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Abstract; Phthalate esters (PAEs) are endocrine disruptors and have been used as plasticizing agents in cellulosics
and elastomers. The demand for PAEs has grown rapidly, especially in China. It will lead to much more environ-
mental PAE contamination. PAEs are listed as the chemical that poses significant ecological risk. This paper reviews
the literature concerning the pollution status of PAEs, summarizes the main characteristics of PAEs in typical aquat-
ic environment in China, assesses the ecological risk of PAEs to alage, daphnia, and fish by risk quotient (RQ) ap-
proach which is based on the predicted no effect concentration (PNEC) and PAE concentrations in aquatic environ-
ments. The results showed that PAEs concentrations in most of river and lake waters were higher than 8.00 pg-L™,
which are higher than the concentrations of PAEs in the Environmental Quality Standards for Surface Water (PRC-
NS 2002) (DEHP, 8.00 pg-L™" and DBP, 3.00 pg-L") and Standards for Drinking Water Quality (PRCNS 2006)
(DEHP, 8.00 pg-L", DBP, 3.00 pg-L" and DEP, 3.00 pg-L™), respectively. With the increasing consumption of
PAEs in metropolitan areas, the concentrations of PAEs detected in urban water bodies were obviously higher than
those in other areas of China. Compared with other countries, the PAE concentrations in the waters of China are
higher than global PAE levels. Furthermore, PAE pollution of water bodies was found not only in surface waters
but also in underground waters; for instance, PAE concentrations in the range of 0.00-6.70 pg-L™" were detected in
underground waters in Dongguan, Guangdong Province, China. The results of RQs showed that significant (10 <
RQ < 100) or very significant (RQ = 100) potential adverse effects for algae, daphnia, and fish in aquatic environ-
ments near PAE-based industrial and urban areas, and DBP, DEHP and BBP contributed the most. Thus, the eco-
logical risk of PAEs in Chinese aquatic environments should be considered, especially in areas where commercial

plastics are produced.

Keywords: phthalate esters (PAEs); urban aquatic environment; pollution level; ecological risk; China
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RHRIE B BRI GEFR . PAEs —CH L EARAA,
EUAAREE APk MEVS TOK B 5 5 T A PLVS W55 FF
s R -REENIMERERY R, FEAT
SRR SR, )z N T H R AR TE S )
WMBCHE & 5 bR B I A% FN I A8 | 2 0 M
M BEAC I T 00 T RS N B AR
Ut , PAEs 1 3% i 7776 015 Y 32 AE7E KK
THEFIR AT O N, K 26 A T R
JUE R % (Toxics Release Inventory (TRI) database)it
4.,2012 435 [E PAEs MR 1 492 674 kg, H
HOBE R K FREE A PAEs 47 1 354 968 kg, BEilt
F/KFREE Y PAEs A7 237 kg,
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UEAh 3 EiE & PAEs e K E T E, T PAEs 7
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VR AE A S RS HE AT PN PAEs X F oK A4k
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KA T ER 288 AR A K I M A iR B S S It
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AR5 A AR KBS AN, X 38 ] BB 358 T 7K P45 Y PAEs
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155 7P PAEs X T2 R SN ZERIRERY A 25X, X
TIRE ST KIAF 2 4 A BRI

1 ##l57i% (Materials and methods)
11 BRI e ik

R T AER AR TR [ MRS T K BRBE R PAES 1)
TG YA AT RRAE , AHIE 5T 1 S dz FH SCHR 28 i it o
JFNW 5 J5 . Elsevier , Springer . Google Scholar 7l
PubMed #5045 2 i 56 T3 FE LRI 17 /K PR 5% 1 PAEs
A5 Y AR ) SC B VAR | 18 38 SCAF iE AT SR 5%
W, i T8 PAEs 75 G BUR 20 A3 R AF 45 56 i i)
W B SCER B A 2 | IR I ASHIF 98 £ 50 o6
T [ 0 8 I 7 UK R4 b PAESs 15 44404 BRAE Y SC
F, A PAEs X H b AR W i 5 BERCHE 32 5O
USEPA 1) ECOTOXicology %4 2" 1 AH 56 SC ik Fh
FAFIT
1.2 FREEA T PAEs B0 7 1%

PAEs )53 #71 25 B8 0T LAYk o A b G AL B
AU VEVE B AR, A ORGP J& PAEs 43 AT
i LBk RN DG A A5 B, TG R BV AN
DB R B A B, AR U 35 T DL 43 Sk i 5 AR B
V- TR A IO [ AR A BC(SPME) Y s X 43 5
RS A 8¢ AR5 5 B2 TR 20 M B R ANy AR €6 3% -
TE(LC-MS)™ | AU 1% 0T 3 (GC-MS)™ DA K HoAth
FARP - Cai S5ECPVIF LT —FPET 4T O R A
KM PAEs ¥, 32 B4 45 [ AR AL 206 e
i 82 1 7 S50 R 5,38 (HPLC) B 40 BT 7 15 . BARR
[R5 R B AT 1 25 T 5] PAEs $08s 1) 45
He AHH TAIESE B 76 5402 T R 30 1l i 78 7K 3R 5E v
PAEs Y& TS5 YLK | R AT T B 22 AN 255
M) 2 A SCAY 25
1.3 PAEs AEZS XU PR 7k

PAEs (425 KBS PEAN 7 i A 9 Bk B B R 48 &
PE SO RIS AT BB 5 R R (L Dl YA
JKAA R PAEs FOTEAE A KBS P ZEARTRGE Y, K
Bz K (RQ)BE F SR EAS B A A 4 1 AR 28 AU, B 2 22
EARPEIREE H PAEs A9 i vk B (MEC) 5 #iil 44 7t
BN (PNEC)Z [H] Y FL(E . PNEC A9 At 5802 AR i
B FHA A A D& U BE (LC,, BY EC,) 5% 4 R BN 1
B, B, M2 K F%ZE%F DMP DEP DnBP Fl
BBP ) LC,, 8 EC,, #% I I F 4= 25 KU (B /Y 118,
PAEs XS M 1B AN

RQ = MEC _ MEC

PNEC L(E)Cy,
f

FR AR A SR, FRATTHE AR 25 RUB: 43 T T 4
ASTKAFED

24 RQ < 1.00 B, &7 J6 i KK 24 1.00 <
RQ < 10.0 B}, R/RAFTEE/INBY I AE TR0 5 5 10.0
< RQ < 100 W}, 787718 1 35 1 W 7 5288005 24
RQ = 100 B , F/RAE7E BUH TS E AR

2 R LR (Results)
2.1 3FR[E PAEs ML= FI 2%

150 H T 3R E KR Hb X 2000—2010 4F- PAEs
A R AT SR B 7E 2000—2010 1 [H] PAEs (193 W0
T 2 N, b 2010 4E L 2000 4R 77 R 1
JNT 183.54% ,RMIE PRI T 79.18% ., K 2 51
TR E PAEs B EEA Al e Hopm i, Hop 5%
B3I A BR 2N wAE A P Hb i K ) PAES il 1 7
HAE =B IR 40.00x 10° t, AR PRAR AR —HIiR —
FiE(DOP) . DBP 4B 4% — H ik — 5 T- i (DiNP) F1 4B
T R 24 fiE(DIDP) ; PAEs A 77 Al 4 v 43 A
FEWAR J7AR HLRIVLIRA .
2.2 JKIREEHH PAEs V544K

FRAE T [ $L78 JK R85 o PAEs (975 Y 43 A 45
fiE B MM AT W36 L Ab 5 Gk a3 A Vv o
BEAh, F [ S R 5 FUSIA K AR PAEs MR E 24K
T 8.00 g L AR 4 3 ] 3R 7K PR 85 5 i
HES VR K PR B T s A  DEHP 93 5 FR 1A

®1 HEXMMHEX 2000—2010 £ PAEs B0
BRE(10")
Table 1 The supply-demand situation of
PAEs in the mainland in China
during the period of 2000-2010 (10* tons)

Hk (104 1)
Net import

FET T (10* ©)

A FE(10* 1) A .
pparmen

Year  Output (10* ton) . ) .
volume (10" ton) consumption (10" ton)

2000 39.50 36.40 75.90
2001 46.40 36.70 83.10
2002 53.70 43.60 97.20
2003 54.00 51.00 105.00
2004 55.00 50.00 105.00
2005 50.50 45.80 96.30
2006 67.30 48.70 116.00
2007 66.60 46.90 113.00
2008 90.00 35.00 128.00
2009 104.00 32.00 136.00
2010 112.00 21.60 136.00
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4 8.00 pg- L5 DBP Ak EEBR{E 4 3.00 pg- L™ Al
DEHP k5 FRAE A 8.00 pg- L' . DBP A4 ¥ i FR{H
73.00 pg- L' 5k DEP [k R R 3.00 pg-L"',
BRI, F [l K 3R 855 b PAES 1Y P 78 AR 725 XU S 25 22
REE N 3R ] LR K P45 v PAEs 1975 YLK F 5
FLAbE S AH LE, 25 S R W Ik b 3R E K 3R 45 T i
PAEs 75 Y4 /K V45 5 , (B 76 J2 H A P4 S 519 Ogun
1] PAEs H975 J4 /KP4 w153 395.00~4 775.00 pg
LB AR KA B T TR [ M K A I A A o
1) 597 15 (3 3),

W& kT PAEs {14 2% A0 H 2538 0, S 8ok v
JKIASEH PAEs V5 4L /K1 0 2 5 TR HLIX X 3
T2 R A T K IR B 2 e R R e A Ak B Y
Tl K, g A AT V5 7Kk A B T T HE A 5 K
W PAEs ¥} AG T (R34 182.00 pg-L™), b4l PAEs
Y5 Y AN 2 A AE R AR OK A B v, 4575 et
IKEREE U R4 AR SE T U N /K A PAEs ¥ JiE 3 il
9 0.00~6.70 pg-L", AL, PAEs 7F 3 KA
SR AT | TR K ) B 35 T 7K ST B B 2 T M
KRB

F2 2006 £RE PAEs EBEEF=RWRH=ED
Table 2 Main production and types of PAEs in China (in 2006)""

Azl

Manufacturer

FEIE(10* 1)
PAEs it A 4
) Production
PAEs types Location

capacity (10* ton)

K Fili 1 X Mainland

Fr&a A B2y w5 Qilu Plasticizers co., LTD DOP .DBP ,DiNP DiDP 1175 Shandong 40.00
BT TA R H) . ) 1L
DOP DiNP .DOA ,DiDP 26.00
Zhenjiang Liancheng Chemical Industry co., LTD Jiangsu
G BAA R2F] Jinling Petrochemical co., LTD DOP .DBP VL7 Jiangsu 20.00
FFEAL T A FR A H Hongxin Chemical co., LTD DOP . DBP , DiBP 1175 Shandong 20.00
TR RAL TATBRZA H] Henan Anging Chemical co., LTD DOP DBP .DiDP DiNP . DOTP .DOA .DOS  ii 7 Henan 15.00
FEARAR A LRI T AT FR2 W (R M) A
DOP 12.00
Jihua Group Amway Chemical co., LTD (Suzhou) Jiangsu
YR FEARSE T AT AT 7] (7 ) , IR
DiNP 11.00
Exxon Chemical co., LTD (Panyu) Guangdong
WAL TARAF i L
DOP .DOTP ,DiNP . DOA .DOS 10.00
Zhejiang Huatai Chemical co., LTD Zhejiang
RS T A R F) ) ) 1
DiNP . DOA DiDP 10.00
Shanghai Liancheng Chemical co., LTD Shanghai
AREEl E AL T AR , IR
DOP .DiNP 9.00
Dongguan Baotian Chemical co., LTD Guangdong
IR S I ) AT B A . IR
DOP DiNP 9.00
Dongguan Xingbao Chemical co., LTD Guangdong
AR EH AR F Shijiazhuang Bailong co., LTD DOP .DBP . DiBP A4t Hebei 6.00
JbadE S k24 B\ A Beijing Huaying Chemical co., LTD DOP Jt5T Beijing 430
BUHIR AR B T A BR A 7] ) L
DOP .DBP DiBP .DOA .DBS ,DOS 3.60
Hangzhou Nature Organic Chemical co., LTD Zhejiang
KAEFIT Tianjin Solvent Factory DOP .DBP . DiBP ,DHP K Tianjin 3.00
Z#: Hongkong
TR Tl A B A ) - .
) } DOP Wil Zhejiang 15.00
South Asia Plastic Industry co., LTD
B4 Taiwan
I 1% 4 4] UPC Group DOS .DiNA .DiDA .DBS I~ % Guangdong 11.50
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*3 KESHMEZRKIRER PAEs Bi5HKE
Table 3 Concentrations of PAEs in aquatic environment in China, compared with other countries
A PAEs #¢f£/(ng-L™") KL EEDTN
Location PAEs levels/(ng-L™") Media References
*F[E China
YA K #E Lake and reservoir water
Jb 52 B #9136 Beijing-Park Lakes 6 400.00~ 138 100.00 WK Park lake water [37]
FM - Suzhou-Taihu Lake 1 888.00~126 100.00 IIA7K Urban lake water [38]
KJE-U3i 7K % Taiyuan-Fenhe Reservoir 37 490.00 JKJEEJK Reservoir water [39]
I~ IN-38 77991 Guangzhou-Urban Lakes 1 690.00~4 720.00 #IF7K Urban lake water [40]
At 5 -3 T 13 Beijing-Urban Lakes 386.00~3 184.00 #1IH7K Urban lake water [41]
7K River
1§40 Haihe River 3 890.00~ 141 780.00 JAI7K Urban river waters [42]
KA Bt Yangtze River-Wuhan 34.00~91 220.00 JAI7K Urban river waters [14]
FEM-KJF Yellow River-Taiyuan 87 230.00 77K Urban river waters [39]
FAJETL-75 M B Songhua River-Jilin 2 500.00~ 68 960.00 7K Urban river waters [43]
B Yellow River 3 990.00~45 450.00 7K Middle and lower reaches [44]
KL= Yangtze River Delta 61.00~28 550.00 7K River waters [45]
HIVL-#R I Xiangjiang River-Zhuzhou 22 390.00~27 400.00 7K River waters [46]
AR VL-WIVL Qiantangjiang River-Zhejiang 4 150.00~15 380.00 7K River waters [47]
K AT-7T95 Yangtze River-Jiangsu 178.00~1 474.00 YA 7K River waters [48]
127K Surface water
1§ Shanghai 0.00~13 530.00 b F K Surface water [47]
M Yangzhou 0.00~10 430.00 H1e/K Surface water [47]
A7 1 /4% 11 /1675 7K. Estuary/Port/Harbor water
KT 0 Yangtze Estuary area 3 380.00 167K Marine water [49]
17K Ground water
J M -%4<5E Guangzhou-Dongguan 0.00~6 700.00 7R 7K Groundwater [50]
WIAL-YTF Ji Hubei-Jianghan Plain 80.10~1 882.00 i 7K Groundwater [51]
XK Drinking water source
KAT=AY-75H Yangtze River Delta -Suzhou 5 700.00~ 14 000.00 K 17K Drinking water source [52]
KAT. = ffM-T0%) Yangtze River Delta -Wuxi 6 300.00~12 000.00 X 7K Drinking water source [52]
KAT. = ffM-% M Yangtze River Delta -Changzhou 3 500.00~8 300.00 X JH7K Drinking water source [52]
KT =4 -E0I% Yangtze River Delta -Yancheng 3 000.00~3 800.00 YR F7K Drinking water source [52]
KIT=FA-TRM Yangtze River Delta -Xuzhou 40.00 1K FH7K Drinking water source [52]

V57K AL HH T Wastewater treatment plants

Jt 3 Beijing-Wastewater treatment plants 41 440.00~69 880.00  V5/KAbHE] kK Wastewater treatment plants influents [53]

W /K1 Harbin 21 010.00 IR 17 % 7K Municipal wastewater [54]

1t 5T Beijing-Wastewater treatment plants 720.00~4 240.00 V5 /KALFE Hi 7K Wastewater treatment plants effluents [53]

HAhE % Other countries

WIF7K Lake water

& [E- Pontchartrain #§] USA-Lake Pontchartrain 0.00~20 000.00 WIA7K Lake water [55]

7K River water
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Hh s PAEs ¥ J¥/(ng-L™") IKERE %% ik
Location PAEs levels/(ng-L™") Media References
J& H FI.-Ogun 1 Nigeria-Ogun River 3950 000.00~4 775 000.00 7K River water [56]
LKV -Klang ] Malaysia-Klang River 5 000.00~69 200.00 7K River water [57]
HKF-Rieti ¥ Italy-Rieti River 0.00~45 900.00 7K River water [58]
Fti—1:-Svartan J7] Sweden-Svartan River 320.00~3 100.00 7K River water [59]
Y[ -Trent {7 UK-Trent River 740.00 ~1 800.00 7K River water [60]
14 [ -Seine 7] France-Seine River 464.00~771.00 7K River water [61]
P35 -Embo {1 Spain-Embo River 0.00~700.00 7K River water [62]
P4 ¥EF-Galicia {1 Spain-Galicia River 69.00 7K River water [63]
i 7K Surface water
{5 [ -F1HK Germany-Berlin 330.00~97 800.00 Hi7%/K Surface water [64]
P 2% New zealand 540.00~26 200.00 7K Freshwater 3]
B K- Rieti F7K Ttaly- Rieti Rain Water 3 700.00~11 400.00 JE R X T 7K Residental center rain water [65]
FFI- Rieti F7K Ttaly- Rieti Rain Water 3 200.00~8 300.00 i H LI ZK City center rain water [65]
B AF- Rieti FR7K Ttaly- Rieti Rain Water 7 100.00~7 800.00 Tl X Fi7K Industrial center rain water [65]
0] 1/ 11 /75 7K. Estuary/Port/Harbor water
Z%[H Thailand 8 640.00 7K Gulf water [66]
Jin#E K -False Creek ###s Canada-False Creek Harbor 3.30~1 060.00 7K Marine water [67]
PEHES - Tk # I Spain-Industrial Port 0.00~2 120.00 7K Marine water [62]
R /K Drinking water source

H A-%4 % Japan-Tokyo 210.00~5 700.00 HFIK Surface water [68]
ff[E Germany 1 010.00 H &K Tap water [69]
{8 % Germany 740.00 %7K Bottled mineral water [69]

V57KALH T Wastewater treatment plants
5[ -4k Germany-Berlin 1 740.00~1 82 000.00 J&7K Sewage effluents [64]

(LB SRRz TS IKAL I BEK

Spain-Galicia wastewater treatment plants 6623.00 Wastewater treatment plants influent [e3]
#:[# France 2 819.00~4 682.00 15 /KA H 7K Wastewater treatment plants effluents [61]

PYBESF- A Py

Spain-Galicia wastewater treatment plants

1278.00

TIRAR B K

Wastewater treatment plants effluent

[63]

R4 AETSREITMN P EE KEMRENSMEFEHIE (LC, 3 EC,,)
Table 4 Acute toxicity (LC,, or EC,,) used for the risk assessment for fish, daphnia, and algae

a2 (Lepomis macrochirus)

Fish (Lepomis macrochirus)

ToHEMESIY) (Daphnia magna)
Invertebrate (Daphnia magna)

#:2K (Selenastrum capricornutum)

Algae(Selenastrum capricornutum)

PAEs Fli& L(E)Cs, NOEC =B U L(E)Cso NOEC 275 Sk L(E)Cs NOEC E =B U
Compound /(mg- L /(mg+ L' ) References /(mg- L! ) /(mg- LY References /(mg+ Lt ) /(mg- LY References
DMP 50.00 15.30 [17] 33.00 <1.70 [74] 142.00 < 64.70 [17]
DEP 16.70 1.65 [17] 86.00 37.50 [17] 16.00 3.65 [17]
DBP 0.48 0.42 [17] 3.00 1.70 [17] 0.40 0.21 [17]
BBP 1.70 0.36 [17] 3.70 1.00 [75] 0.21 <0.10 [17]
DHP >0.11 0.11 [17] >0.18 0.03 [17] >0.33 0.18 [17]
DEHP >0.20 0.20 [17] > 1.00 1.00 [76] >0.10 0.10 [17]
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x5 IFXEHEKIFEFR DMP,.DEP.DBP BBP . DHP #1 DEHP X2 X Fh B RQ IR & 47X (pg L")
Table 5 Fish RQ results for DMP, DEP, DBP, BBP, DHP, and DEHP
and the sum of RQs for each location in China (pg-L™)

P ait s%m
Location DMP DEP bBP BBP DHP DEHP Sum References

WAL 7K % Lake and reservoir water
At s -2 A B 513 Beijing- Yaowahu Park Lake 122 1270 61.00 4940 ND 160.00 284.00 37]
At -5 BH 2 W19 Beijing-Chaoyang Park Lake 0.14 164 1260 13600 ND 2750 178.00 [37]
AU E-E A BE WA Beijing-Lake in Summer Palace 006 067 738 1500 ND 4670 69.80 [37]
AbE-2145 1 A B #1367 Beijing-Honglingjin Park Lake 023 297 1620 1530 ND 3100 65.70 [37]
bt A /A FE 5130 Beijing-Rendinghu Park Lake ND ND 400 1450 ND 4530 63.80 [37]
At -FEAE M A FE 513 Beijing-Lianhuachi Park Lake 002 029 1040 13.10 ND 3450 5820 [37]
At Je R 2N BE 513 Beijing-Longtanhu Park Lake ND ND 586 1560 ND 3220 53.60 [37]
At -E PHEL AN BE 513 Beijing- Yuyuantan Park Lake ND ND 1260 1330 ND 2570 51.60 [37]
H M -A ] Suzhou-Taihu Lake 278 423 2090 11.70 ND ND  39.70 [38]
Jb5t-JLif Beijing-Beihai Lake 002 123 631 ND ND 2680 3440 37]
Jt5t-H-#17F Beijing-Shichahai Lake ND ND 850 1330 ND ND  21.80 [37]
KIFE-UMA 7K % Taiyuan-Fenhe Reservoir - - 1721 - - 415 2140 [39]
Jb5t-Fg sk =/ FE WA Beijing-Taoranting Park Lake 005 061 ND 1310 ND ND 1370 [37]
TN -3 T YA Guangzhou-Urban Lakes 000 001 576 ND ND 085  6.62 [40]
JLa-EJT/KJE Beijing-Guanting Reservoir 0.00 ND 0.73 1.32 ND 044 249 [41]
A6 5T -EFURIGEL I Beijing-Lakes in Summer Palace 000 004 063 002 ND 131 199 [41]
At 3T+ Beijing-Shichahai 001 001 016 051 ND 120 187 [41]

7K River water

KAL-VLH5 Yangtze River-Jiangsu 163 17500 1161.00 5830 ND 1030 1 407.00 [48]
KAL-IRIUAf 7K Yangtze River Low water period-Wuhan 0.01 ND 8490 ND ND  273.00 359.00 [14]
] -fJH& I Yellow River Tributary-Yiluo 002 014 3570 ND ND  159.00 195.00 [44]
HA[-EI0M Yellow River Tributary-Mangqin ND 021 6190 ND ND 115.00 177.00 [44]
[ -/IMRJE Yellow River Main River-Xiaolangdi ND 0.0 5000 ND ND  120.00 170.00 [44]
FAFEYT-T K Songhua River-Jilin 004 102 16300 ND ND ND  164.00 [43]
KIT =4 Yangtze River Delta 001 005 17.10 02 ND  142.00 159.00 [45]
#T - B Yellow River Tributary-Luoyang ND 006 5000 ND ND  101.00 151.00 [44]
EFA]-3% T BE Haihe River-Urban Area - - 17.40 - - 109.00 126.00 [42]
#-FF & Yellow River Main River-Kaifeng 0.02 027 ND ND ND  80.00 80.30 [44]
# - BM Yellow River Main River-Zhengzhou 0.01 0.19 ND ND ND 1500 75.00 [44]
#{r-Z< W] Yellow River Main River-Dongming 001 023 ND ND ND  70.00 7020 [44]
BB Taiwan Rivers ND 030 11.70 ND ND 4650 5850 [77]
T -HTWEA Yellow River Tributary-Xinmang ND 0.18 2200 ND ND 2930 51.50 [44]
- M Yellow River Tributary-Mengzhou 0037 001 3100 ND ND 19.60  50.60 [44]
ERYEIT-WIVT. Qiantangjiang River-Zhejiang ND 519  17.00 ND ND 10.00 32.20 [47]
- KR Yellow River-Taiyuan ND ND 18.10  ND ND 395 22.00 [39]
WAYL-#KM Xiangjiang River-Zhuzhou 129 215 812 1010 ND ND  21.60 [46]
i -E A Yellow River Main River-Jiaodong 002 026 ND ND ND 1620 16.50 [44]
I -FH#: Yellow River Main River-Mengjin 0.02 0.10 1020 ND ND 1.74  12.00 [44]
FKAT-IR B E/K W] Yangtze River High water period-Wuhan 002 022 032 ND ND 014 070 [14]

HFEIK Surface water

M Yangzhou ND 107 379 ND ND 1490 19.80 [47]
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|- Shanghai ND 147 360 ND ND 1270 17.70 [47]
YAT 1 /4% 11 /¥ Estuary/Port/Harbor water
KT Yangtze Estuary area ND 0.59 2.62 ND ND 6.50 9.71 [49]
7K Ground water
I M-%3€ Guangzhou-Dongguan 000 003 093 003 ND 235 334 [50]
Y HI7K Drinking water source
KIT=Y -7 M Yangtze River Delta -Suzhou 000 005 2210 081 ND 490 2790 [52]
AT =Y -JC8 Yangtze River Delta -Wuxi 000 004 1890 0.07 ND 280  21.80 [52]
KT =#M %M Yangtze River Delta -Changzhou 000 002 1290 097 ND 480 18.70 [52]
KAT =AM -Eh3% Yangtze River Delta -Yancheng 000 004 786  0.11 ND 070 871 [52]
KAT. =AM -#x Yangtze River Delta -Xuzhou ND ND  0.10 ND ND 006  0.16 [52]
V5K AbEET Wastewater treatment plants
Jbat-i#k K Beijing-Influents ND 3590 1140 3240 ND  38.00 118.00 [53]
Jb5t- 7K Beijing-Effluents ND ND ND 9.75 ND 1250 2230 [53]

2.3 FREHMAKIFE ) PAEs 19425 KU A
TEFEE PAEs Xof 7K BR 5 1 1 04 A 25 KU AT ik T

FHIRAS . PAEs X 7K A £ 75 2 46 1 5% ) S 2 L o

T PAEs (i A it ML B S50, A5 % PAEs

(A A A KU P 7 7 DA BRRCBE B R 4 5 Pk SR ok 3
fih 7 ,ﬁj(ﬁﬁ%ﬁﬁﬁ//'\lﬁllﬁ%fﬁ@x KRN

f) LC,, 8% EC,,, PAEs Y& Ik %4l £ 2ok T
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1141 6 Fi' PAEs ', DBP .DEHP #l BBP Jy i 12 %
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X 3T 8 9 ke, B A s A A i A A
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KRR AT SERY PAEs A S XU PEM Tk

AN K i 52 45 R 3R W PAEs 0] LU7EAE Wik
P A AR R RN T Cheng SRR IN T A s
T 1 20 ZFh 28R ) PAEs B, 45 SRR eIk
KA N ZPAEs Wk EEVE I 1.66~3.14 pg- g™ (I
), TR E 2SR Y SPAEs ik Bl 1.57~7.10
pg- g (B ; Hr P eV K (1 28 AN P (125 h | DEHP

=6

1 DBP ¥k 321 PAEs KU1, Mo 557
TERIT =AY 9 ASFPAE Fel 11 APk 52 /9 PAEs ¥
JE, 45 R3] ZPAEs G 0.07~11.20 pg-g”
(T5E), PAEs ¥ B {1y 3.20 pg-g' (T ), Hp
Brassica parachinensis /I[N PAEs ¥ Ji& 5 5 , ix b4k 1L
RW] PAEs 7] LUdd S AL R AW IR N B4R,
1M PAEs £EH) 8 5 R MR AEIER A 0.0001~0.61

3 E 8 ®Y 7k ER 1% s DMP . DEP . .DBP .BBP DHP # DEHP {7k ZF BRI RQ MK B AKX (pg-L™")

Table 6 Daphnia magna RQ results for DMP, DEP, DBP, BBP, DHP, and DEHP and the sum
of RQs for each location in China (pg-L™)

X I &it Z:7% 3CHk
Locations DMP DEP bBP BBP DHP DEHP Sum References

WA EE 7K % Lake and reservoir water
AbaT-2H ) A B 513 Beijing- Yaowahu Park Lake 1090 056 1510 1780 ND 3200 7640 37]
b5 BH 2 W17 Beijing-Chaoyang Park Lake 129 007 312 4900 ND 550 59.00 37]
AU E - A GE WA Beijing-Lake in Summer Palace 2510 0.9 517 422 ND ND  34.60 [37]
AbET-2045 1 A B #1367 Beijing-Honglingjin Park Lake 005 000 2580 0.8 ND 024 2620 [37]
bt A 2N FE 5138 Beijing-Rendinghu Park Lake 206 013 400 550 ND 620 17.90 [37]
At -FEAE M A FE IH13E Beijing-Lianhuachi Park Lake 052 003 182 540 ND 933 17.10 [37]
At Je R 2 BE 573 Beijing-Longtanhu Park Lake ND ND 099 522 ND 906 1530 [37]
b5 - T PHEL AN BE 513 Beijing- Yuyuantan Park Lake 017 001 257 471 ND 689 1430 [37]
FRM- A Suzhou-Taihu Lake ND ND 145 560 ND 643 1350 [38]
Jb 7L Beijing-Beihai Lake ND ND 312 480 ND 513 13.00 [37]
Jt5t-H-#17F Beijing-Shichahai Lake 015 001 156 ND ND 536  7.08 [37]
A JF-15330] 7K 5 Taiyuan-Fenhe Reservoir ND ND 210 479 ND ND  6.89 [39]
Jb 5B SR 522 BN Beijing-Taoranting Park Lake 041  0.03 ND 470 ND ND 514 [37]
I~ -3RTTHIE Guangzhou-Urban Lakes - - 425 - - 083  5.08 [40]
L5 -E T /K% Beijing-Guanting Reservoir 001 000 142 ND ND 0.17  3.02 [41]
USRI FE WA Beijing-Lakes in Summer Palace 0.03 ND 018 048 ND 009 078 [41]
Jtmt-H-A3% Beijing-Shichahai 004 000 0.6 001 ND 026 046 [41]

7K River water

KAT-ITJ5 Yangtze River-Jiangsu 1470 768 287.00 21.00 ND 205 33200 [48]
KAT-IR UK B Yangtze River Low water period-Wuhan 0.06 ND 2100 ND ND 5470 7580 [14]
] -fJH& I Yellow River Tributary-Yiluo 016 001 882 ND ND 3180 40.80 [44]
T -EILI Yellow River Tributary-Manggin 036 004 4040 ND ND ND  40.80 [44]
I -/MRJEE Yellow River Main River-Xiaolangdi ND 0.01 1530 ND ND  23.00 3830 [44]
FATEYT-TH K Songhua River-Jilin ND 000 1240 ND ND 2400 3640 [43]
KL=/ Yangtze River Delta 008 000 423 007 ND 2840 3280 [45]
-3 B Yellow River Tributary-Luoyang ND 000 1240 ND ND 2030 3270 [44]
)35 T BY Haihe River-Urban Area - - 431 - - 2170 26.00 [42]
#-FF & Yellow River Main River-Kaifeng 0.15 001 ND ND ND 1600 1620 [44]
# B M Yellow River Main River-Zhengzhou 0.06  0.01 ND ND ND 1500 15.10 [44]
-2 B Yellow River Main River-Dongming 0.10  0.01 ND ND ND 1400 14.10 [44]
A5 Taiwan Rivers ND 001 288 ND ND 930 1220 [77]
I -HTWEM Yellow River Tributary-Xinmang 034 000 765 ND ND 391 1190 [44]
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-7 M Yellow River Tributary-Mengzhou ND 001 544 ND ND 586 1130 [44]
ERIEVT-HTVT. Qiantangjiang River-Zhejiang 1160 010 201 363 ND ND 1130 [47]
FIM-KJR Yellow River-Taiyuan ND 023 419 ND ND 200 642 [39]
HIT -k Xiangjiang River-Zhuzhou ND ND 447 ND ND 079 526 [46]
- A Yellow River Main River-Jiaodong 0.15 001 ND ND ND 324 340 [44]
T Yellow River Main River-Mengjin 0.15 000 252 ND ND 035  3.01 [44]
K-V B 3K ] Yangtze River High water period-Wuhan 0.17 001 0.08 ND ND 003 029 [14]
WK Surface water
M Yangzhou ND 005 094 ND ND 298 39 [47]
_|-¥# Shanghai ND 007 08 ND ND 253 348 [47]
AT 1 /45 11 74 Estuary/Port/Harbor water
K YT 10 Yangtze Estuary area ND 003 065 ND ND 130 197 [49]
7K Ground water

J"M-%5E Guangzhou-Dongguan 006 000 023 001 ND 047 072 [50]

X FH7K Drinking water source
KL= -J5 M Yangtze River Delta -Suzhou 003 000 547 029 ND 098 6.78 [52]
KIL =W -J% Yangtze River Delta -Wuxi 002 000 466 002 ND 056 526 [52]
KIL =4 -# M Yangtze River Delta -Changzhou 003 000 318 035 ND 096 452 [52]
KA = -Eh3, Yangtze River Delta -Yancheng 004 000 194 004 ND 014 216 [52]
RKAT =M - Yangtze River Delta -Xuzhou ND ND 002 ND ND 001  0.04 [52]

V5 /KAL BT Wastewater treatment plants

Jt5t-#E7K Beijing-Influents ND 158 281 1170 ND  7.60  26.50 [53]
Jes-Hisk Beijing-Effluents ND ND ND 351 ND 250 60l [53]

%7 FKELBE/KIFE DR DMP,.DEP . DBP BBP DHP f1 DEHP Xf 8B RQ MR B ESRKE (pg-L™)
Table 7 Selenastrum capricornutum RQ results for DMP, DEP, DBP, BBP, DHP, and DEHP and
the sum of RQs for each location in China (pg-L™)

X I8k it 27 30k
Locations DMP DEP bBP BBP DHP DEHP Sum References
WA EE 7K % Lake and reservoir water

At a-A A FE 513 Beijing- Yaowahu Park Lake 029 575 122.00 17800 ND  320.00 626.00 [37]
At -5 BH 2 [ 196 Beijing-Chaoyang Park Lake 003 074 2520 49000 ND 5500 571.00 [37]
At -5 RN BEl W Beijing- Lake in Summer Palace 001 030 1480 5400 ND 9330 162.00 371
AbET-£045 17 A = 1311 Beijing-Honglingjin Park Lake ND ND 800 5220 ND  90.60 151.00 [37]
bt A E A BE513E Beijing-Rendinghu Park Lake 005 134 3240 5500 ND 6200 151.00 [37]
Jbat-#E A6 2 FE WITH Beijing-Lianhuachi Park Lake 000 013 2080 4710 ND 6890 137.00 371
At Je R 2 BE 73 Beijing-Longtanhu Park Lake ND ND 1170 5600 ND 6430 132.00 [37]
Jb5T- T IHIE 2 FEBIYA Beijing- Yuyuantan Park Lake ND ND 2520 4800 ND 5130 125.00 [37]
J5IH-Ki5] Suzhou-Taihu Lake 066 191 4190 4220 ND ND  86.60 [38]
Jtxt-dbifF Beijing-Beihai Lake 000 0.0 1260 ND ND 5360 6630 [37]
Jb3C--71¥F Beijing-Shichahai Lake ND ND 17.00 4790 ND ND  64.90 [37]
K- 7K JE Taiyuan-Fenhe Reservoir 0.01 0.27 ND 47.00 ND ND 47.30 [39]
At -Fig SR 52/ Bl 913 Beijing-Taoranting Park Lake - - 34.40 - - 830 4270 [37]
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I N -3 17599 Guangzhou-Urban Lakes 000 000 11,50 ND ND 170 1320 [40]
L5 -EJT/K)%E Guanting Reservoir 0.00 ND 145 476 ND 087  7.08 [41]
A6 5 -E5URFESIIH Beijing-Lakes in Summer Palace 000 000 031 183 ND 239 454 [41]
JEET-1 )i Beijing-Shichahai 000 000 126 006 ND 261 393 [41]
7K Riverwater
KAT-ITH Yangtze River-Jiangsu 039 7890 2323.00 21000 ND  20.50 2 633.00 [48]
FAT-IR DA 7K Yangtze River Low water period-Wuhan 0.00 ND 170.00 ND ND  547.00 717.00 [14]
FE-JHF A Yellow River Tributary-Yiluo 000 006 7140 ND ND 31800 389.00 [44]
T -EILI Yellow River Tributary-Mangqin ND 009 12400 ND ND  230.00 354.00 [44]
HEYAT-/IMRJE Yellow River Main River-Xiaolangdi ND 004 10000 ND ND  240.00 340.00 [44]
FAJEVT-T5 Ak Songhua River-Jilin 001 046 32700 ND ND ND  327.00 [43]
KA =M Yangtze River Delta 000 002 3420 0.72 ND  284.00 319.00 [45]
H-3% FH Yellow River Tributary-Luoyang ND 003 10000 ND  ND 203.00 303.00 [44]
-3 7 Bt Haihe River-Urban Area - - 34.90 - - 217.00 252.00 [42]
B -FF &+ Yellow River Main River-Kaifeng 000 012 ND ND ND  160.00 160.00 [44]
FEIT-HM Yellow River Main River-Zhengzhou 0.00  0.08 ND ND ND  150.00 150.00 [44]
#7-7< B Yellow River Main River-Dongming 0.00  0.11 ND ND ND  140.00 140.00 [44]
A5 Taiwan Rivers ND 0.4 2330 ND ND  93.00 116.00 [77]
- HTWEA Yellow River Tributary-Xinmang ND 008 4400 ND ND 5860 103.00 [44]
HH-F M Yellow River Tributary-Mengzhou 001 000 6190 ND ND 39.10 101.00 [44]
ERYEVL-WiVL Qiantangjiang River-Zhejiang ND 235 3400 ND ND 2000 5630 [47]
- K5 Yellow River-Taiyuan 030 097 1620 3630 ND ND  53.80 [39]
HIT-HEYH Xiangjiang River-Zhuzhou ND ND 3620 ND ND 790 44.10 [46]
i -fE A Yellow River Main River-Jiaodong 001 0.2 ND ND ND 3240 3250 [44]
#H]-F A Yellow River Main River-Mengjin 001 004 2040 ND ND 347 2390 [44]
RKAT-IRIBEE/K W] Yangtze River High water period-Wuhan 001 0.0 0.64 ND ND 028  1.02 [14]
K Surface water

M Yangzhou ND 048 757 ND ND 2980 37.90 [47]
¥ Shanghai ND 067 719 ND ND 2530 3320 [47]

0] 71/ 11 /HE 7S Estuary/Port/Harbor water
KA1 Yangtze Estuary area ND 0.27 524 ND ND 13.00 18.50 [49]

#1F 7K Ground water
J"M-ZR5E Guangzhou-Dongguan 0.00 0.01 1.86 0.10 ND 4.70 6.67 [50]
X FH7K Drinking water source
KL= -J7 M Yangtze River Delta -Suzhou 000 002 4430 290 ND 980 57.00 [52]
KL =MW -JC8 Yangtze River Delta -Wuxi 000 002 3760 024 ND 560 4350 [52]
KT =4 %M Yangtze River Delta -Changzhou 000 001 2570 350 ND 960 3880 [52]
AT =AM -E5I% Yangtze River Delta -Yancheng 000 002 1570 038 ND 140  17.50 [52]
KIT =MW - Yangtze River Delta -Xuzhou ND ND 020 ND ND 0.1 031 [52]
V5 /KAL BT Wastewater treatment plants

Jbat-i#k /K Beijing-Influents ND 1620 2270 11700 ND  76.00 232.00 [53]

Jtat-H 7K Beijing-Effluents ND ND ND 3510 ND 2500 60.10 [53]
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