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Table 1 Background value and toxicity coefficient of ecological

risk assessment for heavy metals in sediments

HEe R TR (X 10%) TR
Heavy metal  Background value ( X 10%) Toxicity coefficient
Hg 0.102 40
cd 0.312 5 30
Pb 29.1 5
Cu 14. 405 5
Zn 80. 25 1
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Table 2 Standard and assignment value of integrated evaluation index of marine ecological environment

i 2 e 2 s b7 )2 bl E Al
Target layer Criteria layer Index layer ange o ssignment
standard values values
Marine water environment Dissolved OxygenrzEﬂ Dissolved oxygen ~6 4
(MwENV) (W (mg/L)
5-6 3
4-5 2
<4 1
Chemical oxygen demand"?” Chemical oxygen demand ~9 4
(W) (mg/L)
2-3 3
3-4 2
=>4 1
Inorganic nitrogen Inorganic nitrogen
(W) (mg/L) =0.2 4
0.20-10. 35 3
0.35—-1.15 2
>1.15 1
Active phosphate Active phosphate
(W) (mg/L) <0. 015 4
0.015-0.03 3
0.03-0.05 2
=>0. 05 1
Heavy metal
pollution index Hg.Cd,Pb,Cu,Zn <0.1 4
(W)
0.1-0.15 3
0.15-10. 20 2
=>0.2 1
Oil Oil
W Cmg/L) <0.01 4
0.01-0.05 3
0.05-0.10 2

=>0.1 1
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Continued table
Fm D2 fibrJ2 bTi{/iErfEeY%tE A%Jin&tr%nem
Target layer Criteria layer Index layer %tand(arﬁ values ) ;/ziglues
Sediment environment Heavy metal ecologyrisk Hg,Cd,Pb,Cu,Zn <30 4
(SAdENV) index
SP 30 - 50 3
50-70 2
=75 1
Organic carbon"® Organic carbon
(S, % =1 4
1-2 3
2-3 2
>3 1
. 0Oil
1
Oil (S3) (x10-%) <2100 4
100 — 200 3
200 — 300 2
=300 1
Biological ecology Biodiversity index Phytoplankton ( B; ), zoo- >3 4
(BeCHA) plankton ( B, ), benthos
( By ), intertidal creatures 2-3 3
B
B 1-2 2
<1 1
R3 BHAEASHESZSENPESRENS RS TN ) BEBESF
Table 3 Grades and assessment of target layers for integrated =H _
evaluation of marine ecological environment 2.1 KEIFEH
15 b5 S i WF 58 DX K v R BE L ER B pHL AL U i 4R AL
Indices Grades Assessment

S AR UL TG PRI ER | A Tk S < R O
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Indices of SAENV (S) S<1.5 Poor %/E\'E‘HHYIDm&l‘%ﬁ@ﬁ?}s,ﬁ;*%mﬁﬁfﬁ‘@%
Loss=z5  Medium R 78 H VT 10 b 7R T e 0K b T 4 5 e AE VD
2558585 Good ST, 11403 R 2 16 7 7 g 1T 91X 95 2 7K O A %
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B>3.5 Excellent SR FH IR o 46 O AT VY L 45 R LK 4,
Integrated indices (E)  E<2.0 Poor BFST KK R p L A2 U 2 R L
2.09E<2.5  Medium I 257 2 = 2 KK AT 8 i 876V 9T 1
2.5<E<3.0  Good (19 1,2,3 B 1 2K KK FoAz o L Foeh 2,3 B0
E>3.0 Excellent WA AR L 1 R AT O AL R
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Table 4 Investigation and evaluation results of water environment quality in the study area

R AR, T SR 4 R b e K A b v R AT AL 01— 4
5l 147 R T A2 Hb 3R AK K T AR v A IV 28 AR

K 4 R 15 Y A8 BOL AT AN, 45 SR R B 45 0l
7 ¥ 7K B 42 R 15 Y38 50 (0. 07 — 0. 32) Bk . 3l
0. 15, W 5% [X i /K 5 42 )@ 15 Yo KA

i

B E RNN gn AWM R W W W F gams
7 H WECC)  HE pHME (mg/L) TER /L) (i e/l (ug/L) (ug/L) g/l (ug/L) (ug/L) ey
Items TCC) S pH value DO 8/ - PO, -P Oy Hg Cd Pb Cu Zn C
(mg/L) (rr;g/l,) (pg/L) (ugjL) (pg/L) (pg/L) (pg/L) (pg/L) (pg/L) (pg/L) !
Values Minimum 29.5 15. 653 7.53 3.20 1.09 14.50 0.30 7.60 0.017 0. 05 0.15 0.30 3.78 0.07
Maximum 31.0 31.523 8.23 7.70 2.55 1869.00 91.30 49. 40 0. 046 0.36 1.78 1.34 53.00 0.32
Average 30.3 28.410 8.07 6.16 1.52 253.50 12.80 20. 40 0.034 0.18 0.72 0.40 17.13 0.15
Standard Minimum - - 0.35 0.13 0.36 0. 05 0.01 0.15 0.090 0.01 0.03 0.03 0.08 -
Indices
(Class Il Maximum - - 0.82 1. 56 0.85 6.23 3.04 0.99 0.230 0.07 0.36 0.13 1.06 -
standard)
Average - - 0.71 0. 65 0.51 0. 84 0.43 0.41 0.170 0. 04 0.14 0. 04 0.34 -
Excess rate (%) — - 0 15 0 20 20 0 0 0 0 0 5 -
Note:" — " represents a null value;calculations below the average of the detection limit are performed at half the detection limit
N N N
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2.2

Investigation results of seawater quality elements of typical sections in the study area

TENFRARIIFE A — O FE VTR D b o (3R 5) . UL
Yyeb i i 4 B W AE AR A G S YL AR B A A A R AR
i HY B VES ORSE 5 PR & R M AR A S S E AR A
B3 /N F 40, 4 S W AE fE FE 48 H Hg> Cd>Pb >
Cu>7Zn, MW X & W& MWESE RIs H M
14.34 - 56. 53, FHJ{E HJy 29. 61, W 58 X UL FL W) & 4
o VA A S AU AI

Table 5 Investigation and evaluation results of sediment in the study area
K i) # (I B ESRIIES B ol
IH (X10°% (X10°%) (X10°H (x10°% (x10°°) (X175 (%) B 0dn
Ttems Hg Cd Pb Cu Zn O, SOC %‘;& Rls
(X107%) (x107% (x107% (x10°% (x10°% (x10°% O " )
Values Minimum 0. 026 0. 04 1. 05 0.25 3.0 19.1 0.08 -
Maximum 0.042 0.35 11. 80 10. 80 54.9 288.0 0. 80 -
Average 0.037 0.14 5.40 2.29 17.8 121.3 0.45 -
Standard indices Minimum 0.13 0.08 0.02 0.01 0.02 0.04 0.04 -
(Class | standard)
Maximum 0.21 0.70 0.20 0.31 0. 37 0.58 0.40 -
Average 0.19 0.27 0. 09 0.07 0.12 0.24 0.22 -
Excess rate (%) 0 0 0 0 0 0 0 -
Potential ecological Minimum 10. 20 3. 84 0.18 0.09 0.04 - - 14. 34
hazard indices
Maximum 16. 47 33. 60 2.03 3.75 0.68 - - 56. 53
Average 14.51 13.15 0.93 0. 80 0. 22 - - 29.61

Note:" ="

2.3 EWERIEMN
WE9E X A Y VR A G T 25 R W3 6., PRI AR 9 LT
e sh Wy TR WG A ) R0 8] 7 AR W B Rl 28 50, % R AR

represents a null value

W) TE A5 VA A b A 1 AR AV T HE AR . U DXV U A
Yy AR, S BE R 297, 34 X 10° cells/m” 5 Vi
S 2% R 205 ind. /m®, E¥H Ay 188. 5
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mg/m” ; JIK 2L 4 F ¥ % & 4 513. 6 ind. /m*, F 1y
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860. 4 ind. /m®, F- ¥ £ ¥ & Fy 352. 50 g/m”. WX
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I — 2 5, BAR IR 4, L TS 5IL
F 2 5 3 5 3l 1) V7 I 4 4 F 2 88003 33 ok 6 R 9
Tl 85 B2 43 91k 48. 32 X 10° cells/m® 1 13. 4 X 10°
cells/m® , T A F A 52 IX 19 F- 4 18 Fh Fl 297, 34 X
10° cells/m® . 2 5 A1 3 5 3k A4 17 Ui 3 40 b 25 505

R6 MAREMESHELERRENSHEER

1 AR 2 A, 3R> A 10 ind. /m® 120 ind. /
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Table 6 Ecological investigation results and the biodiversity index in the study area

o e Yu i
R e o it sty R
. : Number of ) ; R SRR Degree of
Biological type . Density Biomass Biodiversity indices .
species pollution
13.04 - 736. 82 B 0o _
Phytoplankton Range 6—36 (X 10° cells/m®) 1.22-2.98
297. 34 B Slight
Average values 18 (X 10° cells/m™) 2.31 pollution
10 - 562 60.3-521.8
Zooplankton Range 1-17 (ind. /m®) (mg/mg) 0-3.65
205 188.5 Slight
Average values 9 (ind. /m®) (mg/m®) 2.28 pollution
20— 2 420 2.50—-605.79

Benthos Range 2-12 (ind. /m?) (g/mz) 0.90—2.87
513.6 198. 86 Moderate
Average values 7 (ind. /m?) (g/m?) 1.77 pollution

. 84 -1 640 33.04—-774.32

Intertidal creatures Range 4-16 (ind. /m?) (g/mz) 1.12-2.59
860. 4 352. 50 Moderate
Average values 11 (ind. /m?) (g/m?) 1.97 pollution

Note:" — " represents a null value
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Fig.4 Biological species number,density,biomass and biodiversity index of each station in the study area
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Table 7 Evaluation index assignment and integrated evaluation results in the study area

TK IR 8% PIRGALZEL S0 EY LRI

i Water Sediment Biological ecology S I = G &
Stations environment environment environment Integrated Result of
) indices evaluation

W, W, W, W, Wy Wg W S, Sy Sy S B, B, By B, B E

2 2 3 1 1 3 3 2.2 2 4 4 3.3 2 1 2 - 1.7 2.4 Medium

3 2 3 2 1 3 3 23 3 4 3 3.3 3 2 3 - 2.7 2.8 Good
6 4 4 4 4 3 4 3.8 4 4 3 3.7 2 3 2 - 2.3 3.3 Excellent
8 4 4 4 4 3 3 3.7 4 4 4 4.0 3 3 2 - 2.7 3.4 Excellent
9 4 4 4 4 3 3 3.7 4 4 3 3.7 2 3 2 - 2.3 3.2 Excellent
10 4 4 4 4 3 3 3.7 3 4 2 3.0 3 4 2 - 3.0 3.2 Excellent
11 4 4 4 4 2 3 3.5 4 4 4 4.0 2 3 2 - 2.3 3.3 Excellent
13 4 4 4 4 3 3 3.7 4 4 4 4.0 3 4 2 - 3.0 3.6 Excellent
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Continued table
TK IR 8% PIRCALZEL S0 AEYEBIRE
i Water Sediment Biological ecology S I = G &
Stations environment environment environment Integrated Result of
§ indices evaluation
W, W, W, W, Wy Wg W S, Sy Sy S B, B, By B, B E
15 3 4 4 4 2 3 3.3 4 4 3 3.7 2 2 3 - 2.3 3.1 Excellent
16 4 4 4 4 3 3 3.7 4 4 3 3.7 3 4 2 - 3.0 3.4 Excellent
Total 4 4 3 4 3 3 3.5 4 4 3 3.7 3 3 2 2 2.5 3.2 Excellent
Note:" — " represents a null value
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Table 8 Correlation analysis of evaluation indicators

) TEUER URUES) AR
W eni mr owmw SOE ke e (EER mwx TERR geg o omwx PEN DER LY
T pHvalue S DO oD DIN  p(,-p c, 0 Rl SOC Os £ % 1 1
H 1 H 2 H 3
T 1 0. 25 0.15 0.35 -0.04 —0.05 —0.02 —-0.50 —0.19 —0.01  0.17 0.14 -0.02  0.08 -0.34
pH value 1 0.96"" 0.96"" -0.88"" -0.93"" -0.92"" 0.04 -0,92"" -0.74" —0.53 0.23 0.41 0.82"" —0.48
S 1 0.88"° -0.94"" -0.98"" -0.98"" 0.11  -0.98"" —0.83""~0.57 0.23 0.44  0.89"" —0.33
DO 1 -0.73" -0.87"" -0.86"" 0.00 -0.87"" -0.70" —0.51 0.25 0.33  0.68" —0.46
COD 1 0.91°" 0.89"" —0.09 0.8 0.73" 0.54 -0.20 -0.49 -0.96"" 0.36
DIN 1 1.00"* —0.18 0.98"* 0.86"" 0.62 -0.21 -0.44 -0.86"" 0. 24
PO,-P 1 -0.25 0.977% 0.85°% 0.62 -0.21  -0.39 -0.83°%  0.28
c, -0.13 -0.17 -0.24 -0.15 -0.60 —0.15 0. 04
Ow 1 0.86"* 0.52 -0.24 -0.41 -0.82"" 0.19
RIs 1 0.81°" 0.22 -0.36 —0.69 0.03
ocC 1 0. 54 -0.18 —0.49 0.26
Oy 1 0.21  0.25 0.01
H'y 1 0.67°  0.10
H', 1 -0.31
H', 1

Note: * * indicates significant correlation at P<C0. 01 level, * indicates correlation at P<Z0. 05 level,n =10
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Integrated Assessment of Ecological Environment of Fengjiajiang
River Estuary and Its Adjacent Area in Beihai, Guangxi

OUYANG Xianging' s GUAN Yao®" * , LI Xiaowei' , PEI Mufeng'

(1. Beihai Marine Environment Monitoring Center Station,State Oceanic Administration of China,Beihai, Guangxi,536000,China;
2. Key Laboratory of Tropical Marine Ecosystem and Bioresource, Ministry of Natural Resources; Fourth Institute of Oceanogra-
phy.Ministry of Natural Resources,Beihai, Guangxi,536000,China)

Abstract: Estuarine ecosystems are open,susceptible and fragile,and it is important to protect the estuarine e-
cosystems. There are mangrove wetlands and beach landscapes in Fengjiajiang River Estuary and its adjacent
area,which have high ecological service value and are easily affected by human activities. In order to evaluate
the status of the marine ecological environment and identify the main influencing factors in the Fengjiajiang
River Estuary and its adjacent area,this paper analyzes the results of the marine environmental quality survey
in the study area in September 2021, constructs a three-level evaluation standard system,and adopts the index
system method to integrated evaluate the marine ecological environment of the study area. The results show
that the marine ecological environment of the study area was excellent. The marine ecological environment of
the adjacent area was excellent. But affected by the content of dissolved oxygen,inorganic nitrogen and active
phosphate in seawater and the diversity of zooplankton, the marine ecological environment of Fengjiajiang
River Estuary only reached moderate or good level. To protect the ecological environment of the Fengjiajiang
River Estuary,attention should be paid to controlling the input of nutrients in the estuary and restoring ma-
rine biodiversity.

Key words: estuarine ecosystem; Fengjiajiang River of Beihai; marine ecological environment;index system

method;integrated valuation
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