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Distribution characteristics of phthalates in coastal seawater from Northeast China
TONG Lei'”, YANG Jiajia', JIN Jing’, QU Jian’, GENG Ningbo’, ZHANG Haijun’
(1.College of Materials Science and Engineering, Hebei University of Engineering, HanDan 056107, China; 2.Dalian Institute
of Chemical Physics, Chinese Academy of Sciences, DaLian 116023, China)

Abstract: The aquatic environment of marine organisms directly affects the dietary health of residents in
coastal areas. As a typical coastal city in the Northeast China, Dalian is adjacent to Bohai Sea and Yellow Sea,
and its water-quality safety has been widely concerned. In order to understand the pollution status of phthalates
(PAEs) in the surface seawater of Dalian city, its concentration level and distribution characteristics of six PAEs
in the seawater were studied by liquid-liquid extraction, column purification coupled with gas

chromatography/mass spectrometry. The study reports a range of 86.40 to 7683 ng/L for the total concentration
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of six PAEs (ZcPAESs) in surface seawater. Dibutyl phthalate (DBP) and diethylhexyl phthalate (DEHP) are the

major components, with average contribution rates of 67.0% and 30.6%, respectively, whereas benzyl butyl
phthalate (BBP) and di-n-octyl phthalate (DnOP) were not detected at all. In comparison with the data

previously reported, the overall PAEs pollution level in Dalian coastal waters is relatively low, except for some

individual samples. It is speculated that sewage discharge and landfill leachate may be the major sources of

PAEs pollution. The ecological risk assessment results indicated that the risk posed by diethylhexyl phthalate

(DEHP) to the aquatic ecosystem under study was higher than that of other assessed contaminants.
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) 2 (3G IR, 20 T R A Ok
il et B 2R WS R E R S Y 10% ~ 60%.
i 4811, 2021 4 4 Bk PAEs WU 4E T FE A H
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T Pl S % PAES 15 L w78 B A i,
BAE R LRy 6 B PAESs, 4% 482K — W iR —
F i (dimethyl phthalate, DMP) | 42K —Hfig — 2
fi ( diethyl phthalate, DEP) , 4B 2 — FI i — T Fig
(dibutyl phthalate, DBP) , 4B — H i T 3L~ fig
(benzyl butyl phthalate, BBP) ., DEHP F14[ % —
2 — 1F ¥ BiE ( di-n-octyl phthalate, DnOP) . PAEs
WK Z 0 ng/L w49%, w15 Y igsnT LA H pg/L
#4%¢, A L) DBP #l DEHP Jy & . #H 7§ K OF- v
FZ MK ABR IR (Z,PAEs) Wk B 841K (J
{4 22.92 ng/L)M™, T [ E5 FE U (M it ) A4
Xt 458 e (B8 R 272.6 ng/L) " HL 5 v 3 v 1
TRV (£ ) PAESs V¢ AHIE (298 ~ 1413 ng/L, BBP
E DR R ATTR=I¢ REAC CETA SRR
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LM 1% PAEs ¥ JE 42 75 (3062 ~ 19331 ng/L) ™,
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Tab.1 Sampling station information in the surface seawater of Dalian offshore

RFEuh AL 2% (°E) L (°N) RREuhifL 22 (°E) L (°N) SRrfuhifL £ (°E) HHEE(°N)

S1 121.64 39.90 S10 121.14 38.73 S19 121.63 38.86
S2 121.47 39.75 S11 121.21 38.75 S20 121.71 3891
S3 121.37 39.60 S12 121.27 38.79 S21 121.61 38.93
S4 121.27 39.50 S13 121.32 38.81 S22 121.71 39.01
Ss 121.62 39.07 S14 121.36 38.82 S23 121.74 39.03
S6 121.50 39.03 S15 121.39 38.82 S24 121.90 39.05
S7 121.33 38.97 S16 121.51 38.83 S25 122.04 39.08
S8 121.20 38.93 S17 121.56 38.87 S26 122.05 39.11
S9 121.13 38.78 S18 121.59 38.87

1.2 FEAHHTAL R

R i B HRURT VR 47 A 7 B 1000 mL &3 K
FE, PR A R 22 2 L 23 Wi <F s N 500 ng
B A% W) b ME 7 W (DBP-D4 Fll DEHP-D4) , #2747
WYUK 50 mL 1 30 mL 48 I Be AT A0, &
FEAE U 5 38 128 T /K B R B0 A6 IR R AT 1 7K Ak
MG, R B he 2 M, A 249 2 mL, &
JE N 10 mL 1E OV BESEA T 7 4, Bk ik 4s &
272 mL,

WA WV AL BB AR AE (A BT TR IR
BEHICKBRRR AN 3 g A1 3% alifk 2535 rh Ak
56 g), i 30 mL 1E & e b1 iG AL G, vk 45
VR N 2 AR, 3 R0 G 100 mL 2
Bt /AE B (1 2 4, v 0 v) VR B ARY, VeI RiE %
BRE1~2mL, EREB RN, E55A
A F KA 0.5 mL 47, A 500 ng i FE AR,
o 4 B AR AR 28 = R — 1% B ( dipentyl
phthalate, DPP-D4) . DMP-D4 fil DEP-D4, H1EC
PEERE 1 mL, FAUEIE
1.3 AR5t

% H] DB-5 MS(5% #<3£-95% 5 — 1 L fif 4
%, 30 m x 0.25 mm x 0.25 um) S A0 635 H: 1T
A3, HERE R EBEE N 250 °C, SRR 4 i s

AR BT FHR B WL R 50 C,
LA 15 °C/min 1) 3 B FHiE 2 200 °C, R +F 1 min,
SR S LAAH )8 B T 22 250 °C, F44F 3 min, Fr 2 L)
20 °C/min ff 3 & T} & 280 °C, f4#4F 3 min; 28X
J AR (A = 99.999%) ; i H E N
1.0 mL/min,

[ B IR i 25 (ED I & IR R
JERE A 230 °C, fE R 2R E Ry 280 °C; fEHL
AR FL 25 (70 eV) T, R B8R B A I (SIM) 52
ORI

i 3 R BR B 1] K f I 4 4 B 4 I S 6
PAEs #E17 & P AT, il il bR i Ze A 0E, Wk
FEARAR, TR 55 DR AR I TR LR L
NEFR, PIBRTEE o 2SRRI ) E A PR B B[]
FRIE B T L3 2,

1.4 JREAIEME RS (QA/QC)

X o 1 1 2 v e I R B 55 (50 ng/mL) 47
S YR ST I A, AT A AR R 22, DA
B I 22 1) 3 A5 A AER A R o ASBIF 5 Y
A BR R 7 ~ 21 pgo B 24 h K — KBS E il
A b iE) SR B, TP R SR B 25N S T 20%.
M 8 AL, He e AR i — ik aE M,

I GG
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Tab.2 Retention time and characteristic ions of phthalates

&Y AT HIRAE RENE/min ERET SHE T
DMP 14.54 194 195
DEP 16.25 222 223
DBP 20.22 278 279
Hirb &4
BBP 23.91 312 313
DEHP 25.57 390 391
DnOP 27.08 390 391
iy DBP-D4 20.20 282 283
DEHP-D4 25.56 394 395
DMP-D4 14.51 198 199
HEREPIAR  DEP-D4 16.23 226 227
DPP-D4 22.00 310 311

B 25 1L 5 K I A H d5 ¥ ( DBP A
DEHP) (1)l 72 &5 5 #5800 A S e R vk B, 13
7 U470 5 45 R 0 b o O 2, TBORR 7 D 22 19

3.143 f%54E R 7 2: 4 H R (method detection limit,
MDL) ; % T 25 [k 5 R & 4 ) H -4 (DMP,
DEP. BBP #l DnOP), [n] %5 i 5 A & sh o A
50 ng PAEs BRfEY) T, #4748 [ 1 b 3 2, oF
AT E 7 Y, W0 25 R4 e i T VR B, 3
BT U 2 B R B R 22, BURR UE R 22 Y
3143 fEEN K B o SRAR MK FEAR 11156
SrMTR G R B A . AR
AR N 14~ 49 ng/L(F£ 3) ., K. . &
(50 ng/L. 250 ng/L 11 500 ng/L) fil 45 7K R (1
PAEs 1 ~F ¥ [ W0 2 43 5 4 64.7% ~ 128.6%.
67.6% ~ 90.6% F1 62.8% ~ 135.4%, SEATFEN & 45
T B AR AR A 25 5300 R 6.2% ~ 22.3%, 2.1% ~
19.1% F1 3.4% ~ 14.3%, AN Hrid fE i, 2R
Yy 0y~ 34 181 i 22 43 5 Sk 51.7% ~ 73.5%( DBP-
D4) 1 55.6% ~ 122.3%(DEHP-D4) .

®3 KPR FERERIIE B 77 A AR AR E U R AN AR AR R =

Tab.3 Method detection limit, recoveries and relative standard deviations of phthalates in seawater

sty KB MDLYng L PRI Eng L sebihnbiiimg MUEMmg L BCRA%)  ARRTRRIER /(%)
50 80.39 64.7 223
DMP 36 48.03 250 240.1 76.8 12.1
500 362.2 62.8 14.3
50 57.56 67.3 62
DEP 34 23.93 250 202.2 71.4 2.5
500 563.4 107.9 9.8
50 717.9° 976.2" 15.0
DBP 49 229.8 250 398.9 67.6 19.1
500 713.9 96.8 11.1
50 47.59 95.2 6.9
BBP 14 nd. 250 218.9 90.6 6.5
500 610.3 122.1 42
50 266.1 128.6 18.7
DEHP 29 201.8 250 403.7 82.7 5.0
500 827.2 125.1 34
50 38.98 78.0 11.1
DnOP 15 nd. 250 213.8 87.0 11.8
500 677.2 135.4 72

TE: ¥R AT REZ BTG 2% n.d FoRARAG

1.5 A RUBS PEAG
R i D A A = i AU DA B R $8 B
(technical guidance document, TGD) H $# i A9 Ji#

(B XURS: PEAG 732, PEAG R i 3 i g B 3R 2 T /K rh
LRI H R TR A 2B A8 RS 7K o XU i 45 (risk
quotient, RQ) T A AT :
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RO= pirc

A MEC( measured
concentration) N ¥ 3% 1 PAEs B2k & ; PNEC
(predicted no effect concentration) A T I A4 TG &%
MR FE, Be2s . WA K sh ) 25 Y PAE 28,
FLAE 2 AT YRR, Yok H SRR LR
% (US EPA) () ECOTOX %% #i& J% ( https://cfpub.
epa.gov/ecotox/) . 4 RQ = 1 I}, KW 355
PAEs ¥ BE7K V- BA = S A B X 25 0.1 < RO
< 1B, FHEA LS 24 RO < 0.1 B,
W ELA BARAE U

environmental

2 HR5IHE

T 7K P R P R TR AR H R R

i 4 ffr7x, DMP. DBP A1 DEHP 7 i
FE i ARG R R 8 325 100% ), HA U2 DEP
K R A (K R 89%), 1fii BBP Al DnOP
TE A A R K, 3R B DMP, DEP,
DBP #l DEHP AJ G2 & H %) < % — H iR i 25 4
IHF] . YPAEs Bk LV Bl R 86.40 ~ 7683 ng/L
(*F-¥{H & 800.7 ng/L) . DEHP Fl DBP % PAEs
15 Y SR TR R e, 20 ZPAEs S
48.7% F 46.6%

2.1

x4 KEREGEKPHORZPHREEHIKE . 0 HRMATEE

Tab.4 The concentration, detection frequency and relative contribution of phthalates in the seawater near Dalian City

o WP TPREE TR LMARER  ROCE PR UPRE T R
/ng-L /ng-L /ng-L /ng-L /ng-L /ng-L /ng-L /(%)
DMP 2.954 6.985 10.31 1591 25.86 11.70 9.893 100 3.1
DEP n.d. 2.464 4.817 8.276 13.64 5.212 4.597 89 1.6
DBP 8.238 78.39 157.7 318.9 7015 538.1 147.0 100 46.6
BBP n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0 0
DEHP 3291 94.20 165.6 243.1 1640 2457 164.7 100 48.7
DnOP n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0 0
YcPAEs 86.40 236.1 357.6 607.1 7683 800.7 403.7 100% NA

T NAK RN AT 5 225 A DMPHIDEP, 4150 H(S/N) K T30 B 4

WE 1R, 5 2014—2015 45 R 5 (1 R
VU AT 52 85 SR A LU, ARBIFFE 0 5 A K 34 S 0 v
22 2 HE K Hh PAESs -k B R B B (A
T RT5 YLk BEAH 25 R K, X T RS FR AT R 2 1Y 1)
TR A X 5 /NS O o IAEE IR  E  RER

RAEGHTT S, 2021)
R, 2019)
RIS, 2019)
AIF(AIEE, 2017)
TRIEAMEIT, 2015)
RIEFRARIE, 2014)
ZRUFCGRIMTE, 2013)
FF(RIN T, 2015)
P (A, 2014)
EECGREN, 2015)
R, 2014)
AMFFTCRIEWTIE, 2023)
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SPH 25 0 P U A4 ) Bl e 2, — A
JEE b U B O S R S A S R IR A 4. M
b2 T, AR 5 0 i 445 SR BH I A% T 80T R T
RUFATCH 15 33K 6 Tl 2 i L X )95 e K S ),
e VAT A A\ G BB AN P BB A PAES
W2 EERA
2.2 WK AR IR H BRI 143 18] S0 AT

mE 2 iR, S24 RAEub {7 PAEs 15 447K -
% i, S8 Ul v Al S6 uhi {7 IR Z, S17— S19 ¥l fif
PAEs 15 J¥ 7K V- H iy T HiAth w3 . Horpr, S24,
S8 F1 S6 i o7 B I 123 A7 B3 ) B AR il b o T
J 7o B, S24 S A T IR ON M T T R 4
T MR X, o] ged Ay K& Tl FA 16 s
IR LA B U UBIE NI PER JER, S24 3t (07 A Rl 1
bR S i B UG A e Sl R R RE SR SUR/ Y (I R
Hohu dGsm 2l . & A2 m9 K 8h 12 KA Yy sk Ak
SRR, BT Gl IR A2 TR VR B RN O
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Fig.2 Concentration and spatial distribution of six

phthalates in the surface seawater of Dalian offshore

2.3 iEAKHARIE R TR B 4 BERE

WE 3 fr s, K JE R S806 7K o PAEs &
%1% DBP Ml DEHP, 5 C M 4iic —%. 7
PAEs {5 Y ¥ B 45 5 1 3l v P, S24 i {37 FN S8
{3 DBP #4775 4 5T ik 2 (91.30% Al 92.75%) KT
DEHP(8.18% F1 6.50%), Ifii S6 % {ii DEHP HJ{5
PR (94.17% ) )M K T DBP(4.55%) o AT
T S18 i fsi 1 S19 S {31 75, S17 fi{ii DBP 54
TTRRHR (73.31%) B iy, 3% W] 05 QL sk g A A
W], Padis, (K5 F i1 PAEs, f4% DMP, DEP
1 DBP, REHFA AP B e ash e
#2595 B 4> T & PAEs, 1l BBP, DNOP Al
DEHP FZH T EMEEE. BEIF &S H M0
Ttk PVC 3R BT BRI, A AP B A AT
e & S24. S8 Fl S17 w7 4B 7K — Y R Mg V5 L 1)
FE AR 1 BRI A A T e & S6 b
£ PAEs 15 4 1) FEZERIE, W 7ER KRR B I 5
S5. S9. S10, S13—S15, S20 F1 S23 %fi{ii DEHP

R R
[ DnOP [ DEHP ] BBP = DBP ] DEP ] DMP
B3 XEMEEBEREKPPE_PBREEHENK
Fig.3 Composition of phthalates in the surface seawater of

Dalian offshore

2.4 I5YLIRAEAT
R T 253 M 2R 2 KA S R PAES (1975
Y=, X ECHE AT min-max A5 AL AL B, 0T
R R A & b FHIBRE AR E 0.056 1FH
B ARBCEE (E, X b o AL B0 61T S AR A, F
AT BT HT o AR SR 3l 157 5 95 G Y ) I 5
NS sh AR B AR BE AT 40 4L, 4390 4l 1 0
22, i 4 Fis, A E 84 PCL AT PC2 435
Fk T RARBURE Y 51.3% F1 22.9% 1977 22 5Tk
B SR BoR, REEAE S T0HE B 5,
FUH 1 544 2 Z JA] PAEs BYRIFIEAMIE . +
LAY 43 B 4% B % 7%, DBP. DEP #1 DMP £ PC1
B AR = 6 2R, 2B PC1 Al g 2 R ok
FH 5 A IS DT R R A 3 5 2K HE RO
A (754", DEHP 7 PC2 | B B ik, %
B PC2 W R 35 B e Ak T A 7= 3 1) A 7 R HE
s e o T — TS R R ek P
PAEs [75 YL Ui, 76 5L Fh PAEs ¥k B 2 [0 4T T
57 2 SR AH G437 . DBP 43 51 5 DMP(R’ =
0.53, p < 0.05) il DEP(R’ = 0.45, p < 0.05) f#AEIF
PR, X5 B s R — 3, R
L[] 5 YR IR
2.5 KIEWFHRIZMEK P PAEs [ AL 25 XU PFA
KT T RGE R ZHE K R PAEs (4R 25 XU
L, XF 6 Ff 5 2 4% PAEs H I 4 Rk H R &
/5 (%) PAEs 194275 KU B A7 PP A% . K34 36 2
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Fig. 4 Principal component analysis and correlation analysis of PAEs

7K 4 3 £ i) DMP., DEP. DBP F1 DEHP X} T 3
. SRR ROEMIES T3 5. RO
%&ﬁ%*ﬁ%@ﬁﬁ 4 Fi PAEs X T A [R] 9 F ) A= 25
KBS A5 i AN TR, DEHP X 38 28 BT 5 45 A 25 K
5, DBP X i 4 5 A IR A5 A 2 KU s X ek,

DEHP B o &5 A S XU, DBP R AR5 A

AR s T, ARG

AU, X 5 Zhang Y A Li 25 B #2455 —

., sk, DMP 1 DEP (1 4E 25 KU B (RO <
0.01),

£S5 AERBREKEDEE PAEs £ R
Tab.5 Ecological risk quotient (RQ) of the primary PAEs in the surface water of Dalian offshore waters

~ Wik H7Ek EES
i ROFHIfE XS B 22 ROVHIH HEXT B 22 ROVHIMH FEXTBRUE R 22
DMP 1.17E-05 0.6 1.22E-05 0.6 1.06E-06 0.6
DEP 6.43E-06 0.8 1.93E-05 0.8 3.16E-05 0.8
DnBP 2.56E-02 2.7 2.07E-02 2.7 5.38E-02 2.7
DEHP 2.46E+00 1.3 2.93E-01 1.3 4.10E-02 13
NN % 3Lk
() BR A, m s, AR— s SRS IR 1 A 25 3035 b i R

(1) K 17 g 3k 3 )2 7K ' PAESs 75 e 5y
A5 FISK IR SR BT 7, PAEs Sk BEVE I 86.40 ~
7683 ng/L, DEHP #l DBP J& & E AL &%), HoE
TERR R B R 67.0% F 30.6%; B /0 BURE i A1,
22 )2V K BE 5 it PAESs ¥R BE AL THARAK T i
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