H AT AL 2 far {H. Flt . Pyr . BaA | Chr BaP 2 #R
PeRbr b A 9 .BbF  BKF Ind  DahA  BghiP A HLh A HE B bR > R e 7 1 R L o) 4 HE
JCUE.

HF 2 B T BT 220 7.51% , LA Flu Phe  Ant 2457 8 35 Flu 2L A B ZHE Y ™ . Phe F1 Ant

S AL IRIE R R R T 2 AT AR A AR

RT3 MR T 7 2200 4.75% ,K3F PAHs HA 5w M 8, A A9 BB s m i ' R kA
T3 WA RIS

R T HAFEA VR STER , AT LA F R 40 Hras R A A8 i PAHs WREE (T ARifEfL ) S IR &

T ZInZ kIR,
Z PAHs = 0.62 x factorl + 0.18 X factor2 + 0.16 X factor3 (2)

X (2) WHE R BON RMEN 0.91, WA, F KB (E ol 10, BB RIS N 0.01 (/N T 5.3
PEZKF- 0.05) , AT A ABE R G Ny oy JEFNAIL BN A HET  fa b A= TR be 56 3 Pl R Y BT k2843 1)
64.58% 18.75% .16.67%.
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Fig.5 Principal components loadings of PAHs in park soils

2.4 KEEPEMY

R T XERIE AT -4 PAHs $EAT RS PR, A SCS35 T fof 22 HHEARIE——RIE T 10 Fl PAHs
FIRRAEL (R 1). 0\ 10 F PAHs SV B, BRI 28 [ (PAde) B, LA 2 el 34 g T b of R, B AR 2R 6
92.86% , FABREECH 0.21 (P13, 814 ) —5.76 (P1, B 28N FE ) 10 FlBAfk PAHSs K F | BT AT /A bl + 35
PIFF e SRR , e OBARAEECK 0.15( Ant) —27:30( Fle):

I (a) B (BaP) J& HATE %0 PAHs HEUE P B ik 19 76 B0 KUK BF 58 o LA BaP 1E WbRiES %)
(B M Y& TEF g 1) il i et i 1 (TEF, ) & {6 Ath PAHs BLRFAXTF BaP Y5
e, NI X PAHSs A7 KU 148 0k

BaP, = ), (C, x TEF)) (2)

A BaP, KT BaP M TEMESERIREE g+ g™ ;€ 05 i Bl PAHs IR, ng- g™ s TEF N5 2 ¥
(ZHWF*K1).

F1 KIEH AR 45 PAHs (I RESIEAL

Table 1 Health risk assessment of PAHs in park soils in Taiyuan

PAHs D FRAE L TEF, BaPeq
Limiting value/(ng-g™") [l Range/ (ng-g™") {8 Mean/ (ng-g™")

Nap 15 0.001 0.00—0.04 0.02
Acy 0.001 0.00—0.02 0.01
Ace 0.001 0.00—0.01 0.01
Flu 0.001 0.00—0.04 0.02
Phe 50 0.001 0.02—0.32 0.15
Ant 50 0.01 0.04—1.50 0.33
Flt 15 0.001 0.04—0.42 0.26
Pyr 0.001 0.03—0.31 0.19
BaA® 20 0.1 2.40—25.62 16.04
Chr* 20 0.01 0.25—2.10 1.39
BbF* 0.1 3.76—35.05 23.02
BKF* 25 0.1 1.64—15.64 9.55
BaP® 25 1 20.72—158.04 122.12

Ind® 25 0.1 1.81—14.49 9.74
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gkl
AL il _— BaP,
Limiting value/ (ng-¢™") " FIH Range/ (ng'g)  Hff Mean/ (ng-g™)
DahA® 1 9.83—45.64 34.81
BghiP 20 0.01 0.25—1.48 1.04
2. 7cPAHs 40.89—292.94 216.67
> 16PAHs 41.29—295.90 218.68
10PAHs 265 27.18—214.86 121.73

RN BUBTE PAHs 5K Note ;¢ Carcinogenic PAHs.

TEABFFEH, 16 T PAHs [ BaP_ GVRBEEXI{E Y 218.68 ng-g™' (41.29—295.90 ng-g™' ) ,7 P&
PAHs [ BaP, AW BIE H 216.67 ng-g ' (40.89—292.94 ng-g™') , i X 16PAHs-BaP, (1 99.08% , £
7 FhEUE PAHs X - 80 XU TRk K. 5 L P A A SAR L, R 5T A Bel 423 b 3 16PAHs-BaP,
S (218.68 ng-g” ) T (34 ng-g™) M KIA (151 ng-g™ ) MY S E P HAR M L, = T
(139.48 ngeg™ )" (7768 ng-g ) KHE(12.9—178.6 ng-g ™) Y M (136.ng-g7") T AR
. R AT L R T 2 el - At R IR Ak T v KT

3 758 (Conclusion)

(1) RIFET 2B 38 ¥ 16PAHs “F33 4 1301.99 ng- g (FEH N 294.36—2540.64 ng-g™') , 1
N 8 T3 R K AR 3 bR, A A T )32 %) PAHSs 15 5%, 57 44% 25 W @ T s is e, i 2o i
FETE AL PAHs 25 8] 5347 32 15 Y HE OIS RN A 38 2 55 1) [ s o £ 7 7F R 22 52

(2) 3 5 A Y5 A BT T R R T A el -4 PAHs B2 [ AR, [R] BtA7 7 — 2 25 W Uk e i
A ISR BE I DTk, 32 A A3 AT 4 B A [ml A ARG 4 SRR B B RHIL B A HE AR AR AR W B e S
3 FhRIR A TR H 55 h 64.58% (18.75% . 16.67%.

(3) A ke +-J 16 Ff PAHs 1Y BaP 54 it MR AL 5 [ oy A T AH L b T8 s K1 B 2 Bl +
AR HAR PAHSs AR , 2R BRI T2 Bl - 338X A A4 i ik R il 5 K.
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