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Spatial distribution and sources of PAHs in topsoil in the Beiyun
River Basin (Beijing section)

HUANG Dan, HUANG Yong, AN Yonglong, FENG Hui, SUN Zhao, LI Huan
(Beijing Institute of Ecological Geology, Beijing 102218, China)

Abstract: Organic pollution of polycyclic aromatic hydrocarbons (PAHs) in topsoil has threatened human health
and ecological environment. In order to understand the distribution and pollution characteristics of PAHs in topsoil
in the Beiyun River Basin in Beijing, an investigation is carried out to examine the contents, distribution trends,
spatial distribution and pollution sources of 16 optimal PAHs in topsoil of the study area by means of multivariate
statistical methods including the Kriging interpolation, principal component analysis-multiple linear regression and
the concentration ratio among certain components. The results are as follows (1) all 16 PAHs are detected, and
most of them are high loop PAHs (4—6 rings). The total contents of PAHs in topsoil range from 10.5 to
19 466.5 ng/kg, about 29.63% of the samples are polluted in the study area. (2) The PAHs contents in topsoil show
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a trend of higher in the middle and lower at ends in both east-west and south-north direction. In terms of spatial

distribution, the PAHs contents in topsoil are higher in the northern region and the central urban area, while the

PAHs contents are lower in other areas. Due to the accumulation of PAHs caused by human activities at some

points, point source pollution or local pollution exist. (3)The ratio of specific PAHs components and principal

component analysis indicate that the sources of 16 PAHs in the study area are mainly coal, biomass combustion

and traffic combustion. Multiple linear regression shows that the contribution rates of the two are 89% and 11%

respectively. The research results can provide strong support for pollution prevention and control, land quality

evaluation and territorial space planning in the study area.

Keywords: Beiyun River Basin; topsoil; PAHs; spatial distribution; pollution sources
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Fig. 1 Location of the study area and distribution of the
sampling points
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Table 1 Statistic of soil PAHs

b TR %/J\ﬁ/ Eij(ﬁl;/ qzﬂ‘]ﬁ:?/ rf‘ﬁ?l{ oAy
(pgkg")  (ngkg') (ugkg!) (pugkg')  F/%
Nap 2 ND 213.0 36.6 242 12.90
Acy 3 ND 201.7 46.6 27.1 7.41
Ace 3 ND 83.7 28.6 194 5.09
Flu 3 ND 111.9 52.1 34.0 4.17
Phe 3 ND 1034.6 60.1 24.4 69.44
Ant 3 ND 265.6 53.5 253 12.04
Fla 4 ND 2 087.5 85.9 22.5 66.20
Pyr 4 ND 1.899.1 87.6 23.4 54.17
BaA 4 ND 12932 75.2 21.9 44.44
Chr 4 ND 25332 80.0 21.6 61.11
BbF 5 ND 2770.4 69.7 19.8 87.50
BKkF 5 ND 2031.1 92.7 25.6 37.96
BaP 5 ND 2691.2 112.8 32.0 38.89
DBA 5 ND 153.2 43.6 334 10.65
InP 6 ND 857.5 70.0 27.1 34.26
BghiP 6 ND 1538.8 73.9 233 48.15
g[ij:; 2~3 ND 17122 82.6 24.8 72.69
P'%A}I:il\s 4~6 ND 17 754.3 424 .4 72.0 92.13
PAHs
o — 10.5 19 466.5 451.0 83.5 100.00
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Table 2 Pollution standard of soil PAHs

i %A/ EiE/ i/ I E/
PAHs 3 o 3 o PAHs 3 o 3 o
(10°pg'kg") (10°pg'kg") (10°pgkg”) (10°pg-kg™)
Nap 25 255 BKF 55 550
BaA 5.5 55 BaP 0.55 5.5
Chr 490 4900 InP 5.5 55
BbF 5.5 55 DBA 0.55 5.5
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Fig. 2 Diagrams of the soil PAHs spatial trend analysis
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OM A B RS AT R e, (B2 A5 B IES A . LIRS
14 IE 25 0 A B M REAS, AT AR S R B AU,
PeE AR (R )BT T 1, 5k 22 (RSS) BT T 0 1,
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Table 3 Theoretical model and parameters of the soil PAHs semivariogram

PAHs FEp AR HesAH EHMHE e R A FE/km R RSS
Nap Hotk 0.037 0.079 0.462 9.75 0.197 0.005 5
Acy A 0.559 0.559 1.000 38.96 0.317 0.0376
Ace Bk 0.029 0.336 0.086 15.25 0.248 0.704 0
Flu 2 0.096 0.450 0.213 29.22 0.141 0.084 3
Phe 3 0.043 0.124 0.347 16.82 0.332 0.229 0
Ant 2 E/N 0.094 0.489 0.192 721 0.119 0.4370
Fla Ak 0.552 1.080 0.511 45.94 0.868 0.056 2
Pyr R 0.009 0.052 0.169 9.15 0.672 2.84E-04
BaA ¢ 0.037 0.037 1.000 41.92 0.252 3.09E-05
Chr &k 0.780 1.460 0.530 45.99 0.714 0.2450
BbF E2qes 0.489 1.210 0.404 4831 0.838 0.1320
BKF e 0.034 0.068 0.499 10.48 0.255 0.003 1
BaP TR 0.002 0.010 0.235 12.60 0.499 2.05E-05
DBA Bk 0.010 0.085 0.112 3.36 0213 0.014 3
InP E29d8 0.368 0.368 1.000 36.45 0.236 0.5350
BghiP gt 0.679 0.945 0.719 42.11 0.413 0.1330
{IRFFPAHSs 2 C/N 0.139 1.120 0.124 11.90 0.752 0.959 0
FHPAHs R 1.521 3.043 0.500 48.67 0.773 0.989 0
PAHs i i 5 1.221 2.566 0.476 48.28 0.896 0.279 0

g RB— M T 18 7 G0 A% a R) 23 ) A G
(R 55, (/DN 2R 78 B 1 23 [RD A G M B o, B AR 1)
78 St 25 A PE 2R 32 5%, S RBUNT 0.250 I,
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WA R, 2 UE I X e b BT B AR A
AR AL, A R S BOHE 5T IX b X 3 4 48 b PAHS
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Table 4 Mass fraction ratio and sources of soil PAHs

Al HAE R i
. <1 JRBER
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>0.1 PRLETR
<0.4 PERT: b
w(Fla)/w(Fla+Pyr) 0.4~0.5 WAL BRI LR
>0.5 S/ ) SRR TR
<0.2 Paxlib
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<2 /) BT RR G TR
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Fig. 4 Mass fraction ratio of soil PAHs

& 4 R, wEoE X R A w(Fla)/w(Fla+Pyr)
AF 0.38 ~ 0.60, A 93.97% HIFE S HLAEKTF 0.5; w(Ant)/

w(Ant+ Phe) /T 0.09 ~ 0.42, A 96.15% HYFE 5 FL A K
F 0.1; w(Pyr)/w(BaP) 4 T 0.51 ~ 2.76, A 96.43% I k¢
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J /N T 2; w(BaA)w(BaA+Chr) /1 T 0.26 ~ 0.53, A
92.06% I FE i HLE KT 0.35,

LRGSR AL, BE Y IX 3R Z 3 PAHSs B R IR
DU /A= 9 SRR B 05 R 32, TR AR Ak A7 R L IR 58 U5 R T
A9 X A 22 K 22 S BRI, DR LG e /A= 40 o ) 48R
BeRWFoT X R )2 3 PAHs BB Z R TH, IR E RS
) HE ) SR A 5T X 22 )2 £ 18 PAHSs 19 55— T .
4.4.2  F WA 5HT-22 UL 1 3 R 5 5 Y TR

K B 3 B -22 Je S M T A R T F AR X+
Berh PAHs V5 4L ) (%) AT BER R, 45 R WL 3K 5. R4 R
FRDT R 300 2 32 B3 43 B 9 TR A5, Sl o D) DL 1R A
R B RR, BRTTIOR — B KT 85%.

5 1i1E PAHs TR 5 EFreHEErR

Table 5 Rotation load matrix of the principal component factors

of soil PAHs

PAHs F s Figr2
Nap 0.850 —0.026
Acy 0.744 0.562
Ace 0.716 0.563
Flu 0.761 0.406
Phe 0.900 0.339
Ant 0.903 0.019
Fla 0.990 -0.047
Pyr 0.985 0.042
BaA 0.973 -0.168
Chr 0.960 —0.250
BbF 0.955 —0.277
BkF 0.954 -0.278
BaP 0.960 -0.232
DBA 0.965 —0.180
InP 0.885 0.059
BghiP 0.958 -0.231
J7 2T 82.42% 8.16%

Ftr 2k 82.42% 90.58%

i 5= 2 Hr AT 4, 16 > PAHSs AR f & 1 f5 L AT
DL 3 2 A oy 7ok R, Rt Z vtk Rk
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B 15 AR IR AL 4, B BHF 5% IX 1= 1€ b PAHSs 1175 4 R
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A Inp. Nap. Flu, Acy. Ace, #fof REE 0.7 UL I,
LA H IEFE A Fla, Pry. BaA. BaP. Ant,
Phe. Flu #f f& 1 5¢ B8 58 1) 5 AE HE 4, b Phe K&
Flu £ %7 4 TR £ 75 3/ 1 ; DBA. BbF. BKF. BghiP,
InP R 22 38 R RE AR BE, 40 S8 3 AT I A B 5 Ace
SRR =Y, 8 T A AL TR Nap. Acy 4B
B R L R SR T RN 5 1 N D D
45774 Nap. Ant, Phe S¥) i, PRI F Ao 1 £ %
R T B /A TR e K 3 TR I R be iR o LA
2 W HA Ace. Acy. FluiX 3 Fl' PAHs 2H 43 i 2 77 2 %%
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U, I 3 B4 2 FEE R T AR

T RE R LUK R =, dbas il oE & K A&
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R L I S 4 K1) Je A5 B B0 52 S + 438 v PAHs 19
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AU 32 AT 9 AV - A R T S, TR b B
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St A IRE e B A AR A AR, R T 7 A= 1) PAHEs L
SARMIE KA KA 5 KRR R i 5 A
o, PEE R T R ARSI . UL TR X N
AR PG B Tl MR e 20 4 ) X IH ik, el T AR A
B Tl AR P A2, 30 B i A 35 B T 3 M N 1 1 4
FH T /K 2 A7 76 5 A TRV R B 1 35 e 0, [ ik, iF 5
DX A ) 7 2 B Y B AR G Tl RE S A G

RS HE R A VR 4 R A AL AE T I 4 4 3 b PAHSs
(1) 55— EERUR . A5 (AL T GE T4 4 ) nT 41, 2021
AEIRAL BT LB G0 A 1R 685 JT M, #2020 AFE K ¥
Hahn 28 Tl . Atiz AR Ak i N R
Pl Fe A L T AR KT e e B T, B D AR AR
K, ARNWrHEL A VR R AR BRI R R e R
55 v PAHs I Hp2k B, IR0 VR 4 R AR R 2 HE
SFRF5E X 445 PAHS (49 1E F AN 25 230

A& R I EE R, DL 2 A EA T8 A
i (X, X,), PAHs S RS i (V) i 17 2 on 4tk
[m] 0, 57 [\ A RS . ¥=450.972+1580.012.X,+192.179.X,
(B8 2L R*=0.996, P<0.05), FriEAL 819 22 5050 51 4
Px=0.991, Py,=0.121. H 1t Al 01, /4= Py Jox i #R 458 B
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A8 18 KR B XA Y X £ 4 h PAHSs B &= Y BT ER RN
89%, A1 MM &5 A vl AL TR A STHRR A 1%,

5 #it

(DAFFEIX 216 4 - e FE & 16 # PAHs A 1
h, DL 5 PAHs 414 b 3, & 38 PAHs 4143 (5 PAHs
SR Y 74.4%, R3F PAHs 4153 5 PAHSs B 1 25.6%
PAHs i 7 [l 10.5 ~ 19 466.5 pg/kg, H1 14 Jy 83.5
ng/kg, 52 BTG5 YL i T AR T2y 29.63%.

(2)16 F PAHs Jit & 7 £ i1y 25 [ e £ 9y -
Nap. Acy. Ace. Flu 2 Ant 7 £~ J7 [a] b A8 fb & 50
W14 ; Phe 75 75 V4 J7 [n] B SG 2 il Th m , #E QORI BEAR, 78
FIdL s 1) AR L 2% ; Fla, Pyr, BaA. Chr, BkF, BaP,
InP., BghiP. 53 PAHs, PAHs i 76 45 74 Jy 1) S pg b
J5 1) 38 3¢ B Sy Al 2 I v S R AR, A8 Ak )
. BbF, DBA, {X¥F PAHs £ 75 V5 J5 i) K R db 77 1] 2
RIHT22 LT T2 TR

(3) N2 ()3 A E R, BFSE IX 4336 16 Fl PAHS
149 J3 2t 4 HROR 25 0K, AR 3R 3 Sy P A 3 R v P S
IX. PAHSs J5t 2t 43 B0 X5 85 e, T O A 30 1 X S AR R
TR 1, DX B X A0 T o RS X PN A A RS R Y T
TR 9, A 550 PAHSs & 4, 7778 J il s TG e .

(4) G2 itk PAHSs 5 it 5350 5 = 8 PAHs Jit &t 73
B HAE, 028 R A 5% DX P 1 358 PAHS SR R LU %
/87 S 7= oSl [ B o S R N Y [ R - e S IR el T
7T X 449 Fh PAHSs B9 A 8 DL JSE /A 9 0 A R e R R
WARAL AT BB BRI N A o F2 18003 91 Bt e 2 o0 4k
PE [T B 45 S R, BT X 4 8 v PAHS (13K 5 32 22
R 1A ) T AR e S A SRR B A AR, LR Ry A ik Ak
T A A TR, TR R BTER R4 5 89% A 1%,
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