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KBNS REFB T EZHRFTRITE
MKIAE N S IEFHR

| KRS MR XEF RLA

(1. BT AREE i o0, Bali, 114004; 2. JbURHE K2 AR S HREE TRE2 5, JE3T, 100083 ;
3. P EFE LA, Jb5T,100012)

W OE CRAAMEIE-BUEHILE (GC-MS) 48T T RIS S Jm A X Ko XA 11 AR g 3R
2R 16 FhEZHT5 4 (PAHs) , 25 R R0, 894k T IX 16 Fh PAHs ( X PAHs) ¥ EETE RN 3. 39 x 10°—
1.54 x10° ng-g ™" SFHIHBE 3.21 x 10* ng-g " ; JEAE X X PAHs W L Ny 587—6.70 x 10° ng-g ™", SF-HyHkEE
3.82 x10° ng-g ™" ; X5 X T 11l ¥ PAHs ¥ J& 385 ng-g~'. X PAHs Fll Bap M Tl X > FBAEX > KX #
e 5 E NAMLABIITR S R H IR Tl X R L 3 Ji A X -3 PAHSs 15 QA% ™ 8, 11 A RAE S
H 9 ARAE S 1Y PAHs Ry E V5 e 4 N RFESRIT (a) BE( Bap) W B A i 42 0K - 48 o e ofe. ) FHARRAIE
Ho B ( Diagnostic Rate) F1 3 54343 HT3% ( Principal component analysis, PCA ) X4k Tl [X K 58 11 s [X. 1 358
HEAT T URARAT , 25 R 2 AR Tolk X 3 PAHs ZERIRFA A MR S0k e s s Y, JA i1 i 1X 1 ¢
B 32 Tl v5 G IR HE RO A1 L3 473 et s e HE R b S5 .

EgiR T SR (PAHs) IO, TEARNT, T

ZILF5 1% ( polyeyclic aromatic hydrocarbons, PAHs) &) IZfF1E THES R i EE A EA LTS G,
R R I RN BUE TS e 2 — . R —Fh R A IR A T, IR BE T PAHS (91
PRI 2 b Y 22 R 07 R RE o B i B B AR BOTE— 8 S R AR KRR
A A A T, B SR B 0 f AR RE | L P KO B R BEARRAE R Bt DX B P 11 7 Ytk b A R
KRN

BAWFTERM T AR e R kAR b X 138 PAHSs V5 Y KP R . AR
RENERT My 4 [ B R R A Bt 2 — AT I 50 AR A7 i o, T DXIHAR o B 7 3 i 1X
TR 1/3 7247, AF k™ 4k 3600 J3 I, JHFEME I 870 J7 (2008 4FK ) , H PAHSs 15 JEHEHON Bk
T A SR i R R R

ARSCUAZRIUHE RN R T ST el T S FFE 0 R el Bk ol X e LRl i J A IX AU X 4
T5 Y KPS DB R ™o MO BTN A AR SRR A T X R B T A
& PAHs 15 YR FEA BT AN ASIETEAET DX 3R S i DCSsloA i s SR, I A DX R LA AN TR S RE IX
3 PAHs 155 BUIR SR HA5ROKF  F AT R IR, 545 R n o k) LAy 8% PAHS 15
QeRt5E I B ia S5 PR IEROR SCRy , BAT B2 e S B

1 SEEER 4

1.1 FERCREE

2008 4 ZE A AL AN BRAE A 28 /) X K L JE) 0 O Rk i T 8 IX A 15 11 AN SRAE A, R FH AR
B A ERERIZ T (0—20 em) IREFES, B 1 kg ZAARES: TR O BB 2 so % B, %
FEZ T, — 20 CORE. RSN E A 1 FR, ok LN B OB R e 2 ek Tl IX R

2012 4F 9 H 3 HUiH.
 PRBEAR AP 4 1 L 3 IR IR A K5 Y B iE 30 H 9 B).
w % WIRBK R N, Tel:0412-5817546 ; E-mail ; tianjing751229@ 126. com
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FERL IR B REHT TR I RV S A R A IXCRAE S, T LU A XU DOCRAE AR
1.2 ARG

TECE b A HLRF AR IR, . T. Baker 28 6] A2 77, 255 IEFRER IR (2000 mg-L_1 )
ZUE . EUE A FE LSBT AT (a) B R TR (b) PRI (k) B T (a) BB
(1,2,3-cd) . "I (a,h) B 2K (g, h,i) FE5 16 FifLA& W, AccuStandard 28 7] 42 7=, B AR M br E IR
(2000 mg-L.7") :2-FUARUBA. INFRIAT (2000 mg-L7") : Z5-dg JE-d,, FE-d,, Jiii-d,, FIHE-d,,. ToKBIR
B4R AL ,400 C R afifl 4 h, LIBR AT RERY T IR BT, BLLF IR . 400 C R alifk 2 h. 9 % B At
(6 mL,1.0 g) Supelco 28 )4 =,

B1 RERALA
Fig.1 Map of sampling sites

1.3 FEATTAL R

s R i = L, B 10. 0 g A 5 RIS B JC /K B R A FH v A G- i B 4P DB R AT J5 T &R 1G4
Bes 150 mL SV BE-PNER (1: 1) 7 FI7E 70 CRIE R HRBGRES: 16 h, $RBURAE 40 °C Tl 5 2518
WA E 2 mL 2247, A 50 mL 1E O e 5 RS2 1R 46 2 2 mL, AR % 1 mL. [7] 35 % Hg b ke dom A
1—2 em Jo/KGRIREN, 1 10 mL 1E CBETER I whk i fb A | 30 250 . B iR v 4 o AR b | 37 250k
R, B 10 mL 50 H e v A b U8 T K-D . SR AWK S b R 45 2 0. 1 mL, A
0.4 pLNARETR, HIECHEE A 2 1.0 mL, 2R i B4t Sk 2 i AR T 28 e 22 2 mL [ SRR
o RE SRR ORAE R
1.4 FESITHT

i AT SR FH AR 45 1% - B 351X ( Agilent6890GC-5975MS) |, {4,354 >4 HP-5MSI (30 m x0.25 mm x
0.25 pm). W E:1.0 mL-min ™" FEEE TR 290 C. AiEFREE . 60 C (2 min),20 C-min ',
150 °C (1 min) ,6 C-min~",230 °C (1 min),1 C-min"",240 °C (2 min) ,8 “C-min"",300 °C (10 min). ¥F
e AN, A1) 0. 75 min; FEFE S 1 pl. BURE S5 B FIRIRBE . 230 °C 5 PURRAT IR . 150 °C
FEITRE 280 C 5 LT RER .70 eV. MM b & 72, B F o 35—500 amu, $9 4 B 8] 24
1 sescan ' GER AT MR FEE T (SIM). R 16 F PAHs F5 #E I ¥ 200, 400 . 800 . 1600 .
2000 pg- L~ fbriE L, PIPRILE &, AR EE A 800 pg- L.
1.5 iRl e

25 AT A RIS/ N TR Y BIR 5 25 L Iprobs 25 B RN AR B2 43 W AE 7. 8% —25. 2% F11 49. 2% —96. 6%
Z 8] R S IBTRS B5 FE RN UERA 2> N 7. 8% —19. 8% 1 67. 2% —122% s K R A 1.2—8.3 ng-g~".
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2.1 +3HE PAHs WREERRIE

MFE N Frw, Wk Tk X 45 16 Ff PAHs ( X PAHs) BRI R 3. 39 x 10°—1. 54 x
10° ng-g ™", P E 3.21 x 10* ng-g ™" ; JEHEIX 16 Fl' T PAHs SR FEVLHE A 587—6.70 x 10° ng-g ™", F
PIuers 3.82 x10° ng-g ™' s MEL X T111 X PAHs ¥ ¥ 385 ng-g ™', £ TLIX > JHEX > KR X .

T WP K 1 PAHSs 15 4L /K ( ng-g_] )

Table 1 Concentrations of PAHs in soil from an iron and steel plant and the surrounding ground

i o AR AL Gl MK
H/ME SSoN] SEHIE H/ME 5PN EEIE

£ Nap 8.21 5.71 x10*  9.62 x 10 22.1 1.05 x 10 298 6.11
& Acpy 4.12 6.28 x10*  1.05 x10* 2.72 63.7 39.7 1.42
- Acp 15.9 403 114 3.51 17.4 9.31 0
% Flu 21.1 351 105 4.83 35.7 19.5 2.21
o Phe 299 5.70x10°  1.54 x103 60.8 436 261 33.7
p Ant 28.8 1.45 x10° 509 63. 1 450 181 33.4
P Fl 52.3 3.28 x10°  1.28 x10° 52.3 1.10 x10° 375 60.2
3 Pyr 212 2.71x10°  1.01 x103 56.6 1.05 x 10° 602 47.2
HIf(a) B Baa 10.8 1.50 x 10° 765 35.0 746 427 24.8
Jif Chr 299 7.73x10°  1.88 x10° 46.2 754 422 38.4
HIF(b) D Bbf 2.2 513 281 32.4 437 244 30.5
I (k) PR Bkf 2.4 216 76.6 1.1 23.6 18.5 0
HIf(a) Bap 254 1.70 x 103 770 35.6 781 443 32.2
Bidf(1,2,3 —cd) Ind 233 9.76 x10°  2.09 x 10° 61.5 580 325 34.6
ZRIf(a,h) E Dba 54.8 2.54 x10° 536 12.6 138 76.2 7.01
#Ift(g,h, i) Bghip 74.4 3.99 x 10° 990 57.3 103 73.5 33.0
16 fi 2335 9% Y PAHs 3.39 x10°  1.54x10°  3.21 x10* 587 6.70 x10°  3.82 x103 385

wE 2 B 3 R B Tl X AR R S Y PAHSs ¢ B8 et 3 T H A R AL 5, H. 2 .3 3 PAHs 5%
KL, AT e 512CRAE A R AR AL T KA Y HE RO B AR B T ME T3 0. Tl IR s M
BN 5L X PAHs i35 T HAWCSRAEE 557 (BREFISN) , HEZILL 4 38 PAHs i 3, v BE SR M idad 72
e AR I BREAT OC. JRURE FLAN A SR SR X BAIR, A AR P TR 5 77 A PAHs A5 — i Bk
R LTS YR A SE R TR XU R S BR RN ZR 5 R PR R AR IXORAE S5 X PAHs 5 B84 R A S AL T R —
15 Y 7K | WA TR R R A A5 A6

180000 - - 1800 100%
160000 - “&-XPAHs 4600
—&- Bap
140000 - < 1400 80% i
T 120000 - 1200 K E
§ 100000 [~ 1000 Tgﬁ <§ 60% ‘: 5
= % kS 5
g\] 80000 800 E E 40% ;& u;
60000 - 600 K B
N N
40000 [ 400 20% § §
. \ \
20000 200 § N
0 L I 0 LB N H I NN =
; X ¥ D & KN DD & % 9% & K >
Ao g o 0 o G S e <
W )66‘ % €O B 7 % X
2 OR[FEREE S L HErR PAHs Al Bap W B3 R[FEICRAEE S 3 PAHSs 21 Eb )
Fig.2 PAHs and Bap concentrations in soil samples Fig.3 Proportion of PAHs components in soil samples

from different cocetions from different cocetions
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WP 2 Ji7s 16 Fit PAHs W80T BcHR 94T (a) BE (Bap ) WS N 32.2—1.70 x 10° ng-g ™', F
I 584 ng-g~'. 5 X PAHs HH[A], HF 58 1 X -3 Bap 5 TOlLIX > RAEIX > KU X3 BF 50 B %
B, 3 5 R RNZR 5 SR AE A 338 P X PAHs 1 Bap WRJE Y@ T 1 & XGRS, AT BB -5 A7 34 P Hb 1 55 T
Al AR XA A 6. KU IX T 1 488 S PAHSs Al Bap Y& B2 B T Tl X R RE AT X, I D RE X 35 e i #h
RN AN S o e AR ], D Tolk 5 Y HE U -3 PAHS 5 LAY FEDRIE.

AR S PAHs 4153 25 5 A0 3 B, BRI & X 458 DL 2 3 AR5 it PAHs(LMW)
A SR BERY 83. 1% F149. 5% LIAN , HASRAE £ 3835 )y 4 A h 4375 PAHs(MMW) (538
i HL B, BT 7 BB L 37. 4% —64. 6% , 5.6 MY 4 i PAHs (HMW ) R 22, BT 5 L 6513 [
23.0%—38.1%.

2.2 3 PAHSs 75 YK LA S PR

b mit ik F i) S URR 4 )2 3T Y PAHs W E 672. 8—144814.3 ng-g M I, %Ak
AP 4 PAHS 5 YA XSO0 P 8. St k) A £ Y PAHs 4292, 4 ng-g !
A LG AR 28 Ak Tl IX A T A X 322 39605 et e, 5 R I X Y (B T IX) )2 1
I 1185 ng-g "ML, AW 58 PR Tl X K2 H I35 Ye it 4 . Sk (236 ng-g ") B+
(225 ng-g™"') LR PGI" (64—155 ng-g ™) FIBTBIR KLY (242 42 ng-g ") b IX A [ + 850X +
Y PAHs Y8 (R SR VEE ) AHEG, T- 1L IX S PAHs FHXFH T, (EMEAR T3k 22 2 S 2418 395 ng-g~'. 5
ER AT b 24 H 1 Y PAHs ¥ B 665. 8 ng - g ' Al K HE® 4 X (3 A7 3£ )2 1 (1840 +
925) ng-g ' RBIXFK)Z 1 (469 +168) ng-g ) ML, AW FT o A X 4 3875 Yo K F B , (H KGR X T 10
Hi DX 35 G KT AR AIR.

AT E H TR %A & £ PAHs PEM bR e, IR LR Maliszewska-Kordybach ™ @ 180 ) 43 4%
PRETEM A 78 H 358 PAHs 159K 2B ik @ 80K 18 PAHs V5 YRR BE 43 Al 4 AN KF . 65
(XL PAHs <200 ng-g™") EEMIT Y% (200 < XPAHs <600 ng-g™") 4575 4 (600 < X PAHs <
1000 ng-g ") FP“E{5 4% ( X PAHs > 1000 ng-g ") . RIGX RN T34, BT L FIG A =5 A A7 iR ists
Yedbh, HoAh R 5 35 7 G e AR N K R Y - 5 rh Bap 7R T 4 v S E (N
100 ng-g~ ", 7R 52 el FE A | L A 3 A0 Tl i P ) 6 v (R 700 ng- g " AR X — BE 1R AR
SRR IR B BRFIZR B R DU AN SRAE A 48 Bap YR BE AR, AR RS0 1.1.1.4 0.1 F1O. 1 A%, 4NEL T
i DX AR B G
2.3 4 PAHs JEEAT

FRAE FUAE 722 ( Diagnostic Rate) 132 5433 #7172 ( Principal components analysis, PCA) & FHR AT 435
PAHs JEf#HT. PAHs (RG34 B AR AN AR PR, BR5E b 22 S AU, AR S8 3 A BRBE IR LA
TR, B PAHs = ZORIE TSR LA R SRR RS  IK3F PAHs £ ZORIETH LY MR (L Ang
T B EE 2 AT ST BRI & DX 5 IR ER PAHS JIF i L B8 R LASN , H b R AR o5 4 S
PAHs ¥JLAR R R4 3 SEBHACHB 20 R bE 5 b PAHs 5 B U8 T 0 25 Ak A R B0 S0 IR IR 8. LA,
Ant/ ( Ant + Phe) Baa/(Baa + Chr) 2" ZEREAF b % F R HIWT + 38 7h PAHSs 75 4L AR TR 38 4, 24
Ant/ (Ant + Phe) FWAE/NT 0. 1 PRI R AR, KT 0.1 NBABETE ™ ; Baa/ ( Baa + Chr) /NT 0. 20
SATIRRTR , 7E 0. 20 5 0.35 ZIAA AT IR AR B AR A U8, KT 0. 35 AIRBRIE Ak 4E LRSI U (E
R A BIFFE vh bt s AL oh , 4 RAE 5 Ant/ (Ant + Phe) B FEREIH 0. 15—0. 51, ¥R T 0.1, %
KEBUSAL T3 d PAHs Sk A BRBEUR. BREFI S50, Hfth 57 Baa/ ( Baa + Chr) HL{E 4 0.39—0.72, 3
KT 0.35 WBEHIR ZHCRAE S -3 PAHs R FHRBRIE.

FIFH SPSS17. 0 BAExHZ 88k KR 38 16 Ff PAHs i 47 00200 , 2R 32043 Br
S5 T 2 RIE S e S i SRR 7 22 5Tk KT 85% A+, 45 R W3 2. 4Nk 2 IR ARk Tk,
X4 1 Acpy F Flu 284078855, 23 W10 0.91 F10. 98 iZ B 5 Yol simik ™) 2500 S A2 ik b T4
TETG YY), BLAh , BRATHI R 42 = 9 Phe  Ant  Chr ZARBERABE R B ZRFAE ) | Ind J& L8R BE (1) T ZE4E
AP Ind Bghip ™ EHLBI AERFAEIRTE Y. WKL Tl X a4y 2 FTLAE H, FLFD Pyr #0407 85 i85, 43
524 0.98 F10.99 , iZFiFH G Yt ELA BRI IR A ZURRAE R Tl K A4y | A 2 BT s
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1 89.55% W7 22 FRWI B Tl IX 13 PAHs 5 4% F2ZORIAT R SR Seih R LA R L3 422575
G R B X SR IR R T BR Flu Phe S5 (4B H B g 2800y, AR 15 A9 Bk Tl X [R) 32 fla A (AR 2595
YL AN, Ind Bghip" ™! LS A REAE R TS Y ITERL ST 1 RIS 2 b o 43 ) e v, 150 A 3t X
I PAHSs BR T 32 Tk 5 e HERGE M A AL 420 Seiis Qe o 2 5 2 75 eI

x2 FHTE PAHs A0 TTRARR

Table 2 Contribution rate of PAHs in main components

o ‘ ﬁﬂ@i;T\IVIZ JAHu X

431 %) 53 3 A1 5y 2 85y 3
Nap 0.91 -0.34 0.22 -0.36 0.92 0.02
Acpy 0.91 -0.34 0.22 0.41 0.84 0.32
Acp 0.99 -0.08 0.14 0.99 0.12 0.01
Flu 0.98 0.00 0.19 0.95 0.03 0.32
Phe 0.97 -0.18 0.14 0.95 0.14 0.27
Ant 0.90 -0.15 -0.40 0.41 0.12 0.90
Fl -0.14 0.98 -0.10 0.32 0.09 0.94
Pyr -0.10 0.99 -0.04 0.96 0.14 0.24
Baa -0.42 0.79 0.15 0.96 0.15 0.24
Chr 0.96 -0.23 0.18 0.95 0.10 0.28
Bbf -0.34 0.71 -0.59 0.97 0.04 0.25
Bkf -0.32 -0.01 -0.93 0.44 0.82 0.27
Bap 0.77 0.59 0.23 0.96 0.13 0.26
Ind 0.94 -0.27 0.22 0.96 0.07 0.29
Dba 0.94 -0.27 0.21 0.95 0.08 0.31
Bghip 0.94 -0.17 0.30 0.11 0.98 -0.11
FRIE(E 11.150 3.177 1.381 11.559 2.991 1.293
TR % 69. 69 19.86 8.63 72.24 18.69 8.08

3 45iE

(DFIREARICFE PR X £ PAHs 75 44/ 5, ¥ PAHs ¥ B4 3. 39 x 10°—1. 54 x
10° ng-g ™' PR AL 3.21 x 10" ng-g~'; JAJEA X 158 Y PAHs ¥ T H N 587—6.70 x 10° ng-g ™',
FHIHRE 3.82 x10° ng-g ™' s KUEE XTI X PAHs Bk 385 ng-g ', 11 AN RAE S Bap Ve[l 32. 2—
1.70 x10° ng+g ™", “F44{H 584 ng-g~', T PAHs Fll Bap W TV IX > JEE X > KR X .

(2) 5 E NS AR 25 A0 HE 18Rk Tl X R L JR 11 1 X 438 PAHSs & B2 4b T[] — /K {H Y5
YRR 11 AR R BR T LIRS S s N B2 0T e oh  HMRAE f X S PP E 5 g 4 SR AR AR
Bap ¥ 81 i &R A 38 i I E.

(3) VM4 R0 AN Tl X 3 PAHs =R T A2 MRAE  Se iR re 5575 Ye Ui, J8) i i
X A3 A2 Tolk¥5 G IR HEBGE A h  HLSl 23500 S TS e HE Rt A B .

& £ X #t
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Investigation, assessment and source analysis of polycyclic aromatic
hydrocarbons (PAHs) pollution in soil from a larg iron and
steel plant and its surrounding areas, in China

TIAN Jing'" ZHU Yuanyuan™ YANG Hongbiao' WU Guoping’ WEI Fusheng®
(1. Anshan Environmental Monitoring Center, Anshan, 114004, China;
2. School of Civil and Environmental Engineering, University of Science and Technology Beijing, Beijing, 100083, China;

3. China National Environmental Monitoring Center, Beijing, 100012, China)

ABSTRACT

Sixteen polycyclic aromatic hydrocarbons (PAHs) in 11 surface soil samples from an iron and steel plant
in northeast of China and its surrounding areas, including residential and scenic areas, were analyzed by GC-
MS( Gas Chromatography- Mass Spectrometry ). The concentrations of Y, PAHs were 3. 39 x 10°—1.54 x
10° ng-g ™" with a mean of 3.21 x10* ng-g " in the iron and steel industrial park, 587—6.70 x 10’ ng-g~'
with a mean of 3. 82 x 10 ng+g~" in the surrounding residential area, and 385 ng-g™' in the scenic. The
concentrations of Y, PAHs and Bap in the industrial areas were the highest, followed by the residential area.
Compared with other studies, the soils in the iron and steel industrial plant and its surrounding residential area
were heavily polluted by PAHs. Nine of total 11 soil samples showed serious contamination by PAHs.
Moreover, Bap concentrations in 4 samples exceeded the limit of Canada Soil Quality standard. Source analysis
was performed using Diagnostic Rate and Principal Component Analysis (PCA) methods. The results showed
that coal and diesel combustion contributed to PAHs pollution in the iron and steel industrial park. Moreover,
vehicle gasoline and diesel emission was another important source of PAHs pollution in the surrounding area
along with industrial emission.
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