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Abstract: The phosphoms in water and sediment collected at different time from the Xiangxi River were analyzed. The results indi-

cated that the phosphorus pollution have significant relations to hunan activities Cespecially the phosphorus industry). The concen-

trations of total-phosphorus (TP), total dissolved phosphorus (TDP) and dissolved phosphorus (DP) in Dec. 2004 were higher than

those in Jul. 2005 the TP contents of sites 15 and 16 were much higher than others , the TP content of the largest site 16 was
1946. 29mg/ kg in Dec. 2004 and 1756. 11mg/ kg in Jul. 2005 respectively, which was much higher than the average (1497. 51
mg/ kg and 1369. 38mg/ kg, respectively). The TP content in the sediment of the Xiangxi River was from 1179. 53mg/ kg to 1851.
20mg/ kg. The TP contents of most sites except site 18, 19 and 20 were higher in Dec. 2004 than those in Jul. 2005. The alu-

minium-phosphorus (AFP) content in the sediment was obviously higher in Jul. 2005 than that in Dec. 2004 which indicated that

the stability of Al-P has a significant relation to the change of season.
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Phosphorus is an essential and ofien limiting nutrient
in both marine and freshwater ecsystems, yet its oversup-
ply is of concern in many environments due to its role in
eutophication’ ! . Phosphorus enters rivers from diffuse
catchment sources (particularly agriculture) and point
(effluent) sources. However, river sysitems have an im-
portant internal capacity to remove or release phosphorus
from/ to the water column and to trans-form phosphorus
between owanic, inorganic, particulate and dissolved
forms. River bed sediments can play an important role in
buffering concentrations of soluble reactive phosphorus

(SRP) in surface waters >

4 This buffering is strongest
under low-flow conditions, when there is a relatively long
contact time between the water column and the bed sedi-
ment and where the sediment surface area to water volume
is high. Under cerain environmental conditions, phos-
phorus can be released fiom the sediments to the overlying

watet >~ 7. The characteristics of sediment affected the
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equilibrium concentrations of phosphorus between the sed-
iment and the overlying watel' ¥ . Algal growth in nearly
all eutrophic lakes is limited by the concentration of phos-
phorus rather than nitrogen' ° " . There are about 3000
pollution sources along the banks of the Three Gorges
Reservoir. The total industrial and urban wastewater dis-
charge into the reservoir area amounts to about 10 tons/
year inwhich contains much N and P pollutants[ o

The Xiangxi River is the first middling tributary of
the Changjiang River nearby the Three Gomges Dam. The
River is subject to phosphows pollution from industrial
wastewater. After the sluice of the Three Goiges Dam
Locks become fully functional, the water-flow profile of
the Xiangxi River would change (mainly decelerate ),
which may have adverse environmental effects on the en-
tire system. As the water quality of the River could di-
rectly influence the water quality of the Three Gorges
Reservoir, the research on phosphorus distributions and
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its change in the sediment pwfile of the Xiangxi River
could provide useful information in the dynamic changes
in the system, thereby offering options for mitigative mea-

sures.

1 Materials and methods

1.1 Area descriptions The Xiangxi River has two
easterly and westerly derivations, is the largest tributary
draining into the Three Goiges Reservoir of the Changjiang
River in Hubei Province. The Xiangxi River is 469.7 km
long, with a watershed ara of 3099. 4km’. The resewes
of phosphate of this area are among the top three in Chi-
na. Some sites of the River are under mesotrophic or eu-

trophic conditions due to agro-chemical and chemical fer-

tilizer overusage, dischage of the municipal sewage
large-scale cultivation, and high-density population in the
watershed. The distance between the Xiangxi River and
the Three Gorges Dam is about 20km. The distribution of
22 sampling sites is illustrated in Fig. 1. The altitude of
the water level of the Three Gorges Dam is 135m at first,
then 156m, finial it will reach 175m after the Dam is
completed. When the water level is 135m, the submerged
range (from the river mouth) would be near sampling site
12, when water level is 156m, the submewged range
would reach site 10. After the Dam is completed, the wa-
ter level (175m) of the resewoir will be much higher and
the water surface will be much wider. The reach of the

Xiangxi River below sampling site 8 will be submerged .

The Three Gorges

Fig. 1 Sampling dations in the Xiangxi River and the Changjiang River

1.2 Sampling and analysis The water samples were
collected from the Xiangxi River in Dec. 2004 and Jul.
2005 using Go-Flo bottles. The water samples were kept
at 0—4 Cuntil analysis which took place within 24
hours. Some water samples of some sites (9, 10, 11,
15, 16 and a) were also collected and analyzed from
Oct. 1996 to Jul. 1997. Sediment samples were collect-
ed using an Ekman Dredge sampler in the Xiangxi River
in Dec. 2004 and Jul. 2005; samples were placed into
plastic ontairers, sealed and kept at 0—4 Cuntil analy-
sis. Fig.1 shows the locations of sampling stations in the
Xiangxi River.

Water samples from the river were analyzed by the

following procedures. Filtered samples (< 0.45mm) were
analyzed for the concentration of dissolved P (DP). Un-
filtered samples and filtered samples (<Z 0. 45mm) were
used to determine the TP concentration and the total dis-
solved P, by digestion with K2S:0g. The P concentration
of all samples was analyzed spectiophotometrically by the
ammonium molybdate method of Murphy and Riley' ! with
ascorbic acid as a reducing agent.

An aliquot of each sediment sample was freeze-dried
then ground to a fine powder. Extraction of the various
phosphorus species from the sediment was based on the
fractionation scheme! "* ¥, Organic phosphorus (Org-P)

was calculated as the difference between the various min-
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eral phosphorus phases and total sedimentary phosphorus.

Phosphorus in the labile oravailable” aluminum (Al-
P) and ion (Fe-P) oxide phases were extracted using se-
quential leaches of 0.5mol/ L NH4F and 0. Imol/ L N&OH,
espectively. Apatite P (Ca-P) was extmacted with a
0.5mol/L H2S04 solution after extraction of Al-P and Fe-P.
Phosphate fiom all solutions was measured as soluble reactive

phosphate by the molybdenum blue method.
2 Results

2.1 The comparison of TP concentration of the Xi-
angxi River before and after the impoundment
of the Three Gorges Dam (Fig.2)

Before sluiced, the TP concentration of the Xiangxi
River changed lagely, the upstream of the location 10,
the TP concentrations of sites were very low (less than
0.05mg/1.), the largest concentration (0.34mg/L) was
located the site of 16. All of those had a significant rela-
tion with people behaviors (especially the phosphorus in-

dustry ).
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Fig. 2 The comparison of TP concentrations of the Xiangxi River
before and after the impoundment of the Three Gorges Dam
(—@— hefore, —mm—after)

2.2 The difference of phosphorus concentration of
the Xiangxi River between perish period and
freshet period (Fig.3):

The concentrations of TP, TDP and DP in Dec. 200t
wemw higher than those in Jul. 2005. The P concentrations of
the site (from 4 to16) changed a larger degree than other sites.

9

[,
10

11 12 13 14 15 16 17
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Fig. 3 The comparison of different P concentrations of the Xiangxi River between different periods

Perish period( —#— TP —#— TDP —a— DP), fresther period( —#— TP —=— TDP —<— DP)

2.3 The difference of phosphate content in sediment
of the Xiangxi River between perish period and
freshet period(Tab. 1)

The content of inorganic phosphorus (In-P) was the
main part of TP in sediment of the Xiangxi River. The
main content of different phosphate in In-P was Ca-P.
The T-P contents of sites 15, 16 were much higher than

others’ . The TP content of the largest site 16 was

1946. 9mg/ kg in Dec. 2004 and 1756. 11mg/ kg in Jul.
2005, respectively; which was much higher than the av-
erage (1497. 51mg/kg and 1369.38mg/kg, respective-
ly); The TP content in sediment of the Xiangxi River was
from 1179.53mg/ kg to 1851.20mg/ kg. The TP contents
of most sites except site 18, 19 and 20 were higher in
Dec. 2004 than those in Jul. 2005. The content of In-P
didn’ t have much change between two seasons. The Org-
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P contents in most sites except sites 18 and 19 were high-
erin Dec. 2004 than those in Jul. 2005. The Al-P cn-

tents were much lower in Dec. 2004 than those in Jul.

2005. The Fe-P and Ca-P in sediment of the Xiangxi
River were not obviously disciplimary between two sea-

sons.

Tab. 1 The distribution of different phosphorus in sediment of the Xiangxi River

Time Samples in perish period Samples in perish period
Site TP In-P OrgP ALP FeP CaP TP In-P OgP Al-P Fe-P CaP

13 1454.24 95313 501. 11 1.23 19.83 787. 55 1164. 4 6%. 53 467.91 41. 88 20. 57 541.26
14 1650.46 886.71 763. 74 0.91 24.80 82. 87 1267.08  817.28 449.79 37.74 10. 38 682 34
15 1940.26 117349 766. 76 5. 06 14.11 952. 53 1517. 63  1393. & 123.77 30. 24 13. 86 964. 49
16 1946.30 1339.53 606. 77 315 7.39 91. 9 175. 11 1345. 56 410. 55 7.13 6. 40 1037. 42
17  1288.21 88369 404. 51 0.44 4.16 786. 35 1070. 86  841.43 229.42 40. 13 34.50 884. 39
18 1454.24 1146 33 307.91 12.71 21.82 89. 17 1641.40  1200. 67 440. 74 47. 46 10. 63 884. 39
19  1203.68 705 59 498. (9 0 9.88 700. 27 1236.80  735.78 501. 11 30. 88 18.83 354.76
20 1091.99 506 35 58. ¢4 3.46 39.22 463. 55 1309.3%  8R.75 416. 59 26. 10 8.3 73614
21 1448.2 1007 46 440. 74 0.91 8.64 4. 16 1360. 66 986. 33 374.33 2. 17 16. 35 51616

3 Discussion

The concentration of phosphorus in the Xiangxi River
has changed notably. In the lower reaches it was once
higher than that of upper reach in 199 101997 and now it
has reversed in 2004 to 2005. The turning point was the
site 15, the TP concentrations of the lower stream from it
of the Xiangxi River were lower than those in 1996 to
1997, but the water quality of river didn’ t change well.
After the construction of the Three Gorges Dam, the water-
flow of river obviously decreased and so the purge ability
diminished.

The cncentrations of TDP and DP were the main part
of the TP, which would be a risk of algae bloom. The TP
concentrations of river were higher in Dec. 2004 than
those in Jul. 2005. It indicated that the pollution source
of P in the Xiangxi River is the industrial pollution and
much attention should be paid on controlling industrial
pollutions in perish period of river. The phosphorus for the
chemical plant and iron alloy production is from the local
support industry, which induced heavy phosphorus pollu-
tion release into the Xiangxi River. There are two phos-
phorus plants located in this ara between Pingyikou and
Xiakou which produce about 14, 000 t of phosphorus each
year. They discharge 1.868 t of phosphorus per day into
the Xiangxi River. Owing to the output of phosphorus from

the chemical plant and subsistence sewage, the wncentra-

tions of phosphorus are superfluous at six of eight sections
of the Xiangxi River.

It can be seen in Tab. 1 that the Ca-P ratio was the
highest form among P species. The accumulated acid mat-
ter which pwoduced at anaewbic environment in the sedi-
ment may induce the dissolution and release of Ca-P as the
waler level increases. Because the DO would decrase,
CaP could be a contributing factor enlarging the concen-
tration of phosphorus. The Ca-P is a very stahile phospho-
rus form. The average contents of Fe-P in sediment of river
were similar between different seasons, the content of sites
14, 17, 18 and 20 had changed notably, where should re-
ceive attention by the environmental agency as Fe-P could
be absorbed adequately by algae. The AI-P contents in
sediment were obviously higher in Jul. 2005 than those in
Dec. 2004, which indicated that the stability of Al-P have
a significant relation with the change of season. We moted
that peach blossom around the site of 16 appeared as an
obvious band of algae in May 2004, which suggested that
the nutrient availability at this site was very high. Algal
bloom occurred at the sites of 19 and 18 in July 2004, al-
though these have mot @ntinued for a long time. Tab. 2
shows the concentrations of different foms of phosphorus
in sediment of some rivers in China. It can be seen from
this table that the concentrations of total phosphorus in the
sediments of the lower reaches of the Xiangxi River was

higher than that of other rivers, whidh indicated that the P
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pollution is serious in this area. The ratio of inorganic
phosphorus to total phosphorus of the lower reaches of the
Xiangxi River was much higher than that of others, while
the ratio of organic to total phosphorus was lower. As the
drainage awra of the Xiangxi River covers ninety percent of

the area of Xingshan County, all the indusiries and most of

the agriculture are also located in this area, contributing
greatly to the nomanic phosphorus input into the river. On
the other side, Xingshan isa small city with a small popu-
lation so the concentration of omganic phosphorus in the
lower reaches of Xiangxi River is not so high, cmpared

with those of other rivers near the big cities in China.

Tab. 2 The concentrations of different forms of phosphorus in the sediments of some rivers in China (mg/kg)

River TP Org-P OrgP/TP (%) P InP/ TP (¥
Xiangxi River 1433 460. 55 2.1 972.9 67.9
1antangjiang hiver . . B .
lantangjiang Ri 413.7 328 7.9 380.9 92.1
Huangpujiang River 971.2 486.5 0. 1 484.6 49.9
Haihe River 772.7 397.8 51.5 374.9 48.5
Luanhe River 358.9 1023 8.5 256. 6 71.5
Yalvjiang River 328.2 74.8 2.8 253. 4 77.2
Sanchahe River 481.8 168 5 35.0 313.3 65.0
ma Plateau[ J] . Water Research, 2001, 35(5). 1334—1337
4 Conclusion [ 7] Ww F. G, H. R Qing G. J. Wan D. G. Tang, R. G. Huang
After the slui f the Th G R h &Y. R. Cai. Geochemisty of HCO3-at the sediment-water interface
ter the sluices of 1 fee Lolges hesevoll have of lakes from the southwestern Chinese plateau [ J] . Wates Air and
become operational, the water quality of the Xiangxi River Soil Pollution, 197, 99(1—4). 381—390
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rus. The initial wncentrations of phosphorus in the over- on the water quality in the Three Gorges Reservoir Area during and af-
1y1ng water and in the sediments have an obvious effect on ter its consruction | J] . Joumal of Environmental Sciences, 2004 16:
358—363
the phOSﬂ”lOIUS mobilization potenhal. There is a potentlal [ 91 Schindler, D.W. Evoluton of phosphors limitation in lakes [ ]] .
hazard of phosphorus pollution in this area and proper Scienca 1977, 195, 260— 262
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