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ABSTRACT KEYWORDS
The content and characteristics of phosphorus, fluorine and sulfur in Phosphorus;
surface sedimentsfrom Yangzonghai Lakein Yunnan, Chinawere analyzed Fluorine;
and the single standard index to assess the contamination degree was Sulfur;
utilized. The results showed that the average concentrations of Surface Sediment;

phosphorus, fluorine and sulfur in surface sediments of Yangzonghai Yangzonghai Lake.
Lake were up to 1041.3, 1074.8 and 2743.1mg/kg, respectively. It is
considered that human activities, such as sanitary waste, production waste,
process gas, powerboat, fish culture in net pen were the major sources of
phosphorus, fluorine and sulfur in Yangzonghai L ake. The mean standard
indexes of phosphorus, fluorine, sulfur were up to 1.74, 1.34 and 1.31
respectively, which indicated that the contaminations of phosphorus,
fluorine and sulfur were all seriousin Yangzonghai Lake. The control of
pollutant sources and the treatment of sedimentsin the high contamination
regions of Yangzonghai Lake should be implemented urgently.
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INTRODUCTION

Sediment provides nutrient substancesto various
living creaturesin thelakes and stores various pol lut-
ants. Accordingly, itisanimportant part of Lake Eco-
system. However, the pollutants stored in the sediment
can berel eased through aseriesof physical, chemical
and biologica processes, and thispotentially threastens
Lake Ecosystem*3, After pollutantshave entered into
thelake, itsdigtributioninthewater isgenerdly irregu-
lar, whilethat in the sediment showsobviousregularity
of pollution characteristics¥. Therefore, mastering the
pollution and distribution of pollutantsinthe sediments

isof important instructivesgnificancetoinvestigatethe
environmenta quality of |akesand the pollution history
of water, judge pollution sourcesaswell asprevention
and control pollutionsin lakes®.

Phosphorus, fluorineand sulfur areimportant envi-
ronmental factorsinthelake sediments. Phosphorusis
animportant indicator about eutrophi cation of water;
that inthe sedimentsisan important recharge source
for the phosphorusintheoverlyingwater, andit’s one
of theimportant factors affecting the eutrophi cation of
lakes¥. Fluorineistoxicto many living creatures. More-
over, it’s easily concentrated in the bodies of living crea-
tures, and it potentially threatensthe health of human
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beingsthrough aguatic animasand plants™. Not only
cansulfur affect water acidification, but alsoit’s one of
theimportant factorsfor controlling the oxidation-re-
duction systemin the sediments. Furthermore, it will
affect themigration of other pollutants such asheavy
meta §9.

Yangzonghai Lakeisone of thenine plateau lakes
in'Yunnan Province, China, and isafreshwater lake
whichthelocal residentsrely for existence. Inthelast
tow decades, with therapid devel opment of industry,
mining, fishery and tourism, continuoudy increasing pol -
|utants have been enteringinto thelake and accumul at-
inginthesediments. Inthisstudy, through theinvestiga:
tion on the contents of total phosphorus, fluorineand
sulfur inthe surface sedimentsof theYangzongha Lake,
the pollution characteristicswere discussed; the pollu-
tion sourceswere anayzed, and thepollutionwas as-
sessed with thesingle standard index, so asto provide
scientific evidencesfor the correct evaluation and im-
provement on the environmental quality of the
Yangzonghal Lakeaswell as pollution treatment and
protection.

MATERIALSAND METHODS

Yangzonghai Lake (E102°592 -103°022 ,
N24°512 - 24°582 ) is a fresh water lake indispens-
ablefor local residents. 2.5km widefrom east to west
and 12.7kmlong from north to south, thespindle-shaped
lake has a shoreline of 32.3km, a surface area of
31.9kn? (at thewater level of 1, 770m) and adrainage
areaof 192 km?. With an average depth of 20m, the
deepest part being 29.7m, it hasastorage capacity of
604 million m*and a water exchange period of 13
years®19, Thewater suppliedtothelakeismainly from
natural precipitation, the catchment between Great
Yangzong River and Qixing River, theartificid water
supply fromBaiyi River, and groundwater. Tangchi River
istheonly outlet, and theriver flowsintotheNanpanjiang
Riverfindly.

FromApril 2toApril 4, 2009, atotal of 25 groups
of 0-5cm surface sediment sampleswerecollected from
theYangzongha Lakewith agrab sampler (Figurel).
After well mixed, these samples were placed in
polythene plastic bagsto naturaly dry intheshadein
thelaboratory. Then, by eliminating plant and animal
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resduesand stones, the samplesweregrinded. Through
200-mesh screening, they wereplacedina105 ! oven
to be dried for 8 hours, taken out, and put into dry
basins. 4.00g of soil samples were weighted and
squashed, and elements were determined with a
PW4400 X-ray fluorescence spectrometer in accor-
dancewith JY/T016-1996 General Method of Wave-
length-Disper sive X-ray Fluorescence Spectrometry
published by the State Education Commission of China.
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Figurel: Thesampling stationsin Yangzonghai L ake

RESULTSAND DISCUSSION

Contentsof contaminantsin sediments

The content of total phosphorusinthe sediments
from the Yangzonghai Lake was between 592.3-
2021.1mg/kg (Figure 2) with the average value of
1041.3mg/kg. The phosphorus contents of most
sampleswerelower than 1000mg/kg. The minimum
value was sampled from point NO9 along the north-
western shore, whilethe maximum valuewas sampled
from point N22 a ong the southern shore of Tangchi
Town. Thecontent of total fluorinewasbetween471.7-
1979.9mg/kg withtheaveragevaueof 1074.8mg/kg
and most concentrated between 750-1500mg/kg. Ex-
cept for the minimum value at point N14 around
Huangshuidong a ong the eastern shore, thefluorine
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contents of other samples all exceed the background
vaueof soil environment in'Yunnan province of 525mg/
kg™, and the maximum va uewas sampled from point
N12 near Sanshimu a ong thewestern shore. Therange
of total sulfur contentswas between 563.8-13530mg/
kgwiththeaveragevdueof 2743.1mg/kg. Amongall,
the contents of 23 sampleswere higher thanthe aver-
agevalue of global soil background of 700mg/kg™2.
Theminimumvauewassampled from point NO9 dong
the northwest shore, while the maximum valuewas
sampled from point NO1 around Tangeying along the
southern shore. The coefficientsof varianceabout these
three elements contentswere 37%, 32% and 94% re-
gpectively, andthey wererdatively greet. Thisreflected
that therewere differenceswith variousdegreesin spa-
tid distribution, and that inthedistribution difference of
sulfur wasthemost significant.

P(mg/ke)

Il

A0 (000 PO NI LD~ 0T O
SoSoOSooCSoT it et e I INR]

///////////.f'/////////// =

2500

~1om=HLe

2000
2 1500
= 1000

500

00

—— o= LD _gg\:_—\].«nﬂln -l \)’3"»._.-'—““1'_"— o

““““““““““““““““““““ CI0ITI CITIN]
I I e rr i T i P

15000
1 000
9000

£ 6000
o
3000

ﬂnﬂ”ﬂﬂn.ﬂ”ﬂ”ﬂﬂ”ﬂﬂﬂ il

i SO LD DO et ] LD [ O T ] o =L
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ P o (o T T[S
x’/f//////////////////’/’.-v"//

Figure 2 : Concentrations of P, F, S in sediments from
Yangzonghai L ake

Spatial distribution and originsof contaminants

Thespatid digtributionsof phosphorus, fluorineand
aulfur inthe sedimentsfromtheYangzongha Lakewere
showninFigure3.
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Figure 3 : Isograms of contaminants in sediments from

Yangzonghai L ake (mg/kg)

The high values of phosphoruswere mainly cen-
tralized in the north of the lake and around
Huangshuidongintheeast, whilethe contentsa ong the
western and southern shoreswere comparatively low.
Tangchi Towninthenorthwastheareainwhich human
activitieswerethe most concentrated, anditsmainin-
dudtrieswerecod steam-dectric plant, cod mine, phos-
phatefertilizer manufacturing plant and many warm
spring resorts. Thedischarge of domestic sewageand
industrial wastewater was one of the main sources of
phosphorusin the sediments. In addition, motor ves-
s s, cagefish culture, water lossand soil eroson caused
during devel opment al so contributed to the accumula
tion of phosphorusin the sedimentg*34,

Thehighvauesof fluorineweremainly centrdized
near the Sanshimu areaaong the western shore; the
contentswerenot greatly different in other regions, and
the content around Huangshuidong a ong the eastern
shore was |owest. This showed the characteristic of
single pollution source. Theonly industry around the
areawith high fluorine content wasan d uminum manu-
facturing plant; fluoridesand fluorine-contained dust
werethemain pollutantsgenerated by e ectrolyzing du-
minumi*¥, Thefluorineenteringinto the Yangzonghai
L akethrough atmospheric deposition and sewagedis-
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charge accumul ated in the sediments around the plant
area.

Thehighvauesof sulfur weremainly centralized
both & ong the southern and the northern shoreswhere
human activitieswere concentrated. Thisreflected that
itwasaso manly affected by humanactivities Themain
industries around Tangeying along the southern shore
werevitriol manufacturing plant and refractory plant,
and sulfur accumulaionwith extremely high concentra-
tionsinthisareawas caused by thedischarge of waste
gasandwater from these plants. Sulfur enrichment dong
the northern shorewas closdly related to coal-burning
inthecod steam-electric plant and other industriesas
well assanitary waste. In addition, cagefish culturewas
also oneof the sulfur sources®.

One part of the phosphorus, fluorineand sulfurin
the sedimentswasfrom the natura environment, and
theremaining part was from human activities. It was
reflected fromthere atively high content differencesand
obvious pollution patternsthat, the pollution caused by
human activitiesplayed theleading rolein the accumu-
lation processes of phosphorus, fluorineand sulfurin
the surface sedimentsof theYangzonghai Lake.

Assessment of pollution degree

In order to assessment the pollution degrees of
phosphorus, fluorineand sulfur in the sediments of the
Yangzonghai Lake, thesingle standard index method
was utilized. Thefollowing relationship existedinthe
standardindex of singlepollutionfactor i:

S=C/C, @)

Intheformula, C, wasthe measured value of the
evauationfactor i; C wastheeva uation sandard value
of the evaluation factor i; S wasthe single standard
index; that the value of S was greater than 1 repre-
sented that therewas pollution, and greater S indicated
moreseriouspollution. At present, therewasno unified
gtandard for the qudity eva uation of phosphorus, fluo-
rineand sulfurin sediments. Inthisstudy, theeva uaion
of total phosphorus pollution was conducted with the
totd phosphorusstandard (600mg/kg) intheguideine
whichwould causethelowest level of ecologicd toxic-
ity effect and wasissued by the Ministry of Environ-
ment and Energy of Ontario, Canada (1992)1*"; total
fluorinewasevaluated with the averagetota fluorine
(800mg/kg) inthesoil of fluorosisareain Chind*®, and

total sulfur wasevauated with threetimesof theaver-
agevaueof globa soil background (2100mg/kg).

Theresultswereshownin TABLE 1, and the stan-
dard indexes of total phosphorusin the surface sedi-
ments of the Yangzonghai Lake were between 0.99-
3.37 with the average value of 1.74. Among al, the
standard indexes of 22 samplesexceeded 1, and this
indicated that theenvironmentd quaity of Yangzonghai
Lake was seriously polluted by phosphorus.
Cyanobacteriabloom happened in the Yangzonghai
Lakein 1997. Although thewater quality had recov-
ered at present, the accumul ation of phosphorusin sedi-
mentswasdtill animportant environmentd problem. The
standardindex range of totd fluorinewas between 0.59-
2.47 withtheaverage value of 1.34, and the standard
indexes of the 22 samples were greater than 1. This
indicated that therewas a so seriousfluorine pollution
inYangzonghai Lake. The standard indexesof sulfur
werebetween 0.27-6.44 withtheaveragevaueof 1.31;
the standard indexes of 12 samplesweregreater than
1, anditsaverage pollution degreewas slightly lower
than those of phosphorus and fluorine. However, on
point NO1 near Tangeying, the standard index of sulfur
was ashigh as6.44, and the pollution degree was ex-
tremdy serious.

TABLE 1: Thesinglestandard indexesof Contaminants

Standard Index Standard Index

Sample P = S Sample P = S
NO1 161 082 6.44 N14 265 059 0.80
NO7 144 153 079 N15 1.08 235 0.69
NO2 1.32 134 046 N16 155 1.27 1.23
NO3 143 107 079 N17 152 127 0.67
NO4 151 128 298 N18 1.64 114 1.07
NO5 128 143 082 N19 154 110 176
NO6 1.78 154 073 N20 1.00 1.25 0.68
NO8 1.11 155 033 N21 194 102 143
NO9 099 201 027 N22 337 136 118
N10 187 144 089 N23 281 1.03 1.98
N11 172 113 136 N24 245 099 137
N12 099 247 089 N25 286 1.01 1.98
N13 192 161 1.06

Thedistribution of standard indexes of phospho-
rus, fluorineand sulfur was shown in Figure4. Accord-
ingtothecalculation of MAPGIS software, the areaof
sediments suffered phosphoruspollution took up 99.1%
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in the whole lake, and the areas where standard in-
dexes exceeded 2 took up 26.4%. The area suffered
fluorine pollution took up 93.4%, and the areaswith
the standard indexes exceeding 2 took up 6.7%. The
sulfur polluted areatook up 52.8%in thewholelake,
and theareawith standard indexes exceeding 2 took

up 4.1%.
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Figure4: 1sogramsof thesandard index of contaminantsin
sediments
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Thedistribution of standard indexes of phospho-
rus, fluorineand sulfur wasshown in Figure4. Accord-
ingto thecaculation of MAPGIS software, the areaof
sediments suffered phosphoruspol lution took up 99.1%
in the whole lake, and the areas where standard in-
dexes exceeded 2 took up 26.4%. The areasuffered
fluorine pollution took up 93.4%, and the areaswith
the standard indexes exceeding 2 took up 6.7%. The
sulfur polluted areatook up 52.8% in thewholelake,
and theareawith standard indexes exceeding 2 took
up 4.1%.

CONCLUSION

Theaverage contentsof total phosphorus, fluorine
and sulfur inthe surface sedimentsin the Yangzonghai
Lakewere 1041.3, 1074.8 and 2743.1mg/kg respec-
tively, and the spatid distribution showed obviouspol-
|ution patterns. Theaccumul ation of thesethree pol | ut-
antswasclosdly related to the economic devel opment
and thewaste discharging of thesurrounding area. The
Discharge of domestic sewage, industrial wastewater,

BioTechnologqy —

industrial waste gasaswell asmotor vessals, cagefish
culturing and other human activities were the main
sources of phosphorus, fluorine and sulfur inthe sur-
face sediments of the Yangzonghai Lake.

Theenvironmentd quality of theYangzonghai Lake
was serioudy affected by the accumulation of phos-
phorus, fluorineand sulfur inthe sedimentswith theav-
eragevaluesof thesnglestandardindexesof 1.74, 1.34
and 1.31 respectivey. The pollution range of phospho-
rus covered nearly the entire Yangzonghai Lake, and
theaverage pollution degree wasthehighest. The pol-
lutionrangeof fluorinewasre atively widewiththestan-
dard indexesmainly centralized between 1 and 2. The
pollution range of sulfur took about ahalf of theentire
lake. Except for theextremdy seriouspollutioninsmal
rangesa ong the southern shore, the pollution degree of
sulfur in other areaswas dlightly lower than those of
phosphorusand fluorine.

On suitable conditions, such astemperature, dis-
solved oxygen and pH, the phosphorus, fluorineand
sulfur accumul ated in the sediments of the Yangzonghai
L ake could bereleased into the overlying water, and
therewere potentid environmentd risks. Therefore, con-
trolling pollution sourcesin highly polluted areas and
treating the sediments needed to beimplemented ur-

gently.
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