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(1. 266100; 2. 201206; 3.
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2015—2018

nitrogen, DIN)

(dissolved inorganic

(soluble reactive phosphorus, SRP)

DIN SRP 0.614  0.029mg/L, 0.295
0.008 mg/L
P76 doi: 10.11693/hyhz20200400109
13 ”’ , (Wu et
( , 2001; , 2003) al, 2010)
, (nutrient criteria in estuarine
R ( , waters)
2015) R (USEPA, 1998)
, 50 , (dissolved ,
inorganic nitrogen, DIN) , ,
(soluble reactive phosphorus, SRP) 19 ,
, 2000 R , -
( , 2011a; , (USEPA, 2000a,
2012; ,2017) 2000b, 2001, 2008)
(GB 3838-2002) (GB 3097-1997) ,
( ,2006) ,
> 2 (
* ,2017ZX07301-002 s , E-mail: yananouc@163.com
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, 2013) , ( ,2011b)
- R , , Surfer
) s (One-way ANOVA),
( , 2017) ,
) ’ - 1.3
, , (correlation analysis,
CA) (principal component analysis, PCA)
1 (linear regression analysis, LRA)
1.1 Pearson ;
5.8 , 90 , , ;
, , 123°E
) 60m s 123°E ,
90m ( , 1998) ,
; ( 1.4
,2001; Wei et al, 2007) ,
(120.26°E) ,
(123°E), s
(121°E),
30°30'—32°00'N, 121°00—123°00"E( , ,
2003) (USEPA, 1998)
2016 ,
2017 33 ( 3) ,
2018 3 5 8 10 96 ; ,
, pH (DO) ( 10%) ,
(COD) (TN) (TOC) 25%
2016—2017 DIN SRP ; , (
pH DO (SS) a (chl a) S) 10%) ,
; 2015—2018 25% ,
) ) s 5%
(GB 17378.4-2007) (D
1.2 - (TN TP DIN
SRP ) (chl @ DO TOC )
) Chl a
(Liu et al, 2018) , DO

> E
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Fig.1 Process of deriving nutrient criteria by frequency distribution method

- 1420 ,
(USEPA, 2010; ,2014) (  ,2018) ,
Chla DO 20°C , 25—34,
, (classification and regression tree,
CART) )
(De'Ath et al, 2000) ,
, , ( , 2006; , 2011; s
. 2014 ,2014)
R S-logistic 1 ,
B
CART B =t M
I+e 0
3—10 , B, t (cells/mL), By
R 2016—2018 3—10 ’
CART ( 201 13) (cells/mL), k S-lOgiStiC 1 (d),
) ) B,=Bf/2
(One-way ANOVA) SPSS 24.0
Origin 9.2 s R (Rx643.5.1) ’
CART , 2006)
1.5
1.5.1 “S” S-logistic 1 ,
(Skeletonema costatum) (Prorocentrum ), 2
donghaiense) B, = B—kf , )
Tl
( 5 Bf, , X
2012; , 1989—2019) (mg/L), xo B, =B;/2
, 25°C (mg/L), Xo
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Calculation method of ecological response value

Xo 1,
MATLAB R2014b , /2 (Ryther et al, 1962; Guillard,
Origin Pro 9.2 1975) GXZ ,
1.5.2 25°C, 20°C,
( , 2004), 2L , 3000—50001x, 12 7 12,
20, 30, >
R BD Accuri C6 Plus ,
(121°C, 0.1MPa) 30min R
NaNO; NaH,PO, 2
> > 2.1
100mL s « 3 > >
1700r/min 10min, ,
®1 FHERRAMBEIEFRIRE (umol/L)
Tab.1 Culture concentration of phytoplankton for nitrogen group and phosphorus group
0 0 0 0
0.5 20 0.5 20
1.0 40 1.0 40
120pmol/L; 1.5 60 120pmol/L; 1.5 60
2.0 80 2.0 80
3.0pmol/L 30 120 2.0pumol/L 30 120
4.0 160 4.0 160
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Fig.3 Saltine distribution of Changjiang (Yangtze) River estuary in different years
ca. 2016 ;b. 2016 ;¢.2017 ;d. 2017
R ( , 2009) s
b b
10m R S
R R 10—60m
R ( ,2009) s o1

) I ( 41

32°

31.5°

31°

30.5°

Fig.4 Preliminary results of classifications on Changjiang River estuary
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(31°25.3'N, 122°14.4'E) s ,
(31°12'N, 122°19'E) I 2 ,
, 7.78+7.88( + 0.01, ,
), 90% 20 ,
b ) 2.2
b b 2
I , 123°E ( 3 ( 4
, 28.76+4.44, 90% s
33 , , 1, 74.703%,
) 30 , ,
2 b
pH DO s
COD TOC TN , ( 95
£2 208 EKIOFRRAPRKEREZIEFRERSEITE
Tab.2 Basic statistics values of surface indicators in different segments of Changjiang River estuary in 2018
95%
I 1.878 0.4927 0.0626 1.753 2.004 1.090 3.160
COD (mg/L) P<0.01
I 1.176 0.4126 0.0708 1.032 1.320 0.430 2.710
I 7.914 0.1140 0.0145 7.885 7.943 7.630 8.060
pH P<0.01
il 8.101 0.1053 0.0181 8.064 8.137 7.910 8.330
I 29.309 1.1666 0.1482 29.012 29.605 26.420 31.490
O P<0.01
Il 27.331 0.8766 0.1503 27.025 27.637 26.220 28.850
I 1.504 0.2309 0.0293 1.446 1.563 1.130 2.030
TOC(mg/L) P<0.01
I 1.292 0.2862 0.0491 1.192 1.392 0.710 1.960
I 8.268 0.6254 0.0794 8.109 8.427 7.230 9.880
DO(mg/L) P<0.01
I 7.436 0.4642 0.0796 7.274 7.598 6.350 8.320
I 1.427 0.3705 0.0470 1.333 1.521 0.613 2.580
TN(mg/L) P<0.01
I 0.504 0.3546 0.0608 0.380 0.628 0.146 2.130
1 62 I 34
F3 KIODEEREFZENBEXRHLEREER
Tab.3 Correlation coefficients and significance test results of various index factors in Changjiang River estuary
pH DO SS SRP DIN chl a S
pH 1 0.288" -0.028 -0.342" -0.340" 0.205" 0.313"
DO 0.288" 1 0.138" 0.181" 0.331" -0.026 -0.297"
SS -0.028 0.138" 1 0.238" 0.198™ —-0.103™ -0.105™"
SRP -0.342"" 0.181" 0.238" 1 0.6417" -0.265" -0.6217"
DIN -0.340"" 03317 0.198" 0.641" 1 —-0.148™ -0.903™"
chla 0.205" -0.026 -0.103™ -0.265" —0.148™ 1 0.064
S 0.313" -0.297"" -0.105"" -0.6217" -0.903" 0.064 1
Jwk P<0.01 )

b

>

DIN SRP
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x4 FEERERSTEES RRATEKE
Tab.4 Eigenvalue, principal component contribution rate and
cumulative contribution rate

1 2 3 4 5 6 7
2.845 1.347 1.038 0.853 0.451 0.379 0.087
40.637 19.240 14.825 12.190 6.443 5.414 1.25
%) 40.637 59.877 74.703 86.893 93.336 98.750 100
0
x5 MRS ER
Tab.5 Rotated component matrix
S DIN SRP DO pH chla SS
1 -0.948 0.943 0.758 0.347 -0.43 -0.074 0.102
2 -0.046 0.058 -0.090 0.792 0.755 0.252 0.260

30.038 0.093 0.331 0.093 -0.119 -0.742 0.715
3.0
t - DIN
25k — HMEENESE
E‘, 208 Loy y=-0.0505x+1.7443
LS
&
Z
[a]

SRP}KE (mg/L)

( )
2011b)
C 3 ,
DIN SRP DO SS s DO
SS  ,DIN SRP ., pH
,chla
5 , DIN
SRP ,  SRP , DIN
( ,2001; ,2014)( 5)
.- SRP
0.15f — &MOEIE %
y=—0.00134x+0.0608
0101 R*=0.3103
0.05F"

0.00
0

Fig.5 Relationship between nutrient concentrations and salinity in Changjiang River estuary

2.3
2.3.1

90

5%

( , 2011

>

25% ( ,
2011a; ,2017) SPSS 24
, DIN  SRP (
6) ( 6, 7, DIN
SRP 0.614  0.029mg/L; DIN
SRP 0.300  0.022mg/L
2.3.2 - CART -
SRP  DIN chl a
DO , SRP 0.05705
0.00845mg/L 8
, DIN 0.6273  0.2951mg/L
9 ,
, DIN  SRP 0.627
0.057mg/L, DIN SRP
0.295  0.008mg/L
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% 6 1710 2015—2018 4F DIN #1 SRP SAE N A Git 4 R
Tab.6 Statistical results of DIN and SRP by frequency distribution method in Changjiang River estuary during 2015—2018
( ) ( )
DIN SRP DIN SRP
594 597 195 186
(mg/L) 1.448 0.048 0.251 0.018
0.482 0.016 0.199 0.009
(mg/L) 0.189 0.003 0.024 0
(mg/L) 3.208 0.260 1.269 0.059
5% 0.614 0.029 0.078 0.004
25% 1.132 0.039 0.127 0.012
(mg/L) 50% 1.458 0.047 0.187 0.017
75% 1.739 0.055 0.300 0.022
95% 2.146 0.071 0.696 0.038
80 1001
80+
60
60
& 407 I
40
20}
20
0 1 1 1 0 1 1 1 ]
0.00 1.00 2.00 3.00 4.00 0.00 0.02 0.04 0.06 0.08 0.10
Con (Mg/L) Csre (MQ/L)
6 DIN  SRP
Fig.6 Histogram of frequency distribution of DIN and SRP in the mouth area
* CpIN > CSRP
30r 40
25+
30
20
- %
B sl & ol
10
10F
5
0 0 -7.0 -6.0 -5.0 -4.0 -3.0 -2.0
INCsre
7 DIN  SRP

Fig.7 Histogram of frequency distribution of DIN and SRP in the outside-mouth area

: Inepin

, Incsrp
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a
SRP=0.05705mglL DIN SRP 0.295  0.008mg/L
DIN<1.099mg/L SRP<0.05585mg/L s
a
/—\ /—\ DIN<0.6273mg/L
DIN=1.451mg/L
0.2428ug/L 0.6552ug/L 1.126pg/L
n=22 n=131 n=11
DIN<0.3737mg/L DIN<1.903mg/L
0.4696pg/L 0.8489ug/L
n=71 n=29
30| o 8 DIN=1.943mg/L
! ° 5.159mg/L 6.397mg/L 7.383mg/L
- ° o n=7 n=13 n=175
g 2.0 § .
£ 10f R ’
s i 7.441mg/L 9256mg/L
00 E = "— = — =14 =7
Ve 1 1
%1 2 %ZE %3ﬂ %44 548 10k — E
_t | 0
b > 8- : . __
> e ' —
SRP=0.00845mg/L E | : 3 ——
o gl i o o
° B
4= + | | |
DIN<0.3526mg/L E14 %28 £34 240 5540
0.8901pg/L
n=247 b
DIN<0.2951mg/L
SRP<0.0026mg/L
12.34pg/L
n=7
SRP=0.02375mg/L
7.636mg/L
1.835ug/L 4.775ug/L n=193
n=12 n=15
— SRP=0.0042mg/L
25+ : 4.349mg/L
I 20 ° i n=42
S 15t °
©
= 10F
= o o — 6.431mg/L 8.802mg/L
5r —— - n=162 n=18
L == | - ! —— - ) S
148 248 348 448 151
o]
8 (a) (b) DIN  SRP chl a % 10+ — i !
E e ]
Fig.8 The CART of values of chl a divided by DIN and SRP o | —§—
concentrations in the mouth area (a) and outside-mouth area (b) oL ; ' ? |
: chla ; E18 28 30 E
chl a
9 (a) (b)DIN  SRP DO
2.3.3
, - Fig.9 The CART of values of DO divided by DIN and SRP
concentrations in the mouth area (a) and outside-mouth area (b)
R DIN SRP . DO ,
0.614 0.029 mg/L, DO
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) 3.0umol/L DIN
> s R DIN
( 7)(Yang et al,2019) 120pumol/L SRP ,
2.4 , SRP  2.0umol/L , DIN

) , 0—80umol/L ,

( 10, 11) , DIN , 80umol/L
120pmol/L SRP s ,
, , SRP , 40 ( ,2012)

KT FRAZESHERYEEESHBARERMER

Tab.7 Nutrient criteria derived from various methods in comparison with other research results

(mg/L) (mg/L)
DIN SRP DIN SRP
( ) ( )
(European
0.28 NA 0.18 NA Commission,
2003)
0.341—0.702 0.016 0.231 0.016
0.294—0.899 0.028 0.200 0.028
(Liu et al, 2018)
0.297—0.964 0.024—0.037 0.272 0.028
0.294—0.896 0.024—0.028 0.196 0.028
1.05—1.24 0.030—0.036 1.05—1.24 0.030—0.036  (Yang et al, 2019)
0.614 0.029 0.300 0.022
- 0.627 0.057 0.295 0.008
0.614 0.029 0.295 0.008
NA NA NA 0.20 0.015 ( ’
(GB3097-1997) 2004)
:NA:
140 - . -
[ SRPRE(umoliL) a 1207 DiNs (umol) b
=0 > I
120 e 05
o 298 100
- . —_
€ 100 Y15 —E‘
B +20 % 80k
= I 430 2
L 80 »40 8
e ES)
x 0 x 801
W 60 W
8 - ] 40
& aor g [
% I 1y
20L 20
or or
L L L n L n Il L 1 L 1 L Il L 1 L | 1 L L L L L Il n 1 L Il L L L Il n ]
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
6978 (d) 8378 (d)
10 (a) (b)
Fig.10 Growth curves of Skeletonema costatum of nitrogen group (a) and phosphorus group (b)
1.5.1 R I II R
DIN SRP 0.535 I DIN SRP
0.025mg/L, DIN SRP 0.535 0.025mg/L,1I DIN SRP

0.254  0.043mg/L 0.254  0.043mg/L ( 8)



1076 51
14 SRPSRE (umoliL) a R sl DlNOEZQE(umoI/L) b
=0 T 20
12 0.5 7L a40
3 1.0 5 v 60
E 18 E [ #80
2 10r %-8 3 gL <120
qg § 30 B | »160
S gt =3
x x o
T |
S 6 £l
L % sl = -
2+ 2L
o 1 2 3 4 5 6 0 1 2 3 4 5 6
ByiE (d) B8 (d)
11 (a) (b)
Fig.11 Growth curves of Prorocentrum donghaiensis of nitrogen group (a) and phosphorus group (b)
R 8 ZifFEN DIN #0 SRP 894 7500 57 & (B4 mg/L)
Tab.8 Ecological response of phytoplankton to DIN and SRP (unit: mg/L)
95% CL 95% CL
DIN SRP
LCL UCL LCL UCL
0.535 0.499 0.585 0.025 0.022 0.027
0.254 0.241 0.268 0.043 0.029 0.052
3 , (Elliott et al, 2002;
,2013)
) DIN SRP, TN TP
(Perillo, 1995)
’ ’ R (GB 3097-1997) ,
’ ’ DIN SRP, TN TP
( )
2018) > >
> 20 80
( » 20112) , 1984—2015 |
> DIN SRP , 1988
( ,2009) , s s 1984—1987
> ,DIN SRP
> > 0.0705 0.0008mg/L ( , 2015,
(Telesh et al, 2010) , 2019) ,
R 30
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46.82  29.65, Redfield 16 s
R R 16 3 (Redfield, , , 2017,
1960) s ,
S ( , 2010; 48(6): 1178—1186
, 2011) N N 2012. 50a
, 3103):
> 310—315
( ) ) , 2019. 2018
. http://hys.mee.gov.cn/dtxx/201905/
( . 2006: ’ P020190529532197736567.pdf
, 1989—2019. 1989—2018
1989—2019) > . http://www.mnr.gov.cn/sj/sjfw/hy/gbgg/
s zghyzhgb/
g , 1998. , (
). : , 799
, , , 2004.
s : ,20—21
, s R , 2011a.
, 32(9): 2497—2504
’ , , , 2011b.
,31(17): 5042—5054
R , 2001. ,
23(4): 1—16
’ , , 2010.
’ ’ , 19(12):
> 2941—2947
, , , 2014.
. : , 1—67
’ > , , 2015.
’ > , 45(4):
455—467
, 2018.
4 : ( )
, 1—127
(1 , , , 2019. GIS
> I ) I , 39(11):
3918—3925
( ) ’ , 2014,
. : , 102—104
(2) , , , 2003,
s DIN SRP s 175
> s , 2001.
’ DINSRP , (1):23—29
DO SS s SRP , DIN L 2001.
, 1—69
3) ) ) , , 2006. e
, 26(6):
DIN SRP 0.614  0.029mg/L, 1016—1021
0.295 0.008mg/L , 2012.
(4) ’
1—76
R DIN SRP 2009, 7
0.535  0.025mg/L, DIN  SRP 27(S1): 10—16
0.254  0.043mg/L , 2011,
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WATER QUALITY CRITERIA OF DISSOLVED INORGANIC NITROGEN AND
SOLUBLE REACTIVE PHOSPHORUS IN CHANGJIANG RIVER ESTUARY

WU Ya-Nan', ZHANG Hao-Fei*?, WANG Lu*, LI Zheng-Yan">

(1. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China; 2. East China Sea
Environment Monitoring Center, SOA, Shanghai 201206, China; 3. Key Laboratory of Marine Ecological Monitoring and Restoration
Technology, Ministry of Natural Resources, Shanghai 201206, China; 4. Chinese Research Academy of Environmental Sciences, Beijing
100012, China; 5. Key Laboratory of Marine Environmental Science and Ecology, Ministry of Education, Qingdao 266100, China)

Abstract The estuarine nutrient criterion is the maximum threshold value for which the estuarine nutrient state
parameters do not produce adverse or harmful effects on the ecological environment. In this study, based on the
2015—2018 environmental survey data of the Changjiang (Yangtze) River estuary, first, the internal division of the estuary
was carried out. Secondly, through the principal component analysis, correlation analysis, and linear regression analysis
methods, the key indicators of nutrition criterion were selected for the Changjiang River estuary, and then using the
frequency distribution method and pressure-response model method, the recommended criterion values were obtained.
Finally, the ecological response values of dominant harmful algal bloom species were obtained through laboratory
experiments as reference values. Results show that according to the salinity distribution and geographic characteristics, the
estuary could be divided into two ecological areas: the mouth area and the outside-mouth area. DIN (dissolvable inorganic
nitrogen) and SRP (soluble reactive phosphorus) are key indicators to the formulation of nutrient benchmarks in the estuary.
The recommended values of DIN and SRP were 0.614 and 0.029mg/L for the mouth area, and 0.295 and 0.008mg/L for the
outside-mouth area, respectively. Results are expected to provide a scientific basis for environmental management such as
eutrophication assessment and formulation of nutrient standards in the Changjiang River estuary.

Key words Changjiang (Yangtze) River estuary; water quality criteria; frequency distribution method;

pressure-response model; eutrophication



