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Pollution Characteristics and Ecological Risk Assessment of Phthalate Esters

(PAEs) in the Surface Water of Jiaozhou Bay
LIU Cheng, SUN Cui-zhu, ZHANG Ge, TANG Liao, ZOU Ya-dan, XU Qing-qing, LI Feng-min"

(Key Laboratory of Marine Environment and Ecology, Ministry of Education, Institute of Coastal Environmental Pollution Control,
College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: In order to better understand phthalate esters (PAEs) pollution in Jiaozhou Bay, surface water samples were collected for
content analysis in August and November 2015 and January 2016. Fifteen kinds of PAEs were detected by stir bar sorptive extraction
and gas chromatography-mass spectrometry. The content, composition, spatial distribution, seasonal variation, and ecological risk
assessment of the PAEs in the surface waters were examined and analyzed. The results showed that. (D The total concentrations of
PAEs in the surface seawater in August and November 2015 and January 2016 were 3. 63-21.20 ug-L™", 2.24-12.60 ug-L™", and
0.01-4.15 pg-L™", respectively, and the average concentrations were 11.10 pg-L™', 5.26 pg-L™', and 0.80 pg-L7',
respectively. @ Influenced by runoff and ocean currents, the concentration of PAEs in the surface water of Jiaozhou Bay is higher near
the shore and lower in the middle, and the total concentration of the east coast is higher than that of the west coast. Compared with
surveys of other rivers and oceans, the PAEs content in the surface water of Jiaozhou Bay is moderate, but it is heavily polluted
compared with other oceans. 3 Considering the rainfall and other factors, the distribution of PAEs in the three seasons followed the
order summer > autumn > winter. The main PAEs detected were DBP, BBP, and DEHP. @ The results of the ecological risk
assessment showed that the risk quotient (RQ) of DBP at each station in Jiaozhou Bay was greater than 1; that is, the ecological risk
was relatively large, while the risk of the other PAEs (RQ < 1) was small. PAEs have become a potentially threatening organic
pollutant in Jiaozhou Bay. Their behavior and the ecological hazards that they present to the environment still require further study.
Key words: Jiaozhou Bay; phthalate esters (PAEs) ; spatial distribution; seasonal variation; ecological risk assessment
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2.1 BONIERZAKAES PAEs By & 4K

3 MR AU A Y 13 B PAEs ¥ 18 43 BT
ZEHNFR 1. 2015 4% 8 F ML BT A 3 o7 i KA v
K 12 A PAEs, H B MR E R 3.63 ~ 21.20
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0.80 pg-L~". 1 DBP, BBP I DEHP A4 i #A7E
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Table 1 Concentration of the 13 PAEs in the surface water in Jiaozhou Bay/pg-1~!
5 2015-08 2015-11 2016-01
S T ] PRI e 2T ] T e EFE PR

DMP n.d. ~8.34 0.97 £2.07 n. d. n. d. n.d. ~1.56 0.36 £0.47
DEP n.d. ~14.80 2.46 £4.99 n. d. n. d. n.d. ~0.18 0.08 +0.08
DIBP n.d. ~1.81 0.35+0.52 n.d. ~0.71 0.24 +0.22 n.d. ~0.81 0.19 +0.22
DBP 0.04 ~11.20 2.67 +2.31 0.65 ~1.38 0.98 £0.22 0.01 ~0.09 0.03 £0.03
BBP 1.11 ~5.69 2.24 +1.24 1.09 ~1.10 1.09 £0.00 0.28 ~0.09 0.01 £0.02
DMPP n.d. ~1.16 0.37 £0.55 n.d. ~1.87 1.28 £0.36 0.00 ~0.02 0.01 £0.01
DPP n.d. ~1.01 0.42 £0.50 n. d. n. d. n.d. ~0.01 0.00 £0.00
DHXP n.d. ~1.14 0.54 +£0.31 n.d. n. d. n. d. n. d.
DEHP 0.44 ~1.06 0.61 £0.18 0.22~0.33 0.28 £0.04 0.00 ~1.58 0.35+0.45
DEEP n.d. ~1.69 0.18 +0.53 n.d. ~2.16 1.42 +£0.49 n.d. n.d.
DNOP n. d. n. d. n.d. ~2.41 1.16 £1.17 n.d. n.d.
DBEP n.d. ~1.22 0.06 +0.28 n.d. ~3.38 2.83+0.32 n.d. n.d.
DCHP n.d. ~1.23 0.32 £0.56 n. d. n. d. n. d. n. d.
zPAEs 3.63 ~21.20 11.10 £5.44 2.24 ~12.60 5.26 +2.73 0.01 ~4.15 0.80+1.10
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Table 2 Comparison of PAEs concentrations in different basins of the world/;xg’L’l
Hb s, DMP DEP DBP BBP DEHP SCik
Marseille ¥4 | 3 [ 0.00 ~0.01 0.00 ~0.03 0.01 ~0.32 0.00 ~4.90 0.04 ~0.80 (6]
Orge T, 1% [H n.d. ~0.09 n.d. ~1.43 0.04 ~0.20 n.d. ~0.14 n.d. ~2.08 [20]
Rhone River, 2 [ 0.01 0.03 0.04 0.01 0.41 0211
Mediterranean Sea,?fln—‘i‘ 0.00 0.01 0.09 0.00 0.10
Dutch ¥, if 2% 0.00 ~0. 19 0.07 ~2.30 0.07 ~3.10 n.d. 0.90 ~5.00 [22]
Pretoria , ik n. d. n. d. 0.18 ~0.34 n. d. 0.06 ~0.24 (23]
Cape T()wrl,ﬁ—‘jf”3 n. d. n. d. 0.23 ~0.63 n. d. 0.06 ~3.42
Hi it 0.00 ~0. 14 0.02 ~0.05 n. d. n. d. 0.03 ~0.62 [24]
B[y il b S S| 0.05~0.14 0.01 ~0.01 0.01~0.16 n.d. ~0.51 0.14~0.52 [25]
Kyrak B, E n.d. ~0.30 n.d. ~0.37 n.d. ~35.60 n. d. 0.01 ~54.73 [26]
KILHEPE, hE 0.13 ~6.44 0.21~4.16 0.21 ~60.70 n.d. 0.70 ~26.30 [27]
B, n.d. n.d. ~2.50 1.00 ~13.50 n. d. 1.00 ~18.50 [28]
BT O e 0.04 ~0. 14 n.d. ~0.95 0.06 ~2.04 0.79 ~5.32 1.08 ~8.84 [29]
JE MY o nd ~2.15 n.d. ~14.90 0.04 ~11.20 1.11 ~5.70 0.44 ~1.07 AHFFE
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Fig. 3 Concentration and distribution of PAEs in the surface water of Jiaozhou Bay
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Table 3 Ecological risk assessment results for the PAEs in the surface water of Jiaozhou Bay

HEI(4E-H) PAEs IKRHEE /g 17! RQ RQ FHIE
DMP 0~2.15 0 ~0.09 0.03
2015-08 DEP 0 ~14.80 0~0.16 0.08
DBP 0.04 ~11.20 1.53 ~22.30 5.35
DEHP 0.46 ~1.06 0.28 ~0.69 0.40
2015-11 DBP 0.65 ~1.38 1.30 ~2.70 1.95
DEHP 0.22 ~0.33 0. 14 ~0.20 0.18
DMP 0~1.56 0~0.02 0.00
20161 DEP 0~0.18 0 ~0.00 0. 00
DBP 0.01 ~0.09 0.01 ~0.19 0. 06
DEHP 0.00~1.58 0.00 ~1.02 0.23
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