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TYAMAEE, FRETF,2000 FZHREZAHHARRAIER, 2ERRZAETRE,
WJE L2007 E N R, 2N A XA RAEH KA EHUREFET LD N ETHANN K,
FAHRREEURERT AR ILARAEARR T IREBHRE Y, AENREEU
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Review on pollution ecological environmental effects of coastal zone in China. SHI Ge,
ZENG Hui, CHANG Wen-jing" ( Shenzhen Graduate School, Peking University, Shenzhen
518055, Guangdong, China).

Abstract: We reviewed literatures related to eco-environmental effects of human activities in the
coastal areas of China over the past 30 years (1987-2017) from aspects of characteristics of eco-
environmental effects over different stages, characteristics of the study areas, characteristics of
the research media, and characteristics of the key pollutants. The results showed that research in
this field was not systematic and comprehensive before 2000. Afterwards, the changes of research
foci in this field could be assigned into two stages, i.e., rapid growth of various researches during
2001-2007 and focusing on heavy metals and organic toxic pollutants after that. Most of the
selected study areas in the literatures located in the coastal regions, estuaries and bays with rapid
urbanization and industrialization. The studied pollution media mainly included sediments, organ-
isms, and water. Overall, the depth and extent of the reviewed studies were insufficient, and
there was lack of long-term monitoring data. Moreover, geographic identifications and manage-
ment of different types of key eco-environmental problems were missing in the previous studies. In
the future, the characteristics of sources and sinks of key pollutants also need to be further stu-
died. Theoretical and applied researches focusing on policies and technical system constructions
need to be strengthened from urban planning perspective.

Key words: coastal area; contaminant; bibliometrics; regional difference.
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F| 3 1053 F5 SCHR CHer, SOk 590 J, S S0k
463 F5) , SCHRIRIE T 1987—2017 4 ( SCHR# 11 2
2017 4% 9 H) FRE KB 7 41 15 Y RN A 9T T
1B, BT PLEZE, , B B A 5T 1 R BN S A
J S A AT I B B B R A DX s ) RUBE R
AN 5 [B) 22 S ACARFAE 3t A7 ] 5 e 2 LA
AR [ TS Y AR BRI I SRR B 5 | B A
TR TY I R PR A B AL 5 TAR SRR K
% ( Deboudt et al.,2008) .

1 BEHFERMEESUNTROERFE

L1 EBEHRAE

T [ i i 5 Y BRSO AIF 5 A 25 ] 0l Al
PRI BT R ZE (18 1), 4% 15 ey 2 U K|
o> FEALTR AR E IR Eh 28 (EE R U9 Y AT HLTS Gt
Yy, G LTS QW) A4 3 A BLIS B A B S
ey (AR 2 A AP E L AE) (He et al.
2016;Auta et al.,2017; Pdez-Osuna et al. ,2017) , #%
HE BRI ST N A B A5 T5 Qe IRA RS R IR AT =5
[ o AR RS PRSP | D s i e B TR
AT R JIA A 5 Y Wy R A W I | BRI sl 2 A
YL SR B RS IR SR BRI R K |

Y
AR -
fesirstotn (g, BRI

WP A REMNT . ZEDMRIL . EAFSE |
Y TREETHN

BitE, BR.
BHE N ADISE
B1 BEFSRESHEINHARMNERIESR

Fig.1 Key topics of the pollution eco-environmental effects
in coastal areas
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2000 4FZ /i, WFFE R R /D, FE R X I o 1, 6
I VRS e ) A A 5 |k R A F AL, 2000 4F
25 Bl R A N R SR D IR B AR R ) M
(T R TR PR 355 T A X 45 BRI ik ) A 0 ok R %) A0 A
S, AR AR ARG N, AAE] 2b F i R R B
(RIS TR A, 2007 4FRiT =28 3 215 e i o B0 22
FEAK,2007 -2 5 4 8 A DTS G 1 TR
T, 3R R A A 20 ) AT [ 2l 7 G [l R AR
FF G P58 A S5 | 45 50 AP 5 55 K0TS
B ZIREGE SRR PR Wk L,
&I AR APER LTS e 55 B BRI AE B E A
R0 ) I i B 3 1 Y I 5 8 T Ak T T A
(Cao et al.,2009;He et al.,2013) , #4K | X 2Fk
[ Vg o AR A BT R 5 I PR ok JR L R] 5 Ml )
g
1.3 5 TAER X IURAE

LT I A 7 b2 [ R 118 O B R ol 5 B R
s R LBt AR AT T AR A DXk 22 S5 R RO BBE R AIE R 1S S
WA i X BIF A B R a3, IR 3 FT LU Y i
70% W5 45 T 78 B0 1 TS B 1L 7R 2 5 b DX A M 7
SR AR R, 23 ) REE /N, L
9.7% W SCHR P K s 43, e RS ey AL mT
AR, B IR AR A E L AR E By R AR L IX
A BTG G AR T A B O R AR BV Il
S IRIG Yo B BAE T AR X U D R
DX 3 P55 285400t A T 25 S5 Y V6 T R g VA VY e
DX 4 S V5 YL IE ST, BT AR YV 2 B R L
TSYLIFSE , T 25 b X ARSI 5 B A T ALK
- X 51 X5 Gk BHIF AR RIS B SR A K
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Fig.2 Statistic analysis of the literature on pollution eco-environmental effects in China’s coastal zones
a. TR TG Y AR A PR B AR R A 5 SCHREL; b. 2000—2017 4EAN[R] 3 AR 5% STk B
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Fig.3 Regional differentiation characteristics of the study
cases of pollution eco-environmental effects in China’ s
coastal zones
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Fig.4 Medium distribution of pollution eco-environmental
effects in China’s coastal zones

®1 REFELFESEHEBSRERRL

1.4 WS TAEM A B2 A

A AR RFR LI B2 R (K
4) DU A= Y ik vh 4 e A HLA TS G iF 9T 3
%, XJEH T U R AE 75 Y Ui ke i & FLUE,
REAS [R] R AE b X 75 e KO BRI & 51 & ks
N R AE ALY/ RS R SRR 1] 014 e PN 5 v A VR [ (1h( e
Wy R TS Yt AN R 0 A A7 £ i 28 42 )
RO, XoF N A 3 F B . K BRI A ST LA SR SR
FENE AT 2 RIS YW i K B85 RV F
TR, FAH, BN T R AR R HUUE &
HYCH T, REIREEAN B8k h 1
LA — 2 R RUBE DX 3056 B0 55 17, e LA o S Bk
o V5 et AR S R AE (RS UTR IS A 2
W, T HE 4Bk 5 5 K e T UM AR HERL S e By 38 i
(Viana et al.,2014) , ZiG 20 TR ED 150
PSR A ) B e BRI S R, 2,
RTFIA BRI 5T 45 045 A AN [l ¥ Y SRR AT 5
o7 USR] 3575 Ju R B 1 RAEIRES it 53 I 2 Fn s
PR REA L,

2 ERGRMERBENMREREESR

2.1 ABEEFRHRSEERUIR

FFRE TG Qe FOKAR & 8 IRk ) R 1 R i 5 e
A S IPRBE ALV AE 5T 19 4% S0 1 R, 02 16 S5 iy o 96 20
W M T AR R 22 #4005 ( Howarth et al.,2002: He-
isler et al.,2008) . T /5 1375 YL 3F-AHr i 1 I A A
B HACOE SR E B SRR 80k B SRS TR R0
WA AR ) & AR M KA (L et al.,
2015) . % 1 MAEAE e 3R [ 32 20T B i k05 etk il
TR AT RAFE Y KR 5 7 SR A 1] B 38 A7 7E (Qu et
al.,2016) 45 112 i 4 T Ak ) TR Vg DX 3

Table 1 Nitrogen and phosphorus pollution status of China’s major coastal areas

X 3 TALA (mg - L") G (mg - L) AW [EEil €t A EiE S
KHE 0.88 0.072 WA, 2015
YA 0.25 0.010 51.1 0.56 HHZEAE,2016
IR HIX 0.21 0.050 0.14 S HES 2015
VLR 0.25 0.020 1.52 L5 ,2012
AW/ e 1.14 0.066 19.3 2.38 B IR5E,2014
A 4 g Sk VA H% 0.63 0.050 26.8~31.1 1.10 A, 2017
kS 0.05 0.083 10.9~17.5 2.07
AR LTS 0.10 0.016 28.5 LRINE 2016
JR eI 2.61 0.180 10.8~13.1 551 2015
BRI 0.89 0.033 31.8 8.20 WS 2017
TP B s 0.12 0.014 12.0 1.10 RS ,2013

FEHLA AT HUBE & B 9 0E
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PRI DX 30 97 5 5 RN LU ) (R ) 2 0 S AR A
UTARR FER ML NZS . AT A Bl R BRI A
TINS5l X7 2 ER S B W e () v
AR B (R M4, 2016) 5 K L Bl T 25 i [X
2008—2015 4FTCHLA S = AE 0.6 mg - L' R i3,
TeHLBE S 2B LT EIE T 2013 45 B I (H
0.072 mg « L' (XIPEEE 2014) . HAb, Bk L4
SR, TR AT A R 22 i i X 4 S e B o R
Ak, 0543 Hb Xt 215 7 Ak 23 5 A8 R R

IKAAR S SRR R R 5 R 3 B 2 4 s T YAk
HA TP RK A PEAYSERE, BFFT R0 3T 5 Vi ek
VR 5 Hh B 2 UM EOE R (B3R5 ,2016) , £
B IRIL FRI A S I 1) 28 5t VS VN I S A U 1 R
HF(HHAE, 2015 956 55,2017 ) , U6 Rl U6 75 4 HE
CRIAS R AR5 Y 1) B R IR, AR 35 4Rl it
JE FRFEHERC AR 1 75 K A Tl R K, X 8] A [ 75
YeUR TR A BT 22 52 15 4 R BR T 5 0k IR 4 V1A
X, 5 FARAMAT I, FLUN I 5 465 2 B P VTS 7K
RIS I8 7 55 , SF00 s i IR T G e DA ) SN 9
B, 8 W7 300 VS PN 1) R A BELAS: T3 /K3 20, 7K A
HRE 155, 15 YRR R O

F R KR HE O R W L 2544 22 S+ AL R VR
B R G — RN A S EERUN ( Painting et al.
2007) . HCANH VT M X TR 8 K 5 B R
2 NP (HRTL 50.9 (A, 2014) T ERTL
P 5 22 A, 5 46 TIOR3 58 7= 4
R B R 5 (/N4 ,2010) o ARRISA
Tl L 552 o A ) A A, e S A 7 45 KA SRR AE ( Zhou et
al.,2015a) , Q4 i 8 B 1L (30 ~ 300) T& o LA ik 5
A HRh (HLlik 80% LA ) BITF I AR B AR T4 ( B
INFEE 2010) , Z0BR i X T R i A 1K 2 A
i, A AR — H BT 5 kRS SR & T R AR
(= FEH5E 2008)

*2 REFEREEHIEYH PAHs 22 (ng - g")

2.2 A5

R AT FA NI Y HEA KR A
SRMEME Y, M2 Rz, RS
HZ I I55 (PAHs) | Z Rk (PBDEs ) | 2 Sk
Z(PCBs) . A HLA A ZH (OCPs) (£ 4% 75 /A N
(HCHs) i 6 (DDTs) ) &%, 2 2 N30 E 20
TR D PAHs & &, RAR M I LR
B i5 Yo e (JER IS, 2013) ; 3 [E PBDEs %
HAE 1990 4EJ5 GBI (Li er al. ,2016) 455 7E Bk
TLITHBIX s PCBs 4= [ V5 YLK 41K, BR VL 11 3t IX
R B A TN DX R AR X ] B 2
] ; OCPs 5 YL 7R [ A R 1 F 5 ol 2 2, I VT 11
DX L 8 3T [ 5K TR v I A, BRVT DT L X E
IREOKS, #Ead F BR TR ) o A A bR ( E L
FLAF,2013) o EMATI 5, BRIL F VU0 X A2 AT L
15 4 K2 i XU PR B i ( Pintado-Herrera et
al. ,2017) .

FIHUTR Y+ PAHs 5 868 K e X A ALY G
AR, AT HE 5 4 B 7K RN 15500 22 ] A A B 5%
Z AT DA N 20 3l % A MLTS e i sk (2L
4,2013), S aTLLE AU e R R
TR o 1 b X4 Sk 7 i (A8 R) SR 46, 2008) , AL
N VB AT K 1832 B RE TR S 45 0 5k R RHK
WA ZE M, T PAHs SRR, 325 LI B A
A, HR R AR (kAR AR AR 20135 BEVE AR AR
2015) %5 H oMb B4 28, 1A 22 38 1 i, A T Al
TFR B 3% 3 DL S AR ik i B
K B YL IR TR il & 3k B3R T AL
RS HAEMIRRE A, 15 5 £ 2
I RART VR EHER R EE sh DL R R KR s A
R RTITRE 9 J7 U % AT (Kang et al. 2017 ; Shang
et al. ,2017) .

ARG Y S B BRI SE AT R e

Table 2 PAHs (ng - g”') in sediments of China’s major coastal areas

X 3% PAHs B R A [X 3 PAHs GRS
LR 191.99 ~ 624.44 Zhang et al. ,2016a ZHUHIE 106.10 HH/NBE 4, 2017
T 175.10 304§ ,2015 Ky 737.65 Th/NHZE 2014
K 228.10 MR, 2014 F SIS 354.80 FEWHR A 2011
M S 554.24 TR 4E 2016 I 949.60 FRJE B4, 2015
B 326.14 JKIE K 2016 KA 126.20 Yan et al. ,2009
HE 496.46 JKIERS 2016 ]| 870.65 X AR5, 2016
72k 262.08 Zhang et al. ,2015a AN | 563.52 Zhang et al. ,2015b
B I PR 255.10 TRAEREE 2013 B[ 29.00~438.00 Kaiser et al. 2016

B PAHs AR,
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Fig.5 Relationship between GDP, population and PAHs concentrations in sediments of China’s major coastal cities
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FEASAN B 4 43 25 2 R0 o0 A R AE , 201 f A4t 4
()25 o e R R AR o ST O T
EREAGESRZES ., FRER, DU ALY
Oy FEBOKAR T, BRI DU Y LR RN
SR (E BET 60% ~80%) fE £, kRN £ K
REARIS R ( EHPLEF,2013) . A0, W BFHE &
S5 Yl A3 AT 1 EE B PR 3 (AR TAT AR A, 2008 ), Al
VRV TR R) A | KO VS YR e X PAHSs 5 2B AR (BC) |
SE PR (TC) ¥R FE LA 5 B AH S (8 [ 35 5
2011) ,

BRIABEA B 58 Z 40, B934 G 1 B A W) B 1
RUNE , AT LA 7R 15 Y U A= W e A R R AL
NS AT S RN SRV IRCE L2 /R (AT /LI
P8 23 18] 43 A RRAE -5 TR o A B 34 — 2 B AR G
PR AR 5 5 3 R T3 D127 i PAHs 1 250 K
S0 T USEPA # A m] 42 52 SO KUK 48 21
(ZEJE %5 2014 ) , BRIT M X S 82 DL 78 A
DU PN B AR TROR A e 3B I (/N 45, 2010)
PCBs ) Risk Quotient (RQ)ZEH /R 2% & FH K&
V7 1 JoE RO R A B SR ( £ 345, 2013) , OCPs
15 YL I FT RE S 0 e DR { B (AT SR 45 ,2008) , H
J&, T Z G — PRI PPN 45 S LI L

AR b R A MLE Y oE SR A TG 4 )
TEFRGEAr B I 25 43 A R I 53 A L ER B XU 3
M, Tl B3 i A A A iy R AR B MR, HE
FEWRAEIE A AT R b A T A ST M AN A2
2.3 HEJRIEY

Vi e ey b X B 4 TR V5 Yok YR AT B 2S 43 SRy
FEVEMY oA 18R A A A A R B 5T, 30 e
(TG, T I A b X 4 SR TS e R A K
B ATIIRBE B e s Tolk A AR (B

TR (Pan et al.,2012; BEW 2, 2016) . 5
Hb FRFE AN A= 1 5 K WA — € TTBR ( Zhang et al. ,
2016b) , fAR) A< Hh XA 77 A 3 2 K HE R R T R
LB TTYLNY 76.89% (FMXHE 55 ,2017) , ) PHFRFEIX
BB 3 R Ve S Y, A, T AR
R R F M AN HUCHHES B EEHE,
UTAE R HFIR AT IR Cr, Cu  Ph LIRS A7 Br
PE iR (A SR AF,2008) , B BIRE Zn R AHA i LE
135 38.8% ( Pan et al.,2012; FEM4E 2016) , 154
TEARHT F BT T oo R A R-IE M S50 4
SR TR BURFIE 19 [R5 2 7R B8 53 BT 55 ( Zhou et all.
2015b) , {H#FAF7E — 22 2 B 1A 8 72 P ( Woods et
al. ,2012) .

A A RN, IR TR 4 R T
YR 3O R AR I X TR 2SR B, H
3 AT LA, 3R R X i K
VLTS b 75 Y AR 6 (28 SE A 2012 B R 5
% 2012;Xiao et al. ,2017) , B EEIR MM H
AR, Zn  Cu \Pb 5k % B8, 4 T e B it A R il
WP HLIX, Cr ZE B0 AR VR B X & i 7, Cd
B HE /N B 25 XUBS 3 (5K I R 45, 20135 15
B 2016)

DXL 254 TR BT K BB S5 TR B
FITFIKSCEAT HIE M R TURR YY) & 55 2 i ]
R TG G ) oA, Herb s B R (0 I A HE
15 1) REMA S o 0 WS TS S g e )
15K HEC T2 Zn V594 2 IS R AR e (Pan et
al. 2012 M4 12016) , KT 125 ML IX 1 7K 5 42 @ 75
YL TE i Ll | B T & X A B . (A
2015) , 5 YL F ek Bt ¥ G 5t B 1 o i 0 ( 22
A5 2012 5K LSR5 20125 Gao et al.,2014) IEAk,
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*3 REFTERESEHAEYELELSSE (mg - k)

Table 3 Heavy metal concentrations (mg - kg™') in sediments of China’s major coastal areas

[X J5, Cu Ph 7n Cd Cr Hg As SCHRSE TR

M4 1 9.37 17.95 37.86 0.20 24.30 0.05 6.36 Li et al.,2017

KiLmd 6.84 14.28 27.65 0.45 25.42 2278 K5 ,2014

LR 19.40 31.80 71.70 46.40 0.04 8.30 Hu et al.,2013

eS| 18.76 30.98 44.63 0.09 44.14 0.02 7.21 Liu et al.,2016

RED 7.86 27.60 81.60 0.14 93.70 Zhu et al. 2016

g 24.34 30.69 79.91 0.14 69.54 Liu et al. 2015

i 65.90 24.54 122.68 0.18 54.31 0.05 9.63 Xu et al. 2014

SEMTE 10.99~22.00 13.37~21.90  50.63~60.40  0.12~0.19  32.69~60.00 8.90~12.70  Xu et al.,2015a;Zhang
et al. ,2015a

IR B 18.70 18.20 61.00 0.09 59.00 8.90 Xu et al. ,2015b

HH 23.10 25.00 71.10 0.82 64.30 0.32 11.40 XA 2015

i 15.90 11.30 46.20 0.12 8.46 Jiang et al. 2014

B AR 20.00 21.80 78.40 0.21 71.20 Xu et al. 2018

OV KT FHL 21.80~24.70  18.80~25.41  44.29~8520  0.14~0.19  60.75~79.10  0.02~0.05 9.10~10.67  S&/NF%: 2015, 2%

B 45 ,2012; Wang et al.,
2015

it 33.10 28.00 102.40 0.30 84.20 Yu et al. 2013

TRHEL T 18.77 8.11 33.60 0.52 0.05 6.48 R SRS 2012

sk 48.50 51.60 153.30 0.67 53.60 0.07 10.79 Qiao et al. ;2013

pIAE 16.46 37.01 87.81 0.07 59.03 0.04 8.16 Zhao et al. ,2016a

T AR PE R 43.83 44.29 139.93 0.38 86.97 0.13 20.83 Zhao et al.,2016b

AR 58.26 27.99 67.28 0.16 53.65 Dou et al. ,2013

F AR J 2 TR S L, i S SR T AR IR P 28 5, [R)— 3 X WIF S M2 B3 SRR Hh S LA

ST 3Z K B I 52 e, JE A AR ) TTRE A% JR) ( Pan
et al. 2012 ; FMHEE ,2016) , i N 25 U] = 3252 M P 52
i) (43 JA] SR 55, 2008 ) , V9] 11 VT 0 BRYT 32 4
UKL R BT R ), 7 S5 RV okl B S T B0
(X4 R4 ,2016)

HEE RN AEY & LA 24 PG
Ky (W5 A G L) 2k S Y Kot
Y (HTIAAEAE 2014) o AS[RIAE A0 & PP 4w 1Y
eI, AL Zn>Cu>Cd>Cr>As>Pb>Hg HY
B E AR TSR I A AR A W T VR S S 4R R
W) (Lu et al. 2017 ;Beyer et al.,2017) , i@ X}k
S X AE YA 4 AR AR R R A
KA AR A B T VR = T A X, B
g (F/NFAE,2010) ,Cu Cr . Zn  Cd Pb ##
HH N S R B XU PR A 1) %2 A2 BR A ( Wang et al.,
2013;Hu et al.,2016) , WA, WF5E R, AW & 5
HERAKE ST & A — 2, RUIDIH
S B I 4w 1 R EORUR (XA B AE, 2013)
M2 AR IR BRI 52 28 ST, W
FENARR AR AR E Rl 3 A 9 s 4
KT R0 T 2 Bl 224 b F 4 TR V5 UL FR B, BE S A R B
PRBPORIEE 22 4 A O ] TR (LA

3 BESRE

i A DA A 2 S BRI AT R 8 K R Y
KD, WE ST TAEA BB, B N A 15
Pk BIBERON AT FERHE , R LAY LA 2 OF:
B L TR

(1) BARRRA R, R X R E 75 5
JEIT i 23 RO ZR 3 PR B EAG AN E , RI 4 T0
A T AR 4 [ 172 7 R U B IR £ 3 T A
e FE LR LR G IR A SR B2 RGN K
W LI, R Y RS A A RORE TR
RREE R I R A 2 PR AL I 5T, 42 T+ 52
WFIEKUE,

(2) BUE 5N ES & LR B TEIT ST Rk, £
WESE 12 TR R 1o Je it S R e A 250, [l B
1 R AR LR T3 (LOICZ ) 4 L SE it 5 i
A BB S 0 5 ) SC I, 3 Tk T T i Ak
BB B, B A BE BRPITE IR AR 58 X
LR R A P T B, 7 20 51
TR, & BEHE RS AN PO A A 251, 12 7T
WFFE S B

(3) TG A AT o k7 22 O s Ve i | %E
WA Z B PR AR A RS, A
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