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Fig. 2 Contents of various P fractions in surface sediments of

all sampling sites in different water periods
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Fig. 3 Isotherms of surface sediments by linear fitting at all
sampling sites for low phosphorus concentrations in dif-

ferent water periods
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mL ', EEE T SRR @k ik E] 0.02 pg » mL !
F s BIDA R oK A & A= & 8 3R Ak, AR H6 i — 0 B bm o, (A
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WESRA R B, RS RS EPC, HHE T

0.02 pg» mL~", FE, BFFF XA [ 7K 81 19 K 2 BORFE A
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fEAR . “BRIRVE RN R . S5 2R EPC, 5 NAP 2
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Table 1 Fitting results of isothermal adsorption of surface sediments at all sampling
sites for low phosphorus concentrations in different water periods
2011 4E 3 /K 1) 2014 4E AL 7K 1] 2014 4E -7k 39
b EPC, / NAP/ - EPC, / NAP/ o EPC, / NAP/
’ (pg*mL™ D) (pg+g D ’ (pg * mL (pgeg b ’ (pg*mL™ D) (pg+g D
S1 0.053 1. 364 K1 0.095 3. 054 P1 0.048 1. 397
S2 0.096 5.292 K2 0. 046 1. 557 P2 0.034 0. 707
S3 0. 082 2.781 K4 0.131 5.076 P3 0.095 2.094
S4 0.068 2. 301 K5 0. 181 9.192 P4 0.130 3.312
S5 0.016 0.501 K6 0.093 3.312 P5 0.115 3. 887
S6 0.038 1. 553 K7 0.283 9.902 P6 0. 054 1. 616
S7 0. 084 2. 824 K8 0.099 4. 957 P7 0.105 3. 286
S8 0.096 2.977 K9 0.164 11.28 P8 0.067 1. 890
S9 0.133 4.723 K10 0.141 5.951 P9 0.092 2.264
S10 0. 045 1. 416 K11 0.135 4.515 P10 0.092 1.937
S11 0.079 2.118 K12 0.075 3. 880 P11 0.026 0.528
S12 0.028 1. 223 K13 0.028 1. 048
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Fig. 4 Adsorption isotherms of surface sediments at all sam-
pling sites for high phosphorus concentrations in differ-

ent water periods

F PR E A K W Y W B R B A (2) Q R R,
2 DT R i X B B R A T R A R 7 R 5
B (3) QAETHRE T HE, FRWIRE N2 ) B BK pH & i %
RAY M, W5 HCHP 3 . 52 20 0 B T 0 gk % 7 T 3
IR . Q T K. £ 2% R A o A W B 466 0 2k 8 A #E # mT
IS T SR e A o e A L T A% I R Y 22 e T RE S DR A 4L
JI AT ER AL P R A 5

Sy at LA, F @R D-R AR, Temkin J5 & Al
BET 7 B L& i R B A F T A SR e p a2 # R A . 7



1590

Sl s 56T A

%39 &

AR, LBRIAN F ORI 7E 46 R A s L6 B 8w . 43
Mr Bk B LBCRH F AR LG 24803k D41, R
R KE SR JE TURR W X B 0 R B 25 4 (Qu) B AL BE K, Horp
2011 4F F K Quax Ty 64.4~476.2 pg » g 'y FHMHE N
175.3 pg + g 5 2014 A KB Quax 0 76.3~497.5 pg +
g 'y PHME R 218.8 pg+ g7t 2014 4EF K Qo Ay 58. 8~
254.5 pg e g by FHMEH 107.0 pg » g ', Hrd, iK%
R R Qu B X B R o W SR B (KD R R B R R VTR
B RABE I AR AR HAE O, 22 DY W B T 25 G
AR I BRI » Qo K 2 W3R 2 0 TR 90 00 Bl 15 B iR 1 1
FHEARIR . S0 500 0 A 0 B e R B S 0 R T ok PR B 2T

TRYAE W W B b R BRAT . S 8h . B R 2% o 45 4R (maxi-
mum buffer capacity, MBC) 7] DLl i3 Q... Fl K. 1Y e f 5%
Tt J2 S AR 2 U AR Xl R S e A R O R 1 25 G 4
B FLAE B R, UT R % B 0 R R O R . Hop,
2011 EFE 7K 89 MBC N 20.8~214.3 mL « g ', ‘¥ HERH
61.7 mL « g ' 2014 4E A5 7K MBC 2k 12. 2~125.0 mL -
g, K 51.6 mL o« g t; 2014 4E UK ) MBC 2k
15.3~34.5mL « g ', EHHE N 23.0mL » g ', Wi, FK
HA 3R 2 UURR X B 1 8 B8 BE Jy dec ot . Al K BHIR 2 ST K B
AN WA F BB A5 R, BT RAE S n (YR T 0.5, R
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Table 2 Fitting parameters of L. model and F model of surface sediments at all sampling sites in different water periods

2011 4FF 7K

2014 A 7K 9

2014 4EF- 7k

—_ L %) F 5 B L %) F 7Y B L %) F #i5
Qnax K. n F Qnax K. n Kr Qmax K. n Kr
S1 64. 4 0. 40 1. 95 17.5 K1 256.4  0.10 1. 46 25.1 P1 90. 9 0.33 1. 54 20. 0
S2 98. 6 1.53 2. 86 47.9 K2 123.2 0. 38 1.68 30.0 P2 123.5 0.15 1.47 16. 2
S3 120.3  0.27 1. 54 22.9 K4 497.5  0.06 1. 14 25. 1 P3 122.0  0.21 1.35 18.6
S4 90. 4 0.32 1.85 22. 4 K5 98.0 0.26 1. 63 19. 1 P4 112.4  0.14 1.52 14.5
S5 — — 0. 95 33.9 K6 243.3 0.13 1. 25 26.9 P5 71.4 0.42 1.61 18. 2
S6 130. 2 0.51 1.67 36. 3 K7 76.3 0.16 1.11 9.1 P6 83.3 0. 24 1.54 15.1
S7 112.7  0.35 1.59 25. 1 K8 142.3  0.83 2. 20 52.5 P7 83.3 0.23 1.35 13.5
S8 126. 6 0.18 1. 15 16. 2 K9 98.0 1.01 2.38 39.8 P8 58.8 0.43 1. 59 14. 8
S9 123.2 0. 25 1. 30 20. 4 K10 264. 6 0.13 1.17 26.9 P9 62.5 0. 30 1. 64 13.5
S10 169.5  0.27 1. 64 34.7 K11 189.8 0. 14 1.37 21.9 P10 254.5  0.06 1. 21 14. 8
S11 416.7  0.05 0.93 17. 4 K12 463.0  0.27 1.37 85.1 P11 114.9  0.30 1.37 21.9
S12 476. 2 0. 45 1.79 134.9 K13 173.3 0. 26 1. 43 31.6
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Fa g » H 2 SRR RO B 1 K/NHEF g S122>85>>89>>S1,
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Fig. 5 Kinetics curves of phosphorus adsorption in surface sediments

(a): Different sampling sites in the same water period; (b): Sampling sites near each other in different water periods
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Table 3 Parameters of the rate-limiting step of surface sedi- 3 é,j:,: 1/6
ments adsorption processes at sampling sites
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o o s U I 40 2 5 R0 5 0 6 00 00 T 1 K R R
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A Comparative Study on the Accumulated Degree and Exchange Ability of
Phosphorus in Surface Sediments from Gansu, Ningxia and Inner
Mongolia Sections of the Yellow River in Different Water Periods by
Using Spectrophotometry

GUO Chen-hui', LIU Ying' **

1. College of Life and Environmental Sciences, Minzu University of China, Beijing 100081, China

2. Beijing Engineering Research Center of Food Environment and Public Health, Minzu University of China, Beijing 100081,
China

Abstract Phosphorus (P) is the major controlling factor for the eutrophication in the water. After the external P pollution is
gradually controlled, the influence of surface sediments as the main source of endogenous phosphorus on the water quality of the
Yellow River can not be ignored. It is of great significance to master the accumulated degree of various P fractions in surface sed-
iments and exchange ability of phosphorus at the water-sediment interface for administering the water environment and regulating
the P load. In this study, surface sediments of high-water period (2011. 07), low-water period (2014. 05) and normal-water
period (2014, 10) from Gansu, Ningxia and Inner Mongolia sections of the Yellow River were collected, respectively. The con-
tents of various phosphorus fractions were determined by using standards measurements and testing (SMT) method and molyb-
denum antimony spectrophotometry, and the isothermal adsorption and adsorption kinetics processes of P in surface sediments
were simulated in the laboratory. This study found: (1) compared with the characteristics of phosphorus fractions of surface
sediments in major rivers of China, the content of OP was as low as that of NaOH-P, and the content of HCI-P was higher in
surface sediments. The average phosphorus content of all fractions was the highest at high-water period, indicating that the ac-
cumulated degree of phosphorus in surface sediments was the highest at high-water period and the water environment of the stud-
y area was greatly impacted by the development of agriculture along the route. So, reasonable use of phosphorus fertilizers and
optimizing irrigation return water quality will be the developing direction to reduce the risk of phosphorus pollution in the Yellow
River in the future. (2) comparing the equilibrium phosphorus concentration (EPC,) of surface sediments at all sampling sites
from isothermal adsorption for low phosphorus concentrations with the criterion about the phosphorus concentration threshold of
the eutrophication in the water, we found that surface sediments at most sampling sites played a role as “phosphorus source”,
and there was a trend of phosphorus release from sediments to overlying water, especially for most sampling sites with high val-
ues of EPC, in low-water period, the release trend was more obvious. Based on the fitting parameters of L. model and F model
from isothermal adsorption at high phosphorus concentrations, the retention capacity of surface sediments to phosphorus in high-
water period was the strongest, followed by low-water period and the minimum in normal-water period, the adsorption processes
of surface sediments on phosphorus in all sampling sites were easy to occur. Based on the changed trend of kinetics curves of
phosphorus adsorption, we found phosphorus adsorbent contents of all selective sampling sites increased rapidly in the first 12 h,
increased gradually and tended to be stable during 12 h to 48 h. According to fitting results of the pseudo-second-order kinetics
for adsorption kinetics processes, the reaction rate of phosphorus adsorption on surface sediments was mainly controlled by
chemisorption. According to results that different sampling sites at the same water period had different rate-limiting steps and
the pore diffusion was the rate-limiting step in nearby sampling sites at different water periods, we inferred differences of compo-
sition and physicochemical properties of surface sediments on phosphorus adsorption rate had a greater influence than variances of

flow rates and flow fluxes of overlying water among different water periods.
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