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Abstract: The fast development of coastal economy and increasing exploiting stress of coastal areas have greatly increased
the pressures imposed on Luoyuan Bay, which located in the northeast of Fujian province. These pressures usually include
habitat destruction, port activities, urban sewage, farmland fertilizer lossand and aquaculture. Assessing the Ecological
quality status ( EcoQS) comprehensively offers positive bases for assessing and ranking the severity of disturbance and
pollution of coastal waters, and plays an important role in the course of related decision-making regarding effective
remediation and management of the deteriorated ecosystem. How to refer to the relative mature assessment methods and

standards to establish the integrated EcoQ)S evaluation methods suited to the characteristics of Chinese coastal water is an
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urgency of the comprehensive management of marine environment. In this study, based on the monitoring items of coastal
water in China and the data collected, the EcoQS evaluation index system for coastal waters in the European Water
Framework Directive ( WFD) was adjusted and applied in Luoyuan Bay. The adjusted evaluation index system was also
based on ecological elements ( phytoplankton, zooplankton and benthos), chemical elements ( priority controlled heavy
metals and organic pollutions ) , physicochemical elements ( dissolved oxygen, transparency and nutrients of water and
sediment ) and hydromorphological elements. According to historical data collected, the reference conditions of
physicochemical and biological elements ( Shannon-Wiener index of zooplankton, AMBI, richness index, Shannon-Wiener
index of benthos) of Luoyuan Bay were established. The EcoQS was assessed based on ‘ One-out all-out ( OOAO)
principle’ , i. e. , the worst status of the element used in the assessment determines the final status of a water body, and was
classified as ¢ High, Good, Moderate, Poor and Bad’. The rationality and objectivity of assessment results was validated by
anthropogenic disturbances information. According to the established reference conditions, several indexes among the
current standards deviate from related researches and standards around the world, indicating that the current united
standards used for marine ecology evaluation in China may not be appropriate. The assessment results showed that, among
the 9 stations of Luoyuan Bay, 1 station was classified as ‘ Good’ and the other 8 stations were ‘ Moderate’ , the average
status of the whole bay was also ‘ Moderate’. Luoyuan Bay was obviously polluted and disturbed by anthropogenic
activities, and the ecosystem was deteriorated moderately, which meant restoration actions must be taken in light of WFD
requirement. The validation of the assessment results indicated that the assessment results of all stations were basically
consistent with the anthropogenic pressures information except for the station LYO1 with higher anthropogenic pressures. It
meant that the adjusted index system, established reference conditions and the evaluation method based on ¢ OOAO

principle’ were able to objectively assess the EcoQS of Luoyuan Bay.

Key Words: OOAO ( one-out all-out ) principle; coastal waters; ecological quality status ( EcoQS); integrated

assessment; Luoyuan Bay
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Fig.1 Location and sampling sites of Luoyuan Bay
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Table 1 The main characteristic of Luoyuan Bay

BEAE S0 Characteristics HHESEL Characteristics
A S i b S o
. $1MH_' . 26°19'—26°31'N,119°34’—119°50'E 3R A Coastline definition P A R
Geographical coordinates
SN "

25— 2% Tidal 2—
Button salinity range/PSU 530 #1232 Tidal range/m 8
RBE Depth range/m 10—30 W1 Current velocity/ (em/s) 40—140
FEDURYZE R ) ) 4
Et-NWAL/ES b A M5 T A Intertidal area/% <50

Main sediment type
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Table 2 The integrative EcoQS assessment index system for Luoyuan Bay based on ‘ OOAO principle’
WK B K HEZR 4 4
The European Water Framework Directive (WFD) (4]

B Element B Luoyuan Bay

TEWY M2 o FIRENR
BRI B RA (VA ) UL B

s sy RS . A LA S B S 8

Biological %%%ﬁ*ﬁﬁ%ﬂz%ﬁ e — JEHE TG HEBN Y . M-AMBI( AMBI, 4% £ FEVERS BRI
‘ ’ B FJE)

i AL BNV AP TRIE TR OB e smme s 2 i TERLAE T MR AED )

TR ML
JIBW) . — R ——A WY A AL BRALL

KB 11 R e 4 i o B A LA S Y — 2 B DY

SE 2N S S IVAVAVASVAY B S

TR 10 M E SR AVLLAEY—2 05 28 KB IURY . e 45 ] F 4 J8——Cu ., Pb.Cd., & Hg M
IS SR IVAVAVANRAS - B As s A WAL & W) —— 2 SRI AR F0 SR T

AW Y TR E R AL —2 357

PSRE 2 RS N AV AVAVANPAY S0

Physicochemical

TR A DL G

1£2% Chemical

KIOEZ
Hydromorphology

AMBI. AZTI ¥4 14658 ( AZTI marine biotic index, AMBI) ; M-AMBI. £ ¥ AZTI 134 #4550 ( Multi-AMBI, M-AMBI)

IR T ARDL RS 45 48 A6

2.2 MR

FTF“00A0 N HATLEA VRN PEMHEZR AN 2 Frow . AR 2 R OL % PEp 25 SR 303 Sk A0
WL R =R SRR SR A 2 RS, O RS R G R R s R AR /MR
il %, SRR LERIUE 22, 0 532 2R T5 el h T AR A S RERA BB/ MR, 55
P ARERAZ B IS D L A R B vl A2 B P AR R B A Qe BCE T A RIS S AR R R S
I PSR IRIE, SRR Z RN Em GG, E SERMAARBINZER, SRS KU EZ
F R ™ A TG el B R B e AR AR
2.3 KRERTPNTEL
2.3.1 AEBEZRIFM L

AL 2 W AR SR TR AR R AL R AR S B R T SR IR A AR TR G
TN e 2 CHEEMEN , AN EREIETRIAY P R EY  PEM A an s .

(1) JEEAAE ) oL i PE

g
op

http ; //www. ecologica. cn



11 FRAMFHE A LT 00A0 JFU” i B IS A 25 BT IR BLER 5 1 253

H— A ERER O SR
sk B2 k¥ B AR
() R 2 990 F 105 0 £ BB b (e —

e | FHEABESR—ME| | @ 2, 3)? | AREETEATR |k
REPAMERE | 7 | BAE KB SR B | AR P | W R P oy one o
REIT A SR Q) MR R A AL BB R R H B R A R TR

S A AR bRIA S R B, HAbHESH REPH % M R 20
AR DRSS Rk —ARH A
) SR PR K 2524 BRI GHFE
. 45
& B A R ER R S5 g o "
7 7
B RN ARG B PR R RN RS IR % BRI EH RS
FiAT A 2 5
IRBIERED RIS | B | BT B
S ARG T/ i R L3N
RR?
.
B/UTF =
R/PAE B
T HERRIS YOV JiE
i CE AU L
FIAREL T2
| %
&
2 1%
i R i % %

B2 £XREBRAZEREEINHERD

Fig. 2 Framework used in the integrative EcoQS assessment
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Table 3 Evaluation criterion for each index of Luoyuan Bay EcoQS integrated assessment system

£zt AEFR ¥iE D h R h %= %
Index Years Mean High Good Moderate Bad Poor
VL (mg/LL
(ﬁ;%ﬂ/(ml’/ ) 2003—2010 7.27 1.56 >8.81 6.61—8.81 4.41—6.61 2.20—4.41 <2.20
Dissolved oxygen
Y
BB /m 2003—2010 0.96 0.38 >1.33 1.0—1.33 0.66—1.0 0.33—0.66 <0.33
Transparency
CHL# L
jﬁm‘ﬁ/( me/L) 1985—2010 0. 0465 0.02 <0.017 0.017—0.033 0.033—0.050 0.050—0. 066 >0. 066
Inorganic phosphate
R/ /1
%mﬁ (mg ) 1985—2010 0.48 0.25 <0.18 0.18—0.37 0.37—0.55 0.55—0.73 >0.73
Inorganic nitrogen
UMW %
2003—2010 0.84 0.18 1.02 1.02—1.27 1.27—1.53 1.53—1.78 1.78
TOC Sediment TOC < g
VIR wi e
IR . 2003—2010  49.3 38.1 <87 87—109 109—131 131—153 >153
Sediment sulfide (x107°)
% v 2y
{f@?ﬁ]%gﬁﬁ 2005—2010 2.32 0.73 >3.05 2.29—3.05 1.53—2.29 0.76—1.53 <0.76
H' of zooplankter
M-AMBI 2005—2010 0.73 0.15 >0. 88 0.66—0. 88 0.44—0.88 0.22—0.44 <0.22

3.2 AASEEEIR

BRI 2009 AR TR PELF AR B 0 WD AR WL 3% 40 ARYEEE EPA JK T 3EEN ) bR
s LA, RV K 5T H A L DDT #5783 M % 229k i {EL ( Criteria Continuous Concentration , CCC ) Fll 3 M fr Kk
JE{H ( Criteria Maximum Concentration, CMC) Z [B] , 77 4F — € A A XU, X HESE [ EPA 130T 5 T 4 5 i 4
L7 R TR AR , 2 VRIS R A sl A DB B4 8 DDT #B#Ead T ERL {E ( Effects Range-Low ) , #4383 {7
1) As Wl T ERL A, WAFFE—E M AE S KUK, W BRAb =2 rh 4 JCER 43l 67 TCHL AR TC LR B 3 v
TEN AT T AECIR DL R BRAL T4 90 R AR 5 385 0 BEEIR DU AR T A5 0 R RN 22 22 (6], LA TOC Al
PPIRDL R4 TR R DL

TRIFEY AR R B RIS 2R a & SRR, AR IR BICHARUE(<3. 5 pe/L) , RIHERAR A E . LG AR
FEE G PR IR B AR (http . //www. fjof. gov. en/_xxgk/sjgg/index. htm1) |, Z Y5 78 Wi 42 545 A& A AR, Ut
BRI RS AR RE A 2 WL W AR o 7 Sh A B S 9B A TR R alirh . IR IR EE s 2
FEVERG S A 0T Bt A AR S B RO . N 5 2009 48 5 A 43 F0 11 A 43 1) M-AMBI 53
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Table 4 Mean, maximum and minimum values of physicochemical and biological elements of Luoyuan Bay

L2 2K Chemical data X (RN, k)

b2 %2 Chemical data

FE (e 1K)

JK B Water Mean (min, max) VL) Sediment Mean (min, max)
#il Cu/ (ug/L) 0.81 (0.52, 1.26) #il Cu/(pg/L) 21.17 (14.6, 24.1)
£ Pb/ (pg/L) 0.94 (0.49,2.74) 5 Pb/ (pg/L) 29.71 (23.7, 33.6)

4 Cd/ (wg/L)
SR Total He/ (pg/L)
fifl As/(pg/L)

0.014 (0.010, 0.012)
0.062 (0.026, 0.20)
0.67 (0.38, 1.02)
2.77 (1.00, 7.56)

M Z &I Total PCBs/(ng/L)  NA

i Cd/ (ng/L)

SR Total He/ (pg/L)

fift As/(ng/L)

S 6 Total DDTs/ (ng/L)
M Z AW Total PCBs/ (ng/L)

0.075 (0.070, 0.083)
0.041 (0.019, 0.066)
9.17 (6.93, 12.5)
0.21 (0.12, 0.29)
0.62 (0.11, 1.19)

Py PAL 2T Physicochemical data
S (BN, B K ) Mean (min, max)

H AT E Biological data
X (/)N K ) Mean (min, max)

WRE/ (mg/L) 7.44 (7.18,7.76)

MF4¢ % a it Chlorophyll a content/ ( pg/L)

0.49 (0.33,0.70)

HEHEE/m 1.13 (0.8, 1.35) TRENHEZR Red tide probability/ % 0
TCHL#E/ (mg/L) 0.043 (0.034, 0.057) IS ZREE H' of zooplankter 2.21 (1.54,2.82)
X A ALy o = i
LA/ (mg/L 0.50 (0.34, 0.80 ’ 32 (11, 62
THLRS (mg/1) ( ’ ) Richness of invertebrate taxa/ ( bit/m?) (11, 62)
VIERYIA LR/ % 0.92 (0.72, 1.26) JEWIAE M ZAEVE H' of invertebrate taxa 3.69 (2.26, 4.54)
PURIBRALY) (x1076) 74.6 (52.9, 126) AMBI 1.37 (0.99, 1.94)
M-AMBI 0.77 (0.54, 0.95)
NA . A PRI
1.0 e - 1.0 1A —
09 _— e 09 F e
0.8 1 — - 08k
] - R
0.7 - 0.7} ]
z 06 - " g 0.6 "
<§F 05 <F 05
= 04l = 04t
03| % 03} %
02F T 111 02F
0.1F % 0.1F %
0 0
— o v D — o ) O o~ — o v [*N) — o w o~
(=) j=} S [} —_ — — —_ — S (=) S [=] — —_ — —
S S S
— — — — — — — — — — — — — — — — —

b4 Stations b4 Stations

4 2009 £ 5 AF0 11 A FiRE&IEGIE M-AMBI 5375 &
Fig.4 The M-AMBI values distribution of each station within Luoyuan Bay in May and November, 2009

WG R, B IRE K SO S BRIV B R R (R R ) .
3.3 ASFEROLES VE

MG 5 FE T 00A0 5 AZEE PN 45 2R , BRI ER LY17 S0 EcoQS NAF4 - K7 Ak, Hofdyuli £ LA K
AR S IR DU R T 9, 2 BB A A YL S M AR R R AT g AR S R R B — E R AR 1L,
MAS R FURR , B IS A A B E RIS B LY16 i oh, SR K, th T B A B3 P is 1
WML R A JCHL AR A A IR, JF HAG S 2 R BT AR ) Hh B0 208 P80 il 7 30 0 s A s , (743 Bre 4 )
A BURRBL A PR . LY17 Ab T 1 AMRBIAL &, 15 480, R A= AR DO BAR LR bR Al is 3] 1 45 4%
R, A E R I E AR, B A S B RO S R
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x5 2009 FFFETESRERAGESENER
Table 5 EcoQS integrated assessment results of Luoyuan Bay in 2009

i HBER WEAL RO (R IBER 1) 2RI A BRI
Station Ecological status Physicochemical status ( not meet factor) Chemical status EcoQS
LYO1 R ANIBRR (E R L A1 ICHLED) eN
LY02 R AR (IEHERERRER FITEHLA) oy
LY05 K Rikbs G HERERR R JCHLR B ERE ) el
LY09 R AIBbR R MR R TCHLAFELEE) ex
LY11 R ANIBbR GEMERERREY TCHLEFECRE) EA
LY13 R AIEbR (R HERER L) eN
LY15 R ANIKAR (TR PERRRRER  TEHLEALE G ) Ex
LY16 H oN
LY17 R 2NN ey R
-4 Average B ZiSeY Ay H

3.4 SRR

H 2% 6 FTA I A W EREE 11200 Al LA Y, 347 LYOL (LYO2 (9 A K 3R 7 oA e, LY09 F LY17 J£ 1
A, A A R G, BR T LYOL , HoAuli 7 i A= 25 B i R PRI A5 4 5 O IR BE R ) AR — 3L,
— B LR 88.9% , LYOL i o T B EIE T, N IREE I S 2R Rl 2 s iR e, Kah i e 22, —
SR, AR BRRE R 28 700 A 22 f i v JE A 2 TR bR O 32 B 0 B ) SR T B R T R R A s ) R 7
P A S BT EDR L AE GO B, PR 25 S OH 5 =, T BB TR SRS IIT 7K 8l 77 28 /N Ay sl o7 G AV A= 40 I £ 4 X
FfasE P S EUE SRR B (R 2%

x6 FREIZAARBEENRBURSESRERAERH—BESH

Table 6 The anthropogenic pressure source of each station and the consistency analysis with EcoQS classifications

N SHACE - b g
i e T BEEE e
Type of oln-p(nn Point pollution sources Industry Habitat Ports
Pressures pollution sources loss N
- wEOMEH EhEm Co0E
Zﬂ%% e pisita Yﬂ%ﬁFﬁ)’( ) aquacu- Total ~ Pressure l{jl(izsﬁ C #ﬁtﬁ .
IS {E(’i%: WEER | K IMM 'Domestvlc, Iﬂkli( Iﬂ?ﬂ* T BOES lue  Presswes  Grade G(“od onsistency
Pressures Agricultural Freshwater - Industrial industrial, ~Industrial ~ Water Landclaim pyy activity Navieation rade
diffuse input . discharges agricultural ~ area  abstraction ’ 8
) discharges ’
inputs discharges
LYO1 2 1 2 2 1 2 2 1 13 e i A—F
LY02 1 1 1 3 2 8 I i —5
LY0S 1 1 3 5 h H —3
LY09 3 3 ik i —
Lyl 3 3 6 i H -3
LY13 1 1 2 2 6 i h —
LY15 1 1 3 5 ha i -
LY16 2 1 3 6 i i —#
LY17 3 3 Befik R —3

1 FNEAR;2: ol he3, Rhe

4 iFigFnggit

EFR AR R IR R L R AE S B SR G TP S — 25 FRAR A RERE RG4S0 (1) fRR
Pe——REE RS R GRS 5 (2) WL FARECN B D RBOF BA AN 5 (3) U rE——hERE
PR ARG B 5 (4) AT HePE——REAEIE T KR4 X3k, Borja %812 SR VA0 48 b %2 A A5 R G T i
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KOV EREE, WA E YRR AR E R . AR S I WD I R A S B RDIR LR &P R R
ST IR TS A S R L LE BRI R bR R DA A SR (M AR ) IR WA R sh ) O & W ELAk
R (WA B IR GECE DU TOC i fbt) A2 (PR hiTs Yty ) FK SOB S # R N,
ZIR PR R P AE AR R 2 o R AR R R A , - nT DIAR I S PR AT T — 2 i IR (fh A B Ay 3
2B ARAR B ) T 3R ELT R  EA )Y S M R WL A A VR S A R T

WED ZER AT FH X R e 9 2878 & Jg SR (A A T PP, (0 2B & T X S8 S (B i ff e 2 — IR 2 4R
AR B R AT YR XIS % S LA AR AR A B RN TR AV PR SR A A i, Bl b
3 5 W B RN R 52 R i sl TP i DX, DL ST R R L SR S S E(E . AR SO B IRVE IR T B A S
AMBI H' TR =F B 1S % FUEE ST 3R 0. 64 4.5 F1 46, W Hfb 2~ 22 10 S 2% L ue(E ) 5 3 1= H a6 1A
PR —E 2500, BB H BT 4E — 0P AR v] BB 20 TR [RIIFSE Xk F AR 45 ki 25 57, (R, B IRVE AR S
BRI I OB IA T 2005 4F, AT B RS B 2523 T A ACHTE SRS 8 103 L Y
HER VIR A Frife— DA 00 . Al e Bk = VR0 I SR B GO0 T IR R IR EE R i Bl R % 8 2% SR Y
S 7 R AR S TR LR AN A B N A

H R 45 B R PPN B SE AE 22 , (H R X e B R 28 At R AR R b AT DRAN A 5 B B4R ) WFD $2
A T B S TR LR S P 07 R B T4 00A0” TR ST Y i 5N DL B AR A B R S &
BRI R A5, aX— TR A L FH L 46 % 5] T — BB 9T & BB 5E 22 AR 3% SR U B A R 5 0L A o8 A1
A AR e] , 25 AR PPN SR QMR , 3 S AR DB A S R ARG R, A It % 1k L 3
TET ) ZHE I A SR FH I K E |, I sl 5r 8 AT PN 45 SR I B A5 0 (7 LYO1 3 i 3
W T A TERIRDL ) |, AT WL 3205 206 B JR TS A TS FH Y, 4 SR ABAF AR XS 32 B R B sl 85 1 3l 7 e
IR TTRE

ST LR AV S5 R P A0 2 T RV 0] BEAFAE R 22 X PEAN 25 SR 0 TE St AR oM %E 38 iE 1
N ARSI AN 25 AT IR, AR SCH PR 45 SR 5 N IR BT R J1 00 A SR — 3, — B0k e i)k
88.9% . VLHATEE S FahniA R AL S5 FEMEM DL L T 00A0 JEI ™ i PFAN R R | e 18 4 % UL H T ¢
IR A BERA (R A EREE ) BRI T 25 R ) I R RS BB R DA R A 2 BN
SBT3 AP AR R R A R AELS) | DRI A7 9 P A S AR B XA A R 3R 8E R R0 A 2 B8, D R ST
HEBR PR 20 A0 R ) 28 S R i — DR E N AR

A S TR LE S R T IR IEE AW R SR FUR b, BARESMOFH ST RAR 2 (R IE R X
LRGEATEN LA . BRI T I A8 bR 0 e TS5 M HE b, 1A R BB B9 38 55 7 (IS A 7E
b SRR ) XA BT EIR AL R A A5 3K H RTAE ST IR I R BN A 2 — | U TR B AE S o T E A
KM, [FR, JE57 58— T A R BRI ENE A S A S M DI T2,
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