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Abstract:    Water eutrophication has become a worldwide environmental problem in recent years, and understanding the 
mechanisms of water eutrophication will help for prevention and remediation of water eutrophication. In this paper, recent ad-
vances in current status and major mechanisms of water eutrophication, assessment and evaluation criteria, and the influencing 
factors were reviewed. Water eutrophication in lakes, reservoirs, estuaries and rivers is widespread all over the world and the 
severity is increasing, especially in the developing countries like China. The assessment of water eutrophication has been ad-
vanced from simple individual parameters like total phosphorus, total nitrogen, etc., to comprehensive indexes like total nutrient 
status index. The major influencing factors on water eutrophication include nutrient enrichment, hydrodynamics, environmental 
factors such as temperature, salinity, carbon dioxide, element balance, etc., and microbial and biodiversity. The occurrence of 
water eutrophication is actually a complex function of all the possible influencing factors. The mechanisms of algal blooming are 
not fully understood and need to be further investigated. 
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INTRODUCTION 
 

Water eutrophication is one of the most chal-
lenging environmental problems in the world. The 
increasing severity of water eutrophication has been 
brought to the attention of both the governments and 
the public in recent years. The mechanisms of water 
eutrophication are not fully understood, but excessive 
nutrient loading into surface water system is consid-
ered to be one of the major factors (Fang et al., 2004; 
Tong et al., 2003). The nutrient level of many lakes 
and rivers has increased dramatically over the past 50 
years in response to increased discharge of domestic 
wastes and non-point pollution from agricultural 
practices and urban development (Mainstone and Parr, 
2002). For more than 30 years, nutrient enrichment, 
especially phosphorus (P) and nitrogen (N), has been 

considered as a major threat to the health of coastal 
marine waters (Andersen et al., 2004). Once a water 
body is eutrophicated, it will lose its primary functions 
and subsequently influence sustainable development 
of economy and society. Therefore, nowadays the 
solution of water eutrophication and recovery of the 
multiple functions of the water system have become 
the key issues for environmental biologists. The main 
purpose of this paper is to provide a brief review on 
recent advances on understanding the mechanisms of 
water eutrophication and progresses in identifying the 
influence factors inducing water eutrophication. 
 
 
DEFINITION AND OCCURRENCE OF WATER 
EUTROPHICATION  
 
Definition of water eutrophication 

Lakes and estuaries accumulating large amounts 
of plant nutrients are called “eutrophic” (from the 
Greek words eu meaning “well” and trophe meaning 
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“nourishment”). Eutrophication can be defined as the 
sum of the effects of the excessive growth of phyto-
planktons leading to imbalanced primary and secon-
dary productivity and a faster rate of succession from 
existence to higher serial stage, as caused by nutrient 
enrichment through runoffs that carry down overused 
fertilizers from agroecosystems and/or discharged 
human waste from settlements (Khan and Ansari, 
2005). Water eutrophication can be greatly acceler-
ated by human activities that increase the rate of nu-
trient input in a water body, due to rapid urbanization, 
industrialization and intensifying agricultural pro-
duction. For lake aquatic ecosystems, human activi-
ties in the watershed can lead to loss of dominant 
species and functional groups, high nutrient turnover, 
low resistance, high porosity of nutrients and sedi-
ments, and the loss of productivity (Liu and Qiu, 
2007). For example, aquaculture is one of many hu-
man activities contributing to the environmental de-
cline of coastal waters and the collapse of fisheries 
stocks worldwide (Alongi et al., 2003). Because the 
influence of the human activities, excessive nitrogen, 
phosphorus and other nutrients are loaded into water 
bodies like lake, reservoirs, embouchure and bay, 
which could cause negative ecological consequences 
on aquatic ecosystem structures, processes and func-
tions, result in the fast growth of algae and other 
plankton, and deteriorate water quality (Western, 
2001). Generally speaking, water eutrophication is 
caused by the autotrophy algae blooming in water, 
which composes its bioplasm by sunlight energy and 
inorganic substances through photosynthesis—the 
process of eutrophication is described as follows: 

 
106CO2+ 316NO− + 2

4HPO − +122H2O+18H+ 

C106H263O110N16P (bioplasm 
of algae)+138O2. 

 
According to above equation, it can be concluded 

that inorganic nitrogen and phosphorus are the major 
control factors for the propagation of algae, especially 
phosphorus. The Florida Everglades, a wetland of 
international importance, has been undergoing a sig-
nificant shift in its native flora and fauna due to ex-
cessive total phosphorus (TP) loadings (an average of 
147 ton per annum from 1995 to 2004) and an elevated 
mean TP concentration (69 μg/L of TP in 2004) from 
agricultural runoff and Lake Okeechobee outflow de-

spite the use of over 17 000 ha of stormwater treatment 
areas (Richardson et al., 2007). 

 

Assessment of water eutrophication  
Surface water quality guidelines have been im-

proved in recent years. The parameters to assess the 
ambient surface water quality have been increased. In 
China, the parameters for assessing environmental 
quality of surface water have been increased to over 
30 (CNEPA, 2002). Five classes of surface water 
quality have been set up, and some selected parame-
ters for assessing water quality of lakes or reservoirs 
are shown in Table 1. However, there are no perfect 
evaluation criteria for assessing water eutrophication. 
Generally, the physical and chemical evaluation pa-
rameters were used to assess water eutrophication, 
mainly nutrient concentration (N and P), algal chlo-
rophyll, water transparency and dissolved oxygen. 
Although there are many different assessment pa-
rameters, the concentrations of total nitrogen and 
phosphorus are the two basic ones. Cheng and Li 
(2006) used total nutrient status index (TNI) to assess 
eutrophication status of lakes. The calculation of total 
nutrient status index is as follows: 

 

,j jTNI W TNI=∑  2 2
j ij ijW r r= ∑ , 

 

where, TNI is the sum of indexes of all nutrient 
parameters, TNIj is the TNI of j parameter, Wj is the 
proportion of j parameter in the TNI, and rij is the 
relation of chlorophyll a (Chla) to other parameters. 
The available parameters concerned include total ni-
trogen (TN), total phosphorus (TP), Chla, dissolved 
oxygen (DO), chemical oxygen demand by K2MnO4 
oxidation method (CODMn), biological oxygen de-
mand (BOD5), etc., and  TN, TP and Chla are selected 
for calculating the TNI (Cheng and Li, 2006). Table 2 
shows the burthen values of TN, TP and TNI in vari-
ous eutrophicated water. It has been shown that the 
eutrophication or red tide occurs when N concentra-
tion in water reaches 300 μg/L and P concentration 
reaches 20 μg/L. Richardson et al.(2007) reported that 
exceeding a surface water mean TP threshold con-
centration of 15 μg/L causes an ecological imbalance 
in algal, macrophyte and macroinvertebrate assem-
blages as well as slough community structure in the 
Everglades areas. Therefore, it is considered that a 
threshold zone (12~15 μg/L) of TP may be more re-
alistic and protective for all trophic levels. 

Energy+microelement 
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Inglett and Reddy (2006) reported evidences to 
support the use of stable C (delta C-13) and N (delta 
N-15) isotopic ratios as indicators for eutrophication 
and shifts between N and P limitation. Lin et al.(2006) 
compared the stable isotopes from dissolved nutrients 
and plants and water column nutrient parameters and 
integration of multiple proxies in a sediment core 
from Meiliang Bay of Taihu Lake, and found that 
differences in aquatic plant species and trophic status 
between East Taihu Bay and Meiliang Bay are indi-
cated by their variations in delta C-13 and delta N-15 
of aquatic plants and delta N-15 of 4NH+ -N. A sig-
nificant influence of external nutrient inputs on water 
quality of Meiliang Bay is reflected in temporal 
changes in delta N-15 of 4NH+ -N and hy-
dro-environmental parameters. The synchronous 
change between delta C-13 and delta N-15 values of 
sedimented organic matter (OM) has been attributed 
to elevated primary production at the beginning of 
eutrophication between 1950 and 1990, and then 
recent inverse correlation between them has been 
caused by the uptake of N-15-enriched inorganic 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nitrogen by phytoplankton grown under eutrophication 
and subsequent OM decomposition and denitrification 
in surface sediments, indicating that the lake has suf-
fered from progressive eutrophication since 1990. 

More sensitive biological indicators for assess-
ing water eutrophication are needed to further study. 
Water eutrophication caused a degradation of healthy 
aquatic ecosystem, so the assessment methods and 
parameters should reflect the extents of aquatic eco-
system health. A set of ecological indicators including 
structural, functional and system-level aspects were 
proposed for a lake ecosystem health assessment, 
according to the structural, functional and sys-
tem-level responses of lake ecosystems to chemical 
stresses including acidification, eutrophication, and 
copper, oil and pesticide contamination. The struc-
tural indicators included phytoplankton cell size and 
biomass, zooplankton body size and biomass, species 
diversity, macro- and micro-zooplankton biomass, the 
zooplankton/phytoplankton ratio, and the macrozoo-
plankton/microzooplankton ratio. The functional 
indicators encompassed the algal C assimilation ratio, 

Table 1  The criteria of surface water quality for lakes or reservoir (CNEPA, 2002) 
Surface water quality classification 

Items 
Class I Class II Class III Class IV Class V 

Water temperature (°C) Maximum week increase≤1; maximum week decrease≤2 
pH 6~9 
DO (mg/L) Saturation≥90% ≥6 ≥5 ≥3 ≥2 
CODMn (mg/L) ≤2 ≤4 ≤6 ≤10 ≤15 
CODCr (mg/L) ≤15 ≤15 ≤20 ≤30 ≤40 
BOD5 (mg/L) ≤3 ≤3 ≤4 ≤6 ≤10 
TN (mg/L) ≤0.2 ≤0.5 ≤1.0 ≤1.5 ≤2.0 
NH3-N (mg/L) ≤0.15 ≤0.5 ≤1.0 ≤1.5 ≤2.0 
NO2-N (mg/L) ≤0.06 ≤0.1 ≤0.15 ≤1.0 ≤1.0 
TP (mg/L) ≤0.01 ≤0.025 ≤0.05 ≤0.1 ≤0.2 
Chlorophyll a ≤0.001 ≤0.004 ≤0.01 ≤0.03 ≤0.065 
Transparency (m) ≥15 ≥4 ≥2.5 ≥1.5 ≥0.5 
Escherichia coli (L−1) ≤200 ≤2000 ≤10000 ≤20000 ≤40000 
DO: dissolved-oxygen; CODMn: Chemical oxygen demand by K2MnO4 oxidation method; CODCr: Chemical oxygen demand by chro-
mium oxidation method; BOD5: Biological oxygen demand; TN: Total nitrogen; TP: Total phosphorus 

Table 2  The burden values of N and P in various eutrophicated water 
Eutrophic status TP (µg/L) TN (µg/L) Primary productivity TNI References 

Oligotropic water 5~10 250~600 5~300 mg C/m2 0~30 
Moderately eutrophic 10~30 500~1100 1000 mg C/(m2·d) 31~60 
Eutrophic 30~100 1000~2000 − 61~100 
Hypereutropic >100 >2000 − >100 

Likens et al.(1977)
Cheng and Li (2006)

Richardson et al.(2007)
 
 

TN: Total nitrogen; TP: Total phosphorus, TNI: Total nutrient status index 
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resource use efficiency, community production, gross 
production/respiration (i.e., P/R) ratio, gross produc-
tion/standing crop biomass (i.e., P/B) ratio, and 
standing crop biomass/unit energy flow (i.e., B/E) 
ratio. The ecosystem-level indicators consisted of 
ecological buffer capacities, energy, and structural 
energy. Based on these indicators, a direct measure-
ment method (DMM) and an ecological modeling 
method (EMM) for lake ecosystem health assessment 
were developed (Xu et al., 2001). The results of a case 
study demonstrate that both methods provided similar 
results which corresponded with the lake’s actual 
trophic state.  
 
Occurrence of water eutrophication  

The investigation from the UNEP (United Nation 
Environmental Protection) indicates that about 
30%~40% of the lakes and reservoirs have been af-
fected more or less by water eutrophication all over 
the world. Table 3 cites selected samples of water 
eutrophication occurrence in lake, reservoir, estuary  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and river in the world. Erie Lake is excessively rich in 
nutrients (Reutter, 1989), which has resulted in huge 
blooms of floating blue-green algae and the attached 
green alga, Cladophora spp. These blooms have 
rolled onto beaches in large mats resembling green 
steel wool. Water eutrophication has been reported in 
USA for Washington Lake (Welch and Crooke, 1987), 
Okeechobee Lake (Schelske, 1989), City Park Lake 
(Ruley and Rusch, 2002), etc. In Lugano Lake, be-
tween Italy and Switzerland, a faster rate of eutro-
phication was reported due to excessive discharges 
from human settlements around the lake, owing to 
population increase and immigration (Barbieri and 
Simona, 2001). The majority of Danish lakes are 
highly eutrophic due to high nutrient input from do-
mestic sources and agricultural activities (Jeppesen et 
al., 1999). Garg et al.(2002) studied three lakes of 
Bhopal (Upper Lake, Lower Lake and Mansarovar 
Lake) in India, to assess the potential fertility of lentic 
waters and analyze the floral ecology. The highest 
level of eutrophication was found in Mansarovar  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3  Selected samples of water eutrophication occurrence in lake, reservoir, estuary and river in the world

Water body Nutrient (N, P)  
concentrations 

Phytoplankton  
biomass History of eutrophication References 

Erie Lake, USA 
 
 

TP: 115 μg/L 
 
 

Chlorophyll a:  
58 μg/L 

 

Blu-green algae bloom  
between 1965 and 1979; 

Declined quality from 1995 

Reutter, 1989; 
Maggie, 2004 
 

     

Okeechobee Lake, 
Florida, USA 

TP: 50~100 μg/L 
 

N and P are limitors 
for phytoplankton

Eutrophic at present 
 

Schelske, 1989 
 

     

City Park Lake, 
Louisiana, USA 

TN: 682 μg/L 
TP: 330 μg/L 

Chlorophyll a:  
35.1 μg/L 

Eutrophic (2000~2001) 
 

Ruley and Rusch, 
2002 

     

Lugano Lake  
 

TP: 140 μg/L 
 

Phytoplankton dry 
weight: 7~16 g/m2

Strongly eutrophic from 1960s 
 

Barbieri and Simona, 
2001 

     

Danish lakes 
 

TN: 2.4 mg/L 
TP: 0.37 mg/L 

Chlorophyll a:  
73 μg/L 

Highly eutrophic 
 

Jeppesen et al., 1999
 

     

Pamvotis Lake, 
Northwest 
Greece 

 

TP: 0.11 μg/L, 
4NH+ : 0.25 mg N/L, 

3NO− : 0.56 mg N/L 

− 
 
 
 

Cultural eutrophication over  
the past 40 years; 

Eutrophication at present 
 

Romero et al., 2002 
 
 
 

     

Berg River, South 
Africa 

TN: 217 mg/L, 
TP: 70 mg/L 

− 
 

Hypertrophic 
 

de Villiers, 2007 
 

     

Chivero Lake, 
Zimbabwe 

 

TN: 0.3~8.4 mg/L 
TP: 1.01~5.01 mg/L 
 

Chlorophyll a: 
18.02~22.48 μg/L

 

Highly eutrophic since 1980s 
 
 

Nhapi, 2004 
Ndebele and Magadza, 

2006 
     

Taihu Lake, China 
 
 

TN: 2.56~4.5 mg/L 
TP: 0.25~0.35 g/L 
 

Algae biomass:  
2.7~6.4 mg/L 

 

Class I/II in the early 1960s; 
Class IV in the mid-1990s; 
Now, inferior Class V 

Ye et al., 2007 
Jin et al., 2006 
 

     

Songhua Lake, 
China 

 

TN: 1.14~1.98 mg/L 
TP: 0.038~0.102 mg/L 
 

Algae density: 
210.84×104~432.68

×104 cell/L 

 
 

Wang et al., 2004 
 
 

     

Dianchi Lake, 
China 

TN: 2.13~8.27 mg/L 
TP: 0.33~0.59 mg/L 

− 
 

Class III in the early 1970s; 
Now, inferior Class V 

Guo and Sun, 2002 
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Lake. The nutrient loading into the lake initially 
promoted the growth of phytoplanktons. Eutrophica-
tion constitutes a serious threat to many European 
lakes (Søndergaard et al., 2007), such as Pamvotis 
Lake in Northwest Greece (Romero et al., 2002), 
which has undergone cultural eutrophication over the 
past 40 years and is currently eutrophic. In South 
Africa, de Villiers (2007) reported that hypertrophic 
conditions indicated by TP levels prevail at least 
episodically at all of the Berg River monitoring sta-
tions; additionally, river water phosphate levels show 
a dramatic increase by a factor of more than 10 over 
the past 20 years, mainly due to anthropogenic inputs. 
Chivero Lake, Zimbabwe was reported to be hyper-
trophic and not sustainable (Nhapi, 2004). Sewage 
effluent is the major source of nutrients in the lake.  

In China, water eutrophication occurred in 67 
lakes (51.2% of the total lakes). Although the Boy-
anghu Lake and the Dongtinghu Lake are still 
mesotrophic at present, Dianchi Lake in Yunnan is 
possibly the most hypertropic lake in the world. In the 
early 1970s the water of Dianchi Lake was graded as 
Class III, now declined to the more inferior Class V 
(Lu et al., 2005). Taihu Lake, in China, has similar 
eutrophication issue. It is the third largest freshwater 
lake in China, located in the Yangtze River delta, one 
of the more developed areas of eastern China. In re-
cent decades, because of severe pollution, water 
quality in Taihu Lake degraded from Class I/II in the 
early 1960s to Class II/III in the early 1980s and then 
to Class IV by the mid-1990s. At present, 83.5% of 
the lake area is eutrophic with an inferior Class V 
ranking (Liu and Qiu, 2007). The increasingly wider 
occurrence of excessive algae growth also begins 
earlier and lasts longer each year in Taihu Lake, and 
in the summer of 2007 an outbreak of blue algal 
bloom caused many drinking water treatment plants 
shut down and created a severe “water crisis event” in 
Wuxi City. Chaohu Lake is the fifth largest lake in 
China, located in central Anhui Province, and has a 
population of 2.3 million and more than 3000 facto-
ries in its basin. Since the 1990s, massive and rapid 
nutrient loading has made it one of the most eutrophic 
freshwater lakes in China. Jin et al.(2005) reported 
that eutrophic trend of Taihu Lake, Chaohu Lake and 
Xuanwu Lake in the region of the middle and lower 
valleys of Yangtze River was predicated using the 
ecological stress model. Provided the pollution water 

treatment rate is 60% in 2030, approximately 30 bil-
lion ton of polluted water would still be discharged 
directly into the lakes. Therefore, by 2030, all the 
urban lakes and most of the medium-sized lakes at the 
urban-rural fringe areas in China may be eutrophi-
cated or hypertrophicated. 

In the region of Yangtze River delta, 80% of the 
rivers have been polluted and the water quality cannot 
meet the standards of drinking water source. The 
degraded water quality mainly due to eutrophication 
in this region has resulted in extremely serious prob-
lems for drinking water supply. In Zhejiang Province 
about 36 out of 88 counties are suffering from the 
short supply of good drinkable water sources. In 2004, 
water eutrophication and algae blooming even oc-
curred in the Qiantang River, which has the highest 
water flow velocity in China. High concentration of 
phosphorus and nitrogen is gradually causing eutro-
phication. 

Water eutrophication in rivers occurs worldwide. 
During the past several decades, catastrophic losses in 
seagrass meadows have occurred worldwide, espe-
cially in flushed estuaries, coastal embayments and 
lagoons where nutrient loads are both large and fre-
quent (Burkholder et al., 2007; Ralph et al., 2006). 
Coastal marine ecosystems of Northern Europe are 
under pressure from global change (e.g., nutrient 
enrichment), which threatens these resources (Gowen 
and Stewart, 2005). There are many statutory obliga-
tions and strong political pressures for greatly in-
creased emphasis on the control of nutrients levels in 
UK rivers because of serious problem of water eu-
trophication (Mainstone and Parr, 2002). Within 
Europe, many national and international initiatives 
have been implemented in order to reduce the inputs 
and effects of nutrients in waters, e.g., the European 
Union’s Water Framework Directive (Andersen et al., 
2004). 
 
Harmfulness of water eutrophication  

Generally speaking, the main harmfulness of 
water eutrophication is that it can break out the in-
trinsic equilibrium of the aquatic ecosystem and lead 
to the damage of the water ecosystem and the gradual 
degeneration of its functions. As a result, it can affect 
water quality and make transparency of water become 
worse than ever. Thus, little sunlight can penetrate 
water body and photosynthesis of plants under the 
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water will be weakened or even stopped. Water eu-
trophication can also cause the supersaturation or lack 
of dissolved oxygen in water, which will be danger-
ous to aquatic animals and cause great death to them. 
Eutrophic systems tend to accumulate large amounts 
of organic carbon causing a shift in organic matter 
biochemical composition (Dell′Anno et al., 2002). 
Meanwhile, because of water eutrophication, a mass 
of algae, mainly Cyanophyta and green algae, bloom 
and form a thick layer of “green scum” on water 
surface. Algae can release toxins and render the or-
ganic matters in water to be decomposed into harmful 
gases, which will poison the fish and seashell. 

The harmfulness of eutrophication also includes 
causing the shortage supply of drinking water source 
by degrading water quality. When the blooming algae 
die, they can produce lots of algae’s toxin which is 
harmful to human health. Cyanobacteria toxins 
(cyanotoxins) including cytotoxins and biotoxins are 
responsible for acute lethal, acute, chronic and 
sub-chronic poisonings of wild/domestic animals and 
humans. The biotoxins include the neurotoxins; ana-
toxin-a, anatoxin-a(s) and saxitoxins plus the hepa-
totoxins; microcystins, nodularins and cylindros-
permopsins (Carmichael, 2001). Recent investigation 
showed that the algae produced toxins, which are the 
metabolized production of Cyanotoxins, were de-
tected in the Yangtze River, as well as many reser-
voirs and lakes of Yellow River valleys, apart from 
Dianchi Lake, Taihu Lake and Chaohu Lakes (Yu and 
Len, 2004). Besides, increased nitrite concentration in 
the eutrophic water will be dangerous to human health, 
too, as products of nitrite nitrification process is a 
strong carcinogen. Thus, the exacerbation of water 
eutrophication with the increased severity of algae 
blooming in surface water system has attracted great 
attention of both public and private sections. 

 
 

FACTORS INFLUENCING WATER EUTRO-
PHICATION 
 

Water eutrophication is mainly caused by ex-
cessive loading of nutrients into water bodies like N 
and P. Excessive nutrients come from both point 
pollution such as waste water from industry and mu-
nicipal sewage, and non-point pollution like irrigation 
water, surface run water containing fertilizer from 

farmland, etc. Increased nutrient load to water body is 
now recognized as a major threat to the structure and 
functions of near shore coastal ecosystems, and se-
vere eutrophication problems associated with harmful 
algal bloom is a major manifestation. Although re-
lated to nutrient enrichment in general, the basic 
cause of water eutrophication is more connected to an 
imbalance in the load of nitrogen and phosphorus 
with respect to silica (Dauvin et al., 2007). At present, 
excessive TN and TP in water are considered as the 
only factors inducing water eutrophication, but nu-
trient enrichment is only the necessary but not the 
sufficient condition for algal boom. Eutrophication is 
not likely to occur if both TN and TP in water are low, 
but eutrophication may not occur in water high in TN 
and TP if other conditions such as temperature and 
current speed are not favorable. The influencing fac-
tors of water eutrophication include: (1) excessive TN 
and TP, (2) slow current velocity, (3) adequate tem-
perature and favorable other environmental factors, 
and (4) microbial activity and biodiversity (Li and 
Liao, 2002). Water eutrophication may occur rapidly 
when all of these conditions are favorable. 

 
Nutrient enrichment  

There is clear evidence that nutrient loading to 
lakes, estuaries and coastal oceans has greatly in-
creased through human activities over the past few 
decades and that this has caused or enhanced many of 
the symptoms of the aquatic ecosystem transformation 
known as eutrophication (Bishop et al., 2006). There 
are different opinions on the relationship of nutrient 
enrichment to water eutrophication and algal bloom: 
(1) When P concentration in water is low, it may be 
the limiting factor for inducing water eutrophication 
and algal bloom; (2) When P concentration in water 
increases rapidly, other may become a new limiting 
factor, such as pH, water depth, temperature, light, 
wave, wind or other biological factors; (3) The influ-
ence of N and P still lasts for a longer time because of 
the high development level of our society (Zhao, 
2004).  

N and P input and enrichment in water are the 
most primary factors to induce water eutrophication. 
The “experienced molecular formula” of alga is as 
“C106H263O110N16P” based on the chemical compo-
nents of algae. N and P are the two elements which 
account for least proportion in the molecular formula 
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of algae, especially P, it is the main limiting factor to 
control the growth of alga in water (Mainstone and 
Parr, 2002). It was reported that 80% lake and reser-
voir eutrophication is restricted by phosphorus, about 
10% lake and reservoir eutrophication is relative to 
nitrogen, and the rest 10% lake and reservoir eutro-
phication is relative to other factors (Zhao, 2004). In 
many ecosystems, phytoplankton biomass is corre-
lated with the availability of N or P (Cloern 2001; 
Bledsoe et al., 2004). The composition of phyto-
plankton species is also affected by the concentrations 
of N and P (Reynolds, 2006). The ratio of N:P in the 
water body (referred to as the “Redfield ratio”) is an 
important indicator of which nutrient is limiting eu-
trophication. If the Redfield ratio is 16:1, P is most 
likely the limiting factor for algal growth; lower ratios 
indicate that N is of great importance (Redfield et al., 
1963; Hodgkiss and Lu, 2004). P has been shown to 
be the principal limiting nutrient for primary produc-
tion of phytoplankton in many freshwater environ-
ments (Phlips, 2002), while N is commonly limiting 
in marine ecosystems (Cloern, 2001). However, there 
are many exceptions to this general pattern. In some 
freshwater environments, particularly in the tropics 
and subtropics, N has been found to be the primary 
limiting nutrient for phytoplankton production, due in 
large part to excessive P load and long growing sea-
sons. For instances, in the Ten Mile Creek of Indian 
River Lagoon, where TP is >0.2 mg/L, chlorophyll a 
and turbidity sharply increased with addition of 
available N (0.2~6.0 mg/L), but not affected by addi-
tion of reactive P (Lin et al., 2008). The results indi-
cate that available N is the limiting nutrient for the 
growth of phytoplankton at water bodies with high P. 
In phosphate-deficient water bodies or those having 
reasonably good growth of blue-green algae, which 
fix enough of the atmospheric nitrogen, phosphorus 
becomes the limiting element, because a portion of P 
is used to counterbalance high nitrate content (Rey-
nolds, 2006). Such circumstances can be seen that no 
paroxysmal algal boom may break out in heavily 
eutrophicated water bodies with both high N and P. 
Thus, it is the key point to control the concentrations 
of both N and P reasonably for solving the problem of 
water eutrophication. 

The variations in the chemical composition of 
natural waters are believed to be an important factor 
in regulating the abundance, composition and geo-

graphical and periodic distribution of phytoplankton. 
It has been considered that the growth of phyto-
plankton is influenced by dissolved silicate-Si (DSi) 
concentration in water and its ratio to nitrate. When 
the DSi:nitrate-N atomic ratio is near 1:1, aquatic 
food webs leading from diatoms which require sili-
cate to fish may be compromised and the frequency or 
size of harmful or noxious algal blooms may increase. 
Used together, the DSi:nitrate-N ratio and nitrate-N 
concentration are the robust comparative indicators of 
eutrophication in large rivers (Turner et al., 2003). 

 
Hydrodynamics  

There is no relationship between water distur-
bance and diatom alga occurrence or its scale, but 
water disturbing can influence the growth of Pyrro-
phyta alga because Pyrrophyta alga blooms when it is 
grown in relatively stable water. Cai et al.(2007) 
found that when there is no water to dilute, disturbing 
water itself can influence the process of eutrophica-
tion and species succession, which, however, is not 
related to disturbing water itself but is influenced 
indirectly by changing light and nutrient status. In 
shallow water, increased frequency of disturbance 
could increased the P release from the sediment, es-
pecially at high temperature (Cai et al., 2007). This is 
an instructional point to maintain beneficial alga in 
water. Also, tide not only can urge alga assembling 
but can also influence the multiplication of alga 
bloom through changing the concentration of nutri-
tion in water. Zhu et al.(2007) studied the effects of 
hydrodynamics on phosphorus concentrations in wa-
ter of Taihu Lake, a large, shallow and eutrophic lake 
of China. They found that hydrodynamical distur-
bance had no significant relationship with water 
quality at the top layer when significant wave height 
was smaller than 30 cm, but it significantly increased 
suspended solids (SS) concentration of the bottom 
water layer. Concentrations of nutrients showed no 
positive correlation with SS concentration in the wa-
ter body. Intensive sediment resuspension may not 
have occurred when the hydrodynamic stress on 
sediment was only a little higher than the critical 
stress for sediment resuspension. A new method for 
confirming the critical stress for intensive sediment 
resuspension and nutrient release still needs to be 
developed. Le Pape and Menesguen (1997) studied 
hydrodynamic prevention of eutrophication in the 
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Brest Bay (France). The Brest Bay is a semi-enclosed 
coastal ecosystem where primary production is nu-
trient-limited, even if huge nutrients loading from 
tributaries are present. The most striking feature of 
the bay is the semi-diurnal tidal influence, resulting in 
large water exchange with the continental shelf. A 
historical study of the available data has shown the 
steadiness of this ecosystem during the last two dec-
ades inspite of increasing eutrophic conditions. 

 
Environmental factors 

A range of factors are related to water eutro-
phication, but the mechanisms of their influencing 
algal bloom are not fully understood. In many mod-
erately eutrophicated water bodies, algal bloom oc-
curs in some seasons or some years, when the envi-
ronmental conditions are favorable. The algal bloom 
caused by phosphorus inputs also modifies several 
abiotic factors of the water body. These factors di-
rectly govern the growth, diversity and density of the 
biotic components. The impact of algal bloom on any 
one or some of these factors indirectly influences the 
structure and characteristics of the water bodies. The 
influence of nutrient inputs on some of these factors is 
discussed as follows: 

1. Temperature and salinity are the two impor-
tant factors to induce alga bloom. Alga bloom always 
occurs at temperature between 23 °C and 28 °C, sa-
linity between 23% and 28%. The variation of tem-
perature and salinity also affect algal bloom, and an 
important condition for algal bloom is that tempera-
ture increases and salinity decreases faster than ever 
in short time. From the conception of ecology, ex-
quisite change of temperature may cause the subro-
gation of biological communities, thus leading to 
algal bloom when other environment conditions are 
adequate (Wang et al., 1996). Statistical analysis 
shows that the influence of temperature on algal 
growth rate is the largest, followed by salinity and 
their interaction. The process of sporangium pullu-
lating is hypersensitive to temperature. When under 
adequate temperature, it can bourgeon largely and 
alga bloom will form very fast. Change of salinity is 
also influenced by the concentration of nutrition. 
Research shows that salinity is negatively related with 

3NO -N,−  and 3
4PO -P,−  but positively related with 

4NH -N,+  and however, it is not very related with 

2NO -N.−  In addition, average temperature in winter is 

highly relative with the beginning growth time of 
Gymnodinium, but whether it has universality to all 
algae still needs to be studied. In the Vistula Lagoon, 
salinity gradient was determined as an important 
factor (along with water temperature and predation by 
young herring) that defined the dynamics of zoo-
plankton abundance and biomass in this estuary 
(Telesh, 2004). 

2. Carbon dioxide level is one of major factors 
controlling water eutrophication. Cyanophytes are 
more capable of utilizing low levels of carbon dioxide 
and become more buoyant at low levels of carbon 
dioxide and high pH. It keeps them in the upper layers 
of the water column with abundant sunlight. In addi-
tion, some species produce dense mats of vegetation, 
inhibit the growth of other phytoplankton, and also 
limit the swimming of zooplankton. These factors 
together mean that a slow-moving freshwater eco-
system can rapidly become dominated by blue-green 
algae, displacing not only members of the phyto-
plankton but some of the animal community as well. 
The reduction of light reaching the lake floor also 
inhibits submerged and rooted macrophytes, and 
sediments become anoxic as large amounts of 
planktonic biomass are added to them (Kant and 
Raina, 1990). The fluctuations in free carbon dioxide 
values correspond directly with the fluctuation in the 
standing crop of phytoplankton. As the diversity and 
density of phytoplanktons increase through various 
months, the amount of free carbon dioxide for pho-
tosynthetic activity becomes limiting. The pH 
changes in these ponds are governed by the amount of 
free carbon dioxide, carbon trioxide, and bicarbonate 
(Kant and Raina, 1990). Inflow nutrient concentration, 
inflow volume and inflow water temperature show 
very regular and reasonable impacts on the quality of 
lake water (Imteaz et al., 2003). Yin (2002) reported 
that monsoons served as a flushing mechanism in two 
ways: (1) They reduced seasonal eutrophication by 
nutrient enrichment in summer, and (2) they pre-
vented long-term (annual) accumulation of organic 
matter in the sediments due to nutrient enrichment in 
the region. Because of the monsoon-influenced 
processes and low phosphorus in the Pearl River es-
tuary, the estuary and adjacent coastal waters of Hong 
Kong appeared to be more resilient to enrichment of 
nitrogen. 

3. Light plays an important role in the growth, 
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diversity and density of aquatic flora. Algal growth 
has been reported to increase with light intensity, and 
luminescence of 4000 lux was found most favorable 
(Shen, 2002). As eutrophication progresses, a decline 
of submerged macrophytes occurs in many shallow 
water bodies, probably due to low light intensity 
caused by algal blooming. It is suggested that the 
adaptation strategy of Potamogeton maackianus un-
der a certain range of low light stress is to accelerate 
the elongation of the main and lateral shoots and to 
increase their density (Ni et al., 1999). The light has 
been almost completely absorbed by the plankton of 
the top few meters, so that too little light penetrates to 
the thermocline and beyond to support photosynthesis. 
However, there is a rain of corpses into the deep water, 
whose decomposition requires oxygen. Since the 
deep water is cut off from the air until fall overturn, an 
oxygen deficit develops in the deep water, and the 
bottom mud is reduced. Eutrophication in an estuary 
is a complex process, and climate change is likely to 
affect each estuary differently due to interactions with 
nutrient loading and physical circulation. Hence, it is 
essential to consider the effects of climate change on 
the context of individual estuarine function to suc-
cessfully manage eutrophication (Howarth et al., 
2000). 

There are other factors like pH and dissolved 
oxygen affecting water eutrophication (Khan and 
Ansari, 2005). The minima and maxima in the con-
centration of dissolved oxygen are found to be di-
rectly related to the maxima and minima of the 
phytoplankton, The direct relationship between 
phytoplankton and dissolved oxygen content has 
been observed by a number of researchers (Khan and 
Ansari, 2005). pH is a plant growth limiting factor. 
The change in pH is directly related to the availability 
and absorption of nutrients from solution. Ionization 
of electrolytes or the valence numbers of different ion 
species are influenced by changes in pH. An acidic 
pH has been reported to promote growth of Spi-
rodelapolyrrhiza at a faster rate, but high pH values 
promote the growth of phytoplankton and result in 
bloom. It must be pointed out that many factors in-
fluencing eutrophication are relative and affect each 
other. 
 
Microbial and biodiversity 

Microbial activity is the inducement factor to 

alga bloom (Paerl, 1998; Paerl et al., 2003). It can 
enhance abundant breeding of alga bloom. Nutri-
ent-enhanced microbial production of organic matter, 
or eutrophication, is frequently accompanied by al-
tered microbial community structure and function 
(Paerl, 1998). The amount of microbial biomass is 
positively related to the content of organic matter and 
the amount of plankton in eutrophicated water. There 
exists certain intrinsic relationship between the 
amount of bacteria and the occurrence of eutrophica-
tion. The decomposition of organic matter by bacteria 
activities can produce nutrients and organic sub-
stances, which may promote algal bloom breaking out. 
Of course, it may also produce some toxic substances, 
which are harmful to other algal species, so that it will 
selectively enhance the bloom of some algae to be-
come preponderant species and subsequently eutro-
phication will occur. It may be relative with the de-
composing of bacteria biomass, which can promote 
effective circulation of nutrients when alga bloom and 
eutrophication occur under lower concentrations of 
nutrients. Chang et al.(2005) demonstrated that im-
pose of submerged macrophyte in combination of 
immobilized nitrogen cycling bacteria could effec-
tively reduce chlorophyll a concentration and increase 
water transparency. Marshland drainage channels 
(=ditches) in the UK are relicts of a once extensive 
habitat whose management requires quantitative in-
formation on the ecology of marshland organisms. 
Distribution of these organisms in wetlands world-
wide can reflect natural water quality, vegetation and 
anthropogenic factors (Watson and Ormerod, 2004). 
Acrophyte-specific richness and abundance increased 
along an upstream-to-downstream zonation, which 
was characterized by an increase in mineralization 
and nutrient level (Thiébaut and Muller, 1998). In 
hyper-eutrophicated water body, remarkable im-
provement in water quality and inhibition on algal 
growth was obtained by introducing nutrient cycling 
bacteria in proper combination with floating hydro-
phyte (Chang et al., 2006). 

A comparison of aquatic macrophyte diversity of 
two streams reflected the impact of human-induced 
perturbations (fish farms, domestic sewage) in such 
weakly mineralized and poorly buffered waters. 
Disturbed sites with very high nutrient loading were 
characterized by low vascular plant richness and by 
the absence of filamentous algae (Thiébaut and Mul-
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ler, 1998). Vădineanu et al.(1992) studied the phyto-
plankton and submerged macrophytes in the aquatic 
ecosystems of the Danube Delta and found that the 
species changes were linked to accelerated eutrophi-
cation of the lakes, with increased phosphorus loading 
and a reduction in the N/P ratio. Distinct changes 
were observed in the macrophyte species composition 
in response to phosphorus enrichment (Vaithiyana-
than and Richardson, 1999). Marshes in the unen-
riched and enriched areas were dominated by Ladi-
umjamaicense and Typha domingensis, respectively. 
Open-water areas were characterized by Eleocharis 
spp., Utricularia spp., Chara zeylanica and Nym-
phaea odorata in ligotrophic areas and by floating 
plants and Polygonum spp. in eutrophic areas. A shift 
in primary producers from eelgrass to macroalgae in 
response to increased nutrient loading altered the 
habitat, physicochemical structure and food webs. 
The nitrogen decreased shoot density and biomass of 
the eelgrass and promoted a record increase in the 
algal biomass (Deegan et al., 2002). Enhanced nu-
trient concentrations and loading have been observed 
in several coastal areas of the North Sea, resulting in 
increased production and changes in the species 
composition of phytoplankton (Colijn et al., 2002). 
Garg et al.(2002) studied aquatic flora in three lakes 
of Bhopal (Upper Lake, Lower Lake and Mansarovar 
Lake) in India and assessed the potential fertility of 
the lentic water and its aquatic flora. Eutrophication 
was highest in Mansarovar Lake. The observations of 
Garg et al.(2002) indicated that different species of 
phytoplankton could subsist up to a certain nutrient 
level, beyond which competition between cyano-
phytes and other algae enhanced and eliminated the 
sensitive plankton flora. 

 
 

RESEARCH PERSPECTIVES  
 

The problem of water eutrophication has become 
more and more severe worldwide, but the mechanism 
of its occurrence has not been fully understood. The 
limited knowledge of water eutrophication processes 
will add difficulties for the prevention and remedia-
tion of water eutrophication. Therefore, more re-
searches should be turned to the mechanisms of water 
eutrophication under different watershed conditions. 
For example, the mechanisms of the adsorption and 

release of the contaminants in sediments should be 
clarified, which named inner pollution converging in 
water bodies, especially the absorption and release of 
P in sediments; the mechanism of the excessive pro-
duction of algae and Cyanobacteria, especially ex-
cessive production of blue-green algae in water 
should be further studied, which is the key for the 
prevention of algae and Cyanobacteria growth. Also, 
the guidelines for estimating eutrophication are still 
very incomplete. Comprehensive guidelines for as-
sessing eutrophication should be established by con-
sidering various factors in combination with the de-
velopment of economy and society, especially in 
modern society ecology and health are paid more and 
more attention in order to avoid adverse influence on 
the sustainable ecological development and human 
health to the best of our abilities. In view of the high 
level of nutrients already polluted into lakes, reser-
voirs, estuaries, etc., understanding the functions of 
the factors influencing algal growth and bloom will 
certainly help controlling algal bloom even at high 
nutrient burden in surface water bodies.  
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