hE ISR 2016,36(12): 3824~3830 China Environmental Science

BRI R B FLERK P B IR IR FERER BR RY 5 R
7K 5 TR 7k A R XL B 1 1

BRAS R LB B ) BRI LR ) 2 P (LR R R ST , E 5ER H AK K E f
SR AERT 1000125 2. BT R A2 SRR 22 58 AT E 050024)

FEE: 2015 4F 2 JTRAEA FKIHX P renr ph b AU iR 2 PR R /KK B, R AR (- S 20E 7 US EPA RSB 2 505 1%
(PAHSs) FIFKFRNH(PAEs), 310 PAEs [RIUCKAH e KB EAT T 37k 45 . BoR,7 A RAE 2344 PAHs R PAEs,Y PAHs 6 [H & 34.4~598.5ng/L,
H 2~3 3K PAHS I B A3 T 50%~83%;Y PAESs 11 [ 4y 27.6~25236.Tng/L, H 1 45 34N s Y PAEs JA 51| 20pg/L /KF-, .74 #4735 LA DBP.
DEHP 2 £ 5 [ A FAWHT 5T AH L, A 58X Y PAHSs e B2 b5 [ Y AR At 1 7K 975 ek P, Y PAES 8 BEARE et 7K A R KU LA 45 2R
IR, G2 154 R PAHS 2 508 WU TR T US EPA HERE A AT 4652 B ACT(10 ©), LS00 R 7T LA 20 0, TUAh 7 3 B s 7 S0 KUK
% T PAEs WK A SO RT3 ,G1.G6+ G73 AN 1547 ) PAEs A HUR A 1535785 T 1075, PR IFSE X 2 FLBSUK 7 ) PAHs 1 PAEs
g SoIVEEIY cuie R

EHBBIR: VEven: WEALBUK: IO BRERER: V5 SRR KU URAL

FESES: X821 XHRFRIRES: A XEHS: 1000-6923(2016)12-3824-07

Pollution status and health risks of drinking water of the polycyclic aromatic hydrocarbons and phthalate esters in
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Abstract: In order to investigate the pollution status of polycyclic aromatic hydrocarbons (PAHs) and phthalate esters
(PAEs) in the deep shallow pore water of Hutuo River Pluvial Fan, the US EPA priority control PAHs and PAEs in the
groundwater of this region were analyzed by gas chromatography-mass spectrometry. The occurrence, distribution
characteristics and their potential probabilistic carcinogenic risk through drinking water were also assessed in this present
study. The results showed that both PAHs and PAEs could be detected in all the 7deep shallow pore water samples. The
concentration of the Y PAHs was ranged from 34.4 to 598.5ng/L. The percent of the 2~3ring PAHs was accounted about
50%~83%, which indicated that the 2~3ring PAHs was predominated. While the concentration of the > PAEs was ranged
from 27.6 to 25236.7ng/L and there were three samples that the concentration were reached 20ug/L, and in addition, the
DBP and DEHP were the dominant constitutes. As compared to other surveyed groundwater research regions in China, the
PAHs pollution level of this research area was closed to the others, however, the PAEs pollution level of this research area
was higher than the others. The health risk of drinking groundwater in the study area was evaluated by the recommended
method by US EPA. It showed that the cancer risk of PAHs of all the samples were excessed acceptable level (10 ©)
except G2 sample point. Besides, the cancer risk of G1, G6 and G7 sample were larger than 10 ® for the health risk
assessment of PAEs. The results of this study suggested that the quality of groundwater in this research region should be
pay enough attention by government.
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1.1

F AR A TR R BT R E Cbe . NIRRT 4
FRGEEIS RIS A AR I, HH 2R [E JTBaker A F)AE
=
1.2 FERCRAE ST XL

FERFFEIX B8 AT P RERE R0 Tl & B
IR R SRR AT, T 2015 4F 2 A K E BRI 7
ANREE SRR 200~500m) K HEVR 21 R 2K KEE,
SRHE P A A S DL B 1 BT s SRR I BOK B
2000mL, & TS S FRVER . Z81R/KR — S H
ot L 1 IRV A (0 B BB B C i R N AT K
BRI GRS S RIS 6 = TUKFE 4 C AR AE, I HAe
7d P SERRE S ETARER. VeI A R R 2 AL
B 7K YR 125~238m, 75 /K 2 JE % 110~140m
KAT BRI BRI A . S RRAAD, R
IKJEAT AN AR E (R XA L & K A i 3 15
i% Z A 150~250m/dMY, B3R K B 80~100m’/
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Fig.1 Locations of sample points in the study field
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HHIEEIRFE 60°C(1min), L 20°C/min T3] 220°C
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Amin;FFIGEIR : 4min, i )5 oo ERE TuL. @Rk
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1.4 JRERIES s

T ORAIE SIHG 43 B E s X AR PR ] FE A,
BF VR S 23 A PR e R b 24 () 2 5 A 1 S
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T3 A7 3 TP 5 1 R 2R 2 56 2 E AR B A
BN E & 11 PAHSs 1 PAEs SRk &9 34 18 ik
[ R T Ah B 7 V28R A T R it A 3 AR 2 A D
FERMACA D0 772 R R Oh T PR UE s P &
SE R UERIYE, BT 10 SRR R TR IRk
250ng/L FRFRIERE T BB IE AL A 4 1R OR B 1) 1)
A,

AW, M E PAHs 1977755 5
Nap. Phe & 5t{H/r A 2.4ng/L. 3.2ng/L IR
14 B PAHs AH Y PAHs ¥ 5 AT AR 56 BT
BEUF A 25 9%~13%, I 52 £ i R K Oy
82.3%~114.2%, S5 /K FE 14571 Phe-D10 [ %
IEH] 77.5%~90.3%; M5 PAEs J5ikaS PR H
DBP. DEHP M7 1 5¢i 5 ok 24.1ng/L
11.6ng/L,H: 4% 4 F PAEs &K . PAEs VAT FEix
56 A X 2= 8%~12%, Ff i [y 86.7%~
106.3%, SEBr/KAE 159 DBP-D10 MR A F

73.5%~86.3%. J7 1A I PR DAL TR b o g 8 e
A2 3 AREMELL(S/NY RS S A e, UL 1L KR
45 ,PAHs 1 PAEs (1) /5 146 H BRG] 2351 4 0.2~
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Fig.2 Percentage of different number rings of PAHs of

each sample site
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5 3 PO B 5 3T B, AN B L Ay
P22 4, BT LA AR ER B0 PAHS 784 R 7K P IR 2
MR SCHRARIE T AR % PAHS 2 BORYE A A
T A8k, e Phe 2 SR FRA TR R R
SRV, R 0k r] DA W I 5 DR 2 AL B b R K
PAHs = BRIE T4 A Ak

%1 PAHs BIAHEH IR (ng/L)

Table 1 PAHSs concentration in the groundwater of the
study field (ng/L)
ey A
Gl G2 G3 G4 G5 G6 G7
Nap 34 13 36 198 56 3.5 33
Acy 2.0 0.1 0.3 0.6 1.9 0.9 2.2
Ace 35 04 44 84 202 53 15.7
Flu 27 1.8 226 386 876 19.1 50.2
Phe 24 163 1023 153.8 312.6 67.5 1142
Ant 22 06 22 8.5 13.0 88 104
Fla 22 16 59 6.8 227 379 319
Pyr 23 35 127 161 407 282 223
Bla]A 24 20 62 8.1 244 228 18.6
Chr 24 55 174 219 290 19.7 168
B[b]F 22 1.3 47 46 238 274 28.1
B[K]F 26 nd' 06 07 33 49 47
Bap 1.6 nd. 1.0 13 8.3 140 11.1
InP 1.9 nd. nd nd 3.7 5.0 4.1
DBA nd nd. nd nd nd nd nd
B[ghi]P 1.2 nd. nd nd 1.6 3.7 4.4
2-3 AYPAHs 184 222 141.3 236.5 463.6 143.0 228.0
4-6 AYPAHs 16.6 123 427 527 1349 1258 110.1
>PAHs 35.1 344 184.0 289.2 598.5 268.7 338.1

T ndFoR AR, R 1A,

AR SCHRFERE, ] P 56t v g b X s R
PSS ORT RS 5 A= R i e LN e A L
AT RIT AT S X A7 ¢ F PAHs V5 441
i, B i N K PAHs o548 g, i v
SRS HPR )1 s SR 7K PAHS P33R
43 ik 5020ng/L. 2134.8ng/LM LTV
PR VORI Pk BHAn e sk N 7K PAHS
(T2 AT 82.85~234.5ng/LI L AHIFST X
W VR R K PAHS 75 IR AT 34.4~
598.5ng/L, V-S4 LA 249.Tng/L, 55 [H 4 24 ¥
R /K PAHs 975 9B A Bk, tr T
PR DX AR IR A M R 3 S XUZ g5 4, 3L R

W, H K2 A IR 5T . o R A&,
ML A 55 3 T 7K P ) PAHS ¢ 3% 5 =
FHUT I /D> A PAHS 525 5 bt [ Y S5 b 6 45
TR R K RYTSEE NS W R R4,
HETT S BUA T 7K 71 PAHS 5 e /K T A X 45 .
X TR 2 LB T /KT 5, i T3 R K HE R
K 1N KIRAFE A o 20 40 /R FEALBR D,
BIE RN TG R REE LR S KA R b
Ji , B 75 3 N 3T 7K B AT B PR/, D8] ik, A
FUIX [¥) PAHSs 75 47K T A 4%

2.2 PAEs V54K

F 2 PAEs 2RI R (ng/L)
Table 2 PAESs concentration in the groundwater of the

study field(ng/L)
HaEY AR
Gl G2 G3 G4 G5 G6 G7
DMP 1052.8 1.7 53 29 144 1243.0 1453.4
DEP 8.4 03 1.0 13 39 3.1 9.9
DBP  18936.7 13.5 38.1 52.2 175.5 21332.1 14373.5
BBP nd’ nd nd nd nd n.d. n.d.
DEHP 23451 12.0 39.2 343 137.7 2654.7 3216.9
DOP 8.0 02 1.0 24 32 3.6 131.2
YPAEs 22351.1 27.6 84.6 93.2 334.8 25236.7 19184.9

7 AKKE S PAEs K H LIRS VB A
27.6~25236.7ng/L, A G6 KAF ri A7 34 5 $5¢ 1, b
252pug/L,Gl. G5 K AFf RiYPAEs K& #:i
20ug/L 7K, 1 G2 K Af s Y PAEs ¥R FE 51 (% 2).
M PAEs % HUAAMHKR B 734 BBP 78 7 A-KAf
P RA Y, HoAt 5 Bl PAEs 75 BT AT s A7 B0 A R HY
HUL DBP. DEHP by, % 4 i i 73 £ Fi v L
ITE 95% 2547 50Uk DMP ) H R B AH G e i, oy
PAEs 1 5%~7%(K 3). N Fkifk6 Fi
PAEs "' DMP ¥ & ds R, Hopk 35 b A B s
B /b 1 R 7K DMP e B W 85 v, R BIF AT
45 BoRH R K PAEs L DBP. DEHP 4,
XU R K2 2] T NS S LR .
H 5 SCRkRE,DBP A DEHP 2 H R 5 4 1)
R SRS PAEs 9 50%~60%!""),
T LA AEAFAETS YR (M PR 554 DBP. DEHP % &
A, ARSI 6 FABAIE SE T 3K .
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FeTIREH R K PAEs HUWFFTIRIAE R /D,
BT 2009~2012 4F i), Liu 253542 [H 18 MR
KK A PAEs BEAT T 4E H i £ 4, 20
389 kg /IN TSR R T 3 43 X 3 R U T 5, A B L
SAMETES M) RN KT
PO~ HOEHX 2 1T Liu 250 9380 52 6o
Hb R 7K 7K Y5 b T R 1 7, D] 7K s 4t )
T KR AR DR B 2 By, O 825 g I
U, Liu Z5E4R00E (KT 00 T . 3 AT
BN K PAEs ¥R AR SCRkRIE T i R
7K PAEs 124734 % DBP. DEHP, [ Py Hh
T7K PAEs 75 JL 4 8 (1 X 38 = EAR P AEBR — A
. SRR T X AH B, AT 5T X PAEs 1)
V5 YK b TR TR E KT, T AN SR =
A BUAL [P YPAEs K P i T R 5E M X
(11080ng/L)! RIHET I BT 5 5 ELHh N 7K PAEs
WS (12245ng/L)M, H R 5 7K P 5T 95 0 B
i e X MR K B9 Sk T (2327 2ng/L) AR 41,
X ST X R /K HH PAES )35 G n) /U 24 5|
A AL 8 [ FEAL.

2.3 PAHs 1 PAEs 15 45 0T

4E4y ik PAHs Fil PAEs 75 7 AMRE G T (R
J& 23 A o, 7T LU Y PAHs 1 PAEs 204 4
€ Z 5 HA,G6. G7 2 AN SALIK) PAHs Al
PAEs WREELE 7 A A 35 &b 88w K H
PAEs 7t G1 rifikEE8 w1 PAHs {E G5. G4

MR st T PAHs M1 PAEs 2 )& T-Hi/k
PEA WL, AE R K 38 n] ok AR KR B T RS,
ik g5 & W] PAHS F1 PAEs 7ERIF9% X 1175 G5k
PEABAN [F) AR B8 R A AU 3 A DL 1),G5 G7
ST ARTEVEI,G6 A6 HE A7 L U, DA KA I )
A FAG K, BA B 3 A A0 52 M 3R K25 A i,
TV V) A R S T L 2R Py K Ml 7K A
K G G ) b 8 A B T R v, R ) 2 ) T
FEAMERI R K Re KR AT B A
FANYIMNE,ED PAHs F1 PAEs, 3 51T 8 &
R K H R, G5 G7. G6 KRG PAHS I
PAEs ¥ JE Y55 w5 IRl ) ,G4 1547 PAHs 9 B 5 1,
A BESE BT G4 UL B AR n vl i 3, G4 JUAT
Phe i YPAHs T 53%t IA) $22 {56 W] 73X ;010
PAEs 7t G1 AL iR FE 153 T 20ug/L LA E 1)
KA 3K ] g A BT T I 2 | P 3L G
MALH PAEs EE )8 DBP. DEHP tHX}iX
—ULVE LR T 3CHE S8 LT IR PR Ve T A
R 2= FLBR LT 7K 71 ¥ PAHSs Il PAEs [RRFE S A
I 3 HE 75 V) 52 H R AR AN 25 4 R AU G D
2, PHERS AL 55 PAHs F1 PAEs 75 Lk J& 45
i, G2 DA 5295 B 52 WA/, 1% s A PAHs Al
PAEs [P 235 e /> BT LA EERH I 7T X RS2 AL
R K TR B LTS 075 Rk AT VR E,
Je IR Y. 4 RSRAE DX 38 0 SRAE A, LAEE
RFE P 7K L.

2.4 HROKAEFREARS VPl

2.4.1 PAHs{EFENXES  ASCH L4504 5B
BEBRLO0~1 B). 41)L(1~3 %) L (3~10 %),
T /DAE(10~20 Z)MI AN (20~74.8 27), I 43 Jlxt
B B IR A R AR BEA T DA 202,

SKH Nisbet 252256 PAHSs (1] TEFs( toxic
equivalent factors, 5P 24 & K1) PPN 774, BT AR
Il LA HES ), W TEF (H8 1,RA T X
Kt PAHs ) TEQpap(A45 I [a] R 4 K L :

(M

G i A PAHs [ ¥ ,ng/L; TEQgqp
J AT BaP [ EEME M= ng/L.
IR A US EPA 7224 4kl R ik A X

TEQ,, = ) ,C x TEF,
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THER R 52 PAHL V5 32 (1 R 7K K R 1 28 A B0
U (incremental lifetime cancer risk,ILCR):
TEQ,,, X DR x CSF x EF x ED )
BW x AT x10°
DR O EFR K B, L/d;CSF h BaP BUi# R %
Z 5 10(kg-d)/mg;EF & B 4 2 52 R, WA
365d;ED A F iR 4L, a;BW AWAAH kg, AT A A
T A 4, d.

F P b S AR BRI 18 0L, 22 L %)L
JLE. /DR 2R B E 500 00 1ay 2a.
7a. 10a Al 54.8a, 75408 B IR 100 A5 0 Sl o
365d. 730d. 2555d. 3650d F1 20002d, 4
RRIRIEC BB, gL, JLE. FHAERK
NAEFRI K ECE 5> 38 0.511,0.332,0.447,
0.718 FI 1.227L/d AR50 6.8+ 12.6. 24.1.
51.1. 63.1kg.

ICRL =

£ 3 Jk# PAHs SEUEREIEE]
Table 3 Cancer risk index of PAHs in the groundwater

sAfr BIL Pl LI HAE O RA &E

Gl 3.3x10° 8.8x107 1.6x107 2.3x10° 4.4x10° 4.4x10°
G2 3.1x107 82x10° 1.5x10% 2.1x107 4.2x107° 4.1x107
G3  1.9x10° 4.9x107 9.1x10° 1.3x10° 2.5x107° 2.5x10
G4 2.3x10° 6.2x107 1.1x107 1.6x10° 3.1x107° 3.1x10
G5 1.4x10° 3.6x10° 6.7x107 9.4x10° 1.8x10° 1.8x107
G6  1.9x107 5.0x10° 9.3x107 1.3x107 2.5x10° 2.5x107
G7  1.6x107° 42x10° 7.7x107 1.1x107 2.1x10°® 2.1x107

PAHs R 7K A8 B XURS: PP A 25 S (2 7R iE 9T IX
YR 52 PAHSs 5 et R 7K (1) £ A4 o S50 XU i 5
JEEh 4.1x107=~2.5x10°(% 3), I PH G2
B PAHs A EEUR NS TRECNT U S EPA
HEFZ IR AT 352 (1 KF(107°~107H 25 T G5 G6.
G734 AV PAHS (284 B0 X 5 4
T 10 ° JE LR K TAR T FE B i B 4 2% 1
3 (ICRP)HELE (1) 55 K A 4252 AR 7K F-(5.0%10°7)
AT U S EPA I T2 17K T(10 ©~10 42
201y 2 B0 MUK v, B2 ) L B I XU 3 K
SJE G5+ G6+ GT73 A s (IS0 XS Ak T
107, EAVERE IR, ASTFFAL IR S VRN
T LI B KRS, A 2 FE 28 BEFL IR BR IR 4R 11 X
B, 5 BEAE i SR AR N BRI

2.4.2 PAEsHERENES K5 R~ HH
5% PAEs {5 3T K K AR 1) 28 A2 S0 X

(ILCR).
p; xU xEF xED x SFE,
LCR=)" W AT x (3)
A p WA EYII i 1075 G mg/L; U ok HR
FH 2, L/d;EF Jy R 45 B 88 R EL, Wk 365d;ED %
F EH,a;CSF, N A BRI i B UK & A2 1 850
FH kg d/mg;BW MK E kg AT 4 T F i, d.
BT 80w RECRFIAN L. ZhJL. JLE.
T /D AR RN 054 00X VA 2505 PAHS 1K
IK A B AU A ] PO A ek R b R e /D
DMP FIAHS VPN B, 1% SCR VAT, BBP ZERF 5T
X A L, IR AS VR, DEP. DBP by JE S 4 )5,
WA DEHP. DOP K& A 28122 US
EPA 350" Bl DEHP. DOP 150 4 2% K 71
4 0.014(kg-d)/mg.

10°°

Table 4 Cancer risk index of PAEs in the groundwater

BOL HUL JLE EHAE A &%

Gl 2.5x10° 2.9x10° 6.4x107 4.9x10"° 1.7x10™"° 3.1x10°°
G2 1.3x10%* 6.1x10 "' 3.3x10° 2.5%x10 2 9.2x10 ¥ 1.6x10®
G3  4.2x10* 3.8x10 ' 1.1x10 ® 8.4x10 '23.1x10 '? 5.4x10®
G4 3.9x10® 8.9x10 ' 1.0x10® 7.8x10 23.0x10 "2 5.0x10 ®
G5 15107 1.2x10° 3.9x10% 2.9x10 "' 1.1x10 "' 1.9x10”
G6  2.8x10° 1.3x10° 7.3x107 5.5x10 '° 2.0x10 ' 3.5x10
G7  3.5x10° 4.8x10°% 9.1x107 7.0x10 '° 2.6x10 ' 4.5x10 °

JEyoA

PAEs WK AR XU PPAY 45 A 7R, iFFE X AR
Fi%% PAEs ¥5 3t N 7K [ &4 5 80 XU FE 361
F M 1.6x10°~4.5x10 °(3 4), 2 G7 st Rk
SR XS TRERUR K,GL. G6. GT =N sS4 K
PAEs YUK ZEE0E AR TREGS T U S EPA #EfE
(KA 352 K7 1070 2220 (B - [ B i S B 7 22
S (ICRPYHERE ) B K AT 4252 MR 7K T(5.0%10 ).
—J71,5 PAHs VPALEER—HET AN AL, 8L
JLWY B 80 AR 48 504 4 fe s, e Ge i
PAHSs S0 KU 5 K15 8 1.9%10°(3 3),11 G7 A4
137 PAEs )50 XS i K, 1551 3.5x10 (K 4).2% |
FITR A 78 X I S FL BB R /K ) PAHs Al
PAEs 75 4435 N 15 | i A2 1 T .
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risk assessment of PAEs in Weihe River near Xi'an City, China [J].
3.1 WRIX 7 NMEEFLE/K T PAHs £ Water Science & Technology, 2013,67(5):948-959.

H,YPAHs JBH A 34.4~598.5ng/L, 3L 2~3 If
PAHs &3, L TE 80T 50%~83%I0).G4 55
A PAHs W JE d5 iy, mJ fie A ERT I B 30 m i s B
M G5+ G6+ G7 AT HESZHEG MR KA T AR
Y5 VE T, LY PAHSs T8t .

3.2 WX 7 MRJEFLBRK I PAEs £
.Y PAEs yu [l 4 27.6~25236.7ng/L H.3J L DBP.
DEHP }1.G1. G6. G7 =AY PAEs W&
PIER) T 20 pg/L /KPH,G6. GT7 A&t Tk
IKHEG RERARRANSAE FH TS G A7 vl fig
S PRI H b 2 =] B 2.

3.3 WIFIX I PAHs TR RS VT AT 45 5
A G2 AL PAHS 278 50 XS R 50N T
U S EPA #fE 7 11 7T # 52 (¥ KF (10°); iff % T
PAEs X1 5 ,Gl. G6+ G7 =471 PAEs
SR X E T U S EPA #EFZ I AT 232 1)
TKSP(10°), 8 B, BF 5 X VR 2 ALK o ) PAHS A
PAEs ¥5 Y35 % 24 5| i F AL
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