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Abstract: Background, aim, and scope Phosphorus is an important essential element for life. Together with
nitrogen, it is also an important element that cause water eutrophication. In the lake environment, the risk of
phosphorus release from the sediment to the water is closely related to the occurrence form of phosphorus in the
sediment. The more the active form of phosphorus, the easier the phosphorus releases to the water environment. In
addition, phosphorus also has a great influence on the form and abundance of nitrogen in the environment. As the
largest desert freshwater lake in China, Lake Hongjiannao is an important habitat for Larus relictus. Therefore, the
study of phosphorus form in lake sediment is of great importance to evaluate the eutrophication risk of lake water.

Materials and methods In order to characterize various phosphorus species in the sediment, a total of 12 samples
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from Lake Hongjiannao and 5 samples from rivers entering the lake were collected and treated using a sequential
extraction method improved by Hupfer et al. (1995). The content of phosphorus in the extracted solution was
determined by the Mo-Sb anti-spectrophotometry method. Results The mean of five phosphorus species in the
surface sediment samples of Lake Hongjiannao are: NH,CI-P 3.55 mg-kg ', BD-P 35.63 mg-kg ', NaOH-P
42.57 mg-kg ', HCI-P 144.45 mg-kg ' and Res-P 227.90 mg-kg . In the sediment of Lake Hongjiannao,
phosphorus is mainly present in the form of non-reactive HCI-P and Res-P, while the contents of soluble reactive
NH,CI-P and BD-P are low. Except for NaOH-P and HCI-P, the variation of other phosphorus species at different
sampling sites was not significant. Discussion The spatial analysis shows that the distribution of NH,CI-P and
BD-P has roughly similar characteristics, and there is a high value in the centers of eastern and western simi-
lakes respectively. NaOH-P is mainly enriched near the south bank of the lake. Interestingly, the distribution
of HCI-P and Res-P showed roughly opposite trends. TP is almost evenly distributed in the whole lake. Based
on comparison with other lakes in China, TP content in the surface sediment of Lake Hongjiannao is lower
than that of other lakes, except for the Chaohu Lake and Poyang Lake in the Yangtze River Basin. According
to comparison of the contents of soluble reactive phosphorus with other lakes, the contents of NH,CI-P, BD-P
and NaOH-P in Lake Hongjiannao are also at a lower level. Conclusions The risk of phosphorus release from
the surface sediment to the water in the Lake Hongjiannao is generally low, but the risk of the release of some
alkaline dissolved phosphorus is likely to increase under the trend of alkaline enhancement. The relationship
between the spatial distribution of different phosphorus species and lake hydrodynamics, grain size of sediment
and so on remains to be further studied. Recommendations and perspectives The results in this study are valuable
for evaluating the potential risk of phosphorus release of surface sediment to the lake water and the eutrophication
of lakes in the climatic sensitive zone.

Key words: Lake Hongjiannao; surface sediment; phosphorus species; release risk
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Fig. 1 The sampling sites in the lake and rivers in the area of Lake Hongjiannao

1.3

K H] Hupfer et al. (1995 ) iE A2 % 2L 42
BRI A DRSO . R IR 1 s
SRR AT AT oD SRR L AR BT
FEB I S BOR T & i (FRBCARAE, 2018;
FIRHAE, 2023) o

DOI: 10.7515/JEE232017

& 2 Wil FH 4 SR BOE XLT B A IS Ve AT
BHES LRSS R . NH,CI-P, BD-P, NaOH-
P. HCI-P, Res-P X{E/ 510 : 3.55 mg-kg .
35.63 mg-kg ', 42.57 mg-kg'. 144.45 mg-kg ',
227.90 mg-kg "o A UL LT B I I RS U B 25 LU



XIGEH, 5. BPRPGLLARISHIA R R IR IERHE S0

BONREE R HCLI-P MR E R Res-P M, BN 0.4409. 0.6530. 0.9609. 0.8468. 0.6267, il
ANFaE M NH,CI-P #1 BD-P & B 5%, XFAFME BB T NaOH-P fil HCI-P 1 A [A] 5% B o5 50 5 28
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Tab. 1 Sequential P-extraction method and the expected phosphorus species in sediments

EvilVeridis FREIUR] TR SR S
Reagent Time/h  Temperature/ °C Expected P species
NH,CI I
_ 0.5 25 BRHSE: SIS
(1mol-L™") P in the interstitial water loosely adsorbed to surface
BRARAL SRR SR
Na,S,0,/NaHCO, 1 M Redox-sensitive P mainly bound to Fe-hydroxides and Mn-compounds
(0.1 mol-L™") ' AL NR
Organic P
FRBR LI -
P bound to metal oxides mainly of Al and Fe
NaOH il )
o 16.0 25 ARETRGE SR
(1mol-L") Inorganic P soluble in bases
TR A TR R 0 v E) A RIS 8 AP IR eyl o
P in microorganisms, organic P in detritus, P bound in humic compounds
P5WE . BEKA -
P bound to carbonates and apatite-P
HCl /] 3 )
. G % ALK AR A L . -
(0.5mol-L ") Traces of hydrolysed organic P
o -
Organic P
NaOH 50 %5 BRER AL WL R NR
(0.5mol-L™") ' Redox-sensitive P mainly bound to Fe-hydroxides and Mn-compounds
SR FH A MOV R BE, NR FRAE K K% o
SR refers to soluble reactive and NR refers to non-reactive.
K2 LBRIIRIEA RS04
Tab. 2 Concentrations of phosphorus species in the surface sediment of Lake Hongjiannao
Fdh i = R BT NH,CL-P BD-P NaOH-P HCI-P Res-P TP
Sample ID Sample weight/g /(mg-kg ") /(mg-kg ") /(mg-kg ") /(mg-kg ") /(mg-kg ") /(mg-kg ")
1 0.4998 3.38 43.99 31.30 281.97 181.87 542.52
2 0.5006 591 42.23 27.59 10.13 345.99 431.86
3 0.5004 4.79 34.08 37.18 362.18 43.65 481.88
4 0.5008 1.69 18.57 16.88 120.16 157.59 314.90
5 0.5004 1.97 18.59 9.58 58.58 517.36 606.08
6 0.5004 2.82 22.53 23.09 22.53 232.07 303.04
7 0.5007 7.60 79.09 94.57 34.06 382.23 597.55
8 0.5004 4.51 63.65 74.07 235.16 129.83 507.22
9 0.5000 5.07 74.13 153.90 182.36 100.06 515.52
10 0.5000 3.10 56.65 97.24 252.26 60.32 469.58
11 0.5001 3.66 65.38 72.42 316.18 203.18 660.83
12 0.5006 2.82 18.86 18.30 328.82 60.81 429.60
13 0.5009 1.41 8.44 43.89 111.98 74.28 239.99
14 0.5005 2.25 14.64 591 43.64 400.40 466.86
15 0.4996 3.67 23.13 5.92 20.59 405.92 459.24

(f%%%  To be continued )
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(%32 Continued Tab. 2 )

5%

GiETE FE BT NH,CI-P BD-P NaOH-P HCI-P Res-P TP
Sample ID Sample weight/g /(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™")
16 0.4995 3.10 12.41 6.49 57.27 356.35 435.63
17 0.5007 2.53 9.29 5.35 17.73 222.36 257.26
HfE
- 3.55 35.63 42.57 144.45 227.90 454.09
Mean value
i
& Eﬁ, . — 1.56 23.27 40.90 122.32 142.81 116.38
Standard deviation
AR EL
TR - 0.4409 0.6530 0.9609 0.8468 0.6267 0.2563

Coefficient of variation

s 1—12 S 5ENARM AN 2, 13—17 S0 PERW L & MEPREIBAT T . FAE R R ANIEVA T A s ]

RBIREATE T RAE A

Sample No. 1 —12 is consistent with the sampling points in the lake, and No. 13— 17 represents the sampling points of Qibusu Estuary, Qibusu
Bridge, upper reaches of Songdaogou River, lower reaches of Songdaogou River and under the bridge of Manggaitu River, respectively.

Kl 2 7R T HAE ASBERLSBEEA FRAE S
MEREE S, L, Res-P Fil HCI-P &5 fH 7E R 5
TSR, T NH,CL-P AHXT R, A8 5 R AR 1 i
W HCI-P, NaOH-P R HEKIREMZEL, TP 7E
ANRIRAE S AR e, ANFRTE B RE R
LA TP 51 Mk b 35 0 T 4 43 2 ) T AR 1Y)
754k, 41 Res-P. HCI-P il NaOH-P & 3H H1 75 1% 22
[ 2 — X —Z A T R S &R
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B2 2omdis X AR e FIE A0 & &
Fig. 2 Concentrations of phosphorus species in the surface
sediment of Lake Hongjiannao and rivers
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BD-P {75 [0] 3 A HA REH RIS AE, 75218

DX AP 2 1 X 3 AR e — A (L Gy, HP R
FE 2R VE I X R O R B RO 2, A 2R 2
XA, 767U DA .0 B . NaOH-P 3=
FAEWIATE R FHL & 45 . HCI-P fl Res-P %5 0] 43
iR RERH R A bES . HCI-P REHEFIA 8
AR B 4 LB B A O TV 2 00 DX B W s
1Ml Res-P W 52 BV 45 90 1 o SR RO RRAE . TP BRAE /R

WU 00— AL, TE A T4y
515

NH,CI-P BD-P NaOH-P ' }I\i
0 2 4km 0 2 4km
| NS V— | SN E—
A B | A Bl | A~ B B |
& m Contents/(mg-kg™) & @  Contents/(mg-kg™) 7@ Contents/(mg-kg™")
I:_ [ ]
2 3 4 5 6 7 20 70 120 170 220 270 320
HCI-P Res-P

0 2 4km ' 2 ) 3 4 1III'.‘
| IS E— |_|_|
& Contents/(mg-kg™") 4 Contents/(mg-kg™!) % & Contents/(mg-kg™")
[ oe— L oee—
10 40 70 100 130 50 150 250 350 450 320 370 420 470 520 570 620

B S TR RIS A2 ) T

Fig. 5 Spatial distributions of phosphorus species in the surface sediment of Lake Hongjiannao
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3.3

iz AR AT B LLIE 12 P RFE SR
JRRBHEAIIE, 26 3 ML0mdia = Py HABI
LA, WORPEHIZEI (R2E0ESE, 2006 ) , FHEib)
(CORIRAE, 2022) , WVETLHEAKE (FMVESE,
2023) , KA. BRI, B, R, R E )
(&AHANSE, 2008) , DIAmaDUMiE& S ( okt

Mo ERFREE-A 4

5%

S, 2022) o SRAEHRBCRIIG kAR, A
ENATHIEEXT LB INME, BN TP KFRE, 20
Bl 0T 2R 2 I e AR A A b DX WA IS e TP 5
RETFEARAE, B e TR VLIS B B FH 51,
PR T HAB AT TP K F . ML) ) kAR T
Ji f) NH,CI-P. BD-P, NaOH-P K&, ZL 5 i5iAH %
HCAth b DX A T AR

3 LI RIEHEE S S AT Y Hr

Tab. 3 The comparison of phosphorus species in the surface sediments of Lake Hongjiannao with other lakes
WA PEROT 5 NH,CI-P BD-P NaOH-P HCI-P Res-P TP BRI
Lakes Methods /(mgkg)  /Amg-kg") /(mg-kg ") /(mg-kg ") /(mg-kg ") /(mg-kg ") References
AR AL HELEAR I AW
Lake Continuous 3.94 44.81 54.68 183.70 201.25 488.38 .
” . This study
Hongjiannao extraction
Je PR PR X LRI REFIESE, 2016
Longhupao Continuous 46 82 7 495 172 802 (Song X F
Reservoir extraction etal., 2016)
THiit LRI RIS, 2022
Lake Continuous 29.84 97.69 167.24 108.10 326.66 729.54 (Song L et al.,
Shengzhong extraction 2022)
TR TL
i)
R i IS, 2023
Reservoirs in .
. Continuous 3.29 - 74.97 81.22—291.83 - 266.67—842.87 (Sun M
middle and .
extraction etal., 2023)
lower reaches of
Lancang River
PN SARAIAE, 2008
. SMT - - 34.41—338.12 110.99—333.48 - 306.8—809.2 (JinXC
Taihu Lake
etal., 2008)
. SABNIEE, 2008
HEEEH g—;
SMT - - 121.52—148.46 283.05—298.10 - 631.7—654.6 (JinXC
Hongze Lake
etal., 2008)
HLiH) SARAIAE, 2008
SMT - - 37.24—150.73  57.31—150.20 - 217.8—232.5 (JinXC
Chaohu Lake
etal., 2008 )
SARAIAE, 2008
B FHH .
SMT - - 108.89—255.11  66.04—127.99 - 291.2—486.1 (JinXC
Poyang Lake
etal., 2008 )
= SARAIEE, 2008
2 )
SMT = = 294.44—304.06 435.90—485.50 — 1035.6—1062.4 (JinXC
Xuanwu Lake
etal., 2008 )
. SAHAIAE, 2008
] 22 1) %
. SMT = = 173.99—425.64 201.89—315.16 = 739.8—947.6 (JinXC
Dongting Lake
etal., 2008)
DU T e
3 )T v A HRAERAF, 2022
Water-level-
. SMT = = 50.42 460.09 = 745.37 (Zhang Z B
fluctuating zone
etal., 2022)

in Lake Nansi

* PR S AU, AR 225, IMIESE (2023 ) TEXS SR ESTIN kI SO T A HLBERITEHLEE , ASFRALS] th PR i

5%,

* The extraction method is the same as in this study, Sun M et al. (2023) distinguished organophosphorus and inorganic phosphorus when measuring extracts. The

inorganic phosphorus is listed in this table.
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