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Fig.1 Sampling stations of Xiaoqing River estuary
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Table 1 Methods for hydrology and waer quality, hdex analysis index

fabR VAX DR TIER R
Index Analysis method Reference

e T WA 2 ZHUK U [17]

HEE S W Ay 2 ZHOK X [17]

pH A A 2 ZHOK U [17]

TN B AR R B T e 25 S DB RE [18]

TP B R A O A S IR B e B B 1% [19]

A% Amonia PRI L a7k [20]

W fitR L Nitrite IR [21]

TR EL Nitrate VIR AV [17]
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Table 2 Fitting models of different algae species under

different nutrient concentration conditions

N & P 2
Nitrogen Phosphorus
Algae o o
fixation group fixation group
i 40 SGompertz Boltzmann
R O Boltzmann Boltzmann
TR e © Hilll Boltzmann

Note: (DSkeletonema costatum ; @) Heterosigma akashiwo ; Q) Prorocen-

trum minimum.
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Table 3 Experimental nitrogen and phosphorus concentration of fixed nitrogen group (mg-+ L")
N4 P2
Nitrogen group Phosphorus group
2.00 0 0.050 0.10 0.15 0.20 0.25 0.30
*4 EEBMIRWAFHNERBERYIRE
Table 4 Experimental nitrogen and phosphorus concentration of fixed phosphorus group (mg+ LY
P N4
Phosphorus group Nitrogen group
0.050 0 0.30 0.50 0.70 0.90 1.10 1.30 1.50
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Fig.2 Frequency distribution curves of nutrients in Xiaoging River estuary
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Table 5 Frequencydistribution results of nutrients in Xiaoqing River Estuary (mg-+ L")

147 I3 Percentile/ %6 T BUME O ROKE RERE

Index 5 25 75 95 Average Min Max Sample
TN 5.18 8.43 13.75 18.39 10.96 3.33 20.00 100
TP 0.14 0.24 0.41 0.58 0.34 0.03 0.68 213
DIN 3.33 4.60 5.84 8.05 5.23 2.71 8.69 78
SRP 0.015 0.026 0.078 0.16 0.048 0.008 0.17 78

WFFE I, /N T PSS FR 5 e e O R
AR B SRR it &R B 5 5 A
OGO AELAE Ry A8 43 A 5 i SEMEAE . B TN Oy 5. 18
mg/L; TP 2k 0. 14 mg/L; DIN 3k 3. 33 mg/L; SRP %
0.015 mg/L.
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Fig.3 Ratio of DIN/TN,SRP/TP in Xiaoging River estuary
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Fig.4 Growth curve of three types of phytoplankton in different nitrogen and phosphorus concentrations
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Table 6 Derivation of ecological criteria of nitrogen in Xiaoging River estuary (mg-+ L")
s e T U A A B {ZX 8] Confidence interval
T .
L Lok Ecological response
toplankton L. .
vir of phytoplankton TR Lower limit BR Upper limit
B 458 Skeletonema costatum 0.29 0.18 0.30
TR AW Heterosigma akashiwo 0.29 0.19 0.32
R ¥ Prorocentrum minimum 0.17 0.15 0.28
DIN 4= 255 MEAH Criteria 0.17 0.15 0.28
TN A EEMEE Criteria 0.23 0.20 0.36

RT ONEAOBRESEREE

Table 7 Derivation of ecological criteria of phosphorus in Xiaoqing River estuary

(mg+ L™

o s b T U A A B # X [A] Confidence interval
T .
L ok Ecological response
toplankton L. Lo
yiop of phytoplankton TR Lower limit PR Upper limit
Frh B 453 Skeletonema costatum 0.020 0.020 0.030
TR 2% Heterosigma akashiwo 0.085 0.010 0.100
IR % Prorocentrum minimum 0.030 0.030 0.040
SRP A5 3eififd Criteria 0.020 0.020 0.030
TP AL E(E Criteria 0.059 0.059 0.089

3.3 AEAMRFAERBLERILE

HRAE 2 TF SCHERARGE S [ YA [R]85 1 i e
EILER 8. AT WLASCHES: Hh 1) /NE T 11 DINL,SRP, TN
TP (1 5 [RAE SR FH - g A 78 45 381 1)
L] 1A 25 35 o A BE e 4230 5 A SCOMRVRR o A vA 4 5
i) SRP F1 TP ELifE(E 5 [FAER I 5 245 2] 1030 H
FHEA R o (A R T . (ELAR S - oy A 7Y 3k 4
S 9 DIN TN 36 E( iz TR A i A5 1 Y

BEAE(ELAIC J5L P AT RE 2 A9 2800 A1 12 0 Bk T B 37 ) A 4K
A g SR, /N ) P P X 52 0 g b ™
H ORI )2 IR XL RS, SO SR 2 A
T SIS FAR TR I AR SR JBCHS - 1 A 7R 5 4
S S AR /NI B SR A R, B TN
S 0.23 mg/L. TP 2k 0.059 mg/L., DIN & 0.17
mg/L.SRP >} 0. 020 mg/L,

®S HEARMRAOEFMEFEEENLLE

Table 8 The comparison of recommended values for estuarine nutrient criteria in different regions of China

(mg+ L")
fFFEIX i W S 3k
ij;gnjz Analjjfi;j;{ihod PIN SKRP N 1w Ref;rj:nﬁit

LW I Liao River estuary B AR 0.77 0.029 1.11 0.037 [43]
F:3L3 1 Daliao River estuary - O A 7R 0.235 0.037 0.363 0.124 [29]
AT [ Daliao River estuary BT AR TRER 0.893 0.009 1.541 0.041 [29]
iij Ei]ir}?eftjfry and coastal area B AA 0.1 0006 0-19 0.032 [44]
/NI T Xiaoqing River estuary B AA 1 3.33CRHER) 0.015 5.18CRHERE) 0.14 AHFFE
/NN Xiaoging River estuary J -] oy A 3 0.174 0.020 0.230 0.059 AT
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AR SCHE T 07 W D 5k A = - S R T
NG AR E SR HEAE S R DT EE4518 .
(D/INE FK S B 5740 ™ 8 JUHJE TN AT DIN ¥
FER s AR A (b 2 7K PR 58 0T A A ) (GB 3838—
2002) , TN J& T IV 27K 5 s AR H (Vg K K B br o ) (GB
3097—1997) ,DIN L& F IV 2&/K i .

(2) M A5 B3 W DS i AR FE A K8 A1 4 3 ) /N ]
1 TN, TP, DIN F1 SRP %t i {5 4> %1 24 5.18.,0. 14,
3. 33 F10.015 mg/L, i T/NF W H & T5 Y4 ™ 5, A3
AR HAE R B TR IR

(3D FH H - A TR 368 o 7/ NV T I SR ik
JE 5 F e A A 22 ) A e 7 56 R L A5 /NI TN TN
TP.DIN F1 SRP 5 5 UE(E 43 51 H 0. 23.0. 059.0. 17
1 0. 020 mg/L,

Sk -

[1] Feng CL, LiH, Yan ZF, et al. Technical study on national man-
datory guideline for deriving water quality criteria for the protection
of freshwater aquatic organisms in China[ J]. Journal of Environ-
mental Management, 2019, 250; 1-7.

[2] US EPA (US Environmental Protection Agency). National Recom-
mended Water Quality Criteria; 2002[ R]. Washington DC; United
States Environmental Protection Agency’, Office of Water, Office
of Science andTechnology(4304T), 2002.

[3] US EPA. National Recommended Water Quality Criteria [ R ].
Washington DC: United States Environmental Protection Agency',
Office of Water, Office of Science and Technology, 2009.

[4] Anzecc A. Australian and New Zealand Guidelines for Fresh and
Marine Water Quality[ R]. Canberra; Australian and New Zealand
Environment and Conservation Council and Agriculture and Re-
source Management Council of Australia and New Zealand, 2000
1-103.

[5] European Chemicals Bureau. Technical Guidance Document on
Risk Assessment-Part II[ R]. Luxembourg: European Chemicals
Bureau, 2003.

[6] CCME A. Protocol for the Derivation of Water Quality Guidelines
for the Protection of Aquatic Life[ R]. Winnipeg, Manitoba: Cana-
dian Council of Ministers of the Environment, 2007.

[7] Van Vlaardingen P L. A, Verbruggen E M ]J. Guidance for the Deri-
vation of Environmental Risk Limits Within the Framework of ‘In-
ternational and National Environmental Quality Standards for Sub-
stances in the Netherlands” (INS). Revision 2007[R]. Netherland:
National Institute for Public Health and the Environment, 2007,

[8] World Health Organization (WHO). Guidelines for Drinking-Wa-
ter Quality Incorporation 1st and 2nd Addenda[ R]. Geneva, Switz-
erland: World Health Organization, 2008.

(9] ZRJe. REPIHE. XK, S5 v F s IR A0 78 77 Eh S 1 i
JEPESY2ELT ] P ERL . HERBLE, 2015, 45(4): 455-467. doi:
10.1007/s11430-014-5030-1.

LiJ L, Zheng BH, Liu Y, et al. Classification of estuaries in Chi-

na based on eutrophication susceptibility to nutrientload[ ]J]. Sci-
ence China: Earth Sciences, 2015, 45(4): 455-467. doi: 10.1007/
s11430-014-5030-1.

[10] Rabalais N N. Nitrogen in aquatic ecosystems[ ] ]. AMBIO: A
Journal of the Human Environment, 2002, 31(2): 102-113.

[11] Howarth R, Chan F, Conley D J, et al. Coupled biogeochemical
cycles: eutrophication and hypoxia in temperate estuaries and
coastal marine ecosystems[ J ]. Frontiers in Ecology and the Envi-
ronment, 2011, 9(1). 18-26.

[12] USEPA. Nutrient Criteria Technical Guidance Manual; Estuarine
and Coastal Marine Waters[ R]. Washington DC; United States
Environmental Protection Agency’. Office of Water, 2001.

(18] MRS, Fhk. sREINE, 5 SRR P B SRR 5 5 E R
SR MRk . 2006(3) . 329-335.

Sun P X, Wang B, Zhang Z H., et al. Relationship between Nutri-
ent distribution and eutrophication in seawater of the Laizhou Bay
[J7]. Advances in Marine Science, 2006(3): 329-335.

[14]  5RT5. 3 =TAF 3T 322835 Yepy isf s A8 Ak Ko/ N VAT 100 K B34

EbrAR AL (D] 758 . hEEFERY:, 2013,
Zhang X. Spatio-Temporal Variability of Principal Pollutants in
Laizhou Bay in Nearly 30 Years and Establishment of Evaluation
Index System in Water of Xiaoqing River Estuary[ D]. Qingdao:
Ocean University of China, 2013.

[15] HUHESE, g1, sRig. % MG EFRLME ERAFIES
FgEak )] Mg R . 2019, 35(4); 1-9.

Zhu Y X, Pei SF, Zhang H B, et al. Characteristics and research
progress of Nutrients and eutrophication in Laizhou Bay, China
[J]. Marine Geology Frontiers, 2019, 35(4); 1-9.

[16] XIXZE, 7522, Wive, 45 SN IS 55 3h BUIR B AR bR A2 4k
ALY ik Fl2F3k R, 2011, 32(4): 1-5,

Liu Y H, Yang X L, Jin Y, et al. Distribution and inter-annual
variation of nutrients in Laizhou Bay[]]. Progress in Fishery Sci-
ence. 2011, 32(4). 1-5.

L17] R IR KA I 2347 5 125 Y22 23 . 7K R Kt il

Brorss 3 LMD, Jbat. W EBR SR I AL 1989.
National Environment Protection Agency, Editorial Board of Wa-
ter and Wastewater Monitoring and Analysis Method. Water and
Wastewater Monitoring and Analysis Method[ M]. (3rd Edition).
Beijing: China Environmental Science Press, 1989.

(18] HERIEARYF. GB/T 118941989, 7K BT Z 1 I & Bl 3 it
FREMIH B 25 0o Yot BE L[S, dbmt . Hh AR At . 1989.
National Ministry of Environmental Protection. GB/T 11894
1989, Water Quality—Determination of Total Nitrogen—Alka-
line Potassium Persulfate Digestion-UV  Spectrophotometric
Method[ S]. Beijing: China Standards Press, 1989.

[19] EZRHEARIHS. GB/T 11893—1989, 7K it i Bh i il 1 BH MR £ 7>

GRS dbat. dhEbREL A, 1989.
National Ministry of Environmental Protection. GB/T 11893—
1989, Water Quality—Determination of Total Phosphorus—Am-
monium Molybdate Spectrophotometric Method[ S]. Beijing: Chi-
na Standards Press. 1989.

[20] BEFRHFEIFES. GB/T 7479—1987, 7K 54k i I 5 44 FG ik ) L
pk[S]. Junt: P EbRE D AL . 1987
National Ministry of Environmental Protection. GB/T 7479—

1987, Water Quality—Determination of Ammonium—Nessler”’s



7

ErlE, %

NI R TR ) 139

[21]

[22]

(23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Reagent Colorimetric Method[S]. Beijing: China Standards

Press, 1987.

B ISP EL. GB/T 7493—1987, JK S BRER A I 52 73
JOBEEIELS]. dunt. P EbRiE S het . 1987,

National Ministry of Environmental Protection. GB/T 7493
1987, Water Quality-Determination of Nitrogen(Nitrite)-Spectro-
photometric Method[ S]. Beijing: China Standards Press, 1987.
US EPA (US Environmental Protection Agency). Nutrient Crite-
Rivers and Streams[R]. Wash-
ington DC: United States Environmental Protection Agency’, Of-
fice of Water, 2000.

US EPA. Nutrient Criteria Technical Guidance Manual: Lakes
and Reservoirs[ R]. Washington DC; United States Environmen-

ria Technical Guidance Manual;

tal Protection Agency’, Office of Water, 2000.

H . BRI, eI, KBRS K BRE M. JE s
HEHIRAL . 2004: 362-365.

Xia Q, Chen Y Q.
Quality Standards[ M. Beijing: Station Pres of China, 2004; 362-
360.

ESE, BET, WAk, &FOBNAE R AR ETT SR
B TR AR, 2017, 7(2): 125-133.

Huo S L., Ma CZ, XiBD, et al. Progress in research on lake nu-

R

Liu X B. Water Quality Criteria and Water

L MR

trient criteria[ J |. Journal of Environmental Engineering Technol-
ogy, 2017, 7(2). 125-133.

US EPA. Using Stressor-Response Relationships to Derive nu-
meric Nutrient Criteria[ R]. Washington DC; United States Envi-
ronmental Protection Agency’, Office of Water, 2010.

Thomas Heatherly 1. Acceptable nutrient concentrations in agri-
culturally dominant landscapes: A comparison of nutrient criteria
approaches for Nebraska rivers and streams[ ] |. Ecological Indi-
cators, 2014, 45: 355-363.

FAEAR, KT T BUBRIR . S5, WRAREL TR AR AL X v 2k 1
ARM S L] BB RS (A RB D . 2004 (3):
453-460.

Wang X L, Deng N N, Zhu C J, et al. Effect of Nutrients (Phos-
phate and Nitrate) composition on the growth of HAB Algae[ ] .
Periodical of Ocean University of China, 2004(3): 453-460.
WARGEE. IR 1 55 ) B i (L 0% o 2 vk B G 2 o PR 32 T
[DJ. # & . S EEHFERY:, 2015,

Yang F X. Approaches of Nutrient Criteria Establishment and its
Influencing Factors in the Daliaohe Estuary[ D]. Qingdao: Ocean
University of China, 2015.

PR, ORAAESR. sy K 0y R BHF L) ] RUR
SRR CHARBIAMD - 1999(2): 26-28.

Liang W D, Toshikuni Y. Kinetics and simulation of culture of
chlorella ellipsoideal J]. Journal of Wuhan Yejin University of Sci-
ence and Technology (Natural Science Edition), 1999(2) . 26-28.
T, FEA BIRM S IR BRI U F AR K T A
L] AR, 2012, 31(5). 1272-1281.

Yu N, Yu] S, Lv Z B, et al. Disaster characteristics of harmful
algal bloom and its early warning management in Shandong coast-
al waters[ J]. Chinese Journal of Ecology, 2012, 31(5); 1272-
1281.

MRV, FGIE, R, A ISR A D s IR R R LT .
TR RRA . 2008, 27(S2): 1-5

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Lin F A, Lu X W, Luo H, et al. History. status and characteris-
tics of red tide in Bohai Sea[]]. Marine Environmental Science,
2008, 27(S2): 1-5.

[ Z AR . GB 3097
bRttt pitat . 1997,
National Ministry of Environmental Protection. GB 3097—1997,
Sea Water Quality Standard[ S7. Beijing: China Standards Press,
1997.

XU, B AR, BRTCAR . SF. AN [ U Lo v ) A AN G
HERAERKRRERZmI L) 1. BT, 2010, 29(6) . 92-97.
Liu H, Gao Y L, Yin K D, et al. Effects of N and P ratio on the

1997, HgAKBEARMELS]. dbat: o

growth of two red tide diatom Skeletonema costatum and Thalas-
siosira weissflogii[J]. Journal of Tropical Oceanography, 2010,
29(6): 92-97.

Redfield A C. The biological control of chemical factors in the en-
vironment[ ] |. American Scientist, 1958, 46(3): 205-221.
Robert R L. Guillard, John H Ryther. Studies of marine plankton-
1. Cyclotella nana hustedt, and detonula confervacea
(cleve) gran[J]. Canaian. Journal of Microbiology, 1962, 8(2):
229-239.

ic diatoms:

FEIESR . WIRDT . TS0 Pl g 3 A e i R R T L)
HEERLE, 2004(11); 1-2+5,

Dong Z Z, Dong Z F, Ding D W. A method of quick determination
of algal biomass[J]. Marine Sciences, 2004(11): 1-2-5.
D EFM, I, S5 R R SO B i A
B0, AR, 2015, 27(5) . 757-766.

Li SN, Wang X J, Zhou J, et al. Application of flowcytometry to
enumerate small plankton[ ] ]. Journal of Lake Sciences, 2015, 27
(5): 757-766.

Mooney C F, Mooney C L., Mooney C Z, et al. Bootstrapping: A
Nonparametric Approach to Statistical Inference[ M ]. Washington
DC: Sage Publications, 1993.

TR, i35, &, . /NEI AW DT 4K R
HZEHrL]. BEERA, 2020, 41(4): 1619-1628.
Fan X F, Han M, Wang L, et al

AR A K B By

Analysis of water quality

change and its driving factors of the Xiaoging River estuary in re-

cent ten years[ ] ]. Environmental Science, 2020, 41(4): 1619-
1628.
M, R, B E, S /DE Ak BT R IR K OE E SR

LI PR “'T&(Eﬁkﬂ‘”ﬁ)ﬁ), 2013, 43(2): 60-66.
Cui Y, Zhang L. J, Luo X X, et al. Study on the water pollution
and eutrophication in the Xiaoqing River estuary[ ] ]. Periodical of
Ocean University of China, 2013, 43(2): 60-66.
E R AR, GB 3838—2002, HiF /KM%
AU RERRE A, 2002,

National Ministry of Environmental Protection. GB 38382002,

FEpRELS]. dt

Environmental Quantity Standards for Surface Water[ S]. Beijing:
China Standards Press. 2002.

I, AR, ok, AR IDW B SRR I wE k)]
HR R 22 CH AR RRD » 2016, 46(9): 78-84.

Su J. Yang F X, Su R G, et al. Approach of nutrient criteria es-
tablishment and application in the Liaohe estuary[J]. Periodical of
Ocean University of China, 2016, 46(9);: 78-84.

AR, T, kAR, AR JDW ORI EUK IR E SRR
FEMEM I E T s ). T EBREERL A, 2011, 31(6): 996-1000.



140

OE B ¥ R ¥ ¥ W 2021 4E

Hu Y'Y, Wang J Y. Zhang Z F, et al. Approach of nutrient crite- [J]. China Environmental Science, 2011, 31(6): 996-1000.

ria establishment and application in coastal area of Liaohe estuary

Approach of Nutrient Criteria Establishment for the Xiaoqing River Estuary

Wang Siyu', Sui Xiuguo', Li Zhengyan's*
(1. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China; 2. Key Labora-
tory of Marine Environment and Ecology, Ministry of Education, Ocean University of China, Qingdao 266100, China)

Abstract: In this paper, the frequency distribution method and stressor-response model method are
used to derive the reference values of nutrients in the Xiaoqing River estuary. The frequency distribution
method was based on the 5th percentile of nutrient concentrations at all monitoring stations in the Xiao-
qing River estuary as the recommended reference value. The stressor-response model method was com-
bined with field survey data to establish a stressor-response relationship model for phytoplankton and
nutrients in the Xiaoqing River estuary. Skeletonema costatum, Heterosigma akashiwo and Prorocen-
trum minimum were used as the test species, and the ecological reference values of total nitrogen
(TN), total phosphorus (TP), dissolved inorganic nitrogen (DIN), and soluble reactive phosphate
(SRP) were derived for Xiaoging River estuary. The reference values derived through the frequency dis-
tribution method were 5.18, 0. 14, 3.33 and 0. 015 mg/L, respectively. The reference values derived
from the stressor-response model were 0. 23, 0. 059, 0. 17 and 0. 020 mg/L, respectively. The reference
values of TN and DIN derived through the frequency distribution method were not recommended as nu-
trient criteria for the Xiaoqing River estuary, because the nitrogen concentrations in the estuary were
much higher than the Grade IV level (1.5 mg/L) of the environmental quality standards for surface wa-
ter and the Grade 1V level (0.5 mg/L) of the seawater quality standards in China. Nevertheless, the ref-
erence values derived from the stressor-response model were recommended as the nutrient criteria,
which could provide scientific basis for nutrition standard formulation and ecological risk assessment for
the estuary.

Key words: estuarine nutrient criteria; Xiaoging River estuary; stressor-response model; frequency

distribution method
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