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Tab.1 Relationship between the comprehensive quality index and the environmental classification
e KB LR S TR EL(Q) Pie NGV e 2R =k ((0))
Classification Comprehensive quality index Classification Comprehensive quality index
V& 1% Clean Q<0.3 15 4% Pollution 2<Q<3
i 7 Slight clean 0.3<Q<0.7 {5 4% Serious pollution 3<Q<5
Fe1F Permit 0.7<Q<l1.0 A Y5 Y More serious pollution Q=5
5275 4¢ Light pollution 1<Q<2

®2 BEMEE

FATER

Tab.2 The potential eutrophication assessment standards

L29% Grade B LY Nutrient level DIN(pg/L) PO;™-P (ug/L) N/P
I %L E 4% Poor nutrient <200 <30 8-30
I h B2 S S Medium nutrient 200-300 30-45 8-30
I & ‘5 7% Rich nutrient >300 >45 8-30
; I| B

v, %BE,%J T ,:'?% o 200-300 / >30
Medium nutrient with limited phosphorous
Vs 4 N e A==

Vp @?*ffﬁﬁﬁrﬁj{aff@m ) . o >300 / 30—-60
Potential rich nutrient with medium limited phosphorous
vt N A A==

- BB SR 300 ) 60
Potential rich nutrient with limited phosphorous
AR s

M U / 30-45 <8
Medium nutrient with limited nitrogen
A e 28 (R Ak AR M e

V. WRERBEE R ) o4 s
Potential rich nutrient with medium limited nitrogen
St BH A Sk A o R

Vi, UM AP 725 ) 4 -

Potential rich nutrient with limited nitrogen

Paf5 BROHERE L, X e s i A T 256 AT Al (s 2L

2005), FERLIT 5 BTk RE % 2 U b ff 2 4% 5 Bm B AL
A R B, B R AR —E A, 2
W25 A i — PP R R S ik, B 28
FHAE 8 4 Jm 75 L DL KR 3R 4B PE 4 H (Shine et al,
1995; Perkins et al, 2000), 2> EBEAIT
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2008-2013 4 B Zx i P 7 R A I [ G oK 7 i
J B YR AR DO K PR 1 B R N 3 R, 3 6
AR B AR AL T B 28.49-31.51, RAR{E I LE
2013 4F, e HPLAE 2008 4E, 5 E R KK F bR
E(GB3097-1997)%F [, 2008 4E () DIN & &4 3048
—RMEAKOKBARE, FRIEIRE A 37.98%, 2009 4
84,5 S 2R AOK AR E, HERRS N
13.04%F1 4.14% , FHCAEF [ F9 ST A 90 A s 4o W5 00 A -
PIFRF A — M KK AR , 33X 38 BH I 1 T8 AT 08 [ 5%
K= P G DR AR DX A K T A R L (R
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Tab.3 Content of the main water quality factors
=\ g i 3-
i{fr f;dti sfﬁiy pH (1(1:1:/2) DIN(ug/L) a?gjLI; Cu(ug/l) Zn(ugll) Cd(ug/L) As(ug/L)
2008 JuF  30.67-31.51 8.05-8.26 0.44-1.97 227.65-399.03 6.95-9.86 0.48-0.72 4.14-6.82 0.25-0.34 2.36-3.01
Range
SEIME 31.14 8.15 1.16 335.81 8.12 0.58 5.29 0.30 2.67
Average
2009 i@ 30.89-31.14 8.28—-8.36 0.35-0.84 77.51-234.40 4.49-5.89 1.41-591 4.56-12.16 0.17-0.36 2.14-4.41
Range
SEIME 31.06 8.32 0.60 180.33 5.35 3.23 8.75 0.25 3.16
Average
2010 JuE  30.09-31.10 8.04-8.16 0.30-0.63  81.1-120.7 4.15-6.92 1.97-4.15 7.78-13.56 0.18-0.49 2.14-5.24
Range
SEIME 30.89 8.08 0.48 99.74 5.39 3.06 10.14 0.32 3.51
Average
2011 JuE  30.15-30.82 8.06-8.31 0.55-0.75 119.78—139.12 6.91-8.99 2.15-5.65 11.30—22.30 0.12-0.33 3.54-5.61
Range
SEIME 30.40 8.19 0.65 130.77 5.53 3.52 14.48 0.25 430
Average
2012 B 28.49-28.72 7.97-8.03 0.76-1.24 88.90-138.04 12.12-28.38 0.45-0.87 9.87-15.36 0.42—0.77 0.43-0.92
Range
SEIE 28.64 8.01 1.01 118.56 15.96 0.62 12.13 0.56 0.63
Average
2013 JupE  28.49-28.72 7.97-8.03 1.84-2.11 109.89-161.16 4.52-14.35 0.65-1.22 10.54-14.36 0.23-0.65 0.87-1.40
Range
SEIME 28.64 8.01 1.95 123.84 11.26 0.84 12.38 0.47 1.08
Average
SEE 30.13 8.13 0.98 164.84 8.60 1.98 10.53 0.36 2.56
Average

2009 4F. 2010 41 2011 4F Cu &t th S [ H
K5 KA 9% PR (National Oceanic and Atmo-
spheric Administration, NOAA)EZE Y1 K 4 @

BOEEN 0.33-0.45, FHME K 0.40; 2011 L2245
EIRHGEREIN 0.41-0.53, FIEK 0.47; 2012 445
A RIS HGEREN 0.46-0.68, EYE N 0.52; 2013

A e 2 i B R B (Long et al, 1995), Al fES%}
AR AR TR KT NS DR DX K R T 5
Vi TS B VL A5 £ R GRBOK Rh T SRR AP X EA T H AR
DIN #il PO; -P & s L Foiilis iy &k, HELR
Cu. Zn. Cd. As WY& &2 TUEEL I & fGDwEE,

2010), 3 AT A T I AR T s A W PR S T 4 R B 5
TR e — s BB I, e B B 4 S T ke, (R4 P

RS () T 4 B W I S R & 55, 2004). by
BAEEREIEN
T TR HOE % 3 2 P B 9 TR 8

2.2

Comprehensive quality index
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2 3

FLEA TR RIEBIEE N 0.46-0.63, F¥E N 0.54,
20084
2
it
20134

FIATLR G RN, LA TR & 2 Fis, M
AL E T, 2008 FLEA TR EIREBIEE N
0.42—0.55, FIMEN 0.47; 2009 4ELE4A iR TR EGE
Fl R 0.39-0.61, FIMEN 0.51; 2010 FFLiA 45

¥4V Stations

K2 20082013 4F K 2= i M1 I8 A il (o2 1) 255 o ik i 4K
Fig.2 The comprehensive quality index of each station in
Haizhou Bay in 2008—2013
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HARHT, LA R LEA A8 B TR B AT = )
s, T 2013 AFIRBNRKAE, KU S RY X
KB T ORAE A T N R, MRS S M, AR R
| SIhZEA TR EGE R 0.42-0.57, F{EH 0.49;
2 SR A AL FE A 0.33-0.56, FIEA
0.48; 3 SuhiZif BERHGUH R 0.37-0.68, FI(H
9 0.48; 4 SURLEG BTG BGLE A 0.41-0.53, -1y
{H0 0.48; 5 SuhiZRG Bl EEGEF Y 0.45-0.61, 1
PIEHN 0.50, RP X LK FRE 2, 3, 4 5uiL%A
e ERAR, S SuisR A R EUR e, (HAHZER
N MIELEA IR ECS IR 9 (3R 3), 2008-2013
AP NV AT o ) R K 7= ol B R AR Y X 25 S o
HIEHIIAETF 0.33-0.68 Z[H], iX 7% BH R A i3 i /K
JoT et S O T T

23 BEBEFRLITM

RSB R WY AR, B2
Tt B B R R A KR AT DU K B i B 3Rk, IRk
R, MRS D ARZE1998) LA . Wi FREh e i
SR VAL B E IR AL AN B 2O Vi T 8 25 g
BEFRRGHTIEM (R 4), G5REKW, EHIETE A KL
2008 FE TR BB R GIVEAEME B E SR, 2012 FJER
EFE, 2008-2013 4EHY N/P TG K 16.44-91.62, F
YIEN 51.67, HH 2012 R FLIEHAK, 2008 4FRYH
{Ef = T 6 4FMY N/P #KF Redfield {E(Redfield,
1958), X FBHHA I B EEk =, Z 2R,
IFHIE 5 A0 POL-P & MR IF I 1E 5 A K
BT R T A (17.98 pg/L) (5 2%, 1998), H
BUHETS , TCALBEIR R by 52 Wi 122 1 37 i A g A 4
4 BR il PR o

F4 BHTERFRTM

Tab.4 The trophic level evaluation of Haizhou Bay
G20 DIN PO; -P EHRI
Year (ng/L) (ng/L) Nutrient level
2008 335.8 8.12 91.62 VI,
2009 180.3 5.35 74.66 /
2010 99.7 5.39 40.94 /
2011 130.8 5.53 41.88 /
2012 118.6 15.96 16.44 I
2013 173.0 11.26 45.90 /
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F R AT RENE T L B, R R D SRS
AR RO A — M PE R 24845, Sk s i
K LA RERAME B o Q1R K 55 (2006)iz FH FE A5
ST ST T NV 222 DURR ) v 1 4 JE V5 Y R IR

FZA T HES . AVLERER . A A0 AR5
P RE . #E 92(2010) 3T F A Bk i o T 2R M
TS RIZ VIR B 4 15 Y 0 T BESR IR, A0 3E Tl HE
15 S IRTE Gy, 0 IR A A B A 245 % 1 FH 5% B1
MR SIETS S, A A H AR IRE S (= A A B R
R AR RIS e o ARBEEESE(2007) 2R F 1053 43 #r
T 5 BE R K AR 15 Yo B B AT AR VAN S
X} Vg M P A Vg Ik B K R FBE L pH. COD. DIN., DIP,
Cu. Zn, Cd. As #HATEMS T, KIET 3 A F
STIRIEIE N 8.517, BT TR N 94.64%, it T
85%, W ERS F1. F2. F3, X 3 sk
TR FE . pH, COD, DIN, DIP, Cu. Zn,
Cd. As), RWET JELAEHE 4 I 15 B (R 5).
B— BT 2Z DTk R 40.90%, HAR SRR T
AZHETE COD I As WYVR BE A3 38 1Y IE 2 far (B 3),
A58 0.972, 0.970, COD Fl As NS4 7K J5i i1 =5
KT, 3—F o R T R LG Y As 155
PTG DL 55 BT ZTTERE R 38.11%, I+
gt fE DIN Al Cu BV EE A 5 m 19 1E 27 (B 3),
5108 0.905. 0.827, 5 = F LT 2 TTHk R N
15.63%, HNFAEETE Cd W LA 5 E i IE 84 (A
3), N 0997, fEX 3 NEMIST M, COD. As,
DIN, Cu fl Cd HA & mEAIEREAT, H Cu f1 As
AR PSRN, FEUT YR E, 2
FERE R 25 () EZL RSy, AT, Cu FI As
HA B FHMAHEE(R=0.843, P<0.05=, X ] fig /&

TR DX VG B 0 Ay b, L s I eV YA {380 DX Vg, v v
Ao 50 DX EL A 00 £330 00 7R 0 R K T B P V3, 2% T Rt
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Tab.5 The results of the principal component analysis

- Bk Hok Bk
i H Ttems ) ) .
oy Fyo o F T Fs
ELJ¥ Salinity -0.594 -0.676  —0.360
pH 0.730 —0.559 0.314
COD 0.972 0.088 —0.218
DIN 0.281 0.905 —0.189
DIP -0.374  —0.800 0.176
Cu —-0.467 0.827 0.040
Zn -0.691 0.674 0.241
Cd -0.030 0.044 0.997
As 0.967 0.227 0.106
FF{E{H Characteristic value  3.681 3.430 1.406
TR Contribution rate(%) 40.90 38.11 15.63
91 5TH R Cumulative 40.90 7901 94 64

contribution rate(%)
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Fig.3 Loading plots of the evaluation factors in the space defined by two components
x6 BMZIEEMGIKRERS SILE
Tab.6  The results of the principal component analysis of Haizhou Bay
vz N N PN . VGG
B RRABAR BCERMA R BEEMAMAF,  SATHAF TSRS
Station Pollution comprehensive ranking
1 -2.051 1.380 -1.078 —0.509 4
2 —0.955 0.248 0.030 —0.308 3
3 —1.070 —1.670 1.566 —0.876 5
4 1.755 —2.098 -1.227 —0.289 2
5 2.321 2.138 0.710 1.981 1
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Environmental Quality Evaluation of Solen grandis Resources
Protection Area in Haizhou Bay

XIA Bin, MA Feifei, CHEN Bijuan, CUI Yi", SUN Xuemei, QU Keming

(Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture, Shandong
Provincial Key Laboratory of Fishery Resources and Ecological Environment, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract Marine pollution and over-fishing have made China's offshore aquatic germ plasm resources
suffering from damage in varying degrees, which have attenuated the ecological environment quality.
However, the studies on the environmental quality evaluation of the national germ plasm resources
protection areas are limited. In this study, we evaluated the water environment quality of the surface
waters in Solen grandis germ plasm resource protection area of Haizhou Bay from 2008 to 2013. The
comprehensive quality index, potential eutrophication assessment method and principal component
analysis (PCA) were used to evaluate the water environment quality. Based on eutrophication evaluation
model, the nutrients levels of the survey area were phosphorus limiting potential eutrophication in 2008
and poor nutrient in 2012. N/P values were higher than the Redfield ratio. According to the principal
component analysis, COD, As, DIN, Cu and Cd had a higher positive load, demonstrating that organic
pollution, nutrient and heavy metals were the dominant pollutants. These results suggest that the sea water
environment quality in Haizhou Bay was classified as the first class sea water quality standard, and
reached the clean level.

Key words Haizhou Bay; Comprehensive evaluation; PCA; Environmental quality; Protection area

D Corresponding author: CUI Yi, E-mail: cui@ysfri.ac.cn

LR AR)



