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Distribution, Sources and Risk Assessment of the PAHs in the Surface Sediments

and Water from the Daye Lake

ZHANG Jia-quan', HU Tian-peng'”, XING Xin-li’, ZHENG Huang’, ZHANG Li', ZHAN Chang-lin', LIU
Hong-xia', XIAO Wen-sheng', QI Shi-hua’

(1. School of Environmental Science and Engineering, Hubei Polytechnic University, Huangshi 435003, China; 2. School of
Environmental Studies, China University of Geosciences, Wuhan 430074, China)

Abstract. 8 surface sediments and 8 water samples were collected from the Daye Lake in August 2015. The 16 kinds of EPA control
polycyclic aromatic hydrocarbons ( PAHs) were analyzed by GC-MS. The results showed that the PAHs concentrations of surface
sediments and water ranged from 35.94 ng-g™' to 2 032.73 ng-g~' and from 27. 94 ng-L™" to 242. 95 ng-1.~", with average contents
of 940. 61 ng+g™" and 107. 77 ng:L™", respectively. The distribution of PAHs in surface sediments indicated that the contents in the
center samples were higher than those in the bank samples, but the water showed nearly the opposite tendency. The 4-5 rings high
molecular weight PAHs were the main components in the surface sediments, and the 2, 4 and 5 rings PAHs were given priority in
water. Compared with the other domestic and oversea lakes, the PAHs pollution of the Daye Lake was at a moderate level. Source
apportionment showed that the PAHs in surface sediments and water from the Daye Lake came from the combustion source, HWM-
PAHs were the dominant part of the PAHs in the sediment, reflecting the sediment PAHs pollution under the effects of mining and
smelting over a long period; All monomer PAHs and total PAHs content in sediment did not exceed the ERM and FEL limiting values,
showing that there was no particularly serious ecological risk caused by PAHs in the surface sediments from the Daye Lake; the
incremental lifetime cancer risks assessment showed that the uptake risk of PAHs in Daye Lake water through the ingestion and dermal
absorption were both in the acceptable range recommended by the USEPA, but all sites had higher risk than the acceptable risk level
recommended by the Sweden environmental protection agency and Royal society. The pollution of seven carcinogenic PAHs needs
prevention and control.

Key words : Daye Lake; surface sediments; water; PAHs; source apportionment; health risk
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Fig. 1 Sampling sites

RICHHGR PIlEE 24 b, IF 4 A B 6.

JKFERR B 1 L KRR B F i =, nA
5.0 pL BUCRIERY) SR SR 25 mL CH,CL,
TR A AR 3 K.

OB KA 35 BB T 22 e 284X (78 1)
Heidolph RE-52)40°C %514 F ¥4 249 5 mL J5, il
A5 ~10 mL IECEE, RSk 4E 2229 5 mL. W46 IE
1R TR O RE IR AL AR (IR ER2: 1) (92T
Hg b . H A e MIE S ke (IRFREE 2:3) TR
BBOTE. REERR A 2 0.5 mL, R E 2 mL 4l
i, R MB RS (LI >99.99% )IRZE 0.2 mL, il
APIBRERIEY) ARTRRAF 2 ML AT, Horp | Rk i
THEAR 180°C 4k 12 h, AL 4R & T LA 270°C 4t 12
h AE AR MGE RGO, BHS , 23000 3% it
LB K RS
1.3 XA A pr v

K H Agilent 23 7] 0HH €355 1% 1856 FH X ( GC-
MS 7890A-5975C MSD) 43 #r 16 Fi 3& E EPA fiLi%
PAHs 1554y, (35K DB-5SMS J fill 1 9 B 40 kE
(30 m x0.25 mm x0.25 wm). ORERFFE TR . W)

GIR E 85°C, 4L 2 min; PA4°C -min~' FHE &E
290°C & , ##4E 25 min, B % i 4050 o A v it
PR RE CIE B R 280°C, AU AR (A E >
99.99% ) ,iiE K 1 mL-min ", AR BEAE  gERE
1.0 pL.

FE LR E (USEPA) #1116 FP{L#E PAHs
Y2 ~ 3 MALFEZE (Nap) | JE M (Acy) | JE
(Ace) . % (Flu) . FE(Phe) ., B (Ant) X 6 Fft,4 3f
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FLFEEE (Pyr) . 2B (Fla) . #JF[a] B (BaA) (5
(Chr)iX 4 F1 5 ALFEARIF[b] 9B (BbF) | I
[k]ZE(BKF) | ZKJf[a]tE(BaP) . — A Jf[a,h]
B(DBA) X 4 Ff, 6 A FEEIIF[1,2,3-cd] &
(IcdP) | I3[ ghi] 36 (BghiP) X 2 #h. PAHs IR & #5
W (32 E Supeco) : 5 Z5-dg , JE-d,y . FE-d,y. HE-d,,
Fidt-d,, , Brfd A PR I O ke (G al) il [ 55
Tedia 2], S ke (O3%20) I A £ ). T.
Baker 23w, INFRARAEY) « 7S HT LK.
1.4 il B /e (QA/QC)

ORI A KRR A B B v GR f HEA TR | ik
25 (AR P 2 (kAT s s il A aIE. ks fah
T HMES R P ATRE S B T PAHSs A X i 22
BI/NF10% ,7E152 22 ARV BN, Nap-Dg . Acy-Dy,
Phe-D,,, Chr-D, Fl Pyr-D,, )3 25 [a] Yir 2K 43 5l J&
58% + 6% . 82% +9% . 108% +10% . 112% +
13% K 118% +11% . Fesh Fe2e MISRAL IE.

2 RS

2.1 TRV EoKIA PAHSs 15 44K
RZVIRY KL E KR H PAHs & i ILER 1

Fiis. TERZVIEYITH > PAHs S EHEFY 35. 94

~2032.73 ng-g™', BIMH N 940. 61 ng-g™'; 7 FhEL

WK Z IR 05 1R > PAHs ik iy 18.16 ~
1289.92 ng-g ™', (N 576.32 ng-g~'. MifEKM
H > PAHs S R[N ,27. 94 ~242.95 ng- L7, 1
i} 107.77 ng-L7'; 7 FhEUE AR £ 3 57 &
D PAHs SR 14.82 ~94.79 ng-L7" (K
9 62.60 ng-L~". FKE [ JCITFH PAHs 15 427K F-1
FrifE ARG Long 4510 Y Az 25 KU A JEE 0N, 647 #¢
24 A 1 w5 BR B0 M 2 207 12 BRF Fil BbF H
BT T IR | St A WA fa e 7= A iy, 7r 3%
ARG FHRE KX WA PAH BAR A R AE AR
AR FER R 100% , H 5 E EPA #rfE L KR
WK A 7 FhEUE PAHs P BaP, BKF ., BbF X 3 Fif
AR R I R 100% , 1M 36 [ Hb 22 7K B8 58 0 & A5 1
(GB 3838-2002) 1 ¥ & BaP HYBRME 4 2.8 ng L~
FEFIB WK AT BaP M bR R K 100% , R 5 X
PAHs 75 Y A7 16— 2 1 KUK

KGR IZ TR T PAHs Ab T 475 LK F
551 P H A LA BT WA XS H (R 2) , RIR
RIZVIBWI T PAHs & B = TAOMRIS FRAE X | #
VLA 5 50 ) . w v T S AR DR W v
PAHs & & , i fIX T RZ DI + PAHs & &,
WA T BR VLR 2 DU P I PAHs , 5% R VT U

F1 KABRENRYRRZEAKMEH PAHs £ 8"

Table 1 ~ Concentrations of PAHs in the surface sediment and surface water from the Daye Lake
ey Y TEF _ V) /ng-g ™! : _ 7k1¢/ng-?’l __
i HE bl HiE EPA #7ifk

Nap 2% 0. 001 0.21 ~29.12 14.61 9.05 ~50.83 22.68 —
Acy 3% 0.001 0.14 ~1.84 0.95 N.D. ~1.97 0.47 —
Ace 3% 0.001 0.21 ~4.88 2.49 N.D. ~5.03 1.63 —
Flu 3 0.001 2.04 ~49.62 22.51 N.D. ~2.01 0.73 —
Phe 3% 0.001 5.34 ~188.00 91.95 N.D. ~28.68 7.34 —
Ant 3% 0.01 0.50 ~14.64 6.94 0.13 ~31.96 6.57 —
Fla 4 % 0.001 4.98 ~238.69 113.54 0.23 ~7.84 2.15 —
Pyr 4 7 0.001 3.48 ~178.87 86.04 0.12 ~6.56 1.52 —
BaA 4 3% 0.1 1.30 ~80.52 40.83 N.D. ~5.53 1.47 4.4
Chr 4 7 0.01 1.46 ~156.06 62.12 N.D. ~6.85 1.12 4.4
BbF 5% 0.1 6.16 ~393.52 173.25 5.36 ~37.35 19.87 4.4
BkF 53 0.1 1.62 ~104.76 44.89 2.67 ~32.94 16.16 4.4
BaP 5% 1 1.06 ~103.29 47.21 6.79 ~49.75 18.69 4.4
DBA REZN 1 3.25 ~247.59 106.3 N.D. ~10.33 4 4.4
IedP 6 7 0.1 3.31 ~263.99 101.73 N.D. ~31.06 1.29 4.4
BghiP 6 7 0.01 0.58 ~57.25 25.27 N.D. ~16.05 2.09 —

LMW-PAHs 8.75 ~267.00 139.45 10.44 ~62.16 39.41

HMW-PAHs 23.30 ~1444.49 669.6 15.44 ~145.80 62.28

Z7PAH5 18.16 ~1289.92 576.32 14.82 ~94.79 62.6
zPAHs 35.94 ~2032.73 940. 61 27.94 ~242.95 107.77

1) LMW-PAHs FR 531 (2 ~ 3 36) ZIHIFRALEY); HMW-PAHs FRE 40Tk (4 ~5 70) ZHOFRAAY: N.D. Fm ki > PAHs
FR T RV LI (BaA | Chr, BLF, BKF, BaP, DBA | ledP) ; TEF FerR k24 (10)
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TR LA BT T A RS R JZ TR W v PAHs 75 4
KA KRR R T PAHSs £ &2 38 & T 3RV
U LA K S 1L T I S K AR h PAHs B9 i B
T TPV K PR PAHs B9 7 &, KT S K 4 18
AR LA BT 75 37 48 £ S K /K PAHs & =,

TR T AL 0T R DRI R LA B R B VLK K i PAHSs
B, 5 E A SCHT ST LR R AR Y
EZ2 S yaEE Ol I NERR TN REE S Y PN €
[F), i1 7K A 22 30 07 R e 2 1 IR N IE L TR S

®2 EMHEEA, FARPRAY, K& PAHs &2

Table 2 Concentrations of PAHs in the sediment and water from domestic and overseas typical lakes and rivers

i H AFF 71X 32k PAHs fili 2 Cpasin | ¥IfE 15 YLK SCHk
iy N 16 71.03 ~148.64 107.87 g [11]
T 51 16 258.00 ~906. 00 558.00 Rk [12]
H 16 109.70 ~6 245. 80 908.51 g [13]
ki 16 413.00 ~2 748. 81 949.56 g [14]
YIRY/ng-g ! N 16 256.60 ~1709.00 829.00 Rk [15]
2 PRMIAEE 16 5.5~3608.8 941.50 i [16]
BRIT. 16 217.00 ~2 680.00 1028.00 K (6]
IR} 16 120. 80 ~22 120.00 3281.00 K [15]
KR 16 35.94 ~2032.73 940. 60 g AW
RO 16 15.50 ~54.90 — — [17]
Fril 16 45.96 ~101.08 66.45 — [18]
P 16 21.70 ~138.00 — — [19]
il 16 95.60 ~370.10 170.71 — [13]
KA /ng- 1! K 16 70.22 ~673.80 253.13 — [20]
JT RS Y 16 53.55 ~679.97 272.53 — [21]
KPR 16 200.00 ~1210.00 — — [22]
BRI 10 2436.00 ~9 663.00 5538.50 — [23]
Kt 16 27.94 ~242.95 107.77 — NN

D 153K AR5 Y KF-:0 ~ 100 ngeg ™' H5FT5 Y7k . 100 ~ 1000 ng-g™';

ngeg 1124
2.2 RIZVIY) KoK R PAHSs 434 K 4,
2.2.1 RIZVURY) KKK PAHs 434

KGN RIZ VIR Bk b PAHs 434 S 20 1%
i 2 BFR. BB 2 (a) AT, LY PAHSs BR
T D8 AbAMH At SR AR b B B AR A R, TR K 1 R
NHEE AR Z, B, 202 = BBl 3 4
DA A 75 e B B R KR ), 6 R S YR
MR s FZTUR h PAHs 20 B T
B ks TR S HETS 1w 2T AR 3
RGO KAB S, Fe i {2 7E DS Ak, T DS &bk
ik PAHs & A, vl AR HETS 11 K A S 4 0 %
IKTFHE 15 Y Wy B 22 48 5 B KR Fe A9 DX R (380 X
B LR R GO | B/ MA H BLTE D8 SR AR
M BTN D8 AT A IO T K IX, 452 30T 7Y 9
LU FF 2 DX A R W 7 A0 3 el 1 1 i A R =5 9 11
15 RIZVURY 32 KR 3l K, R W AR MEDT AR,
MRZVCRY T PAHs =2k A T /K 277 ks
Py'o WURLY T M Y PAHSs BE BURLY — T 2
DU .

PAHs 7E/K M 1 3 A 5 76 3% 2 VTR h 1 4y

5 YL K. 1000 ~ 5000 ng-g~'; & 15K, >5 000

i KRB H SO S PRI Km0 X, > PAHS
BRI AE AW X D1 AL, fe/MEAE T 0 X D4
b, D1, D2, D3 SEEF R, A 2B, —H-EH
X3 ANPIIETAW T, 52 R T iR A 7R R R R
K, Hod DI Ab#E3E R HETS 15 D4 SO
KRS, H2Z T 4l 5575 G U5 5% i 42708
KA Z 3RS R S A 1 D6, D7, D8 AbEiE
SUFHALTF & X, Horp D8 &b sk 44 35 e 45 ™
PAHs &85 ; D5 Ab/KIR PAHs SrEBim, —
Jr AT R 5 D5 Ak [ 5% LA R A7 X4 A G
W (7505 e P 46 TR AE I Ak, 35 e I dE DA 8, A
5K A PAHs 5 B 38 0, fof % 45 00 IF 52 972 5
15 YL PR XK AR PAHSs 5200 3 R F AR 1% 4505 YL IR Y
S 5 55— 7 T v] BE 5 K AR -TT AR A b 0 -
B sl A TR A G
2.2.2 REVIRY SOk PAHs 4%
AWFIESIR T A B rh PAHs 4%
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Fig. 2 Distribution and constitution of PAHs in the surface sediment and water from the Daye Lake
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Fig. 3 Sources of the PAHs in the surface sediment and water from the Daye Lake
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Table 3 Threshold and evaluation result of sediment quality guidelines and quality standard
AT JB b BRI B (E BRIEEES BB R HETE B (E LRAECES
ERL ERM RCF > 1 gifi REL TEL OEL PEL FEL X [i] sAL

Nap 160 2100 — 17 35 120 390 1200 > FEL

Acy 16 500 — 3.3 5.9 30 130 340

Ace 44 640 — 3.7 6.7 21 89 940 PEL ~ FEL D3, D5, D7
Flu 19 540 D3, D6, D7 10 21 61 140 1200

Phe 240 1500 — 25 42 130 520 1 100

Ant 85.3 1100 — 16 47 110 240 1100 OEL~PEL D2, D4, D6
Fla 600 5100 — 47 110 450 2400 4900

Pyr 665 2 600 — 29 53 230 880 1500

BaA 261 1 600 — 14 32 120 390 760 TEL ~ OEL D1

Chr 384 2800 — 26 57 240 860 1600

BaP 430 1600 — 11 32 150 780 3200

DBA 63.4 260 D3, D4, D5, D6, D7 3.3 6.2 43 140 200 REL ~ TEL —

BbF N. A. N. A. N. A. N. A. N. A. N. A. N. A.

BkF N. A. N. A. N.A. N.A. N. A. N.A. N.A. <REL D8

1) “NoA. " ORI AR @ BIH , « —" FoR & A MRS AL

J i SR VAN S5 R R KR R 2 U
o Flu &2 DBA Piff 24k PAH 7£ D3 . D6, D7 ##4
T ERL, /T ERL ~ ERM [, ifi DBA 7E D4, D5
WH T ERL, /T ERL ~ ERM Z[a], iE B 7E K
WU PAHS IETEA S K & B JLRA K. (H
FE DS AbAEE $2 3T %00 X (8] FP{E ( ERM) , HIC A%

%4 S R EUE PAHs 514K BbF | BKF 1 ledP 7E K
IR R 2R 55K 100% , TR AR %% 42 1]
{EAY PAHs HZAETE T IREE Pt S X AR WA 77 A 5
RIVEH].

BRI &5 5 R . D8 /NT REL, KT
2 LR v AL, o A 0 A AN L5 T A 2R T L 22 s
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IR B KA PAHs 322228 o 450 A DL S B k32 fish
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WF (AP ESHE R PUE LR 4) 7

TEQg» x IRW x CSF, x EF x ED

ILCRsy, =

BW x AT
TEQg,», X SA x K, x ABS x ET x EF x ED x CF x CSF,

ILCRS gy =

BW x AT

R4 LELBERBITFHSH -

Table 4  Parameters used for estimation of the incremental lifetime cancer risks ( ILCRs)

e GBd W/ B A e &S Bt/ B fr

¢ B Wk W1 SA S I A g T AR 2800 cm?
TEF MY W1 K, B kB 35 w8 0.001
IRW HIEEAR 2.0 Led™! ABS FE IR s e 3 0.001

EF (LR SN 350 d ET T R[] 0.6 h-d~!

ED FRELAR EE O (] 70 a CF it 7 A 1 L-(1000 cm®) !
BW NGy 70 kg CSF; A BaP MBUERPRE R 7.3 kg+d-mg ™!
AT Ralingla| ED x EF d CSF, Bz e fil BaP 38508 BHER R B 25 kg-d-mg’]

H 2% 5 A A RKIE W K A PAHSs 5 35008 XU
( D ILCRs) H 1.49 x107° ~1.59 x 10 ~* a ™' Z i,
BIE R 5.08 x 10 a™'; @ B2 Rk filik 42 77 AR 1Y
FUBE XA T 4.57 x107° ~4.26 x 10 a™' | ¥(H
H1.46 x 10 7% a~' il ) B R AR AR A 0 2O
KA T 1.56 x 10 ° ~1.48 x 10 ™° a ' Z|f], ¥{H
H95.06 x 107° ™", 3 i B A R BRI 12 A 1 08
DR S Bz I fi TR R IR AR 1 10° ~ 10* %, KA WIK
& PAHs BBUE KUK (D ILCRs ) #84+ T USEPA
JITHERR ) P 2 32 B0 WU K- (10 7° ~ 10 7%) =2 ],
Bk D1, D5, D8 iX 3 ZbAMABAR T [l bR it B 4 22 B
43 (ICRP) #EFE 1 fie KT 252 WU K 5.0 x 10°°
a™", D1 AbEUE K TCRP $5 kT 42252 KU 7K - 1Y
2. 98 15 (H AR i T Fi ML ER O Jry A0 [ 5 R P 4 AE
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XFRIB IR — 25 s KB IR A ILCRs
{H453 41 5 TEQ,,, 731 A —34, 1M TEQ,,,fH5 7 FhE
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WREELIE A 56 56 &, T LA ILCRs {8 H BLAE D6
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b BRE XU ST HE D6, D7 AR EEE. BAR KRR
SRR UG L, (H 22 555 95 55 g 5 7K 4 (5 LT
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TR AR K Wl 77 58 5 , PRI S o 35088 XU 348 R
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Table 5 TEQy,p and incremental lifetime cancer risks of the PAHs in water from the Daye Lake

YE| D1 D2 D3 D4 D5 D6 D7 D8 W
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WA/ 1.48E-05 2.15E-06 3.07E-06 2.00E-06 6.32E-06 1.59E-06 1.98E-06 8.56E-06 5.06E-06
Z ILCRs /a~! 1.49E-05 2.16E-06 3.08E-06 2.01E-06 6.34E-06 1.59E-06 1.99E-06 8.58E-06  5.08E-06
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