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Grey relationship analysis for the environmental factors affecting the
Noctiluca scintillans density in Qinhuangdao coastal area
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ABSTRACT The method of grey relationship analysis was used to study the relationships between
Noctiluca scintillans density and eight environmental factors in Qinhuangdao coastal area,with the Noc-
tiluca scintillans density (ind/L) of different investigation stations as reference sequence ( X, = {x,
(k) | k=1,2,---,241), with inorganic nitrogen( mg/L) ,labile phosphate( mg/L) ,silicate( mg/L) ,
COD(mg/L) ,BODs , temperature ( °C ) , salinity, pH, the phytoplankton ect as collating sequence ( X,
={x,(k) | k=1,2---,24,i=1,2, ---,16} ). The results showed that from May to July, the phytoplank-
ton,COD ,and temperature had more influence on the density of N. scintillans than any other factors.
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Table 1  The physical and chemical factors of Qinhuangdao coastal area seawater

i NO,-N NH,-N NO;-N DIN Chl-a PO,-P  SiO,-Si CcOD BODs TPHs SD T
Station (mg/L) (mg/L) (mg/L) (mg/L) (ng/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (m) (c)

SH Y6 0.001 0.028 0.069 0.098 1.05 0.004 0.001 0.66 1.08 0.078 3.5 10.19  31.70 7.94
May Y7 0.003 0.023 0.048 0.075 6.20 0.003  0.002 1.34 1.27 0.035 2.3 11.70  31.69 7.99
Y8 0.003 0.029 0.097 0.129 1.09 0.006 0.014 0.74 0.62 0.119 3.5 11.25 31.64 8.00
YO 0.006 0.034 0.115 0.155 6.11 0.005  0.005 1.70 1.34 0.057 1.5 12.64  31.68 7.98
Y10 0.002 0.042 0.125 0.169 4.86 0.005 0.015 0.94 1.22 0. 065 3.5 10.97  31.75 8.02
Y11 0.003 0.022 0.195 0.220 2.05 0.005  0.009 1.26 1.42 0.066 3.3 12.33  31.76 7.92

Y12  0.002 0.042 0.058 0.102 1.84 0.003  0.017 1.22 1.38 0.063 4.5 11.77  31.79 7.99

67 vi 0.001 0.022 0.111 0.133 2.60 0.002 0.131 2.11 2.08 0.092 1.2 19.14  30.88 7.68
June Y2 0.000 0.027 0.070 0.096 2.35 0.002 0.103 2.16 2.30  0.083 1.5 19.07 30.84 7.91
Y4 0.000 0.037 0.087 0.124 4.19 0.006 0.106 1.16 2.05 0.181 1.0 19.55 31.03 8.06

Y5 0.000 0.034 0.077 0.112 8.32 0.001  0.210 1.06 2.76 0.104 1.1 19.44  30.98 8.09

Y6  0.000 0.035 0.050 0.085 1.63 0.007  0.094 1.63 1.24 0.101 1.5 18.52  30.92 7.95

Y7 0.001 0.043 0.076 0.120 5.28 0.006  0.223 2.38 3.30  0.157 0.9 19.96 31.11 8.10

Y8 0.000 0.041 0.103 0.144 2.67 0.005 0.098 2.51 1.95 0.081 1.3 19.03  31.10 8.02

YO 0.000 0.046 0.110 0.156 13.50 0.005 0.192 1.68 3.70  0.214 0.9 19.68  30.93 8.08

Y10 0.001 0.033 0.079 0.112 1.21 0.005 0.053 2.18 0.82 0.048 3.2 19.63  31.07 8.01

Y11 0.001 0.032 0.063 0.096 9.31 0.001  0.105 1.62 3.54 0.204 0.8 20.00  31.09 8.13

Y12 0.001 0.028 0.071 0.100 7.84 0.002 0.124 2.52 3.26 0.159 0.9 19.87  31.04 8.06
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#ZR1

A NO,-N NH,;-N  NO;-N  DIN Chl-« PO,-P Si0,-Si CcOD  BODs  TPHs SD T
Sation (mg/L) (mg/L) (mg/L) (mg/L) (pg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (m) (€)

7H Y1 0.001  0.016 0.068 0.085 6.57 0.005  0.047 2.76 2.50  0.046 1.9 16.70  31.25 7.88
July y2 0,001 0.015 0.185 0.202 3.93 0.009  0.056 1.84 1.22 0.015 1.0 16.50  31.35 7.90
Y4 0.002 0.015 0.161 0.178 3.91 0.016  0.099 2.60 0.93 0.054 1.9 16.88  31.36 7.97
Y5 0.001 0.022 0.060 0.083 1.12 0.004  0.030 1.92 2.11 0.061 2.0 18.33  31.29 7.70
Y6 0.001 0.120 0.103 0.224 6.43 0.011  0.096 2.36 2.28 0.127 0.8 17.36  31.53 7.92

Y7 0.002 0.021 0.105 0.127 4.46 0.010  0.088 1.66 1.29 0.058 1.2 17.91  31.58 7.76

NO,-N. AR 7 ; NH,-N. 2% ; NO3-N. iR % ; DIN. J f# BALA; Chl-a. MR a; PO, -P. BERRER ; Si0,-Si. ik MRt ; COD. fhf s St ;
TPHs. £7f%E; SD. E W ; BODs. AL WPRE 4L T. R JE 5 S. 3%

NO,-N: nitrite nitrogen; NH,-N:ammonia nitrogen; NO;-N: nitrate nitrogen; DIN: dissolved inorganic nitrogen; Chl-a: chlorophyll a; PO,-P: phos-
phate; Si0,-Si: silicate; COD: chemical oxygen demand ; TPHs: petroleum hydrocarbon; SD: transparency; BODs, biochemical oxygen demand; T': tem-

perature; S salinity

R2 FRERBHEZERENTERBEXENR

Table 2 The phytoplankton density and related index of Qinhuangdao coastal area seawater

VRIFFEY) %5 Phytoplankton density TOGCHEEEE N, scientillans density
Wifii Station F2J& Natural abundance D
( x10*cell/m*) ( x10*cell/m*)
5 H Y6 979.74 0.172 18279.57
May Y7 1245.63 0.297 27333.33
Y8 733.96 0.175 35353. 54
Y9 905.07 0.130 53472.22
Y10 730.46 0.175 101111.10
Y11 391.08 0.137 47126. 44
Y12 724.05 0.176 42777.78
6 A Y1 688. 81 0.220 123958. 30
June Y2 1470.95 0.252 110869. 60
Y4 2519. 18 0.081 376315. 80
Y5 918.42 0.086 322222.20
Y6 897.06 0.173 113492. 10
Y7 1334.28 0.211 108823.50
Y8 2627.10 0.284 412222.20
Y9 1064. 11 0.171 79761.90
Y10 2575.84 0.081 191666. 70
Y11 895.23 0.260 99523. 81
Y12 1858.19 0.207 232222.20
7H Y1 513.25 0.090 9.19
July Y2 2327.88 0.123 5.14
Y4 1043. 94 0.129 18.73
Y5 10.25 0. 000 10.25
Y6 447.01 0.136 4.89
Y7 369.56 0.138 9.64




12

$35 &




552 1] RIS 1) AT - 2% 5 5 BRSPS O Rl A 3 R A A5 BT I 1 A IR ST 23 # 13

2.2 RAEBESBKEFIERKE

TEFTHEEY 16 TUERSE P 2R rh OGB4 2 15 7 Ui AL 0 8 B ) SR B e RO (R = 0..499) , HikJ2& COD(R =
0.466) JKili (R =0.461) Flfilike (R =0.454) . ROCHERE GG T 1R EHE ik 4 s

R4 BARBESHERTFHXEKE

Table 4  The correlation degree between the N. scientillans density and the environmental factors

755 HF KRS ik H¥ SRR
No. Factors Correlation degree No. Factors Correlation degree
X15 TRIFAEY) % E Phytoplankton density 0.499 X2 2 A NH,-N 0.433
X12 ka4 R COD 0.466 X7 fERRER Si0,-Si 0.429
X9 T 0.461 X14 . H A AL TT i BOD; 0.429
X13 A& TPHs 0.454 X3 TiFER AL NO;-N 0.387
X11  pH 0.443 X4 A ICHLE DIN 0.383
X10  hpES 0.441 X6 iR PO, -P 0.380
X5 M4t2 o Chl-a 0.436 X8 FHIEE SD 0.350
X16  TRIFEYIFEE D 0.435 X1 WAHARER NO,-N 0.288

R 2Z{H Maximum difference Amax =3.967
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Fig.2 The relationship between the phytoplankton

] o ) Fig.3 The species composition of phytoplankton in
density and the N. scientillans density Qinhuangdao coastal area seawater
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Table 5 The records of red tide in Qinhuangdao coastal area during 1990 —2004

S E] (4E-A-H)

Time(Y -M-D) {i'# Location IRMAFIZE Species
1990-07-22 #2411 Qinhuangdao to Beidaihe Jinshanzui TIEH N. scientillans
1996-06 Z R ZELH 41 Qinhuangdao to Beidaihe Jinshanzui A3 Unknown
2002-06-03 ZE BT O Outfall of Xinkaihe of Qinhuangdao VG RJGE#  Chattonella marina
2002-07 ZE ¥ Qinhuangdao Port B N. scientillans
2003-04-25 Z2 5L WLV 5G], Qinhuangdao Port and Shanhaiguan offshore WIEHE N. scientillans
2003-05-28 Z U UET A Qinhuangdao Port and the outfall of Luanhe LI N. scientillans
2003-06-12 ZE ¥ Qinhuangdao Port WEEE N, scientillans
2003-06-25 ZE 5% Qinhuangdao Port I N. scientillans
2004-06-15 Z R HETIHEIX Xigang area of Qinhuangdao BB N. scientillans
2004-06-19 Z2 B S F AL EM 421 Qinhuangdao to Beidaihe Jinshanzui TIEH N. scientillans
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Table 6 The nutrients in Qinhuangdao coastal area seawater

JEAEA] (4E-H ) Time (Y = M) R TEHLE DIN(mg/L) iR L PO, -P(mg/L) kAR #: Si0,-Si(mg/L)
2011-05 SEH Average 0.135 0.004 0.090
LM Range 0.075 —0.220 0.003 —0. 005 0.100 -0.170
2011-06 SEH Average 0.116 0.004 0.131
J6F Range 0.085 -0.156 0.007 0. 001 0.053 -0.223
201107 SEH Average 0.150 0.008 0.069
M Range 0.083 —0.224 0.004 -0.011 0.047 -0.099
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