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Abstract: To reveal the characteristics of organic phosphoru§release from lake. sedlm'erlts and its potential impact on water quality, six lake sediments from Yunnan Plateau and
the middIé and “lower reaches of the Yangtze River in China were selected.” We studied the differences in the kinetics of dissolved organic phosphorus (DOP) and dissolved
inorganic plholsphorus (SRP) release from sediments. The effects of organic phosphorus morphology and dissolved organic matter ( DOM) characteristics on sediment
phosphorus release were investigated, and the water quality risks of sediment DOP release were discussed. The results showed that; (D the release kinetics of sediment DOP
and SRP were similar; hoth followed the second-order kinetic model, starting with a rapid release phase, followed by a slow release, and the release curve gradually leveled off
and reached the maximum release. ) The release of organic phosphorus was related to organophosphorus morphology and organic matter. Active organic phosphorus (LOP)
and medium active organic phosphorus ( MLOP) were the DOP forms mainly released into the overlying water during the rapid release phase. The proportion of LOP and MLOP
to total organic phosphorus (DTP) decreased in the late release stage, whereas the proportion of non-active organic phosphorus (NLOP) increased; further, the degree of
humification and aromaticity of organic matter gradually increased with phosphorus release, and its activity decreased, resulting in a slower release rate at the later stage.
(@) Compared with that of SRP, the risk of DOP release was higher, accounting for 47% -77% of the total amount of DTP. Tt was also found that the higher the nutrient level
of the lake, the greater the release of DOP and the higher the water quality risk. Therefore, not only the release of inorganic phosphorus but also that of organic phosphorus
should be of concern in the process of phosphorus release from lake sediments to prevent the underestimation of phosphorus release and water quality risk.

Key words: sediment; organic phosphorus; release kinetics; phosphorous forms; water quality risks

UL B RO S m WA K R M B REE SRR UUB DOP SR I K R —Fh e
U B RECRAE R R BEE W BRI E ORI B BRUR, OB K TR R T NG AN HERIF Y
TR B IR S T 1) i =2 — 1 A SR B TR TURIA LB (OP) 20 J8 S 39311 5 35 1R 1 Wi 1 Bt %
SMEBE TSR A R 4, U N IRBEREIIE B0, BB OP AT REHE A TE (TP) T A I Ml 5 55
AW K A B 1 B BT UR S T DA I

TAUTRY B R o8 £ EAT X B RCHLEE ', Wi Am: 2021-10-15; BITEM: 2021-1100
EEWE: FHEAARFIESTIH (U1902207) ; AT =I5 T

AR SETE DU HLBR R S HAE 5728 AR RIS 7K B TS i AR A P S0 % 5 (2020- 02-2-W2,
2 B ke e _ _ R 2R % % - ) T
SO A5 )R AEAT WP 4 B, A DUAR R O i %2212231221‘5*2?/2)’ IH AR A A S TR A

AN (DOP) (5w e A, v Bk iR 2 TEFR: X (1994 ~ ), 2, W HF gk, EEWF5E 7 17 8 A
y . B E ST R SHLH, E-mail.924850809@ qq. com
%*ﬂ@é( SRP) ﬁ’ﬁ%}ﬁ’_fc %ﬂ:‘” FH s }A ﬁﬁj]l] E: {ﬁﬂ {EI 7J( {_57|< * WEVEH , E-mail; Ixiaoxiu0548 @ sina. com; wangst@ bnu. edu. cn



6 U] XIPTHFAE . WA TUARY) A HUBERE L 3 ) 224 A KK XS 3059

ARG ; Wang 251 FE R [R)3E F32 KA DU B
sl S g v, BOAR SRP BRI L,
{H DOP Bt R Z 0. L, 286 % I LR YA
PURICHLBE REACRRAE S 25 57, S T LR A HL
TR AE K6 7K SR M, o TR A48 78 UL R A0 R TS
TE BT & AL B SR L

WA TR A DL R £ 2 Z A WL S A
LB AR/ 2 . DOP %54k 3% M A PL Ik
R ATKAR , a5 A0 A S TCHILB | 2 11 52 iy 7K
TSR AR, IS SR TR BB 4L o # R
UCE ) B ) 1 KR R UL DOP
B IR 28 Z R A7 — 2 OB DOP J& i
fp A ML (DOM) F) 5220 4, Long 45" 3l 1 512
55 B0 DOM il W B fige p aod 752 % U0 AH OC , 02 52
URIBE R ) SR AL JE T 0 APk B T
R R R 6 A ML AL, R A S R
B 255 DTS RSN ) 2 AR % EE o e
YUR DOP H1 SRP BEiEh 1122 5 48 = Ui \Yh

LI K, ORI B8 1 L3 B b
I SR, |
1T / {
117 #um% V14

{t{lqﬂTw?%ﬂzFﬁmﬁfe?tlﬂfﬁﬂ(EﬂW’im&EE.

h”?‘%ﬂﬂmﬁ[:i”ﬁm Zfiﬁﬁﬂﬁﬁk/ﬂ*—l:@?xm i

I ST B OB A (T, i
(CH)%, %ﬁFH{ﬁﬂ(PYH)ﬂ]ZT'ﬁm)?xZ?lk W
A S 0 33 - R (EHD) | M (DC) | 5
Je#I(YLH) ; ﬁHsz SRR REFRIZ (0 ~5 cm)
DUBIRE i B AE B A% A M SE 0 = S B R T
‘Is?ém‘{éf\ﬂlﬁmﬁ,ﬁﬁﬁ/m’w: ot 100 Hiffi, e A 4%
Ji V4 2 B PR AT 4% .

1.2 Vi %@%ﬁﬂziﬁﬁii%

VERRFREL 10 ) 2.0 g B T 1R B9 DU AL B
FELOE 050 mL B4tk B AE IR IR 28R
(25°C, 200 remin~'), 4351 F 5, 15, 30, 60, 90,
120, 180 #1300 min HL— 3 #Efh, 5000 remin~' T
B0 15 min J5H 0. 45 wm JEREESE , IEBOH T
7€ DTP 5 SRP Wk B2, ¥4 24 h J5 W UTARY) PRk
BRI BRSO, 2 AN FETEAS OP ™.

WS sh 1 24 n F T s A LR
BRI T SR 27 ARl Ao s e B 5 S Al v B 2 22
THEDUR B B S B F 8l 2 Rl
DU BRI Bh J 2t T

dg/de = k(q, - q,)°
KA, g, Mo RZIIA TR B B R (mg kg ™)

¢ B CIE IR (min ) kS W ORR N R R WL
[mg- (kg-min) ~' ], A 48 75 YT R 4 Wl o g e g 128
q. FVH R LR B R (mg kg ™). 5346, LA
Qo NIRRT (mg kg ™), ZH BT RORA
I 40 FULBIBE RECRE Y R R R DB B
BRI 14 R LS8
1.3 Wik

S FE AR DO W Wl e i ik B v S () 3 A L
TE 7SR ERAE | SR FE T Tvanoff 25127 Bl g 14 I ¢
PRI K UTRR Y AT LB 23 A T PR AT HLEE LoP, B
PR S N BUS AT HLBE (NaHCO,-P,) 5 WG PEAT
PL#E MLOP , £ 4% #h PR 48 UGS AA HLEE ( HCL-P, ) A&
TR S A U (Ful-P) 5 DL RCARE 16 M HLBE
NLOP,@*%@@[@%W?E%HL%( Hum-P,) %Hﬁ%{ﬁ
S P (Res-P, ) . VLB i P B 0E DTP 7
N 7 P 2o R 6 Y M- B B 0 A e G e SRP Jiﬁ
SR SR, DOP % 2 . %@ﬁﬁiﬂ}@?ﬁ
PRI EE A 3 u%ﬁxﬁ%ﬂ]{a %Wﬁ%?’ﬂéﬂ
5% VAN ' 1

DOM “%TJH T g2 I H &M%;‘ﬁj‘ér“fr
(Hach DR-5000, 3%!) e (mayetk@mlﬁ 190
=700 nm H e KRS P i 1. b 2 )
a3 4253//120375 253 nm 5 203 nm LAY iq
{l; E,/E, %7K 250 nm 4b-5 365 nm 4b W G L
{H; SUVAL, 9 254 nm WOL RS LL 100 Bk LAZH
"W TOC 1. '
1.4 HdEab

ARG ECHE R Origin 2018 (Origin Lab, USA)
AFHEAT s D2 RS R SPSS 21 (1BM,
Armonk , New York, USA) Fll R i 5 &k 4 uEA7 1K 3%
21 5 31

2 HREHM

2.1 HRATTRRYA HLBE R Eh 71 27 FRE S5 TEHL
WE2E R

AHFFE WA TIE) DOP S B R (1) 3 22 41 ik,
R OB M 3. 41 ~ 13,35 mg-kg ', 15 DTP B
WY 47% ~77% (& 1) . F1 SRP ML, 4 Bl sl
F12E Rl FESEAR— B, 34 28 7 s R B B RN 28 12 B
Y B, T Ak BT (8] 2) ik S ETABESE
gE BRI 03 H DOP PR R o B 3R
1E 60min P58 AL, BT T 29 90% , Bl i ik 2 3. 04
~10.99 mg-kg™'; MHLLF , 5 SRP B AE—E
225 G B B & B #E 0 ~ 90 min, £ UTELY)
FE i SRP B3 DOP ik, 0 1.5 ~6. 13 mg-kg ™' ;
Z G BN 25 E . 7E 180 min JLARY) DOP Fil SRP



3060 7

2 43 %

2,
&S

BRI A B K ME, DOP 24 3.26 ~13.33 mg-kg ™',
SRP N 1.61 ~6.71 mg-kg ™", Z Ja Bl ad 2 3L AR

RTRTEIIA DU BB R E | 1 — 2 3h
ARG BRI B 1 s B, A LA RO B

TPA. (R, H0.69 ~0.94, RY,N0.71 ~0.93) , X3k %
20 = T E MR (P <0.05) . ABEFE 0 LR
RP o “ S
mr | DOP 5 SR BcE S B A (e 5, Horh DOP
16 BN J1 22 S RAAROR AR IR 1. AR 5T 410
DURRY SRP B il i % %4 k[ (0.015 £0.003) ~
20 (0.402 +0.130) mg- (kg-min) ~' ] K £ & F DOP
,; [(0.015 = 0.004) ~ (0.139 = 0.030 )
5 8 mg- (kg-min) ~' ], J& DOP B # R H 8 k1 1. 49
~24.20 175, Ui B3 DOP ¢ 5 56 J5 0 X T SRP; 1
4 DOP B HE 35 T SRP, 75 DTP i e, H.
BHGA R R ARECE, DOP B S AL ¢, 1 q,, 395
T T T T-SRP,4M31% SRP BRI S A ¢ Al g, 1 1. 12
i ~3.70 {5 A 1. 07 ~3.40 fi5. Bk, 5 SRP AL, A%
E1 #8578 % DOP i1 SRP B E L& 5T AU DOP_RE i 5h 1 ?%ﬁﬁi@ﬁ% R
Fig. 1 Comparison of DOP and SRP releases ﬁ%??’ﬁﬂ% ;P?Eﬂﬂé[ {)'?L’HER% DOP ﬁﬁkﬂ%%%ﬂz@i ,
from lake sediments ﬁﬁﬁi%ﬁ:j‘t ‘|".-_-F' 1 ' v ...n"l.‘ Pt
i ! £ A 1
14 i
2 wEH ocCH
e DC <« PY
- A YL — THah e -
' PRAEERE 7
: £ ¢
: =
% ‘Eﬁ 6 F ;?__-1-_—:'___ —= .
2 = = v v
a o ”&d_:___,__r_ ’
e
1 i )
] ] 1 ] 1 1 ﬂl_‘_ L * = L = L 4 L 1 T
0 50 100 150 200 250 300 0 50 100 150 200 250 300
/min f/min
2 #ATAY DOP F1 SRP R AEh 1 3 i 2
Fig. 2 Release kinetics curve of DTP and SRP in lake sediments
&1 AT DOP 1 SRP BHAE Z Rz H FRESH
Table 1 Kinetic parameters of quasi-second-order kinetic model of DOP and SRP release from lake sediments
DOP &5l Jy Al SRP 43l Jy AR
W Tax q. k ) Gmax q. k R
/mg-kg™! /mg-kg ™! /mg- (kg-min) ~' /mg-kg ™! /mg-kg ! /mg- (kg+min) =
W 3.41 3.22 +0. 06 0. 139 +0. 030 0.87 2.94 2.88 +0.04 0.207 0. 037 0.90
b 13.35 12.96 +0. 49 0.015 +0. 004 0. 85 4.26 4.18 £0.07 0. 174 +0. 045 0.79
R AL 5.57 5.75 £0.21 0.017 +0. 004 0.94 1. 64 1.56 +0. 04 0.402 +0. 130 0.71
Kb 6.8 6.36 +0.20 0.079 +£0.028 0. 69 5.38 5.20+0.23 0.042 +£0.015 0.77
HL 8.12 7.53 +£0.38 0.032 +0.013 0.70 6. 94 6.57 =0.22 0. 034 +0. 009 0. 86
S BH 4 5.85 5.47 =0. 12 0.097 +0. 026 0.79 6.72 6.69 0. 24 0.015 +0. 003 0.93

2.2 WRATURMIBERE S )2 f il R h B S i
Dy E— 2 T g U AT HUBA R L, SR Y
W3] 5 AR S A ILBE ), R BT DOP
Rl s )4 8 5 DOP IS SC R ) A
FEA WA DU B BT 3l 1 271 e h 42 25 DOP

it R — A (B 3)  Hoh PR R B B (0
~ 60 min) HCI-P, 5 Ful-P, & & 5 3 i 3
NaHCO,-P, 1 Hum-P, ¥ & ik, Res-P, 1 24 1
s 1 R B (60 ~ 180 min ) NaHCO;-
P, . HCI-P, Fl Ful-P, G4 5 A% & Hum-P, F



6 1] XIPTHFAE . WA TUARY) A HUBERE L 3 ) 224 A KK XS 3061

80
k4
. —=—EH 100 |v &
50 % [ e —e—DC v [\ ®
N ——YLH L . 70 1* L/
¢\ v TH %,
* \. —eCH N at |
% —— YA
- 40t \, ~“PYH 80 | v 60 Fo| |
e A, .,' "'1|v.__ A\ .
5 e o i il /l\;:;;/..'_. ) ®
:ﬂ "l \\ -:D _%“ 50 k- g Tey— B e
Z% 30 4 N 4 \ = 20 ".\ v
g O W\ \ & 60} = e
o \ _}\_:x = = 40 L . \...__R
S X il - e & g >
3] | p—— Y e of @ ~
% 20 ,'I X = i SR | %] = + - i
iz .4 " = = 30t
1 b4
ee* 9/ N\
ey —t——12 20 he
10 B a—a—a—a 4 Tty <
| .f'; < 4
At b ——a
10 [AAa—a—s
0 1 1 1 1 L i i i L 1 L 1 i 1
0 500100 150 200 250 300 0 500100 150 200 250 300
50
.
R s
/ 300 | P
45 7=
Soa Ay
Y N "
| il
40 —II '_.1 —y v 250
v -
';.n 35+ a /. D P‘J
&1 Vo &
= CR A - = 200 |
2 30| % A ) L. =
® * It : o & o
i | g -~ i h — =
E 25kl /\ o g /
E i J '// 2 o150 | /
.".' o T -4
20 A w
L J—
| 100 fy o ot—a—""
15 |
] h!--"""‘_—‘"__ g
X, Aa A a
|[] 1 | 1 ' s L L 5[] 1 1 1 1 L L L
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Hmin t/min

E3 WENRYBEMNELEPEANBESS 8N

Fig. 3 Change in organic phosphorus forms in the process of release dynamics
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Table 2 Characteristic parameters of UV-vis spectra of DOP release process in surface sediments of each lake
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Table 3 Comparison of organic phosphorus release characteristics from sediments of lakes

in the middle and lower reaches of Yangtze River and Yunnan Plateau
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B IR wE wE PER PER wE HEEF
DOP Bt/ mg-kg ™! 6. 80 8. 12 5.85 3.41 13.35 5.57
MLOP/DOP/% 46.20 29. 14 25.88 23.89 15. 00 29.49
DOP/DTP/% 55.79 53.93 46. 52 53.69 75. 81 71.31
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