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RLAF IR AN, TR AR TS e, MR SR 4t
S BRI, AL A A A K AR PA Hs 455 3
YD o Bk BT v, R 17 AT ik AR T e I R 4 AN
Sl A AR TR OB e, 0 KR AR AN S A
JRer AL ELE R

EEXTAGAZ TR K R BUIR, 28 300 2 38 05 42
FEAR TSI G 5 AN 57K 23 R 7K AR i )
AT BT FE, I XE PR KU VY, LU vdbis
T PAH s 15 G W KA 258 i B2 iRk 2 4k 4 A
PR SCH
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1.1 AFRX %

WX AT Jbig e, Jbig b 55 (Vi
I —717 5% T A A 90 km, b IEIAT L JiEiE A
FIEK 47. 5 km, FFALIE A EWRHEK 419 km.
T AT B AR v AV SR A 3 I T b
FRYDIRT, Y0 TR1 K 2 DL R BRI AR 7T, 9 385 T L R IE
AT AIUVAT /N HRYRT S ST RN, Rl M b o 1 PR AR
Jizinf. FE AR K EEVE N, T N
A A BEE X SR R B 1. T B)

RBIFE S g0 5 AFW Ko A B R K &K
JZHURE R ASW R AT B 227K 5 K 2 BURE
R BEW FoRdbiging = 221K & 7K ZHURE 5 BSW
o Abia W E 2= R 5 7K JZ BURE R RWW R R il
T E 2= K BURE 25 RYW RoR LMt 2
ZE] AKHURE 55, RHW 387 Ak iz 1] Fl & il B 5 2]
TKEUFE R
1.2 FFRE KL 54

BT X J Wil iy 2 1 52 2 g A, 2 =R
K, B2 a2 W, 4T 20 W, F P55
11~ 12 C, ZFFI[EIKE 551. 9 mm o« A IRFFE
CEA RO XCHh AT B 5 K SCHE R A 1, BT AT
XK o P iR A VT B ( AR FRR A X)) 5 R E
AL B LL R IR B [X) o A X3 B 2 45
R S SARYAE B2, Tami] B2 U R A P ik
TATBEAH LE U 159485 B —o WK /K 2 IR AR TR L)
15 m, A E SR E R IRZ) N 80~ 120 m, 2
W KZ AR BEIRZ N 25 mo B XA ¥A] B 5 iz ]
BUEDY M ARL, TE7K Bk 2R AR R 29535 m,
FW K ZIEE N 35~ 55 m, LR K E &K E.
A [XHb B3 T LB 2, B X 5 # T WLE 3.
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Fig. 1 Schematic diagram of study area and sampling point locations
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Fig.2 Geological section of Wenyuhe section
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Fig.3 Geological section of North Canal reach

1.3.2 KAGHH

ARBIFFERE S 34T BT 1) — & Joe s 1F O &R
R AN 1T S5 B R S, To/KBR RN (43 A
all) TR T 500 CTHIBE 6 h, SR B T T dsdh &
Fl; GF/ F( Whatman, A2(FL1E O 7 Bm) 3555 214 5
I ATZE 450 CRIkE 4 hy I HE AR 2 — S0 be dih 32
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gy I“’M
e P
72 h J5 AT KT

RT 1 16 Fp & EIA RE (U SEPA) FUE L
BEZ W HRIRFR: 25 (Nap)s & JE (Ace) JE
(Acy) Zi(Flu) «3E( Phe) « B (Ant) % B( Fla) « &
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[1,2,3¢cd] BE(Ind) « — 2K [ a, h] B ( Dib) « #
[g, h, ] FE(BghiP), W& B A8E 328 7]; 5 Fp [\ i
STARFE( Phe Dio) ~ SRARET( Chry-Dia) L JRARTE (Per
Du), PRI 7S R (HMB), %04 3% 3 £
NG

1.3.3 e

IKAEE 23005 4 BOCR F 36 B EPAS25. 2 (1)
TERAT . B4R GF/ F( Whatman, 520442 Q 7 Hm)
PEIRLT YR BE A K RE 1 L, I RIS R SR - (5
FIITAR PAHS), 78 /0B fo i FH 4 B 3l [ AR B
ARFE . $EHL 50 mL €I A XSO, it T R 46
JEiE R MR, R AR E 0 2 mL G0
PIRR I 7S FEER 2R) A R
1.3.4 PAHs # A&

JKAFEHT PAH s PRSI SR FH ACRE 83 J57 33 156
(GCGMS, SEE KA F, 7800A/ 5975C) , tailikt ly
HP-5MS B4 #5(30 0 m x Q 32 mm x O 25 Hm),
W N AR R, WA 1 m L/ min, BERE R
280 C, THEFEF NVIHIREE 50 C, fRFF 1 min J5
PL20 C/min JHIEZE 200 C, R )5 FHLL 10 C/min
38 FEFHR 2 290 C, fR¥F 15 min, KA L/ 77
ERE, HEREE 1 ML, EI B EE 70 eV, B FIRE
300 C, kBT T 2. A AR
PAHs 3EAT5E &5 1.

1.3.5 BeEHE#ERERIE

A BT 10 SBR[ B 4502 R B IBRAE
HIAR PATRE SOOI RE AT BE . BN RES AR 21T hn
NIENBSCRFE 7R, FH LIRS 0512 365 2 R 453 2 BRI
SPATFER T i S 50 25 R ML . X% 5 VE R
NaP [FHCR ARG (CFBMEN 53% ) 4b, HoAth PA Hs 1)
R T 78% ~ 110%, EL VAT B 1R o b v i
ZERINT 12%, VA 1 L JKFETHE I J7 3256 R FRYE
FEl N 0. 2~ 1. 5 ng/L.

1.4 %t

RS AT AT AAS H PAHs fE AR [T VR
5 K2 AN [A] HOEE A B R AS [RIR R A 22 S DL &
AR PAHs Z [BIHFIAHR . XA [FIFPSE PA Hs
AT K-S A 56 F DA 8 R AR 0 A 2 B A7 & 1B 4
i, SEREHIT AR S KEBMEEMSE P<
Q 05, 4548 PAHs JUE IR EER 70 AN IR i %
B, PAHs i S FEAN 56 B4 20 A, BRI Ie 2%
S8 G vF Tk AT ok R . G vk g AR A
SPSS Statistics V24 0 /.

s 182 KETETR

1.5 AN 5

KRS T 7K R it AR S A 25 kT
HIXURSE R ( RQ s) 2K 7se 17K 55 3L T ZKAF: v B i
PAH s (R BT S 208

Ro= M/ Pnec (1
PrecthFHEA XN
PNICCZ NOEC/A F (2)

2 s Meec N 7KEE F A A7) S 5 R YR FE(ng /1) 5
P e T GEE WAk &9 0 5K (ng/ L) 5 Noonc A
ToUL I 0 5 R (ng/ L) 5 Av REMTEE T )
FA U FEIM 5, 2288 55 95 A5 75 U R VA 1 75
MRS S 2R ok, — Mok, Ho> 1L 0 RRE
5 IR KA RS RGO AEIEH, Ho< 1.0 %
TG FE AT BN o Nores A B9 EUE TS B 2 %
Liang 25" #f 78 il & USEPA AQUIRE ECO-
TOX (8  (http: // www. epa. gov/ ecotox) BEAT
BUE . Bk BbF.BkF.IcdP 1 BghiP & £ 4 A 0] F
Ah, HAVS RS S HUR 4 O . SmEt S
HOE 1.

1 PAHs

Tab.1 PAHs toxicity param eters

PAHs ZEWFIE Noge/(ng® L-') Pnpc/(ng* L-1) Ay

Nap 02 50 000 000 500 000 100
Ace eSS 2300 000 23 000 100
Acy 2 1 000 000 10 000 100
Flu 02 1 100 000 11 000 100
Phe eSS 3000 000 30 000 100
Ant 2 30 000 300 100
Fla 1 616 000 6160 100
Pyr S 700 000 7000 100
BaA R 3460 000 34 600 100
Chr 1 700 000 7000 100
BbF eSS NA NA NA
BkF RN NA NA NA
BaP R 1400 14 100
TedP eSS NA NA NA
Dah A R 500 000 5000 100
BghiP GBS NA NA NA

VL NA” RN EAR AT H.
2

2.1 AKX TKPAHs &R 2K ESH
TEANRIZET 5067 B 464 R K 5 H Rk 16
Flt PA Hs B0 89K LY B 53 E L3R 2. ISR 2 1T
IR H, B E 2= A X3 /KH BaP Ml DahA A [X 7K
JE/KH BaP. B % B X /K BaP.B [X & JE /K
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BaP 1 DahA & ZE B X7 /K H DahA fi % AK T
100% . 4b, FARFRIEHE G 2 3518 3] 100% , &
B PAH s XHVAT7K St R 7K 95 e A2 40 2 P, T
REAESMEN. W KEH T KF Nap 195 & #
A i, P HIME N1 587 42 ng/L, 4115 PAHs &
JRERER] 85 6%, XK BHALIEI ilk PAHs F 25
R Napo Nap RIRAFLE T A AHREL WA f

) H VAT K S TR K R ) R R S Nap AT RE S
AHE IR BREHE R et X, R Nap 1B
fIK3F PAHs, 2 K V898, 0 5 47 75 T 5% FloK A&
H2O S BaP 7R TR K S R KA T R B IR AR, T3
B9 1. 65 ng/ L, H 5 K& & =1 Nap /H2% 3
MNER . BaP [ FZRIFNR RS, BHEET
7K, BRI AR 7K 5 T 7K BT B AR R A

2 PAHs
Tab.2 PAHs pollution in river water and groundwater under different seasons and situation conditions A7 ng/ L
AL HZ A XK EKZ HZA KRS KZE HZ B X K&K

i BE v [ Y18 v ¥1E
Nap 13.52~ 145.49 66. 22 22.16~ 3923.19 479. 00 96. 81~ 35 792. 86 8 565. 68
Ace 0.38~ 7.69 2.13 0.40~ 3. 14 1. 14 0.72~5.29 2.87
Acy 5.96~ 23.02 13.72 3.62~ 19.98 9.54 21.74~ 1 020. 10 172. 10
Flu 25. 64~ 73.52 48.93 15.33~ 69.02 43.55 53.39~ 231.99 107. 80
Phe 20. 57~ 83.35 53.87 25.59~ 70.09 43.21 54. 18~ 264. 96 116. 04
Ant 2.13~ 14.88 6.56 2. 68~ 6.5 4.38 4.43~ 30. 21 15.99
Fla 8.51~ 26.93 16.21 6. 62~ 14.65 10. 63 9.53~42.45 22.20
Pyr 6. 87~ 22.98 14.71 6.71~ 25.74 13.44 8.77~179.44 29.17
BaA 0.86~ 13.17 3.25 1.29~ 3.4 2.28 1. 56~ 20. 39 5.40
Chr 4.82~ 18.79 13.06 4.16~ 22.61 9.49 3.49~ 50. 62 16. 15
BbF 0.85~ 12.16 3.29 1.34~ 8. 64 3.09 1.30~ 47.18 6.11
BkF 3.00~ 17. 14 8.58 3.18~ 13.96 6.85 3.71~ 62.90 11.37
BaP ND~ 11.71 2.10 ND~ 0.91 0.48 ND~ 23.79 2.18
LedP 0.15~ 12.26 2.23 0.33~ 4.23 1. 16 0.29~ 22.60 2.31
DahA ND~ 10.42 1. 80 0.29~ 4. 12 0.97 0.27~ 30.53 2.85
BghiP 0.22~ 15.99 3.04 0.59~ 4.05 1.67 0. 52~ 29.96 3.36
2 PAHs 96. 57~ 430. 04 259. 60 134.22~ 4 135.35 630. 89 524. 16~ 36 839. 40 9 081. 58

AT HE B XAEGKZ H W B XIEREKZ

] BE ] Y18 v ¥1E
Nap 23.96~ 1 667.63 257.75 45.93~ 127.03 93.37 46. 90~ 80. 80 62. 48
Ace 0. 45~ 53.56 4.56 0.91~ 3. 14 1.96 7.90~ 23.56 15.37
Acy 5. 14~ 653.62 110. 28 10. 28~ 21.85 14.92 2.51~ 57.61 20. 54
Flu 7.21~ 184.61 32.62 40.97~ 44. 18 45.84 11.71~ 34.99 20. 30
Phe 16. 41~ 185.98 68. 35 66. 58~ 81.63 76.38 25.40~ 127.70 50. 31
Ant 0.24~ 76.97 11. 61 6.56~ 11.46 8. 69 4.73~ 13.63 8.52
Fla 3.86~ 221.45 25.31 11. 89~ 35.04 26. 80 7.23~ 29.85 16.22
Pyr 2.68~ 129.58 2. 39 8.21~ 28.90 21.08 5.65~ 36.71 15.49
BaA 0.72~ 24.49 5.61 1.98~ 6.37 3.82 0.93~ 10.02 4.26
Chr 1.70~ 89.94 15.38 5.99~ 16.96 10. 09 2.90~ 40.53 11. 05
BbF 0. 83~ 73.26 6.70 3.52~ 10.40 7.09 1.79~ 10. 64 3.99
BkF 3.36~ 84.63 12.90 4.77~ 12.01 8.89 0.43~ 2.33 0.97
BaP ND~ 4.96 1.21 0.62~ 6.35 2.86 0.38~ 3.27 1.07
ledP 0.19~ 26.97 2.07 1.72~ 6.91 5.03 0.30~ 0.94 0.56
DahA ND~ 29.56 2.46 0.51~ 5.33 3.32 ND~ 1. 88 0.55
BghiP 0.23~ 34.92 2.88 2.48~ 9.46 6.01 0.48~ 1.80 0. 89
2PAHs 95.52~ 1763. 18 579. 85 259.27~ 403.78 336. 14 149. 60~ 421. 12 232.58

VECND AR KA H

2.2 WFRPAHs £9ip A

HUR7K PAH s S BTRIR BN ELAE R HZ KT
PAH s & TR IK N 149 60~ 421. 12 ng/ L, P34 18
23258 ng/ L; K PAHs SR EIRE R

524. 16~ 36 839 4 ng/ L, “F34{A 799 081. 58 ng/ L.
Wi IR EE A 22 38 fiF, R AL iE i K
PAH s SR BIRESZFE TR MR K. BF5EFE
JKHp 16 A PAHs J5t 8k E W & 4(a) fias. AWK
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Fig. 4 Temporal and spatial distribution of PAH s mass concentration in river water, phreatic water and confined water in the study area

2.3 WTF/KRPAHs ZW45

HUR7K PAHs SRR IRFEX Lhah e B A X
K PAH s J& 5 8RN 96 57~ 4300 04 ng/ L, T3
fHN 259 60 ng/L; B2 B X#E/KH PAHs &=
W N 524 16 ~ 36 839. 40 ng/L, ¥ HI1H A
9081 58 ng/ L. WiFr VP33 & KA 2 34 f5, &
B PAHs 73 A2 B0 B i K. B2 B XK
K PAHs BRI E N 95 52~ 1 763. 18 ng/L
SEIME N 579 85 ng/ L, ik Tk PAHs & &
WREE 14 7 fis, LG AKFI &K K PAH s Jel BTE K
[EERWEONIR ., B2 A XA B X KR K R
KA 16 M PAHs FTE R WK 4(b) 4(c) s . A

c 184+ EBS5HE

4(b) AT LLFE H, b 3@ 7] g8 6 e Bt AF W3,
AFW7.ASWS8.ASWO ' Flu R Bk Em T HA
15, AFW5.ASW3.ASW7 41 Phe HIJT EIRIE =
FHARGG), AR ST Nap B 2K E T 1
RIEGY. MW 4(c) ATLLE W, A6 3E T i T B
BSW1. BSW2. BSW6. BSW8. BSW1l. BSW13.
BSW15.BSW17 H1 Acy B B B T Hpis 4
), BSW16.BSW 18 H' Phe {1 Jii S iR & i T HRV5
G, FAR X IR Nap 19 07 52 B2 iy T HoAth s 44 .

B e OB B F lu 23 AT T AR T TR B,
T2 (BT BB 2 PR 2 AR ekl SRR
BB BT AE, DRLU, JEA AT IR B Flu it B R
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eI T ALIZ R IR I A AT A S IR R o A ALE BRI A

B AT BE 5 B AR TS RO HE B AR R V5K
Ko FFEIE M Acy EE AT dbia i B A& &
KA, HAE ORI Tl A=, Ryl & H1h ) ik
TR PTG 7K. Phe (1975 [ 3 A7 JG B SR04, 5 2204
FIEB S B AR 58 4t g™
2.4 FKPAHs Z R T

M PAHs S5 BE A BEXT B 2B, Bt 7 X R
Z=7K PAHs BLJ5EEVREE Y 259 27~ 403 78 ng/ L,
SPMEN 336 14 ng/ Lo BEJET 2014 59 A0 1
JEIZ At (AL 5 B) WK A PAHs s 2, 45
RELWIRZ= PAHs SBTEK E Y 270~ 760 ng/ L,
A D9 430 ng/ L, B & T A 05T A5 R, KW
2014 —2015 bz R K o PAHs B J5 & R A
—E T R AR . 5 E A A 3t B K
PAH s AU BN b o] 20, d6ig T i 5 PAH s &5
IR AT ORI (R IR IE 946, 1~
13 448. 5 ng/L) 53] 22 M B (R BIRE N
3395~ 13 448. 5 ng/L), i T3 E % it Lty
(JREIKE N 5 6~ 689 ng/L) 5 7% [ 2 gl >
(JREIWE N 4~ 36 ng/L) . i E4(d) 7] DL H,
WK o PAH s SPTE IR FE U e JLig i FilE> b
i@ B> A, 32 B Qe 0 Nap 1 Phes
JE I S LR AT AIAGIZT K PAH s S5 5B ]
S, A T A X 9L, I T AN R I, —
FMR 7K ALY 7KK, 7K AR 5 & AR 7K A1
FMVEBRR KA F, KT G . b igiml A7 T
N, HOACR TR F2ZE G5 T I, B 52 i e A
0 FE VAT L P 7K T S A s T HE K TR 1 KR A
TR AT BEIK , PR IHE/K 545 AT A B 3572, [ Bt
ARG V5K Tk K P PAH s TSR T4k

3

MV R IR /K o 38 R LAk iz B UEA K PAH s A&
JoT B FEE R R, AR B O AR R X, AR S 4y
ARl AR 7K, TR AE I A R Ui i R R R
TANRE AU A& 2455575 Ge P (1 Aol HE R 7K,
T WA K PAH s SR W T B .
2.5 AKEHTKPAHs 275 Bo47

XPAE AR 22745 FOAL B 2% A R I K 5 iR K
PAHs AT 2 5047, T PAHs AR & 1E
A A, R CR ST FEAR Kruskal Woallis £6
57 T BB R, SRR 3. WK 3 TR
% H, Nap.Flu.Phe. Ant . Fla.Pyr.BaA 7EANE] L &
AN 2R, KRV JEA R B AT 2=
RAEE. WES BEWNG LT FYRE E
LLi oA, 45 WK 50 MAS TR B 25 A 34T 43 4T
AT A XK AR 7K %28 PAHs T 8K 5 7%
FYAEE, X g A XK KESKELS KL S
K2 1] IR 7K 2 SRR 80N, B 7K 2 BHL B PAH s R
BT E ; WK T KR A& R K 2 18] %525 PAHs
R IR AN B3, IX AT RS2 BT BR Pyr A BaA
FIRER T 3 3R 4h, 24 PAHs REUNT 3, (K I
PAHs GfE L3 R AR, K m/K S5 T K2
[BIEFE PAHs R 2 A S, B XK
H PAH s Joi SR FE 2 3 m TR R K, XA g2 B IX
b K2 MR BB (BN 35~ 55 m) SEUE K 5K
JE KI5 3RS RGU AN 2o X6 AN TR ZE 75 98 /K Rl 2K
JE/KH PAHs HHT BT, R NE 3. NEK3
Al LA H, 4 BaA .BbF.BaP il Dib 24k, H 475 4.
Vi zE i, X R W T 4 P2 07 R R 4
UL b, KRR 22, ¥ R AMERUIR, LE KA i A7
TE SN FaSE , 521 RIS mRs Bt N

PAHs

Tab.3 Analysis of PAHs mass concentration difference between river water and groundwater in different seasons and situation conditions

I i) Nap ~ Ace ~ Acy Flu Phe Ant Fla Pyr BaA Chr BbF BkF BaP IcdP DahA  BghiP
20154 7H & ok ns ns * oK * ok * ok * ok * ok * ns ns ns ns ns ns ns
2016 4 3 A ® % ® % # 3k # % * ¥ ns * ns * ns # ns ® %

VEx P FRORERMERE (p< 0 05);“** " RIRERMEREE (p< 0 01);“ns” RRTLREER.

2.6 PAHs & &N & M

SR ARG Jgs2 3ot b 32 YAT 3 3 AE AN 7] 2 R AL
BT PAHs BEAT 42 78 KUV 1, 45 S LA 6.
7. B 6 KRN MELA B PAHs A KK, 7]
DIE H, B 2050 DX K 98 KR A& K R 12
Bl PAH s XU AT 1, SRR S5 4 R K AES
PRBE XU MO B, 3% 5 % fr 2 1 o
FAAE T 0 J06 ¥ V70 35 1) WF 92 45 R AHABL . BaP (17K
B 2 3w T Hofh PAH s, H b /KA (1) BaP XU

R TR K, K H ) BaP KU RS TR R K .
K7 Fom ANFEZEFH PAH s 424 R, 5 A s
PN E PAHs A& K45 R AL, F2F B XK
W12 Bl PAHs B9 XS KT 1, BaP (19 XU 965
BEETHAL PAHs. B2 BX#E/KH K PAHs
BT HEZ, XS Lin 9 B s B0 &5
®, b W e B S R R K5 R K H
PAHs [ JRSAH X A, 15 BaP KU 5 A S 40K,
I8 2 5] E A .
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Fig. 6 Ecological risks of PAHs in different situation conditions
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Fig. 7 Ecological risk of PAH s in different seasons

AR N EE o Hr 5  3E E  , IRAAEE ATAL
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A XH#UF 7K PAHs 255 4498 Nap Flu #1 Phe,
B X 7K PAHs 3 295 48 NapAcy 1 Phe.
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R K PAH s BB R IK BEAR T 2014 45, ] K oy
PAH s & BT RS B /N 1 AR 2 s Adn e b3z Ti]
b B R

(2) /KA HL R 7K 1 Nap« Flus Phe Ant. Fla.
Pyr.BaA fEA [FfL B2 T 220 B 3E, HRTGEY)
HEARFN B &M TERAEE . A XIBAKREEK
F1% 2K PAHs i RIREZE R B WK E T
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1 PAHs i 8K B 3 TR K. TR A TR
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Distribution and risk assessment of PAHs in river water and groundwater
in North Canal basin of Beijing
ZHANG Shiwei', LI Binghua®, ZH ANG Dasheng', WANG Jing®, JJANG Chuan’
(L. Dep artment of Water Resources of H ebei Province, Shij iaz huang 050051, China;
2. Beijing Water Science and T echnology I nstitute, Beijing 100000, China;
3. Zheng ding Water Sup ply Service Center, Shijiazhuang 050800, China)

Abstract: T o study the interaction of polycyclic aromatic hydrocarbons (PAHs) in river water and different groundw ater aq
uifer, the water quality data of river water and groundw ater in different seasons in upstream and downstream of Wenyu Riv
er in the North Canal basin were collected. The contrast analysis and significance analysis methods were used to study the
composition, content, and spatial and temporal distribution characteristics of PAH's in river water and groundw ater. Besides,
the risk entropy method was used for risk assessment. The results showed that: the detection rate of PAHs in all 16 kinds of
PAH s was 100% , except for BAP and Daha, while the other 14 PAHs were detected in river water, phreatic w ater, and corr
fined w ater; the com position of PAHs was mainly Nap( 1 587.42 ng/L), accounting for 85. 6% of the total mass concentra
tion; the total mass concentration of PAHs in spring was significantly lower than that in summer in phreatic water and confined
water, the mass concentration of 2~ 3 ring PAH s was higher than that of 4 ring PAH s;the mass concentration of PAHs in the
phreatic w ater of the North Canal was higher than that in the confined water of the Wenyu river. Nap, Flu, and Phe were the
main pollutants in the groundw ater of Wenyu river. Nap, A cy, and Phe w ere the main pollutants in the groundw ater of the North
Canal; the total mass concentration of PAHs in the upper reaches of the river water was low er than that in the lower reaches,
and the main pollutants were Nap and Phe; Nap, Flu, Phe, Ant, Fla, Pyr, and BaA, respectively, had significant differences in dif
ferent situations, except for BaA, BbF, BaP, and Dib, while the other PAH s had significant differences in different seasonal comr
ditions; according to the risk entropy method, the ecological risk in summer w as relatively low compared to different seasons and
situations.

Key words: North Canal basin; polycyclic aromatic hydrocarbons; river water; groundw ater; risk assessment; temporal and spatial

distribut ion
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