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(1. iR AFRELER P, (2 HF® 210019;
2. BRIABAEPIE KRBT LY B oW EEELHE, TH &% 210019)

W E: AR BLYMAINS TR T PAHs 09 88 2 5 A AR, A2 RS Z A SRR, 55 F 2019 F 11 A
(HEARHB) 202054 A (FARH) #220205F 7 A (FAKH) s LHARLINRA TR T 16 #+ % 7151 (PAHs) #t
T RAREHR, FHRBERERIEFEN Fo A BRI FN 7 52036 L 3R B R P PAHs 47 RIe##-4E, &R AW, B LH
B ENH R F PAHs B F 12 5.45~264 ng/L 6B, TPAHs HFF KM >FRIM>4KH, 1KIR PAHs 39 % F R E A
28 T%H PAHs, SPAHs A B R S S G R TRMETTHEFREFEHRER, RBRIHEREN, HERK
PAHs TH £k Ak Lt fe P i bl ad i, BEIRBNG 4 AKRBR 2ABEH T, I ANEEH @5
Fe ALK P PAHS IR ¥ 5548 B 6 KR AR A . 36T 31 R K & PAHs S40K & 12 e 2 B 4 fik i 42 BT 5] A2 09 SR R e Fe
9E B R 3 7T 2wk, 42/ F KM S16 4= S38 K ¥ PAHs THL R R P F A AR, £+ %K (Fla) . %5 [gh,i] &
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Spatiotemporal distribution characteristics and risk assessment of PAHs
in Luoma Lake and its inflow river

GAO Zhanqi'?, BIFengzhi'?, HU Guanjiu'?, WANG Hui'?, SHI Zhenyu'?
(1. Jiangsu Province Environemtal Monitoring Center, Nanjing, 210019, China; 2. State Environmental Protection
Key Laboratory of Monitoring and Analysis for Organic Pollutants in Surface Water, Nanjing 210019, China)

Abstract: The spatiotemporal distribution characteristics, health risk and ecological risk of polycyclic aromatic hydrocarbons
(PAHs) in water of Luoma Lake and its main inflow rivers were investigated in November 2019 (dry season), April 2020 (normal
season) and July 2020 (wet season). 16 types of PAHs were sampled and the risk was assessed by the health risk and the ecological
risk assessment methods. The result showed that the total PAHs concentrations in Luoma Lake Basin ranged from 5.45 ng/L to 264
ng/L for different seasons with the order of wet season> normal season> dry season. The concentration of the low ring PAHs was
significantly higher than these of the high ring. The ZPAHs concentration in the busy shipping areas, such as Beijing Hangzhou canal
was higher than other studied areas. The source analysis showed that the PAHs in the above mentioned area mainly came from the
leakage of petroleum products in the process of water transportation. The concentrations of PAHs in four water sources, two national
and one provincial sections and five provincial boundary sampling points in Luoma Lake basin all met the corresponding water
quality standards. The health risk of PAHs in Luoma Lake area through drinking water and skin contact could be ignored. However,
PAHs in water of S16 and S38 in wet season belonged to a high ecological risk level, and fluoranthene (Fla), benzo [g, h, i] perylene
(BghiP) and pyrene (Pyr) were high risk PAHs, which contributed to the higer ecological risk.

Keywords: Luoma Lake; inflow river; PAHs; spatiotemporal distribution characteristics; health risk; ecological risk
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9% i b AR VTR AR G EB, AR AR M T A i T
1) T LK b, DA R TR I R K AL R AR 2R TR A 22
VAT K, HK BRI A M fd B 2R BE A A2 4
HAHEEE L,

VER A A A PSS, 230552 (PAHS)
HA BRI EUE . SO0, B AR ERETED, RN
NIRMERE A2 4 36 EAEIR YR (US EPA)
XF I e B TR, KRR SR Y 16 Bl PAHS B 7E
s hlE gy b, REE LRI H
SR E PRt 2 & T B, ITaE A TR E SRR BT T e
ARBL, ENKF 7 B PAHs #1116 T [ K Hp A e il 15
Ye 24 sk IREE ) PAHSs 2R [H AT AEAS
SEARREE . MR KSR AN T, ik, FREZ
A HbFIK T BE PAHS 15 4% %), H {5 G /KA X 5%
T, R TR E RE R TS RE Y K N, PAHSs TS
Y Bk P T I ) 5 7 I R 2 — U, AR
R BTIE T I —EB 4y, B DA HH 1 5 VIR R AL
BRI EAT . M0 TR, DA R 6% T i A
AP AT RS . ZE R R HE R A R T K B A
AR, % S K R T BE . SR, 6
T 5% T 1) K H BRI K PAHS (B 23 43 A
TE 5 IRURS: DA A Hi B /b o R 8 6 T8 i 4K v
PAHSs 754K, 4347 SRR AR BUAI ST, X LB g6
LK IR b AR FH K % 4 B 2R 3L

1 MR5TE

1.1 HREXHR

9% DAL TV AGER, BB A ik . AR T,
K25 27 km, FRFEREZ 20 km, WK AN 296 km?,
T 4075 i LR K . TN I AN 3% T AN W) T g
X, 43 AR S5/, [ B Im 45 2% W71
ATYATR AT S IC A RS S O, R
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Se

" TR s 1400000
B 1 BROEENETRRERME

12 HRRESLHE

3T 2019 4E 11 5~ 7 H (KK #) | 2020
o4 H 24~ 20H (F K ) A 20204F 7 H
15~ 16 H (K SR A2 56 -5 W 30 58 0 D0 57 /g 7K
FE, FE S s i 2 50 5 e U B

Z AR s S AR B9 R A
BLY) (US EPA 8270E)!" A m/KAEHT AL, F- %5
AR 1 L KFERCE T 2 L 20 =vh, inA 60 g
AT &I, A 60 mL 5 Wk, k%%
10 min JE 77V AR B, #ER WA HLAH . FE L
2 e, ANHS ORI AR K, A 2 1.0 mL
LT, INAPIFR, €42 1.0 mL J&, 70,
1.3 BRSO

iz 1A 638 — 5t 3k 56 H {X ( Thermo, GC
Trace 1300/MS 1SQ7000) X 16 F /¥ () PAHs #
175007, BHEZE (Nap) . JEMi (Acy) . —&JE (Ace) .
%5 (Flu) . B (Ant) . 3E(Phe) . 7 # (Fla) . £ (Pyr) .
ZIF [a] B (BaA) | Jii (Chr) . ZKJf [b] 2¢ B (BbF) .
#IF [k] 7 E(BKF) 4 [a] . (BaP) . —AJf [a,
h] B (DbA) ., EfiJf: [1, 2, 3-cd] ¢E (IedP) FIZ I [g,
h, i] & (BghiP) .

GC-MS {134}y DB-5MS £ 95 E 404 (30 mx
250 umx0.25 pm) ; PEFE CTIREE 280 °C, AN i itk
e A4S W& 1.0 mL/min; 72 F I iR -
80 °C 222 180 °C (5 min) "% 290 °C (10 min); EI
P8, B IR T RE R 70 eV, IR 300 °C, Bk
FE 290 C. R4 Byl &4 b Ok B i) |
B ey b SO B AT T, AR A TR RRCR
AR E i o 7 A th BRYE o 1.2 ~ 4.8 ng/Ls
FE 5 IS T 60.8% ~ 106% 6 B, ~EA74#E R H A5
& WA X i 22 <10%, 2FE 5725 1 AR H s
A, W AR TR
1.4  XB&iTEfh
1.4.1 HEER&FENF % KA US EPA A5
U 0% T 951 0 (X 7K o PAHs AT 4 B XU PEAA -
PAHs [ H ¥R EE w0 B ALK A &
(ADI,,,, pg/(kg-d)) FIZE K JhkHE fil AR i A2 48 A 1Y
T+ (ADI o, ng/(kg-d)), WA (1D FN(2):

cw XIRXEFXED
ADly = ———7—
¢ BW x AT

A, ¢, 7K PAHS SCIME S, ng/L; IR AL

(D
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H KA, 1.9 L/d"; BF 28800 %, 365
d/al"; ED i, 70 2 BW S AMAMAH, 62 kg 1';
AT R2 R E], 25 550 4"

w X KPXSAXET X EF xED x CF
ADI,,,, = Cy X X X X X X 2)
BW x AT

K e, MK H PAHS (1 SE N MR BE, ng/L; KPRy
PAHSs 7£ K ikt 92 38 R 4K, cm/h; SA Fll ET 43-Jil]
Sk B P fk 26 T AR, 16 000 om? U4 1422 fih ik ]
g h/d " EF b B #8451, 365 d/a'; ED Ay %% 75 1]
FiL, 70 a ' CF B4 AF, 13107 Liem® ' BW
MR, 62 kg 95 AT Ny 52 0FE], 25 550 d',

PAHs LA Y 2ok XU P 5L R, 3 20 XU F5
$HQ,, VL% & PAHSs SO XU Ry Al AR B0 15
BOHI AR, WA (3 ~6):

2
R;= " ADI;xSF, (3
j=1
2y ADI;
HQ. = Y — )
Q RD

16
Ry = ZR,. (5)
i=1

16

HI:ZHQi (6)

i=1

Srf: ADI, Jy PAH, $UKEAS j F BRI AE 10 F1 1
R, pg/(kg-d); SF; 4 PAH, HUKTESS j Fl 2 5%

wAR R R RN T, (kg'd) /mg; RID; N
PAH; HRTESS j P B BRI R IEBUE S H 0 &,
mg/(kg-d). R; 5 Ry 7E 1x10* i)y 5 K AT 42 57 K
WS 7K P, <107 i 3 B 500 XU 7T 2200 5 HQ; 5
HI>1 £/R7K i PAHs 77276 18 7 JE 80 KU, <1 B
PR HAESUmE XU T Z g0,

142 ASRKEFH  ABFRCR R EE(RQ)
TEAR 3% T S H AT 7K b PAHSs it K A A= 4
(AP AE A S KBRS 19 A LR (7 ~ 9)

RQ = cpans/cqy 7
RQucs = Crans/Cqvanes) (8)
RQMPCs = cpaps/covamecs) (9)

L H: cPAHs S K W 2 30 55 18 19 S0 vk B ng/L;
cQV N K K& Fr #E A, ng/L; cQV(NCs) F1 cQV
(MPCs) 43511 PAHSs 114 515 A 45z e KUBS AR o (1,
ng/L(3% 1); RQNCs M ARA S XU B {E, RQNCs<
1 i}, R A KEERAL, RQNCs=1 i, R BHAT
rfr 45 2 25 XU s RQMPCs Sy f 155 AF 28 XU 7 i,
RQMPCs<1 A HA 44 K, RQMPCs=1 3
NEA EAESKEI; RQEPAHs i 16 #l PAHs #)
RQ A, HXEEILZE 2. BA RQNCs Hl RQMPCs
i) 10 B PAHs 7] B Hz i 47 A S KU PEAY, AR 6
fl PAHs(Ace. Acy. Fla, Pyr, BbF Fll DbA) T % H
FEPE 2R T4 8 H RQNCs #1 RQMPCs i F ik
FTVPARIT,

&1 #% PAHs RERERKEITESH

SF/(kg-d) ‘mg”’

RfD/mg-(kg-d)”

LIy }&‘“:f%ﬁﬁ EZH}%@@ covnes/Ng' L™ covempesy/ng L™
Hit's (CAS) A QNG QVIMPES)
ZURA BRI DA B

NaP 91-20-3 0.069 0.007 3 0.007 3 0.02 0.016 0 12.0 1200
Acy 208-96-8 0.138 0.007 3 0.007 3 0.06 0.018 6 0.7 70
Ace 83-32-9 0.155 0.007 3 0.007 3 0.06 0.060 0 0.7 70
Flu 86-73-7 0.214 0.007 3 0.007 3 0.04 0.0200 3.0 300
Phe 85-01-08 0.300 0.007 3 0.007 3 0.03 0.0300 3.0 300
Fla 206-44-0 0.360 0.007 3 0.007 3 0.04 0.0400 0.7 70
Pyr 129-00-0 0.510 0.007 3 0.007 3 0.03 0.0400 0.7 70

BghiP 191-24-2 2.068 0.07 3 0.073 0 0.03 0.0300 0.3 30




5 6 9]

OB 2. BRI R AT K T PAHS BFAs 43 A A KR BEA 141

%2 YPAHs BB 5 4%

J)—(wﬁ%é& RQZPAHS (NCs) RQZPAHS (MPCs)
AR AR XS 0~1 .
AR IR =>1; <800 =0
AU 1 =800 -0
AR AU 2 <800 =1
TR XU =800 =1
60

[ EEBghiP[] Pyr[ Fla

HhiZK
50l [—IPhe Flull Acy
< 40% - N
n Iy mi
on s
g3} HF
Q
20+ | |
0 5839540541542 S9 [527 S8 |S7/528529834 15816843517S518819i
607 = Pyr EEFla [ Phe Tk
50| EEFlu D Acy ll NaP
" 40|
[ HH
£30
o
20
10
539540541542 S9(S27 S8 m $2852983483
300

| EmBehiPC IPyrEEIFl [IPhe
250+ EE0Phe [JAcelAcy lllNaP /

100 aR

50 EQE
0

839540541542 S9 527 S8 S28S29S34 ﬂ

8 i PAHs i Hh &0, 2019 4F 11 | 2020
4 4 HF1 2020 47 7 HKH PAHs BEsITE 9.45 ~
26.1, 5.45 ~ 443 1 26.3 ~ 264 ng/L. &l 2 W 41, 4%
LR R s W S SRR Y & G RN S NTTR & e o &
YPAHSs B R, MK ARG, X ATReH =K
AR 5 APk A2 it i AR RS UTRERS i T PAHSs
A AT AR, F KA KR A A AT e
1 TR 0 PR, FRETE DU PAHS 1 fi#

S15516S43S17518S19520

REEA
2 IEDMRIEKS PAHs MR ZES /R 5N

$24826525823522821|{S1 S2 S3 S4 S6 [SS S10S11S12]

H 4> PAHSs 10 2 32 75 R 50, OB AHR I T
(SF) . B2 % it (RMD) | R AE AR bR e
(Cavoncs) FHRRERIRAREN (cquampes)» W 1

SPAHS (KR A7, W3 2.

2 ZHREWE

2.1 PAHs 5K ERTH
B Sy B ATBITTIRLK P PAHS 5, DLIAT 2.

WX

S15516543517518519[820,S24526825823822821{S1 S2 S3 S4 S6 |SS5 S10S11S12513832531835S836837S14 38

KR

WX
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TE K T RS A 8 i A L BRSO 38 o i s A i A

3% T3 ) X K HP Y PAHs 7 i 20 5 h 104 ~
22.8 ng/L(H /K ) | 107~ 31.3 ng/L(SF7K ) |
26.3 ~ 78.2 ng/L(F/KIM) o 5% il 4 /KI5 Hb A
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48.2 ng/L. 9% Ih 4 K UEHL ., 2 A EZE Wi, 14
B W A 5 A48 SR AR S K Hh PAHS R Y
T H TR b F K PR EE T s AR R 28 [ E 5OK i
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ng/L )P FIFg 5 (234.96 ng/L )7 5K I

8 T S A K TR SPAHS 25 B A R Y A
P EFAL T R IS S17 ~ 824 54 . 13
S17 ~ S24 f i A7 FAa M T Tl 5 %8 4 1 X 5, 2% b
X 55 B W B PAHSs [ KA B0k A+ 18 1T g
o TR RN RR 7K A2 I SR AR I AR, S8
S17 ~ S24 ik vh PAHs ¥k AR o HAb, i
Pl RRAR A, L PR /K R 3 it PT B 3
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AT JR A B 10 JAE R TR A ] %) 56 DU BR 2, 7k fH
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R IR S B et T | BT s S O SR V)
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# 3 E{I S38 #1 S16PAHs E{k 3t B = R &

fE#1 RQupcs HITTHA %
- S38 S16
Riyg  Riem  RQypamsopcsy  RQspansourcs)
NaP 1.9 4.0 0.2 0.6
Acy 0.7 1.5 1.5 4.6
Ace 1.2 2.5 2.5 6.5
Flu 1.5 3.1 0.7 1.5
Phe 64 138 3.2 2.5
Fla 154 330 33.0 10.8
Pyr 137 293 29.3 11.2
BghiP 593 127 29.6 62.2

WA, 5 3000 K o 06— T2 0
6 . ARSI T T 220 SR (1, {1 K 3
$38 K1 PAHS EC KUK HIXHEEES, o i )
KRB 4, KIS T 28 (7 PAHs 1035 4k T
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S18. S23, S25~ S27, S35, S36. S41 4 H () Phe
1) RQncs fE>1, KUK St luk  Fla, Pyr. Acy
Fl Phe ELATHEEXUR: . 2020 4F 4 H, PAHs Y RQypcs
{i<1, Flu. Pyr. Acy il Phe ) RQuc, fl>1, N 44
AU
2020 4F 7 H S38 7K ' Fla. Pyr Fll BghiP /1y
RQupcs E>1, # B S38 (1) Fla, Pyr Fl1 BghiP 4
RUBS: , HAth &5 A7 B9 RQwmpcs i <1, Flu, Pyr. Acy.
Phe, Ace K SI15. S20, S22, S26. S32. S35,
S36 i) NaP, H: RQyc, fH>1, & W B A 145 XU
RQZPAHS(NCS) Al RQZPAHS(MPCS) 73 22 W, 2020 4F
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X 7K AR AR 3 1 e A A 2R KRS, 7 > B R OGTE
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B4 FKEEDMHENMRAKS RQZPAHS(MPCS)
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129 RQspansuecs) 52 BRI, 73514 33.0%. 29.6%
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RQypansnes) Tk R, UL AR 3. 5% I koK
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IKISA K, 5 PAHS vk BEAR (L I — 2K

3 &it

(1) 58 2 1) S A WATRT AR 7K 01 L 77k 03 A =
KK PAHSs & 53 Bl 7E 9.45 ~ 26.1 | 545~
443 F126.3 ~ 264 ng/L, SPAHs 7 S48 Es 10 S

BT R Is ] T A s BT A X, 3% i
TIP ) 4 A K TG L 2 A EZE W . 1A W
T A1 5 A48 LR RE 5 A7 K Fh PAHS Jii 1k 441K
TR K B T RR AR

(2) 5% T X 7K Fh PAHS (93508 KU AR 2L
I XSS W] 220, 80K FH 7K 2 S A A X 0 XURS: BT
BRI, 28 B JOR 5 M 22 S 2 A X S0 IXUSS: BT ik
LI

(3)B% LI B AT S16 1 S38 /KA TPAHS
FE=FIK W] XS 7K A AR W 3 v A A A U, Herp
S38 /K H Fla, BghiP F1 Pyr A7 XU PAHs B4

(4) 36 S i i 3a v i i e (S38) it i B, Fok
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